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Although no fossils were seen, the phenomena of cleavage, which
are by no means well developed among the rocks constituting the
Grampians, are beautifully shown in the shales associated with the
limestone in this spot. These possess a cleaved structure to a great
extent, having, in some instances, lost all traces of their original
bedding. The thin limestones, however, are devoid of this structure,
- - a circumstance which supports the inference that, although the
rocks of the Grampians have been subjected to the pressure which
results from great flexures and contortions, the lithological nature
of the strata was such, except in the case of the shale-beds, that no
rearrangement of particles could take place to give rise to cleavageplanes.

MXRC~ 6, 1861.
Francis George Shirecliff Parker, Lieut. H.]~. 54th Regiment,
Roorkee ; and J. Gwyn Jeffreys, Esq., 25 Devonshire Place, Portland Place, were elected Fellows.
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1. On the SzccrssloN of BEI)s in the " Kxs~INaS Sxm)" in the
NORTHERN 1)0RTIO~I" of the WEXLDENA~EA. By Fr~,E~IC DaEW,
Esq., F.G.S., of the Geological Survey of Great Britain.
CONTENTS :

I. Introdhction.
II. Wealden Formations in the :~Ieridian and •eighbourhood of Tunbridge
Wells.
1. Weald Clay.
3. Wadhurst Clay.
2. Tunbridge Wells Sand.
4. Ashdown Sand.
A. Presence of the Ashdown Sand in the Railway-cutting between Tunbridge and Tunbridge Wells, and the Extent of the Ttmbridge Wells
Sand to the Northward.
IIL Eastward of the Meridian of Tunbridge Wells.
1. Weald Clay.
4. Ashdowa Sand.
2. Tunbridge Wells Sand.
5. Hastings Sand around Hastings
3. Wadhurst Clay.
and Battle.
IV. Westward of the ]~eridian of Tunbridge Wells.
1. Weald Clay.
2. Tunbridge Wells Sand. Upper
and Lower, with the intermediate "Grinstead Clay."
V. Nomenclature of the Hastings Sands.
1. Dr. Mantell's Nomenclature.
2. Reasons for using the Names now proposed.
VI. Weald Clay of the Neighbourhood of Horsham.
u
Conclusion. Lithologieal Characters of the Hastings Sand.

I. Introduction.--Having for the last two years been engaged (in
the course of the progress of the Government Survey) in examining
p a r t of that large tract in the south-east of England which is made
by the outcrop of the Wealden strata, and having now become a c YOL. X Y I I . - - P A R T

I.
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quainted with many details concerning that formation, I wish to
bring before the Society an account of its lithological character and
of the order of succession that prevails in it.
As regards this part of England, the Wealden formation has long
been divided into three members, namely-The "Weald Clay," the "Hastings Sand," and the "Ashburnham
Beds."
The first, the "Weald Clay," is much the same through all its
thickness ; where there is variety in it, it has been well described by
Dr. Fitton, Mr. Martin, and Dr. Mantell. The lowest member, the
"Ashburnham Beds," which may, perhaps, be classed with the Purbeck formation, does not appear in that district in which I have more
particularly been engaged. I shall therefore say little of these two,
and almost confine myself to the " H a s t i n ~ Sand," and to the northern part of the Hastings Sand country, a district, 50 miles long and
varying from 3 to 12 or more in width, lying between and in the
neighbourhood of the towns of Tenterden, Cranbrook, Tunbridge
Wells, East Grinstead, and Horsham.
This "]ffastings Sand," it is well known, has much clay and a
little of other substances interstratified with it; and something has
been done towards finding out the order and character of its divisions, especially in certain districts; but these are small in extent
and are separated from one another, no good comparison of the beds
in each has been made, and some of the accounts given seem to be contradicted by the facts which I have lately observed. I therefore think
it well to lay these before you, with my notions as to their bearing
on what was before known ; and I believe they will do a good deal
towards connecting together the various information you are already
in possession of, and clearing up some points on which doubt or confusion has been felt.
It will be best first to repeat as shortly as possible the conchsions arrived at by those who have written about these strata.
Dr. Mantell, who had paid more attention than any one else to the
Wealden formation, and who was particularly successful in the discovery and the study of its organic remains, gives the following as
the succession of beds : Weald Clay, stiff brown and blue clay; then the Hastings Sand,
divided into-1. Horsted Sand : light-coloured sand and sandstone.
2. Tilgate Beds : sand and sandstone, gritstone (calcareous sandstone), and clay or shale.
3. Worth Sands: white and yellow sand and sandstone.
The name of No. 1 is taken from a place, which I have not visited,
not far from Lewes; No. 2 is called "Tilgate Beds" from Tilgate
Forest, some miles east of Horsham ; No. 3 is named from its occurrence, according to ~[antell, at Worth, near Crawley. In the neighbourhood of Hastings, where the best sections are to be seen, Dr.
]t~antell recognizes the same series of strata as he observed in the
more western parts whence he took their names; and he describes
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Horsted, Tilgate, and Worth Beds as having just the same characters
in the two districts.
Dr. Fitton, in his valuable paper on the strata below the chalk,
gives some detailed sections of what was to be seen on the face of
the cliffs west of Hastings; and these have come to be the more important from much of what was then visible being now obscured by
the buildings of the town of St. Leonards. Dr. Fitton did not at
that time connect what he observed into a system of strata; but
subsequently, in a "Sketch of the Geology of Hastings," written by
him, he adopted provisionally the same division as Mantell did.
The information given in the older books and papers may be considered as merged in these conclusions of Dr. Mantell and Dr. Fitton : so I need not speak further of them ; for I do not wish to give
here a history, but an account of the latest and best state of the
knowledge of this formation. More lately, however, than all this,
Mr. Morris and Mr. Prestwich described to the Society * the cuttings
that were being made for the Tunbridge Wells Railway; and, though
they were not quite sure that they understood the succession of the
beds exposed in them, they gave their idea of what it might be. As
the part examined by them is included in that which I intend to
speak of somewhat minutely, I will leave the discussion of their views
for the present, and pass on to my own description of the rocks.
I n giving this, I will first speak of them as they occur in the
neighbourhood of Tunbridge Wells for many reasons a convenient
part to begin with ; I will then give a short account of what they
are on the east of that place ; and lastly, we will trace them in the
other direction as far westward as where the Hastings Sand dips
beneath the Weald Clay.

11. ~n the Meridian and 2Yeighbourhood of Tunbridge Wells,

1. Weald Clay.--In the meridian of Tunbridge Wells I find the
Weald Clay to consist nearly all of clay and shale of different colours,
blue, brown, yellow, &c. I t has one or two thin bands of Paludinalimestone, and some calcareous grit and clay-ironstone; the thickness I believe, from what I hear of borings into it at Maidstone, and
from what I see of the fall of ground between where its upper beds
occur and the outcrop of its base, to be not less than 600 feet ~f.
9 Quart. Journ. Geol. Soc., vol. ii. p. 397. 1846.
t The following are the grounds for this estimate. A boring at Brenehley's
Brewery, at the bottom of Gabriel's Hill, Maidstone, which began about at the
top of the Weald Clay, went through 500 ft. of clay (passing a water-bearing
sand at 100ft.), and did not reach the bottom. Another boring, at Allnutt's
Paper-mill, Tovil, near Maidstone, began at the top of the Weald Clay, passed
a water-bearing sand at 115 ft., and went through, on the whole, 600ft. of clay
down to a hard rock, which they did not pierce, and which very likely was the
top of the Hastings Sand. Again, the top of the Weald Clay at River Hill, on
the Greensand escarpment, is 500 ft. above the sea-level ; at Leigh (which bears
from River Hill in a direction at right angles to the strike of the beds) the base
of it is 80 ft. above the sea-level. Therefore,if the beds were fiat between thos~
two places, there would be a thickness of 420 ft. ; but it is very likely that there
v2
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The boundary between it and the first stratum of the Hastings Sand
is sharply defined : in many places, as at the river-bank below Ramhurst Farm near Tunbridge, at Capel on the east of that town, and
at Culverden Quarry and Rusthall Common, both near Tunbridge
~rells, the clay is seen to rest immediately on good sand or sandstone.
At a certain height, however--perhaps thirty feet---above the junction there is a layer of loam with a little sandstone, which may vary
from twenty to a very few feet in thickness. This is within what I call
"' Weald Clay." Between this layer and the stratum-level that I
take for the boundary, is stiff clay or shale, sometimes containing
lenses of calcareous grit %
2. Tunbridge Wells S a n d . - - T h e first layer of the Hastings Sand
I call "Tunbridge Wells Sand" ; and in using this and other names
of my adoption I have been guided by reasons which will best be
given towards the end of this paper.
The top of the Tunbridge Wells Sand is hardly seen on the first
outcrop of it from beneath the Weald Clay, though at these points-namely, on the left bank of the Medway on the west, and by Sandlin
and Capel-bank on the east of Tunbridge there are moderately good
sections; but it is well shown in several parts of that great spread
of this subdivision which occurs all around Tunbridge Wells. The
top bed is in many places a fine, hard, white sand, with few or no
partings or distinction of beds in it, similar in composition to that
thick bed of sand underneath the Castle and in the East Cliff at
Hastings, though this belongs to another horizon. I t is stuff that is
difficult to work out, and sometimes requires even blasting; but
when separated into fragments, a touch will break it into loose sand.
In bther places the bed is a soft, generally buff-coloured, or else
light-brown building-stone in a massive bed. The gradual change
flora the first kind of substance (which may conveniently be called
"rock-sand ") to the other is well seen along two or three different
lines---namely, from Tunbridge Wells by Rusthall Common to Langton t, from the High Rocks to the summit of Groombridge Hill, and
from Eridge Rocks to A_lksford and Sherlock's. I have measured at
different places 25, 35, and even 48 feet of the rock-sand, and of the
equivalent bed when sandstone 10, 12, or 16 feet, generally in one
~hick, pretty hard layer. Beneath this well-marked top bed come
still sandy beds, but not massive ones like the first; for the greater
part of the Tunbridge Wells Sand may be described as soft, buff or
light-brown sandstone in .beds of half a foot, 1, 2, 3, or more feet
thick, interstratified with beds of loam, thin beds of clay, and now
and then some rather loose sand. The whole thickness of the subdivision seems to be 160 or 180 feet. I judge it to be as much as this
is a general dip to the north (in one or two places I have seen the beds dipping
in that direction) ; if it were only half or three-quarters of a degree, the thickness
would be riO0 feet. I am indebted to Mr. Bensted, of Maidstone, for the information about the borings.
In the following localities : River-bank nearly a mile east of Leigh ; railway-cutting north of Penshurst Park ; near Fordcombe, &e.
r Marked Le~gtMngton Green on the Ordnance Map.
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at Tunbl4dge Wells, from the great descent there is between the outher of Weald Clay at the top of the Common, by the corner of Bishopsdown, and the valley of the Wells ; and even in this the base of the
sand is not reached, while the dip is in that direction which would
make out the thickness more than the fall of the ground. At Groombridge I~ill too, where the strata are about fiat, there is 180 feet of
vertical height from the top to the bottom of the sand. At Eridge
Rocks, however, and at some other places, there can hardly be so
great a thickness.
I should here mention those natltral sections so well known to
every one who has been in the .neighbourhood of Tunbridge Wells:
they are hues of projecting rock sometimes showing a quite perpendicular face. From their having a grey weathered surface, and from
the way in which the vegetation is combined with them, clothing
and hang4ng over the summits, they form, in several places, exceedingly pretty groups. All of these (namely those on Tunbridge Wells
and Rusthall Commons, Eridge Rocks, Harrison's, Penn's Rocks, &e,)
belong to one stratum, namely the top bed of the sands that I have
before desoribed; and it is to be remarked that these bare rocks
occur where the bed is not in its hardest form (namely a good
sandstone), but they are almost in every case composed of rock-sand,
which would seem to resist the degrading action of the weather by
the solid mass it presents without planes of division. It will generally be found that the rocks are capped with an outlier of clay, w h i c h
is of course the Weald Clay. There is one more circumstance about
the Tunbridge Wells Sand which I would have borne in mind, because it bears on a question we shall come to discuss ; it is that sometimes at a level quite low down in this subdivision another bed of
rock-sand occurs ; it does not, however, form any natural rocks. It
may be seen by Groombridge, Speldhurst, l~ashes near Penshurst,
and at other places.
3. WadhurstUlay.--We now come down to a clay stratum, which
I cali "Wadhurst Clay." The bottom of the sand is generally loamy,
this being the passage (not a very gradual one) to the clay that succeeds. This last is, both in the upper part and through all its thickness, sthTbrown clay, or brown or blue shale ; it ends sharply against
the next sandy stratum, good day or else shale resting on sand or
sandstone. The thickness was proved by a well-sinking at Pellet
Gate, Pembury, to be 160 feet; but I do not think it is everywhere
quite so much ; I should say that in the neighbourhood of Tunbridgo
Wells it varied between that and 120 feet. There occurs a little of"
three different kinds of stone in this clay,--first, a calcareous grit,
or a fine, hard, calcareous sandstone, which is seen in thin beds every
here and there; but just in the neighbourhood of Beech Green,
Withyham, it forms beds of two or three feet, much worked for
roadstone. Secondly, a shelly limestone, containing: Cyrena chiefly,
of which I only saw a few two-or three-inch layers. Thirdly, a
smooth grey clay-ironstone, generally in small nodules or layers
of nodules. It was this kind of ironstone, and chiefly stone from
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this very stratum, that was dug to supply the furnaces that once
abounded in this part of the country. The shallow round pits by
which it was extracted can yet be seen in many of the woods ; they
must not be confounded with the large openings, now partly filled
up and much overgrown, or else forming ponds, that were made,
also many years back, to get shale, or " m a r l " as they call it
here, with which it was the custom to dress the land. It may be
that in digging this out they put aside and carried to the furnace
.whatever ironstone was met with : all tradition, however, points to
the small shallow holes as the source of the ore, which went (and
still goes) by the name of"iron-mine" or "mine-stone," while the pits
are called "mine-pits," and the large places are everywhere recog,
nized as "marl-pits." I should mention that on the south of Wadhurst Tunnel, in the railway-cutting, I saw a thickness of 15 feet of
sandstone and loam in this clay, and once or twice besides I have
seen traces of a similar bed. It is likely enough that the same sort
of thing occurs in other places, where it escapes notice (for in a clay
country deep sections are always scarce); yet I have seen enough
to be convinced that this bed is very nearly all of clay.
4. Ashdown S a n d . - - T h e "Ashdown Sand" comes next ; it has no
character to distinguish it from the Tunbridge Wells Sand; the
two can only be separated by regarding their positions with respect
to the Wadhurst Clay, or, if this fails on account of faults being
present, by slight and quite local differences. It is a similar collection of layers of sandstone and loam with an occasional bed of rock,
sand; and it has this further resemblance, that the top is in many
places a good thick bed of rock-sand : this is well seen in four or
five of the valleys lying on the north of the road from Wadhurst to
Mark Cross, which reach through the clay to the Ashdown Sand. I
do not think I have found this bed making natural rocks like the one
at the top of the other sands.
Clay-ironstone occurs occasionally in the upper sandy subdivision;
but yet more is found in the Ashdown Sand. A good deal may be
seen in the heaps brought up from the Wadhurst Tunnel and thrown
out above it; and in the railway-cutting, a mile and a haft further
down the line, it has lately been worked to see if it would answer to
transport it to the North. On Ashdown Forest, too, it occurs frequently, generally with a coating of brown iron-ore ; there are two
or three pits where it is now being dug for roadstone; and I have
heard that about here like stone used to be extracted from the sand
for smelting.
A bed of clay and shale occurs in these sands ; it is seen at several
points south of Frant and along the north of Ashdown Forest; at
the latter part it appears to be 30 feet or more in thickness.
These sands have a great spread about Ashdowa :Forest; it is indeed the central district .of the Hastings Sand, where these low beds
rise and make the highest ground of any in the whole formation.
The deep valleys that cut across Ashdown Forest reach down to
such a depth as to expose, I should think, 250 feet in thickness of
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the sands, without reaching to their base; for the lowest beds seen
(those at Crowborough Mills seem to be so) are of just the same
sort of sandstone and loam. Some miles north and north-east of this
there are other tracts of this sand, of very irregular forms ; they are
brought to the surface by one or more antielinals that run somewhat
east and west. There are two inliers ~ of it quite near to the
country of the Weald Clay itself; namely, one a few miles to the
south-east of Edenbridgc, and another that stretches from Penshurst
to beyond the line of railway between Tunbridge and Tunbridge
Wells.

A. Presence of the .Ashdown Sand in the .Railway-section from
Tunbridge to Tunb'ridge Wells, and the Extent of the Tunbridge Wells
Sand to the northward.--It is just at this part that the beds were
examined by Mr. Morris and Mr. Prestwich, whose description of
them is printed in the Society's J o u r n a l t . I n making a comparison
of this with the results of my own observations, I must refer you
to the transverse section, fig. 2, p. 276. Mr. Morris and Mr.
Prestwich began their observations by the Ttmbridge Tunnel; and
just on the south of it they saw sandstone beds coming from underneath a great thickness of clay and shale. Passing on through several cuttings, and rightly interpreting a fault (the throw of which,
however, they somewhat overrated), they came to shale again, this
time overlain by sandstone. This, however, they take to be a lower
bed of shale (partly from its differing from the other in being unfossiliferous), and they consider this sandstone, which continues on to
Tunbridge Wells, to be in the same part of the series with that they
first saw, accounting for the position of the shale by supposing a
second fault, concealed in the valley. I am, however, convinced
(and I have no doubt that Mr. Prestwich and Mr. Morris would havo
come to the same conclusion if they had been able to extend their
observations for a few miles to the east and west of the railway) that
these last shales, coming from underneath the Tunbridge Wells Sand,
are the upper part of the bed of which the shales at the Powder-mill
and Tunbridge cuttings are the lower (namely the Wadhurst Clay),
and that the sandstone underneath them at the latter places is the top
of the Ashdown Sand. This I have proved by tracing the shale around
this iulier of sand which I observe to come from underneath it ; while
the shale, in its turn, is covered by the mass of sand from Bidborough
to Tunbridge Wells, as well as by like sand on the other side of the
valley, and is capped by two or three outliers of sand nearer to Tunbridge. The difficulty in the way of this explanation, which they
* I doubt if this word inlier is enough in use to be allowed to pass without
explanation ; for I have never seen it in print. It means a space occupied by one
formation which is completely surrounded by another that rests upon it. It is
useful to have a word that will express this ; and "inlier" is a very appropriate
one ; for the circumstance to be named is the exact converse of "outlier," which
is an isolated mass surrounded by a formation that underlies it ; and the advantages of "inlier" ave manifest over such a phrase as was used in the same sense
by the late Mr. P. J. Martin, namely, "outlier by protrusion."
r Quart. Journ. Geol. Soe., No. 8, vol. ii. p. 397.
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rejected on that account, is that there are few signs of such a thickness of sand as that of all the Tunbridge WeLls beds on the north o f
the Tunbridge Tunnel; I have, however, seen sand resting on the
clay close there, and not far off are one or two sections showing no
inconsiderable thickness of it. The greater part of the space between
that and the Weald Clay is flattish ground, covered either by a loamy
alluvium or by gravel; and, of course, sections through this are
scarce ; but I have seen some sand as far away as a quarter of a mile
to the N.W. of Tunbridge Town. The Tunbridge Wells Sand, t h e n ,
must have its first outcrop along here, though there is no great feature
of ground such as one would expect ; for along this part, where there
is a special line of elevation, the ground has been denuded to quite
a low level.
I I I . _Eastwardof the Meridian of Tunbridge Wells.
1. Weald Clay.--The foregoing, then, are the beds that are fotmd
in the neighbourhood of Tunbridge Wells--using the word "neighbourhood" in a somewhat wide sense : we will now look at them in
the more easterly part of their outcrop (for I have traced them for
fifteen or twenty miles in that direction), taking them in the same
order as before. The outdrop of the lower part of the Weald Clay
is in flat ground, where there are few sections of any depth; and,
besides, it is hidden in many parts by some thickness of gravel ; I
therefore cannot speak as to its exact character, but I find a pretty
well-marked line between the clay and the Tunbridge Wells Sand.
East of Tunbridge Town I quite lose sight of that loamy and sandy
bed which I said there was, on the other side, some forty feet up in
the clay.
2. Tunbridge Wells Sand.--The top of the Tunbridge Wells Sand
loses its rocky character a little before we get as far east as Brenchley, and becomes sandstone and loam not different from the rest of
the division, which itself is so much the same as I have before described that I need hardly speak of it more. I t may be mentioned,
however, that at a level that seems to be somewhat below the middle there is seen in some places a thin bed of clay and loamy clay,
partly red in colour, and underneath it a bed of rock-sand or else
thick-bedded sandstone. I cannot say for certain, but I think that
the clay-bed is not always present, but lies in patches, while the
rocky character of what is underneath it is more persistent. The two
beds can be traced as far east as the town of Tenterden. See fig. 1,
p. 276. Hardly any evidence could be obtained about the thickness
of the division ; but it seems, from the space it occupies, to be much
the same as at Tunbridge Wells.
3. The Wadhurst Clay.--The Wadhurst Clay is also like what it
is at Tunbridge Wells. I have but one thing new to remark on it :
the very top of it (the few feet below the junction with the sand) is,
in some places, especially near Cranbrook, of a rather red clay. The
thickness seems to be as much as 160 or 170 feet at Goudhurst, and
rather less i n other places.
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4. Ashdown Sand.--The Ashdown Sand, too, is the same as before. I t still is rocky at or near the top ; that is to say, thick-bedded
sandstone or rock-sand is found not many feet below the base of the
Wadhurst Clay; for the rest, it is such that one cannot distinguish
it from the Tunbridge Wells Sand. I have not seen any great thickness of it. The bottom has not been reached.
5. Hastings San~ around Hastings and ~Battle.--These three beds,
then--two of sand with one of clay between them--spread over a
considerable area, without undergoing any great change; and beyond
this part, where I have myseff examined them, Hr. Charles Gould,
who was ~hen on the Geological Survey, made out at the same time
their succession about Hastings and Battle and further to the northwest; and he has described them in his notes in much the same terms
that I have used for them, though it would seem that the clay in
the middle (the Wadhurst Clay) is there of a less thickness, and has
a greater admixture of loam and sand, than in the more northerly
part. )~r. Gould and myself, though the districts we were upon
were quite separated, worked up to and identified a section in an
intermediate spot, so as to be sure of the true relation of the beds in
the two districts. Quite lately I have been in the very easterly
part, at Rye and thereabouts, and have f()und similar strata with the
same general character, and which may therefore be considered to
belong to all the Hastings Sand that is east of Tunbridge Wells.
IV. Westward of the Meridian of Tunbridge Wells.

1. Weald Glay.--Next in course we will follow the strata westward from our first starting-point. The Weald Clay, as a whole,
continues the same. A sandy bed of no great thickness occurs near
the bottom, which appears to be a continuation of the one I mentioned before: it may be traced pretty distinctly as far as Lingfield; and so may the horizon below it, which I fix on for the top of
the Hastings Sand ; but west of Lingfield, for a length of about eight
miles, neither line is so definite. There is a good deal of loam in
the bottom part of the Weald Clay, and what clay there is is mostly
Sandy clay: the line I have taken for the boundary is where this
doubtful stuff ends and the purer sand begins. I t must be remembered that it is within quite narrow limits that its right position is
doubtful. Beyond Three Bridges Station the change from clay to
sand becomes more marked again, and keeps so till near t{orsham,
where there is some difficulty in pointing out the exact boundary.
It is clear, though, that the sand does not extend more than a mile
beyond that town, but, dipping gently westward, disappears beneath
the Weald Clay, the boundary-line changing its direction and trending to the south-east.
2. Tunbridge Wells San~, Utrper and Lower, with the intermediate
Grinstead Clay.--Of the Tunbridge We]is Sand, we will first speak
of the upper half. The bed of rock-sand at the top of it continues
for some miles; it forms a fine line of rocks at Redleaf, Penshurst,
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and is again exposed in Chiddingstone Park. West of this, for a few
miles, the outcrop of this part of the series is interrupted by some
faults. At Stamford End, Edenbridge, rock-sand is again seen at
the horizon that I am spealdng of: but this is about its last point;
for further west the top of the Wells Sand is thin-bedded sandstone,
with some loam interstratified; and of this same description is all
the upper half of this division. Taking the Tunbridge Wells Sand
as a whole, near the place it is named from, I find, on tracing it west,
that a bed of good stiff clay appears in it, and gets thicker and thicker
the further one goes in that direction. This clay, which I call
"Grinstead (~lay," is first seen distinctly in Penshurst Park and in
the road-cutting that runs along the west side of it. Here I measured a thickness of 17 feet of clay, and I saw below it a bed of white
rock-sand; while the Wadhurst Clay is not far beneath. Near
Tunbridge Wells itself there is here and there some red, rather loamy
clay, with thick-bedded sandstone beneath it ; and this I take to be
the same Grinstead Clay thinning out and occurring only in patches,
while I refer the lower bed of rock-sand that I, some way back,
said there was in the lower part of these sands, to the horizon of that
which underlies the "Grinstead Clay" at Penshurst. It will be
remembered too that I mentioned a thin varying bed of clay, some of
it red, resting on a bed of rock-sand or thick sandstone, as occurring about Cranbrook; this is probably the equivalent of it too.
Following the same bed westward for some miles, I see little of it
on the north, on account of the faults ; but more to the south a succession of outliers enables us to get a good idea of it. North of
]=[artfield it may be 20 ft. thick; at the most easterly of some outliers that occur north of Forest Row it is 30 ft. ; a t the next somewhat more than that is seen, though the top has been denuded;
while at East Grinstead the thickness is probably 40 ft. ; and here
it is worth while to look more closely into its character. At the
very top of it there is red clay, which is a very useful mark b y which
to recogzfize this stratum; lower down it is brown clay, or brown
shale, or blue shale; it everywhere makes very stiff ground, and it
ends sharply against the sand that is below. This sand, as at Redleaf, is either rock-sand or thick-bedded sandstone, in a mass of 30
feet or so thick. Sections of it may be seen in most of the lanes about
East Grinstead; but it is also shown in natural sections at Ashurst
Wood Common, where it forms lines of rocks. In other places, too,
it juts out from the side of the hill, and a few miles to the south, at
a place near West l=[oathly that bears the name of "The Rocks," it
makes two long lines of them the edges of a projecting angle of
ground between two deep valleys, that rival in beauty those of Timbridge Wells; and indeed there is such a resemblance between this
and the groups at the last place, that almost eve1T one would at first
say that they belonged to the same stratum--an error that would
probably be confirmed on the finding of a capping of clay to each set.
I have, however, no hesitation in saying that the two beds or their
equivalents are separated by a thickness of: strata of more than 100
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feet. This is the conclusion to which I have come after a very
detailed mapping of the ground between the two localities; and
the Geological Survey Map, which will before long be published,
will show that the course of the beds, though much interrupted by
faults, is consistent only with this theory,--the mass of the Wadhurst
Clay being not far below the rock-bed, and a great thickness of sand
above the clay that rests upon it. There is about 30 feet of sand
that is not rocky, and making only a gentle slope, below the harder
bed ; and then comes the Wadhurst Clay. These changes of the strata
can be best understood by a glance at the vertical section, fig. 1,
p. 276, in which each of the rock-beds is represented by broken lines :
their appearance and dying out, and the relationship of the clays
above them, will be at once comprehended.
About the lower beds in this part I have not much to say; they
have changed so little from what they are at Tunbridge Wells. The
Wadhurst Clay is just the same mass of clay and shale with clayironstone in it (which stone has been dug a good deal near East
Grinstead), and with a little calcareous grit and shelly limestone,the whole being from 100 to 130 feet thick. The Ashdown Sand
does not come much west of Ashdown Forest, where I have before
described it: the top of it around some inliers there are on the
north-east of Grinstead is not rocky, but of the ordinary thin-bedded
stone or else of looser sand; there is, however, a rock-bed lower in the
sands, as well as a subordinate bed of clay; in general character it is
just as before.
There is a gradual dip of the beds from Ashdown :Forest both to
the north and to the west, so that the lower beds disappear as we go
in either direction ; the WadhurstClay skirts round the forest and dips
down at about West Hoathly ; while the course of the GrinsteadClay
is three miles or so to the west. This bed, however, is again reached
by a deep valley, along which the Brighton Railway has been made,
exposing the best section of it I have seen. At the cuttings at each
end of Balcombe Tunnel the Upper Tunbridge Wells Sand is seen
underlain by purple clay which passes downwards into blue shale.
:More than 40 ft. of this Grinstead Clay can be measured on the north
side ; and there is probably about 50 ft. of it on the whole; for in
this cutting the bottom of it is not reached: in the southern one,
however, the rock is seen coming fl'om underneath.

V. .Nomenclature of the Hastings Sand.
1. Dr. Mantell's Nomenclature.---We are now in a position to compare what I have related with the accounts of Dr. Mantell, and to
discuss the question of what names may be proper for these strata.
As I have before said, Dr. Mantell makes out two sands separated
by "Tilgate Beds," which he describes as sand, calc-grit, and blue
clay, in this descending order. I was at first puzzled to know
whether the strata he met with hereabouts were the Tunbridge Wells
Sand with the Grinstead Clay in it, or the two thick sands with the
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Wadhurst Clay between them. Tilgate Forest, which he speaks of as
the great locality for the fossilfferous gritstone of his "Tflgate Beds,"
is upon the uppermost sand of all, even if we take the name to mean,
as indeed it does, a greater space than is so marked on the Ordnance
map; and the neighbouring forest, St. Leonards, is on the same
strata, except that some of the valleys may just reach down to the
Grinstead Clay. I am told that most of the fossils he collected came
from near Cuckfield; and Mr. Hay of the Geological Survey, who has
been engaged upon that part of the country, informs me that they
were got from two distinct beds--one of them the Grinstead Clay,
the other much higher up in the series.
The sands which he named from the village of Worth, near here,
and placed next below the "Tilgate Beds," belong to what I have
called " Lower Tunbridge Wells S a n d ; " while the beds about
Hastings, which were called "Tilgate" and "Worth" by Dr. Mantell, are much lower down, and do not come to the surface within
some miles of these places. This misconception (which could h a r d l y
have been avoided without mapping the country step by step between
the two parts, on account of there being no important break in the
series, and almost no lithological difference between the several sands
and clays) renders it, I think, necessary to disuse the names of "Tilgate" and "Worth" Beds; and with them must go that of "Horsted,"
taken from quite another part, and perhaps accurate in itseff; since
these, even if they were applicable to this particular neighbourhood,
could not be used for the beds further east without leading to great
mistakes. I will now shortly say why I adopted the names that
I have been using.
2. Reasons for using the Names now pro_posed.--Taking the eastern
part first: about Tunbridge Wells the upper sands occupy a great
space ; they form nearly all the hills near; and their top bed makes
those Conspicuous rocks that I have spoken of. I think, therefore,
their name is well taken from that place. The clay beneath them
is chiefly found in the valleys about there; but near the large
village of Wadhurst, about seven miles to the south-south-east,
it spreads over some tolerably high ground, which is indented by
a series of valleys t h a t expose a great thickness of it, and at last
reach down to the sands below; and its position with regard to
these can also be well seen in the cuttings at the ends of the Wadhurst Tunnel. I have on these accounts thought it well to take the
name of Wadhurst Clay for the second stratum. The lower sands
make very high ground, are spread over a large area, and show
a very great thickness on Ashdown Forest, which is the central
part of all the Hastings Sand country: no name, I think, can
be better for these than Ashdown Sands. The bed of clay that
appears in the Tunbridge Wells Sand, and thickens to 50 ft. to
the westward, may well be called Grinstead Clay, from its occurring on the north side of the town of East Grinstead, and
making as large a spread near there as anywhere else, and from
its relation to the lower beds being well seen in that neighbour-
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This clay of course divides the sand into Upper and Lower

Tunbridge Wells ,~and.
u

Weald Crlay of the 2~eighbourhoodof Horsham.

I have said that the Hastings Sand occupies the surface hardly
further west than t{orsham, dipping beneath the Weald Clay about
a mile beyond that town; in most maps, I believe, it is made to go
some miles further on, and the hills about ]-Iorsham are put down
for Hastings S a n d . This difference is due to a slight misunderstanding of the nature of the strata there. The flat on which the
town is built is on the uppermost beds of sandstone, which lie very
flat, but yet dip gently to the north, and west, and south. The hills
around, the most conspicuous of which is that of Den Park, are
chiefly of clay; there is 120 feet in thickness of it; but they are
capped with a hard stratum, which is no doubt the cause of their
standing out as hills. The beds that compose this are not more,
taken together, than 10 feet in thickness. They are clay with two
or three layers of sandstone, which contain large flat masses of calcareous grit, just like what occurs in the Wadhurst Clay. ~ a n y
quarries are dug in this ; and the ripples and other appearances the
hard stone shows, have been described by Mantell, Lyell, and others.
This set of beds occupies a great space in the form of a table-land
slightly sloping from the edge of the escarpment above ttorsham in
the same direction as the dip, the width being in one place as much
as two miles, and varying from that down to 100 yards. I should have
some hesitation in thinking that all this ground was occupied by a
stratum no thicker than what I have said, but that Mr, Hay (who was
the first to perceive its true position) and myseff have traced its
upper and lower boundaries for many miles, and have examined every
section of it without finding any evidence of, or any necessity for
supposing, a greater thickness than I have named. If, therefore, a
division is made into Weald Clay and Hastings Sand, this Horsham
stone must, at least for the north side of the Weald, be included in
the former ; for here it is only a 10 ft. bed 120 feet up in the clay,
and further east there is nothing but clay at the same horizon ; for,
as we go away from ~orsham in that direction, the feature it makes
becomes less important, and the stone is little worked, and evidently thins away: the last signs of it are at Crawley. Behind (on
the north of) the course of this bed from near Horsham to Crawley,
there is another line of hill which might easily be mistaken for the
feature of the Horsham stone ; it is in fact, although of greater altitude than any made by this stratum, entirely of clay, which is yet
higher in the series, the ttorsham stone making a step projecting
from beneath it. The thickness of Weald Clay above the level of
the stone-bed is very great indeed ; I reckon it to be about 500 feet,
which will give altogether 600 feet or so for the Weald Clay here,
the same as its thickness was found to be in Kent.
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Conclusion. Lithologlval Characters of the Hastings Sand.

To conclude: I should like to give a short summary of the general character of the formation, and to call attention to those points
by a study of which we may get a fuller knowledge than we now
have of the sources of the material of which it is composed, and the
conditions of its deposit.
Plainly divided (as the Wealden formation is, in spite of the admixture of the two substances to some extent through all its parts)
into clayey beds and sandy beds, we shall find in each of these certain
details that are worthy of notice. The clay is generally shaly,
not hard, but in soft fine laminm ; these are sometimes, though not
generally, separated by an accumulation of the cases of Cyprides:
the thinness of the flakes made Prof. E. Forbes give the substance
the very expressive name of "paper-shales." At some parts, however, there is a mere mass of clay without any stratification seen.
I believe it is always so when the clay is of that crimson-red colour,
ranging from that to purple, which occurs at some definite horizons ;
the ori~o4n of which, whether existing so in the rocks from which the
clay was derived, or acquired more lately, I should much like to hear
accounted for. The clay strata, as before said, are varied with occasional bands of calcareous matter, either pure, as shelly limestone,
or mixed with a large proportion of sand, and making a calcareous
sandstone. Lastly, it contains irony matter, sometimes in the form
of concentrically flaking nodules of brown iron-ore, but more often
as layers of nodules of clay-ironstone.
Of the sandy beds there is more to be said. The sand itself is
nearly always extremely fine, almost an impalpable sand. On this
account it bears itself somewhat in the same way that clay does as
regards the presence of water : instead of absorbing it like an ordinary
sand, it becomes a pasty mass that can be moulded like a very light
clay, and this though it contains no alumina. I n appearance, as
well as to the touch, it a good deal resembles the "Loess" of the
:Rhine. The roads that are made with the soft sandstone are in dry
weather thick in dust, but after a good deal of rain in a complete
slush of mud. A small proportion of clay mixed with this, as it is
in many of the learns that are met with in this formation, makes one
think the compound to be much more clayey than it really is.
Sometimes a coarser sand occurs, and this is found more usefal for
building-purposes, from its having the quality of shar2ness ; and less
frequently there are layers of pebbles in the sand, usually about the
size of a pea, but now and then as large as a walnut. I have found
this coarse deposit and the less than usually fine sand generally in
one of the beds of rock-sand. And here I would remark (but I do
not know if the fact is of any import) that these rock-beds in almost
every case of their occurrence underlie one of the beds of clay.
Hydrous peroxide of iron occurs in small quantities in the sandstone, generally in thin wavy flakes, sometimes more diffused, so as
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to make a ferruginous sandstone; and occasionally clay-lronstone is
seen. Lignite is found in the sandy beds, either in small fragments
scattered through a sandstone or loam, or in a bed, from a fractioi~
of an inch to a foot or more thick, which does not continue for very
many yards; and, again, there may be carbonaceous matter diffused
through a layer of loam or of clay. Loam occurs in large quantities
in the sandy beds ; it is in beds some feet thick, interstratified with
the sandstone; the two substances interchange along the same stratum-level, the beds varying very much within short distances. I
think that few continue for long of the same character, so as to be
recognized. Figs. 3 and 4 are two sketches of sections which show
plainly how the changes take place, either by the thinning off of a bed
Fig. 3.

Section in the Tunbridge Wells Sand, near Strawberry Itill,
Tunbridge Wells.

a, a. Sand in laminm,

b. White Sandstone, 3~ feet.

c, c. Sandstone:

Fig. 4.---Section in the Ashdown Sand, at Riverhall, near Frant.

a. Rock-sand.

b. L o a m in Iaminm.

e. Sandstone.

d. Shaly Sandstone.

and the wed~ng in of a new one, or by the overlying beds lapping
over its edge and occupying what would be its place if it were continued.
Lastly, the sand often shows oblique lamination in different directions; and it probably was accumulated in that way in other
cases where there are no signs of it from the deposit being homogeneous. Ripples, too, are frequent, often well-marked, and striking
in various ways.
But notwithstanding these changes, it holds good that the beds
which, on the whole, are sandy, and the beds that are chiefly of clay,
lie in the order which I have described, as represented in the section,
fig. 1, p. 276.

