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RELATION OF THE WEATLETON REDS T THOSE OF NORFOLE, FTC. =4

On the Brramios of the Westnerox Bens, or Penpry Baxos r«.f
Surrork, fo those of Nourork, and on their ExTExsioy [NLAXD ;
swith gome Opzpnvarrons on fhe Pernon of the Fivan ELevarion
and Diexopszion of the Weatn and of the Tuaues Variey, de.
By Josepn Presrwicn, D.C.L., F.R.5., F.G.8., &e.—FPanRt 1.*
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854 FROY. 7. PRESTWICH ON THE RELATION 0F THE

shire, Kent, and Burrey. But that paper was unl_\; published in
abstract, and without tables or sections,

In the mesntime the significance of these beds had nol escaped
the attention of Mr. Whitaker, who adopted the nnme of the
* Pobbly Beries ;"™ but as there are very similar pebbly bede of
Tertiary age in the Blackheath, Addington, and Bagshot districts, I
think the local name of Westleton, where their typical characters
can be best seen, preferable.  In 1880%* Mr. Whitaker eame inde-
pendently very much to the same conclusion ns myself with respect
to certain Pebble-beds on some of the hills around London, aa
likewise did Mr. 5. V. Wood, who gave in his paper of 1880+
a plate of sections and & map showing a number of outliers in
the London end Hampshire Basins, but with the drilt-eappings
marked in many instances doubtfully, and mostly without local de=-
seriptions or proofs. I shall have occasion to refer to both these
papers at greater length presently.

As regards classifieation, Mr. 8, V. Wood, in his several papers
(1566-1572), placos the l"i:h].l]}' Bands of the Bare 'h'nlh'}' at the
base of the Glacial Series (or of his * Lower Glacial"); wherens
Mr. H. B. Woodward, in his Survey Memoir, classes them with the
Upper Crag, It is trne that in Norfolk they sueceed immodiataly,
anil in many eases conformably to the Norwich Crag and Chillesford
Baeds: but, as imi!lturl out by Mr. Wood, there is also often o line of
erosion betwesn the two, and although the marine faona contains
similar species, it is poorer and more purely northern than that of
the Crag Series.  Further the Pebble-beds extend far beyond the
ares of the Crag, and afford evidenee, ns I shall endeavour to prove
prosently, of great physiogeaphical changes having intervened be-
twoen these two groups. There is evidenee also of an eynally
important, if not a still stronger, break botwoeen the * Pebbly
Beries ™ and the Glacial Beds. I would therefore assign to the
Westletou Bads p position apart, whether in rolation to the Crag or to
the Glagial Serics, They mark a great change not only in the
pl._ru'm_-ul gw.gmph:l.', but also in the life of the times, for it was then
that the existing Mammalinn founa began to supersede the extingd
species, and the Mollusean fauns to resolve itself almost entirely
into epeciss mow common in this country, with n few others, which
although still living are, like some of the land animals, relegated
to colder climates. This applies also to the flora,

For these reasons and alse beeause this period is one of these eoin-
eident, as I hope to show in the seeond part of this paper, with the
time of the final elevation of the Weald and of the genesis of the
Thames (the main excavation of the valleys and the great denndation
of the Weald being referuble to subsequent Glacial and Post-Glacial
times), much importance attaches to this geologieal Im-l'ilmn. I also
look upon thess beds as the base of the Quaternary Series.

Binee 1870 a number of important papers, including several

* Mom. (ool Survey, © Guide to the Gealogy of London and the Neighbaur-
biood,” pp. BO-57. ; i
t Quart, Journ. Geol. Soc. vol. xxxvi. p- 407,
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graphical evidence in proof of their exact relationship to the assoc-
ated sbrata.

Im the following ¥uur Mr. F. W. Harmer gave a section of the 1]l -'_
Yure Valley ®, confirming the views of Mr. Wood: and in 1868 B B
these pentlemen read at the Hlﬂ."lillg of the British Association in oy
Norwich a joint paper, illustrated with a lagge map and loeal o
sections, but of which an albstract u:|a11.' was published in that year $. e .
r In this it was stated that the E’l..hhl'l. Bavds or C rag of I‘h,la_ulrh in the e 8 {5

Bure Yalley, and the Crag of W q_-\buum and Uromer, were newer T oa el e
than the C Iu!lu.’rcrrn:l.lh.-d.s unl.l.ill.ul * the ‘sands with pehbles® oconpy T
in the south of Norfolk and the north of Suffolk, the same pluce '

relatively to the * contorted Dirift® as 1s ocenpied on th.u Cromer coast
by the \\'L:}'imum Band (or so-called * Crag” of the Cromer coast),
the Cromer Till, and the indenting sand (or bed U).  These pebhle-
beds may thus represent in time vither the whole or any oue of the

5 formations A, B, und C; or they may form merely the cloging bed
e | of the true lru-ﬂ' Saries, in which case the ‘.‘.'m"lmurn gand, the
! Cromer Till, and bed C are entirely unrepresented in the south of
Norfolk and north of Suffolk.” On the next page A is stated to
represent the Weybourn Band with shell patches resting on the
Chalk, and * passing up by interbeddiog into B, the CUromer
y Till or Lower Boulder-cluy,” and C the sands which indented into
T oy I:[L'E],'I!_'g.'—i."l‘lllil.‘ii surface of the ‘Till.”

i \ In 1368 a paper was communieated to the Nerwich ("rm!nglcul
E | 'w;u,u_-l'l. by Mr. Harmer I, which gives a clearer exposition of
Mr. Wood's views, and is ac companied by u list of the Beluugh shells,
':""- i { ineloding these u'f W evbourn (postea, p. 938, In this Mr. Harmer

o
e

says that * the only doubt felt by Mr. W un-d and himsell in con-
nexion with the beds of the ng Series in Norfolk is, whether or
not the pebbly sands of Helangh and Weybourn are identical with
the Pebbly Sands and Febbile-beds which overlie the Chillesford Clay
3 | in the neighbourhood of Norwich, of Ladden, of Halesworth, and
e of Beceles, or whether they do not form a still later deposit,” . . . % 50
that for the present they do not eXpress any opinion on the identily '
| F i uf the Pebble-beds in these two arcas. bl
e In other papers published in 1868 || those gentlemen again give e el o
i the suceession of beds about ."mrwm]: and state that the Pebbly L
Sands and Pebble-beds (a name which they were the first to adopt), Wi s
| which sueeeed to the Chillesford Clay, “ expand northwards into the o
EA | Weybourn Band and Boulder Till of the Cromer-Cliff seetion ; this 1 Tl
. bed is unconformable to the Crag and Chillesford beds, is palonto- iy, AW

oy

§ * Quart. Journ. Geol. See, vol. xxiii. p. B e ..
r t Geol. Mag. Oet. 1868, vol, v. p. 402 The map and scctions were not i
# ublished until 1872, when they appeared in the ‘ Supplement to the Crag byl E

Muollusea.” iy
t Geol, Mag. vol. vi. p. 251, b &
‘ § Mr. H. B. Woodward's list of these fossils given ot p, W is corvected by hang PG
| A, Womd up to 1851,
i | Granrt. dourn. lIFrHl. Hoe, vol, 2a¥. o446,
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WESTLETON BEDS TO THOSE OF NOBRFOLEK, ETC, a5

logically distinet from them, and is characterized by the first
appearance in England of Tetlina balthion,”

In 1870 * Mr. Wood roiterates his lfl]lirl.:l'lll that the Pl'trhl_'l' Enmnids
of Belotigh, from which he had then obiained 55 species of Molluses,
are * continupons with the pebbly sand nnderly i and selterbedied
with the Ti along the Cromer cosst and vielding similar shells”
and he proups these together with the Contorted Dirift, as ¥ Lowver
laceal™ (the italies are mine).

In J|;|:|:|:|_I:.' 15370 my paper on the Norwich Urag and YWestieton
Heds was read +, it was mot published until 1871,
anw'ipg to dificultics connected with the lists of foszils, The main
ohject of that paper was to correlate the Westleton with the Mun-
desley Fluvio-marine Beds, and to show that they passed uncomn-
t'|J!'I2|'|||.'|:-|"I-' wadler the Till of Cromer, with which E]Ll":\ have no con-
nexion, and overlay the Norwich Crag.

It was not until 18721 that Mr, Wood |'|I]'|;l§:-||-e*-.:. the detailed
gpctions upon which his conclusions were founded, and gave a full
list of the fossils of the ** Lower Glecial ™ beds, including the Bure-
Yalley and Wevbourn Crags, This showed that although we had
both arrived irllj“!!-e']:l.ll ntly at the conclusion that the Pebble-beds
of both cour were newer than the Chillesford Beds, there were
many poants, such as 16 the correlation of the Wevbourn Beds, the
piesage upwards of the Pebbly Sands into the Glecial Beds, the
construgtion to be put on many of the Suffolk Neds, and other
points, which I & ¥ ced, that
constituted redical

We have in 1-“"‘"{7‘ the Iast BRI ws1ont of Mr., Wood's views with
refercnee to the Pliocene, Glasial, a
paper he dealsa with the many theorst
the changes of level and conditiong, and the ranse of the several de-
posits. He al=o alters some of his previous determinations i
folk area, amd explains his views of the rigrin amd mos
mtion of the Pebbly Sand and Cromer Till a8 one formation.”  But
to obfain o eorrect ko ‘|'.'||--'i'r:-e' of Mr. Woods ran oy of work, the
render should consult the several papers here referred to, It is
diffienlt to cpitomize them owing to the frequent introduction of
thearetical considerations among the questions of fact, and the re-
peated subordination of the lntter to the former,

In 1881 || Mr. H. B. Woodward came to the conclusion that in
Naorfolk the beds between the Glacial Drift and e Chalk formed an
indivisible group— the 1 pper Crag or MNerwich Urag Berivs "—
composed of & varinble group of sands, Pebble-beds, and lamineted

have o¢opsion o aotioe 68 We o

lerences,

1 Postelacial d -,_yuxi:-c,. Im this

| constderations connected with

L% 370 F
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n bo ihe Say
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HiZ=1574, pp. xv-xvin
=oc, visl, xxxr] E
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elays, with ocensional seams or patches of shells, In this he ir-
eludes the Pebbly Sands, the Bure-Valley (or Westloton) Beds, the
Chillesford Clay, and the lower Fluvio-marine Crag. The Wey-
bourn Crag he considers, with AMr. Wood, to belong to the ulpp'or
or Pebbly-sands division. He remarks an the importanee of the Mal-
lugean fauna and on the fact that the shells are, with fow cxceptions,
of the same species throughout, but varying, though on the same
horizon, ** in the abundanee of particular forms ” and * in the number
of different species.” He dwells on the fact that in the Bure-Valley
Crag of Belaugh there are * only two species not positively known
te ocenr in the Crag near Norwich, namely Felling balthica and Palu-
elfabex vivipara,” and states that if 13 nowhere seen fn section in iig
Josziliferous form above the other “ zones ™ of the Crag ® (p. 36).  He
also considers that the Haddiscoe gravels, * with which the pebbile-
beds of Halesworth, Henham, and Westleton are correlated, are
distinct from the Fliocens Bure-Valley Beds, which I (H. B. W)
group with the Upper Crag ™ (p. 85}

In Mr. Clement Reid's memoir * On the Country around Cromor,”
1882 +, he expressed an opinion that my divisions of the Crag on
that coast will not hold good, in that I have placed the Chillesford
Clay at different horizons ; but as he does not say to which of my
sections this ohservation applies, I nm unable to answer the objection,
This ch.l.[ign.l.i:llli.ll.'ﬂ.l -.rhji.'eii.ull will, however, be met further on in this
paper.

In s later papert Mr, Woodward expresses his belief that the
Westleton and Mundesley Beds on the Cromer coast * are nov the
snme ar the Ihlrl.'—"l'nill:}' beds inland,” aud he Eim nn Amusing
aceount of * the confused and deplorable condition that the nomen-
clature of the Pliocene and Post-Fliocene deposits is in.”  He fears
“ that the introduction of the words * Chillesford Clay * had been at
the root of nearly all the evil in the shape of confused or compli-
cated classification,” but he confesses * that coming from a connty
where some of the rocks are measured by thousands of feet, he may
have eontemplated with too little respeet divisions that dwindle into
inches,” no less than five subulivisions having been introdoced into
20 fest of strats, and *“of these nearly all had two or three nomes,
But most distressing of all has been the indiseriminate identification
!_1'_\- somn observers of the Chillesford Clay with any micaceous and
lnminated clay-scom "'§, ’

It may be thought that Mr, Woodward somewhat magnifies the

* The italics are mine.—J. P,

t Mom. Geol. Burvey, Explan, of Sheet 68 E.

¢ * Nodes on the Bure-Valley nnd the Westloton Beds,” Geol. Mag. dee. ii.
vol. ix. p. 452 (1882) ; and *Geology of England and Wales," 2nd edit. pp. 40—
508

Laminated clars are common in the Westleton and Mundesley, s well ns
in the Norfolk Glacinl Serigs, To be sure of the Chillesford Clay, it is neces-
smry 1o determine it either by superposition or by its fodls, when present,
or by following its ronge on n given horieon. Mr. Gunn named the upper
divisions of the Mundesley group ™ Proglneial Laminnated Series,”

B Exl s = s
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reason, also, the Mundesley and Westleton Beds, identified by Prof.
Prestwich on the Cromer const, are not the same as the. Bupe-
Valley Bods inland.”

Mr. Woodward further states that under the term * Lower Glacial
Drift " he would include mot only the Cromer Till and Contorted
Drift, but also the * Middle Glacial,” as he regards them as inti-
mately connected; * hence the Westleton Beds would be Lower
Glacial, the Mundesley Beds would come in the debatable groond
called Preglacial, the Bure-Valley Beds are Pliccene.”

In o subsequent paper * Mr, Woadward, in speaking of the Crag
and Pebbly Gravel, says * In their notes on the pebbly gravel and
itz relation to beds above and below, Messrs Wood and Harmer
have expressed their opinion that vn the cosst the Weybourn Sand
(=DBure-Valley Beds) passes up by interbedding into the Cromer
Till, while the pebbly gravels around Norwich that immediately
underlie the Lower Glacial brickearth, were considered by them to
be, to some extent, the equivalents of the Cromer Till.™

He then observes, * Neither my colleague Mr. Reid nor myself
have seen any evidenes to corroborate this opinion : on the contrary,
the line between the undonbted pebbly gravels (which are grouped
by us as Pre-glacial) and the overlying Glacial Drift is generally
sharply defined,”—a conclusion in which 1 guite agres.

I quote these remarks of Mr, Woodward (1he bearor of & namo so
long and hononrably connected with the investigation of the Crag and
Gilacial series of Norfolk) to show how complicated the guestion has
hesome, and how diverse the opinions on the snhject still are, The
classificatory objections to Messrs, Wood's and Harmer's Bure-
Valley Crag do not, however, affect the question of superposition,
on which their main contention on this point is founded.

In 1387, Messra. W. Whitaker and W, H. Dalton, in their
memoir * Un the Geology of the Country aronnd Halesworth and Har-
leston ' t, state that in the ores they describe, the beds of the Pebbly
Beries vary, and * to the west and north-west they change into five
sands and loams, each exposure showing differemt peculinrities.”
They express a preference for the use of the lithologieal name
instead of the geographical ones of Mr. Wood and myself, and leave
the question of the relation of the Pebbly Series to the Glacial Urift
and Chillesford Clay or to the Pliscene below an open question.

The reasons for not pledging himself to the question of elassifica-
tion are given by Mr. Whitaker in a later memoir 1. In this he
makes some pertinent remarks on the © Pebbly Series " and ita
literature. In explanstion of the variouns names “and classifications
that have been proposed for these beds by dilerent writers, he
suggests that = It seems possible that anyone working southward
from the morthern part of Norfolk might ,.,L1. into a mmrvrilzl-t- daf-

* Mepm. Geol. Surwey Expl. Q. Sheet, 68 N.W. and H W, pp. 11-14 (1884),
t Mem, Geal, Survey l'.:lt|;-| l.;_l-l sheet M) N E, FFI1 11=17.
“The fpn..||L1_ af Bouthwald and of the Suffelk Coast, fross I}"‘"“‘IL" b
O -..,] ithe,” Men, Geol, Sorvey, Esplanation of Sheet 480 N, 1887, p. 225

i
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forent mental groove from anyone working porthward from the
gouthern part of Suffoli. B may be locally right; but it does
not follow that either must right gencrally ; at all events the
variety of opi that has boen evolved is rather bewildering.”
This must be my apology for the present digression,

=

In his memaoir of 1884 Mr. Whi
highest part of the Westleton shingle at Henham of
gtone with casts and impressions of shells; but
oot named, He likewise an {
Southwald area—aof this age, in one case in a piton the Lowestoft
Koad, two thirds of & mile N.N.W. of Bonthwold Chuorch, and i

i I r the station (p. 20, and
wuthority of Mr. W. M. Crowf
however, l|lli|.1' patiefied that
me to the Westleton beds,
b, I give the g
son with those of

ies are

imees the dis

:||||:1];|-r i the rilwnv-oot

ligta (p. 50) of the speeics,
and of Mr. 5.V, Wood. 1
theae shells, or at least all
As this is o point of consi
the Table at p.
i|||_'.'|.|i|i-"l

[n the first-named ..ll-."l-.l1:|' casts a
found in an iron-conereted portion of |
bottom of
I','||_l si]'.u-”.-c ]

them, |

srahle

rpose of com

hells were

- - e
||I]||!I"‘"=I'-|I'1 oL B

he shiogle, whilst at the

id. In the second locality
- mass, O inches thick and about

s pib metual shells were fou
irred inoa lenti
o feet deap, In & rl |
about 12 vards north
aomae of these shells may
ford .‘"!-m.l-:-‘ for the I
that Ll
or Fli

5 to me, ho

141 Bil I ." Ll

I8 1hEETY .'r|l||'|..l|1'|.-|.-||''."'1 L]
wition with the Upper
1. the elifl sect
itact with velloy
|I|r|| |:'!:.:'._

l'il'i:.'\- often o
y LA Al

in fact, shows the Iy { Westletor
sands of this : owing to the removal of the (
may be therefors that the lower
or that the 1 |
The following
‘“’f"l'll'l'i.-'l'.{ mn the
column for the

cotions belongs to the

d . Mr. 1I.'|.i|i{_|.r:|r s
es, To these [ have d i
I d by Mr. H. B. Woodwa
the t_'l"l'i'i-II Bure-Urng localities of Beluugh and Wroxham, althongh
even there, Tt \

beda ara free

%
must, howewver,

g :
K, there 18 80

ther the latter
marine U

intermixture with the I t
i 1 that the range
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HB PROF, J. PRESTWICH ON THE HELATION OF THE

Mr. Whitaker's Mollusea of SBouthwold beds and of the Bure-Yalley
beds of Norfolk, compiled from the lists of Mr. W. Whitaker ®
and Mr. H, B, Woadward .

The third column shows the specics that ocour also in the Upper or Fluvio-
marine Crag of the ndjacent localities of Easton Bavant {near southwold) and
of Norwich (near the Bure Yalley)

| E-a |
£ |
T
.| g23 | f58
o e | =8 o
S35 S2E | £ LA
=5E | pmAE | 2xE
B B e
B~ =fE (233
Anomin ephippiom ...o.nin] e w.
AnOMEN BEFIRIR .. iaiis ey s s Ead B,
Asiarte borealis o I, W.
Astarte cOmMpPresss ..o ceenes B, W.
X Cardium sdols S | P-B B. W,
R Cardium grealandiesm = |
i Cardinm =landicamn. ... .. I, firaprts. |
Corbuln strints ... ....... B. |
] Cyprina islandica ....... B. W, |
: :r Dooax wittatus ...... AL RN s 1% |
= Lads oblongoidos .o e sesersssnnl B, W,
¥ 'y Laicinn boreslis ... i | B.. W.
Mactra ovalis Lol Bl STt R e B
T Mnotra solida R s ok W. |
Mactra subtranesin -.....oocoeeoens e n i w.
4 Myn nrenarin e E] B, W. | [
Miytilos edalis ......0c.0c0n T L R, W. |
Nucnla Cobboldiie  oooomnrviomnscies o B, W. |
L Pecten tiprinues, var. levis .........] ...... w |
g Pholas crimpaii.. . oonnssisssssunssnnss] sasnse B. 1 -\":- .
| Baxieawn aretion, var. rugos ... i H. I N
i Serohicularin plana .. B. &N,
. ! Tellina balthica ., W. o
I E Tellina lats ..... ey : B., W, |""‘_- | !
{ B Tellins obdiguen ... cosuevannssarnss Fai 8. B, W, k., 3"- |
| Tellinn prootenais ......cuuimennnn B. B.W E. K. |
| Thracia papyraces ..... : Rt I |
Buseinum unidntom | K. |
% Cenitlium tricinetom simaa . |
Littorinn Htdores ... B, W -8 -\_
j ] Littorinn rodis ... .00 a0 k. w, M.
Melampus prramidalis ... E. HN.
Nation ontena B.,W.? B.N. |
= 1 Natben helicokdes ... S B, E.N. |
Paludinae medin.  .....ocociiicaiinane B | e E.,N. ®
% Paluding ¥ glacialis ..... — . |
- Farpura lapi s F..5 B
Sealnrin o ik ., W
'|-r|,|||'l|-:|: . H 11k - dhll o i P e .lt . 'I'I.-. |
Trophon antiguus, var. contraries B, W. L |
Turritella terebea oo coeiaiinnans B. ‘ E.N. |
1 Thie specimens i the third column marked with il-l.l wwtorisk nre also fonml

in the Urmg nenr Soathwaold @ o i the Seatloweocld woe

" News, Ul Burr, 1587 e B2 =} ¥ i, 1Rs1, Pr §2- 0, J
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WESTLETON RELS TO THOSE OF ¥ORFOLK, ETC, 4

It thus appears that of the 18 species from the Southwold sections
13 are recorded in the Bure Valley; whilst of the other species,
three [ _]I|'|rl'li’.'ll-|lll'|.: ||'|_I|'J'|’.'.|..-|..'-"|.'-'-I.3'=. f-ll'f'lrlllll.'l'."l f-'.'l..'l-:'f!fn'-l'.. iJl:Ili. .Irll-'ll?|-'|lll.ll'f
of the Fluvie-maringe Crag, have
Yalley CUrng. Lhe er bwo ang
{in £}

m.m';.l'l, which are characteris
nok n met with in
wlso Norwich specics, ot
of the 36 speeies quoted fr
Houthwold, amongst which 12 the only
Crug, Telline falthiea, while other s
Hure-Valley shells as Seaiar
N PEERT, Ll .-u'n'r.ul.a.--.

] c-:,h--r .Illlllt!.,
m the Bure 1|.|E||~_'.', L gre wanting at

sharactoristic shell of that
Westleton and
lieoicdeg, Aafmrie

also wanting.

5 5. Chorce of Terms,

The main ohjection, however, to the
Yalley Crag or Pebble=h i rms for
that neither their I [ oal value nor th
relations are in that distriet free from ur

lesford Clay intervencs, there is no deabt of

5, 13

thesa o

nbigraphical
Where the

tinetness ;

il

rEwieas

L H LR

Juxtaposit
duality then is ]
further northward,
either w
in guch cases, owing to th
the distinatim
might pass unnot

tion =il ex
Ch

anting or glse existz in a very fragmentary form ; so that

Llay 1a

1y characters in oo
and Norwich-Craz bheds

. in fact, boe 1 whether th thin = 1 of |'|'|:.
Mr, Wood ciroms of Helo and Wroxham is
ted near i Mr. Woodward's memoir, I

and 62} deps not represent the Chillesford Clay, and whether in

same way the thin o 1 clay a foot or twa above the
Chialk in th :
tho lower & ; ] na
to the Norwich Crag instead of groupmng it with the overl
under the torm of the * Weybourn Cragr,
of Mr. Wood. (SecBSupplement to the Crag M
To test the g:-'l'illl. I waould iu'e'!l thi fossils from
until ther exs lationship 18 ascertained with greate
Mr. Woodwa ints, at pp. 62 and B3 of ||:-: Norwich
show slight at not nnnotceal !
ll"‘u"".'l' ||i'i'|I of the seetion, Telliin -l-'.'llll"ll.'.'i'|l which iz stafed by
Measra. Wood and Harmer to he almost the o nly & 1 i1 the ]'..'!_i||:|-

that does not oeonr i i i
lower bed at Wroxham, al
reasons to be miven here

hiethir
refermod

1 ||I"“' several L

vdifferences between the n F

* Quart. Josirm. Geal. 8o, vol, Txvii P 406 (IET] )
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#H5 PROF. J. PRESTWIOH ON THE RELATION OF THE

rence of this one shell is a very insufficient palmontological dis-
tinotion.

Where the Chillesford Clay is ahsent, evidence of its former pre-
sence often oxXists at the base of the Febble-beds in the form of
peiibles of elay, derived probably, in some cases, from that clay.
The instance recorded by Mr. Woodward in the typical Wroxham
distriet, of a gravelly bed with clay pebbles at the base of beds of
buff sands and pebbly gravel (the Bure-Valley Beds®) in a cutting
near the station may be of this character. It is easy, therefore,
to imngine that, owing to this removal of the Chillesford Clay, the
Bure-Valley Crag may often be in contact with beds of the age of
the Norwich Crag, and that in the case of beds so much alike it
wonld be difficult to detect the line of separation, while the fossils
of the lower beds would be apt to get mixed with those of the
upper one,

Therefore, while I admit the value of the distinetion drawn by
Messrs. Wood and Harmer between the Norwich Crag und the Bore-
Yalley Pebble-beds, I do not think that either the palwentological
or stratigraphical proofs respecting the position of these Pehbly
Bands are so well defined and certain in the Bure-Valley district as
they are in the Westleton and Sonthwold districts, or so fitted to be
taken #s the type of a widespread geological zone. For these
rensons, nlthough the term of Bure-Valley Crag or Bods may be con-
veniently applicable to a local fossiliferons eondition of the Pebhbly
Bands, I do not think it to be, for o general term, so suitable s the
term of  The Westleton and Mundesley Beds”

This is the term that in 1351 + I proposed to adopt in place of my
original term of * Westleton Sands and Shingle,” in 1870, for the
reason that when a partionlar series of strata presenis, in adjocent and
ponterminons arens, |||.ar]i|.1|l:.' different palmontological and structural
characters, it may be convenient, as in the case of the * Woolwich
and Reading Beds,” to give them o double geographical name, indi-
eative of the localitice where the two types aro respectively hest
developed, and their relation to the overlying and UIIderlj'ing gtrata
best exposed. It will, however, be convemient, when speaking of
the inland continuntion of these beds, to use merely the term of
 Wastleton Heds or Shingle,” as then we shall have to deal with that
type of them alone, .

&4, The Structure and Paloontological (haracters of the Weatleton
aned Mundesley Beds, in Novfolk and Suffoll.

Before proceeding with the inland range of these beds, I will
describe more fully my view of the relation they hold—on the one

* Similar cases, having reference fo thia and other underlving clay-beds of
the Forest-bed series, are common in the coast sections, and are recorded b
Mr. O, Reid (op. oit. p. 15 &e.) and by myself (Quart, Journ. Geol. Soo. vol.

xxvii. po 45 ol
+ 'Ilj;ip paper is an amplifiention of the coe then read before the British
Associntion, nnd which appeared only in Abstract.
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WESTLETGOX REDS TO THOSE OF NORFOLK, ETC. 114

hand to the Fluvic-marine Crag, and on the other to the Glaeial
beda in Saffolk and Norfolk,

The composition of the shingle will engage our ]mlti-'uln.r atten-
tion, as it 18 an instance in which the evidence afforded by it is of
mare stratigraphical value than that of the foszils, as the Intter are
gonfined to the sea-board of the Eastern Counties, while the former
Iu;ul 1] T oE ;:'l::i-il- over the w i d ar

I will now drop the term * Pabbly Beds,” which, although con-
venient a8 o femporary term, marking, as it docs, a very distinctive
gharacter, has the Incomver { defining o
many other strato, as, for example, the Pebbl
Bands, or those of the Wooslwich and Elackheat

TUre Cofmmon to

Fig. 1. — General Section of the Weslleton Beds on Westleton Cormmuon,

Frad

a. Burfnce soil —praw
t. Fine shinglo, w
& Wy hike an
of. Light green
& White sand pnssing
n hlocks of

bbly snnds, with a few large
bands

S SONERELI00E,

y 1 Tound. in -:||-_g;'
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Uy PROF, 4, PRESTWICH 0X THE BELATION OF THE

the old designations of * Plastic Clay " and * Mottled Clays,” which
would specialize characters common in formations of Tertiary as well
a8 of Becondary age.

The localities where the Shingle Beds are most extensively de-
veloped, and where the joint lithological and palmontological cha-
racters are best combined, will be found in the Ordnance Map, Sheet
48 W. and 50 E. From this centre I will first take their range
northward.

Between Westleton and Dunwick there is a large tract of common,
formed by low hills of pebbly shingle, which extends with little
interruplion to Blythburg and Southwold, and thenee to Easton
Bavant and Covehithe, forming a belt some 2—4 miles wide and
10 miles long. The higher ground is everywhere capped by Boulder-
elay, from heneath which the Shingle Beds erop out, whilst on the
coast the Chillesford Clay rises from beneath the latter (exeept where
it has been dennded before the deposition of the Shingle), thus
defining necurately the stratigraphical position of the Shingle Beds.

The Shingle consists of flint pebliles as well rounded and forming
beds as massive as the Tertiary Beds of Blackheath or Addington,
with subordinate sands and thin clayse. From two of the closely
adjecent large pits on the common, the accompanying general
siection (fig. 1) is constructed from notes taken some years since.

Unlike the overlving Glacial Beds with their northern drift, we
have evidence in this Shingle of a decided transport from the south-
ward in the presence of subangular worn fragments of Chert and
Ragstone of the Lower Greensand, probably of Kent, a fact to
which I fnrmnrl}' drew attention ™., With these are associated a
considerable proportion of small white quartz-pebbles and & few
Inrge flattish ovoid pebbles T of light-colonred Quartzite and Sand-
stone, with small pebbles of Lydian stone and jasper &e. There
i#8 m total absemce of ihe larger darker red and grey rounded
quu:u_ilq-_pq_-bhlﬂ {eobbles) of the New Hed Sandstone, so sommon
in the Glacial Series. The average composition T of this Westleton
Shingle at Westleton may be roughly taken as under :—

1. Black flint-pebbles . ....coie00 e T S P
2. White quartz-pebhlos, with a fow rose-coloured
& Bubangular flints, not SRR ..o st srre s e
4. Bubangular (mgments of grey pin-hole ragstone and dark yellow

i
5. Large flatfish pebhles of light-coloursd quarizite, light and dark
sandstones, and small pebbles of veinstone, Lydian stone, and
jasper, with a few subsangular fragments of black chert {Carbo-
niferous ¥), of a dark skaty rock, and of QUBELE sasossnnnsnsannnsansa

100
* Op.cil. pp. 401 and 477 (18711 ; nnd Dritish Associstion Reports for 1881,
G200

; %+ They ara vory similar in shape and eolour o the recent quartzite-pelbbles
on the Chesil Bank. : ;

{ The determinations in all cases esan only be givon :t]n-|-|r\r.|m|3n=||lv|:u1{I.B For
rensons given in Part IL of this paper thess proportions may nol be gquite
correel loeally ; but ns the same error, if any, rans through the localities,
the genernl result is not serionsly affected.
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also deseribes the various interpretations® to which these heds

have given rise, o

. As there is little positive evidence of ice-action during this period

It 18 interesting to note the discovery, recorded by Mt \\'himku; o

(p. 77}, of o wedge-shaped block, 187% 13 % 18} inches, of & mica- " i)

coous quartzite in the pebbly gravel at Easton.” I noticed in 1808 :

in a farm-yard near Reydon, a rather large boulder of granite B g

which may also have come from thege beds, : A e el
At Easton Bavant the Chillesford Clay is well marked with its geud

characteristic shells ; but at the extreme north end of the cliff ot B

neur Covelithe, there are indications of o change, Home lmllches' >

opened at the baso of the cliff a few years ago exposed the section fia. 4~

annexed (fiz, 2).

Fig. 2.—8estion in Covehithe Cliff, morth of Easton Bavant.

font, T B e i
a, Dark mmdy soil ..o covins cninirenns sl s T T iy (e
&, White pebbly sands { Westleton) indenting into e ... 3 s e
¢, [rregulne white and vellow sands.......omineiiimeniiees 4 T g
o, Il-nminlqlrd hnb';wnrhy b Lt B TR . 4 0 T, B L
e. Irregular carbonnosous band........... v 3 .
S Laminated grey clay (Chillesford #).. . ] :
o Fine gravel and sand  .....ooieeiinn w 3 . r
&, Sholl-bod (Hario-mBEIRE} ..vuvuiieiinmsmississssssnsssrass 24 VIRt bt el I ;
Here the Chillesford Clay is unfossiliferons, and is overlain by a By " EeTi
thin seam of carbonaceons matter suceeeded by two beds of lami-
nated elays and sands, also without fossils, on which rest the sands | PR
and shingle of the Westleton Beds, The beds o to e may represent by, 8
n commencement of the Forest Serics, and would thus show its Loy W
relation to the Fluvie-marine Crag (g). e
Another point of interest in this section is the presence of small o
pocketa or indents of sand filling hollows on the top of the laminated e
bed ¢, on which rest the horizontal seams of zand and shingle . ey,

The sand in the holes is the same as that of bed & Mr. Whitaker i My
{p. 75 of his Southwold Memoir) has deseribed similar small e
{ contortions in these eliffst, and Mr. €. Reid speaks of the Tl
. | # “ Geology of the Buffslk Const,” Mem, Geol. Surv. 1887, Pp- Gr=00, B8-T3, %

t It was possibly these sontortions which led Mr, Wood to refer the sands
andd loam in the upper part of the Covehithe cliff' to the * Contorted Glneial

Dirift
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Il FROF. J. PEESTWICH OX THE RELATION OF THE
Enston. The Shingle d i2, however, soon replaced by the Middle

Glacial sands and gravel e, which then rest direetly on the Forest- e
Bed series, and muintain that position as far as Pakefield. :

Fig. 4.—Section at the south end of Kessingland CH

fiert
o Grwvallr woil - o 3
& Yellow sand 1
Irregularly bedded snd and }.m\'n- 5
u" Yellow :w'l.!'.!-]i‘ sanuls (Westletan) P g e |
¢. Laminntad grey and brown clay and sand ............... [

The laminated bed & i without fossils, and resembles bed J of
seetion, fig. 2. Further north the oliff becomes higher, and the
Upper Chalky Boulder-elay sets in; while ot the base of the oliff
there appears & compact greenish elay, with small fragments of fint,
traversed to the depth of from 3 to & feat by rootlets, generally cut
off an the top by the Glacial Sands. Hetween the beds ﬁ{ﬂg, 5)
and the Pebbly Clay, and forming at one place a shallow depression R
about 150 yards neross, lies the dark carbonseeons clay with plant- Wi s
remains, at the base of which i u thin seam of gravel and sand ' m
with Unfa, Cyefas, &e., which [ referred in 1871 to the Forest ot b
Serigs of Norfolk. The Pebbly Clay passes in places southward into T ——
a light-coloured sand, and agrin into clay, while at other places the i Sty
flint-fragments disappear. Nearer Pakefield Mammalian remuins i wiie LT
oconr in some abundance; bot I failed to recognize the oxoaet posi-
tion of these remaing, and was under the impression that the pebbly e
clay () represented the Chillesford Clay.  Fig. 5 (p. 102) is a part
of the seetion I then gave of this eliff =, e ey

In 15872, Mr. 5. V. Wood remarked that all that could be safely |
averrad of those beds (the Forest Beds) at Kessingland is, © that " i
they are anterior to the Middle Glaciol and probably |I4.'mt{‘rlﬂ-r to b gl
the Crag,” an opinion endorsed in his subsequent papers of 187 fies, Hagly
and 1280, although in the latter he scoms to imply that the Mum— 3 "
malian remnins are of the age of the Norwich Cragt.

In 1576, Mr. J. Gunn $ concluded, on the contrary, that both the ik,
so-called Elephant Bed and the Forest Bed in this cliff were not e b
only beneath the Chillesford Clay, but also beneath the Norwich i ol '

* Ouart, Journ, Geol. Soc. vol. xzvil. p. 463, | 1

+ l5u5|.umm; to the Crag,' p. xv; and Quart. Journ. Geol, Soe; vol, xxxiii.

p- 74, and vol. xeevi. p. 462,
+ Quart. Journ, Geol. Soe. vol. oexil. pu 123.
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break and on the same horizon into the fossiliferons Chillesford Clay,
At Pakefield wo have an expansion of the seam e with rootlets
traversing the elay. and occupying the position of f in the Easton
Bavant section. Is it therefore that in the interval between Covo-
hithe and Pakefield that this * Pebhbly Clay ' sets in between o and f,
or 18 1t & continuation, modified bj.' altored conditions, of the bed _;I""'

At Alderby, & miles inland, the dark clay, which there overlies
the Fluvie-marine Crag, also contains angular flints, and the late
Mr, Hose had in his collection remains of the Elephant, Deer, and
two species of Cetaceans from this same bed. Though it is not
there overlain by the Westleton Beds, it was found to be so in
a deop well sunk at Beccles on the other side of the valley, and is
therefore generally held to be the Chillesford Clay-bed. There are
again traces of the Forest Bed at the oliff at Corton with an under-
lying clay, of the same character as at Kessingland and with rootlets.

If this Suffolk bed 18 to be considered the eguivalent of the Chil-
lesford Clay, then the so-called Forest Bed of Happisburgh, Bacton,
and Mundesley, which ocoupies the same position and contains the
same remning, must also be referred to that age; bot the peculiar
charactor of 2 Mammalian remains—its numerous large Deer,
ita special Elephants, and other Mammalia, all se different from
those of the Crag—the absence of Mastodon, which oceurs both st
Norwich and at Eastom Bavant, together with the evident local
and exceptional character of the Forest Series, renders it diffeult
to aceept that solution of the problem.

Whatever may be the solution, it doss not directly affect the par-
tiewlar question upon which we are engaged, as the Westleton
Shingle is newer than the Forest Bed, and passes indiscriminotely
over it and over the Chillesford Beds. At the same time at the
junetion of the two former on the Norfolk const there is to a certain
extent a passnge between them, land-conditions there alternating
with marine during the acenmuolation of the Westleton Bhingle, I
shall therefore only refer incidentally to the Forest Bed, which is
the less necessary as it has often been well and fully described, and
will confine myself to following the range of the Westleton Beds,

The Shingle, which is displaced by the Glacial Sands ot Kessing-
land, resumes its place in the neighbourhood of Pakefield and
Lowestoft, where it exizts in considerable force, consisting of the
usnal pebbles of flint and white quartz, with subangular fragments
of flint, ragstone, and chert, and an unusually large proportion of
other rocks, such as fragments of a mica-schist, of & dark green
quartzose rock, and of yellow, green, and brown sandstones. In
this part of the cliffs clay pebbles are common at the base of the
Wostleton Beds, arising pl‘tlh:!lrlj' from the partial destruction gither
of Uhe Chillesford Clay or of one of the Forest Beds.  Glacial sands
again occupy much of the Corton and Gorleston cliffs.  As the bread
estunry of the Yare then intervenes, the Westleton Shingls is not
met u:ith “r"“i“ until we reach the Hnlppishurgll Cliffs : and oven
thore little s seen of if, althongh the Forest Ded with its multitude
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Besides the specimens named above, 1 alse here found Specimens
of a black chort (Carboniferons 2), of a light-colonred enerinital
quartz (Carboniferous ), of chlorite schist, of a white fessiliferous
chert, and of a dark-coloured slaty grit,

It is, however, at Mundesley, 2} miles north of Bacton, that we
find these beds with their typical estuarine and freshwater condi-
tions hest exhibited. They there form a group of strata giffering
from those further south only inasmuch as they were doposited
under loeal and different conditions, arising from the early emer-
genee of this ares, and the consequent intreduction of a land faun
and flora.

In 15870 I made the mistake of supposing that the thin seam
of gravel at the base of the Westloton Beds (m), and ovorlying
the Forest Bed, represented the Elephomt Bed of the Norfolk
geologists. It is true that a few bones have oceasionally been
washed out of the Forest Hed, and are found in the gravel and
sand overlying it ; but the bone-bed proper is the underlying argil-
lucecous sand in which the forest stumps are rooted, and to which
the term of ** Forest Hed " also applies, for it is in thie bed thab
the remarkable group of mammalisn remains with plant=débris are
entombed. It has been questioned whether the stumps found on
its surface are really in situ on the spot whore the trees grew,
or whether they were drifted there from a distance. Boch may
have beon the case with some, but it is difficult to conceive that
it could have been so with all. Their wide-spreading roots®,
their position on one and the same level, the presence around
them of their cones anil branches, and the fect that the same bed at
other places, where seen in section, is traversed by rootlets evidently
tn sifw, show that the occurrence of such o forest-growth on the
surfaco was both possible and probable. Some trees may donbi-
lesa have been overturned and drifted ; and some strained by
storms may have had their roots torn and brokem. The argn-
ment that the small fibres which end the roots have generally been
wanting at from one to three feet from the stem, has beem dis-
posed of by an observer so expericnced on this point as Mr. T. M.
Reade T, who states that in the case even of the more recently sub-
merged forests of the Laneashire coast, the fine fibres of the rools
are not preserved, having generally rotted away. The erect stumps
of the Forest Bed, which I have myself from time to {ime seon,
thongh not examined critically, seemed to me generally as good cases
of growth in sifu s the trees seen in peat-hogs.

I therefore see no reason to guestion the provions Ognil‘lion of a
foreat-growth in situ, especially as the existence of a land-surfuce is
confirmed by the presonce in many places on the Forest Bed of a
clay with land-, freshwater-, and marsh-shells and plants, This
land-surface T take as the base on which the Westleton Beds were

* [y one case mentioned by Mr C. Keid, the cirole formed by the spread of
the roots was 20 fert across,
t Geol, Mag. dee. ii. vol, x. p. 3] (1883).
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It is on this part of the coast that the Forest Hed attains its
greatest development.  Mr. Gunn had a bore-hole driven into it at o
Happisburgh to a depth of 12 feet without reaching its base: while P
Mr. . Heid, from observations made by dredging bevond low water- .
mark, concludes that its thickness is not less than 80 feet ®.  What s
muy form the base of the Forest Series is at preseut o matter of
conjecture,  From the presence of drifted peat und plunt-remains e
at its outerop near Cromer, Mr. Beid infers the presence of another
freshwater bed, beneath the main bed, and below that he |||uml.u. the A il 4
Weybourn Crag. Jet B,
The flora of the Forest Series has been admirably worked ont by il
Mr, . Heid and Mr. Carrutherst, and the funna by the late et T
Dr. Huogh Faleonerf, Professor BHoyd Dawkins§, and Mr. E. T.
i Newton|. 1 need not forther allode to them here, except to
' mention their extreme interest and importance,
1 The relation of the Westleton Beds to the Glacial Series sbove g R
, and to the Forest Beds beneath is extremely well shown on the T e
| copst ot Mundesley, although it iz only occasionally ¥hat the troe- i) M B R
stumps can be seen.  Mr. Dix informed me that on the south side of
Mundesley the greenish sandy elay of the Forest Bed crops out
beneath the beach. DBones and teeth have often been dug out of it, (ke Picsp | | P &
and shortly before my last visit he had seen at low water the large o SR
| ercet stump of o tree, with, he said, all its reots branching from it.
Cn another opeasion, at very low water, a number of tree-stumps wene
[ seen with a muss of clotted leaves and branches. The best general
section is that presented by the cliff on the north of the village (fig. 7). Wk in
Little of the Forest Bed is seen in this section, but in the gravel- (o !
bed (m) are occasionally found o few bones washed ont of it. To
this sucoeeds in places n grey clay, which to the south of Mundeslay it T I g
confinins numerous freshwater shells, above which is a p;l'm-L'IJ:.‘ c.'ln:.- B il o
with Mytifus and Swecenea. The sand and shingle ¢ contain marine
shells and fragments of wood. In bed h diifted wood oconrs, while ! o
in the sand and fine shingle () freshwater shells are common. In T T
the overlying laminated eclay () ore some wood and plant-remains. 1T el
Thiz scetion differs a little from those of Mr, Reid, owing to the =T T L
\-u_riuhili:_-p of the beds, there having been an interval probably of N : i |
goma 20 years between our observationg, The following 18 o list I 1
of the murine shells obtained from bed & :— P

Towwr Plowms | " pomlgm N

Cardium sdule, L. Littorine littores, L. ; ST
Mytilus edulis, L. = — rudis, Mat, L1
Pholas erispata, L. Purpurn lapillus, L. "
Balanus, sp. | Eaalnrin greenlandics, Cheaa,

-

*= [t would be very desirable to have & desp boring made at Happisbargh or T

Mundesley, ; : : iy ;
t *(Fealogy of the country arcund Cromer,’ p. 62 (1882}, Seo nleo n paper by Ty, L

Wy, Reid in the * Annals of I.'u:ln.ll:r,' val. i P 178 (1838) R
1 * Palwomtological Mempirs," vol. il ehnpber i anad pp. 470480,
§ Qunart. Journ. Geol. Boe. vol. xxxvi, p. 395, and other pagpers.

| Geol, Mag. dee. ii. vols, vin, & wiii,, and Survey Memoir,
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old forms gradually disappeared, the moere northern and aretic g
forms alone surviving, until in the terminal * Aretic Freshwater =
Beds ™ both flora and fauna are sueh ns show a climate fitly in e
accordance with the now near approach of the great ice-shest. = !
The sca was probably too shallow to admit of the floating of
largs bergs with their massive boulders, yet we are mot without
| avidenee of iee-transport and ice-action on a small seale, s =
Large unworn and unbroken flints and smaller subangular ones /
are not uncommon, Swall bloecks of foreign rocks are, as hefore
| mentioned, cccasionally met with, and Mr. H. 1. Woodward records
the ocourrence in Norfolk of a bLlock of basalt, about 15 inches
gquare, in the Pebbly Sands near Aylsham *, all pointing to trans-
port by ice.

A ————

l The Forest Bed, with its trees and mammalian remains, may
i thenee be traced northward as far as Cromer, bot it finally dis-
' appears abont one mile N.W. of that place, where the Upper

Freshwater Bed and the basement beds of the underlving Forest-Bed
series come into contact. Mr. (. Heid states that it is only at this
point and at Trimlingham that his Lower Freshwater Bed at the
base of the Forest Series is exposed. I eannot, however, agres with
him in his interpretation of the Trimlingham section. I take

! | the upper beds, nos. 2 to 4 of his section (p. 33), to be the base of
the Mundesley series, nos, &, 6, anid T the Forest Bed, and no. 5 the
Korwich Crag,

Another point at issne is whether the Weybourn Crag of Mr, Reid,
considered by him to form part of his Forest Series, should be thus
grouped, or whether it represents the Norwich Crag.

At the south end of the Forest-basin no marine bed underlies the
Forest Serics+ until ot o short distance beyond HKessingland the
Chillesford Sands { Norwich Crag) set in.  In the centre of the Hasin
ot Happisburgh and Mundesley, nothing is known of the lower beds L genie )
under the Forest Bed of Mr. Reid, As we proceed northward, o
owing to the thinning out af this latter bed, the base of the Mun- j =
desley Series with its ]1|;'||||||,--h['r| {m) and derived bones comes, as el g
before mentioned, into eontact with the lower part of the Forest- il
Bed series.

But the sections are mostly obscure, and it i= not until we reach i
the West-unton Gap (fig. 8) that the upper part of the series P ey
is seen clearly as at Mundesley, and the special character of the il T
Westleton Shinglo is again well marked. It here consists approxi- by L ey
mately of :— " sy -
Per cent - i
Flint-pobble ...ccovianmnsinnn AP 7
White quartz-pebbles ... i =0 .
Bubangilar Hinks .ocicevennnees a4 15
Chert and ragslons .......ooeooeeoeees 1
Lvdinn stone mmsd quarizite, mmd light-
“eoloured sandstone-pebbles .o
10
. o ¢ _.';I-T _'Hoi.rl-'u .'l:ll:;i_n:lil‘.-il. a3, % ! =
F E:-l.‘l"["" n daubiful l-]'iﬁ'il'!l'("ﬂ of Buwecinim godafnm at Pakefleld, H
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Woodward also places it in the same division as the Bure-Valley
Crag.

Although the Forest-Bed Series thins off to the north, the fresh-
water bed at the base of the Mundesley Series is prolonged, and
forms a defimte zone w]'mru'l:l}' the relative position of the nesociated
stratn can be fixed. These beds are in general thin, and the fossils
few and badly preserved, hut st one spot, a short distance cast of
Runton Gap, Mr, Reid found beneath them a bed of Crag ubounding
in well-preserved shells (fig. 8). The section he gives as under:—

feet.
Lamioated |"']|IF fuall of :I'ignil-e. small twigs
P = aud oecasionnl fir-cones, and fengments of
i i (R T el st b ?
Mass of rolled clay-pebbles on wneven sarfose, 2
[ Grey shelly Crag, in the lower part alicm-
| ul!|||¥ with thin Ioams ... .cocureenioieiaperss aboul 4
Weybourn Cmg. 4 Bed of unworn flints mized with clay, and

containing My arenaria and Felfling oblique
im the posttion of Bife ......oo0ensmeeee..,  Bbout 4
Boft chalk with Paramoudras and rings of fint.

His list of the Mollusea is the most reliable one we have for the
Weybourn Crag, for at this spot it is free from any possible inter-
mixture with the Pebbly Beds * :—

Lamelithranehiota,

Asiarte borealis, Chemin,
—— ——, oval var.
— eompressa, Mont. .

—— incrassata, Hrocoki. Cliiton,

— erebricosintn, Forbes Hydrobin (Paludestrinn) subumbili-
— wtilenin, o Cosfa, entn, Mont,
Cardiam sehinstum, Limn, Littorinn littores, Limn,
— adule, Limu, — pudlis, Mafon.
groenlandicum, (e, Melnmpus (Conovelus) pyramidalis,
Corbula contructa ¥, S, of, Sy,
gtrintn, IV, 4 B. Nnticn catenn, Do Cosfa,
Cyprina islandioa, Linn, - 1'il'l-1_l-lﬂ: Brod. & Shy.
Donax vittatus, Da Cosfa, — heliooides, Joknsl.
Leda oblongoides, 8 Foed, Plenrofomn { Clavatula) linearia, Mons
Lueina borealis, Linn, turriculn, Mons,
Muctra ovalis, of. Shy, Purpura Inpillus, Lo,
e gtultorum, Linn. Senlarin gronlandics, Chemn,
Myn arennrin, finm, Trﬁr{'i:rmur.,_ FLeach,
—— truncata, Linn, | Turtonis, Turf,
Mytilus edulis, Linm Tecturn virgines, Ml
Nueuln Cobboldie, Shy, Trochus tumidas ¥, Mont,
Pescton operculnris ¥, Linn.
Pholas erispaia, Linn,

fasieropoda,
Boeeinum undatum, Lina,
Bulln nlba, Mo,
Caneellarmn viFduln, Fabr,

e 'rl.

Trophon antiquus, Linn.

Baxicavn arction, Liun, ; . Povitrssd var,

. gigantic var, TllTr_llr“I torebm, Mond, { =communis,
Serobieularin plans, Mo Cosfa. | e}, _

Tellina balthica, Linm, Velutina levigata, Linn,

ints, Gmelin (T calcaria).
— obligun, Sy,

prieienuis, Leat bes,

_—

Lirachiopoda.
| Ebynehonolla peitiaces, Chemn,

* Mom. (Geol Survey, p. 18
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& 0. Conclusion.

The plan I have therefore adopted has been to confine myself
ta those localities where, owing to the Chillesford Clay or Forest
Beds interveming, there is mo possibility of the Westlaton Bhinglo
having come in contact with the Norwich Crag.  For this purpose 1
have limited the list of the marine Mollusean fauns of the Westleton
and Mundesley beds (see p. 115 ) to the species found at Reydon, Easton
Bavant, Bacton, Mundeslev, and West Runton (the last two being in
the Leda-myalis Bed of Reid). This gives o list of only 18 species,
all living, excepling possibly two, about which the most competent
anthorities differ. ellina olligua was considercd by Sowerby and
Bearles Wood to be an extinet speeies, whereas by Forbes and Hnu]g:r
and Gwyn Jeffreys it was considered to be a variety of T, late, n lii'ing:
northern species; aoccording to Jefireys Nuewla Cobboldie is now repre-
sented in the seas of Japan by a variety of the same species ; whilst
Searles Wood considered that they are disfinet and that the Crag
species s an extinot form.  With two exceptions «ll the others are
existing Hritish species, although on the whole they are of northern
types—110 ranging to Seandinavia and D to the Arotic seas : datarte
borenlis is SBeandinavian and Aretio only. The elimination of the
more southern types scems to constitute the distinetive feature of
thiz fauna.

The land- and freshwater Mollusea, of which there are 53 species,
are from the freshwater beds (¢ to m, fig. 7) of the Mundesley
series—the Upper Freshwater and Leda-mpyelis Beds of Mr, Tteid.
They are, with three questionablo exceptions, all living species.
All the others except four are species still living in Britain, but
having a very ubiquitous range from morth to south, OF the four
Intter, Valvata fluviafilis is now living in Belgium amnd Germany ;
Hipd rabia Steingi in the north of Europo : f. marginate in the
South of Franee: while Corbicula fluminalis ranges from Thibet to
the Nile. The thres extinct species include a slug ( Limeaz modip-
tiformiz) ; Paluding gibba, formerly referred to P, condectr, a British
and Finnish ::]:pulc'imn': and Hydrobin runfonieng : they are found
fossil also in North Germany,

Thie freshwater bed () ot West Runton is rich in Fish-remunins.
There are 10 ,.:I..p._-'“-u_ all still living in the rivers of this conntry.

The Reptiles (2) and Amphibin (4), found in the samo bed are
alsa living British spocies.

Of the 21 species of Mammalia, 6 are extinet ; and it is to bo
remarked that out of the total number there are 14 which are
not met with in the Forest Bed and make their first appearance in
this stage, and it is the same with all the Reptiles and ﬁmphihinuu,

The 24 Plants are of special interest from the rarity of plant-
romaing in such deposite, They are all living species,—18 stl]l
liviug in this country, & being now relegated to moro ﬂOI‘tEl_Bﬂl Inti=
tudes, and, as in the case of the Mammalia, a large proportion (14}
are confined to the-Mundesley freshwater beds, though this may

# P, glacialis and P, media are doubtful, and thought by Mr. Reid to be
dnri.‘{d.
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possibly be due to tho circumstance that they consist in large part
of small sceds which may have escaped notice or Eu--_.-u |Ir-.4r.rn}'|.-_||l
from having been Indged in o matrix not so favourable for their
prosorvation ns the other bed. . : il el

In conclusion, if I am right in my interpretation of these intrcats
gections, the Crag of the Weybourn Cliffs has no standing per g2, but
results from the junction of the Bure-Valley and Norwich Beds;
whila with reapect to the Bore-Valley Crag, as at present
hold, I cannot but think itopen to the sume doubt, hough I believe
in the existencs of an opper division with marine shells, newer than
the Norwich Crag, but having & much more himited fanne. :

Tha constrootion [ would therefore put upon the Pre-Glacisl
gtrata underlying the Boolder-clay Series on the coast of Nortolk ia
& nnder :

Inmy

1. Laminated slays, sands, and shingle with plant.
horater shells (The Arefés

Tag WEsTLETOS axo | 2 Sa
Myspescey Beps,  (Theq
Mundeley fype.) 3. Ca

i 4

L ;\.;\l|..|-|. Wikl |1I |-|_If:|.v|"'.:
, driftwond, land= nmd Incus-
d oeeeds, | The [ Pper Fresfwaler

. _-.'|||c|.:- and -::I. ted in '.|'.|'|l"|“'-|I
nt Mammnlinn remains and
[ troes sianding on
\ it w0 - Elephani-fed of
Tne Foresr-Bep Groyr * g R y
6. Ferm
23
Bad L)

The marine fanns of the © Mundestey and Westleton Beda™ ia
vory limited and offen fails ws.  On the other hand thers is a
structuril featnre .‘-it‘lgll.lrtﬂ:.-' '|'ll':':|i'-~'."l'|1I that is, the prEsened Ih:'-::-l.'-',_"h .
out, from Southwold to Bacton, Mundesley, Raoton, and Weybourn,
of a shingle everywhere of the snme character., The intercalnted clay
end peaty beds, with their land and freshwater remains, are subor-
dinate, antd confined to the east eoast of Norfolk.

Although allied to the Norwich Crag by their marine fauna,
and conformable with it in places, the Westleton and Mundesley
beds comstitute on the whole a distinet and  separate Ernﬁ[!'n
formed under changed physiographical conditions,—eonditions that
led to their extension far bevond the Crag area T : while, as T shall

® Thea fona and fors of thess belde are of peculiar interest, and hava for
years pasi beern the l.lhjl.'!.'t of schive resoarch |.,|!'|‘.|'||:' part of mn ¥ Eralnrisis,
Large collections of the remarkable Mammalian remmins have been mnde by
Miss Anna Gurney, Mr. J. Gunn, and Mr, B, Fiteh, and are now in largo part
reserved in the Norwieh Mussam, The lator careinl ressarches of Me O, Bald

ve made great additions io the smaller life and vegetable forms. | For detaila
und Iiﬂﬂ, sen Mr. O, Bedd's OCromer Maomair hafore ;ih—ql. angd Mr. John Gupn's
* Bkeich of the Gwalogy of Norfolk.')

t We have svidense, bowever, of a similar southern drift in the presanice
of chert from the Lower Gresnsand and guariz, quarizites, and other sach
.rﬂﬁ'ltl'll either from the Ardennes or the Rhenish Prosinoes, at the base of
the Bed Ormg, and somewhat similar indientions at the bass of the Coralline

en
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hope to show in the second part of this paper, they are separated Lt g g
from the deposits of the Glacial Period by further and equally im- o
portant physiographical changes, In obe case we liave currents
and drifts from the sonth and east; in the other, northern drifts i
| solely. The impurtumf' of these festures will be seen when wo y
, -y come to questions connected with the relative age of the drifts in i
& | the London Basin, especially as I take this W n-s.tlﬁmn ""shmg]ih as the
| | base of the (.!ur-ltnnn ‘\uit‘:-, and a8 marking the time when the
" ux.sung forms of life, both animal and vegetable, began to prodomi- -
| nate in t-hl‘i ']11“““'}' "I. g
1 Lists of the Organic Remaing of the Westleton and Mundesley Lt .
\ Beds of Norfolk, compiled in greater part from the lists of e IR
Mr. Clement Reid's Memoir on Cromer, but grouped in secord-
' i ¥ aneo with the stratigraphical erder proposed in the foregoing
s i pages.
PraxtE. b3
| erllrf-l-.-r:ms. =
| s e
Chara, sp :
Hypnum turgescens, Jems, ... veeneens  Moma,  (Morthern ragions,)
Equisetum, sp. My = T
Oamunda regalis, Lisa, ... remrieases  Forn=royal. 1 my
Fymnosperms. .
Pinus 'ﬁ_'FITl'IlI‘iI. L R T S = S Eontoh F'E_E. o
e bk DERM, o oovoeiiiscisnmnnsenninarsss  Opruse Bir. ; =
Tuyus bacoats, Lim ........ccconvmiiinnes oW, el
Manocotyledans,
Curex & Cyperus, sp. (several) ......... ‘ ‘kﬁu
Junous, #p. .o A ik SRR T 1Y
Potamogeton fabellatos, Beb, ... L
— hterophylhos, Sehred....covcoiiiiennn Pond-wands. i
— trichoddes, TRaEm. .....coooicoiiimnnns =
Zannichellin palastris, Lisa, .. Hornsd Pond-wesd, -
Dicotylecdona,
Alnus glatinoss, T e e Alder. : .
Batula nana, i T . AR oo Diwarf Birch,
Ceratoplivllum demersam, Lisn, ......... Hornwort,
Corylus nvellana, e R 1 1 :
[{.ppqﬂ; nhlgqru Limm, ... vee Mare's-tail.
Menyanthes trifolinta, Lian. ... lﬁ'lg-h-h.
'.!.'[-rnnp]}r.lum L oo Whater Milfoil, Y
Prunns comemints, Huds, oo, S8 o gy
Ranunculus aquatilis, Linm. ......... Winter Orowfoob,
A | R Sl Buttercop !
Rumex maritimus, Tinm..... Golden Dock,
Balix polaris, Wablb, ... Polar Willow.
Thalictrum flexwosum ¥, Bernh. ll:‘ﬂirlr Rus, . .
Trapa natans, Lina, oo Water Chesnut. (Central Europe.) /
i o hr ) T e M SR PR e (Mover ? G
IxercTa,
Domacis serices, Linm |  Timnrchs ?, sp.

Notiophilus nquaticns, Linn,
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Cypris Browiana ¥ ......
Candopa candidn, AN,

(steropod,

Buecinum undatum, Lina.
Litiorina hitarea, Linm,
W afon

I Closta,

il
I'|.-r'|_.||.hL ]u|
Ecalarss groe
Trophon antigu

— e WONN. CONEATPIRE.

Ancdonta oygnen, Limm,

s ML
Lirnmnaen linr

En

=—0 palusl

e .'T=I!|-'.||:|||I|.

Mill,
& Pisidi
it ||'|'|I thi

ﬁl‘ill

i aalartotded, 'I:--|||_.,: EUneT
h Mr. . Roid shows

t This is Dr. Sandberger's species, deferminsd from speaimans sen
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N
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EXToMOsTRACK.

( Extinet. )
Morrusca.
Manne,

Lomelfibranchiata.

Land and Freshwater.

i s
Lermellehranchiata.

sl o st

Palwdinn gibba, Samdb.t
Plivsa i i8, Jiimm,
Plunort s, Lima

s |'Jr..'g|

Wil

sby o I anundciti,

disti
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VERTENRATA,

Pieces,

Acerina vulgarin? ...ooooeiniiiiiininenien.. Rl
Acipenser, sp.P....... Y e Bturgeon,
Abraimis brama, KEmi.....ooeceeeonsiisseons Brean.
Barbus yulpnris, Flem, . ...cooiiesiseces Barbel
Leucisaug o nl]:.r:.-|||:|1|.||.||||.us fn.a..- ______ Tudad.

rutilce, et 0 Raoach
—— copbalis !, Lewm.. ..o Ohub,
Parca I'lllnn.rlll- .h.ln.- P=rch.
Tinen vulgaris, Cwe.....c0000. Tench,
Esox lucius, fimm. .. .oooiin . veve  Pike.

.Jlrl-‘l.url ileez.
Bufo, #p.. Tomd.
ana esculenia .. Edible Frog.

== DORAPORRIIR P ponsscnnssissnsnn nises Common Frog.

Triton eristnius Commion Water-Newt.

.!I'.lu-' e,
Pelins berus .. i lI|"||:||.'1'.
Tropidonotus patriz  .........cconi Common Enake.
Auves.
Anas T, sp. : varnes Dok,
Mimmalia.

Waler-Vole.
Vole. (Central Europe. Extinet in

Arvicola nmphibias, Linn, ? Kiien
= mrvalin, POl .....oiviiinniaaneans .

Hritain,)

e plareolus, Schreh.. ... ccoceeiens c Bank-Vole,

—— intermedins, Newfon ... ak Extinet,

—— grogalis, Pallay ...............coccoee. Volo. (Central Europe.  Extinet in
Hritain. )

Canis vulpes, T e e % Fax.

Oaslor europaas, O, ......ooncnnresinnes JHATER

Cervus Sadpwickii, ,‘;rl'-'\-:mrr { Extinet.)

— watrtionrnis, Jelmme e (Extinet.)

Equus cabalins-fosilia, Hifim. ..o Horse,

Martes !.;I-':'lﬂlll'u. Limm. ... Marten.

Mus sylvaticus, Linm, ... Lapg-tailed Field-momss,
Myognle moschnin, Linn wemssesnesnn  SDFEW, AT, (Hussis}
Rhinoeeros strusens, Faleoner ............ Rbinoceros. [ Extimet.)
Boiurua vulgaris, Timn. ¥ i e Fqn.|1rrr|.

Borex volgaris, LINm. ... Comman Shrew.
—— pygmis, Pallas® ..ooovvviniiens oneees  Losser Shrew.
Bpermophilos, 8P, . cuewea e voe Marmot,
alpa curopmn, AR oo Maole
"]_"n'_.gmﬂ!il-"l.un Clavierl .. et A P Gigantic Beaver. (Extined. )

Cave-Rear. (Extinot.)

Urstis wpelinn, Hivm
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DhzcossToN.

The Cuarmusy remarked en the importance of the problom of
the earrelation of the East Anplinn Drifts with those of the Thames
hasin, and of the pg]u_-ciul.|:|_=.||||'.'1'|r_'||.li.|'.lIL! of the Author of the paper
for doaling with this great question.

Mr Crexest Bemo noticed that the Author went further than he
had previonsly done in sccepting recent results. With regard to
the eorrelation of the beds on the northern soast of Norfolk with
those of Westleton, he thonght 1t mest dangerous to take the unfos-
siliferons beds of the latter place as a type. On the Worfolk coast
the Wevbourn Crag wos olassed by himself with the Forest Bed
as a matbér of convenmicnee. Ifs fauna was :-|J|"|i.|'i|'||||_1.' markead
to show that it was slightly newer than the Norwich Crag. It
glwavs contained Telling ﬂ;-a.rrﬁl'rr.-, whilst that shell had never
been found in the Norwich Orag. The fauna was also slightly
mors Arctic than that of the Norwich and Chillesford Crags.
The beds which the Author bracketed as the Forest Bed, did not
include the Upper freshwater bed. He gave reasons for his having
himsalf included it with the Forest-Bed serics, As to I:|:t!-'f.i|"lj,l'
the Aretic freshwater bed with the 1-'3'-|n'!' freshwater bed, he noted
that the floras showed a difference of climste of 207 and he con-
sidered the g:’rl'l'hillg I-':_u:!'hl"l.' of the two unadvisable, He 1|1r|.|1gh_l.
it nmsafe to pee the term Westleton Beds until some definite fauna
was found ot Westleton. If any definite name for the whole sories
was used, Mr. 8 V. Wood's old term ]iurﬂ—‘r-ﬁ”l:}' Beds * should ba
adopted.

Mr, H. B. Woopwarn believed that, for purposes of correlation, the
terms Norwich-Crog Senes, Foresi-Bed, and Glacial Series shonld ba
used, while minor subdivisions, such as Bure-Valley Beds, Chillesford
Beds, and Westleton Beds, might, with sdvantage, be dropped.  Hao
had himeaelf come to the conclusion that the Westloton Beds were in
the Glacial series.  He agreed with the Author that the Woybourn
H.‘ru-g was Norwich Crap, for he ||].'|».“|':! it on the same horizon na
the Bure-Valley Beds. Unfortunately beds which belong to a
horizon '||'ig||¢"r than the Forest Bed had alse been ineluded with the
Bl.lr-’.--‘l-a"t':.' Beila ||:|.' Mr. 5. V. Wood. The name M'll]:.l..lq":-»h'_'.' Beds
was a usefol loenl term for these higher beds ; but if the term
Wesileton Deds was associated with them, it might turn out in the
end that there were no © Weatleton Beds ™ at Westleton.

Mr. J. A. Browx had obtmined a stone apparently worked I:'F
human ageney from the Weybourn Crag of Runton Gap. He had
also found a black flake at Westrand in peat.

Mr, Torrey remarked on the indebtedness of the Society to Prof.
Prestwich for his many years' labour on this ground. The Survey
bfm] now agreed not to mark by any definite name thess beds under
ﬂ_upum. Whatever classification might eventually be adopted, the
lines on the Geological Map marked actual lithologieal differences.
}::ﬂ wonld deprecate the re-introdnetion of the term Bure-Valley

% ]
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118  mELATION OF THE WESTLETON BEDS To THOSE OF XOEFOLK, ETO.

The Avrmom, in reply, stated that whilst Mr. Wood was working
north to south, he himself had worked from south teo north.
hod come to the conglusion that the beds, ms he understood
them, were distinet, both as regards their associntion and olassi-
fieation, from those which Ar. Wood had described as the Bure.
Valley Beds, Tellina balthica is very irregularly distributed at
the present day, and has & wide southern range. When the
Chillesford Clay is absont, confusion arises from intermixture of
Norwich-Crag and Westleton forms, whenee the modified fauna
known as the Weybourn Crag. Some of the fossils of the u
most beds of his Forest-Bed series may also have been washed into
the Mundesley or Westleton Beds. 1t is diffieult to show that
the Forest series is different from the Chillesford Beda ; though his
impression was that it is different and newer, The subordinate Arctio
Freshwater Bed is of small dimensions and ghows the setting in of
cold, which we should expect as introductory to glacial conditions,




~

The famous Ausi

Roval College of 8
Royal College of §
306] b2244

Mowv 25, 2015

o = =
— s

£ =7







Zo—m m =
s&S3t

[ ] =

U e

b ae e

s FFkE
._.I'.H"ﬁﬁ:g
8,08

*Lr.nrn

[ From the QuanTerry JovrsaL of the Grolosioal BooErY for
patimei® 5 : May 18040, Vol. xlvi.]

ON THE RELATION

OF THE

WESTLETON BEDS,

PEBBLY SANDS OF SUFFOLK,

Til
THOSE OF NORFOLK,
THEIR EXTENSION INLAND;
WITH SQME
DRSERVATIONS ON THE PERIOD OF THE FINAL

ELEVATION AND DENUDATION OF THE WEALD AND
OF THE THAMES VALLEY, grc.

BY

JOSEPH PRESTWICH, D.C.L., F.R.3,F.G.3, evc.

LONDON:
ERINTED BY TATLOR AXD FRANCIS, RED LIO¥ COURT, PLEET ETREET
15800,







CIOT "ST AOM
przea 190l
3|10 [RADY

3 30 adajioD [ehoy
msnyy SNOWm] 21 ]

3Jood

RRLATION OF THE WESTLETON BELDS T THOAE OF XORFOLE,

On the Beratiox of the Westneros Bzps, or FPEBRLY Baxps of
Surrork, to theee of Nonrork, and an thar Exressios IxLaxn ;
with some OnsERvaTions on. the Prmmon of the Fiwan Ereva-
o and DENUDATION |::r' the WeaLp and -j;r' the TmaMes
Val r.r:l.'I d&e. By Joserr Prestwien, MLA., L., F.Ra.,
F.a.n., s

PART TII.

[Prate VII. ; sew nlso the Map in Part 111.]

1. Clnssifiatory Objects nnd Historical Summary
2, Ramge inlan nd af the Westlston Heda n |.-r I:l of the Thames
(p. 124 : Essex (p. 128) ; Mi l'|l"-1- p. 10 Hertfor
Bauth Baski ra (p. 158 ; "‘III.|||:"|:-III'|-I Sl

1} ] FT Hl ek

1 -\.I 1T

h|;ir’.' LP- ! S AARE A N b sasmman aw T 124
8. Weatloton DBods on 1i|- 18 wth of |':n- Thanses ;: Koot ; Surrey and
Hampshirg ... A A W (R S48 S . 143
4. Possible extensian Shingle |‘~'1. wl the Thames Basin
inta Wiltahirs and an 1
G, Relation af the Westlot thie Gilacial Drifts of the Thames
IE T e e e e et b P i b N R AR N KN 144
5. he Shingle .....c...... R 146
7. n—E] af the YWestleton se v aof the
of iha Thames at l:i.-ri-l-_L " and Post
1 Denodation:. Age of the Chalk aod Oolitia Esearpments... 148

1. Cilspacts of the ,Il'rlj:n{r dre.

In the first park of this ':-|||| r * the relation of the Westly r|'-r| Bada
in the Eastern Conntios to tha Crs il Haries on the ona || Anid 1, Al d ta
the Glacial Seriea on the other, was diseussed, My
Eurt ia to trace I he extenzion of the former "l-"'.'|1 i ¢ area of the
Crag, and to show that o Westleton Shingle-bed passes trans-
gn---ﬂ'\.‘e"l. over the Red Crag, the Tertiary strata, and the Chalk,
anil ranges westward through the length of the London Basin, while
it riges Lo considerable heights above the Gi Iiratts and sxists
independently of them : and although it occupies only :-'.- nted
and detached outliers, if the relation of these outliers to the Pre-
{:”M:;:ﬂ l‘:l‘tl!l |1‘,- H'.|I!|'||:!-L .:||'|-:l :‘;n|'1'n|k —t "|1' !h‘l-\.il f,u*l -:f '.l;hi_u'] hns heen
|'I!'l.'l'-'{\'l]—l".1'|!| jise l!|.l-|.l"|'||:|i.||1'-|., wa shall then have a definite bass by
which to correlate them and establish the order of snooess :
rolative age of the many Drift Beds of the Lendon Basin,

.F ]l"llr'lhln" therefore ll.-l- L {'l"l] -\.t'l'll h:.' '1[|_"|| and to take each :cl_;:_r.-
Bsparately, confining myself now to the oldest and highest s
wWhers the distinetive characters of composition are best defi

in this

af and

* Quart, Journ. Geol. Soo. for February 1380, p. 84.
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These are lost in later stages, owing to frequent reconstruction, but
we ¢an then follow by levels.

In 1847 * T showed that in the neighbourhood of Tondon there
were hill-gravels as distinet from valley-gravels, but T was not then
in possession of any clue whereby to fix their soparate age, Subse-
guent observations, especially aided by the cottings on the Great
Fastern Railway then in course of construction, enabled me to
follow the Pre-Glacial Beds of Suffolk in their inland range, and to
recogmize their higher pesition in relation to the Drifts of the
Thames Valley.

In my paper of 1871 on the Westleton Bedst+ 1 I:uri(':ﬁz.' allnded
to their extension into the Thames Valley area, but reserved the
details for subsequent deseription.  Other occupations and the need
for verification of some of my early observations led to o long delay
in publication, though in 18581 3 I gave a short preliminary notice of
some of the hill-dnfts in the London Basin—such as thosa at High-
beech, Barnet, Bouthgate, Hertford, Hatfield, South Mimms, St
Albang, Tiler's Hill, Horsington, and Bowsey Hill §—which are
eapped by Drift Beds of Westleton nge. I now purpose giving these
in detail, and I only regret that owing to the lapse of time many of
the sections I have to describe are no longer visible. The delay,
however, gives me the sdvantage of the observations recorded by
other geologists, and especially by Mr. Whitaker and other officers
of the Geologienl Survey, and also enables me to avail myself
of the heights and eontours given in the last ]111|:|1iﬁ]14'1! sheets of
the 1-inch Urndnance Survey, so indispensable in an inguiry of this
description, snd for which I had previensly to depend on the obser-
viationz I had made with an anerold baromeber ||.

[n 1564, Mr. Whitaker, in his aceount of the Post-Fliocons
Beries ¥ of parts of Middlesex, Hertfordshire, Buckinghamshire,
Berkshire, and Surrey, allodes to the oceurrence of a * gravel wholly
or for the greator part made up of flint pebbles * on the tops of vari-
ons hills in Hertfordshire and Buckinghamshire,

Im 1877 he stated thot there were two gravels in East Easex®®,

* i The Ground Benenth us,” . 360

t Quart. Juurn, Geal. SBee. vol, xxvil p. 477,

+ Heports Brit, Assoe, p. 420, T was not then sequninted with Mr, Whita-
ker's lntest Memaoir,

§ Othor hills were named, but thess relate to the Sonthern Thrift, which [
now inke #|wn.‘.q']:|.'. . e ;

| 1 regret also that T find it impossible to revisit, ne I Tanal 1I:-h‘."lllil-‘|:|: thi

many lomlities deseribed, in order to chieek and revise my l"l:l“ll!' observalions,
the [,‘:rm:._-r number of which were made bafore my views wers nuhlm].. {'l:ln_!('-
quently, there may be inneeurncies which have m-n||:u1.'|. me, or H.IIH..!I.IJ{IM which
1 may have overlooked, I could aleo bave wished to have given groater
r’ﬁ':l'hl‘ll'l'r to the percentiage values of the Westleton and Southern Irifts—a
van w |-;|_|:+| 1||||_.f||q_lq:||.rn-1_|_ to me alter miuch of 1|I:'.' work !""i L daome. I ’l‘_ﬂ-l"
i| may have overestimaied the relative proportions of some of the essentinl
consiiinent materials, Bt not to sueh an extent ns to vitiate the general argu-
ment, while the facts, T trust, nre recorded with suflicent accamaoy to justify the
conclasioes ot which I have arrived.

€ Mem. Geol. Survey, Bxpl. Sheet 7, p. B8 (18642 y

#u ot Oy the Geology of the Eastern End of Essex (Walton-on-Noze and Har-
wul]l}," !l._\l,||_ of Sheet 48 B H. P 1k
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one of which he eonsidered to be of Glaeial age, and the other
Post-Glacial ; and in the following year he noticed a small ||-|"|'lr--ii:[ of
pehible-gravel capping the hills near Hertford * 1-'.] ich he thought
might “ e of Pre-GGlacial age, but all that 38 known of it with
abanlute cortainty is that it is older than the Boulder Clay (which
oconrs over it in other parts), and Mr. &, V. Wood, Jun., has classed
it with his * Middle (laci

In 1370, and aj Mr. Whitaker noticed in more
detail T this * Pre-Glacial (7) Pebblo-Gravel,” and assigns to it more
definite limits, He says, * On the tops of the Leodon-Clay hills
1'||.r_-r|_- |-. ||I!'1|_-r| n fiRAs of :lli_'.' EHL'-'I.'I of an l"q.ll:'il|i:l"|lll; SOFT,
is to say, it is almost wholly wanting in the more or less angular
picees of flint that form the ore | ther gravels to be
deseribed, ||rl'11 like the far older ' the Bla ath and
Bagshot Series, its  componont .-r-.-||‘.".~ have been ron
form of pebbles. Bhowing at first sight a vory
these ald Tertiary pebie after a more « i
this gravel 1s seen to be easily distinguished from ||| 3 for whilst
the former are made up of fint-pebbles, that i= not the cise with
the Intter, which containg alse a large proportion of pebblos of
(uartz i 131L:|.'r‘..ri|4', and here and the a sub-angular fint,”
yl from I||-|,I ﬂa-:»", |'|;||,-Ii I

vit the pe
casionally eoour

ie8 of qoarts, quart-
! have been
inywhers in our distriet.

of the old 'Tertinry pe
zite, and ofher older rocks that
derived from beds that are nob found
6 the amo of this vel we cannot vob speak with certainty,
It is newer r||'|r| the L wrshot Beds, for it i3 known
ithem : and it 18 older the H - which is fo
it, but between these oxtremes we are loft to rossan by anal
by the evidence i mrronee,”
i From its o tops of the whilst the Middle
i Glacial ¢ lies at their base, or on their Aanks, it would
scom that the pebhle-gravel is the older of the two and was
tll‘l‘ﬂl'-:.‘.l.'d 1o i) |'n:'|,- those hills wers cnt into their presant form., a
process wh have beon somewhat need before the ather
gravel was laid down. It le, therefore, that the pebhle-
gravel may represent some * Lower Glacial Dwift " (of
Mr. Wood), any known eceurrence of which is, however, as far
distant ag the Crag.”
“The chief localitics are Skar
eastward, west and north of Barnet,

-

Heath from :';-||4~||'|.=-.1.' sonth-=
aned st Totteridge, in Middla-

fex ; at Highbeech, Jacks Hill, and Gayne's Park, cast of E pPping {
in Easex, and at Shooter’s H n Kent.” |
l}

Inthe larger valuable me shed sines these pages wore
written, Mr. Whitaker desceribaes I||| ar Beds, which he places with |

® "The Geology of
Mem, Gleol, Sur J_
L “'.Iil'.ll_l (73] ||.L
Survey (15t adit. pp.
re 'lh'\ll._."_::, af Lo

Essox and the N.E. part of Herts,"
. -

ghbouthooed,"” Mem, Geal,

ind dnd edit. pp, 54
. pp EH-208 | 18RS
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* Doubtful Deposits,” in greater detail and with some slight changes,
and retains the epen term of * Pebbly Gravel.”

In 18G7* Mr. SBearles V. Wood, Junr., called attention to the
relationg between the Post-Glacial, Middle, and Upper Glacial
deposits of the Valley of the Thames, in conpnexion with the
position of the latter two on the hills and in the valleys of this
area.  Prof. ]Fl:l:.'ll Diawkins showed, however, that his contention —
based on theoretical grounds, that certain valleys  conld have had
no existence ot the period of the Glacial Clay "—was not in accor-
danee with the Survey observations.

In 1868 % P'rof. T. MK, Huoghes described an outlier of peculiar
gravel he had noticed mear Hertford, under the term of “ Gravel
of the Upper Plain ™ in contradistinction to the * Gravel of the
Lower Plain.,” The latter be referred to the Glacial Series. Of
the other he says, * From their great extent, persistent character,
and uniform level, I think these gravels of the Higher Plain must
be & marine deposit ; bot without a eareful examination of the old
coast-ling, and of their behaviour as they approdeh the Crag country,
I should not like to give any opinion as to their age.” Ha further
states that they were of great antiquity and older than the Boulder-
elay.

Mr. Wood, commenting on this communication, contended that
this Gravel of the Upper Plain was of an age intermediate betwean
his * Middle Glagial ” and the Boulder-clay ; while the outliers of
other pebbly gravels st Brentwood, Highbeeeh, South Weald,
Langdon Hill, and others £, were * not improbably of Eocene age.”

Another paper of Mr. Wood's on the Wealden Denudation §, only
bears incidentally on this question, as showing the existence and
extent of Drift Beds in the Thames Valley older than the lower-
level Valley-gravels,

The mest important contributions to this subject by Mr. Wood
are, however, those in which he sums up his numerous and exten-
give obsorvations, and gives his final views on thiz and collateral
questions [, accompanied by a map of the area occupied by the
Chalky Boulder-clay, and a Plate of Sections showing the range
and distribution of the Pre-Glacial, Glacial, and Post-Glacial Beds,
with the position and probable relation of the hill-gravels thronghout
the south of England. The sccond part is devoted more especially
to the consideration of the Post-Glacinl Beds, particularly of thoss
in the Thames and Hampshire Basing, and to the elaboration of his
viawe respecting his Periods of Depression, Rise, and Glaciation.
Thesa papers, however, are not easy to summarige, but can be con-
gulted with advantage.

The reader will also find in a paper by Mr, F. C. J. Spurrell,

* Quoard. Journ. Geol. Soe. fl’:|. xxiii. e S04 (1BGTL

+ Ihid. vol. xxiv. P SR [ 18],

+ Thid, wol, xxiv, . 4064 | 1508,

£ rbd wol. xevii. p 3 (15710

i " On the Nower Pliosenes |=p:-]:'_u'] in ]:':uglnml. Part ]'_.,'_' Qrunrt. Jmlm.
Geol. Soo. vol. xzxvi. pp. 407-528 (18800); Part IL, ibid, vol, Exxviii
||'|1_ mT T'l-'-‘ ||"$3}
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F.G.B. *, a notise of many of the hill-gravels of the London distriet,
ineluding the ouotliers on Bhooter's Hill, Warley, Epping, Langdon
Hill, nnd othors, which he refers, with Mr. 8. Wood, to the wreck of
Iocal Bagshot Heds.

The admirable * Drift Edition * maps of the Geological Survey,
show the intricate ramifientions of the Glacial and Post-Glacial
Drifts in Suffolk, North Essex, and part of Heorts (Maps 48, 47 T,
and part of No. 7): but the Pebbly Grovel { Weatleton) in Essox 3,
owing, I presume, to its being almost invariably hdden under
Glasal beds, 15 not represented.  Although, however, in that connty
the Westleton Beds are generally covered by Boulder-clay, the
|:u1.|!ir|'u:u ofi the Great Eastern ]{:|i|'.l.'.'|_'.' which 1 had the Oppar=
tunity of seeing showed that throughout that district they pass
under the Glacial Series, and g0 help to connect the Hertfordshire,
Buckinghamshire, and other outliers with the Westleton Shingle
of Suffolk. These sections I will now proceed to deseribe.

8. j'f-r.::l-_.-.' tidandd of the Westleton Beds,

Suffollk.—In the westward range of fhe Westleton Beds, sands
predominate in some plases, shingle in others—often finely stratified
and falsp-bodded. Besides their distinetive composition, thoy miky
generally be distinguished at sight by their pure white or ochreous
eolour, in contrast with the red of the Crug or the light drabs of
the Glacial gravels. They pass, south of Westleton, from off the
Uhillesford Clay on to the unproductive sands of the Crag, as shown

in the follow ing section (fiz. 1):—
Fig. 1.—F¢ on Rundell’s Fiarm, Letston Conemon ( 18807,
h
i
i, Trail.
&, |.|-||4|«.|.|"F-|'|.||F not seop in [L L bt showing n ghort dislance |:|||,:'_'||:-r wp o

the hill.
r. White sand, with seams of
o, Laminated forrugin

flint and white quartz-pobhlos (Weatleton)
. | . a
] _'I'l.']i.ll‘-l-' sanda, achirenis Akl ferruginons 5_-._“'?_"_.

Bpeaking of this disirict, Mr. Whitaker notices *a deposit of
less certain classification which has been mapped only over the I
emall irnet morth of the Minsmere Level. This is r.._p:-r.-n-l-L with
necnsional sand, somposed for the most part of pebbles (chiefly of |
flint, but some of quartz): and whilst it ecems to underlio the |
.I'U"?l'ﬂ?""- .l."L“‘LF ‘.".[‘ 1.]i.l:‘ “]ﬂ(':il.;. I.hL':Ij-I.I g k] 4] gl,'|'||l'|';|||_}' ir:._-!_ﬂ:||_||_"_!:|" o7 :'r“.

I° * X Bketoh of the History of the Rivers and Demsdstion of West Kent ” | R4,
¥ .I'?.fll.'\t‘rll.l.l'._c the oxtrome N.W. cormer nnd Hert fiord Hesth.
i Wealogy of the N.W. part of Essex and the X _E, part of Herl itk i
af Cambridzrshice and Suffolk, 1875 o b e T
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126 TROF. J. FHESTWICH 0N THE EELCATION OF THE

Crag sand " ®. Two pits near Bast Bridgo where it iz to b seen
are also moticed . Mr. 8. Wood, on the other hand, was of opinion
that most of these gravels, ns well as those of which we shall have
to speak in Enst Essex, belong to his Middle Glacial,

Eastward of this place the shingly sands pass apparently ever the
Crag of Sizewell Gap; while to the westward they form part of the
sandy commons and heaths of the Snape and Tunstall distriets, but
definite sections are wanting.

To the west of Wickham Market, a bod of white gravel and sand
is worked in several small pits; and in one near Easton indistinet
traces of shells are cbservable in some thin intercalated seams of
ironstone, The forthest point inland here at which [ have seen
the Westleton Beds is under the Boulder-clay at Brandeston (fig, 2).
There may, however, be a little doubt about this determination.

Fig. 2.—Section ai Brandeston Brick-pit {1847 ).

4. Diark binish-grey Boulder-elay.

¢ Light-soloured coarse quanzoss sand with seams of gravel consisting
LII'Fiti'h' of flint-pebbles and some of white quarts, with a few fmgments of
shulla,

At Ufford Bridge, between Wickham Market and Woodbridge, the
Waestleton Bhingle rests on the Red Crog, with the Boulder-clay
above it. At Kyson or Kingston, near Woodbridge, the railway-
cutting exposed o fine gection of the Red Crag and n\'nrl:,'iug sands,
capped by a bed of Westleton ﬁ]:'mgl[‘. The I'ullm.ring are tho
loeal particulars; a general section is given in Plate VII. fig. 8 &,

fisel,
1. White pn.'rr| of flint- and quarte-pebbles {Westloton) ......... o
4, White and light vellow sand ..o.ooiniences s rar
i Bright yellow sand withoot fossila........... S P e |
4. Grity sand, false-bedded and with lncal and Sreegulsr seams

of shells, and an undesdie of o few inches of gravel resting on

5. A thick bed of Red Cror, r|.|.1-:|-'|.|1||3i:|g in shells ot the west end % 28
of the eutting, but with very few ab the east end Lo

6. A thin seam of l:'npmliml with fint- and & fow other pebbies |
resting on & foor of London-Clay Seplarin ..o

7. London Olny.

& Mem. Geol, Burvey, Quarter-Bheets 40 8, and 50 5.E. p. 27 (1883),

t See Quart. Journ, Geol. Soe, wol, xxxiii. pp. 101-111 (1877).

1 I give dates, beenuse in all probability wany of the seetione no longer
exint.

§ Bew alzo Quart. Journ, Geal. Soe. vol. xxvii. p. 334,

i T e A T L
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The Shingle (Na. 1) is approximately composed of (—
!I{'l': oot

1. Flint-pobbles .....cocoiee. o i g R R B iy B M S0
2 White .J||-|‘.'|.I!-:!'u;."||!!|"'.~  aF SR P P R i A vrrerena G
3. Bubangular i )
4, Bubangular { M S Sl b
5. Pebhles of light-ocodoured quartzite, sandsione, gros iali arkose,

=]

||_|||;|_ |;|:|,r]-; :||-_-:.|I.'||||"|l|'.|.ralc1-'| [ R e S e b

L]

I!:-,' ﬂﬂ._-.kng-m Es ?|r|ur't:::§1:, & I_||-e' Batlder-cl 1y |]i:-|-.- nol :<'|'.||1.'|.' ||I|I_i]
the higher part of the hill is reached.

West of Woodbrdge the Westleton Beda have ondergone eonsider-
able denudation, and are generally removed and replaced by Glacial
gravels and Boulder-clay. ‘They, however, sweep to the north
of this area, and were to be seen in some small exposures in pits
north-east of Ipswich,

At Finnford Bridge the section gave -—

ot
& Bluish ]‘i-l":-||1|1.'r-|'::|ll|' with ehalk |J|,-|;.!|':L?_";.._'_ e i
© | Beam of fam D hrommieny o aans t

. White sanda and pravel. the lowes peirt fileo-boddad. 12

—-—

In the lane leading from Witnesham Street to Tuddenham 1
took the following section -—

Rl Al b Lt o g R e T e I

{ipsinl.,
i, brewn Boalder-cla) e A7
& W i dails wndl geavel 5l =
e Hed Crag.. ... e TR

In the fine section describied by Alr. Whitaker® nesr Bramford, 3
miles north-west of Ipswich, he cxpresses an opinion that Bed No. 2
may be of Crag nge. T wonld take it to represent the Westleton
Bl s, The r'l]]‘.:-'\-'-'illj_:' & A Whitaker's l.|1'--.".'i||'!'.|-1:| of this ]'il
Beds 8 to 6 are given or :'.1' i }

1. (ila . Grarel @, re T sk e s e o S
= coloured & 1 J

¥
up Lo l

' 1Lk
X |"~.|: mare !
£k, d . . Sy ]
9. Chalk. |

Ihree miles sonth-west from the lnst pit 1s the villare of Burstall,
and on the slope of the hill on the banks of the small stream I found I
{1856) the following section =

lend., |
b, Boulder-elny, chinlky ................0e 3 ta 10 |
Whits Erviel dr -I;|-'|-' 1 Bto 1k |

| White sands 2

® Mem, Genl. 8
h

has pit had
several yenrs ago,

been opened oul to its full extent when T last visited i
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Lower down the hill the yellow sands of the Crag erop out.

The gravel has the well.marked characters of the Westleton

Bhingle, its approximate composition being as under :—

: per cent.
L. Bronll ‘Bint-pabbl. ..o itermmtissth s, Bl
2. White quartz-pebbles ...c....ccovianie 25
3. Bebangalar MEBLE ........ o s
4. Bubangulaar fragments of chert nnd ragstone ......... 13
b, Pebbles of light-coloured sandstons and quartzite, and
e T T I SR R 10
100

Mr. F. J. Bennett has noticed a very similar seotion at Elmsatt,
miles to the north-west of Burstall, whero the Boulder—clay overlies
a * rather coarse sandy gravel, with pebbles of quartz and of quartzite,
about 2 to 10 feet,” overlying a * fine buff rather clayey sand * ®,

The railway-sections in this intermediate distriet aforded littlo
information respecting the Westleton Beds.  The Norwich line,
between Ipswich and the valley of the Ottley stream, passes slmost
exclusively through thick Boulder-gravels and cloy very much dis-
turbed and deeply eroding the underlying heds ; whilst the Yarmonth
line, between the Orwell and the Deben, passea through Glacial
loams, with but little gravel or Boulder-clay, overlying the Hed Crag

and unfossiliferons sands.

My notes, I regret to say, are not sufficiently detailed to give a
definite aceount of the deep cutting on the northern side of the
tunnel at Ipswich on the London line. This seetion, unlike that on
the southern side of the tunnel, which was throngh a mass of

Post-Glacial Drift, exposed :—

Light-coloured sands with seams of gravel in horizontal layers. ...

Red Crag with much false-bedding T o.oiviviinrmiimmminmniinn A ;
Dark brown Loadon Clay.

But though 1 failed to mote the exnct composition of the gravel,

my belief is that this bed belongs to the Glucial Series.

next eutting (fig. 3), where the line passes under the London Hoad,
shows how extensive the denudation sccompanying the advance of

the Boulder-clay has been.

F‘i.g, 3. —Section on the Holway near .rpd'lt'r'l:'fi.

., Ochireous gravel, & Boulder-clay, & Light-oolonred gravel.

¢. Hed Crag.

¢ ¢ Geology of Ipswich,' &, p. 77,

% Here, s at the Kyeon Cutting, a layer of Septaria divides the Red Cmg

from the London Clay.
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WESTLETON BEDS To THOSE OF NOEFOLE, ETC. 128
Easer—On the south of the Crag area, the well-known clitfs at
Walton-on-the-Naze exhibit o small patch of the Westleten Beds,
composéd of :— o
]Il':' FTLL.

1. Fiint-pebbied.. .
* Whila quarie-| '—;,
¢ 1]
14
11l
| L]

Thiz gravel caps the cliffs near their westorn extremity, over-
lying a bed scemingly of the Chillesford Clay ®. At it castern
ond of the chiff, the unproductive sands are replaced by very fos-
giliferous beds of the Hed i_::r:i;;:.

|"if,:,*. 4 —Beetion '.'I- I'".rf_llz.i" casl -"!l" Walton-on-the-Naze,

fewd,
a. Surfsce-sail and gravel fr 1 to2
& Westloton Shangl s,
s | |'|,='||I-|:\-|.-|l||.r'|1:|. i
= | Tinrk carbarsmod v
f. White nnul _H'”ll‘ﬂ el ¥
{east) af the eliff Fossaliforons Kot Urng.......c.ocansees {1}

J. Londaon Clay

From Walton to Clacton the low cliffs consist of Lopdon Clay
capped by gravel. There are no Crag Heds. This gravel forme
apparently one thick bed (12 to 20 ft.), but in reality it consists of
two parts.  The upper bed is much disturbed and not stratified, and
18 derived in considerahle |l:'||l from the débeis of the lower bied ;
wherens the lower one 18 regularly stratificd, and often shows well-
ml‘l.T]-lHi f:l.'.rit'!-hvl'lh:]I:l;'_". It v be a q |'.l':~l:i|'-r| w||4-!||1-|', :||I|'|-|-|1|;_"!|,
both the Red Crag and the Boulder-clay are absent in these oliffs, the
lewer gravel should not be referred to the Westleton Shingle. That
there is o material difference of age between the two beds of gravel

* Me. Clement Reoid comsidlers it to be somsething newsr,

s TS [
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120 FROF. F. PRESTWICH ON THE RELATION OF THE

18 evident from the circumstance that at the Clacton end of the |
cliffs these gravels ® divide and admit between them the Post-

Glacial mammaliferous deposit deseribed by the late Mr. J. Brown
and by the Rev. 0, Fisher +,

Fig. 5.—Section af the Cliff one mile south-cost of Olucton.

frent.
. Coarse 0chireous GFavel. ..o inerrn e snasssnssssssssssssss 4 o i
.":" Alternating beds of flue and worn l_rul.|| oy |[1 'I'-|-|_[|"||_||:|_ o
wikls ||h||-.|_|1l' lnmmin ibian Colours .||'||r|_1.||_..I '||.|_.|I:.l and
dark ferruginous eiien B0 13 1
rf-. London E.-l:l_'l'.
At Clacton the two gravels are divided nt —= by the Post-Glacial cluys
mentioned above,

The Lower Gravel, which is imbedded in s matrix of loamy
brown quartzose sand, quartz-grit, with innumerable fine fragments
of fint, 15 ('||||:||:|-.v.=|l.‘|| as under :—

per cent,
L PlUnt-pebblae - o..iciiimmataiinamsas st e e LY |
2. White quariz-pebbles iy bEme A N
X Bubangular fragmenis o , moatly whife, 'Iml a few stmined
-y | e LU el S ST,
4. '-||h1.||;q-|'|nr 1"'||_|||-r|'|‘ﬂ. ||[ white anil \|1 oW i:'|:||-r|1 r1|:'l\.||||1|- ________ 168
Bubangular fragmenis of brown and red elieet .......... g =
I\I,"Iltl (k] |'_|' ]:“h.-l‘u,lll.lfril. |_"' |II.II|H:¢| i, |]1rk h‘]lll!blﬂlll' II|JI_‘| ]'li""ﬂ
L T e S s o Tl 0 S e K P e mi el 107
104

[ have, howevaer, some doubis about this correlation. The bed
may be of Post-Gilacial nge,

[t is also & question whether some of the thiek gravels of Central
east-Fasex may not be of Westleton age . Some well-sections
seem to indieate that such is the case in respeot to the base of the
great spread of gravel west of Colchester.  This bank is from 30 to
50 feet thick, and the upper part consists of gravel of Glacial age.
It maybe seen from the milway-seetions how closely associated

* The surfsce of the lower gravel should be exnmined for palaolithio flints,

f Alng. Nat. Hist. mer. 2, vol. iv, p 107 1|""-l'il Geol. Mag. vol. v. p. 214
llb-!l.-] Soo also the Surveyr Memoir by Mr, 'W. H. Dalton,

The Rer, O, Fisher informs me that the pebble-gravel is well developed
At i lmstead, near Colelester, and at Alresford, near 51, Un.:r-|l
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tha Glacial and Westleton Beries are in some parls of Essex,
and how difficult. without the intervention of the Boulder-clay,
it sometimes iz to distingmsh between them.

Thora 18 no group of acct i in Essex more interesting than
those adjneent to Sndbury. The Chalk, the Lower Tertinry Beds,
together with Pre-Glacinl, Glacial, smid Post-Glacial Drifta, are thero
exhibited in the same or in neighbouring pits. Since I visited
them they have been fully deseribed by Mr, Whntaker, to whse
sections I wonld refer the reader ®. The Pre-Glacial beds are ex-
posed ot some of the ]:-I.L-» on Halingdon Hill, where |||" |:u':-||||]-'1'
TO[HISES TIPOn =0 '||I'I "'Ilii':'l A ".l:'l e that 1 =om 5
Pre-lilaginl 8
others on tha Chalk.

{n Ty firat vizit to these |l:.lri in 1845, I was inclined to b
that the thick bed of sand and gravel under the
belonged to the Crag : but later, 1 was led to conelude,
of position and composition, that it shonld be grouped with the
Westleton Beds, I found no fos ils : but Mr. Wi
then found troces of ghe i) with unbroken
.I"'l-'!j-'r“'u ferpeitus (var, crspala) ; and in
bed of sandy ironstone, with costs of shells, of which 11 species
(op. dt.p. 31} were h with deubt, by Mr, Etheridge,
With themn were n few coprolites, II|~ these crounds Mr. Whitaker
classes this bed with the Hed E'r."_:', with a juery.

The Ded Cr i hisg  not, how besn met .'.l.'i||| within a
siderable distance, and the foss I-- |-||] are of a negativ
The Parpura lapillus oecurs in the Westleton Beds of Norfolk ,:1_||_
IL"""l"l.:|!r.lri.—-|‘; .Ll‘;l'l H g of Nexd |-| vl i, !lr.-rflnr-r [0 l-||.|- |.n.;.".|..
and thao |-|]r||:-||ln. may have been derived from the Bed Crag: for
the beds under the Wesileton shingla are, az will be shown farther
on, often greatly eroded. Or we II‘:'.' have here a remnant of Red
Urag at the base l'|f sunds and pravel b longing to the Westleton Series,

I expross this opinion, however, with all reserve, though I
think it is c'l’l!lfil'l‘l:u.'-li, nal -'-|||_',' 'nll.' the section at Burstall bhot alza
by one nine miles to the west of Sudbury, at a place called Burnt
Honse, near Stoke (fig. ). In the pit there a very similar, buk much
thicker bed of gravolly sands is seen re sting on the Chalk, while
the Boulder-clay is worked in another pit

I found no fossils at this place ; but they hs
by the officers of the 5 urvey, who give th \

the pit T :—

|:|||~-I i othors on sgome of the Ter

1 CIe ROT6

ker has sincs

wecimens of

|."-'||'r [l'il he o .'i'\-l'll'l.'l']'d'll

@ gharaot

L 1.|||l|1|'
Wi Einee recorded
OWIng '|I.'.-I_'ri[ll:i-.rll of

“ Glncinl Drift. White, gre e
[ plll'rl'l fime, irreg
e I'. llln".ll
spot | L|-|.J|l

T Drift or Bed Crag.
I.F.III"‘I C

Chalk, bedded, with fli

v fnlsp-bedded mand partiy
A mass of sh i Pur-
il tho boftom at one

. '__1-1':"1". E::I'i:l] UTFTOY ['rl,u;:nkﬂ, of the N.W. part of Easexr ko,
-5].-*! (1E7H) ; o op Ll]"'---.l':l 3
t Mem, Geol .‘-uru--u_ 1.11: ogy of the N.W, part of Essox &o. p
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131 PROF. J. PRESTWICH OX THE RELATION OF THE

I omitted to notice whother chert and ragstone were prosent,
novertheless the composition and charncter of the eands and
shingle are, I think, of the Westleton type. Both flint- and quartz-
pebbles oceur, it is true, in the Hed Crag®, but never in such
numbers, or proportion, a5 to form a eompact bed of shingle like

of Westleton. ™

Fig, fi.—Section at Burnt Howse, near Stole (1848).

frod,

k. Bluish Boulder-clay expossd in another pit n short distanes higher
an the hill.

e, Bright vellow and white missseous sands, ns at top, coarss balow,
sugoeeded by fine gravel or shingle. The swnds show obligue
lamination, and contain eoneretions or balls of soft limonits,
ke | Took kf QIREEEEAT ..oioes cissesianssssnensnessdssss v Ca

d. Layer of large iflints, angular pod rounded.

The railway between Sudbury and Marks Toy exposed some in-
teresting sections. The first deep cutting, 2 miles south of Sudbury,
showed 5 or 6 feet of ochreous flint-gravel and sand, overlying from 5

to 10 feet of greyish-Lloe clay (Glacial), of which the lower part was'

finely laminated. Beneath this were 4 or & feet (base not reached)
of white and yellow gands with seams of small shingle (Westleton 7).
The Lamarsh and other smaller cattings were through Post-(ilacial
brick-earth and gravel. Between Bures and Chapple, the cutting
passed throngh 12 feet of a biue Boulder-clay, separated from 10
feet of a brown Boulder-glay by 2 feet of ochreous gravel. Below
the Boulder-clay was a bed, 4 feet thick, of ochreous gravel, under
which were T or 8 foet of white sand and gravel (Westleton).

But the most important cotting was that between Chapple and
Mark's Tey. It extends for nearly & mile, and renches s depth of
from 20 to 25 feet, At the two ends, the section exposed from 8 to
10 feet of Boulder-clay overlying Westleton Shingle, but in the centro
resting on London Clay, The whole section is given al length in
PL VIL fig. 7. A small enlarged portion is given below (fig. 7).

# Referenon will bo mnde to these in the third part of this paper.

= e

il B e g oot B S
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Fig. 7. North end of the Headlivay Keption beferesn
l:'.':lrlelrl;ni‘." reaved Mirels s 1% Ll | 15405,

et

. Bluish-grey Boukier-elay........... danaaa e e 1

&, Doarse ferruginous gravel a
e Biratified sanils and shingle ¥

[ Wea i

f. Lamdon Olny.

No fossils were found in any of the sections, except in zome
Post-Uilacial Beds at Sudbury and Lamarsh,

Similar sands and shingle have apparently a considerable develop-
ment m }:n]".]y '|'-.-::-.-'-. = Tt I'||-:':. aTe u'._'. |‘|i|'|-.i|_-|| ||.1, |L|:-||||]c:r-
ulu}',. or masked ]l:l.' (ilacial -,;r:u'sh’.. which, when fine and strat :.]tl'd.,
they resemble in generml appeerance, and someotimes assimilate to it
in eomposition, oWl to an admixztore of the two beda, On a hill
14 mile north of C hull there was o section showing 4 foet of
(Flmcisl gravel ovi ying B feet of bright yellow and ochreous sand
with flint- and white quartz-pebbles (Westleton).

The Witham and Braintree branch line likew exhibited some
VOFy illust mative sections of the Glaciol and Westleton Beds (figs, 8, 9.

Fig. 8, —Seeteon on (he Haiheay, one mile north of Withens.

it. Briek-earth 1 L,
a’, Flint-pravel, | Post-Gi
b, Chalky Boulder-clay.

o, White sand with shingls at base (Westlnton?,

J= Longan |.'.-||:|'_

The shingle consisted of:

1. Flint-pobblea.....oouninicoincee.. ]:-crﬂ::’...'!.
L. White quarte-pebbles __...... S e
i, Bubangular frgments of fine ... 5 e
4, Sllhil'\!.'.l:lll.r I’I"\H’Il s of ehert nngd ragslone .......... [
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Similar beds wore passed through at various cuttings between
this peint and Bulford; but it was between Black Notley and
DBraintreo that the scction of grestest intcrest was exposed.
The cutting, which is 25 feet deep, showed the Chalky Houlder-
clay resting npon a deeply indented surfuce of coarse Glaeial gravel,
much contorted. ‘This latterchod likewise ploughed heavily into
the underlying light-coloured Westloton samds and shingle, which
were regularly stratified in horizontal lnyers, and intersected by o
number of small fanlts of -II to 3 feet throw, which did noet prngs
upwards into the Glasial Beds (1 VIL. iz, (5).

The shingle consisted mainly of small flint- and white quartz-
pehbles withoa few gubangular flints. No fossils were found. The
overlying Glacial gravel consisted of large womn flints and some
Chalk-débris, with pebbles of sandstone, of rsdl ql.mrt:-.'.itl‘: (N.ILR.),
and some small peliiles of flintand white quartz, the latter probably
dedved from the 1|.|||'|e'r|,:'.'i.ll',: beds, (e 1"-.']|!."|.!l:’||:i|.'|]'.l of Pl. VII.
n 182),

] The Westleton Beds were aguin exposed at the ballast-pit near
iraintree Station.  They are there much more ferrnginons than
usunl, amd are deeply indented by the n'rl'rl:l.'iru.: Glueial clay and
gravel,  In one part of the pit the section was as mmder (fig. @) :

Fig. 8.—Roilway ballast-pit, Brainteee (south end) (1548),

fowt.
a. Brown clay with subangular flinta...

b, Very chalky Boulder-clay .....ooven Very variable and

. Ochreous Gravel (Glacial) ,....oc.rv: a
l-—. Finely stratifled white sands and gravel, yellow
Wstleton in the lower [+ o Cimarnsannsas 13
Beda. Ir Conrse dark ochreons gravel, with ferruginous
COTMOPOLIONE  .oooviosinsrmasina on s ki S A P B

The shingle consisted of the following materials, placed in the
order of their relative abundanes :—

1. Flint-pebbles

2 Pebbles of white quartz.

4. Babangular fint-Tmgmenis

4. Huhmh!-:u!n.r fragments of chert amid mgstone,

5. Large flattish light-coloured quarizite-pebbles.

6. Subangulnr picees of Tertinry sandstone aml puddingstona,

7. Small Lydian stones and pieses of white quarte.

Beneath ¢, a hole sunk ot the botbom of 'I_,'tu: pit n!'an:ui 8 feet of
interstratified white and yellow sands, with a shingle composed

- i = e

-
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largely of white quartz-peblles, This gives o thickness at this spot
of 25 fect of Weatleton Beds : but these sands and gravels extend
pearly to the top of the hill on which Braintree stands, and as the
well at the waterworks lower down shows that fhe base of the sands
is thers 140 fest above .11, while the sommat of the hill is
above 934 feet, the Westleton Beds, round which the Glacial Beds
wrap, would seem to be here not less than from 70 to 80 feet
thick (#=e P1. V1L fig. 1).

It would appear from this and
theso Westleton Beds had a large dev
thern Essex, but that thak I!||1':|. have been extensively dennded ]'l}'
the overlying Glacial drifts. The independence of the Westleton
Beds in respect to those of the (ilagial Series hers also hecomes
more apperent, owing to the nse of the land and its waste belora
the l:il'||r;:-i!i.l.l!'| of the Glacial Beds, in consequence of which the
Intfer, in tho distriets further to the west, where the rise was
greatest, gradually come to oooupy a lower level than the former,
The separation of these two Drift-series, first clearly apparent in
this part of Essox, becomes mors pronounesd as we proceed west-
ward in the London DBasin. The presonce of Chalk and Jorassie
--"i".rl'.".!, with (nartzite 'fli'-l.ll.lli'ﬂ derived from the New Hed Sand-
stone, rendily serves to distinguish the Glacial from the Pre-Gilagial
drifts.

The Wastleton Heds extend to the north-west, thoogh but rarely
exposedl, by Wothersfield to Donmow and Thaxted, Ina pit just
eputh of the latter place 1 a section of some interest(fg. 10), a5 the
peblly sands, which I take to be of Westloton age, and the overlying
Bonlder-elay are both faulted.  This, however, is from recollection,
I omitted at the time to note the constituent parts of the graval.
The Sury oy otheers consider it to be

st instances to be named that
apEETL in Central and Nor=-

inE o the € Tad.

Fig. 10. —8ection rear Theated ( 12507,

@, Pohlly soil.

b, Whitish Bauldor.ol: i
o, Coarsy white sands with a Frw ]!-\.|,|_|;"|.|'I- af E;-..n:l_
o'. Ferrughinous sand,

lay.

'|:I‘I¢ Westleton Beds again showed in pit at Braxted, 2 miles
B.W. of Thaxted, the section of which was as undor ;—

L UI‘I‘H‘I‘”\' sl .'|:||1 .

ik Oebreous gravel,
with very few sl
& Delireous enmd

ng essentially of dint- and quartz-pebbles,
ngilar Hints

T L Y T e F TR R e AR S
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To return to the main line of railway. The scotions from Witham
lo Manningtree are all through Glacial or Posi-Glacial Beds, and ; -t
are mot of importance ; while on the branch line to Maldon they o
are ehiefly through London Clay and Post-GGlacial gravels. ;

Maldon stands on a hill about 120 feet high, eapped by gravel
probably of Westleton age. My notes refer to it as o flint-shingla
with quarte-pebbles and fragments of chert,

Danbury Hill, 6 miles 5.3.W. of Witham, and 317 fect high, i
capped by gravel of an anomalous character, Tt consists chiefly of [ O
subangular flints with a large proportion of flint-pebbles, and o fow fuith ¥ 5
pebbles of quartzite, quartz, chert, and some old rock having mors st 81
the charncter of a Glacial Drift. It may have been a Bagshot i
outlier invaded by the Glacial gravel. Lower down (about 150 i
feet) on the southern slope of the hill is another gravel in which
chert- and quartz-pebbles are more prominent. iy

At the eutting on the main line which beging one mile west of § g
Witham, and which reaches in places a depth of 25 feot, & very -
white chalky Boulder-clay passing down into bluish grey, overlies
o feet of white sand with a seam of Hint- and quartz-pebbles

_,..
—— e e

| ( Westleton) at base, At the western end of the cutting the same e o meii of Bl
t 1 gravel, bt with ochreons and white seams alternating, lies in ! B s
[ hummocks bepeath the Boulder-clay. The Hatfield cotting is ! :i :
. through 20 feot of gravel at the eastern end, and through chalky | ﬂ"l :
’ lhnzldn-r-uln}- capped by 8 feet of brick-carth at the west end, ! .
X | " The long cutting from Springfield to Chelmaford (30 feet deep in ;
the centre) is of interest from its showing the great erosion of the |

» London Clay and the very irregular distribution of the gravel and R
'_ |‘-||Iiltit~r-:']:13.' ; but my notes relating to the gravel which underlies i
the Boulder-elay are insufficient for me to say whether it i=s of o=
Glaginl or of Westleton age,

A range of hills, espped by pebble-beds, commences a short - T Tt
distance westward of Chelmsford. But these, thongh ﬂ‘ﬂ”"\' olider ¥ 51 2y
than the Westleton Heds, T have relegated to Part 111 of this Japer. sy by o ‘

! i They include Writtlepark, Erentwood, Rayleigh, and other hills. -
N l i The Westleton Beds, which thus far have not reached a level of e linal o
- i above 160 to 200 feet, now rise more rapidly as they trend westward, gl |
capping the hill-tops, and leaving the Boulder-clay and the Glagial Mgy o L
gravels at lower levels in the intermediate lower ground.  There is

thus a considerable hreak before the next outliers are reached, )
though there are, I think, traces of the Westleton Beds to be met i
with near Ongear. iy

The next well-defined outlicrs are therefore on the western side gt S
of the valley of the Roding, on the range of the Epping hills, which i, |
at Highbeeeh and Jack's Hill attain o height of from 540 to 370 foet.

On the top is o well-marked bed of the Westleton Shingle.  The
i following is its approximate composition in a pit near the * Wake
Arms,” Jack's Hill :—

B

{
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per cent.
1. ]"il1|‘_-|h‘]lb|l.'*.. SmsvniEaERnE anaree -"_'
2 White quartz-pebb L
3, Bubangular frag
4, Bubangular fragments \
5. Pobbles of Lydinng st o, S B e R e ]

A bed of white and :.-.-f_f”w aamd (Hl,:_h-hn‘l'l nnderlies the graval.

At Coopersule Common (or (aynes Park), two miles N.E, of
I'Lrl]:lin-'r:'_ 18 another range of hills, from 340 to 360 feet hizh, on
which thers is also a eapping of Westleton Ehingle composed of

por oent.
| |"|'I'|'_-|_.-||I‘|||'~| ............................ s » .
2 White quariz-pebbles .........c.. rTte 1]

3. Bubangulnre fmgments of fint ... ]
4. b|||'u|"|;_l||:'|.- f.-u,-_'llli"::. hite ]':.‘ =a 1:-‘
5. Pehbles of Lydian stame &, ..o venieenmnssssssrnes 3

ILLT]

imbedded in a matrix of light vellow, lonmy, quartzose sand.

To the south of these, apd extending from Bockhurst Hill to
Woodford Hill, 15 s considerable spread of pebbly gravel, 10 foet thick
in places, of a choam wtwedn the Hreotwood and
the VWestleton Heds, but m us bo the former. It consiata
almost ¢ ]':-:}' uf H'illl-]u- o2 [ Bagshot), with a vory [ow white
|||:|.u'| z- amd other rod L-] hbles imbedded in a varable matrix of
eand and clay. The lower part is roughly stratified—the upper
passca into an unstratified mass of brown and t('l'l'lI;'illllli'\- cliny
with few flint-pehbles.

Middlser .—The Drift Beds of the eastern and lower part
I];l' ool '|1,_'| l'll]l}i'-'-il_ |"||i-l'|||_'|' of | l'l:u:'l;[!_ I 1||| ]'r:—-l_-“ 5
the hagher hills on the north sre capped by the Westleton Shingle,
Thus the ridges from Baroet and Barnet Gate (410-460 foet), and
from Totteridee to Highwood (400-410 feed), and again at Mill Hill,
urg capped by a poor gravel of this age, from 2 to & foet thick, and
pomposed of

weber intermds

avels » wi

peT cent,

1. T'“!;l:l-ﬂl,'l_\.ll:_u-l A0
2 Whito qunrtz i5
[ 8 i‘:1l'!I:|I'J1"l.|:||r.'. 200
4 B milar mgstons chirt .. i S 12
8 R L 3

1041

in & matrix of (uaTtEoae sand and greenish clay,

The Hl'-l||li|-!'-|..|1|_'|'. at & level of about 100 feet lower, extonds
from Whetstone to Finchley and Muoswell Hill. The gravel whish
underlios il in o pit near Finchley Choreh is of Glacial orizin, and
I8 r'5I.|..|. of mnorthern oéfires. '“;;:I nt the old sCkion
the * Bold-faced Stag”

woslte L
hos been referred to the Pebbly Gravels ;
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I shonld have placed it also with the same Glacial Beds: Lut my
notes are insuficient. ;

The Westleton Beds are difficult to follow in this dicection,
They do not secm to rise so high as further north. Bome beds
at Hendon (280 feet) may ].n'-:i:iiirl.}' be referred to them, as also
o small outlier which caps the hill (278 feet) ot Horsington, two
miles south of Harrow., This isolated paich, which is a mere
remnunt scattered on the surface, consists of

p por eent.
1. Flint-pebbles...........co0onnnrs B R andie an s et 43
2 White guartz-pebbles .........c.cce0 10k
o Bubangilar fints staiped brown . F]
4. Bubangular chert and mgslone ..., 15
Lixd

With respect to Highgate and Hampstend Hills, which riss
to the height 412 feet, I hesitate how to cless them. 1 have
found some frogments of worn ch-n}rt}- ragstone and a few rare
quartz-pebbles on Hampstead Hill, with abendant fint-pebbles of
local (Hngshot) origing but the characters arve uot sufficiently
marked to satisfy me.  They may be Westloton or they may be
outhiers of the Southern Drift,

In the north of the county, & well-marked Westloton outlier may
be =een in the wood (400 f£.7) 1] mile north of South Mimms,
consisting of :—

T oedil.
1. Flint-pebhbles.... e a T et e e £ a8
2 White quartz pc-lll::f:-n s s 2
3. Bubangular fints, mob sainsd. ..o ceersmiee oy
i, Bubungdlar olert B .. o iiiiibi e iistonaa it ik
5, Pebbles of white quartzite, Lydian stone, &2 v 4
L]

The adjacent ridge, extending from Potter’s Bar to Hell Har (380
to 400 ft.), is also capped by a thin bed of Westleton Shingle, but
there were no sections open at the time of my visils,

The Pebble-Beds of Stanmore, Elstree, and somie adjpcent halls
belong to the Brentwood group,

HNertfordshire —The London-Clay hills of the north of Middlesex,
mm}er[' by Westleton Shingle, are continued into Hertiordshire,
where they form, between Hatfield and Hertford Heath, a con-
gpicuons range from 320 to B8O ft. high, and overlooking, ab n
level of from 150 to 240 ft. lower, the broad valley of the Lea and
Mimram, over which are spread Glacial gravels and sands, covered in
places by the Houlder-clay. The material difference of level and
the marked character of the beds here bring out very I.‘Iﬂu:‘l}' tho
diseordant relation of these Glacial and Pre-Glacial Deds, as shown
in the following section (fig. 11):—

=l
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"'{_,.-_rh'l::.“frgr;q ffr]fllf!‘(_?n" ;;Hg‘(."-_rﬂll: fo the 4, N, J:ll!llllr"'-"l_',l' nedar

Fig. 11. .
Dhigpmrell JSunetion.

F]n‘::-.};iﬂz-ul"l'ln- characters of thess gravels, Prof. T. MK, Hughes '.
gays : *The gravel of the Upper Plain ennsists I.'.'|:|i|-|!_'.' of pebilies ; of
these, about fifty per cent. are of quartz, about ten per cent. of
quartzite, abont five per t. various (such as jasper and a
f::.r.;_-;]._|1l11.n||1_,- al 4:11;=r1r; '|'u-h|-|_|--. n |;|||.|r|.iir4- [ and the rest fint."”
These gravels have also been noticed by Mr. Whitaker and Mr.
8. V. Wood in the papers hefore referred to.

Thi=a Hertfnrdshire shingle 1a romarkahle for the 1'Ir;:4' proporiion

af pphh'l.-c of white quartz and of Lawer-Greenrand débris ¥, A
gpecimen from Brickenden Hill viclded |I]-I-1!ﬂ_' e
per senk
Ra L T I o o o i s i i e i Y
E e s o g e L e a8
o i brawn, aucd & 17
4 red and  brown

B -+ - PR PN

Further to the south-west zimilar beds are met with af Shenley
Hill and again a little northward at Bernard's Heath near St
Albang, whers they form o bed from 8 to 10 {6, thiok, capping Lower
Tertiary Bands and Clays, at an altitude of 406 feet. They thers
consigt of —1, Flint .|1i'i|i||-=':-; 2, White quartz-peables; 33, Bub-
angular fints, not stained ; 4. Sobangular cherty r ¥
Pebbles of Lydian stone, yellow gquoartzite, &e; imbedded in »
loamy red and yellow mottled sandy clay, distarbed at fop,
xi)[ﬂ'“..'lﬁl:!lnl.lillg the extreme denudation which the hieh Chalk-
plain, extending from Hertfordshire ints Bedfordshire, Buckingham-
shire, and Oxfordshire, hag undergone, 8 few small ootliers of Lower
Tertiary struba still remain, rising e the maneral level of the
[:h:'llk-{:'l_ll,d::nl with its scanty Glacinl Drifts and its % Hed Clay with
fints " ]
These little isolated hills nre frequently eapped by a gravel- or
shingle-bed, which I believe to be of Weatleton !l-:_;-l'| They are

reLONe - i¥.

e rﬁ ot p. 280,
T 16 olert nnd mgstone débeis does not seem Lo lare been hitherto
PexugiiBed, op ia mentipned ender some other name,
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very few in number, and gradually become rarer as we proceed
northwarde, although in a fow instances they extend to the edge of
the Chalk Downs.

At Collier's End (345 feet) and Sacombe Green (G62 feot), five
miles north of Ware, are two small Lower Tl_"ﬂinr_'r ontlicrs with a
thin eapping of quartzose shingle (Westleton), Others lie on some
of those near Welwyn,—on Ayot (406 feet) and Burnham Green
(407 feet) kills.

North of 5t Albans, and betwoen the valleys of the Lea and the
Gude, troces of Lower Tertiary strata may be found as far north as
Berkhampstead Common, but they are rarely in sufficient force to
be worked, or high enough to bring in the Westleton Beds, At
Bennett's End, near Hemel Hempstend, the Toertinry strata aro
enpped at s height of 456 foet by a bed of sandy clay with a thin
uneven patch of Westleton gravel, consisting in large proportion
of flint- and quartz-pebbles with a few subangular flints (not stained),
fragments of Lydian stone, and a few fat ovate light-colonred quartz-
ite-pebbles, The bed varies from 1 to G feet in thickness, and rests
on from 30 to 40 foot of London Clay and Lowoer Tertiary strata.

There is another Tortiary ootlier at Little Heath and Potten,
extending to Berkhampetend Commeon, or rather it is o mass of
Tertinry strata preserved in a depression in the Chalk, of great
extent. There 18 some appearance of Woestleton Bhingle, but too
indistinet for deseription.

The hills to the west of the Gade present similar features, Tha
Tertinry Beds are, however, so mixed up with Glacial débris that
they are to be recognized only in a few inslances. At Langley
Common (4440 feet ) there are traces of Westloton Shingle, and closely
adjacent to the borders of Hertfordshire i the more conspicuons
outlier of Tiler's Hill

South Buclinghamshire—In this county, as in Hertfordehire,
the picturesque high ground of the Chilterns is covered by o
sprinkling of Glacial Drifts (but no Bounlder-clay), and * Red Clay
with Flints,” with oceasional Tertiary remnants,

Tiler's hill ®, 2 wiles cast of Chesham, rises to & comparatively
eonsiderable height above the surrounding Chalk-platean, and
consists of Lower Tertiary strata with an outlier of London Clayt.
On the summit, about 000 feet above the sea-level, is a small
capping of gravel, composed of :—

per cent.
1. Tertinry flint-pebbles, small ond large, many of them

weathered white ... i
2, White quartz-pebbles sehiergessiesspasttssnnnisans B
3. Very subangular fragments of flint, stained yellow : pthers are
large, white nnd Titthe worm. ..o 2
T B L e i v v < g e ; S NEERT R e
5. Fint ovate pebbiles of light-caloured rizite and veindtono,
with subangular fragments of Tertiary sandstone and pudding- :
BLOMO socascavmmavsas EmdaEmEEEEE §EEREPEEAEENTTERITENTSEA4E SLESMLEERTEEELE 3

. .l:rn the new one-insh map this name is altered to Croweoroft. o
t Describod by the auther ]|J|- Qisnrt. Journ, Geol, Soe. vol x. p. 0 (183H).

il M




il e B = B R
o o oF
= = = M
N — -
b m = = ED
oo Qg

] e
= F 56
tii%
en th-

WESTLETON NEDS TO THOSE OF NORFOLE, EIC

The gravel rests on an uneven bed of London Clay, Lower
{,ru-u-]pu.;qn] dibris 1. |,4,|n|1L1r.|r'I! il 1. EoRFOD, And the débris of Terty 1ary
g of the ald:
jera on the high Chalk- ||||'|.Il'1|1

i3 Areg rare

rock more abundant, wk il

It"nl;'n_' HA gl 'h'u'I.:I
hetween the Mishourne and the Wye,  One of these,
the villege of Penn, near Beaconsfield, rises to the height of aba
G} feet, and 15 capped by o well-marked bed of Wesileton grav
like that on Tiler's Hill, while another gravel (Glacial 7), derived i
part from the Westleton Shingle, lies on the Chalk-plain at Penm (547
feet) and Penn Common. At Lane End (600 feet), four miles west
'|:IF][[F‘|: "| \.I\i'lrlill'ﬂl .|i'rl' 1h .’]hl’.\ an I'|||'l_.":' I: IIIIUal:'r [Ir ":..l_'.' "-l'll!“
and |"|.|._'|e-1 .1||].1'-|. '|'|.1. & similar gt'l.'l!"] of flint- and white qu -
pebbles, subangular flints weathered white, with a few old-rock-
|_;||:'|_=|!|]t":~' |,'*:~4'e' Pl. VII. ﬂi.",.:'. 13

Sonth COafordefire.—From the borders of Buckinghs
Thames between Papgbourne and Wallingford there are bok few
Tertinry outliers. The most conspienous of these is that
Nettlabed hill ®.  The Westleton Shingle (7) there attainsits h
level of about 650 feet. It is but a small patch, and presents a less
defimte composifion than the others, nsa might be expected from its
':Ji:\l"ll.l'l" Frllll] l]'ld.' '.|'|.|i|| .Illﬂi'f.

'l.'hr h]‘.ill:_rh'-. which I'|-||-|;|'1 l.|=|-||: n -.':*r:; unReéven suriace of I|||1-
Lower Tertiaries, consists approximately o

i
to the '|l.|h-_ ol

amshire to the

per fent.
| .-|:'||'|l|::|'- ................. a4
2 I hles of w] s = 14
d. Bubangular fints, nob simined...... .. oietsimessaiessinrs i pa ||
rq Chert Le¥...... v aa PO = :
fi, Pebblea of horstone (¥), veinstons, and Sarsen stone. .. A
Lk

imbedded in a matrix of light quartzose sand.

Five miles 8.W, of Nettlebed, and clozs to the edes of the Chalk
escarpmont overlooking the plains of Oxfordshire, a thin outlier of
Lower Tertiaries (the mottled clavs of the Reading Beds) averlie
the Chalk at Greenmoor hill (560 to GO0 feet) and Woodeote
Common, abont 3 miles east of Goring, It is capped by o well-

J'H., 1 2. —Seetion on the hall alave the T hanm 1e8, near (Foring,

. Wastletan Shingle. T. Lower Tertinrica.
. (Hlncinl Geavel, C. Chalk,

defined bed of Westloton Shingle, which is in marked contrast with
the Glacial gravel, with its New-Hed-SBandatons quartzites, which sats

* Deseribed in Quart, Journ, Geol. S0z, vel. 3. - 80 [1854),

e
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in near Coomb End at a short distance from it westward, and at a
level of about 100 feet lower (fig. 12). This is the most digtant
outlier in this direction, and from its position on the edge of the
Chalk Downs overlooking the Great Oolitic plains, possesses more
than usual intorest (see PL VIL fig. 1).

The shingle forms an ochreous sandy gravel, consisting largely of
subangular flints much worn, flint-pebbles, and with none of the
New-Hed-Sandstone quartrites so common in ¥, T noted at the
time that it is much like the gravel on Bowsey hill (infrd),
Approximately it was composed of :—

¥ . per eont.
L. Tertiary flint-pobbles, of which sowme were brakent ..o, 44
2. White qaarta-pobEbes .......uoovusssiussnsnsasssnsssasasasns R 1]
3. Bubmngulnr m:sul:lpl'lar pivted of fint 3
4. Subangular picess of Sarsen stone, of a hard dark sandstons,
and of ironstons (TerUEry) ..o iusiisnesenssisines sessbsisnnsven B
8. Flat ovate pebbles of light-coloured quarizite, with small pebbles
of Lydian stone (¥), and of n quartz-grit .......ccooommmmeerenns
1

I failed to note cither Chert or Ragstone,

A few miles to the south another Tertinry outlier cxlanﬂin,g
from Chazey Heath to Rose Hill (300 to 350 fect) is capped, but not
very distinetly, by a light-eoloured gravel very similar to the above,
while the intermediate and lower arcas are overspread by the Glazial
gravel, but Boulder-clay is absent,

Further to the south, us we approach the Thames, the valley-
gravels set in and continoe to the Berkshire side,

Berleshive and Wiltshive,—DBotwean Reading and Maidenhesd #
the brond valley of the Thames, with its Post-CGlucial gravels,
becomes groatly contraeted between Henley and Marlow by the
high ground of Coskham Dean (3507 feet) and Dowser Hill, which
is 467 feet high, or 350 feet above the Thames at Henley. The
formor of these hills is bare to the snmmit, whercas the latter is
capped by a light ochreons sandy and pebbly gravel, from 5 to 8
feet thick, of a charactoristic Westleton type. The following are
its component parts, but [ foiled to note their relative propertion :(—

1. Tertinry fint-pebbles, some of them entirely decam posed.

2, Numorous small white quarte-pebbles,

4. Bubangilanr I'rnpnrnts of lint, wealhersl white.

" IIII'\II;L' fow subangular l'rn,gl:ll.rn'.i of whits ragstone and one of fossil-
iferous chort

5. Pebbles of light-coloured quartzite, yellow ssndstone, and rose-coloursd
quarte-grit, with some small pebbles of veinstune, Lydian or hornstone,
greenstone ¥, and rod and grey quariz.

-—

The nuartzites are not the red and grey quartzites of the northern
Dirift. ;

® 14 would seem probable that the Thames ot an early stage may have
flowed in a direct line from Twyford to Maidenhead, by way of the valley of
White Waltham, which offors a low and gl raight course, instend of the eircuitous
conrse it took in Post-Cincinl Bmes through the Healey and Cookbam Hills
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The Berkshire Downe, which form the prolongation of the Chiltern
Hills of Buckinghnmslire and Oxfordshire, rise ahove Streatly and
Goring to the height of from 400 to 600 feet. In the line of the
Thames Valley there is a broad high terrace of Gls Dirift,
whilat at a little distunce forther from the river the lI|'I--l.'?:1]rll-:lt
Bhingle appears on a relatively higher level. The Gloeial gravel
forms a terrace ot Southrdege, and between Basilden and Ash armp-=
bt.-l_".}l.l]l it & level of abont 400 to 420 feet, whilst the Terti ry Of ithier
at I,'].iw_-r Basildon is eapped by Westleton Shingle.  The

#i

Tertiary
ontlier (350 to 880 feet) morth of Bradfield is also capped by a
gravel which may b of the same age.

© The Chalk Downs of Berkshire are much barver than those of
Oxfordshire and Buckinghamshire both of Tertiary outliers and of
Imft. The former are |,-3.;.‘|'|,-r|'.|-:__1. aearee until we .’1'|-EIT1'|I¢|| the
borders of the Tert inr_'. hasin near Newt 1Ty, Nevertheless it is
probahle that the Westleton Shingle extended over this area, for
found on the hare Chalk-hillz above East {'ur|'||ll:u!'| ! '|uu,-l;_--'. of
Tortiary Sands and Drift, with flint- and quartz-pebbles, &c.,—n
remnant [|1'\-:|||.||'-E1. priss rved, like the Crag at Lenham, by tha chance
circumstance of its being in a pipe or hollow in the Chalk.

To the north and th-west of N '.l.|||'r.. there are several
gravel-enpped hills, possibly of this date, sueh as Tonnington
Common and the hill cast of Bosford. Oope of the most prominent
is that at the end of the spor of Tertisries which extends north-
wizbward from .,‘;w.rln'.:_l. to Wickham. 'This hill. which is i
high and rises 100 feet above the surronnding Cha
of Lower Tert i.'lr:l.' alrala { incloding base of the 1
and is capped by a bed of 3 to 5 feet 1l
flint-pebibles, with subangular flints imbedded in a
osnd grit very much worn, From ils po
ru-:.ll' I think it may be of Westleton
its exact composition.

The bare Chalk-plaims of East Berkshire and Wiltshire offer seant
opportunities for determining the presence of the Westleton Shingle
|?;!u'|.-[|‘. i oo few rave insta 1
elenn of all but the super
hills near Bavdon, 5 miles E8.E. “Hﬂ:l. ire, however, capped
Ill:- i ,{.{T!l'\{] l!.ll1.>-]h.|||_,.": of subangular 1 ints and J_|_|_','-'|,;|" Hint-pelk 5.|1 &,
with some quartz-pebbles ; and a similar ridge to the e
ﬂl. :.:{"'IT"_:\‘; on the nordh-cast af :".l;l[;.iu_-rlllu_jl__ 18 S0 & LpHu d bv
little flint-gravol with quart z-pebliles, :

tnartz-pebbles also occor in places in t-drift om 1||- hills alsomt
2% miles south of Marlboroceh .  Parches of o i Irift agai
oceur on the higher points of the Chalk Downs at Bishopatone neu
Bhrivenham and at 1..l|41?||""t-.l]. and Basdrop to the south of Swindon
but they are very indistinet,

Tab1 ] |'rI "1_|'-'| chig=
but I have no note of

Chpbmrn

ek

* Deseribed 10 Quart. Journ, Geol. Soe. vol, . p. 86 (1854),
t The Drify-beds of this o iot have L.- 1 bexd by Mr. T, ll"-::||—.|'1;:--'\:|_

i thse Magazine of the Wiltshire Archamologieal nrsl Natural Hiitory Ba
2 G
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The last trace of such drift I have met with om these Chalk
Downs was on Monument Hill above Calne, where there are & fow
scattered pebbles of white quartz, quartzite, ehiert, and ironstoue,
with subangular flints and fint-pebbles, but its exact relation is
uncertain.

3. Westleton Beds on ihe Souwth af the Thanes,

The Boulder-clay, it is well known, has not been found sonth of
the Thames, though some Pre-Glacial beds have s considerable
extension in that direction, and evidence of glacial action is mot
wanting.  Owing, however, to their isolation and want of continnity
the classification of these beds i3 attended with more u|1mnu.i||1:;, =

Hent—In the north-eastern corner of Bheppey tha eliffe at
Draper's Point, there about 170 feet high, are capped by a Drift
distinet from that which is spread over n great part of the higher
ground of that island. It consists of from 15 to 20 feet of yeliow
gands with seams of clay and patches of gravel, the bottom bed of
gravel being from 1 to 2 feet thick, and composed casentially of fint-
pebliles of various sizes, of large subangular flints much worn and
stained brown, numerouns small flint-fragments, and some very
gmall pebbles of quariz, and at one spot I found a much worn
fragment of brown chert, It is not improbable that these beds
are of Westlebon age. They are overlain by a Hint-gravel in small
pockets.

I know of no other bed of this character in Kent, exeept one
between Shottenden Hill and Sellings (400 fect), whero thers is a
gprinkling of Dirift comsisting of Tertiary pobbles and pebbles of
quartz. Bub both these cases are obscure,

I do not refor the shingle on the top of Shoster’s Hill or the
gravel on Swanscombe Hill to this horizon,

Surrey and Hante—Further wostward traces of the “'Eﬁl-lﬂl?ﬂ
Beds becomea very indistinet.  There are remnants of a quartz-dniit
at Engleficld Green (264 feet) and on some adjacent hills ; batit is
another Pre-Glacial high-level gravel-drift (sce Part ITL) that
provails almost exclusively in this district,

4, Possible Eviengion of the Westleton Shingle beyond the
Thames Bagin inlo Somerset,

Pussing from the Chalk Downs to the Oalitic Hills further wast-
wand, there is at one spot, Kingsdown near Bathford, about 550
foot high and 5 miles from Bath, o Drift of the Westleton
character. It forms only a small patch on the otherwise bare wrﬁ}m
of the Oolites, and consists of a light-brown sandy loam, with
glightly subangular flints, some flint-pebbles, many white quartz-
I.u-llb]e;, and an oceasional pebble of sandstons and of o _gml:!ﬂllllh
quartz ®, It is covered by a brown earth with local Oolitic débris.

® The Rev. H. Winwood, F.(i8., has sinee found a subangular fragment of
Zarsen stope and s pebble of black chert or higriastona.
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The whols ie only a few (5 to 8 feot) thick, and is preserved in o
trough or hollow in the Oolite ¥,

Btill further westward, on the Carboniforens-Limestone Hills
near (lovedon, Mr. Trimmer + has recorded the exiztence of a
piteh of loeal débris with, T believe, quartz-pebhles, at a heizht of
300 fect ahove sea-level. This mav be a contivuation of the
Kingsdown Bed, but ivtermediate connecting-links have yet io be
diseoverad, and 1 wis not suceessfnl in finding the place myself,

On the Chalk-hills to the south of the ares we hoave described
1!|.|_-r|: 0re i fow onitliers which mav be reforable to r'tl'.*- ;_r----]c-_-_n--:ll
horizon, such, for instance, as the ;:-:'I:-'n]_'.' sanids with worn fragments
of hard Tertinry sandstones on Windmill Hill, near Alton, and a
pabbly drift on the higher hille west of Andover ; but these are too
indistinet to prononnes definitely npon.

A better marked case is the one on the Chalk Downs of Copford,
8 miles cast of Warminster, where a large Tertiary remnant has
been preserved from demudation by having been let down into a
oavity in the Chalk. This pateh of Lowar Tertiary (white sands
ond mottled clay) is oy rri;n'n by an irregular spread of Drift con-
aisting of -

L. Tertiary fint-pobblos—1ihe larger proportion much decompossd, while

anid vory lig
2. White quartz-pebliles and n few rose-colonred opes,
& Worn fragn -t ditone {Upper Greensand 7),
4. Pobbles of a dark chert and Lepdinn sfona,

filE @

These were imbedded in a .---,.I.r sandy matnx, ||.:||] coverod by a
5II.I!'H=\. |:-|1'|_' drift full of .l.ll:',|.,_|r flints !'I.“‘-J"' at the time of my
visit wos muoch obscured,

Tr-':"lf: .Irill-;ilé”ll-'.l" -'.l__r- the “‘r.‘l'"-' T -"‘ll.lll.l.lr_-f.'lr 3] I'.r|<' f'f':lhlc'.-.{'l _|r_|||'|.|l'-|'_;
of the Thames Falley.

1‘-"-‘9' have ||IIJH b !II‘J]t: { £x] j.l-l:_n“' R 1|.||-|--\.|'|||.'|r| ||.:-||.. fr\.lu the
comat of the Eastern Counfies with some certainty s far as the
Berkshire Downps, and' with some probability as fir g5 the Bristol
Channal. On the Eastern coast this |]||u.-.'|' lies at the sea-level,
but as it ranges inland it gradually riees to heizhts of 500 or G0
feef. In the first instenee the Westleton Beds underlie all #he
{ilacial f]t"]J':-1l|*: in the sepond the w rise consideral hly ahove th
and their first seoming snbondination to the Glacial series altog:
il.wup]a ars-(see fig. 1, PL VIL}. 5

b II.H'II'II"I ition, which is 80 oloze in Norfolk that it had led to
two series heing t'l'-rl-a'uflv'r-rl members of the same group, becomes
lees 80 in Kssex. At Braintree, where the Westleton Bods are
l:lrg:.v l:].'.'""ll"-[ll o, 1||-.1. stand up through the Boulde |--,..-. andd
gravel which W) round their base and partly surmount them.

ElL
ther

f_:l: IMI'. O, H. Weston, who Arst noticed this high-lavel drift, states also 1t
alk=flins el wath Ok clibiris ocour |:’I\. surface of Farleigh Down
AL & height of nbout 00 feet [ Qunrt. Joum. G S vol. vi p. 440K,
T Quart. Journ. Geal. Soe, vol, ix P 288 l',-n.l. 2

—
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They have there been disturbed and faulted (PL VI, fig. 6), bofore
the ‘intrusion of the Glacial Beds, which have desply eroded them.
As they rise to higher and more eaium\d levels, the Westloton
Beds become gre atly diminished in importance and are commonly
reduced to a mere shingle-bed. On the hills near Epping, where
they sttain a height of 350 or 400 feet, they form o thin bed of sand
and shingle, capping the London 'L'lm and quite apart from the
Boulder-clay, which lies from 80 to 100 feet lower duwn on the alope
of theso lll]h at Theydon Bois and North Weald.

In Hertfordshire the distinction Tetween the two doposits is vory
marked, as on the hills between Hoddesdon and Hatfield the
Wistleton Shingle forms s platesu-grovel high above the plain of
the Lea, over which is apread the Boulder. -1'|:||\ with its associntod
sands and gravel. At Bell Bar and Mimms Wood the hills are
also capped by this Shingle, while in the valley between them
the Boulder-elay in the raliway-cutting is at & level of from 100
to 150 feet lower, The I:I‘-ull]dcr-cla} agnin enters the valley of
the Colne at Bricket Wood and Aldenham, whilst Westloton Shingle
liea om the peighbouring heights of h'IJLull*} aud Bennett's Buod.

Here the Boulder-clay ends, and the Westleton H]ling]e alone 18
prolonged westward at intervals on the higher summits of the Bock-
inghamshire, Berkshire, and Oxfordshire Downg, the Chalk-plain on
which these hills rise being in some places lll"!llul]! d, and at others
thinly covered by Glagial Drift-beds. The Shingle-bed may, in
this way, be traced to the northern edge of the Chalk Downs and
to the extreme western end of the London Basin, which shows
how extensive the submergence of these districts must have been
at n time immediately antecedent to the Glacial period.

The height (500 to GO0 feet) to which the Shingle-bed attaing
is sufficient to earry it over the summit of the Chalk and Oclitic
hills of the Warminster and Bath distriets. ‘There may thus have
Been a Pre-(lacial sea bounded on the south by the Wealden anti-
elinal, and u]un-nuli:q; northward over great part of Hertfordshire,
Buckinghamshire, and Oxfordshire (and possibly beyond), while it
stretohed in the other direction from the North Sea to the Severn
Basin or the Bristol Channel (see Part TLL and Map).

i ﬂrf._r_rl-u ril_j" the aﬁ'ﬁr'n_r;r(,

The distinctive features of the Westleton Shingle are of so0 marked
a character and so differsnt from those of the overlying Glacial
gories, that it is at onee evident that their origin must be different.
The characters of the latter are ko well known that it is unnecessary
to repeat them here; suffice it fo say that they are wsrmlla!l'.
Dirifte from the north and north-east, wherces that of the Westleton
Beds i3 from the south snd south-easi, for the remson that the
sources whenee the several different component pebbles are de-
rived is to be traced in those directions.

Thus :—1. The flint-pehhles are doubtlessly derived from the
shingle-heds of Diestinn, Bagshot, or Lower Te wrtinry | Woolwich)
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age, whether in I

nm, the North of Franee, or Kent. 2. The

Pebbles of white and rose-coloured quartz come apparently from

|_||g u|aiu~r rocka of the Aw
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ments of fling, some
I brown, are derived, the former d1

worn and staine

Chalk, the latter from an older
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deenleificalion. Even in Suffolk, where the bheds are more pro=

tected, 1t is rerely that anything more than castz are found.

But while marine conditions extends

gium, on the south f
I.'lll':l..l ':i.::l.'i]ll |] :'I-_'| |||I_'

Schelde. The lower range of hills bord

and Lii

of the Ardennes, Pobhles of [Oar 1Eite

«ire consequently the
opcastonally they cor
and, vory rarely, of |

that of a marble to that of

size of A man's head.

sionally met with.
Buch was the old

Mense, while on the

]H!EILLI'n of Trinssic sandstones

and Tleve

I noted in the fint-z:

Hiost found in the Westleton Shi

__ h of Bel-
Ardennes formed an elevated area of dry
Meunze and its tri T ]-:l.' the

R i
r are offen capped |l_'\. a terrace of gravel dorived from the
quartzose and schistose rocks, hard sandsto

s, ancd con 1eTikes
quariz
w il
ill_'ll feagments or |.|-||i|]|,-n of ::‘II"t|||"|]_‘|' slute,
mite, Generally the pebibles vary in size from
| R, thou they are sometimes the
||]l.'ll.'kh-, bt “lﬂq‘ .TII.”"‘:.:_ are also oe o

sandstone, and

Large

allovinm of the esstern tribuotaries of the
rrices of the main stream at Dinant and Namur,
of Uretaceons, Jurnssie, Carboniferons,

. am rocks are met with, but a i,:.,r.-_tu- proporiion of them
dlh::]:|ll'llr lower down the course of the river, and only the
ﬂh.']-i.-ill:'i?h'-"-'r remain in its lower reaches. On the hil k

harder
above 'I.iu'gu_-
ie-rock pebibles very analogous to
, nameky

AVEeE L Iz

I'e be deseribed in Farl ITI.
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{.‘lngulu.r anil subangular I'rngl:urnu. af flint H]
White quartz-pabhles (nomerous) ;
Flat ovate pebbles of light-colonred quarizites ;
Pebibles of light-eoloured sandstones, veinstons, and subangular fragmenis
of & hard micaceous Bamidstone, &e,—
imbedded in a white and oghreous sandy matrix,

In desconding the river the terraces become wider, and in tho
neighbourhood of Macstricht they spread out into platean-sheets of
great breadth, as in an estuary.

Another set of Drift-debris, ineluding flin t-pehbles from the Lower
Tertiaries together with débris from the Carboniferous and Cretassous
strata, wonld be carried down b the Scghelde, which flows through
rocks of that agn ; while the Tthine may have fornished débris from
the rocks of the Rhemish Frovinges, inqluding pqmj;hl:.' the basalt
of the Rhine borders.

This mass of shingle, transported into the open sea to the north
and aided by iee-sction, drifted over to the coast of Norfolk
and Soffolk, and thence, as the land subsided, was carried west-
ward, in o direction towards the Sovern Valley or the Dristol
Channel. What, then, turned it aside from the northern sea,
where it would seem 1t might have extended more northward as
the Crag did * at the period immediately antecedent 2 Conld it have
been that the great Scandinavian ice-shect was then ploughing its
way across the sea towands the coast of Norfolk, and e blocked up
the sea in that direction and diverted the waters of the North
Boen through this westward channel ¥

On the soath, the sprend of the Westleton Deds was limited by the
priticlinal of the Ardennce and the Weald, which then constituted
o low mountain-range, for there are no marine beds of that character
sonth of the line I have described. At the same time palmonto-
logical evidenes of contemporancous land conditions is very seanty.

In recent papers by the Rev, O, Fisher ¥ and Mr. J. C. Mangsol-
Ploydell, F.G.8. £, we have accounts of the discovery of the remnins
of Flephias meridionalis on the Cholk-platean at Dewlish, near
Piddletown, in Dorsetshire, in a bed of sand and grovel 90 feok
above the level of the adjacent stream. The facts of the ease led
Mr. Fisher to suppose that the deposit might be Pro-Glacial, while
Mr. Mansel-Pleydell considered it to be of Pliocene age.

It is possible also that the high-level fossiliferous Drift on the
summit of Portland §, which contains débris derived from the Ter-
tinry and Crotaccous strata of the hills to the north of Weymouth,
mav be of the same age, and older thon 1 was first led to beliove
on the evidence of the sparse remains of Elephas antiguus, E. primi-
genius?, and Equus fossilis, This view of the greater antiquity of
that deposit wonld be more in conformity with the enormeus amount
of erosion, probably of Glacial date, that led to the formation of

# Mr T. F. Jamieacn, F.G.8, has shown that Crag-beds exist on the east
const of Becotland (Quart. Journ, Geol. Soc. vol. xvi, p. 371
+ Quart. Journ. Geol. Boo. vol. xliv. p. 818 (1855).
* Prans. Dorset, vol, 5. p. 12 (18s0) 4
§ Quart. Journ. Geol. Soc. vel. xxxi. p 31 (1870}
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the broad valley between Portland and Upway, above #ix miles
wide and from 400 to 500 feet deep, since the deposition of that
high-level Dirift,

‘Dr. Mourlon has also recently recorded ® the oc
Ixalles near Brussels, of o bed of sand and gravel with Mammalian
remains, which he thinks may be of the age of the Forest-bed : but
the evidenee is ot unecrtain, owing to the f
of the specimens. . Amongst the spedes on which Dr. Mourlon
relies, but which are determined with donbt, are Eleplas antiguis,
Egrinee plicielens, Clervis eanadensis, and Hison prisens.

Irrenee; At

!,_"rlll'li.[.'l:'_'n i

Coxcrusion.
It is clear from its uniformity and its marine origin that the
Westleton Shingle must originally have formed a comparatively level
h uta

sea-floor (or broad coast-line) I.||I"II'_1\ILII'I: the area over whi
outliers extend, and that all the ineqg |-|....1e*-| of the sorface balow

that level have heen formed sinee it was wited.  If this com-
¢losion be correct, then it follows that all the Tertiary strata, which
spread onginally over all the {halk Downs of Hertfordshire, Buek-
inghamsh ire, Oxfordshire, Berkehire, Wiltshire, and some A I-'| oLl ]9
digtricts, have bed B reImOYE (] gl e I'|1|'|' to this early Pleistocene or
po-called Pre-Glacial period ; also that the gorge ol i
l.'||'|;:|n:|1|r|:|'.'|||-.. hnnll;{ ||.|-c been formed sines then - ar
of the Pre-Glacial valleys in the district, to which no exvopt
that they were Pre-Glacial. hod been assigned, are of the same
]-.l:_':i.l:-1| age, It follows further that before this date the Thames
had no existence ; to this |m|:|| Wi -='| i
he Westleton o

copat-line extend :

on the sooth § anficlinal range of the Wenlden, and open to a
yob uncertain ¢ to the north. This area then nnderwent an
elevation from cast to west, and from south to north, whereby it
wia rised at the oxtr -r|'||._|'||:|i_r|l.- from 500 to G0 feet or more above
the sea-level, whereas it rems nal level and
comparatively nodisturbed at its other or castern extremity ; so thai
while on the cast the chronological orders of suceession of I"|| sk
continned unbroken, to the west they became discord
quence of the p |'|'|-1 ographical changes w
these suceessive stagoes,

i

revert on 1
s hawe Lo in
rum to the West of E

f with a
land, bounded

15} “l,

nied nearly ab ita orig

DTS-
ich intervened botwesn

These changes and the sofion of metesrologieal agencies on the np-
raised land, de tinéd the plotting-out of its hills and valleys dori
the 1'.'|r|.:l.' (ilaci Cpo h, UM the first stage we have now, 2 in some
cases, an exact measure. Thins, to take a fow ex: imples, it 15 obvions
that at the gorge of the ]|:||.1:||-\ at Goring the Westleton Shingla
and Tertiary Strata were contindous from side to side of the valley
nnkil the last clevation of the land, As thev omd reed, and a
land-surface wos formed, these heds, together with the underlying
Chalk, were first de al in the line of the present Thames valley

* Bull, Acad H,-._-._]I.

g, o s, vl T p, 19 R
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toa depth of about 160 fect, and a width of from 2 to 4 miles, when
the newly made channel received its covering of Northern Drift
(2, fig. 13).

The snecessive increments of depth *, acquired during the different
periods, are exhibited in the following section (sce also fig, 12).

Fig. 13, —Ihugram-geetion aeross the Forge J.:.I" the Thameg throwgh
the Eecarpment of the Challe at Giaring. g

L

1. Post-Glacial Drift. | 4. Lower Tertinry stratn.
3, Glacial Drift. f. Ohalk,
3. Westloton Shingle. |
foet,
A, Denudation during the early Glacial Poriod ...... aboat 160
B. Denudation during the later Glacial Pariod ...... w3
C. Denwdation during the Post-Glasial Period ..., o U

Taking the height above the sea-lovel of the Westleton Bods hoera
at GO0 feet, and that of the river at Gorng at 150 feet, the
abdve figures give, but very approximately, the depth to which tha
denudation of the "-'HI.I]{'}' at this placg waz carried during tho sucees-
sive (Hlacial and Post-Glacial epoakis,

The relative depths of B and C may be subjeet to considerabla
correction. In the absence of sufficient evidence at Goring, I have
been guided by the height of the high-lovel river-gravels ab Oxford
and Reading, where they are better developed.

These measures, of course, vary at different places, Tower down
the Thames Valley, the channel A above Henley-on-Thames
{ Bowsey hill giving the Westleton level) is above 200 fect decp,
whils B iz reduced in proportion.

In the valley of the Lea, st Ware (fiz. 14), taking the level
of the Westleton Bhingle nt Hertford Heath on the south at 316
foot, and at Sacombe (Groen on the north at 362 feet, and that of
the Lea at 110 feet, A and B together scem to amount, in round
numbers, to about 200 feet, whilst C does not seem to exceed 50 foot.

In the walley of the Hoding the level of the Boulder-olay is
about 100 feet below that of the Westleton Shingle, at Jack's Hill,
near Epping, whilst the extent of C is probably less than 30 fect.

Other instances might be mentioned, but these will suffice to
show some of the stages in the denudation of this arca and the
initial step in the formation of its river-valleys. It will appear,
from these faotz, that the main denudation of the district has been
effected after Pliocene times, and that the first stage (A) in the
formation of the present gorge at Goring dates back to the time of

% Thess okl whatever may be the age of the ghingle,
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BT @lasinl sands and gravel with | T, Lewer Tertiaries anad London

| Clay.

the emergence of the Westleton floor and is doe to early Glacial
action. 'T'o what extent the subsequent denudation { B) is due to con-
tinued glacial action it iz difficolt to say ; but as the gravel-bed

i

No. 2 (Bg. 13) belongs to one of the earlior stages of the Glacial
period, and Post (ilarial river-action (1) 12 limited fo narrow bounds,
there is reason to infer that the valley to about the base of B s

due to erosion during the Glagial peried.
The posit

ion of the Westleton Shingle enabiles us also fo sugmost

a solution of another questinn, namely, that relating to the age of

the great esearpments of the Chalk aod Oolites
the centre of |'-.:|:-
various Tertiary h
extend to the Il"l!;._"r of the Chalk-tsenrpment,
that this 3‘:1HI|_’_'|L‘ had, before the denudation of
o range to a certain éxtent coextensive with f
strata, amd extending further northward than

which rom through

|-:i., The fact that I|1-q: Westletan h'_!|in:_"||,- caps
on the |:-||f.\'|!i-c-|l}:-:1l.':tl'.1 which Il'l'.-1i:|.:|_'. Sl raki

ronders it probable
the Tarti ey strata,
hat of the Tertiary
at presemt. This

18 manifested by the presence of the Shingle on an outhier so near the

cscarpment as Neftlebed Hill, and still more by
Very oige of the o arpment at Woodeote, i
this would show, the Westleton Beds hoad a ran
f-Fn‘: l.":n:.ﬂ'il-llu*ut, the clri::-m ||fL rh“L |-x:--,|,r|'|mr*|'|t
subaequent to that of the Westleton Beds (1, ¥

Another argument is, I think, comelusive,
G|H-L';il] i.'..'-':']‘-'l.'l. l,’:'i-u. L:.’, fir, 13} which Hank an

the outlier on the
onsequently, if, as
ge over and beyond
must be of o date
I1. fig. 1.

The terraces of
d originally spread

aoress the gorge of the Thames at Goring at the height of 440 feet
are ovidently connected with the outliers capping the Coralline

Oolite at Foxcombe and l'|"|':.'I:I|;L'|m Hills near (1
abont 500 feot, and which, again, cap the Fores
Oolite on the hizher hills of '&\_..n'ltl.'.'nnrl Forest,

ford, at a height of
t Murhle and (Great
near Witney, At

the time that this spread of gravel took place, the intervening
TI'I“I::I'E must have been ]1nr|ge|j OVer 'I-_-|; 1 r||'||.'|rj|'|:£|lI of Cretaceous
gnd Jurassic strats, which have been sinee removed and denuded

to tho depth of from 300 to 350 feet, as show
disgram (fg. 15).
If, therefors, the channel throwgh which

n in the following

the Glacial Drift

passed from the north into the Thames Valley vwas formed, as

We suppose, subsequently to the spread of the
but before the deeper late Glucinl arosion, the

as the valley at the foot of and giving rise to the escarpment could

-1|1|-'|-!='.{|-t4_:-r| Shingle,
o it 15 evident that

et [P
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have had noe existence at that time, the base of the estarpment B
must have been limited by the level of the line of 440 to 500 feet.
By analogy the further relative heightening of the CRCArPIMENt wus
coneurrenk 'I-L:ilil the deepening of the valley itsclf, whish would
correspond with B in fig, 15, In any case the escarpment counld not

Fis_ 1.-'_:_—-.:'3{14:;1-”::4 s.-r.'a'uu_r'-'-:m the Crorge of the Thamer af E-'ﬁring
to the Culitic hills (1) nenr Cicford,

B
A
2, Glasial gravel with Trisssic, Cretaceows, and other rock-débris.  m Position i gt
of Tertinry strata nud of Westleton Shingle (ontside the section),
Cr. Uretacecns strata, J. Jurassic stratn,  (Ses also fig. 13, p. 148.) e k|
at that early Glacial period (A) have had a face more than from ot 9] =

100 to 150 fest high, while at the Westloton period it 15 more __
than probable that it formed, with the distant Oolitio hills, a con- !
tinuous plain (x),

Of the escarpment of the Oolites one ean HIH‘-uk with less mﬂﬂ"l_“t.}',_
though if we admit the Kingsdown Drift outlier to bo of Westleton
age, it favours the conclusion that the escarpment of the Oolites
dates no further back than the commencement of the ﬂuntﬂmnr}f
or Pleistocane period. The faet likewise that the two escarpmenta Jf .
run in parallel lines seems in favour of o common denuding canse 311 o g st ot o
in the same direction, The time, geologically measured, is, however, e AT
80 limited, and the extent of denudation o vast, that it is not ] : ¥ o iy
eagy to realize that thess limits ean suffics. Novertheless, I do not i
se how the conclusions we have arrived al on this subject can well i
be avoided. ] b

~ Another point to which I would draw attention is the small . :
amount of erosion by river-uetion (C) in the area under review, 7 g o
compared with that effected by glacial or other agenecies. To the &) ST gy
latter are due the broad plains and passes and the isolated hills, o i
whereas the cffects of the former are limited to the valloys of com- i
puratively moderate depth and width, which have been subsequently 1 el
eut through the glaciated and deeply abraded land. ley

EXPLANATION OF PLATE VIL (see also Map, PL VIIL).

Dhagram-sections of the Hill-Drifts of Pre-Glasial date in the Valley of the - Ll "
Thames within the Chalk-hasin, Owing to the length of thess sections and the e T il T
limits of space the vertienl seale is unavoidably oxaggorated, [In Fig. 1 it is L= il TH
not s imporant, as the gradients of the Westleton Shingle and  Boulder-clay 'y i
bear a tolerably uniform relation one to another; but in the other figures it Ml Tirg L
misrepresents the incidence of level between the seceral Hill-Drifts, for which T
allowance muast be made,  The relative height of the hills and depth of the Gl g
valleys are, howaever, on o true scals, and this is the essential point sonnected ] TP
with the question. Thisss are tnken from the new L-inch Ordnance Maps, Ry




S10T ‘ST AON
a[[o)) [ekoy

7T 190¢]

g Jo afajjo] [eAoy
BIISMY STIOLIR] 31 |

g o ad

WERESTLETOX WREDS T0 THOSE OF ¥ORFOLKE, ETO. 152

Fig. 1. Secticn from Orxfordshire to the coast of Bnffolk. Thelength of thin
bout 140 miles.  The dot |.|.'L] lines prolong the levels of
the Westleton Bed and Boulde s o indicte the
nx { deguedation whicly las taken |.II:I|-.'|"." sinca ench of thess -|'|:|-|:l"ll
re ,EH.ILlll'h
2 Beclion, al

shot distriet

serti

d throogh the Bag-
, near Windsor, to

|-.'-r' el the Norwood ![Ili!..'t. {he
hil la r|..r I af |_._.|:|i|_||.. 1] ihe

nenr Rochester,
glisanme shout

Hailway-Cutdings,

of the Great Enstern Railway, through Brentwood Common.
£ was of greater upper4l feot nre represented
1n the 1|r:|_|r.l_ The HHD feet above 0L

Fig.

A. Boalder-clay of a dark grey eolour, contnining fragments and small
blacks of chalk. anndst Jirasie pock anEiar fists, and fing-
whbles, with a few P 18 of Grrgypha n spevies of
L'rm Oyater : ish-grosn alay with
flint-pabbles, ¢ ily Inminnted and
witlrond pe

.|'.'_ Band and Er
thin subsrdinate layers of gre

The sand contains

ook,

Il'j y bed No, 2, S L]
. Oehreous and ferruginous, sndy, with some iron

L IS PP P 4

|.'L'I'. ‘lr":l'l.lh
and and s few
g down into
, with some
seroia amall
lves in drom-
and Carcha-
Teredo . 16 to B0
with |.|'|:I|
irme ﬁll.l 1[‘ senrmE  Oof |j||rk.-’[r,-:, clay.
Traces of earbons - No foszils
bedl ¥aries in tha l.‘-!il" 8, Pesting o0 an uneven surfioe
I of the Landon CIag .coveiimmieeimiees e g 4 1o 12

part « of '|| £ 1|-I £

8 of g | &

a8 SADE, [ues
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D. Lower Bagshot Sanda.

E. London Clay : dack grey with grsins of green sand and concrstions
of ipan.pretes.  Ooly trases of fossils.

Fig, 6. Section of the Black Notley Cutting on the branch ling from Witham
This fine and typioal section wns about half & mile in
Jl-'l-'llil-l'l nnd about X5 (oot dee P i the eatre

A Houbder-clay |'“'|‘||:|LI||| ng numeraows lnrge an |,||1 o thints and ¢ sl k- “pibhles;
it po l"‘||'"€'lll dark brown to a wh |||,|.|._||_.:'
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il sl anes

eolour, whilst the lower
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B. Finesnnd and shingls, horizontally stratified, and in p]um ahlia
laminatod. It consists eazcntially of sand, with subordinate H,—.,ur-!:u;.:‘
shingle, Lﬂli;]l'unnl. of small Bint- apd white qunriz-pebbles with some
submngular flints. The apper bnlf of this bed is cohrssns, and conrssr
than the lower half, which is of s light vellow solour with Inint
ochregus seamn. It is traversed by m few small faulis of from 3 jches
to 3 feet throw A e 15 feat.

Fig. 7. 31’:1-4'11'" betwween Chapple ond Mark’s Tey on the bransh line to
Hudbury. -

A. Dark grey Boulder-clay, divided into an upper chnlky ami light-

eoloured bed, and & lower one of & dark Bluish-brown colour. 14 fest.

B. Zand and gravel; the wpper part conrse nnd ferrugizous, the lower

part white with ochreous seams and regularly stentifled ... 10 feet,

E. London Clay with searms of Beptaria.  This cutting is from 20 to 25 feet

deep. At the time of my visit the eentral part was but jist com-

menced, and is filled in lrein ioference affarded by thie trinl-lsoles only.

Fig. 8. Bection om the Hailway at Kyson, one mile Soath of Woodbridge.
The Houlder-clay does pot show in the Sestion, but crops out a little
]Ii.-gl:rtr up the slope of the hill, above B,

a, Trail of loam and gravel,

feat.
B. West- 1. White sand, full of small fint- and white quartE-pebiles,
1ok o subangular Bints, chert, &e. (see p. 125) i, b
T 2, White and Lght yellow sand ....oovoneiiinnnnnns e 1

i1, Bright yellow sand, with occasional oblique laminstion,

| withoot Tomslls ..........c.. v otee ity b rsas e || |
2, Conrse gand, much oblique lamination, sh in local

O. Crag. { pnl-l'hhl ........................................................... 5
- LT 3. Bed Creag ; very fossilifierows at the west end of lhg..:uuim;,,
but fossils searce at ihe east codd. AL the baso iz a thin
bl of Coprodites, on o deswded foor of Londoa-clay

| - g e T e S R ST Y 12

E. London Olay.

Discrasion,

The Peesioest said that o paper of this kind was' the result of
enormous observation and very careful reasoning, There was ona
point which had ocourred to him: if the Westleton series wers
marine, either the whole ares had been depressed uniformly, or
there had been a greater depression to the westward, On the first
hypothesis, thicker marine strata would probably bave heen found
to the castward and westward, and in the latter case it was romark-
able that no merine beds of this age wera found on the Western
coast, He had no doubt that the Author had earefully considered
the possibility of the subaerial origin of these beds before rejecting it,

Mr. Torier called attention to the seotion at Hertford Heath, and
asked whether the composition of the beds was not peouliar.  The,
evidence as o the seuthern origin of the pebbles he considered
very important.  If the older beds and the Westleton Buds are com-
posed of Southern Dirift, they are sharply marked off from the
(ilacial beds, A section exhibited from Hindhead to Windsor was
of iuterest as bearing on the relation of these beds to the Chalk
escarpment and the Weald, The escarpments might possibly be

T
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alder, and the Westleton Bods have lapped over them,  Even if alder
than the escarpments, the beds were evidently nower than the
elevation of the Weald.

Prof. Hoames pointed out the difficulty of eorrelating unfossiliferous
and variable beds when they were separated by considerahble intervals,
Ho thourht that movements along the Weald-axis and affecting
all East Anglia hod oecorred many times down to a late age. The
(Hlacial beds rest quite irresil: on the hicher- and lower-level
gravels of Hertford . The Hertford-Heath bads had, he believed,
nothing to de '\.'|.i1'|. the Glacial depes t that between them there
had bean an elevation, denndation, and resubmergence of that area,

wiipnts of thess beds might have come from the
arne small cing the stones from

and that the ir
north and west, The pebbles b
Hertford Heath to Hampstend, where he recognized two Pebble-heds,
the upper with quariz being the equivalent of the Hertford-Heath
heds, and the lower heimg the Bugshot pebhie-bed, He had traced
them along the top of B ||..u” Forest also, and wonld look for them
on the North Downa. The "w-lln,-[l'-lu.' erivel wioe on angular one,
and different from that of Hertford Heath: whilst there was a
eravel near Chatham on the mainland opposite Sheppey of difforont
IITI"iIl'l... |_||_|*| I '|'||;= |'|-e ];-c:u-ll of & stream H-.l'.t'il'l;: northwards from t]'ll.'!
Weald, Ho shared the general regret that the Author was unable
to be present, especially as he ooy i probably have cleared up some
of thesa diffieulties either by refercnce to parts of the paper which
had not been read or by supplementary remarks,

Mr. J. Avien Browx had collected rocks from the high-level drifts
of the Themes valloy, and there was no doubt as to the ccourrence
of southern drift therein, though the northern drift preponderated.

Mr, Moxoktos agreed with the eriticism of Prof. Hughes, There
18 & considerable break in the |'-|I]li|'||'|if_'. of the proposed Westleton
Beds north-east of High Beech, Kssex,

I”ll:' J'.':Lh[-]l-:"Tkﬁh]I'iz E||:-.1l":!||'.--'rcl':|.'r-']ei were shows 1] irl [yl of 1]|—;
diagrams; they were very different from the High-Beech gravels
I|LI.1I'I:'! was, for instance, TETy Fare in them, and he had '|'||:L|,| d an
the table the only large block of quartz he had found in them.

Dr. Invixe was :-1:!."[|!il. al ns to the ideniification of the Berkshire
gravels with those of Essex and Suffelk. The Author appenred,
since his York paper, to have altered his views as to the date of the
upheaval of the Weald. He was m ascord with Prof. Prestwich
a5 to a certamn amonnt of glacial erosion, by which he meant
the work dons by floating ice.  He believed that the plateau-gravels
wore themselves fluviatile and of much alder date.

Mr. Mamm stated that if the paper had been read in full many of
the questions raised by the previeus speakers would have boen
answored,
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WESTLETON PATER.—Pant I.

CORRIGENDA.

Paga 13, lino 1, irser? * Mr. Woodward's ™ qffer * and.”
Pnge 09, line 28, for * (7)™ rend * ()"

Page 101, line 17, frseré * ™ qffer * olay.”

Pu.wﬂ 102 Hae T -|_|"|'|-|l " ™ fnaerf * tho |1|_I|p:|nir sontRimmE,'
Page 1, line &, after * F" inserd © fig. 23"

Page 103, line 13, for  ba ™ remd r:-|-:*1---"|‘."

Page 105, line 1 affer “m "™ fanasrt ' fg. 7.7
I.'n.gul- L0, Line &5, for * hove been ™ read *
Pago 106, Bg. 7, dnsers
Page 106, line 3 from bottom, maerd * teome * before © vory”
Page 106, line 2 from bottom, defe *° mlsp.”

Pags 108, line 1, for “ to™ read * and.™

Poge 108, nobe §, fusrd “ns mysell ™

Vi " Lo bad belaw [

{45 |,-n| |-|_'!_nur

Pugo 100, line 40, gfter & Bhinglo ™ fnserd “ 1 10 4"
E'Hg\' 111, lin= G, '-_.I'?rr' B fmaerd " in dobled oatline to the left
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[From the Quanteriy Jounwar of the Grorocrcas Soctery for
May 1850, Vol xlvi.]

ON THE RELATION

OF THE

WESTLETON SHINGLE

PRE-GLACIAL DRIFTS IN THE THAMES BASIN,

ARND ON
A SOUTHERN DRIFT,
wWITH

OBRERVATIONS ON THE FINAL ELEVATION AND
INITIAL SUBAERIAL DENUDATION OF THE WEALD:
AND ON THE GENESIS OF THE THAMES.

BY

JOSEPH PRESTWICH, D.C.L., F.R.8.-F.G.5., erc.

PART 3.

LONDON:
FRINTED BY TAYLOR ARD FRAXCES, RED LIOX COURT, FLEET ATREET.
18490,
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n the Retatior of the Westirrox Brivere fo ofher Pre-GrLAcTAL
Dierers in ke Traxes Basts, and on ¢ SoUvTHERY Deier, unth
OpservaTions on he Frear Enevarros and [XiTian BUBAERIAL

DexoparioN -.:." the WEALD ¢ and on tha GExesms -'I1i'- the Taames,

wrwier, 1LC. L, F.RS., &,

By Josgrm Pn

FART III.
T Sovtaees Dmier,
[Prire VIIL]
Paga
] 7 | | s e 1645

il.a':l!'-"ll 3 Irerkaly Ly i

16
1EW5
1=

q F Ppa-
7. Muin Lines of
rland ; Crenesis ¢
P EOCRERTRMIITN " | o sie-uins i it o W o K S = a0

1. Ihgtinctive O harvters of the Southern Drife.
Taxixa the strat
o] the last, but for the foct that for
classification it wos essontinl o have n base-line of which
tion had been previously determined, such as that offered by the
Westleton Shingle, before the relation of the other pre-glacial Dirift-
deposita in the Thames Valloy to one ther and their relative age
|:|;|.|',]r|. L||_| i5k !ﬁ'-“-:'.'lui, ll is I:.-:' r:'|i-c -:;||.'|r_'-| that [ nt :|.\_:.l| ir|'||n--|rl,.||'|||I
to the Westleton Beds last desoribed : but besides these, whish are
confined almost entirely to the north side of the Thames, th is
anothar 1‘:1-.1:-!.']:.' allied hill-drift, which I PrEpaaE to call the * Southern
Drift,” of more limited range and confined chiefly to the south side
of the Thames. 1 at first thought it possible that they might be
aynchronous ®, bot now [ have come to the conclusion that the
Houthern Drift is the older of the two, in the sensa afterwards to be
explained. Both of them are so restricted to outliers, often very
small and far apart, and have been s0 moch encroached upon '|'|:-|.'
(lacial Drifts of lator date, that the relation they bear to one
another is generally much obseured. E
The leading points on which we have mainly to depend are the
relative lovels and the differences im the |_~,'|',:|;'|-'_1.:::_|_1-r :-1:|_|] nrigﬂin of
the rock-fragments and pebbles composing the two doposits, and in

1 in their order of snoeession, this paper ought to
he purposo of

hinve | LL:

the paosi-

® Munch wir relntive lovele, Thess T had originnlly taken with
w L-ineh Ordsanes Maps have now furnished
requred

gos upon El
I AN r,
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the proportion and condition of those which are common to
both., For example, the Westleton Shingls is, as befors men-
tioned, characterized by the constant presence of numerous peb-
bles of white quartz with a few small pebbles of Lydian Stone, J
Jusper, and others of old reck origin, and some peculiar larger LY
quartzite-pebbles ; whereas a gimilar abundance of quartz-pebbles g (BT e
is wunting in the Southern Drift, which, on the other hand, is cha- g ”
racterized by a large though wariable proportion of worn frag- 3 L hife
ments of chert and ragstone—not thot these are wanting in the
Westleton Shingle, but they are in less abundanes, more reduced, and
hold a more subordinate position. The materials common to Both, i
but present in different proportions, are subangelar flints and flint- =
pebbles; while the absence of quartzite-pebbles derived from the §
Triassie rocks of Central England equally stamps both, and is one ]
of the marks of distinction from the Northern Drift. The Wostleton st 15
beds also had & marine erigin, whilst the other scems to have been Tt P2
I formed in great part under subacrial conditions,
i 5 The following are the component materials of the Southern Drift, gl B
P } I ¥ taken in the order of their relative asbundance, and with the sources e hallecs
. l
I

whence derived :—

1. Angular and subangular fragments of flint, some retaining
their natural colour, others much worn and stained uniformly of a
deep warm brown colour, The<former are derived directly from
the Chalk, and the latter from an elder Drift, the location of which
is still uncertain (probably Diestiam). 2. Pebbles of fint derived
from the Lower Tertiary strata of Kent and Surrey, which formerly
extepded over the Chalk-arca more generally and also further |
southward. 8. Bubangular frgments in very variable proportions, |
and more or less worn, of chert and ragstone, derived from the
Lower Greensand of Kent and Surrey. 4. Ooccasional small pebbles
of white quartz (smaller and more opaque usually than those of the
Wesileton Shingle), derived, together with a fow guartzites and

] &1 gome old rock-pebbles, from the Lower Greensand or from the LA ik
R . Al Wealdon. 5. A few subangular fragments of ironstone-grit and B et kit e
i e ; ironstone derived either from the Lower Tertiaries, the Diestian, T
i ) or the Lower Greensand. No organie remains have been found
in this Drift, of which the negative charnctors are the absence of i el
the white and often chaleedonic quartz-pebbles of the Westleton oy b .
type, of Trinssic quartaite-pebbles, and of Jurassie débris, e Uy

3 S
¥
i
L -r-—:-_l_—-n_—_'-lﬁ:'t" e

.—.—_---

. (i B
i ¥ b 8, Distribution of the Sowithern Drift, o
. I This wo will take, as in the former paper, in the order by conntics. el ™
. .l Kent.—There is a considerable spread of very ferruginous sandy Ty Sy
E . gravel on the Tertiary hills of East Kent, consisting of subangular 1 Sy
! flints with a small proportion of flint-pebbles.  Although fragments Wi T

'i ) of chert are wanting, or extremely scarcs, I think it probable that c ' Y g,
1 i the gravel on some of the higher grounds, such as Dunstead, the 4
| E } hills west of Canterbury (250 to 300 ft.), and a few other of the

'I higher hills of the district, belongs fo this Southern Drift, as it is
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much ahove the level of the Post-Glacial Drifts, contains no organic
remaing, and is distinetly a platean or hill-gravel,

It is not, however, until we rench the neighbourhood of Itochestar
that the Bouthern Dieift is found well characterized. It thero caps
the wooded hill extending eastward, at a height of about 400 feet,
from the mausalonm in Cobham Park o within a mile of the Med-
way (see Pl VIL fiz. 4). Itis o coarse graval, lying bare on the
surface, and consists roughly of *—

1. Bubangular flints but little stained, with others more worn nmd
simined uniformly brown .......
@ F";rl!-p-"lll'-l#. 41
edpes, and preen-coated i
Bands .
& Bubsngular
Greensand, &

from the Lower | 1
i

ks o lert
HIE Y I'-'W |||-'|'|3'- {114

There is on absence of white quartz-pebbles,

Traces of similar gravel a few miles to the south of the last,
on the hills betweon g nnd Panish Farm, near the edge of
tho Chalk-escarpment.

On the high Chalk-platesa between the Medway and the Daront
Lhers 18 in several ]||||.l'1'.-, nnmely at Ash, Fairseat, Plastal Groen,
Wrotham Hill, Cotman's Ash, Bower Lane, and others, a thin sprink-
|i1:;_f of this old Hint= and chert-drift. HBut there s no hed of i1.I
exoept on the isolated Tertiary outlier at Bwanscombe Hill ¥, 31 miles
north of the main Chalk-plateau, where it forms o small patch, 316
feet above the sea-level, and almost identical in composition with
the gravel on Cobham Hall.

A much more important bed of this character is ome which 1
met with long ago on the summit of Well Hill, near Chelsficld, a
ridge from 550 to 600 feet high, forang the water-ghed between the
Darent and the Cray, and extending aboubt one mile from south to
north, with a widih of culy a few hundred feet. This bed of gravel
i# from 5 to 12 feet thick, YEIY coarse and unstratified, and consists
mainly of (—

1. Bubangular flints, many of thon very Ilarge and vory mosh worn,
and having the interior lexture altered 0 an opague white or brown
colour ; with a few amaller ones slained brown on the outzido, and still
HIO0G WO,

2 Numirous H;l'.l-l"'r'l!-lll_'rl | BT
Waoolwich and Rending Be
the base of the Th Eagai

3, A very smnll number of subangulnr frpments of chort and mgstone,

4. A few raro Bat ovoid white quartzites,

af them broken apd worn) from the
nnd & very fow gromi-coated flinis from

The whole imbedded in ochroons gquartizose sand and elay., Thia
Drift rests on an uneven surfice of Lower Tertiares, which forms an
outlier rising above the surrounding Chulk-platean, see fig, 7, p. 170,

* The relative propartions vary so mwuach in different localitics that it s not
pecessary o desersbe it vory closely,
t 1 bave desoribed tlis bed i Quart. Journ, Geol, Soc. vol. alv. - 200 (1RA,
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Though Lower Greensand débris is extremely seatee in this
gravel, there is, lower down (500 fest ahove 0.D.)on the south side, !
and resting on the Chalk-platean, at a spot above the railway-tunnel :
opposite Colegate Farm, n small potech of gravel composed in large
part of fragments of chert and rogstone.  Another small patoh caps
the hill with the clump of trees (366 feet) just north of Lullingstone
Park,
A More recently, I have dizcovered a bank of this gravel, very conrse e
R anid with much chert and ragstone, some of large size, on the slopes " e
of the hill on the left bank of the Durent, hetween Eynaford and Is b P
Farningham, There it does not cap the hill, but extends on its g W2 &
slopa from 250 feet nearly to the snmmit at 350 fect. It is not
’ worked, but, being bare, is easily examined.
Thenea westward to the borders of Surrey I know of no well-
| marked hody of this gravel (unless a sprinkling of flint-gravel on : rr
the top of Hed Hill nesr Chislehurst should bo grouped with i), ok # i
although here and there on the Chalk-platean there is, a3 on the & omd. 17 i
; downs east of the Darent, an opcasional thin sprinkling of chert- .
fragments and much-worn brown-staimed Hints,
Surrey.—Here it is on the Tertiary hills, and not en the Chalk-
downe, that we find the best exhilition of this Southern Dirift. A i
thin bed of it resting on Lopden Clay caps West-Ho Hill, Norwood = Fvkh gt
(see Plate VIL fig. 3). ;
The following i= a detailed section taken some years sinea:

15 T e e L T TR

==

|"i[,:. 1 .—Sectfion l_'.f‘ Fraee F-!H-f o West-Fo Hill®, £l

T =
————

o h =

e e

e S
- i
. 2 A
., T -
S ——
-~ mw-—:w‘—rw.— T

. Burface-s0il
&, Loamy gravel

; f ¢, Fine ochireous gravel with veins of grey sandy 10
e | I o, Grey sandy olAF ...ccciiemirasssssnsee i anr a iy B
] l & Yellow gravelly sands ... 5 et
b ! L. Grey sandy elay.....ccovens : fi
. i i 4. Dehreous samd . PR T
: & Groy mmind .coocoiennnnnnanss - 3

] i, Coarse ochireons gravel........iiimmmmiissisiramiig = 04

# This pit is now probably built over.
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Aceording to the one specimen T kept, this gravel consists of :—

and sioined brown,=in lar, Papartion

1. Bubangular fints, wns |
afl Ta r::_l|'-'1' |!:|'_I-|'\.L bhles—some broken and

2 A corsiderabla propor
Wary,

4. About 10 por eent. of subangular fragnients of chert anid ragetone

With cne pebble of a hard sundstone or quartzite (Tertiary ?) and
one small pebble of guartz.

This grovel extends southward all along the top of this hill, st a
height of from 360 to 520 feet above 0LIL :

From the Norwood hills we [ westward over a lower trnct of
country with gravels of later ape, as for sz Wimbledon Common,
'IJ."hil;h-ri.r;l:'H to the height of 183 feet ahove the 1.':.?}--3.- of the
Wandle. It is eapped by a Drift-gravel, about which T feel un-
certain. It has all the elrments of the Southern Dhaft, bot in
addition it contains quartzite-| -">lu-c-- whith have the Nrinssic
gharacters, It is therefore ¢ |I]| r of Glaoal age, or else o Southern
Drift invaded by o later Glac JTr|:1. It eonsists, in the erder of
their relative abundaneo, of :—

L.
0
-
ks ow ¢hi
4. s amel 16

Imbedded in a forruginons matrix of coarse worn quartzose eand,

The next hill te bhreal lewel of the later Thames
valley pravcls is the ‘c-';‘. ind ponspionons hill known as 8t
tl{'llr"’l_ q Hill, whieh rises & to the south of Weyl g o the
|!l|?1L 1t of 245 feet, and is l"l |ll |] by a Drift-gravel much like that
af Wimbledon, but without the qu ||-.'I|" s, I have less diffi-
culty, therefore, in referring it to wuthern Drift, although it
containg some small white guartz-p { these may be derived
from the Leower Greensand or Wenlden, The gravel 15 composcd
a8 under :

¢ e uniform

LW

and yellow-glained spbaegulne dints
ary flint

2 Torti ikl

i LB atidl birow i r!..' 't

&, - 5

5 & i
10K}

in a matrix of quartzose sand.
The preater part of the Surrey Cl are bare, with the
|'Z'-Cq'|-r|15|l:|. of a few Tertiarm 11 l:‘|'|:l.' with flinis.
HI.I| on Merrow 'I'I..-.|,|:.~:.-;|~ § Lt [ TS i5 4 :_;*;i,'u-'_ w
soome Lo 1JI_'|_I i [ ;
Tertiary flint-
subangular fi
|:'|.'|'|Li:|.':; Lowith a few amal

1k
|'|'|i||.‘| I_|f
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3 from 400 to 500 feet high. The Hog's Baek, which rises to the height
1 of 500 feet between Guildford and Farnham, is bare of any Drift,

| [ |8 Tao the north of these Downs are the extensive heath-covered hills

N ' IR of the Bagshot, Chobham, and Frimley ridges, from 850 to 415 feet
W high. These are capped by the Bouthern Drift, with & certain

| proportion of ragstone and chert, imbedded in a coarse ochreons and
ferruginous sand. The gravel is from § to 12 feet thick, roughly o
i‘n stratified, and becomes white on cxposure.  Large blocks of Tertiary q
il | sandstone * occur not unfrequently, and in places there are a faw { -
; small quartz-pebbles (Pl VII, fig, 2). | (i s

i Berleshire—The lower part of the walloy of the Thames imme- | L (e
i diataly adjacent to the river exhibits only Glacial and Post-Gloeial o gl 19
é | Drifts. The higher hills which range from Windsor Forest to | T B 5

I 1
F _ matrix of bright yollow and red sands. The Downs at this spot are f'
1
|
L]
[

Bandhurst are covered in great part by the Sonthern Drift, .
| The most siriking instance I know of is that exhibited on Cherry
i Down (named Burleigh in the new l-inch Orduance Maps), near
¥ Ascot. Buobangular fragments of chert and ragstone are there so
abundant that they almost cquil in number the subangolar flints,
which, with flint-pebbles and o few fragments of iron-sandstone,
constitute the other portion of this gravel. These are imbedded 1
in a yellow quartzose sond with some black grains and quartz- |
grit: in the gravel there are a few intercalated grey and red argil- |
lacecus seams as at Norwood., This hall is about 300 fect above |
gen-level, and 220 to 240 feet above the plain of the Thames at {
Windsor and Slough (see P1. VIL, fig. 2) f L
Further westward the ridges are less persistent, and isolated il ST
hills more frequent. Several of these are capped with this gravel,
On one of them, called © Gravel Hill ™ on the map, 400 fect high,
and 1 mile cast of Cmsar's Camp Hill, near Easthampstead, the gravel [E T TE TRy
consists of :— i L SRS
per cent, A vt d i i
1. Bubangular fragments of Qint, part not stained, and part stained il s WL
yellow and BROWE ..o e e s 40 g
2, Thrtinry flint-pebbles, of which about one Afth part are broken. &2
A, Much-worn fragments of light-coloured ragatone and yellow
chort, and  ArONELONO-ETIE wuvvsiiessemsssasnnsssarsasmsssnarnsnnnnss 18
4, Emall pebbles of whils QRAFLE ....oonroinresromssimensnennns s ananing
5. Pebbles of white sandstone and subangular fragmaonts of Sarsen
stome (Terkiary) s mmn e e smaaaaiea

i e g g |

—— f [T L

100 |

Long exposure has bleached the upper part of the gravel, which Ikt
is roughly stratified, as seen in the following section :— i,

* Bame of these are 20 tons in weight. They mostly occur deep down st by, f
the base of the gravel, and are derived from the Upper Bagshot Sands on S gp e
which the gravel rests, 1
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Fig. 2.—Section of Gravel-pit, Gravel-pit Hill, near Ensthampatead,

. Blnck peaty soil St
b Blewched g
e. Irregolar | sar BB nEe0E |'- i
d. Ochreous gravel with sancdy besils showing ohlique -url'l'n-r on. |

The same gravel eaps Cwsar’s Camp Hill, ot i5 not worked
there,

.|'.f.-r:.|lu_1ﬁ|'w_-- Among the most eonspicusus of the [_:rnr-,-!-mg;u-lyi
hills in this county are Hungary and Cwsar's Camp Hills near
Farenhnm and .'|.|.||l|'n;|‘|l|.:[. They are respectavely 977 and GO0 feet
high, and the gravel on the former consists of = —

per cent.
1. Much-worn aubangular fragrnenis of finf weailersd white .. ol
. Tertinry fint-pebhles, of which twi tlinds mre broken and
warn My
.'\I I:Ilt” i |h.1.-.|_|||"|r |r'|-r||.|l| |4} |.| ||"|I il |ar\.r| () .u:-r-.- r|lﬂ-h|||-
and of iroustone-grit | Lower Gireens 1 L]
4. Pebbes af Tortiary sancstone and Sars s with |'||-|-r'
vegelnble imprsssions ..o 8
([Li]

Imbedded in s motrix of vellow loam with muoch-worn (ATt Eosn
snnd, :i.'LH‘uirlL{ into conrse quartz-grib the size of pias,

A tract of Hat country intervenes between these last hills amd the
smaller ridgos of ll:lt“.]l.'}' Row, Bromszhill, and Hazeley. The grovel
at the first-named place is roughly stratified and distorbed st top,
and is composed of 1 —

1. Snbangulsr worn hrown-stainsd flinta........oe 2 i

"r', Tﬂl::i::r_l.' ﬂ1'.|1'FH'|:I-iI!| &, S A I|'.|I|g| !|.-|_|L|I|| Ry ;4:‘.

H RIL}HII: il g |-i|'|‘|“'i of iFsiOne r||l-;| 5r|||'_--\.'||.1|-|:..'|._' W |l.|| o vETy
fiewr smnall quariz-pebbles ... ... : mstaTd et 11_;

Trmbedded in an ochreous sand with veing of a greenish- rrev clay,
The whole is roughly stratified, and the upper p.- rt much disturbed.

The f.-l'-:)‘l.ur'-\' l::F‘ Hrn.ll_llwkl.'r and Herdshive,—Between Hazel ¥
Heath and Beading the sountry i= flat, with the excoption of the
hills at Heckfield and I.";srll'_'. . hear Swallowlicld (300 feet?). These
AFe c:r;:-“ﬁi h}' a little flint-gravel, woesihs |_'i;||:_r w hite,

A low tract of hare London Clay then intervenes at Strathfie ldsave
and on to Burghficld, whers a bed of flint gravel commences (on the
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Common), and econtinues past Bilehester, Tadley, and Brimpton ] e

Commaons, to Greenham Common near Nowbury. This gravel, wlich i AL

is gandy, roughly stratified, and weathers white, consists exaentially |l "y

of subangular Hints with Tertiary Hint-pebbles, and some much- Lt ™

warn fragments of a very fine-grained variety of Barsen stone. ;. G
| |

-

There is alse a certain number of small blocks of Sarsen stone, or so- : { ¥
called Druid Sandstone, seattered over the distriet ; and one well- 1 o AT L
known large block (the Nymph Stone) of hard Lower Chalk lies on g g (I
Bilchester Common, Though there is in this gravel an absence or 5 PR
extreme rarity of Lower-Greensand dibris, [ think, from the level T it
of these plateanx (330 feet on Silchester Common to 402 fest near j et ‘_ pk
; E il Newbary), and from its relution to the valley-gravels, that it gl 190
| i 'l bolongs to the period of the SBouthern Dirift, The Wealden anticlinal ol
: | i did not bring the Lower Greensand to the surface to tho south 1 (e L7
i ] of this district; it only raised the Chall. Lyt B

Wiltghire.—~Westward of this point there are few traces of this L
flint-gravel. I have found it capping Upper Kirby Groen Tl (BT :
feet), near Inkpen. A little al=o oconrs on the high ground of Mar- ; EER R § b
| tinslee Hill, near Marlborongh ; bat I have not recognized it further ] wa T | il
westward in this direction, thongh traces of it extend over some of ! Lo bl i
the Oolitie hills, A

3. Other Pre-Glacial Hill-tfravels : the II".m-‘.I"r:,!I anil Hrentwood i i A e thetinmy e
-I'.Fr'mn‘m-. | |

Besides the two distinetive Pre-Glacial Thifts here described, S i T
there are two othoers not so easily assigned to a definite horizon, R
although there can be no doubt of their Pre-Glocial age. One has i
muny of the characters of the Sonthern Drift; and the other, which f He g
is better known, has the essential characters of a Hu.[;ulm-l‘. pebhle- I
bl ®.

The first of these groups eaps Langdon and Rayleigh Hills in Sonth Bl il Wredhngss |
Essex, and Hampstead and Highgate Hills in Middlesex, They B R, T
are g0 few in number and are so nearly on the same plane as the Mhgh B, |
other two groups, with which they pesscss many characters in com- L
mon, that 1 can scarcely doubt that they belong to one or the other T ik
; of them. Oy on g iy
! Rayleigh.—This range of hills, whieh is a littlo to the north-west Bt i . ¥ [
| of Southend, and rises to the height of 250 or 260 feet, is capped by P W
3 1 | a thin gravel consisting of :—1, Numerous flint-pebbles. 2. Bome el
5 i white subangular fragments of Hint. 3 A very foew small white =
v quartz-pebbles, 4. Fragments of Tertiary Sandstone (one piees L "

. measured 18 x 9 inches). 5. Bubangular fragments of brown chert P X

.‘
i e e

.
o

———
I

o

E:

K

.

® Sap Mr, 5. V. Wood, junr., * On the Pebble-beds of Middlesex, Esser, and 1 Ny
Herts,” Quart. Journ. Geel. Soe vob. xxiv. (1868), p. 4064 ; Mr. W. Whitaker's My g,
| * Geology of the London Basin," Men. Goal, Survey, val. iv, (1572), T;L 20125 ; o ¥
} 1 and * Guide to the Geology of London,’ HSth dit. 1834, p. 85; and Messrs. H. L i,y .
I W, Monckton and R, 8. Herries, " On some Bagshot Pebble-bods and Pebble b :

1 Gravel,” Proe. (Geol, Asos vol ix { 15E), - L.
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{one small block measured 4 inches each way) and ragstone
imbedded in a hTIEhT ochreous clayey sand, I found no pobbles of
the older rocks,

Bagshot Sands, 30 feet thick, and ove wrlain by from 2 to 3 feat of
a ferruginous pebble-eonglomerate, cap Boyes Hill (200 feet), near
Bonth Denfeet®. Two to three feet of a Drift-gravel overlie the
ponglomerate.

l||',,.gr:||_fr (T Ha'n'.’—]]ipht miles westward of these hills, and
separated by n low tract of nearly bare London Clay, is Langdon
Hill the highest (373 feet) in South Essex. It is capped by some
40 or 50 feet of Bagshot Sands, over which is a thin sprinkling of
gravel, composed almost entirely of flint-pabhbles, with which are
mized a few subangular flints, and some wr'u much weathered
fragments of chert and ragstone { PL VIL. fig.

The Glacial Beds to the north do not approac Ia within some miles
of Langdon Hill, and then they are on a much lower level (150 to
200 feet), as they are also at ]{:1} leizh.

ffr.-r“l_h".;.lrl.l' et .|I||I.lr_|'.|lr agafe.—0n the Bogshot Bands ab i!lll:ll.:l-'-rll"""l(i
there s in places a thin sprinkling of flint-pebbles ( Bagshot), mixe il
with which I have found a few subangular fragments of flint and
of a cherty ragsione, whilst af |:|.|"|:|”J|.|-I" we can only surmise that
gimilar traces ocour ; bok the ground is too much huil over for any
sufficient observations to be made, The relation of this Irft to the
(Glacial Beds 15 here much the same as that of the Westleton Beds
at Tottoridgo to the Glecial Beds at Whetstone—that is to say, that
in hoth E||:||'l.'h the (slacial Bods are about 100 feet lower than the t::.|'|.
of thess hills. At Highgnte the Boulder-clay comes in at the foot
of the sonth H]ll]ll' of the hill {PL. Vi [, !Ii:g, W, and is not met with
higher.

The summits of ":L!Il:'l||.-|-'j':|d Hill, and of Mill Hill near Tot-
teridge, are mearly on the same plane, whilst the sommita of
Langdon Hill and Rayleygh Hill differ little from the height of
Brentwood and Writtlepark hills.  In the lstier instances, the
Westleton Bhingle seems to be on a level somewhat lower,
although it is ot a sufficient distanes for a slight alteration in the
tli.lt to lessen or amnnul the difference. The |'|i|.r. however, of the
Westleton Beds 15 in general soathward, and not northward,

On the “';Lll:l.'., these Tirift-beds show more |'|_:'|;|_}.a_;;_\ with the
Bouthern Drift than with the Westleton Beds, It is rm:-“ih]n. how-
over, Ehat in the ease of Hompstead Hill the two may have had
the same floor and got intermized. In the case of the Fssex Hills,
thers may be a connexion with the Brentwood group, bat farther
research is required to decide the exaet relation of these drifis,

The Brentwoord Growp.—The other hill-drift of this seetion may
be tormed the Brentwosd or W arley Group, from its being be s
developed in that part of Essex, where it forms a mumber of
detached outliers. The most eastward of these hills nre those
which range from & little west of Chelmaford to near Brentwood,

* This would seem to indieate a fault betweon this spot and Raxleigh

—— el .
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with a height of from 300 to 350 feet. These hills consist of London
Clay, with remnants of Bagshot Sands on the summits of some of
them. The Boolder-clay wraps round the east end of this range ot
a level of about 150 feet below its summit, but on the morthern
slope it rises much higher. The Pebble-beds which cap the hills
at Writtlepark, Beggarhill, Mill Green, Fryerniog, and Norton
Heath seem to be little else than Bagshot Shingle more or less
disturbed and mixed with a few subangular flints, guartzite-pehbles,
and pieces of quartz,

A more conspienons range of hills is that which extends s few
miles further to the south-west, from Krentwood to Warey and
Billericay (seo P1. VIL fig. 4). On Brentwood Common (352 feet)
the Pebble-bed is thin and very much disturbed, as shown in the
annexed section :—

Fig. 8.—Section of disturbod Pebble-bed, top of Railway-cutting,
(went end) Brentwood Common,

a. Grev elay, with fints and pebbles ..., |
b. Pebble-bed disturbed ...oocoveeriunnnin.e. Hrod .
¢. Light-coloured sands

The railway-cutting exposed other features in connexion with the
hot Beds, which require some notice, TheWarley Pebble-bed does
not extend so far as the cutting, or rather it is there hidden by a
bed of clay, which displaces the Bagshot stratas, and soon sequires
o thickness of 30 feet. As it increases in thickness ils true
Boulder-clay character is apparent ; it becomes darker, and contains
imbedded large subangular flints, flint- and chalk-pebbles, pebhles of
sandstone, and fragments of Jurassic rocks, with specimens of
GFryphoa incurve and a large Oyster.  As this Clay trends farther
eastward, it into a sandy brown and bluish clay with only a
fow pebbles, and finally thins out as a greenish clay or marl (see
A, PL. VIL fig. 5, and p. 152).

At the base of this Clay is an irregular bed of sand and gravel,
thickening as the overlying clay thins out, and consisting chiefly
of flint-pebbles, while the way in which the Boulder-clay has
mounnted the hill and d.is[llamﬂ the sirata of the Bagshot Beds de-
serves notice,

The Bagshot Beds themselves, which are here 40 feet thick, will
be found deseribed in the explanation of the section (PL VIL fig. &,
p- 152), There are no Pebble-beds here in situ. They wore
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apparently distarbed and displaced on the north side of the hill and
pushed southwrard, ; .

At Warley Heath (378 feet) the pebble-gravel is thick and little
distoebed. The fint-pebbles have a distinetive character of their
own. They are unlike those of Blackheath or of the Westleton
Heds. Dir. Mitchell speaka of them in his papers (M55.) as the
Warley pebbles.  They nre larger and less shapely than those of
Blackheath, and are often weathered white. Of their derivation
from the Bagshot Beds, with which these shingle-beds are in close
asaociation, there can ba little doubt, for at Billericay there is a thin
bed of f|i:||;-]n,'lr'|1§|,-5 interealated in the _-.'|-|.i||1.-.' ganda of the E5r|.|'\,:'ﬁ'|:|||‘t.
which cap the hill, and Mr. H. B. Woodward gives & section at South
1|'|.-:'||.]-:'| ]"“;”k, NERE Hrl,-lﬁ w oo "1 show EI:;,‘:' i bed of I_II:I!'I.Ill.l'.‘i 15 rl.'r!=
thick din sitee, and overlain by 6 feet of Drift-gravel. We have, in
gomn enses, therefore, this Koceme Bhingle 1n site, whilst in others
it seems to have been affected by the Bouthern Drift and by subse-
quent Glaeal action.

This range of hills formed here, as did the Hampstead and
Highgate on the norih of London, and the Bushey and Stanmore
Hills to the south of Watford, the boundary to the advance of the
Boulder-clay ; for though Glacial gravels and evidences of Glacial
action are to be found further south, there is no Boulder-clay.

Stanmars,—An !i|:|E'|I'|'|'1:4:'.'. T s clr alli||r‘|;--;'_"|'.:|_'.'r! u]_.[r:;,n;ly ovar
Stanmore Heath (400 to 450 fest), from little Boshey to Bentley
Priory. It is compased in large part of :—

1. Flint |'\lr|'lt||l!!. il plllui FAIY b@uu: W [ Lhe=roal e,

L Very fow subangular flints, stained brown.

3. Bomo amall white quartz pebhles,

4. A few worn groon-conted flints, from the bass of the Lower Tertiary
sanids

Imbedded in a matrix of coarse yellow and ochreous sand, and
resting upon an indented surface of London Clay, as thongh due to
pressure {glacial) from above. Many of the pebbles also have their
lomger axes upright.

I did not notice any chert or ragstone in this shingle, and in
other respects it resembles the Bremtwood and Warley, more than
the Westleton Bhingle. The few quartz-pebbles mn.-y hare heen
derived from the Lower Tertiaries, which in the Pinner distriet
contain o fow such pebbles,

The hill (350 to 400 fest) between Pinner and Waiford, as well
a8 Brockley (416 feet) and Elstree Hills (450 feet), on the other
side of Stanmore, are capped by a small spread of similar shingle
but it is not worked, j

There is no Boulder-clay to the west or south of these hills: and

* *The Gealogy of the London Basin™ Moz, Geal, 5 i e
and * Geclogy of London,' 1859, p. 275, o urvey, 1872, p. 324 ;
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that abt Bricket Wood and Aldenham on the north is on a level of
from 150 to 200 feet lower.

The only ontlier belonging to this group on the south of the Thames
is that on the summit of Shooter’s Hill, 424 feet high. The shingle
i8 there composed essentially of flint-pebbles, with only a few sub-
angular flints and a very fow rare quartz-pebbles. The flint-pebhles
closely resemble those of Warley Heath. The bed is only 2 or 8
foot thick, and is disturbed at the top like that on Brentwood
Heath Common and Stanmore,

Fig. 4.—8ection in the Brick-field to the West of Bentley Priory,
S."d:lmmr.r. Mucldlezer.

0t T

. Unstratified beds of elingly gravel ... :
|mnui!|g dowmn

4. Upper loamy bed of the London Clay disturbed by
of bed a.

It will be observed that on these hills there are sitheér remnants
of the Bagshot Bands, or ¢lss the London Clay is of such a thicknesa
that little is wanted to bring them in; or, as the London Clay
varies somewhat in thickness, it is quite possible that at Sheoter's
Hill, Havering Atte Hower, and Buckhurst, there were depressed
areas in which the Bagshot Bands and pebbles gained at the
expense of the London Clay, and that in these cases, as at Brentwood
and Billericay, the Pebblo-beds are nearly in situ.

That the Pebble-beds have been disturbed and partly reformed is,
however, evident from the introduetion of materials foreign to the
Bagshots. This may have been effected at the time of the Westleton
or Bouthern Drifis, thongh further changes in their condition seem
to be due to ice-aetion in the Glacial period.

4. Early Physiographical Comeditions of the Wealden Area,

To understand the relation which the Bouthern Drift bears to the
other Pre-Glacial and Glacial Beds, it is necessary to go back to
earlier times to see what were the physiographieal conditions pre-
viously prevailing in the south of England and the adjseent con-
tinental area.

The denudation® of the great dome of the Wealden anticlinal
commenced in the early Tertiary perind‘r-, but though the Chalk,

* Om the general subjeet of the Denudation of the Weald ses chapter 16 in
Mer. Topley's * Geology of the Weald," pp. 270-301 (1875).
f The author in Quart. Journ, Geol. Soc. vol. xiil. p. 256 {1862
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which then extended possibly over the anticlinal, must have heen
largely denuded, in order to have furnished the mass of ﬂlllr—;k:11|!l:|rri
in the Waolwich Beds, there is no evidepee that the denudation
reached down to the Lower Greensand and Wealden, as no 1!43!3-1:-
from thess sonrces has been found in the Tertiary strata. For
onr present object we need, however, only commence with the state
of the ares in Pliocene times. i

Tt iz obvious, as I have shown on a previous oceasion ®; that m
ain arly Plincens l.'Fm-::i!I. hefore the later denudation '-IE- the Weald,
the North Downs from Folkestone to Dorking and possilily beyond,
togethor with the adjacent aras to the south, were submerged under
a sea which extended probably from the North Sea to Brittany and
s southward in one direction, and in the other, eastward, over parts
of Franee and Belgium to the foot of the Ardenmes. The Pabbly-
annds, ocensionally fossiliferous (Lenham), that oecur at intervals
on the edge of the North Downs are proofs of this submergenos.
On the contingnt beds of the same early Pligeene age and cha-
raebeT are 'I".::-|,1|:|;|_ |'.'|||]:-ir|:.:, AMOREat others, l11r' halls of ."ll“l!lti-l'h"-]:l-
Trinitd, near Tournay, and the hills near Boeschepe in Helginm,
and of Mont Noir near Bailloul, Mont (assel pear ]'IIII|-iF5'~-| and the
Chalk-hills between Calais and Boulogne, in France, showing the
game sea bo have extended over that area also.

In thess Heds, the Diestinn of the Belgan geol
have generally been removed by iofiliration, and it 15 only ocea-
sionally that & few casts are met with,  Whore, however, they pass
undor the newer Crags of the Antwerp district they are very
fossilifarons,  'This deposit, which does not excecd 50 or G0 feet
in I:|'|i|_-|;|'|s_-r;;:, congista of i}q-'l_ph'l_-,' .-»q'||_u|~c,| somedimes o Iy tllrl'll;:ilu:-lle-
and passing into iron-sandstone, while the flint-pebbles are often
s0 decomposed that they hreak under the pressure of the fingers into
a whike ]1|'|w|1<:|',

From the position of the Boeds at Lenham, we may assume that
EEI.I!'_\' originally extended, together with the Chalk, farther over the
Lower Cretaceons and Wealden strata to the south, as remnants of
the Beds are presorved in the sand-pipes, the ends of which cecur in
decrcasing lengths on the bare slope of the Chalk-escarpment,
ghowing that the deposit itself at one time spread over the now
denuded arca at the feot of the esearpment, as exhibibed 1 the
subjoaned dingram (fig. 5).

It 15 clear from that section, that the valley v between the Chalk
and Lower Greensand hills is of later IMliocena or Post-Pliscens
ﬂaTa, and the game I.'l.':l.etll;u.in;: :L[l]'.lil.'s. to the whole ]ﬂ:;t':l, of this Al
valley, and in all probahility to the Wenlden valleys in genaral.

Thera can ba littls doubt, also, that in the |':||‘!:.' Plivcene times
of which we have been spenking, Belgiom and the south-east
of England and Western France (Normandy nod Brittany) wers
separated, not by the present narrow steait, which was not exis-
tent at that time, bat by a broad sea-channel extending norpss

istx, the fossils

* Quart. Journ. Geol. Soe. vol. xiv. po 322 (1R5E)

Q. J.G.8B No. 1382,
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Fig. 5.—Section of the Chall-cscargments above Lenham, showdig
the former extengion of the Lenfam Soands,

......... e e S T e e M T

1. Lenham Heds (early Pliocene),
2, Chnlk. & Gault.
4. Lower (Greensand.
#. Bandpipes in the Chalk.
g’ The doited lines represent the former extension southward of the Lenhain
Beds over the Chalk and Wealden.

the Wenlden area and over a part of North-western France and of
Bouth-western Belgiom, before the clevation and denndation of
thoese arcas and the exeavation of the Straits of Dover,

As neither the White nor the Red Crag of Suffolk extend over
the Lenham Sands, while the sand-pipes sould -nu]!,' have been
formed after the emergenge of the latter and a lengthened exposure
to atmospheric ngencies, it is evident that the enst and west elevation
of the Wealden area must have taken place at or soon after the
White-Crag epoch, possibly at the insetting of the Red-Crag epoch.
The effect of this emergence was to bar the Crag sea of the Eastern
Counties on the south, and to establish a land-connexion with the
comtinental area along the line of the Wealden and Boulonnais
anticlinal, which then, with that of the Ardennes, probably formed
4 continuous range.

The final elevation of the broad anticlinal dome of the Weald was
therefore subsequent to the deposition of the Lenham Sands, and
it must have been after that time that the exeavation of the vallevs
v, fig. 5, commenced. Hence we may conclude that the denudation
of the Weald, as generally understood, is of & date subsequent to the
enrly Pliocene period, that is to say, after the emergence of the
Lenham or Destinn Heds, just as we have shown that the exen-
vation of the valleys of the Thames district took place after the
elevation of the Westleton Shingle, or subsequent to the early
Pleistocene period.

5. Origin of the Soethern Dift,

The foregoing conclusion respecting a Woaldem barrier in Fre-
Glaginl and Glacial times is confirmed by the cimnmstance that the
component materials of the Southern Drife consist exclusively of
débris derived from rocks in the Weanlden aren, or from those which
formerly extended over it.  The deep valley (v, fig. i) now separating
the range of the Chalk-Downs from the range of the Lower Greensand
could, for o long time, have had no existence, for otherwise the
débris of chert and rogstone of the Lower Greemsand could mot
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have been carried from the Greensand-range on to the Chalk-platean
on the north., The valley, v, must then have been bridged over iy
the Gault and Chalk to have allowed the tramsport across it of
this débria by streams from the central Wealden area; for there is
O TEAsen |:||r-\||l|]mg-|:- it wras offected by r_1-:1-:1ti|1.2 ico,

Lot us now try to conoeive the condition of the Wealden arca al
tho period of this, its last, emergence, At present, the height of t:t:-.-
anticlinal ridge at Crowhorough does mot excecd 808 feet, To
realize the condition of the dome before denudation, we have to adid
the thickness of the strata removed, which may probably be esti-
mated as nnder :—

feot.
1. Clialk. ¥ is doubiful whether fhis exfended fo the centre of
tha Weald, for, ox £ Rave already shoren®, if had before this fime
feen g el dlneem f it edge fo oo ],..r-.- ) K} feet By
Teriiary we dleiudielion F ihal ralfe of wear 0ere ouni-

¥ W
Prriaied, iF i I|.lr|'.-'|'\-."|1'f fhat fhe i

! exfend fo

fhe central arer, or elie was r.l{ll?l"-l:'.l TR oA LY

2 1_.'E|]p,-r Greonsapd and Gaalt ... ok s S R R T G A R |-'_|”
B, Lower Gresiaiiil .. cerasrssrrmsss smeassass mwws " —aa . M)
Wl I ooy cunendmnninn e e, e R R L TR TN
5, Punbridge Beds and Wadhorst Cla¥  coonn cocvienimenmn e 1]
(R L]

Add presont height of Centenl ridge {Ashulown Sands ko). 500
LR

There wonld thuas have been, oven supposing that there has been
jila] :ul:lsn:'rpu_'u! u!LEmiﬂt'!u‘:!‘, a low ]ﬂi'll.lrlt.'L!iTl-l':l.]Iﬁi' 1'xrl.'L1I]iI|j: into thi
Boulonnonis, on the site of the present Wealden area. IE 18 pro-
balile also that at this fime the Ardennes were rll:'..-illul':thf.' hizher
than they are now (28080 feet), for MM. Cornet and Briart have
shown that during their diverse upheavals some 12,000 to 15,000 feet
of strata have been removed $.  This, however, was af a date very
long anterior to the Pliocene,

The Wealden range having been uplifted in late Plivcene times,
it oot becnme exposed for o vast length of time to the heavy
rainfall, snow, and iee of the Pre-Glaeial and Glacial ||l'ri'.3-ci'5, when
torrents scored the flanks of the hills, and carried down the harder
dihria to the lower {;hm'l!ll’l:i at their hase,

Amongst the earber results of thess denuding arencies 1s, 1 con-
ceive, the coarse and much-worn gravel of Well Hill. The large
heavy flints with their angles greatly worn, and the unstratified
character of this gravel, mive it the appearanee of having been
brought down by o torrent, and of not having been spread out under
water. ‘Fhis would account for its very local oceurrence: for this
stream of stones is confined to Well Hill, and the hill itself seems
to result from the protection afforded by the mass of flints, while

* Quart. Journ. Geal. Boe. vol. viil p, 256,
t Tl estimate formed by Mr. Taopley, supposing the wholo pmount of straia
reustred by denudation to be rostored, varies ot differont parts of the axis foom
LOCA) £ <HMAG Feet (* Geology of the Weald' p, 217
} Mim. Soe, Géal. de Bolgigue, vol, iv. p. 71 (1877).
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the soft unprotected Tertiary strata on either side have been removed
by denudation. That the gravel is of great age is indicated by the
extreme weathering of the flints, and by the altoration and dis-
eoloration of their substanee; while although Hint-pebbles from
the Tertiary are abundant, débrizs from the Lower Greansand is
extromely scarce, as though the denuding agencies had at that time
searcaly reached down to the Lower Greensand, a state of things
that may be represented by the following disgrams (figs. 6, 7) :—

Fig, 6.—Theoretical longituwding! Seation along the summit uf Well
il (ante p. 167) fo I'.b!v.ffr'm-ﬁ'c of the Wealden fiange.

™ Slope of the Weald of th el e Well Hill.
Bkopss of Lhe Wi riy The range of the wRcArEonl L2 L
Lower (ireemaamnd. T L]

naticlinsl.

3. Chalk and Ganli.
4. Lower Greensand.

The dotted lines show the prolongation of the beds bofors demudation.

1. Well-Hill gravel.

2. Lower Tertiary strata.

I Wiealden stratn.

The transverse section shows the position of the gravel in rela-
tion to the Tertiary sirata formerly on either side,

Fig. 7.— Meoretical Section acroes Well Hill and the old
(Fretvel-glream.,

W Well Valley of E.

Hill, the Disrent.

The upper dotted line shows the position of the removed Tertiary strata.

The conjecture that at this time much of the Wealden and Lower
Greensand were still hidden under a mass of Chalk and Tertiary
strata, finds corroboration in the anslogouns condition of the gravel
on some of the other higher and earlier drift-covered hills, whers
flints from the Chalk, or fint-pebbles from the Tertiary strata, con-
stitute the whole or nearly the whole of the mass of gravel, and
Lower-Greensand débris is either absent or very scarce. Thus, for
example, on Hungary Hill there are but few traces of Lower-Green-
sand débris, and in the flint-gravel of the hills near Canterbury it

is absent or nearly so.
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Later on, as the covering of Tertiary strato and of Chalk was
removed, the Lower 1:1m~ntr|.:|1|:1 becnme more exposed, and its. hard
and indestroetible siliceous débris was scattered more widely along
the base of the old Wealden range of hills. Thus it is that on the
Bagshot hills of Hampshire and Berkshire we find the chert and rag-
stone of the Lower Gireensand oceurring in quantity, and in Kent
also seattered frecly, though thinly, in places over the Chalk-platean,
having ledged there after the denundation of the Tertiaries and
their removal around Well Hill,

Another and semewhat later phase oceurred when the dramage of
the Wealden Highlands beeame restricted to narrower |

houtds and
more defined channels, It was then that some of the main trans-
verse vallays received their first rudimentary channelling, as, for
example, in the case of the Medway, where the flint- and chert-
g:ra\"[] above ]14|_|_u,'|_-'r and on some hills above Strond ant to ald
channels in the Jnm of the present Medway wvalley, but at heights
of from 200 to 300 fect above the exisling river; or, in the case of
the Darent, the bank of flints and chert on the slope above Eynsford,
at n height of from 250 to 350 fect above that stream. Anothes
instanco is that of the Wey throogh the gorge of the Chalk at
Guildford. ©On the east side of this passago, Lower-Greonsand
and #int-débriz cover Merrow Down ot & b
SO0 feet above the Wey. In all these cases this old gravel is
considerably above the Post-Glagial gravel more intimately con-
neeted with the existing valleys, thongh at the same time the Chalk
aronnd rises to still greater lll’ll,,1 ts than this Drift.

In the foregeing instances, the 1.:]||"H flanked |l1. this ald chert
drift pass throngh the Chalk-ese arpment into the Wealden area,
ghowing that thero |!I|'|.-1 [ -:|u:1.:||.tl"1. -:|f ] tion n|.-||Ir th ¢ Bifne
lines from the initial stages of the formation of these valleys to the
present time, and Eherefore that it was not, 03 has beon sugrested,
the present streama which have eut I]:l'tl' way back II”"'“E"I’ |
escarpment,

There are other instances where the confinuity has been inter-
rupted, and the original drsinage diverted into other channels, leaving
the valleys, as it were, half formed, and the old channels were
left dry, but retaining o drift carried in from beyond their present
precincts. A gpood instamee of this is to be seen in the narrow
valloy of Bmitham Boettom (fig. 8), which, commencing at Croydon,
THnE np 1o the [']Lln]k-|'.113:|.r|'||"|u_-1'.|. above Merstham, where it 13 et
off l|:l}' the transverss vnli-.-:.' dramming into the Mole, and no longer
pasaes into the Wealden aren. At prestot it is a dry valley,
excopting that during certnin sensons there is an outbreak for
about half its length of a bourne, which continues to run for a fow
months, but is in no way connected with the old drninage-ares.
Along the upper part of this '\.'||.'|]g-:.'1 and extending to its end above
Merstham, is o thin bed of gravel composod of subangular flints,
and I:'I.ILL-llr:"ll los, with -|ﬂ1'|.r||.‘1|.|.'\1' fragments of ofert, raygstone, and
iramstone derived from the Lower Greensand., 1t is ole ar, therefore,
ﬂ'lﬂl. II'I'H- ljt".ft Wits I']'l'.'l'll'l.’:ll-l'l:l tl¢1‘1_,‘l|’|_' II:LJ_" stratn L“.‘_'l"]ll-ll |_|'|.|3 L':';l?-cl.t']ﬁtl'ﬂ:j]t

ght of 400 fest, or of
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had been removed, and when the valley was prolonged in a southern
direction into the Wealden area, and the drainage brought down the
usual complement of Lower-Greensand débris from the hills beyend
the Chalk-escarpment.

At this stage, some disturbance econnected with the Central
Wealden area diverted the drainage in another direction, cutting off
the upper part of the valley, denuding the face of the Chalk-vscarp-
ment, and leaving the truneated end of the valley at a height of 174
feet above the stream at the foot of the escarpment (b, fig, ) which
now drains into the Mole. The bed of the valley at the point where
it 18 cut off is 438 feet above 0.1, while the hills on either side
rise nearly 200 feot higher, showing the valley to have been in an
advanced stage, but still 200 to 500 feet short of the depth subse-
quently acquired by that of the Medway or of the Darent.

The date of this old transverse valley is, however, far removed
from that which has Jeft its traces on the summit of Well Hill, inns-
much as at the lstter date the Tertiary strata had not been denuded
from the surface of the Chalk floor, whereas at this time not only
had the Tertiary sirata been denmuded from the Chalk-platean, bt
the Chalk itself had become channelled to a considerable depth.  The
position of the valley injts longiludinal conrse at the time of its
arrested growth, when it had its origin in the Wealden area, is
shown in the following diagram :—

Fig, 8.—Course of the Volley of Smitham Botlom, reglored,

The Weslden Hamnge of the
anticinal, Low n‘.Err\rﬂ..illll. The North Downs,
-

d. Lewel of the valley of Bmitham Bottomn through the Chalk-hills.

o, The same prolonged bevond the chalk-hills southward before the
denudation of the aren.

3 Chalk. 4. Lower Greensand. 5. Wealdn.

The section transverse to the above showing the interseotion of the
valley in the face of the chalk escarpment is as under (fig. U).

The gravel at Croydon, which belongs to the carlier stages of the
valloy, is not that on the lower levels, which is of Post-Glacial age,
but that which forms the higher banks on Duppa’s Hill on the west,
and Park Hill on the cast of the town.

We will now revert to the carlier streams of Lower-lireensand
Drift, deseribed in pages 156-162, and connected with the pri-
mary streams or torrents flowing from off the slopes of the Wealden
highlands and over the Chalk-platean. At this period the Wealden
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Fig. 0.—Seateon in feonrd of the Chalk-cecarpment above Merstham.

W.

2, Lower Tertiary strata,
may have formed a range from 2000 to 3000 feet high,
e¢ north and sonth.
1els of the early s

antialinal
with a drai
As the ch

down inercosed, and the proportion of chert and ragstone becams
greater, It was then that wore formed the extensive plateanx of
gravel of the Chobham nd |"|":'.r|||-_'. Diowns, and of the other hills we
i :,|!!'.||1l.] in Boerkshire, ||:I!|||l*-'!2'. il -“1".I:'r1'_'|'.

In the nins of any sort in these platean-
gravels, we are withont a ¢lue as to whether fluvi maring
netion had to do with their or . It is mot imp ok they
are, in part, of sabaerial origin; and to compare small things with
may have bean formod i manner analogons to the
miusses of dibrs carried down by torr from t
mountains b in of the Indns as described by
Mr. Ilvew ™. This would account for the | zidl form of -
sheets of gravel, and for their absence on the interme
halls, It is also El:ls-i!l]:- that the cone may have discharged under

spnen of organie r

ring  tho

TL]

Wil and so spread out to &
and with the rm

ter extent and more aniformly,
vel sometimes 2

| |..|:|.' [eHL 1L wh VT ]I:III.:\. T iR er i|| -.l,:'.||| thipges
i|'i.|.'.-: ':I.\"!'lz-' WwWiars E-II'II'.I.'I]. there can be mo doubt of the BOTr0p
whenee the materials hove been derived 7. They clearly some solely
from the Lower Tertiary, Chal 1 Lower (Gr I
of the awd. Flints and fint-pelbi
might have been brought from other direstions, hot the chert and
rgatone are characteristie of the Lower Greensand of Kent and
Surrey, and the pecolinr character of some of the chert of the

eh sort of beds
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Folkestone Beds betweon Sevonoaks and Maidstone, gpread over the
Chalk-platean to the south, renders a mistake impossible.

The time of the first appearance of the Lower-UGreensand débris is
significant, We have seen that the Wealden anticlinal was uplifted
after the doposition of the Lenham Beds, while the first bedain which
wi find chert and ragstons of the Wealden area are those of the Red
Crag—at least T found none in the uir]g]u small exposure of the
FPebble-bed at the base of the White Crag.  Hence we Y presume
that the Wealden range was raised and became exposed to atmo-
spheric waste at some time gither towards the end of the White-
Crag cpoch, or very early in the Red-Crag epoch.  But ﬂuriug the
time of the Red Crag the waste waz still small, and it was not
until the time of the Westleton Shingle and Southern Dirift, that it
acquired larger dimensions—dimensions which had their climax in
the plateau-gravels of the Thames Valley., These successive stages
are, I imagine, coincident with the inereasing cold of the period,
and the increased disintegration and denuwding action. If, on these
limited premises—and we have none others to judge by—we might
suggest time-equivalents for these several siages in the early
denudation of the Weald, T would take the Well-Hill Drift to
belong to the Red-Crag epoch, and the Platean-Drifts to eorre-
gpond broadly in time with the Chillesford, Forest Bed, and Westle- ¥ i
ton Shingle. A more definite concordance is hardly at present Do
practicabile ; for nowhere are the hill-Drifts found in juxtaposition, ek, e
and the extensive denudation of the subsequent Glamal peried has i
swept away any connecting-links that may originally have existed,
and left only the fragmentary remainders we have described. Aod st the b of the Bind

While this glaciation was going on in the Thames Basin, it is o =
probable that the Wealden Highlands were the centre of anoiher
gnow- and iee-field, to which the denudation of that area is to he
more particularly ascribed. It was this mnge of high land which
ohstructed the advance of the northern ice and the Boulder-clay, for
the Tertiary hills of the Thames Valley were then only the out-
posts of that more important Wealden range. This ice-field may
ultimately have been confluent in the Thames Valley with the
groat northern ice-sheet, though it may have }'ic]:]r:‘d ﬁnnit}' to 1t
s the destruetion of the Wealden range |:un.»L'L'L'-|iL'1L and the obstacles
to the forther southward progress of the latter were removed.

{:F_ Relation of the Seuthern Dﬂ;ﬂ‘ fo the Westlelon -Q'ﬁll:.l::nrﬂ el
Y other Pre-(lacial Drifis.

Lot ue now endeavour to follow the successive changes that took
place from the time of the early Crag deposits down to that of the
Westleton and Southern Drifts in South-esstern England and the
adjucent continental area, and note the relation of these drifts one
to another. ) |

There can be but little doubt that a marine deposit of early ]
Pliocene or Diestian age extended generally over a |:-ur|.i.u‘n of the !
south-east of England and adjacent parts of France and Belginm, and !
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that the formation of this deposit was followed by an up]l.-_:r:ml. whiel
brought it to the surface, and gave rise to a low mountain-range on
the site of the present Wealden area,  We are able to fix the time witn
tolerable asouraey, by the absence of the later Crags in the upralsed
district, and h_-.'-le- presence of débris derived from that district
in some of the deposits in the area which remained submerged.

Thus at the base of the White Crag, subangular flinta, ;l:nb-
pebhles, o few white quartz-pebhles, some light-colotired quartzite- "
and o few sandstone-pabbles, of which one econiined the cast of an
Astarte (Oolitic ?), have been found, snd with these one consider-
ahle-sized bonlder of rod felspar-porphyry. These afford but little
guide for the direction whenee they drifted. There is an absenec
of echert and ragstone, such as might be expected to be presant il
the denudation of the Wealden anticlinal had commenced or been far
ndvanced.

With ths Red Crag, we have cortain proof of denudation of the
Lower Greensand and of the earlier Pliccene bed, for n the Copro-
Hte-bed at the base of the Red Crag at Sutton there are found :—

t Chalk,

1. Large angular flints from the adja
1 Eeds

2. Flint-pebbles feom Lertinry or L

o5, i.l;hl-n-:-iur.n‘il. |unFLE -|n'|
4, Pebbles ! ralline Crag.

iGH,

1. Pebbles of iron-ssndstone ( Diesti:

Febbles of & light-coloured ssndsts f Peofen and

And at the bose of the Ked Crag at Frimley, in addition o the
above :—

2 Bubangular fmgment of & white fel
o, A small boulder of red granits wi

It is evident, therefore, that the denudsation of the Weald had
then commenced T, and that the Lower Greensand had been reached,
although the gquantity of chert- and ragstone-débris had not yet
aftained the pr--;mrliurm it aequired at a later EI:'I'iI.lII. when the
Greensand-strata had become more worn down and exposed.

If, then, this Wealden FALIZE :||h_-||.|,'|_'.' pxisted at the time of the
Ked Crag, it follows that its denudation which then commeneed must
have heen gnE:-_-,: OfL 1i1'.1'i||§_: the later times of the Chillesford l;'|:n_'. and
of the Forest Bed., 1t was at that time L ll:::Li:Il:l that the winter snow
and spring floods swept down the Lower-Greonsand dibeis over the
Chalk-platean and Ti']'lillt:f hills to the north, 1t was a lll':l':il".‘ii. in
all probability of great humidity and heavy rainfull, for there is some
evidence that at no great distance to the south of the aforesaid rnge
there were Pliocene seas with worm currents to furnish an abundant
evApoTation.

* In my enrlior papers L nsod the torm silie

1 tone instend of Juartzite,
T Wantt, Journ. Geol. Boo, vol. xxvil p. 358 (1872,

B — R —

e ——rear



e
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E B Following an this period, a tract extending from the cast ooast ;4
1| and reaching cither n= far a8 the district near Bath, or possibly as far f
il as the Hristol Channel, was submerged and coverad by the wators of 0F el ™
the Westleton sea—a sea bounded by the highlands of the Weald on Py
the south, but of which the northern barrer has yet to be dafined. "L LR
h' | I nm led, therefore, to conclude that the carly stages of the Southern e i gt L
i ;i i Drift preceded the Westloton Shingle (in its later stages they may B
i | : have been synchronons), and either that the Westloton soa beating gt
i | _ against a land over which the Bouthern Drift hiad spread, took upa et Ly
! [ portion of that Drift with its chert- and ragstone-fragments, or that ke
L1k the streams which still continued o ran from off the seuthern hills gri ™ ey
g I carried down thence the Lower-Groensand débris into the Weatlp- 1 Lt
f ton sea.  Buperposition is wanting, and we have nnl:-,' the relative T !
§ ; position and the peeuliar composition of the fwo Drifts to guide ns; it e s M
1 il 1] for although the Southern Drift oceasionally contains white quartz- o] B el
E 1 pebbles, they are eo few that they may have been derived from et S5 o T
Lower Tertiary strata, or from the Lower Greensand and Wealden, - TR
The Westleton Drift, as already explained, is, in the main, eon-
| fined to the distriet north, and the Southern Drift to the south, of j aad MRS
the Thames. But it is probable that on the southern slopes of e i e PO S
i _ the Wealden highlands and their prolongation westward, similar The o fuosmitl 5
] & B causes were in operation to those wo have pistured on the northern i e 4 O
i 1 Alopes, that a similar Drift was there in course of formation at e o, b, o
I the samoe time, and that it was there subject to conditions analogons isranunt. ot i 0 08 1208
- to those experienced by its equivalent in the London Hasin. . f
s ' ' As instances of such outliers, T may briefly mention Alderbury
R i Hill, near Salisbory, the higher hills between Southampton and
t Winchester, and those in the New Forest between Lyndhurst and T b s
Wimborne : 1 have, however, now to confine myself to the Thames o w T T
Basin. 1 would merely state further that in these districts this k! ;
) drift, like that on the opposite side of the dividing-range, con- = S |
i tains a considerable proportion of chert- and ragstone-ddbris mixed AEE TEL L vt [l
l | { with the angular and subangular flints of the Chalk, 57 e g
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7. Matn Lanes u_;' Elevation and Drainage of the South-
il el r{;l" Enrleand : fienssia nf the Thames,

! il Another point remains for consideration, and that is, the effect 1l e :
I produced, not only on the configuration of the country, but also on Wy L,
| the lines of drainage, by the elevation on the one hand, at an early W e 1
Pliocene date, of the Wealden anticlinal, and, on the other hand, of e
- - the Westleton sea-floor in early Pleistocene times, e
I ik 1| The cast and west direction of the anticlinal of the Wealden axis ot
I { necessarily gave rise to a drainage northwards into the area of tha P
i Thames Basin, and plotted broadly the direction of those ra.ll:‘.-:!.-a. i
A il which subsequently, with certain modifications, eaused by minor Nl ™
: disturbances, and by the action of glacial erosion, became the main ,
lines of the transverse valley-system and rivers of the Weald.
The emergence of the floor of the Westleton sea was, on the con- | .-
trary, effected mot by any sharply-defined axis, but by flexnres | i

.__.._-._
.
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anging 5.W. and N.E. through poris of central England, and of
tion 15 coincident with the parallel ranges of the
it CREATNMENLS i|:| that area. T]:P Weatleton |".“E-‘\.
dipped east and sonth-east on an ineling

which the di
Chalk and Ok
when rased, consequent
at right angles to these elevation folds.

The reault of this has been, that whereas on the Norfolk const

the Westleton Beds are closo on the sea-level, t:'ll":\-' rise wieslw ard in
Berkshire to the hoight of from 400 ta 500 feet, and northward in
Hertfordshire and Buekinghamshire to 500 and 600 feat. Thus a
|:|_r||_i_:|_;'|_;_"g' from the i 1 area was established to the south-east, but
diverted ward as i|_ :'|'||';-r|_|:i,|-|||-i. the .-||r|':|.|]_'.' raised Wealden area
with its northwand drainage.

Tha Thames necessarily resulted from the

¢ tributary lines of
at EHrst to the

round the

it the river must have been restric
Tor and ( 15in, with the Ke
Tilshurst Hills) as the main stream and source of the river. The
Chalk-ezcarpment was not breached by the Isis until | This
i I Hs 1 to the north-east, P yralle]

dr

river before thot t
with and between the
itsclf into the Wash on th

The old landmarks are, however, so obliterated by su
- it this :-'l|||5r-'-:.|'-|| mation,
g time afier the rize of the Chalk-
il |i:'-r'i||;_" [ not- oxist. and
It of Tertiary strata and Westleton
< |'.'!‘|'|'|-';| by a b |] cnrrent
Lahire and Staffordshice. there

id Oolitie o arpments, and emptied

t eonst *.

st

(ilacial action and carth-movems
0f the fact, however, that for s

E

roming from the dir

can, 1 think, be I

by later glooi

that the [sis wos di to this new channel, and =0 formed o

Junetion with the Lower Thames and Kennet.

This may be illustrated by a diagram showing the two lines of

; ionsof drainage (fig. 107}

h opens some very large and

ated 1t briefly {wing to the vast
b the older Dirifts

‘s not until the gorge was enlarged

d by disturbances of the strata,

n with the resalt

bis is o branch of g
intercating ]n'::-|||x-"|- ]
croston of the surface, Ll
is generally very fragmentary, and has often been entirely swept
nway. o | [ !|'|-'||:-:i. it 18
eesential i the consequen se
assumptions should be in har 3
In putting together my notes, many new views have sngges
themselves to me, and I should much like, as | have betore
the l\.l.ll.; Tel -:-f
v work : but that is
task to HY  YOunger

IOTE WAV
b reswilt from .l'_l,[l-.-f!p"l'if;ﬂ

©wath the results of observation.

N & 1l 18 Lho

L
no longer possible, and I must leave gl
eolleagies.

. to have gone over the o

apd tlie exient of the
s

' WA precisoly of the

Leis with its tributaries

® The width of the Wash betweon Lynn and Bostar
rd level and s
r¥ and alluvi

FITER, BibE
o havh besn,
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Fig. 10.—Diagram of the lines of Elevation baunding the Tertiary
Basin of the Thames, showing their relative Age and Direction.
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! L a2 1. Anticlinal axis of the Weald (Tate Phocene), gy the B
'-llili a Escarpment of the Chalk, | Early Pls o BT BEE
i | & Esenrpment of the Oolites, [ inrly Pleistocent),
e V. Valley of the Thames. -
b . == Ilip of the stratn. = = Lines of drainage, ne il T
' ! t 8. General Summary, Tha! et
e ¢ i l The results of the foregeing inquiry may be summed up under 5 L ’
i 1 the following heads :— " : .

AP

1, That the Westleton Shingle ranges from the Crag in Soffolk
inland to the Chalk-csearpment in Oxfordshire and Berkshire,
rising gradually from the sea-level, until it attains a height of
from 500 to GOO feet,

2. That tho Tertiary strata were co-extensive with this Bhingle
at the time of its deposition, and that both extended to the
edge of the Chalk-csearpment, where they have been cut off
by subsequent denudation.

8. That the upraising of the floor of the Westleton sea, or of the
Westleton Shingle, immediately preceded the advance of the
Glacinl deposits, so that while they are concordant or in con-
formable superposition in the esstern counties, they become
discordant as they range westward, and the Boulder-elay
oecupies valleys formed, after the rise of the Westleton Shingle,
by early glaciation.

4. That the belt of Tertiary strata and of Westleton Shingle on the
northern borders of the Chalk-Basin, formed originally a con-
tinnous and unbroken zone, and that this was not broken
through until after the elevation of the Westleton floor and
the inzet of the Glacial period.
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5. That noneof the valleys on the north side of the Thames Tertiary
Bnsin data huck ]ll'l.||]'|_|'] the Pre-Glacial CPo h, and that -.]tl'.-
whale of the v 3]I1".--.1. stom of that ares is of later date

#, That the escarpment of the Chalk, and probably :!n‘ of the
Oolites, in the Midland Connties, i of & more recent date than
ihe Westleton Shingle, and therefore not older than late Pro-
(Flaeial or 1'&1'[:.' (i :

T That there iz a Southern Dirift as well as a Northern Dirift in
the Thames Basin : and that this Southern Drift has heen
derived from the Lowe sensand of the Wealden aros and
from the Chalk and Tertiary strata formerly extending over
J"‘-'[t:'“:l:"\- r|'| 1]1.:1 mrea and th -'Iithli'l'!l| downs,

8. That |"||||i!'|.r 1]:": l:'l.f]'l Pligeene { DMestinn) |'!'—|.—!]. the 'ﬁl-i':llﬂﬁ'.'l
area was le1"1-. or wholly submerged, and that a oo T o

in portions of France and Hel-

son extended thence over cert ;
ginm, while the present Strait of Dover was non-existent.
i, bt before the i||--.|-IIiI|'_'; af

fi. That subsequently fo this peri
|hL' [_Flémigﬂ EI-!'!.'J."I':E... |||q' lI.llll'l_' &0 Andta !I..'|I| tha t'ill'.L:fl.ll:I:li’l.!H
underwent an upheaval, resulting n the formation of an anfi-
clinal range 2000 or H'.l' M) feet high.

10, That it was frofm the s ._|'|:||_-. of this antielinal that the materials
||;pm=|-\,vq|r||_ the "‘\-\..-I"1.|_I'!'I"' Drift were derived, and ST ad over

the area now forming the southern side of the Thames Basin,

11. That this denuding action commenced at the time of the Hed
Crag, and was continned uminterruptedly through several
l'\-l.l\'«.'l"\l‘-l‘-]\' L] "l"ll-ll -I| stage

2. That consequently, though the Southern Drift preeeded the
Westleton Bhingle, the two must at one time have proeeeded
synehronously, though possibly at times on different levels,

13. That the valley-svstem of the Wealden ares hud its orign after
the Ihestinn or early Pliocene epoch,—-the tinl direction of
the transverse valloys dating from Pre-Glacial times, and of the
longatudinal vallevs from Glacial times,

14, That the formation of the Thames Basin 1s the result, on the
ong hand, of the elevation of the Wealdon anticlinal, and, on
the IJ'I.tLI:r1 of the fexures of the Chalk and Oolitic strata in the
midland counties, and dates therefors from o poried subsequent
to that of the Westleton Beds.

15. That the gencsis of the Thames dates in like manner from
late Pre.(ilacial or carly Fleistocene times, whilst its con-
nexion with its upper tributaries and the Tsis took place during
the :ﬂl.bu.-il'lpll:"l:lt Lilacial perod. k i

EXPLANATION OF FLATE YVIIL

ke outliers of West|efap Bhi v funnel of tha
ith the s of section given in PL VI,
& o 'I|.|.' Beox |Il.|-.' -elay, but the ather (Gl

This Map shows the |I'-ue~i-.|-.-|:| of
Flateau-gravels in th
\ line marks the southern 1i
Post-Glacial drifta are not g
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1=0 PROF. J. PTRESTWICH 0X A SOUTHEEN DRIFT I THE THAMES

Thscvesios,

The Cusnuax remarked on the difficultics conmected with the
identificntion of gravels over large areas, and with the problems of
Tertiary physiography.

Mr. Winraxer noticed the wide range of the paper, and belisved
that there was no prubium more diffieult in the gmlﬂg!.' ol the Sonth of
England than the elussification of various deposits of gravel, FProf.
Prostwich, he nnderstood, put in the same class the gravels of Nor-
woorl, Hampstead, Rayleigh, and of the hills between Faversham
and Canterbury. The geological surveyors had not felt that they
could speeessfully correlate these vartous gravels, At Norwood,
Mr. Hl:u‘rrull considered the gravel was an old Wandle gravel, while
he himself rather inclined to suppose it an old Thames gravel. The
geological surveyors had coloured certain gravels as plateau-gravels,
without any sttempt to assign them to any definite age. Ha (the
speaker) had noticed pebbles on end in many gravels. When Prof.
FProstwich Eupp-:k.q.ﬂl that some gravel was synchromons with Crag-
deposits, he could not follow his line of reasoning., As regards the
supposed Wealden ice-field, he felt that the beds were net strong
encugh to earry much wear, and that the hills wounld seon be denuded,
The pebbles in the Red Crag showed that theses of that age extended
to the Lower Greensand, peblles of dwemonites bipler which had
been phosphatized n Lower-Greensand times occurring in the
phosphate-deposits of Hed-Crag age. Between Sputhampton and
Winchester he hnd seen hardly any high gravel which he was inelined
to clussify as Drift., He agreed with the Anthor as to the import-
ance of insisting on the occurrence of o southern drift; but he
pointed out the difficulties in identifying gravels by their included
fragments,  Whether the bresching of the escarpment of the Chalk
was 50 late as the Author had considered it seemed to him doubtiul,

Tir, Irvixa said that he was in accord with the Author as to the age
of the platean-gravels of Berkshire. He had published his vivws ns
to the fluviatile character of these gravels, and now brought for-
ward evidence of glosiation at lower levels, proving their pre-
glacial age.

Mr. Toreey was interested in the distinction between Southern
Dirift and Westleton Shingle.  He had not altogether appreciated the
distinetion which Prof. Prestwich had endeavoured to draw, and
thought that some of the materials of & nver would be eliminated as it
flowed further from its souree, Asregardsthedenndation of the Weald,
the Author had shown that the denudation of the Chalk had ex-
tended so far that Tertiary deposits rested directly upon the Lower
Gireensand. He did not follow the Auther's mode of estimating the
height of the Wealden hill-range, for much denndation must have
supeceded the deposition of the Tertiary beds previous to the forma-
tion of the Boathern Thrift.  He thonght changes of drainage in the
Weald were frequently due to the cutting back of escarpments, anil
he gave an illustration of the method in which this might be done.
He called attention to the important earth-movements which hud
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affected the Weald and surror l!lli'iILL. districts, and referred to Mr.
Pounlett Scrope’s views that during the elevation of the Yeald the
beds glided over others, which wonld eecount for the varying thick-
ness of such deposits as the Gault,

Dir. Bvaxs congratelated the Seciety and Prof. Prestwich on his
il.l.\'illr. b S ahle to sum ”h- .|l-\.|j|[l-| of the |'|,,|-.I |1.:.‘.\.I1..'\- of 0 mAany
TeArs in the series of papRETS W hich he had .i.':L'l.".' redd. In ta'llii.lll'.";
samples of gravel, and attempting to :urn.l ute beds of gravel over a
|_||.5--r;| area, mistakes 1='|-H|‘1- arise from leeal variations ; but he
thought that the facts brought forward by the Aunthor went to a
Jarge extent to confirm his views, TPossibly some f confirma-
AT llllgll'. be found in thi conntry to the west of the axis of eleva-
tion that bounded the Westleton Beds. He hoped that Prof. Prest-
wiel would allow o longer period of time to have elapsed for the
production of the physical changes had deseribed than he
had ]-'“"“""l"' allowed for Postglacial changes. Az one of the
older Fellows of the Bociety, it would Jm-- been impossible for
him to refrain from sayving a few wornds
with whom he himself I i

The Avraon, in reply, was
hiad expericoecd in following all
He acknowledged the assi
maps of the Geological 5
LUrng upon a b O
Hi had atte |;|1|| ed to desoribe |||r| i
ton, Brentwood, and Southern Dirifts. Th
originated with the Bagshot Beds, bat showed differences which allied
them to the other Drifts. He often found s suffic
ragstone- and chert-pebbles to show that the Bagsh
been introds I, Imso infiltration
had been suggested to sccount for the upright position of the
[‘l-:"l:-hll'.-c, the pebbles rested upon elay-beds, where infiltration was
impossible, He had felt the same difficulty as Mr. Whitaker as to
the gravels of Well Hill, and could only suppose they had been
derived from o destroved hill-range, Amongst others Alderbury
Hall, thres miles from 4'||-|:||.r1. WhE o I by gravel full of che |:|
anid ragEtone like the a-u:-l|1||-. ] I|I ift of I||| Thumes '||.|-. n. Mo douht
as Mr, 1 Topley had said, the denudation of the ; 1;|:r|.:.nc,_.,!
in enrly Tortinry times; but he belie ]
to which he, the Anthor, referred took |_|..L|_u .,h:-_r |h|_- ,.I.-|. al ..1 the
Lenham Beds.
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