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II.—FURTHER NOTES ON THE STRATIGRAPHY AND FAUNA or THE
TBIMMINGHAM CHALK.

By R. M. BRYDOXE, F.G.S.

(PLATES II AND III.)

.rTYELIS paper is primarily a record of observations made at
X Trimmingham since those recorded in a pamphlet entitled
"The Stratigraphy and Fauna of the Trimmingham Chalk."1

But as the Polyzoa of the Trimmingham Chalk comprise a re-
markably large number of species which appear to be at present
undescribed and are very characteristic of this horizon, I have
taken this opportunity of describing some of the most prominent of
these forms, partly in the hope of directing the attention of other
collectors to their range and partly to facilitate the classification
of the very large quantity of material I have accumulated. I have
also taken this opportunity of giving a list of species from the Chalk
between Cromer and Weybourne.

1 London : printed separately, Dulau & Co., 1900.
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14 R. M. Brydone—Further Notes on the Trimmingham Chalk.

In the recently published memoir of the Geological Survey on
the Upper Chalk of England Mr. Jukes-Browne has established
a zone of Ostrea lunata for the Trimmingham Chalk. It is clearly
desirable that a formal zone should be so created now that the fauna
is known to be so distinctive, in spite of the present impossibility
of identifying its upper or lower boundary, but the choice of
0. lunata as a zone-fossil, though natural, is unfortunate. 0. lunata
has two characteristics of an ideal zone-fossil in that it is, as far as
we know, almost confined to the Trimmingham Chalk, and that in
that Chalk zone it always occurs abundantly, if at all. But it fails
to fulfil the most important requirement for a good zone-fossil in
that it is not distributed all through its so-called zone. There are
at least ten, and probably more, distinct horizons occurring in four
sequences at different points. The relations of the members of each
sequence to one another are quite clear; the relations of the
sequences to one another are at present doubtful (except that 3 is
clearly identical with part of 4), but I believe that series 1 is the
uppermost and series 4 the lowest, and I often fancy that
series 2 is composed of the bottom bed of series 1 and the upper
beds of series 3. The series (in descending order in each case)
is as follows :—

1. Grey chalk with abundance of small Ostrea resicularis.
White chalk with 0. lunata.

,, without 0. lunata.
,, with 0. lunata.
,, without 0. lunata.

Grey chalk with 0. canaliculata, 0. iiHequicostala, Tcrebratula obesa,
and Stegaster.

1. Grey chalk with 0. canaliculata, 0. incequicostata, T. obesa, and a grit
seam or bed at base.

White chalk with 0. lunata.
,, without 0. lunata.

f. White chalk with 0. lunata.
,, without 0. lunata.

Hard chalk, weathering very lumpy.
4. White chalk with 0. lunata.

,, without 0. lunata.
Hard chalk, weathering very lumpy.
White chalk very much mottled by grey blue streaks. (It has only just

been disclosed below the hard chalk, and I cannot yet say anything
of its fauna except that it does not contain 0. lunata.)

Now a remarkable thing about 0. lunata is that it occurs
exclusively (with the exception of one specimen) at the horizons
noted as characterised by it. It will be seen that there are, at most,
five of these, and at least nine without 0. lunata. It is true that
the horizons with 0. lunata are all of some thickness, and owing
to the vast profusion of beautiful specimens of this very striking
form which they contain, and to their supplying the greater part
of the two bluffs—the only chalk always accessible—they figure
very prominently in one's impressions of the Trimmingham Chalk
as a whole. But it is safe to say that in more than half of the
total thickness of Chalk exposed 0. lunata is not to be found, and
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R. M. Brydone—Further Notes on the Trimmingham Chalk. 15

this without reckoning in the thickness of the anomalous northern
part of the south bluff, which may fairly be quoted as not containing
0. lunata, as only one specimen has been found in it, and that very
dwarfed. But there are fossils which do occur throughout the
Trimmingham Chalk, yet, as far as I know, are confined to it,
such as Terebrattdina gracilis, T. Gisei, Pentacrinus Agassizi, and
P. Bronni, to take well-marked and fairly plentiful forms. There
could be no hesitation in selecting as the zone-fossil Terebratulina
gracilis if it were not for the unfortunate but universal misapplica-
tion of this specific name to the characteristic fossil of the upper
zone of the Middle Chalk. T. Gisei, considered by itself as a possible
zone-fossil, is too small to be found with certainty, even if abundant,
and it is hardly that. But T. gracilis is such an ideal zone-fossil
that I propose to remove the objection to it stated above by
naming the Trimmingham Chalk " zone of Terebratulina gracilis
and T. Gisei," or, for familiar use, " zone of Terebratulina," it being
understood that T. Gisei is not conclusive when occurring by
itself, but that T. gracilis is. Pentacrinus Agassizi and P. Bronni
could, of course, be used to characterise a " zone of Pentacrinus," but*
that would create great difficulty with the chalk of the erratics
between Overstrand and Sidestrand, a part of the cliff which is
unfortunately being ruined for geological observation by sloping
and path-making operations. Before the era of sloping set in these
erratics were about ten in number, and all (with one exception)
lay on a thick bed of boulder-clay, which ran with great regularity
at a practically unvarying height above the beach from the Overstrand
breakwater to the grounds of the new hotel at Sidestrand. My
attention was first drawn to these erratics by Miss Mary Townsend,
of Oatlands Park, Weybridge, who happened to be staying at
Overstrand in 1896, at a time when a storm had swept away the
sand on the beach and exposed a great number of chalk boulders,
no doubt all that had fallen from above for some years. I had
then just become keenly interested in the Chalk of the Norfolk
coast, and she, being aware of this, picked out for me all the fossils
she could with a penknife, including a perfect Micraster cor-anguinum
of the typical Norwich shape, a very creditable performance for
a lady with no previous experience of fossils and armed only with
a penknife. I have on several occasions been able to add to this
collection, the salient points of which are the presence of Bhynchonella
Beedensis, which occurs freely in the Cromer Chalk but not at all at
Trimmingham, and the abundance of a Pentacrinus which is neither
Agassizi nor Bronni, and does not occur either at Trimmingham or
in the Cromer Cbalk. The occurrence of a Pentacrinus is a strong
link to the Trimmingham Chalk with its abundance of Pentacrinus,
and this association is strengthened by the character of the chalk
itself, which is often white, much mottled with blue-grey patches,
just like so much of the white chalk at Trimmingham, and it is
tempting to group this chalk with the Trimmingham Chalk rather
than with the Cromer Chalk. At the same time the presence of
R. Beedensis indicates that it is definitely older than the Tiimmingham
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16 JR. M. Brydone—Further Notes on the Trimmingham Chalk.

Chalk, and this is just what one would expect if, as is probable from
their unaltered condition, these boulders are of quite local origin.

The exception above mentioned was a large boulder, quite 30 feet
high, immediately under the new hotel at Sidestrand. Unfortunately
this was overlaid by a soft bed full of water, which kept its surface
constantly obscured by a downwash of mud, and it was impossible
to collect from it. It has now been destroyed in the sloping of the
cliffs, or, if anything be left of it, it is turfed over and concealed
for good. I did get from the foreman of the works a promise to let
me know when they began to cut into the boulder, but the promise
was not kept, and the operation was carried out in my absence, and
a valuable opportunity thereby lost. One thing about it, however,
was not entirely obscured by the mud, and that was the presence at
about 4 feet from the base of a bed of laminated marl some 2 inches
thick. This remarkable occurrence may mark the boundary between
the zone of Terebratulince and the Cromer Chalk (which is decidedly
identical in age with that now exposed near Norwich, and therefore
belongs to the zone of B. mucronata). Some well-marked line of
demarcation seems not unlikely, as there is a considerable palaeonto-
logical break. Not only Rh. Beedensis but also lerehratvla sexradiata
are not uncommon in the Cromer Chalk, but still unknown at
Trimmingham, and Micraster cor-anguinum, which is abundant
(relatively speaking) in the Cromer Chalk, is so scarce at
Trimmingham that I have not yet found a fragment of Micraster
there, though Mr. Savin has two specimens, apparently from the
hard basement bed. There are also four very characteristic Upper
Senonian Polyzoa, which in the South of England are found in
the uppermost beds (with abundant specimens of Magas pumilus)
of the B. mucronata zone, but which are not found at Trimmingham,
though the environment there must have been so very favourable
to* Polyzoa that they might be fairly expected to occur there
if they still persisted in the English seas. I have described
and figured three of these, which I cannot identify with
published figures. It so happens that I have not yet recognised
any of these three in the B. mucronata chalk of Norfolk, but the
fourth, Membranipora (? Sbmalostega) clathrata, is abundant in
the Cromer Chalk, and adds increased significance to the dis-
appearance of Rh. Reedensis and Terebratula sexradiata. Under
these circumstances I should be very chary at present of adopting
a zonal description of the Trimmingham Chalk which would allow
of the Sidestrand erratics containing Rh. Reedensis being included
with it. Of course, if the great erratic was representative of the
cliff from which the other erratics were derived, it would be quite
conceivable that the marl band should be the boundary of the two
zones, and the mixture of Pentacrinus and Rh. Reedensis in the fossils
obtained be due to the presence of boulders both from above and
below the boundary. (Many puzzling records are probably due to
an assemblage of fossils gathered from a section containing the
boundary of two zones being regarded as a naturally contemporaneous
series, and assigned to the more prominent of the two zones.)
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E. M. Brydone—Further Notes on the Trimmingham Chalk. 17

Should it ever be ascertained that there is a point at which the
forms above mentioned all disappear, that point may safely be takea
as the upper limit of the B. mucronala zone of Norfolk. [I do not say
'Norwich Chalk,' because I have a Very strong opinion that that
term is wholly unscientific. If it implies, as presumably it does,
that all the chalk which has ever been exposed within two or three
miles of Norwich is of the same zone, that zone must be the zone of
B. mucronata, and the term 'Norwich Chalk' is a mere synonym.
It is undoubtedly the fact that the sections now accessible (Trowse,
Thorpe, and Whitlingham) are all in chalk which contains B.mucro-
nata freely, and cannot on any pretext be assigned to any other zone.
But many of the fossils recorded from, the '̂ Norwich Chalk,' e.g. the
Cephalopoda, seem decidedly unlikely to occur in such chalk as that
now exposed, and probably the chalk in which Baculites was
abundant was very different stuff from that now to be seen. In that
case the ' Norwich Chalk' is a ' hotchpotch' of an unknown number
of zones which should, with its so-called fauna, be discarded as soon
as possible in all attempts at zonal classification. I have really very
little doubt as to the danger involved in treating, the Norwich Chalk*
as a zonal unit, and many of the peculiar species would' probably
find a place as synonyms if Samuel Woodward's types could be
found. Some can be so treated from the plates; e.g., Serpula,
accumulata is almost certainly a synonym of S. vortex, S. pentangulata
of S. canteriata, S. carinata of S. fluctuata, S. contracta of S.gordialis
(if Professor Deecke rightly identified the specimens to which he
assigned the latter name, which has not been very freely admitted•
by other collectors), and Plagiostoma granulosum of Lima granulata.
At any rate, we are not warranted by any accessible information in
taking it for granted that the recorded fauna of the 'Norwich Chalk''
has been derived from pits exclusively in the same zone. Most of
the pits named are now inaccessible and cannot be re-examined.]
Unfortunately, in discussing the limits of the zones of the Upper
Chalk in Morfolk we get very little assistance from the nearest area:
in which those zones occur again at all freely, i.e. in Sussex and:
Hants. The zone of B. quadrata south of the Thames is often
very fossiliferous, and the zone of B. mucronata is often even-
more so, both zones being conspicuous for abundance of free-
growing Polyzoa. But in Norfolk, and indeed generally-on .the
north of the Thames, both these zones are. much less fossiliferous
and practically devoid of free-growing Polyzoa. In feet, they
present quite a different aspect; they are much more uniform: and
much finer apparently in texture. It may be only due to increased.
depth, but I have always felt tempted to postulate the existence in.
the Cretaceous sea of a submerged ridge separating the two areas or,
basins. The connection of the Norfolk area with the Eiigen sea,
which is so marked in the Trimmingham Polyzoa, must have existed
at least as early as the age of the chalk round Norwich and near,
Cromer, in which ffomalostega pavonia, described from Eiigen in.
1839 but not recorded from any other locality except Trimmingham,
is quite abundant. Though Polyzoa are abundant at the top of the
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18 It. M. Brydone—Further Notes on the Trimmingham Chalk.

B. mucronata chalk of Hampshire, I have not yet found any Kiigen
forms there, and this may well be more than a mere coincidence.

STRATIGRAPHY.

In this department I have to acknowledge my indebtedness to
Mr. G. P. Bidder, who was staying at Mundesley during late
September and October of 1905, a time of very rough weather
and great variety of exposures. Though not a geologist, he took
great interest in the local geology and gave me much assistance in
many ways. Amongst other things he pointed out to me that in my
previous pamphlet I had overlooked the fact that the magnetic north
is about 20° west of true north, and that I ought to mention
that all my bearings were magnetic. I have, for convenience,
continued to use magnetic bearings in this paper.

South Bluff.

Very little further development has taken place here, but the
accuracy of the partly hypothetical presentation of the low southern
prolongation in fig. 2 of my previous pamphlet has been established
by fuller exposures both as to the continuity of the flint lines and
their identification with those to the right of A B. It also turned
out that at the furthest point to which they are shown extending
they bend sharply down, and all but the highest of the lines shown
to the right of A B come in on the slope. The highest of these was
found to be dipping at quite 75° almost due south. (This very high
dip on the south side of a ridge is by no means uncommon elsewhere
in this area.)

A great number of cavities have recently appeared in the upper
beds of the southern part of the bluff, and it appears as if these
qavities expand as they penetrate the bluff. This is just what would
be expected if they were cavities formed in a cliff facing to the
south or south-west, and tends to confirm the view that this part of
the bluff, at any rate, is the remains of a headland which faced a sea
lying to the south or south-west.

A good deal of the sand in the gap between the two parts of the
bluff has been cleared away and the south-easterly face of the
northern part exposed to a point directly behind and on the same
level as the northern end of the southern part and only 8 yards
away from it (Plate II, Fig. 1). The marked difference in the
physical characters of the two parts remains unaffected, and the
conclusion that they are separated by a fault seems now inevitable
if the north part is not an erratic, as to which no further evidence
has been obtained. I have found a single specimen of 0. lunata in
the northern part.

North Bluff.

Here there have been some most interesting developments owing to
the rapid erosion which has taken place, and is still proceeding.
A great deal of erosion took place in the Winter of 1900-1
all round the bluff, and I was fortunate enough to obtain through
Mr. Savin, of Cromer, the assistance of a local amateur photographer,
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JR. M. Brydone—Further Notes on the Trimmingham Chalk. 19

who took in February, 1901, the photographs reproduced as
Plate II, Figs. 2 and 3, and Plate III, Figs. 4 and 5. Fig. 2 shows
the bluff as seen from a point on a line drawn through the bluff
parallel with the beach-line. It will be noticed that one of the
lines of flints appears to be vertical. That this is an illusion
can be seen from Fig. 3, which was taken from a point
approximately on the strike of the same line of flints, which
(as I stated in my previous pamphlet, and have several times since
checked) is not parallel to the beach - line. The appearance of
verticality is due to the surface presented being oblique both to the
line of vision and to the horizontal plane.

Fig. 4. Plate III, shows a very interesting development on the
north side of the bluff. A deep bay had been hollowed out with
a long south side and very short north side. The south side
was formed by first the bluff itself and then chalky clay, as
shown in fig. 1 of my previous pamphlet. But the clay now
proved to be only a narrow triangular mass, succeeded by
a sloping bank of chalk which formed the rest of that side
of the bay. The head of the bay was formed of talus from the
cliffs above, and apparently concealing the connection of the
sloping bank of chalk with the chalk which emerged again to
form the short north side. This north side ended in a clean-cut
cross section, which showed it to consist of a layer of chalk from
two to three feet thick resting on chalky clay with an apparent
bedding parallel to the base of the chalk, the junction plane
dipping seawards at an angle of about 55°. The whole of the
chalk exposed behind the triangular mass of clay was grey, and
exhibited many peculiarities which will be dealt with fully later on.

Fig. 5, Plate III, gives a close view of the pinnacle of clay and its
immediate surroundings, and there are a number of points of interest
about it. One is the distance from which the clay runs in under the
chalk on either side. Shortly before the photograph was taken the
sand was still further cleared away and the clay extended quite two
feet further under the bluff. In this connection it is to be observed
that a junction between the chalk and the clay has been seen on the
foreshore close by for a distance of some 30 yards, throughout the
whole of which the clay is running in under the chalk for a distance
of at least nine inches, and may, for all appearances, underlie it
altogether. There are many other points on the foreshore where the
junction of chalk and clay has been observed, and in all the plane of
junction is either vertical or else almost horizontal with the clay
running under the chalk. Again, in the case of a fault on the
foreshore almost opposite the north bluff, the chalk on either side
of the fault has at one point been broken away so as to form
a long narrow steep-sided pool about 18 inches deep. The bottom
of this pool is formed by what appears to be the truncated top of
a dome of clay, composed of fairly regular concentric layers of clay
of varying colours, suggesting very strongly that the clay has been
forced up from beneath into a cavity or crack. The point at which
this occurs is at least 30 yards from the nearest exposure of clay.
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20 R. M. Brydone—Further Notes on the Trimmingham Chalk.

Another point is the pseudo - stratification of the clay roughly
parallel to the sides of the fissure. This point is not well brought
out by the photograph, in which it only appears by the light-coloured
band. It was, however, much more apparent to the eye, being more
or less marked all through the mass owing to slight variations in
colour of the different bands, a reproduction of which is hardly to
be expected by photography. Here again we have appearances
strongly suggesting that a pseudo-stratified mass of clay has been
forced upwards into a cavity.

Another point which is not clearly shown by the photographs,
is that the face presented by Fig. 4 was an almost plane surface
apparently representing a clean section through the bluff, the clay
and a homogeneous mass of grey chalk at the back.

A fourth point which cannot, owing to the shadow, be distinguished
at all in the photographs, is that there was a slender arch of chalk
not more than two feet thick extending over the clay pinnacle and
connecting the bluff with the chalk behind. I was only just able
to reach the arch and ascertain that Ostrea lunata occurred in it.
The seaward face of the bluff was at this time too steep to climb
with any comfort, and the highest chalk which could be reached
from the beach was normal 0. lunata chalk, which apparently
continued up to the point where the nature of the chalk was
completely obscured by dirt.

Since the Spring of 1901 there has been steady denudation at this
point. Unfortunately I was not able to obtain any photographic
record until the Autumn of 1904, but the course of denudation in
the meanwhile may be summarized as follows :—

1. The Original Bluff.

^The top of the bluff remained inaccessible and obscured by sand
for some time. It became gradually cleaner and more accessible,.
but during 1901 I found nothing but O. lunata chalk exposed. By
1902 the downwash of mud had practically ceased and the face of
the bluff had been considerably stepped, and it was gradually
revealed that the bluff was capped by a bed of grey chalk of a fairly
uniform thickness of two feet and with a perfectly clean-cut boundary
between it and the O. lunata chalk. (As this grey chalk will be
referred to again later on, I take this opportunity of saying that its
appearance is sometimes only to be detected by the change in colour.
But, as a rule, it is separated from the O. lunata chalk which is
invariably found beneath it by an exceedingly thin seam of fine
grit, containing scattered flint pebbles of various sizes up to that of
a good-sized potato. In places this seam swells out into a definite
bed as much as two inches thick containing small rolled pieces of
chalk. The presence of rolled flints has not to my knowledge been
before recorded in the English or, indeed, any Chalk. It throws an
important light on the time of consolidation of the flints, which
must have taken place in this case almost simultaneously with the
deposition of the Chalk in which they were formed.) The grey
chalk was plainly unconformable to the O. lunata chalk below,
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R. M. Brydone—Further Notes on the Trimmingham Chalk. 21

for the three upper lines of flint shown in fig. 1 of my previous
pamphlet ran steadily and strongly up to the grit seam at the base
of the grey chalk, and were then cut off by it. A fairly accurate
representation of this state of things can be got by adding to the
last-mentioned figure two feet of chalk resting horizontally on the
truncated ends of the lines of flint. As the bluff was cut back these
lines of flint sank, and after a time the lowest came wholly below
the base of the grey chalk and formed a perfect arch.

2. The Fissure and its immediate surroundings.

The triangular mass of clay filling the fissure was denuded much
more rapidly than the chalk, and soon there was produced a definite
inlet between two faces of chalk, which gave partial cross-sections
of the masses of chalk. It became almost at once apparent that the
grey chalk was really only a thin coating (thicker at the top and
bottom on the slope than in the middle, but nowhere more than
18 inches thick) of a sloping surface of 0. lunata chalk. The filling
of the gap by clay proved in places to be incomplete, so thaP
a considerable space was left between the top of the clay and the
chalk arch, indicating that the clay was either very slightly fluid
or not under great pressure when forced in. The latter cause seems
the more probable, as if there had been great pressure at this point it
is hardly possible that an arch of chalk, with a maximum thickness
of two feet, should have remained unbroken. The grey chalk soon
appeared in the arch forming the upper part of it in a gradually
increasing proportion and connecting the grey chalk on the bluff
with that on the ' slope,' but it never completely cut out the
0. lunata chalk which still formed the lower six inches or so when
it was destroyed by the waves. About two-thirds of the way up the
slope, was one of the points where the grit seam swelled out into
a regular bed with pebbles and rolled chalk.

3. The Bay of Grey Chalk.

The first event was the removal of the talus at the head of the bay
and the exposure of a continuous surface of grey chalk beneath it.
Then the grey chalk became thinner and finally disappeared altogether,
both at the head of the bay and along the median (horizontal) line
of the ' slope.' But while in the latter case the underlying stratum
•was 0. lunata chalk, as might be expected, in the former case it
proved to be clay similar to that at the back of the bluff. Further
denudation of the grey clay exposed at a number of points 0. lunata
chalk coming in between the grey chalk and the clay as the edge of
the grey chalk shrank back from the cliff (PI. IV, Fig. 9).

4. The Bay on the South of the Bluff.

This is but poorly shown in our PI. II, Fig. 2, which was taken
at a time when there was no particular feature of interest in the
south bay. It only offered a section through the bluff and a mass
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22 T. F. Jamieson—Raised Beaches of Scotland.

of clay immediately behind it, and behind and above both a tumbled
mass of glacial beds, separated from the chalk by a thin layer of
dark laminated clay.

\ BEAD Of B»
(IDE Of B»»

Diagram of Chalk Bluff, showing the mass of clay immediately behind it and the
; discontinuous line of chalk masses round the Bay.

Towards the end of 1903 the grey bed which had been exposed
at the top of the bluff began to throw out a ' stringer' (or broken
horizontal line of grey chalk) over the mass of clay behind it, and
early in 1904: there was a discontinuous line of chalk masses visible
for a considerable way round the bay. They were apparently
supported by a mass of clay, which was turned under itself against
the bluff, judging from the banding of the clay as sketched very
roughly in the above diagram.

EXPLANATION OF PLATES.
Views of Trimmingham Chalk Bluffs, Norfolk Coast.

PLATE I I .

South Bluff; gap between northern and southern part, a, a, masses ofF I G . 1.-

FIGS. 2

FIG. 4.-
, , 5 . -

. coarse shingle.
and 3.—Two TOWS of North Bluff as seen from the south (1901).

PLATE I I I .
—North Bluff; view of north bay (January, 1901).
—Pinnacle of clay separating the North Bluff from the chalk at the back

of it (January, 1901). The connecting roof of chalk is in deep shadow,
and therefore very indistinct.

—View of the North Bluff and the exposure of chalk in the bay (November,
1904). • . •

(To be continued.)

I I I .—ON THE KAISED BEACHES OP THE GEOLOGICAL SURVEY OF
SCOTLAND.

By T. F. JAMIESON, F.G.S.

IN the maps and memoirs of the Geological Survey of Scotland
there is • frequent mention of raised beaches at 50 and 100 feet

above the present sea - level. Mr. James Geikie, too, in his
well-known book on the Great Ice Age, confidently assumes the
existence of beaches at these two levels. It is therefore with some
degree of reluctance that in the following remarks I venture to
question the reality of these supposed beaches; but it will lessen
the. field of. controversy if I confine my observations to the east side
of Scotland. Matters may probably differ somewhat in regard to the
west side.
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