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MONOGRAPH

OF THE

BRITISH JURASSIC GASTEROPODA.

GENERAL INTRODUCTION.

SiNoE the publication of the SupPLEMENT to the GREAT-OoriTE MoLLUscA in 1863
no attempt has been made to deal with any portion of the Jurassic Gasteropoda in
the works of the Paleeontographical Society. Itis true that the ¢ British [Jurassic]
Belemnites ”” formed the subject of a Monograph by the late Professor Phillips,
whilst the Lias Ammonites have had ample justice done to them quite recently by
the late Dr. Wright, and the Jurassic (as well as Cretaceous) Trigonice by the late
Dr. Lycett. But the Mesozoic Gasteropoda have been singularly neglected, so that,
in point of fact, there has been no Monograph dealing either with them or with the
Pelecypoda ““as a whole’ since Lycett’s last work, published four and twenty
years ; and to this long lapse of time we must add nine years since the date of
the latest issues of the GreaT-OoriTE MorruscA. One. might almost imagine
that this admirable Monograph, in conjunction with the no less valuable Supple-
ment, had exhausted the subject of the Mollusca of the Lower Oolites, although
professing to deal with the upper or Bathonian® division only.

Each age has its own speciality and its own way of looking at things. Thus
the middle of the nineteenth century witnessed the appearance of the standard
works of Deslongchamps, Goldfuss, D’Orbigny, Morris and Lycett, and many
others. Those were the days when the discovery and naming of fossil Mollusca
formed an exceedingly popular branch of science. But for some time past our
biologists and paleontologists have been engaged in the more difficult task of
working out the structure and affinities of the lower and obscurer classes. Thus,
for nearly a quarter of a century, whilst the Sponges, Corals, Foraminifera, and

1 Tt will be remembered that a few of the Gtasteropoda figured in this work, such as “ Pterocera
Benileyi, and the shells in Plate XV (from Yorkshire), belong to the Bajocian or Inferior Oolite divi-
sion of the Lower Oolites.
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2 BRITISH JURASSIC GASTEROPODA.

other Microzoa generally have received a large share of attention, the Mollusca
seem to have been comparatively neglected. On the other hand, the Vertebrata
have always had a number of eminent exponents, whose work has rendered the
publications of the Palaontographical Society of peculiar value and interest.

On the whole, the great age of molluscan palaontology, as evinced by such
works as those already quoted, preceded the announcement in England of the
doctrine of Evolution by about ten years. It is true that this doctrine, now so
universally accepted, had been most ably pre-figured by Lamarck and others ;
yet it had met with little favour from biologists or paleeontologists previous to
the appearance of Darwin’s great book. Hence the age of Goldfuss, of D’Orbigny,
and of Morris and Lycett, was an age when the general faith in distinct creations
was at its height. This is what Professor Marsh calls the third period in palzon-
tology,' when a species was regarded as a rigid entity, and he who “ made” or
described a species acquired a sort of prescriptive right therein. * So long as the
bulk of naturalists really believed in the immutability of species there was
something dangerously fascinating in the prospect of finding out and describing
a form-group, which was destined to endure no change, which might indeed be
destroyed or die out but, could never be altered. The maker of a new species
would thus come to look upon his offspring with almost parental solicitude, and
having stood godfather to his own child would attach to the name given by him
a peculiar interest.””?

Perhaps the belief of that day was on the whole favourable to accurate
definition, and there is no doubt that the practice adopted by some collectors of
burking doubtful forms and varieties rendered it more easy to constitute and
define “species.” It must, however, be allowed that, when once the doctrine of
Evolution is admitted in its entirety, the ideas attaching to such expressions as
“genus” and ““species” lose somewhat of their definition. Nevertheless they
are necessities in classification ; and even if they do not absolutely exist in nature,
it becomes necessary as by a sort of legal fiction to presume that they do exist for
purposes of scientific arrangement. But the palaeontologist has to deal with the
element of time in addition to his other difficulties, and thus for him, far more
than for the malacologist, does it become necessary mnot to place too rigid a
meaning on “ genus ”’ and “ species.”

I fear that this will appear somewhat heretical even in these days of belief in
Evolution; but, as very justly observed by Professor Cope, the fact that all
definitions which separate adjacent groups will be ultimately found to be fallible
does not permit us to fall ““into inexact and inconsistent methods of definition.”
Hence the work of definition need not be slovenly because we no longer believe

1 « Address before the American Association for the Advancement of Science, 1879.”
2 W. H. Hudleston on the Yorkshire Qolites, ¢ Proc. Geol. Assoc.,” vol. v, p. 460.
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it to be final. Nay, the more exact it is the easier will it be to trace the links
which lead up to another group of forms.

At the same time the malacologist must not be hard on the fossil-
conchologist because the latter cannot turn out such exact work as the stricter
requirements of modern biology seem to demand. The malacologist has a wide
grasp of space, but it is all on one plane as it were ; there is no depth in it. The
work lies on the surface and relates wholly to the present, whereas the work of
the paleeontologist lies in a series of perpetually receding planes, and bears the
same relation, metaphorically speaking, to the study of existing life that solid
geometry does to superficial. Of course it is admitted that paleontology, or
rather that branch of it which may be called mineral conchology, is to a certain
extent empirical in its methods, and these guesses at truth are not perhaps always
of the happiest kind ; still, it is more than probable that in the past there has not
always been such sharp divisions as are required by the logical definition of
“genus ’ and * species ”’; whilst the still more artificial * family ” would be more
difficult to outline the farther we go back in time.

DivisioNs oF THE SUBJEOT.

The Gasteropoda are usually regarded as dwellers in shallow water, and hence
any notable accumulation of this class of shells would be looked upon as indicative
of seas of moderate depth at the time that such accumulations were made. In the
Jurassic rocks of England their distribution is very unequal; considerable
thicknesses of rock are found to be almost devoid of Gasteropoda, and then again
a few feet of beds may contain large quantities of them. They are, in fact, less
sporadically distributed than the Brachiopoda or the Pelecypoda, and, on the whole,
very much more difficult to procure in good condition. From their uncertain and
unequal distribution, and also from the fact that Gasteropoda have been greatly
influenced by the physical conditions that obtained during the period of deposition,
it is probable that they are of less value as indicators of horizons than the
Cephalopoda, the Ammonites especially. Moreover, with the exception of one or
two groups, such as Nerinea, their mutations have been much less rapid, so that
forms have been more enduring, and thus sundry demoid types may be said to
pervade nearly all the beds. :

In dealing with our Jurassic Gasteropoda two alternative plans present them-
selves: (1) To carry each genus through from the lowest to the highest beds—
the biological plan adopted both by Goldfuss and d’Orbigny ; or, (2) to adopt the
stratigraphical plan, and to take no more than a series of beds for complete
description. The first method is the more philosophical of the two, but also the
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one which involves the most trouble and preparation. The second method,
besides being the most feasible, has, moreover, been already inaugurated by Morris
and Lycett in their description of the Great-Oolite Mollusca. Hence there exists,
as it were, a sort of prescription to describe the fossils according to their horizons,
and it therefore only remains to determine what divisions shall be adopted. On
the whole I am inclined to think that it would be the most advisable to complete
the description of the Gtasteropoda of the Lower OoLiTEs, already so well begun.
For this reason the Gasteropoda of the Inferior Oolite have been chosen to consti-
tute the first memoir of the contemplated Monograph.

It does mnot appear that many important additions have been made to the
Gasteropod Fauna of Bathonian beds in England since the date of Lycett’s ¢ Sup-
plement.” Hence with the completion of the proposed ¢ Memoir on the Gastero-
poda of the Inferior Oolite,’ the Gasteropod Fauna of the Lower Oolites will, in the
main, have been exhausted. It would then become a question as to what should
be the subject of the next memoir.

If the Middle and Upper Oolites, from the Kelloway Rock to the Portland-
Purbeck inclusive, were made the subject of a second memoir, complete as regards
the Gasteropoda, considerable advantages in the way of comparison would ensue.
This course is the more to be recommended, since there is a disposition to regard
the so-called Middle and Upper Oolites together as one great series of the
Jurassic system. Nevertheless the difficulties which present themselves in having
to grasp such a wide extent of beds are considerable; for the number of collec-
tions that have to be searched must be borne in mind, and how differently as
regards synonymy the fossils are arranged in each. Nothing, it is true, can exceed
the readiness with which the chief authorities of our public museums render all
the facilities in their power ; but in some cases the rules do not admit of more
than an inspection, whereas everyone who has had any experience knows what an
advantage it is to possess a fossil, even for a few weeks—to study it and to be
thus enabled to determine its characters under various conditions of light. Hence
the importance of making use of private collections.

The Gasteropoda of the Liassic Rocks might possibly form the subject of a
third memoir, and in this connection it would be a subject of considerable interest
to ascertain how far the Gasteropoda of the Lias, and especially of the Upper
Lias, resemble those of the Inferior Oolite. My belief is that they would be found
to do so to a much greater extent than is generally supposed, though the Gaste-
ropod Fauna of the Inferior Oolite in our country is much fuller than that of the
Lias; many of the genera which attain to such an important position in the
Inferior Qolite are prefigured in the Lias. These remarks more especially apply
to the south-west of England.

People who derive their impressions of the Faunas of two series of beds from
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studying lists of fossils merely, can have very little idea of their true biological
relations. This is owing to several causes, not the least of which is the unequal
value of specific distinctions. This being so, it follows that under the present
system of nomenclature comparisons by the percentage method are not of the
highest order of merit; but such comparisons are still further weakened by mis-
takes in synonymy, which not seldom serve to aggravate the erroneous impressions
as to alleged differences in two series under consideration. What shall we say,
for instance, to a large and important group of fossils, characteristic alike of the
Inferior Oolite and the Lias, being referred in one case to the genus Amberleya,
and in the other case to the genus Hucyclus ? Nay, more, in the very collection
where this arrangement has been adopted, the genus Amberleya is placed under the
Turbinidee, whilst the genus Hucyclus is placed under the Littorinide. Yet the
merest tyro in Jurassic paleontology knows that Hucyclus is a name given by
Deslongchamps to a group of shells characterised, but not fully diagnosed, by
Morris and Lycett nearly ten years before under the name of Amberleya.
‘Whichever name we adopt the genus is the same; to call it by the first name in
the Lias, and by the second name in the Inferior Oolite, is one way of making an
artificial gap in the geological record. Doubtless comparative lists of fossils con-
tained many such artificial gaps.

NOMENCLATURE.

Like rates and taxes, Nomenclature is a necessary evil, but out of nomenclature
has grown that fearful incubus, Synonymy, which threatens at some time to over-
whelm us unless the Augean stable be cleansed. It is not intended in this Mono-
graph to attempt anything more than a kind of selective synonymy in respect to
the species described. No single individual nowadays can pretend thoroughly to
cope with synonymy. Nothing short of an international commission of experts
can ever do this, and we may well believe that matters are hardly ripe for such a
consummation at present. The dread of having to deal with this horrible night-
mare makes people rather shy of undertaking molluscan paleontology, which may
be said to suffer from this disease more than any other branch of the tree of life.

But genuine nomenclature itself, even when free from its terrible parasite, is a
subject full of difficulties. We are often and justly reminded that nomenclature is
not science, and in fact many of our more philosophic biologists are rather hard
upon nomenclature, because, as with liberty, much evil is done under its cover.
Returning, however, to our original position that it is a necessary evil, we must
endeavour to deal with it in a manner which we may hope will yield the most
satisfactory results. Shall we continue to put new wine into old bottles ? is the
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essence of a question which has been frequently asked of late years. Those who
ask such a question contend that, since the practical acceptance of the doctrine of
Evolution by the scientific world, the old binomial system is insufficient for the
requirements of biological knowledge.

It will be remembered that an important congress of naturalists was held some
time ago at the British Museum under the presidency of Professor Flower, for the
purpose of discussing the subject of zoological nomenclature. All parties were
well represented—uncompromising binomialists, limited trinomialists, and thorough
trinomialists. As far as the philosophy of the subject in dispute went, it appeared
to me that the trinomialists had the best of it; but when it came to a matter of
policy and practice, the more conservative side had much to say in favour of the
old method. In summing up, Professor Flower, who declared himself a limited
trinomialist, said that distinctly defined species undoubtedly exist in great numbers
owing to the extinction of intermediate forms; for such the binomial system
offers all that is needed in defining them. Butinfinite gradations are being traced,
both of present and especially of past forms; in order to deal with these even a
trinomial system would in many cases be inadequate. He considered that sooner
or later far more radical changes would have to be introduced.

These remarks refer more especially to the higher classes of creatures, but they
gerve to show the danger of departing from the old course at present. It is not,
therefore, because I consider the binomial system the most philosophic or the
best, but because I consider it the least calculated to mislead under the circum-
stances that it has been adopted for this Monograph. We must jog on as well as
we can with the help of sub-genera and var. @ and var. b, and this no doubt can
be done without any difficulty. Moreover, in the case of fossil mollusca, we must
never lose sight of the fact that, biologically, we are walking somewhat in the
dark, and also that mineralisation, by the changes it sometimes superinduces, adds
to our uncertainty in these matters. Hence the fossil-conchologist, treading on
somewhat doubtful ground, should not be over anxious to emphasise differences
the precise value and meaning of which are mnot so very obvious in all cases.
When we have to deal with a demoid group, such as some of the small Cerithia
for example, the larger the collection and the fewer the specific names we should
be disposed to give, whereas the varietal names would be numerous. It is, in fact,
these demoid forms with their numerous links which most require the assistance of
a third name. Of course these remarks have reference to the Jurassic Gastero-
poda only. The Cephalopoda might perhaps require somewhat different treat-
ment; in fact, the difficulty as regards the Ammonites is practically got over by
splitting the genus, and even that method is hardly enough for such a sporting

group.
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CLASSIFICATION.

If it be true that too many cooks spoil the broth, the same may be said of the
numerous systems of classification which have been put forward for the Mollusca.
A friend of mine, who has a large collection under his charge, despairing of ever
arriving at the right method, once said in the bitterness of his heart that he was
thinking of adopting an alphabetical classification based upon genera. As one
would fain believe that the main object of classification is arrangement according
to affinities real or supposed, it is evident that such an act, if adopted for a
collection and not for a catalogue, would be a piece of zoological suicide. It
certainly may be argued with irresistible logic that, since the systems of clas-
sification are so numerous, they cannot all be right, and that the chances are
against any one that may be selected.

But, after all, a collector would hardly like to store his fossils on principles
which might very well commend themselves to a dealer ; and rightly or wrongly it
his duty to attempt some system of classification which shall be an aid to
comparison as well as to differentiation. Then arises the question, for us more
especially important, what is the best basis for a classification of the Gasteropoda ?
To many malacologists lingual dentition commends itself as the means whereby
the most philosophic system of classification may be effected, whilst others incline
to attach more weight to the shell itself. Hence, S. P. Woodward, in the ¢ Manual
of the Mollusca,’” divided the Prosobranchiata, with which we are mostly con-
cerned, into Siphonostomata and Holostomata, the former including the bulk of
the carnivorous Gasteropods—always excepting Natica. But the exception of
this large and ancient genus is an awkward one, and it proves that the divisions
adopted do not coincide with the divisions based on the modes of nutrition.
There is also another difficulty in connection with the arrangement of the
‘Manual of the Mollusca,” viz. placing Cerithiwm and Aporrhais amongst the
Holostomata. It matters nothing whether these are vegetable feeders or not;
clearly their shells are not holostomatous in the strict sense of the term, although
on other grounds the affinities of the animal may be more with the Holostomes
than with the Siphonostomes. This subject has been well discussed in the
¢ Paleontologica Indica’ by Stoliczka, who arrived at the conclusion that such
divisions as Siphonostomata and Holostomata might be accepted provisionally,
but without giving such divisions any prominence.

Any system based mainly on lingual dentition cannot exactly commend itself
to a palmontologist. The paleontology of the Gasteropoda is sufficiently empirical
without importing this fresh element of uncertainty. Who can say what was the
lingual dentition of Nerinea ? Hence, whilst admitting to the full the value of
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this method as applied to existing creatures, we must fall back upon the shell as
the basis of classification for our fossils, and accept such aid from zoology as is
consistent with the material at our disposal.

It would seem as though the interest in the study of the Mollusca had been
reviving lately. This may be inferred from the fact of the publication of three
useful and important manuals since the beginning of 1880. I allude (1) to the
fourth edition of Woodward’s ¢ Manual,” with appendix by Prof. Ralph Tate ; (2)
to the work on ¢ Structural and Systematic Conchology,” by George W. Tryon,
junr., published at Philadelphia; and (3) to the ¢ Manuel de Conchyliologie,’ - by
Dr. Paul Fischer, of which the portion completing the Gasteropoda appeared in
February, 1886. This work is being published in Paris. These authors, as also
Stoliczka in the ¢Palwontologica Indica,” bear testimony to the invaluable
character of the original Manual by S. P. Woodward, which is indeed, both as
regards text and illustrations, a work of the very highest character, published at a
price which places it within the reach of all.

With some important exceptions I hope to follow in the main the classification
of the ¢ Manual of the Mollusca.” The most important exceptions are (1) in the
position assigned to the Aporrhaide and Cerithiidee ; (2) in adopting the family
of the Pseudomelaniide, to include the quondam Chemnitzias and possibly some of
the Phasianellas of the Jurassic Rocks. It should be noted that S. P. Woodward
always regarded the application of the term Chemnitzia to the great Melania-like
shells of the Jurassic Rocks as provisional, and many palsontologists besides that
author have felt dissatisfied with the arrangement. Still, I should scarcely have
ventured on such an innovation without the sanction of Dr. Paul Fischer, whose
high authority I must quote in justification. I have long wished to do this, and
now in such good company have no further hesitation.

There are certain genera, moreover, in the Jurassic Rocks whose position seems
very doubtful. Most of those to which I allude are more or less characteristic of
beds of that age. A few may be mentioned here, though each genus will of course be
fully dealt with in the descriptive part of the text. Any observations now made
must be regarded as preliminary and incomplete.

The first of these is Purpurina, a genus founded but abandoned by d’Orbigny,
who makes no mention of it in the text of the ¢ Terrains Jurassiques.” From the name
given we may judge that the author would have placed his genus in the same
family as Purpura. The genus Purpurina were practically reconstituted by Piette
and Deslongchamps, who regarded it as having relations on the one side with Turbo,
and on the other with Cerithium and Purpura. If these views be correct its family
relations are by no means clear, and this circumstance may account for the
contradictory position assigned to it by the various authorities. Thus Tryon
places Purpurina, with a query, under the sub-family Purpurinee, and also under



CLASSIFICATION. 9

“ Cancellariids,” in this way providing his bow with two strings. Tate, in the
appendix to Woodward’s ¢ Manual,” places it in the * Cancellaridee ;”’ Stoliczka, in
the ¢Paleontologia Indica,’ places it with a query in the Trichotropidee; whilst
Fischer actually places Purpurina amongst the Littorinidse. The latter author
assigns no reason for his conclusion, merely observing that Stoliczka’s approxima-
tion of the genus to Trichotropis appears to him a very doubtful determination.
This subject has never been attentively studied by English paleeontologists, partly
owing to some of them having confounded Purpurina with Lycett's genus
Purpuroidea, and partly perhaps from the difficulty hitherto experienced in
obtaining good specimens from our English beds.

The results are that an extremely well-marked group, judging, of course, from
the shell alone, has been regarded as having affinities with Purpura, with
Cancellaria, with Trichotropis, with Cerithium, with Littorina, and with Turbo.
In fact, in this short-lived genus Purpurina authors have noted features character-
istic at once of the Siphonostomata and of the Holostomata, of the Tectibranchiata
and of the Scutibranchiata, of the Toxoglossa, Rhachiglosss, Taenioglossse, and
Rhipidoglossas.

From this very remarkable case we may draw the inference that probably it is
not easy to lay down the law as to family affinities in respect of Mesozoic fossils,
and for this reason we should deprecate the criticisms of certain zoologi(}al martinets,
who are only too ready to find fault with the palsontologist. There is also a
second lesson to be learnt, viz. that in all probability there was a greater blending
of common elements in the Mollusca of the remoter past than there is at the
present time, and that consequently the rules of classification applicable to existing
creatures must not be too rigidly enforced. In fact we must use our system with
a view to the circumstances of the case and not allow it to tyrannise over us.

But then comes the question, which must be faced by any one who has under-
taken to deal with the Jurassic Gasteropoda, where are we going to place
Purpurina in the forthcoming Memoir on the Gasteropoda of the Inferior Oolite,
seeing that it occupies such an important position in that series ? Although I
have my doubts about its being a true Siphonostome any more than Amberleya, yet
bearing in mind the idea of the original founder of the genus, and, moreover,
justified by the authority of Prof. Tate, I have concluded to place this genus at
the head of the list, though leaving the question of family in abeyance.

Another still more important genus, eminently characteristic of the Inferior
Qolite, is Amberleya. The authors of the ¢ Great Oolite Mollusca,” when they placed
Amberleya nodosa under the Littorinide and Amberleya (Turbo) capitanea amongst
the Turbinidee, gave unconscious expression to a doubt, never yet cleared up, as to
which of these two great families the new Jurassic genus should be referred.
Subsequently both Deslongchamps and Lycett had no doubt that Amberleya

2
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(Bucyclus, Desl.) should be placed amongst the Littorinidae, and it is in that family
that most systematists have placed the genus. Nevertheless, Terquem and
Jourdy, Zittel, and Fischer are opposed to this view, and replace Amberleya in its
old position amongst the Turbos. The latter author observes, * The various
forms grouped under the generic name Amberleya have the appearance of Tectaria,
of Hchinella, and of Littorina, but the existence of a nacreous layer, ascertained
to exist in the Jurassic Amberleyas, has shown their affinity with the Turbinidee
and the Trochidee.” I am not aware that any traces of a nacreous layer have
been found in our British Amberleyas, but such is stated to be the case in the
Jurassic of Moscow (Fischer quoting Zittel). Whilst quite prepared to admit that
neither the diagnosis of Lycett nor of Deslongchamps is quite satisfactory, I am
at present content to follow Prof. Tate in retaining Amberleya amongst the
Littorines, the more so as this classification has the sanction of Stoliczka.
At the same time I must repeat my belief, already expressed with regard to
Purpurina, that some of these old genera probably possessed characters which are
now rarely, if ever, combined in the same group at the present day. Hence the
impossibility of a classification which will satisfy everybody. In the meantime,
should any more decided proofs of the existence of a nacreous layer in these very
handsome shells become available, it is not too late to alter the position of the
genus. |

In some respects there are characters of resemblance between the Purpurines
and the Amberleyas, which may be more nearly related than has hitherto been
supposed. As I wish to act as far as possible on the principle of precedent no
change should be made for which I cannot quote a good authority in justification.
But it has occurred to me that d’Orbigny may not have been so far wrong in
placing these shells amongst the Turbos, and that possibly they might be made to
constitute a sub-family of the Turbinids.

But such changes are not to be lightly made, and I should, moreover, always
desire to uphold the decision of Morris and Lycett in the majority of doubtful
cases. It is satisfactory to believe that, on the whole, their genera find favour
with systematists such as Tryon in America and Fischer in France, although not
seldom the family position of these has been changed. Morris and Lycett repre-
sented an -age in the history of molluscan paleontology, when numerous forms
hitherto unknown had to be located as best might be under the exigencies of the
case. In conjunction with their illustrious contemporaries on the Continent of
Europe they succeeded in defining most of the generic groups required for the
Lower Oolites, and it is a satisfaction to think that if it should be necessary to
split up an inconveniently large genus into sub-genera or sections, for the Lower
Oolites at any rate, few if any additional genera are likely to be required.

The following Table shows the systematic position of certain genera of the
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Prosobranchiata according to (1) Fisorer (‘ Manuel de Conchyliologie, &ec.,” par le
Dr. Paul Fischer, Paris. Gasteropoda concluded February, 1886). (2) Trvon
(¢ Structural and Systematic Conchology,” by George W. Tryon, junr., Phila-
delphia, 1882-4). (38) Tart (Woodward’s ¢ Manual of the Mollusca,” 4th edition,
with appendix by Ralph Tate, A.L.S., F.G.S., London, 1880). (4) Srtoriozra
(¢ Paleeontologia Indica,” “ Cretaceous Gasteropoda,” by Ferd. Stoliczka, Ph.D.,
F.G.S., Calcutta, 1868) ; and (5) Morris anp Lycerr (Paleontographical Society,
‘ Monograph of the Great-Oolite Mollusca,’ by J. Morris, F.G.S.,and John Lycett,
London, 1850-4).
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PART 1.

e .

GASTEROPODA OF THE INFERIOR OOLITE.






INTRODUCTION.

Tae vertical limits of the Inferior Oolite in England, as far as the Gasteropoda
are concerned, lie between the Fuller’s Earth, where that series is developed above,
and the Upper Lias below. By some authorities the Fuller’s Earth has been
regarded as pertaining more to the Inferior than to the Great Oolite. Very little
seems to be known of its Fauna, but its argillaceous character serves to connect it
more with the Great Oolite than with the Inferior Oolite. Be this as it may,
there are so few Gasteropoda that the inclusion or exclusion of the Fuller’s Earth
within the assigned limits is a matter of very little consequence. Further north,
where the Fuller’s Earth altogether fails, the upward boundary becomes a little
indefinite for a time, especially in North Oxfordshire, &c.; but, fortunately, these
doubtful beds contain very little bearing upon our subject. In Northamptonshire
and Lincolnshire the uppermost beds of the Lincolnshire Limestone must be
regarded as the upper limit of the Inferior Oolite in that direction, and this
arrangement carries us to the Humber. In Yorkshire the Scarborough or Grey
Limestone is the highest bed of Inferior Oolite age which is known to contain
marine fossils.

Turning now to the lower boundary there seems to be a general opinion that
the Sands of the Inferior Oolite should be restored to their old position.as part of
that series, which will, therefore, include the Cephalopoda-bed of the Cotteswolds
and its Dorsetshire equivalents. As a matter of fact there are but few Gasteropoda
in sufficiently good condition in these essentially transition beds between the Lias
and the Oolites to make their acquisition of much value, and consequently but few
specimens are likely to be selected for description from them.

The main mass of the Gasteropoda of the Inferior Oolite is to be found in the
various limestones, more or less oolitic, and sometimes irony and arenaceous,
which lie between the equivalents of the Gloucestershire Cephalopoda-bed and
the base of the Fuller’s Earth. Portions of this region constitute a really rich
hunting ground, and, where the whole is fully developed, include three, if not
four, well-known life zones, viz. the zone of Am. Murchisone, the sub-zone of Am.
Sowerbyi, and the zones of 4m. Humphriesianus and Am. Parkinsoni. These zones
or life horizons are not made out with equal clearness in all places, partly, perhaps,
from local causes of obscuration, but mainly, I am inclined to think, from the
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absence or feeble development of beds representative of these zones in particular
places. The zones of Am. opalinus and Am. Sauzei must be regarded as of
subordinate importance in this country. Moreover, even if the Fauna of a
particular zone is present, the Ammonite which gives its name to the zone may
not be present. In Dorsetshire such an absence rarely happens, because there
we are dealing with an essentially Cephalopod facies, but in such deposits as the
Lincolnshire Limestone, usually referred to the Sowerbyi sub-zone, it is not always
easy to ascertain the horizon of beds in particular quarries.

On the whole, I have concluded that the gaps which separate these four zones
are of unequal value, and would propose to divide the Inferior Oolite into two
main divisions. The lowest division includes the sub-zone of Am. Sowerbyi, the
zone of 4m. Murchisone, and the reputed zone of 4m. opalinus, all characterised by
a well-marked group of keeled Ammonites. As regards the Cephalopoda it has
affinities with the Upper Lias, or Toarcian. This lower of-the two grand divisions
of the Inferior Oolite might be known generally as the zone of Ammonites Mur-
chisone in its extended sense, or we might simply call it Tae Lower DivisioN or
THE INFERIOR OOLITE, and this is what I should propose to do in any tabular
arrangement which may be ultimately adopted for illustrating the vertical distri-
bution of the Gasteropoda.

Our upper division has a very different Ammonite Fauna. The allied
groups (genera, according to some) of Spheroceras, Stephanoceras, and Cosmoceras
are the prevailing forms, though by no means to the exclusion of all others.
Moreover this great change in the Ammonite Fauna appears to coincide with certain
worn and bored surfaces, indicating a period when deposits ceased, and when,
perhaps, a certain amount of destruction was effected, pointing to a change of
physical condition and to a considerable lapse of time. I am not aware how far
local geologists would bear me out in this assertion, but we shall have an opportu-
nity for testing it more closely when we come to the details of the four main
topographical divisions of the Inferior Oolite. Tar Upprr DivisioN oF THE INFERIOR
Oourrs, therefore, comprises what is usually known as the zones of Am. Humphrie-
sianus and Parkinsoni, which may be separated in some cases, but which apparently
inosculate to a very considerable extent. It so happens that some of the very
richest shell beds in Dorsetshire occur at the junction of these two zones, and
their fossils have been assigned by some to the Humphriesianus-zone, and by
others to the Parkinsoni-zone. Hence the advantage of a classification which
does not attempt, in all cases, a division between these two.

It will be remembered that in the Cotteswolds Dr. Lycett adopted certain species
of Brachiopoda for his zonal arrangements, but, owing to the apparent absence of
T. fimbria in Dorsetshire, this plan is not satisfactory. Roughly speaking our
Lower Division would comprise the fimbria-stage of Lycett, with the addition of
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the cynocephala-stage,! and our Upper Division the spinosa-stage. As a rule the
Lower Division is much the thickest in the neighbourhood of the great escarpments,
whilst in the West Midlands it fails altogether on the dip in many places, so
that the Upper Division rests directly on the Lias in the absence of the Lower
Division. In Dorsetshire it is sometimes the Upper and sometimes the Lower
Division which is best developed in a particular quarry or limited neighbourhood,
but I have failed hitherto in detecting any rule bearing on the point.

Indeed there is very considerable irregularity and uncertainty in the Inferior
Oolite, though less, perhaps, than in beds of Corallian age. Yet the four great
districts display a marvellous difference both in their Gasteropod Fauna, due,
perhaps, to general difference of facies, and also in their composition. Two
features are fairly common to the Inferior Oolite throughout England, viz. that
the mechanical impurities of the limestones are sandy, and that there is a great
tendency to ferruginous deposits, especially in the Lower Division, which is much
more irony than the upper one. Fawn-coloured limestones prevail, but some beds
of the Cotteswolds, and also of the Lincolnshire Limestone, are exceptions, being
very pale in colour. The so-called ‘‘ Oolite Marl” of the Cotteswolds is not
usually a marl in a lithological sense, but simply a calcareous paste, which has
very likely been derived from the waste of coral. The lithology of the beds of
Inferior Oolite age in Yorkshire, excepting the Whitwell and Cave Oolites, is very
exceptional in comparison with the usual types which prevail throughout the rest
of England. : "

But if the lithology of the beds varies greatly, the difference in their develop-
ment is still more extraordinary. Where the beds are thinnest there, as a rule,
the fossils, especially the Gasteropoda, are the most numerous. We can easily
understand some of the causes which have produced this result. Given, for
instance, a certain length of time, during which a geries of beds have been under-
going deposition, if the material of which they are constituted is thickened by
‘large additions of mineral débris we could almost imagine a time might arrive when
looking for a fossil would be like looking for a needle in a bundle of hay. In
most places outside the Yorkshire area, instead of mineral débris the beds are
thickened by calcareous débris, mainly secreted by organisms in the first instance.
Such débris may appear in the form of comminuted shelly matter, or as a calcareons
paste, or as an oolitic granule. It is thus that the beds of Inferior Oolite in the
Cotteswold escarpments are, for the most part, thickened. More rarely, and never
to any important extent, the beds are thickened by an actual growth of coral in
situ. There are three such bands—the name ¢ reef ”’ is scarcely applicable—in the
Cotteswolds, and there can be no doubt that such belts of coral have exercised

1 The species of Gasteropoda in the cynocephala-stage of the Cotteswolds are so few in number that
it is hardly worth while making a separate division for these.
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an important influence on the Fauna. There appears to be a really large coral
growth in the Upper or Ragstone division of the Inferior Oolite on Dundry Hill
So far as I know, this is the only accumulation in beds of this age throughout
England to which the term  reef’ could be fairly applicable.

But although the remains of actual coral growth now presented to us are
scanty, there can be little doubt that the Inferior Oolite was deposited when a
considerable growth of coral existed in some places, and mostly in the direction of
the prolongation of the escarpment. It must of course be borne in mind that we
merely see the truncated ends of the beds along the line of strike, and that these
beds have all extended much further in a direction opposite to that of the prevailing
dip. Taking the Cotteswold area, for instance, as an example, the westward
prolongation of the Inferior Oolite from such a place as Leckhampton might, and
most likely did, extend over what is now the vale of Gloucester, towards the high
lands of the west, which would be the direction of the shore of that period. It
was most probably on fringing reefs connected with a shore so situated that the
main mass of actual coral was being accumulated. And this growing coral not
only fostered a peculiar Fauna, but also furnished to the waves no small amount of
the calcareous mud, which, in the form of paste or granules, constitutes a large
proportion of the Inferior Oolite as it is now preserved to us. The long east and
west axis of the Mendips would form an island in the Inferior Oolite sea of the
south-west, whilst its axial prolongations would form shallows or submarine
ridges such as that so well exposed at Vallis, near Frome, on which several feet of
a rubbly variety of the upper beds of Inferior Oolite may be seen to repose. A
little way off, on the north and south flanks of this Mendip island, are considerable
accumulations of impure calcareous sediment of Inferior Oolite age, almost devoid
of fossils, and yielding building stones (Freestone quarries). In Dorsetshire, on
the other hand, with which South Somerset may be included to a certain extent,
the signs of coral reef are small, and where Cephalopoda are very numerous the
conditions must have been very different ; but this will be seen more fully when
the details of the several districts are given.

‘What I particularly wish to emphasize just now is the extraordinary irregularity
and marked contrast inthe several portions of the Inferior Oolite,and, by consequence,
of its fossil contents. This peculiarity is on the whole favorable to variety in the
forms of life, or, stated in other terms, the more varied the facies the more
numerous will be the forms in a given series of beds. This, I think, especially
affects Gasteropoda, which are easily influenced by change of physical conditions
within a given area, such physical conditions being indicated by the nature and
varying volume of the deposits.

Despite its variability and local attenuation the Inferior Oolite is mnearly
continuous in its outcrop from Bridport Harbour on the Channel to Blue Wyke on
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the North Sea with the exception of a short break in Yorkshire. But about half-
way between these two points, in the very centre of England, the deposits of this
age are very meagre, and yield scarcely any Gasteropoda, indeed but few fossils of
any sort. That portion of the outcrop which lies hetween Banbury and a little east of
Blisworth represents this series in its most degraded condition, and at the point
where the new railway to Northampton diverges from the old line (north of Roade
station) a few feet of unfossiliferous sand is all that intervenes between Bathonian
beds and the blue shales of the Upper Lias. I have very little doubt that if we
could follow the beds for a short distance on the dip (¢.e. to the south-south-
east) it would be found that the Inferior Oolite had disappeared entirely. We are
therefore prepared for the entire absence of the Inferior Oolite throughout the
south-east of England, as proved by numerous borings, and we perceive that this
south-easterly attenuation, which has been noted at several points in the midland
and west midland districts, is but the prelude to entire extinction.

But to return to the outcrop, this extreme thinning and change of beds in the
centre of England is no doubt due to the configuration of the old land surface at
the time of the deposition of the Inferior Oolite. Into these physical details there
is no need for us to enter on the present occasion ; it is enough for our purpose that a
markedly new phase of the Inferior Oolite is gradually attained in the country
which lies to the east of the main line of the London and North-Western Railway.
The line as thus indicated may be said roughly to divide the two great regions of
the Inferior Oolite from each other, that on the north-east being on the whole of a
less marine character than the more typical and better known region to the south-
west. But, just as the Cotteswold type differs from that of Dorsetshire, so in the
great north-eastern division does the Northampton-Lincoln type differ from that
of Yorkshire.

Hence we may divide the Inferior Oolite of England geographically into four
principal districts as follows:

No. 1. The Dorset District, including part of Somerset in the direction of the
Mendips.

No. 2. The Cotteswold District, extending from the neighbourhood of the Men-
dips to a line across the centre of England approximately indicated by the London
and North-Western Railway.

No. 8. The East Midland District representing the outcrop of beds of Inferior
Oolite age in Northants (east of the above line), Rutland, Lincoln, and perhaps
south-east Yorkshire as far as the Pocklington axis.

No. 4. The Yorkshire Basin constituting an isolated area and presenting many
peculiar features. :

Of course there may be some room for difference of opinion as to the boundaries
of these four areas or districts, but generally speaking each of them is characterised
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by the predominance of certain facies, and this peculiarity gradually loses its dis-
tinctive character, and frequently the beds their fossiliferous wealth, as the confines
of the adjoining area are approached. Hence I do not feel called upon to indicate
the boundaries too absolutely, as if one were defining the limits of a parish or a
polling district, though something of the sort may be attempted in giving the
details of the four great districts. As regards the name of the second district it
certainly includes more, both to the north and to the south, than the actual
Cotteswold Hills. Hence our second district is not precisely coterminous with the
Inferior Oolite of the Cotteswolds. Moreover, there is another difficulty in this
connection, viz. where to locate the very exceptional development at Dundry.
Both the facies and lithology of those fossiliferous beds recall some of the most
typical of the Dorsetshire sections, in spite of their lying well to the north of the
Mendips. But on the other hand the large development of coral in the Parkinsoni-
zone quite distinguishes this remarkable outlier, which topographically must be
included within the second district, unless we are to regard it as sufficiently
important to constitute a region by itself.

Now, the Dorset district possesses an essentially Cephalopod facies in the main
with, as we have already seen, a thin development of sediment. These conditions
seem to have been eminently favorable to the growth of Gasteropoda, and the
subsequent mineral changes have also been favorable to their preservation as fossils.
Hence it is to the collections from these beds that we must look, not only for the
greatest number of species, but also for the best preserved specimens on which we
must depend for the illustration of this Memoir. In fact, if all the available
Gasteropods of the Inferior Oolite were as well preserved as are those from the best
localities in Dorsetshire, the task I have undertaken would prove a much easier one
than is likely to be the case. The essentially Cephalopod character of the
facies is maintained as regards the Lower Division, even into South Somerset,' but
the Upper Division, or equivalent of the Cotteswold Ragstones, already begins to
fail in Ammonites ; though the shell-beds swarm with Brachiopoda and Trigonie
together with a moderate supply of the Gasteropoda peculiar to the Upper Division.

In the Cotteswold district the deposits are so bulky that it would be difficult to
name any one facies as markedly predominant. The three thin ‘ coral reefs,” if
indeed they are worthy of such a grandiose name, mark the more classical portion of
the district which extends from the neighbourhood of Stroud to the neighbourhood
of Cheltenham. Hence the facies is partly coralline ; but there are also examples
of the brachiopod and echinoderm facies in abundance. Ammonites are compara-
tively rare, and, as far as I can ascertain, above the Cephalopoda-bed (zone of
Am. radians), of very few species. The Lower Division is better supplied with
Gasteropoda than the Upper Division, or Ragstones, but these shells cannot be said

! The axis of the Mendips is taken as the division between North and South Semerset.
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to be numerous as a class or particularly well preserved, many appearing in the
condition of casts. The * Oolite Marl” yields a fairly respectable list of Gastero-
poda, and some of these are really in good condition, well preserved in fine white
calcite, so as to constitute a valuable acquisition to the cabinet. Mr. Brodie also
has some good specimens of Gasteropoda, mostly small, from the freestones, which
bear some resemblance to the Fauna and facies of the Lincolnshire Limestone.
On the whole, however, the Cotteswold area of the Inferior Oolite is rather dis-
appointing, and if it were not for the abundance of Nerinea on certain lines
in the “OQolite Marl” and associated beds, and the occurrence of this
genus to a less extent in the * Pea-grit” below and the ¢ Clypeus-grit”
above, the ground would be somewhat poor hunting for those in search of Gas-
teropods. It has generally been held, and I think justly, that these shells are in
some way associated with coral growth, and this seems all the more probable when
we bear in mind that the No. 1, or Dorset district, notwithstanding its wealth of
Gasteropods, has not yielded a single Nerinea to collectors, so far as my experience
goes. The genus Nerizea has been traced as far as Radstock in the uppermost
beds of the Inferior Oolite, but south of the Mendips it seems to be entirely absent,
and this is also the case with beds on the same horizon in Normandy.

In the East Midland district, if we except the development of certain estuarine
and ferruginous deposits, the Inferior Oolite is still mainly calcareous. The
Lincolnshire Limestone is remarkably devoid of Cephalopoda, and the facies, where
any abundance of fossils occurs, is described by Professor Judd as partly coralline
and partly shelly. With few exceptions the Gasteropoda are small, but excessively
numerous in certain places, and the genus Nerinea is well represented throughout.
It would be difficult to show a greater contrast than that which exists between the
Lincolnshire Limestone, with its white Oolite, small shells, and total absence of
Ammonites, and the Dorsetshire ironshot Oolites, so full of Ammonites and
Belemnites that Mr. H. B. Woodward declares the entire Inferior Oolite of that
region might be called a Cephalopoda-bed.! Tt is probable that the greater part of
the Lincolnshire Limestone belongs to the Lower Division, though matters are more
obscure here than in the south-west. The facies and general appearance of the
upper beds of the Lincolnshire Limestone at Weldon, Wansford, Barnack, &c., has
a strong resemblance to the Great Oolite as developed at Minchinhampton and
elsewhere, but possibly this resemblance is in part superficial, and it may be that
the freestones of the Inferior Oolite in the Cotteswolds, on a close comparison of
species, may have more affinity with the Lincolnshire Limestone than is usually
supposed.

! ¢ Proc. Geol. Assoc.,” vol. ix, p. 203, 1886.
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DzraiLs oF THE DorsET-SoMerskT Districr (No. 1).

The Mendip axis serves approximately as the northern boundary.

Comparison with Normandy.

There can be very little doubt that both the Upper Lias and the Inferior Oolite
of Dorsetshire present considerable analogies with beds of the same age in Normandy.
This, indeed, has been pointed out by Oppel and Waagen, the latter of whom
included Dorsetshire in the Parisian basin as distinct from the Inferior Oolite of
the whole of the rest of England.

As regards the Upper Lias we have only to compare the general section at
Ilminster, given by the late Charles Moore,' F.G.8., with the section at Evrécy,
given by Prof. Eugéne Deslongchamps® to perceive that above the margaritatus-beds
(Marlstone), there come the Leptena-beds, and then that remarkable zone of nodules,
or doggers, with Saurians, Fish, and Crustacea, succeeded by certain beds con-
taining Cephalopoda characteristic either of the Upper Lias proper, or of the
wnsignis-zone. At Ilminster the whole of this, judging from the above-quoted
section, is contained in about eight feet six inches, whilst at Evrécy the thickness
of the corresponding beds does not exceed thirteen feet. But now supervenes an
element of great physical difference in the Yeovil sands, over 100 feet thick, which
separate the bifrons-beds from the regular Inferior Oolite of Dorsetshire. Tt is
not a little singular that, whilst the life-zones remain almost identical in the two
countries, there should be no adequate physical representative of these Yeovil
Sands in the Department of Calvados.

But whilst the life-zones present such a singular resemblance, their arrangement
and classification have been by no means uniform. Let us consult the work of
Deslongchamps already quoted, in order to see how variously the Inferior Oolite
may be divided or subtracted from according to the views of various authors. The
learned Professor of Caen then wrote that the *systéme oilithique inférieur ” con-
sists of (1) Infra-oolitic Marls, (2) Inferior Oolite, (3) Fuller’s Earth, (4) Great
Oolite. His systeme odlithique inférieur is in fact the equivalent of the whole of
our Lower Oolites plus the Upper Lias. I have drawn attention to the point
mainly in order to show the development of the lower portion of the Inferior Oolite
in Normandy, and its attachment to the Upper Lias, according to certain views.
For this purpose it will be necessary to analyse the * Infra-oolitic Marls” to see

1 ¢ Proc. Som. Arch. and Nat. Hist. Soe.,” vol. xiii (1865-6).
2 ¢ Etudes sur les étages jurass. inf.’ p. 75, 1864.
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what they are made of, and also the so-called Inferior Oolite, which latter we shall
perceive has a much more restricted meaning than with us. The following is an
outline of their development in Normandy, abstracted from the previously-quoted
work. Starting below the Fuller’s Earth :—

1. The ““ White Oolite.” This is said to be the normal deposit of the Inferior
Oolite ; it is of considerable thickness, varying from twenty-eight feet to nearly
fifty feet. The following are amongst the species quoted :—Am. Parkinsons, dimor-
phus, subradiatus, Martinsis, Natica Bajocensis, Trochus duplicatus, Pleurotomaria
mutabilis, Terebratula carinata, T. Morieri, T. Phillipsii, T. globata, T. spheroidalis,
Rhynchonella plicatella. This may be said to form the Parkinsoni-zone.

2. The “ Ferruginous Oolite.” This is the famous Oolite of Bayeux, or typical
Bajocian. It is six feet thick, and divisible into three beds. The central bed is
that in which Am. Humphriesianus, Gervillei, Brongniarti, and a crowd of Gasteropods
occur. Above is a bed characterised by Am. Niortensis and large varieties of PI.
mutabilis, whilst Ter. spheeroidalis is more abundant than in the middle bed.
Finally, at the base is a nodular bed, which contains the above-quoted Ammonites
of the horizon of Bayeux, and along with these Am. Sowerbysi, cycloides, and even
genuine specimens of Murchisone ; most of the latter are believed to be remanis.
This is in the main the Humphriesianus-zone, and perhaps includes in the lower bed
the sub-zone of Am. Sauzei.!

3. “ Mdliere,” or highest group of the ¢ Marnes Infra-odlithiques.” Between
this important series of beds and the ¢ Ferruginous Oolite,” or true Bajocian, there
is, in Normandy, a considerable ‘hiatus marked by eroded surfaces and other signs
of a partial unconformity. The  Mélidre ” is formed of a series of beds of marly
limestone, frequently penetrated with  chlorite,” sometimes sandy and siliceous.
The thickness varies from nine to twenty-nine feet. It frequently contains dark
siliceous concretions. The fossils are Am. Murchisone, and especially Am.
“aalensis™ or *“ concavus,” which in Normandy occurs only on this horizon. Here
also occur Lima heteromorpha and Terebratula perovalis along with Rhynchonella
ringens and B. quadriplicata. The characteristic Gasteropods are Bucyclus capita-
neus and . pinguis along with Pleurotomaria actinomphala and P. Baugieri. The
“ Méliére ” constitutes a sort of transition between the * Marnes Infra-oslithiques ”
and the beds of Bayeux ; and, according to Deslongchamps, the fossils of this horizon
were sometimes cited by D’Orbigny in his Toarcian, sometimes in his Bajocian,
varying with the locality observed. )

It is not difficult to recognise in the  Méalitre” of the Norman geologists the
Murchisone-zone of Dorsetshire plus the so-called Sowerbyi-zone, so well charac-
terised by the innumerable varieties of Am. concavus. This forms the main mass
-of our Lower Division of the Inferior Oolite in Dorsetshire, is characterised

' See further on for a more detailed description.
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throughout by sharp-keeled Ammonites, and contains an assemblage of Gasteropoda,
which present considerable differences from those of the Upper Division. Such
are its Liassic affinities that, as we have already seen, Eugéne Deslongchamps for-
merly placed it at the head of his “marnes infra-oslithiques,” whilst D’Orbigny
assigned its fossils here to the Toarcian, there to the Bajocian, although in reality
the species of the two horizons are for the most part distinet.

4. Zone of «“ Am. primordialis.” In Normandy this is described as not usually
much more than three feet thick, often less; it reposes conformably in most places
on the marls with Am. bifrons. In some places occur a great quantity of Gaste-
ropods and Bivalves having a facies thoroughly Oolitic; often in a poor state of
preservation. Rhynchonella cynocephala is quoted from these beds.

In everything but thickness this horizon probably represents the Yeovil Sands
with Am. radians, Am. Moorei, &c. (the Gloucestershire Cephalopoda-bed).

Locality and position of the principal beds containing Gasteropoda.

There are certain familiar names, well known to collectors of Inferior Oolite
fossils, frequently to be séen on the specimens themselves in our museums, &c.
As regards Cephalopoda, and especially Belemnites, these are so universally dis-
tributed, each group in its own order of succession, that in some places the entire
section of the Inferior Oolite might be termed a Cephalopoda-bed. The same
might almost be said of the Conchifera and Brachiopoda. The remains of the
Gasteropoda, besides being much more difficult to procure, have rather a tendency
to be confined to certain horizons; not absolutely, however, as a few specimens
will, of course, be scattered throughout. The object of the present notice is simply
to draw attention to the locality and position of certain beds remarkable for the
number of Gasteropoda which they contain. In so doing the description of each
section will be given with a view more especially to emphasize the geological
position of such beds. Attention will be paid to the ordinary divisions where
that is practicable, but without attempting any of those refinements of generalisa-
tion which have been deemed possible by Oppel, and still more so by his successor
Waagen. I have already insisted on the fact that the Inferior Oolite, at all events
in the Dorsetshire district, is capable of being placed under two well-marked
divisions, and in each section the position of the dividing line will be indicated as
carefully as the facts known to me may justify. For general purposes the following
may be accepted as the zones of the Inferior Oolite, which have been traced,
though never all in one place, throughout the Dorset district.

1. Parkinsoni-zone
2. Humphriesianus-zone } Upper Division.
3. Sauzei-zone
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4. Concavus- or “ Sowerbyi” -zone
5. Murchisong-zone

6. Opalinus-zone

7. Radians-zone (Sands)

The Sauzei-zone is an appendage of the Humphriesianus-zone, and both are
often but feebly developed, except in the neighbourhood of Sherborne. The
concavus-beds represent the upper part of the Méilitre of Normandy, and the true
Am. Sowerbyi is hardly ever found in them. The most mixed Fauna occurs in the
“ Sauzei-bed >’ of Oborne, and some might class it with the Lower Division.

Burton Brapsrock.—This name is very well known to collectors, and fossils so
marked may come from shallow quarries and cuttings in the neighbourhood of the
village, or from the cliff which overhangs the English Channel. Between Burton
Castle and the neighbourhood of Bridport Harbour there is an isolated massif
made up of the Yeovil Sands, capped by the Inferior Oolite Limestone; and in one
place, where the sequence is very complete, these are succeeded by a fragment of
the Fuller’s Earth. This massif presents a bold front to the English Channel,
and has a length of one and three quarter miles, by an average width of about
half a mile. It is unequally divided by the River Bredy, which separates “ Burton
Cliff ” from the area to the north-west. The Inferior Oolite Limestone of Burton
Cliff, containing the fossiliferous beds presently to be detailed, is elevated out of
reach by reason of the great thickness of the ¢ Sands,” and it is only where masses
of this hard capping fall upon the beach that the fossils themselves come within
reach of the hammer. Hence their relative position has not in all cases been de-
termined with precision. Nevertheless, there is one horizon in Burton Cliff which
i3 s0 pre-eminent above all others for the number and beauty of its Gasteropoda,
that fossils marked ¢ Burton Bradstock ” are most likely to have been derived
from it.

The portion of the cliff west of the River Bredy is sometimes known as the
Bridport Cliff, but generally speaking the fossils from here are not well defined as
to geological horizon, though they chiefly belong to the rich bed before mentioned.
Some of the fossils marked ‘ Briprort”’ come from here, but the term is applied
rather loosely. The town of Bridport is at some distance from the coast, and is
situated on the Middle Lias.

The sands of the Inferior Oolite, or, as Oppel calls them, the sands of the Lias,
exposed in this noble sea-cliff, consist of yellow sands with numerous indurated
layers of bluish calciferous grit, which are sometimes continuous and at other times
occur as nodular masses. These beds contain but few Gasteropoda, and those
for the most part so ill-preserved that they require but trifling notice. As is so
often the case where sedimentary accumulations are of great vertical development,
they are comparatively barren of life, partly, perhaps, because such areas were

Lower Division.
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unfavorable to its development, and partly because the mechanical sediments mask
those of organic origin. I have before observed that the horizon may be roughly
represented as the zone of Am. radians. The lower portions (not visible in
this section) may probably be the equivalents in time of the Jurensis-beds, as
identified by Tate and Blake in Yorkshire, whilst the upper portion may be ta.ken
to represent the cynocephala-stage of Lycett.

- It so happens that in one place a complete section of the Inferior Oolite Lime-
stone has slipped to the base of the cliff, and therefore we are fortunately able to
effect an examination which would otherwise require a considerable, not to say
dangerous, exertion. The following profile, therefore, though measured at the
bottom, really represents the top of the cliff. Itshows us the Inferior Oolite in a
nutshell, and affords a clue to its development in this neighbourhood and to a
certain extent throughout the Dorsetshire district. Its modest dimensions seem
puny in comparison with the bulky Cotteswolds and the still thicker masses
of the Yorkshire Oolites. Nevertheless, though small it is regular in sequence
and the life-zones are fairly shown, better perhaps than in any one section
of the Inferior Oolite throughout England. Doubtless there are deficiencies, and
the Parkinsoni-zone is in preponderating force.

Profile No. 1, see page 31.—Taking these beds in ascending order and without
too detailed a scrutiny, we perceive that above the main mass of *“Yeovil Sands”
there occur about seven feet of sand-rock and calciferous grits between two lines
of very thin, smooth, sharply-keeled Ammonites. These, no doubt, are the beds
referred to by Oppel, who says that he found here the beds of Am. torulosus in
the form of sandy, light grey limestone charged with numerous organic remains,
amongst which he collected Am. torulosus, opalinus, and subinsignis, Turbo sub-
duplicatus, Terebratula anglica, and Rhynchonella cynocephala.t

Speaking from my own experience the fossils of this horizon are mainly confined
to the vicinity of the upper line of Am. opalinus, which Oppel regards possibly as
the equivalent of his zone of Trigonia navis. There is here a fossiliferous zone
which teems with Am. opalinus, and I possess both the other species of Ammonites
mentioned by Oppel from this place and most probably from the same horizon.
Ehynch. cynocephala was also noted from here, and likewise a few species of
(asteropoda, but not enough to constitute what the local collectors call a
¢ Univalve Bed.”

The remainder of the section upwards consists of five blocks of limestone,
which measure altogether about twelve feet in height. The most notable shell-
bed in the lower portion is one in connection with the ¢ irony nodule” bed,
a well-marked physical horizon in this neighbourhood. Ammonites greatly
resembling Am. Murchisone occur hereabouts, and there are a sufficient number of

! See Oppel, ¢ Juraformation,” p. 328, 1856-58.



DORSET-SOMERSET DISTRICT,

Profile No. 1.—BurtoN BraDSTOCK CLIFF.

(Section complete.)

Capping of Fuller’s Earth.

! In interpreting this and the following profiles the reader should bear in mind—(1) That the
proportionate thickness of the beds is not observed any more than convenience allows; (2) the
relative thickness of the beds must be judged by the measurements, which do not claim to be more
than fairly accurate ; (3) the divisions shown do not in all cases agree with existing divisional planes;
(4) the main object in all cases has been to emphasize the position of the chief beds bearing

Gasteropoda.
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Gasteropoda on this line to entitle it to the dignity of an ‘ Univalve Bed.” The
fossils are mainly those characteristic of the Lower Division, and more especially
of the Murchisone-zone ; e.g. Cirrus, usually a fossil of a low horizon. The other
Gasteropoda from here will be named in their due places. The upper portion
of thisin all probability shades off into the concavus-beds, or so-called Sowerbyi-zone,
but as there are no special traces of Gasteropoda here we need not go further into
the inquiry. There are signs of the so-called  Sowerbyi’’-zone in a quarry
on the north side of the Bredy, but I found no Gasteropoda there of any conse-
quence.

Again, the line between the Lower and Upper Divisions of the Inferior Oolite
cannot be laid down to an inch or two with absolute certainty in the cliff section.
This doubt arises mainly from the feeble and imperfect development of the
Humphriesianus-zone, a failure very characteristic of South Dorsetshire. As far
as an inspection of this section goes there seems to be no independent development
of the Humphriesianus-zone at all otherwise than as an adjunct to the rich-shell at
the base of the Parkinsoni-zone (P,). This was noticed by Oppel, who, whilst
alluding to the trifling thickness of the Inferior Oolite, speaks of the fossils of the
Humphriesianus- and Parkinsoni-zones being found together in one and the same
bed of Oolite. To a certain extent this is so, and if such a zonalist as Oppel
admitted the fact the evidence in its favour must be very strong indeed.

We have then to consider the character of the shell-bed which I have distin-
guished as P). It is mainly situated towards the lower portion of the third block
of limestone, and is by far the most important shell-bed in the Burton Bradstock
Cliff. A portion of it also belongs to the next block, the split taking place through
the midst. The result is that when the larger blocks break up there is a double
surface presented to the collector’s chisel. Astarte obliqua is very abundant, and
there are also other species of Astarte, so that this is sometimes known as the
Astarte-bed. The upper part of P, is crowded with T. spheroidalis, whilst in
the lower part the Astarte is most abundant. It is in this lower part that the
Gasteropoda of this shell-bed principally occur. Specimens of moderate-sized
Am. Parkinsoni are by no means uncommon in the Astarte division of P, and may
be found quite down to the base of the shell-bed. Sometimes, however, in the
very base of the bed, and in that portion which belongs to the lower block, fair-
sized specimens of Am. Humphriesianus, or a very closely allied Stephanoceras, may
be found. It is just possible that there may be a slight unconformity between the
two lines so that, here and there, specimens belonging to an older and lower zone
are sometimes adherent to the main mass. In this way an uncompromising
zonalist might seek to explain the apparent admixture. However that may be, it
is perfectly certain that specimens of Am. Parkinsoni are to be found quite as low
as any of the Gasteropoda hereafter to be described, and therefore I have no hesi-
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tation in assigning all specimens from P, of the Burton Bradstock CLff to the
lower division of that zone—which throughout this neighbourhood is richer
than all the rest put together. Am. Martinsii is also abundant in this bed, and
other Ammonites which are characteristic of this horizon.

According to my experience Am. Martinsii is a pretty faithful guide to the
geological horizon of a particular bed when it occurs in any quantity. The posi-
tion of this abundant development is low down in the Parkinsoni-zone, or in some
cases we might say high up in the Humphriesianus-zone. If we accept for the
moment the level of maximum development of Am. Martinsit for our datum line we
shall find that here, at Burton Bradstock, Am. Parkinsoni descends rather lower
than the former does, for instance, at Oborne, as we shall perceive subsequently.
Hence we must bring the Parkinsoni-zone a little lower down here, since, not
only does the section Cosmoceras exceed all other sections of the unwieldy genus
Ammonites in Py, but the real Am. Parkinsons is there in abundance quite to the
base of the bed, but only of moderate dimensions. I have been somewhat precise
in respect of this bed, not only because it is ‘the fossil-bed”’ of Burton Brad-
stock and the neighbourhood, but because, in the excellent section contributed by
Mr. Etheridge to Damon’s ¢ Geology of Weymouth,’ it is evident that this bed is
regarded as being in the Humphriesianus-zone. This misconception is probably
due to an exaggerated notion of the importance of the Humphriesianus-zone in
South Dorset, and may have its origin in the opinion expressed by the late Dr.
Wright as to the position of the ¢ fossil-bed ”” at Bradford Abbas.

Although there is considerable variety in the mineral composition of P, yet the
matrix of a majority of the Gasteropoda is a pale grey marly limestone, which is
very characteristic of this bed wherever it occurs between Burton Bradstock and
Bridport Harbour. According to the degree to which this bed is ironshot, browner
tints, more characteristic of the Dorset Inferior Oolite, are seen to prevail. On
the whole, however, the bed as here developed seems to work rather more kindly
than is often the case, and as the fossils are in good spathic condition, it has often
been possible to develop them with a considerable degree of accuracy. My collector,
Mr. Bloomfield, has been very successful in this respect, and specimens of Spinigera
recurva, sp. ., with most of the spines attached, and other good fossils have rewarded
his efforts. As we shall perceive in the sequel the Gasteropod Fauna of this bed
is very distinct, and may be traced for some distance in South Dorset, nor is it
difficult to see what are its approximate equivalents in other parts of No. 1 District.
Moreover, its Gasteropoda are clearly those of the Bajocian (understanding this
term to include the Humphriesianus- and Parkinsoni-zones only). They are fairly
different from the much lower Bajocian beds at Oborne, and present a striking
contrast to those of the infra-Bajocian “ fossil-bed * of Bradford Abbas, which, as
we have already seen, belongs to Deslongchamps’ “ Marnes Infra-oclithiques.” I

5
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might say here, whilst dealing with this subject, that, although the term “ Bajocian
as applied by D’Orbigny was in the main confined to the *“ beds of Bayeux,” it
has since been so generally applied to the whole Inferior Oolite that we might
well call the “ horizon of Bayeux *” Upper Bajocian and all the rest Lower Bajocian.
At any rate this would sound better than « Upper Inferior Oolite’’ and * Lower
Inferior Oolite.”” Still it is not strictly accurate, and martinets might grumble :
we had best restrict ourselves to Upper Division and Lower Division.

Purpurina bellona, D’Orb., a somewhat elongate variety, is not uncommon in
this bed, and Onustus ornatissimus, D’Orb., is also characteristic. Both these genera
are represented by very different species in the ¢ fossil-bed” of Bradford Abbas.
Purpurina bianor, D’Orb., and varieties or allied species, are also characteristic ;
and Purpurina inflata, Tawney, likewise occurs. Alaria hamus, Desl., and Alaria
Lorveri, D’Orb., or forms very near them, are fairly plentiful. On the whole,
perhaps, the Normandy fossils are better represented in this bed than in any other,
though in some respects the two Gasteropod horizons at Oborne may be still richer
in forms identical or representative of those across the Channel.

P,. This might be called the Terebratula-bed, from the abundance of what I take
to be small varieties of T. spheroidalis; Terebratula Phillipsit and Waldheimia
carinata are also characteristic, or at any rate fossils that pass for such species.
Conical forms of Pleurofomaria occur, and the specimens of Am. Parkinsoni are
very large. Belemnites are very abundant. Holectypus, a small rounded species,
1s tolerably abundant. There are Gasteropoda here too, but not in sufficient
numbers to call for any special notice. This shell-bed occurs about the base of
the second limestone block, and within a very short distance vertically from P.
Though well separated in the cliff section it is just possible that in some of the
quarries hereabouts the two may coalesce.

P;. A somewhat greater width of oolitic limestone separates this, the topmost
bed of the Parkinsoni-zone, from the shell-bed last before detailed ; it is about five
inches thick and contains a narrow species of Belemnite in considerable abundance.
Am. Parkinsont is rare but Am. subradiatus is decidedly plentiful, and there occurs
a very thin Ammonite just at the top, which perhaps, may be regarded as a variety
of Am. subradiatus. Serpule and Placunopsis are adherent. Monomyaria are very
abundant, especially Lima pectiniformis and L. duplicata. Many Myacids may be
noted, and the little round Holectypus (? H. depressus) is to be found in great
numbers. Very few Gasteropoda were noted. Upon the surface at the top the
small Ostree and other shells of the Fuller's Earth above are adherent.
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Comparison of the Dorsetshire and Yorkshire Coasts.

There is, perhaps, no portion of the Inferior Oolite throughout England which
is so well illustrated_as the Parkinsoni-zone of Burton Bradstock Cliff, even down
to very minute details, and it is, of course, all the better for not being inflated
with too much sedimentary matter. As this is the first glimpse of the Inferior
Oolite in England, for one coming from the south it might perhaps produce an
exaggerated notion of the importance of the Parkinsoni-zone.

One cannot help reflecting on the marvellous contrast presented by the section
of the Inferior Oolite on the Yorkshire coast. Setting aside the enormous
difference of physical development, we have in the Nerinea-bed of the Yorkshire
Dogger a fine development of the Murchisone-zone, and this is indeed the only bed
of the Inferior Oolite which can be regarded as rich in Gtasteropoda in that county.
But owing to the difference of facies even the Murchisone-bed of Burton Bradstock
Cliff has not much more resemblance to the Yorkshire Dogger than the beds of
the Parkinsoni-zone have. It has many Ammonites and no Nerinmas, whereas the
Yorkshire Dogger has many Nerinzas and hardly any Ammonites. If we carry
the comparison a step higher we find the Cephalopoda of the Humphriesianus- or
coronaten-zone abundant in certain portions of the Scarborough Limestone,
whereas in Burton Bradstock Cliff this zone is aborted, or so overshadowed by the
lower part of the Parkinsoni-zone as to produce no impression. Again, on the
Yorkshire coast there is no palseontological representative of the Parkinsoni-zone,
so that in all respects the contrast is most complete.

In every respect, therefore, the marine beds of the Inferior Oolite on the
Yorkshire Coast differ surprisingly from those of Dorsetshire. Yet despite this
difference the relative position of the life zones is always the same so far as the
Cephalopoda afford the means for comparison. It remains to be seen how far this
holds good for the Gasteropoda. The contrast between the species of Gasteropoda
in our Lower and Upper Divisions is exceedingly marked throughout the Dorset
District, where the abundance and excellent preservation of the Gasteropoda admit
of the fact being proved to demonstration. Possibly the difference may be shown
to a certain extent in the Cotteswold District (No. 2), but less clearly, I think, in
the Yorkshire District (No. 4).

Reverting once more to the Parkinsoni-zone in Burton Bradstock Cliff, it seems
to me that the Cotteswold divisions of the Ragstone are to ‘a certain extent pre-
figured in this exposure. Making due allowance for geographical distance and
difference of facies, I think that P, corresponds in the main to the Upper Trigonia
Grit, though here fortunately the matrix is quite of a different character, hence
lithologically there is no resemblance. Moreover, Rhynchonella spinosa does not
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appear to make any show (I speak rather with hesitation on this point). There
can be no doubt, however, that in most places throughout the Dorset-Somerset
district, at all events from the sea coast as far as Castle Cary in south-east Somerset,
wherever the Upper Division of the Inferior Oolite is at all well developed, a shell-
bed rich in Gasteropoda is to be found about this horizon, and that in many cases
it contains Rhynch. spinosa. We shall see this further on, and we shall also see
that, in some places, there is a tendency to assume the lithological peculiarities of
the Ragstone. If we grant that P, prefigures the Upper Trigonia Grit, we shall
have no difficulty in believing that the succeeding beds, including P, and P, pre-
figure the Clypeus-grit, though not exactly corresponding as to details. Neverthe-
less, I consider that P, is somewhere about the horizon of the globata-bed, whilst
P, in the abundance of its Myacids, reminds us of the name given by Lycett, viz.
Pholadomya-grit, to the uppermost beds of the Inferior Oolite in the Cotteswolds.
These two beds have not yielded me many species of Gasteropoda here—nothing,
in fact, of importance—but if they were well worked the case might be different.

The section above detailed affords us the key to the remainder of the massif of
Inferior Oolite on its pedestal of Yeovil Sands in this vicinity. Still, there are
differences, and in one small quarry south of the village of Burton Bradstock,
where there is an exposure of about five feet, better traces of the Humphriesianus-
zone seem to exist. A recent road-cutting, leading from the village to the sea
coast, displays a complete section of the Inferior Oolite Limestone with the under-
lying impure Siliceous Limestones. Mr. H. B. Woodward, who was resurveying
this district in 1885, writes as follows :* ¢ This excavation shows nearly the whole
of the Inferior Qolite (here about fifteen feet in thickness), and the junction of it
with the Sands beneath. . . . Many fossils were observed, although, owing to the
difficulty of extracting them, if not to the fear of injuring the banks, few were
collected. The entire Oolite is here a ¢ Cephalopoda-bed; but the so-called
Cephalopoda-bed of the Cotteswold Hills is no doubt represented by the upper
portion of the Sands beneath. The lowest portion of this Oolite represents in a
broad sense the zone of Ammonites Murchisone (including the beds with 4. con-
cavus) ; the highest portion represents the zone of Ammonites Parkinsoni. The
zone of Ammonites Humphriesianus, which is to be found in some quarries east of
Bridport, does not appear to be distinctly developed at Burton Bradstock, although
the species is met with in the cliffs and road-cutting.”

The above remarks will serve to afford an idea of those portions of the
country away from the cliff. But, since many of the specimens procured by the
most experienced collectors are obtained from old walls, or else from old disused
quarries, where the fossiliferous blocks lie about in the midst of grass-grown
sections, there will be a slight element of uncertainty as to the horizon of some of

1 ¢ Proc. Geol. Assoc.,” vol. ix, p. 203, 1886.
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the fossils marked “ Burton Bradstock ” and “ Bridport.” The majority, however,
undoubtedly come from the horizon which I have distinguished as P,.

BriprorT.—The town itself is on the Middle Lias, but within a moderate dis-
tance are some important exposures of the Inferior Oolite. Burton Bradstock
bears 22 miles S.E. The cliff between Bredymouth and Bridport Harbour 2 miles
S. by E.; Vitney Cross Quarries 3 miles E.; Upper Loders Quarry 3} miles
E.N.E. ; quarry at Poorstock Station 3§ miles N.N.E. ; Outlier at Symondsbury 1}
miles W. by N.; Outlier at Chideock 2 miles W. by N. Some of these may have
had more importance formerly than at present, but two of them have yielded many
interesting Gasteropoda quite lately, viz. Vitney Cross and Upper Loders.

Virney Cross (see Profile No. 2, p. 38).—There are two quarries here, distin-
guished as the Limekiln Quarry and Knight’s Quarry. Both afford good hunting
ground for fossils, but in the Limekiln Quarry the section is more complete.

This quarry is extremely interesting, as it serves for comparison with the
development of the Inferior Oolite in Burton Bradstock Cliff, a distance of three
miles. We find that the physical conditions are mainly the same; the volume of
the limestones has not at all increased, the Inferior Oolite is still *“in a nutshell,”
and the Parkinsoni-zone maintains its preponderance in every way.

The lowest bed visible is somewhere about the opalinus-zone, but no paleon-
tological traces of that horizon are forthcoming. The block with the line of
Ammonites resembling Am. Murchisone is a hard blue stone with much pyrites,
and is far from being a pure limestone ; there is a line of a large Astarte along with
the Ammonites. The irony nodules serve as an excellent physical feature to guide
us on this horizon. The bed above the irony nodules contains numerous Belem-
nites; it is in many places a hard, calcitic, ironshot stone like the ordinary
Dundry matrix. In position it may represent the concavus- or Sowerbyi-beds, and
probably forms the top of the Lower Division in this quarry, most probably in
contact, or nearly so, with the base of P;.

The lower half of P,, which we may distinguish as the Astarte-bed, constitutes
the base of the upper portion of the quarry ; it is well developed, and contains, both
here and in the adjoining quarry, a fine suite of Gasteropoda, tallying extremely
well with species from the same bed in Burton Bradstock Cliff. Fine specimens of
Spinigera recurva, and many of the characteristic univalves of Burton Bradstock
and the neighbourhood of Bridport, may be found here, but the matrix is rather
harsher to work. In Knight’s Quarry large specimens of Am. Parkinsoni, and a
small species of Stephanoceras are abundant; Ancyloceras also occurs. The lower
half of P, is separated from the upper half by about six inches of limestone without
many fossils; it is rather thinly stocked, but contains a considerable number of
Ter. spheroidalis, or what passes for that species.

One of the more remarkable features of the quarry is the great development of
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Profile No. 2.—V1INEY CROSS QUARRY.

(Section complete.)
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It should be noted that not very far from here, in a southerly direction, traces of the
Humphriesianus-zone have been found by Mr. H. B. Woodward ; 4. e. he obtained a fine specimen of
Am. Humphriesianus in a certain quarry. See remarks on this point with reference to the Burton
Bradstock section. Either a thin layer of an older rock is adherent to the shell-bed, or there is an

admixture of forms.

Yeovil Sands.
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Py, or the Brachiopoda-bed, the upper portion of which is a complete arabesque or
shell-entablature ; large specimens of Trigonia costata and other Trigonie occur.
Brachiopoda are very numerous ; Rhynchonella spinosa, Waldheimia carinata, Tere-
bratula Phillipsii, and a few T. spheroidalis in the lower part. Several Gastero-
poda were obtained from this bed in 1885. P,, the upper shell-bed just under the
Fuller’s Earth, is nearly two feet thick, and contains one or two peculiar Gastero-
poda, and notably the only species of Brachytrema I have succeeded in discovering
from the Inferior Oolite of the Dorset district.

Lopers.—An old quarry face at Upper Loders displays pretty much the same
sequence as at Vitney Cross. At all events the Astarte-bed, P;, is the main
source of the Gasteropoda which come from here, as is the case almost everywhere
east of Bridport. The irony nodule-bed with the Murchisone-like Ammonite
just below is in its place about two feet underneath, then grey calciferous grits
and brown sand-rock, showing the lithology of the opalinus-zone, though apparently
without its fossils.

Beayinster.—This town is five and a half miles due north of Bridport. I donot
know of any quarries in the town, but there are some in the neighbourhood.
There are a few Gasteropoda marked “Beaminster” in the Buckman collection ;
and some have been sent to me from Mapperton, a village not far off. Judging
from appearances, this is a neighbourhood where the Parkinsoni-zone has lost its
predominance, and where such Gasteropoda as have been collected may be safely
assumed to belong to the Lower Division, though to what stage of the Lower
Division may not in all cases be clear. There is a quarry at Horn Park, one and a
half miles north-west of Beaminster, showing nine feet six inches of limestone.
The Lower Division here is five feet thick, and very full of Cephalopoda. The
upper four feet six inches of this quarry consists of yellowish Oolite poor in fossils,
which probably belongs to the Upper Division, though its rich shell-beds have dis-
appeared. All this favours the supposition that * Beaminster *’ specimens may be
set down either to the concavus- (Sowerbyi-) zone or to the Murchisone-zone. There
is an exposure likewise at a place called Wadden Hill (marked Stoke Knap in the
map) not far from Horn Park, where the opalinus-zone appears to be fossiliferous,
since I have a specimen of the Am. torulosus from here, and two or three
indifferent Gtasteropoda.

Broapwinsor.—Three and a half mlles north-west of Beaminster. This has
been an important quarry for many years. The face of stone is about eight feet
four inches thick, and presents no very definite shell-bed. There is abundance of
T. Phillipsit in the upper beds, and of T. spheroidalis lower down. The whole is
in the Upper Division and probably in the Parkinsoni-zone, thus forming a marked
exception to all other quarries in this neighbourhood.

DryurroN, one and three quarter miles north of Broadwinsor.—Going still
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northwards, this is the next exposure met with. It is a small quarry three miles
south-west of Crewkerne Station. There is about six feet of stonein three blocks.
The whole is probably in the Murchisone-zone, if not lower. Waldheimia anglica
1s very abundant, and the place is remarkable for very pretty species of Trochus or
Delphinula. This is the most western point of any of the quarries noted.

HaseLBURY (see Profile No. 3, p. 41).—One and three quarter miles north-east
of Crewkerne Station. This is a place of considerable importance as a quarry, but
it is more remarkable for Echini and Conchifera than for Gasteropoda. Isocardia
cordata is a noteworthy fossil here, since its occurrence in Dorsetshire has not
often come under my notice.

It must be allowed that Profile No. 3 is very inferior in interest, for our
purpose, to the two preceding, since but few Gasteropoda are noted from this
quarry. I have introduced it mainly to show the preponderating importance of
the Lower Division, and especially of the Murchisone-zone in this area. The
““ massive shell-bed with keeled Ammonites”’ certainly represents nothing higher
than the concavus- (Sowerbyi-) zone, whilst all the rest must be in the Murchisonce-
zone or lower. The Gasteropoda are probably on the same line as at Drympton,
which T conceive to be towards the base of the Murchisone-zone.

Résumé of the south-western half of the Dorset-Somerset District.

On the coast and for some miles inland the Lower Division of the Inferior
Oolite is only feebly represented as a limestone, and, although there is an
interesting shell-bed, associated with a line of irony nodules, which may be traced
for some miles, containing the fossils of the Murchisone-zone, yet the development
and also the fossils of the Upper Division, and notably of the Parkinsoni-zone,
greatly preponderate. Near Beaminster, and north of that town as far as Hasel-
bury, the very reverse of this state of things obtains. With the single exception
of the quarry at Broadwinsor all the fossiliferous exposures known to me are in
the Lower Division, and for the most part low down in that division, which is
thicker than towards the coast.

It now remains to consider the north-eastern half of the Dorset-Somerset Dis-
trict, and we commence our researches in the vicinity of Yeovil Junction.

East Coker.—Two and three quarter miles south-west of Yeovil Junction. I
have not been here myself, but am informed that there is only about three feet of
limestone. The fossils are those of the Murchisone-zone, and especially Cirrus.

Stororp.—The limestone quarry is a few hundred yards west of Yeovil Junc-
tion. The Inferior Oolite Limestone is only a few feet thick, but affords a very
complete section, which may be traced to the base of the Fuller’s Earth. Itis more
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Profile No. 3.—HASELBURY QUARRY.
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1 It is not always easy to separate and distinguish between the fossils of the opalinus-zone and
those of the Murchisone-zone
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or less a repetition, on a reduced scale, of the Bradford Abbas section. Gastero-
poda from more than one horizon are far from scarce. The Lower Division
preponderates.

Stoford Sands Quarry.—No Gasteropoda are known to me from here, but it is
interesting as containing a shell-bed about forty feet below the Inferior Oolite
Limestone with 4m. radians, Am. Moorei, &c., plainly showing where the horizon
of the Gloucestershire Cephalopoda-bed must be sought. Mr. H. B. Woodward
considers that these shell-beds occur at more than one level in the Yeovil Sands.

Braprorp ABBas.—There has been more than one quarry worked in this parish ;
and it can hardly be doubted that many of the fossils from these quarries and
from Stoford, &c., are labelled and quoted ¢ Yeovil,” which town happens to be on
the Middle Lias. '

Although there is only about twelve feet of limestone here, the life-history of
the Inferior Oolite is well represented in this quarry, which may be compared with
the cliff section at Burton Bradstock (Profile No. 1) of about the same thickness.
I have no Gasteropoda from the lowest or opalinus-zone, if indeed it occurs here,
but the Paving-stone bed is an excellent repository of the fossils of the Murchi-
sone-zone, which may be also proved in the railway-cutting, a short distance to
the south. Thirteen inches. of stone in this quarry are the Dorsetshire represen-
tatives, in all probability, of most of the fimbria-stage of the Cotteswolds. This
may be shown by the Ammonites. The resemblances between the Gasteropoda
of the two regions is less obvious. Indeed, we are never so strongly reminded of
the differences between the two districts as at Bradford Abbas, because it is here
that the Murchisone-zone has been most successfully worked for fossils, so that
comparisons are more possible than elsewhere.

The following is an extract from an Excursion Report of the Geologists’ Asso-
ciation' with reference to this bed. ¢ The ¢ Paving-stone bed’ is a slabby ironshot
Oolite, which comes off just above the ¢ Dew-bed,” and is used for gutters, &c.
The true Harpoceras® Murchisone occurs here, as also the var. Bradfordiensis,
S. S. Buckman. That author says of H. Murchisone that it marks a distinct zone
which i1s just on the top of the Sands or passage-beds. This zone is about a foot
thick at Bradford Abbas, but about three or four feet at Corton and Hawthorn
Downs.” At Bradford Abbas the Gasteropoda of this zone are in fairly good
spathic condition, though not equal to the bed above. The matrix is a rather
harsh calcareous rock, yellowish for the most part where the iron is peroxidised,
and moderately ironshot. Sometimes the shells have perished considerably. It is
not at all times certain that the fossils have not been mixed somewhat with those
from the bed above, with which no doubt they are closely allied. Certain genera,
however, are greatly predominant, such as Cirrus, though this is probably less

! ¢Proceed.,” vol. ix, No. 4. 2 Now called Ludwigia.
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abundant than at Stoford and Coker. The species of Amberleya, too, are rather
numerous, and differ somewhat from those of the Sowerbyi-bed ; there are also
species of Onustus allied to O. pyramidatus, Phil., which seem rather peculiar.

The real *fossil-bed”” of Bradford Abbas occurs in two blocks. This stone
when peroxidized is also a yellow ironshot Oolite, but it is much softer and more
marly than the Paving-stone bed. Hence it is favorable for development, and few
fossil-bearing rocks in the English Oolites work better. The fossils are in good
spathic condition for the most part, but there is some variety in this, as also in
the matrix, due probably to slight differences of position and possibly of horizon.
As regards the name Sowerbyi-bed, since none but the initiated can pretend to know
what the “true Sowerbyi” is like, it is difficult to say whether it occurs here.
Mr. S. S. Buckman, if I remember rightly, once told me that it was very scarce.
The most characteristic Ammonites of this bed, and indeed of this horizon through-
out North Dorset, are those allied to Am. concavus, which we must regard as a near
relative of Am. Murchisone. As far as my experience goes, if the “ true Sowerbyi
has any resemblance to Sowerby’s figure in the ¢ Mineral Conchology,’ that form is
far more common in the so-called Sauzei-bed of Oborne than in the so-called
‘Sowerbyi-bed of Bradford Abbas. It may be that in that part of Germany whence
Oppel, and after him Waagen came, the true Sowerbyi is plentiful in the bed that
bears its name, but such is not the case with us. Now, there can be no doubt,as I
hope has been already made clear, that the zone in question corresponds to a por-
tion at least of the Norman « Mélidre;” indeed, this is shown to be the case by
Waagen himself. Yet I cannot find in the works of M. Eugdne Deslongchamps
any evidence that the * true Sowerby: ”’ is in any way characteristic of the Norman
“ Méliére,” though Am. concavus is held to be so. As this is the most important
bed for Gasteropoda hitherto discovered in the English Oolites, there should be as
little obscurity as possible about its position in the geological scale, and we should
endeavour, for the Dorsetshire District, to seek our parallels in Normandy rather
than in Wurtemberg. Since it is recognised as the Sowerbyi-bed, let it be known
that in this country the recognition can only be granted on the lucus a non lucendo
principle, and that the name concavus-bed or beds would with us be far more
appropriate.

It may interest some of the readers of the Paleeontographical Society to know
that this remarkable bed, which was sedulously worked for many years by the late
Professor Buckman, attracted the attention of the late Dr. Wright. In the year
1856 the results of his impressions on North Dorset were published in the
‘ Quarterly Journal of the Geological Society ’ (vol. xiii, p. 309). Dr. Wright was
then disposed to correlate the Bradford Abbas fossil-bed with the Frocester
Cephalopoda-bed, or zone of Awm. radians, and he named it the Cephalopoda-bed,
which for him formed a portion of the Lias. Hence Professor Buckman complained
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that he saw in some collections fossils from his own fossil-bed at Bradford Abbas
marked “ Lias.” Now, if we regard the ¢ Marnes Infra-odlithiques” of Eugéne
Deslongchamps as forming a portion of the Lias, then the concavus- or Sowerbyi-
bed of Bradford Abbas will fall into that category ; but in this case the greater part
of the Inferior Oolite in England will have to be relegated to the Lias, a proposition
which must not be entertained for a moment. At the same time it cannot be too
often insisted on that our Sowerbyi-bed forms no portion of the Oolite of Bayeux.
It distinctly belongs to the Lower Division of the Inferior Oolite, and constitutes its
highest member. Hence we shall find that the Gasteropoda differ considerably
from those of the Bayeux Oolite, and that is one reason why so many species
hitherto unknown are found there. It follows from this that Dr. Wright was
equally mistaken when, rushing from one extreme to the other, he afterwards
placed the Bradford Abbas fossil-bed in the Humphriesianus-zone (‘Quart. Journ.
Geol. Soc.,” vol xv).

Amongst the Gasteropoda of the ¢ fossil-bed’ there are several species of
Purpurina, some decidedly new. Spinigera is well represented, and that too by
some new and curious forms. The species of Alaria are not without resemblance
to those described by Schlumberger from the East of France. As regards -
Cerithtum, the prevailing species in the beds of Bayeux are here represented by
related rather than by identical forms, whilst the rarer and less widely distributed
species would appear to be altogether different. Much the same may be said with
regard to the other genera, and if we seek for a complete antithesis in England, it
may be sought in the almost equally rich shell-bed (P;) at Burton Bradstock,
which contains extremely few species identical with those of the bed now under
consideration. The exact equivalents of the “Sowerbyi-bed,” as known in North
Dorset, are by no means clear in the Cotteswolds, nor, for the matter of that, in
any other part of England, so far as I am at present aware.

The two thin beds which succeed in the quarry are of but little interest for us.
The “ rotten-bed,” which is so full of Astarte obliqua, may possibly be an attenuated
representative of the Humphriesianus-zone. In point of thickness more than half
the quarry belongs to the Parkinsoni-zone. Iere we would fain institute a
comparison with the same zone as developed at Burton Bradstock. The condi-
tions are different, however, and we can hardly see in the marl-bed with T. Morieri
the exact equivalents of P,. Nevertheless, both here and in the white limestone
above, the species of Gasteropoda which do occur are mostly identical with those
noted from the same horizon on the coast.

Harrway-House QUARRY is rather nearer to Bradford Abbas than to Sherborne,
and to some extent partakes of its nature and characteristics. I do not know of
many Gasteropoda having been obtained from here. The usual grey calciferous
grit called the “ Dew-bed ’ forms the base, and above this occur some four feet of
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massive and partly ironshot limestone, full of keeled Ammonites, many of which
belong to the concavus group. Terebratula perovalis, var. ampla, is characteristic
of the higher block. Mr. Whidborne has obtained a few good Gasteropoda from
here, which appear to me to have been procured from the concavus-bed or beds.
These then belong to the Lower Division.

A few inches of rather fossiliferous brash, with many Astarte obliqua, separates
the concavus-beds from the undoubted Parkinsoni-beds. Very large specimens of
the var. Dorsetensis are obtained from the lowest beds, which also have yielded a
few Gasteropoda. A great physical change comes on here in the thickening of
the Upper Limestones above the main fossil-bed, the total thickness of limestone
exceeding thirty feet, which is very different to anything hitherto noted, where
the usual thickness of the Inferior Oolite Limestone has not much exceeded
twelve feet.

Louse Hitr.—This place is near Halfway House. I have not been to it myself,
but there is said to be a thin ferruginous bed which yields fossils of the
Humphriesianus-zone. 1havea great many specimens of Pleurotomaria from here,
but few if any are fit for figuring.

SHERBORNE.—Two and a half miles east of Halfway House. There are several
quarries, especially towards the north-west of the town, where the Inferior Oolite
has been worked. Immense numbers of Ammonites have been obtained from
these, and from excavations for houses. More than one zone is well developed, but
as I have few if any Gasteropoda from here, a detailed description would be super-
fluous. The fossils show that there is a rich development of the Humphriesianus-
zone, but the bulk of the limestones, nearly forty feet thick altogether, are in the
Parkinsoni-zone, which has yielded lately a splendid specimen of Megalosaurus Buck-
landi, von Meyer. Speaking generally, however, the neighbourhood of Sherborne,
especially Oborne and Milborne Wick, is famous for a good development of the
Humphriesianus-zone. Indeed, this immediate neighbourhood is the only one in
the Dorset-Somerset District where beds of that age occur to any extent.

OBoRNE (Frogden Quarry).—If Burton Bradstock gives us the Gasteropoda of
the Parkinsoni-zone to perfection, if Bradford Abbas is still more famous for the
Gasteropoda of the Murchisone- and Sowerbyi-zones, in this quarry we possess the
best example which England affords of the beds of Bayeux—the *odlithe ferru-
gineuse,” which is mainly characterised by Stephanoceras and Spheroceras—in
other words, the zone of Am. Humphriesianus. The traveller from Normandy by
the route we have taken might well wonder what had become of D’Orbigny’s
typical Bajocian, but here it is at last.

Beginning from the base as usual, we note that the Lower Division of the
Inferior Oolite is not represented by fossils in this quarry, though it is probably
represented by some of the massive series of calciferous grits, which extend for a
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considerable depth below the worked stone. The top of this series would be the
“solid block of bluish-grey limestone,” on which the so-called Sauzei-bed reposes.
This Sauzei-bed is one of the most remarkable fossil-beds in Dorsetshire, and has
mixed relations, no doubt, both with the Lower and Upper Divisions of the
Inferior Oolite, though in drawing the line we must concede it to the Upper
Division. This is another case of a misnomer, as far as Frogden Quarry is
concerned, since it contains hardly any specimens of Spharoceras Sauzei. Most
of the Ammonites are keeled, which at first sight would militate against its being
placed in the Upper Division. Again, what I conceive to be the ¢ true Sowerbyi,”
or something very near to it, is far from being uncommon in this bed. All we can
say, therefore, is that probably somewhere or other Spheroceras Sauzei does
characterise a bed which is about the same horizon, and contains a somewhat
similar facies to this one.

The Gasteropoda in the Sauzei-bed are abundant and well preserved, and the
matrix is on the whole favorable for extraction, being a soft, whitish limestone
with green (? glauconitic) grains passing into the ironshot Oolite of the bed above.
For the sake of distinction, and as indicating the position assigned to it, I call this
bed H;. The Gasteropoda seem to present forms that are intermediate between
the ¢ Sowerbyi-bed >’ of Bradford Abbas and the more recognised species of the
Humphriesianus-zone. It is very rich in Pleurotomarie, another characteristic .
which it shares with the beds of Bayeux; in some other respects it seems to possess
features of its own. ,

At Milborne Wick the Sauzei-bed (H,) seems more or less blended with the
main Humphriesianus-bed (H,), nor do I know of the distinctive development of
this sub-stage anywhere else throughout the country.

The main mass of the Humphriesianus-zone (H,) calls for few remarks. It is
not particularly rich in Gasteropoda as far as my experience goes. Probably some
of the specimens from H, in an ironshot matrix ought rather to be referred here.

The remaining sub-stage of the Humphriesianus-zone (Hj) deserves a little atten-
tion on our part. It is a thin bed of brown ironshot Oolite, mostly of a peculiar
character, which lies just above a bed very full of Terebratula spheroidalis. There
is a most curious admixture of Ammonites. Am. Martinsit is common high up,
and several species of Cosmoceras and Oppelia abound. Cosmoceras Niortensis and
allied forms are especially numerous, and there occurs the curious little Am.
cadomensis, which may well give its name to the bed, simply as a local name.
Probably neither Am. Humphriesianus, nor Am. Parkinsont properly so called occurs
here, and it is evidently debateable ground between the two zones. It contains
numerous species of Astarte, and many Gasteropoda. This horizon, or sub-stage,
cannot be very far from that of P, at Burton Bradstock. However, this must be
lower in the geological scale, though not much. The Gasteropoda occur for the
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most part in a brown-coloured rock of very meagre touch, more or less charged
with ironshot ova which have a great tendency to fly upon fracture, leaving cavi-
ties which give the rock a somewhat carious aspect. This bed has greater resem-
blance to the usual Dundry matrix than any fossiliferous bed with which I am
acquainted in Dorsetshire, and its Gasteropoda are in a peculiar condition in many
respects. A very characteristic fossil is Pseudomelania coarctata or twrris, and
this fossil shows the fine spiral lines in many cases to great perfection. This like-
wise is almost the only bed known to me in England where the wavy colour bands
of Pseudomelania are preserved to any great extent, as in the Normandy beds.
The species of Gasteropoda for the most part have strong affinities with those
of H, and H,, yet with certain differences which deserve to be recorded.

In order to show the degree of analogy, not to say of similarity, which exists
between the remarkable exposure at Oborne and the “ Oolithe ferrugineuse” of
Normandy, I give an abstract of Hugéne Deslongchamps’ remarks with reference
to its development in the Department of Calvados.! He observes that this forma-
tion, never more than two métres in thickness, forms the base of what is for him
the Inferior Oolite in the greater part of the Department. It is composed of a
yellowish or greyish limestone, sometimes more or less siliceous, and contains a
quantity of ironshot (ferruginous) Oolites which give it altogether a peculiar
aspect. It is besides remarkable for the enormous quantity of Cephalopods,
Gasteropods, and Bivalves which it contains. It is possible to distinguish in most
cases three beds. :

The lowest of these is a kind of conglomerate or rather nodular bed, which
contains remanié fossils from the upper part of the * Marnes Infra-oolithiques,”
which, as we have already seen, corresponds in the main to the Lower Division
of the Inferior Oolite. Hence in Normandy there is a break between the Lower
and Upper Division, and this break is still more marked in the greater part of
the Dorset District; since, in most places, only a doubtful fragment of the
Humphriesianus-beds intervenes between the Lower Division and the Parkinsoni-zone.
It may be a matter of doubt how far the lowest bed of the ¢ Oolithe ferrugineuse ”’
corresponds to the so-called Sauzei-bed of Oborne, except that it seems to contain
a considerable mixture of Ammonites (Am. Sowerbyi amongst the number) and a
crowd of Gasteropods, amongst others great Pleurotomarlas 8o characteristic of
the true ¢ Oolithe ferrugineuse.”

The second and thickest bed, says M. Deslongchamps, is the true ferruginous
Oolite, the hardness of which is usually considerable, and which is pierced by small
ironshot Oolites. This formation, the richest of all in fossils, appears to be
characterised by Am. Humphriesianus, which here acquires a great size. We can
scarcely fail to recognise in this the main mass of ironshot Oolite at Oborne (H,),

1 Op. cit., p. 105.
7
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which is enormously rich in large Cephalopods, though not quite so good for
Gasteropoda as the top and bottom beds of the series.

In the Department of Calvados there is a third bed where the ferruginous Qolites
become scarce and less well defined. This is characterised by the abundance of
Am. Niortensis and Am. Parkinsoni interruptus, by large varieties of Pleurotomaria
mutabilis, by Pl. bessina and Pl. scalaris, and by ¢ Turbo >’ duplicatus. Specimens of
Terebratula spheroidalis are more abundant than in the second bed, and Ter. Phil-
lipsic may be noted. This description probably fits better with our Cadomensis-
bed (Hj) than either of the other two with their presumed equivalents. The abund-
ance of the peculiar group of Cosmoceras indicated by Am. Niortensis and Am.
Parkinsons interruptus is very suggestive, since this is exactly what we find in H,
at Oborne. Just as coming events cast their shadows before, so did these pre-
cursors of the grand army of Cosmoceras prepare the way for the reign of Am.
Parkinsoni which was shortly to set in.

MizsorN Wiok.—This is a roadside exposure, one and three quarter miles
north-north-east of Frogden Quarry, where a peculiar phase of the Humphriesianus-
zone presents itself. About nine feet of rock is exposed, of which the lower three
feet are simply calciferous grits (Dew-beds). The “ fossil-bed ” is about eighteen
inches thick, and consists for the most part of a softish white limestone, not unlike
the marl with green grains at Oborne. In the upper part are numerous species of
Spheeroceras, whilst in the lower part Am. Humphriesianus and 4m. Braikenridgii are
not uncommon. Ter. spheroidalis occurs in the upper part of the fossil-bed. But
few Gasteropoda are quoted from here.

Development of the HumpHRIESIANUS-zone in Dorset—Somerset.—A line drawn
from near the town of Sherborne in a north-easterly direction to Milborn Wick
(Somersetshire) is about three miles in length, and this line coincides with the
principal development of these beds in No. 1 District, a development by far the
most important in England, though the zone is very well represented at Dundry.
Henceforth, as we pass northwards into Somersetshire, the character of No. 1
District undergoes considerable modification.

CorroN Dowx QuarrRY.—Between three and four miles due north of Sherborne.
The Lower Division is again well represented here, since many specimens of
Am. Murchisone are quoted. No traces of the Humphriesianus-zone were observed
by me.

Beyond this the exposures are lacking in interest from our point of view until
we arrive in the neighbourhood of Castie Cary. To the south-east, east, and
north-east of this town are three exposures in the Inferior Oolite, which have
yielded a fair number of Gasteropoda. As this is a district but little known, the
following particulars may be interesting.
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WoorsToN QUARRY.—Seven miles north by east of Sherborne, and three and a
half miles south-east of Castle Cary. About seventeen feet of limestone are worked
in this quarry, the whole of which is probably in the Parkinsoni-zone. It is note-
worthy that the Cephalopod facies hitherto so characteristic of No. 1 District
here begins to fail us, and immense quantities of Brachiopoda characterise the beds.
As the same facies is still better shown in Grove Quarries, together with probably
a more complete section, I will at once proceed to their description.

Grove QUARRIES (see Profile, p. 52).—One and three quarter miles east-south-
east of Castle Cary. The South Quarry is nearer to Shotwell Farm than to Grove
Farm. The face is not so well weathered, but here, as in the other quarry and
also at Woolstone, the fossils are mainly obtained on fissure surfaces. The stone
itself will not work so as to admit of the fossils being extracted along the partings,
like the stone of Bradford Abbas and elsewhere. Hence, only those specimens
which weather out are obtained. This peculiarity would seem to hold good
throughout the same horizon in No. 2 District likewise.

This particular quarry has the advantage over the others that it seems to afford
a tolerably complete section of the Inferior Oolite Limestone at this point. The
basal bed, only a few inches thick, is most probably in the Lower Division resting
directly on the sands. For paleontological purposes, therefore, everything outside
the Parkinsoni-zone is atrophied in this immediate neighbourhood. The brown
limestones in thick blocks, measuring about nine feet, constitute the most
interesting feature, and if these beds require a name we might call them the
Trigonia Grits. The rare presence of Am. Parkinsont at the base is quite sufficient
to make us feel safe as to the geological position. Roughly speaking, we may
represent this fine mass of fossiliferous rock as being on the horizon of P, of the
coast-section, and as the representative of the Upper Trigonia Grit of the
Cotteswolds, which it does to a certain extent prefigure. It is, however, richer
in Gasteropoda than the Upper Trigonia Grit and thus helps to maintain the
character of the Dorset-Somerset District in spite of its poverty in Cephalopoda.
In the north quarry, which is more properly speaking Grove Quarry, the Trigonia
Grit is about the same thickness (nine feet), and the joint face of these beds was
one mass of fossils before the chisels of collectors began to deface the entablature.

The species of Gasteropoda are clearly those which distinguish the lower beds
of the Parkinsoni-zone throughout the district, and have certain affinities with
some of those of the Humphriesianus-zone, but hardly any with the Gasteropoda
of the Lower Division such as are obtained in abundance at Bradford Abbas.
Owing to the rough nature of the matrix the specimens cannot be placed in the
first rank as to condition. Varieties of Cerithtum sub-scalariforme and the so-
called C. contortum are plentiful. The latter is especially characteristic of this
horizon, and may be traced even into the Cotteswolds.
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The upper beds at Woolston, Shotwell, and Grove contain a scattering of
Brachiopoda including Rhynch. spinosa, and in the two latter there is a distinct
Terebratula-bed chiefly made up of a variety of 7. globata. These beds then
would seem to prefigure the Clypeus-grit ; and on this horizon, if anywhere in the
Dorset-Somerset District, specimens of Nerinea, which has hitherto failed the
collector, should be sought.

Pircome Roap.—Two and a half miles east by north of Castle Cary. This is
the last exposure in No. 1 District of beds containing any noteworthy quantity of
Gasteropoda. It is a small roadside section. Reposing directly upon soft
yellow sand-rock, believed to form part of the ¢ Yeovil Sands,” is (1) a calcareous
- or subcalcareous bed with shells, fourteen inches thick; (2) a rich shell-bed with
many Cephalopoda and some Gasteropoda, thirty inches thick; and (3) pale-
coloured limestones, of which three or four feet are exposed in the road cutting.
After the experiences of Grove and Woolston this is certainly a surprise, since this
“fossil-bed ” is clearly not in‘ the Parkinsoni-zone. The prevailing Ammonites
are keeled, and may be on the horizon of those in the Sowerbyi-bed at Bradford
Abbas. Perhaps we may obtain further evidence.

Résumé of the North-eastern half of the Dorset-Somerset District.

One very striking feature is the difficulty of predicating for any given neigh-
‘bourhood on what horizon the main fossil-bed shall lie. All the zones, except
perhaps the opalinus-zone, are well represented, and teem with most beautifully
preserved Gasteropoda, some in one place and some in another. Consequently
this has for years been the favourite hunting-ground of collectors. A very con-
siderable proportion of the Gasteropoda selected for description in the accompany-
ing Memoir are from this division of No. 1 District, and they are on the whole in
~ by far the best state of preservation. Compared with these the Gasteropoda of
the remaining districts are disappointing.

Border region of the Mendips.

If we allow, for purposes of delimitation, that the prolongation of the Mendip
axis shall be considered to divide District No. 1 from District No. 2, yet there is
a considerable portion of the Inferior Oolite outcrop on both sides of this axis
which contains no shell-beds with Gasteropoda, and with which we need not
trouble ourselves. The country from Bruton to Radstock, a distance of twelve
miles if measured in an air-line, but more if we trace the edge of the outcrop in
the neighbourhood of Frome, will be comprised in this border region. This
presents many features of interest to the physical geologist, containing in some
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places, and notably near Doulting and Cranmore, under the very shadow of the
Mendips, thick beds of freestone of Inferior Oolite age, as also at Old Ford, near
Frome. The well-known section at Vallis, where something like fifteen feet of
Inferior Oolite rests on the Carboniferous Limestone, seems to show that only beds
of the age of the Clypeus-grit were deposited upon the old ridge at that spot.
Why the vicinity of the old reef should have been unfavorable to the accumula-
tion of shell-beds with Gasteropoda is very difficult to say. But we find in all
cases the border regions to be less rich than the central parts of the several dis-
tricts or basins.

Degrairs oF TaE CoTTESWOLD DISTRIOT. (No. 2.)

In a sense strictly topographical the country between Frome and Bath can
scarcely be regarded as forming part of the Cotteswold Hills, though, to a certain
extent, a physical continuation of that range. The exposures of Inferior Oolite
throughout this portion of No. 2 District are neither numerous nor important in a
palzontological sense. We have already seen that thick beds of pale-coloured
oolitic rock (freestones) on both sides of the Mendips replace the rich shell-beds
and ironshot Oolites of No. 1 District. This phase continues for some distance
north of Frome. The evidences of Gasteropoda are slight, yet not devoid of
interest ; there is, however, one great drawback, viz. that most of these fossils are
in the condition of casts. The high ground north of Radstock is capped by a sort
of plateau of Inferior Oolite, and here the following exposures were examined.

OrAN DowN.—One and a half miles north-west of Radstock. There are several
shallow pits on this down, where the upper beds of the Inferior Oolite have been
worked. Of the general development of Inferior Oolite at this spot, and whether
there is any representative of the Lower Division, I am ignorant. The unconformity
must be considerable, since the Inferior Oolite is represented in the Survey map as
resting on Lower Lias ; in one pit, where seven feet of beds are exposed, the upper
portion consists of a shivery whitish limestone with a variety of Terebratula globata
scattered about, and containing a shell-bed with Trigowia and Nerinea in casts,
also Natica Bajocensis and a small Trochus. Below this is a much harder block
of stone. Nerinea occurs in casts, rather numerously at the top, and also in a
shell-bed lower down. There is more than one species, but Nerinea Guisei is
most probably one of them. As we shall see subsequently, this is a very well-
marked horizon in the Clypeus-grit, and it is extremely interesting to have obtained
proofs of it thus early in our examination of the Cotteswold District. As far as
we know at present, this is the most southern locality in England where Nerinea
has been found to occur in the Inferior Oolite, and abundantly too, since there are
no less than three shell-beds traceable here.
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Rep Post Quarry.—Due mnorth of Radstock on the Bath road. There are
twenty-one feet of beds exposed here, made up of oolitic grains and comminuted
shelly matter in small granules. It is pale in colour, but weathers brown, and
may beregarded as an inferior freestone. There are a few fossils here and there, and
low down occur traces of a T'rigonia-bed, but the most interesting feature for us

“is a line of hardish stone, between three and four feet from the top, which contains
casts of a Nerinea with very complicated folds (Ptygmatis). We cannot help con-
trasting these thick and comparatively unfossiliferous exposures, entirely confined
to one zone of the Inferior Oolite, with the dozen feet or so of Burton Bradstock or
Bradford Abbas, full of organic remains, and exhibiting, if not the entire forma-
tion, yet most excellent representatives of both the Upper and Lower Divisions.
There are a few other exposures in this nelghbourhood of the same horizon con-
taining Nerinea, and notably one at CARNICOT.

TwerroNn Hin..—We pass over a considerable extent of country without finding
much of interest in the Inferior Oolite, until within one and three quarter miles west-
south-west of Bath. At the Mission Chapel there are two exposures, one on either
side of the road. In that on the east side the Fuller’s Earth may be seen atop,
and below this about fifteen feet of rough freestone is worked. The upper portion
is very white and chalky. About ten feet down the stone becomes firmer, and
here occurs a shell-bed in very fine Oolite, which contains Nerinea Guisei and
another species, also an Alaria and numerous Trigonie, Ostree, &c.

On the opposite side of the road is a disused quarry, where the face of rock is
gomewhat limited. Towards the top is a shell-bed with Nerinea and corals, and
hereabouts may’ be noted Ceromya striata, Pholadomya Heraulti, and several
species of Myacites, some in a vertical position. This deposit rather reminds us
of the Pholadomya-grit, a term given by Lycett to the series of beds usually known
as the Clypeus-grit. The point to observe here is that, although there are fifteen
feet of rock, only the very highest series of beds are exposed, and these contain
Nerinea, like their equivalents near Radstock.

Miprorp.—Three miles south-south-east of Bath. Owing to a cutting on the high
road we obtain here a complete section of the Inferior Oolite Limestone—the first
that we have seen in No. 2 District. There is probably about forty feet of rock, and
the whole of this mass belongs to the Upper Division. Indeed, we may go closer
than this, and regard it as mainly, if not wholly, within the Parkinsoni-zone, since
Ammonites Martinsit occurs quite in the lower stage, which appears to me to re-
present the Upper Trigonia Grit of Stroud and Cheltenham. In that case the
Inferior Oolite Limestone of this section would be the equivalent of the entire
Upper, and part of the Lower, Ragstones of the Cotteswolds proper. There are
but few Gasteropoda from here, and I should scarcely have ventured to say so
much about it but for the fact that the Midford Sands, which underlie this limestone,
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have been taken to represent the Sands of the Gloucestershire Cephalopoda-bed.
In default of fossil evidence this is a dangerous assumption, since the whole of the
Lower Division of the Inferior Oolite is absent as a limestone, and may possibly be
represented by the upper portion of these same Midford Sands.

Fresurorp.—This is a section in the Avon valley about four miles south-south-
east of Bath. Only a portion of the Upper Division of the Inferior Oolite is seen here.
It contains a Clypeus-grit Fauna, and there are traces of the horizon of Nerinea
Guises.

The sections above detailed, from Clan Down to Freshford inclusive, may be
taken to give an idea of the general development of the Inferior Oolite in thelittle
known country between the Mendips and the Avon valley. Whether the Lower
Division is developed at all in that area is unknown to me. We should certainly
expect to find 1t on the escarpment, where possibly it exists without being quarried.
But opposite the escarpment, and about eight miles nearly due west of Twerton
Hill, occurs the remarkable outlier of

Dunpry Hirr.—This place is one of the most classic in the annals of the Inferior
Oolite, since so many of Sowerby’s types come from here ; and it has also furnished
the Bristol Museum with the greater part of the material so well elucidated by my
lamented friend, Tawney, in the ¢ Dundry Gasteropoda.” I have already pointed
out the anomalous character of this exposure of Inferior Oolite. It might be almost
regarded as constituting a district by itself, so curiously does it combine the
characters of No. 1 District with those of No. 2. Still, although it lies north of the
Mendips, we must hold that its affinities with the Inferior Oolite of Dorset and
Normandy far exceed any resemblance which it possesses to the main mass of the
Cotteswold Oolite. Judging from the fossils, it is probable that more than one
horizon has contributed its quota to this assemblage; though perhaps the highest
beds are so loaded with massive Thamnastrea as not to have afforded much space for
the accumulation of shells. In the present condition of the available exposures it
is by no means easy to construct an intelligible section of the Inferior Oolite in
this remarkable hill. Instead of going into the question of horizons we must be
content to take the fossils as we find them in the various museums—at least for
the present.

The Cotteswold Hills.

The range of the Cotteswolds may be said to commence north of the deep
valley of the Avon, whence it continues in an almost unbroken escarpment for many
miles. There are no exposures of any importance, as far as I am aware, until we
reach the neighbourhood of Little Sodbury, some ten or twelve miles from Bath.
This circumstance probably arises from the facility with which Carboniferous
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Limestone can be obtained from the vicinity of Doynton, and also to the fact that

there are several quarries on the plateau in the Great Oolite. The village of Little
Sodbury is noteworthy as the place whence the Rev. Mr. Steinhauer supplied

- Sowerby with the types of Trochus concavus, T. duplicatus, and T. dimidiatus
previous to the year 1818 ( Min. Conch.,’ vol. 2, p. 180, pl. 181, figs. 3, 4, 5). As
Little Sodbury itself is upon the Lias, these fossils must have been obtained from
the Inferior Oolite quarries towards the top of the Cotteswold escarpment. The old
parish pit in Mr. Steinhauer’s time was situated at the very top of the road which
leads straight up the hill, from the village, and is about half a mile south of the
large quarry on Horton Hill.

Horron HiLL Quarry.—This place is such a long distance from any convenient
town, being about half way between Bath and Stroud, though somewhat nearer
the latter, that it has always remained more or less a terra incognita to palsonto-
logists. The exposure is an extremely interesting one, as affording us an insight
into the development of the Inferior Qolite between the two points.

Commencing as usual at the base we find a somewhat variable thickness of
poorly fossiliferous freestones. The top of this series is indurated and bored,
affording evidence of a used surface, and thereby to a certain extent of uncomformity.
The exact age of this series is not easy to determine, though it may be safely set
down to some part of the Murchisone-zone, such as yields the greater part of the

freestones or fine grained oolites of the Cotteswolds. Below Hawkesbury Upton

not less than thirty feet of these beds are exposed.

- The break between this and the rich shell-beds with Gasteropoda is most
complete, lithologically and otherwise. There can be little doubt that these
courses are the equivalents of the Upper Trigonia-grit of Stroud, &c. 7. costata
is very large and abundant, whilst the Clavellate species are less numerous. No
Ammonites were found, but Rhynch. spinosa is not uncommon and often of con-
siderable size. From this series, but especially from the lower course of -stone, a
considerable number of Gasteropods have been obtained. These fossils were
associated with the large Conchifera in the ordinary way, but weathering for a long
period had developed them to a considerable extent. Though fairly numerous,
they are far less so than the Conchifera, &c. This horizon cannot fail to remind
us of the one at Grove (see Profile No. 6), and there is one fossil here which has
never yet been found by me, except in this instance, beyond No. 1 District, viz.
Cerithium 2 contortum, Desl., so characteristic of the Parkinsoni-beds of the south.
Once more, then, we gather a rich harvest of Gasteropods on the horizon of P, of
Burton-Bradstock Cliff. The absence of any representative of the Humphriesianus-
zone at Horton Hill seems to be complete. Sometimes these beds occur in three
courses. : :

- It is extremely interesting to obtain above this a horizon defined by abundance

8
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Profile No. 7.—HortoN HiLL QUARRY.

(Section incomplete.)
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of Terebratula near to globata, and especially by Nerinea Guisei, which has never
failed us since we entered No. 2 District. As we shall see presently, this certainly
represents a portion of the Olypeus-grit. The upper shelly series, measured in the
Profile as six feet, is in fact an accidental and extremely variable development,
since towards the south end of the quarry the shells of this horizon have almost
disappeared, whilst the highest beds of all represent a phase which is not uncommon
in the Cotteswolds, but which would seem to possess but little palaeontological
interest. ~Altogether the Upper Ragstones are very fully developed in Horton
Hill Quarry.

Travelling northwards we are able to obtain a nearly complete section of the
entire Inferior Qolite in the ridge which forms a continuation of Symonds Hall
Hill on the other side of Wootton-under-Edge. The Inferior Oolite limestones
are now seen to attain a considerable thickness, and the Gloucestershire Cephalo-
- poda-bed, or zone of Awm. radians, is exceedingly well developed. Above it we
perceive between thirty and forty feet of freestones (fine-grained oolite and
broken-shell rock) ; towards the middle of this there is a slight unconformity in
connection with a bed of Nerinwa. The top of the Freestone series is bored and
hardened indicating unconformity to a marked extent. The whole of this
Freestone series belongs in all probability to the Murchisone-zone. Above this we
- perceive a repetition of the Horton Hill sequence, viz. that a representative of the
Upper Trigonia-grit rests directly on the freestones without any intervening
Gryphite-grit. At this place, too, Nerinea Guiset may be found in its usual posi-
tion in the Clypeus-grit.

Nawsworrs Hiir.—The town is about six miles east-north-east of Wootton-
under-Edge, and nearly twelve miles north-north-east of the exposure at Horton
Hill previously described. Many of Lycett’s specimens, now preserved in the
Jermyn Street Museum, are labelled “I. O., Nailsworth Hill,” though unfor-
tunately the horizon is never indicated. As I have myself obtained a considerable
number of Nerinzas from this locality, I append a complete profile of the Inferior
Oolite of this district, mainly based upon the exposures on Scar Hill.

The lowest beds in this section partake of the Wootton and Frocester type.
At the latter place Oppel' runs the Lias boundary (Lias-Grenze) between the
radians- or jurensis-zone, and the opalinus- or torulosus-zone. A few Gasteropoda
are obtained from this opalinus-zone in different parts of the Cotteswolds, but
usually their condition is not favorable to accurate determination.

Considerable attention has been drawn to the small Gasteropods of the
Lower Limestone, most of which, in addition to being extremely minute, are
sadly rolled and defaced. ~Cerithium is the prevailing form. Mr. Witchell recently
exhibited some of these at the Gieological Society in illustration of a paper on the

1 ¢ Juraformation,’ p. 296.
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Profile No. 8'.—NairswortH Hirr aANp DistrIOT.

(Section complete.)
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1 Partly derived from observation, partly from other sources.
2 Another bored-bed below the Nerinzas.

A Opalinus- or torulosus-zone. B Radians- or jurensis-zone. There is no intention here of
entering into minute particulars as to the exact boundaries. The whole question of the opalinus-zone
in the Cotteswolds is one of considerable obscurity. The Gasteropoda are scarce and in a bad state of

preservation.
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Lower Beds of the Inferior Oolite.' A list of those determined is given at p. 270.
It was likewise, I believe, the opinion of Prof. R. Tate that several undescribed
species of Gasteropods (minute) were to be found in this series. Hitherto I confess
that my own researches have not been very successful. ~Moreover, if Mr.
Witchell’s specimens are to be taken as a sample, there are not many people who
would venture to describe them. Whilst on the subject of these Micromorphs I
may observe that the Pea-grit of Leckhampton, Crickley, &c., contains several
small Gasteropods, many of which appear to be merely the young of well-known
species. As such extremely small shells would require different artistic treatment
from the bulk of the Gasteropoda to be described in this memoir, it might be con-
venient to place them in a separate category by way of supplement ; that is to say,
if they should prove to be of sufficient importance.

The Pea-grit is exposed on the flank of the hill, and on this horizon the earliest®
Nerinmas in the Cotteswolds may be noticed. The same bed is well shown in a
roadside cutting near Longford’s mill, and has there afforded several species of
Nerinea usually distinet from those of the Oolite Marl. High up in the freestone
series is another bed with Nerinwa, which may probably represent the extremely
rich beds in connection with the Oolite Marl on the other side of Stroud. The
third Nerinsan horizon is that in the Clypeus-grit, which we have now traced con-
- tinuously through so many exposures.

The Olypeus-grit is characterised by Nerinea Guisei, Witc.
The Freestones, Oolite Marl, &c., by Nerinea Cotteswoldice, Liye.
—  gracilis, Lye.
The Pea-grit by Nerinea producta, Witc.
—  pisolitica, Wite.

These three Nerinsan horizons, in the Pea-grit, the Oolite Marl, and the Clypeus-
grit, respectively, have also yielded the bulk of the somewhat scanty collections of
(Gasteropoda which have been obtained from the more classical districts of the
Cotteswolds. On the other hand, the Upper Trigonia-grit and the Gryphite-grit,
well stored as they are with other fossils, seem to be deficient in this respect.
Hence the Ragstones, though far more fossiliferous as a whole than the beds of
the Murchisone-zone in this neighbourhood, contain fewer Gasteropoda.

Ropeorover ComumoN, about three miles north of Nailsworth Hill. This again
is classic ground, many both of Dr. Lycett’s and Mr. Witchell’s specimens coming
from here. Isubjoin a profile, showing the upper or Ragstone-beds in some detail.

The Upper White Oolite is the bed we have generally met with hitherto in the
Cotteswold Hills, usually forming the top of the Inferior Oolite. The next three

1 < Quart. Journ. Geol. Soc.,’ vol. xlii (1886), p. 264, ef seq.
? The Lower Limestone has hitherto yielded only imperfect fragments of Nerinza.
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subdivisions may be taken to represent the Clypeus-grit. Here, as elsewhere, the
great mass of T. globata occurs just above the Guisei-bed. This series has afforded
Mr. Witchell several species of Gasteropoda, including the Nerinea so often
mentioned and some others. As a horizon therefore it is deserving of some
notice. Mr. Witchell’s types of N. Guises, &ec., are, I believe, from this very bed on
Rodborough Common.

The next point worthy of notice is the Upper Coral-bed, which according to
Mr. Witchell has its southward limits hereabouts. The Upper Trigonia-grit of
this section calls for no special comment. This is the bed that we have seen
continuously from the neighbourhood of Little Sodbury (Horton Hill). It appears
to contain but few Gasteropoda here; at least I find no great number in Mr.
Witchell’s collection from this horizon. For all that, I have very little doubt of its
being the representative of the rich shell-beds which, further south, have yielded
such an abundance of Gasteropoda towards the base of the Parkinsoni-zone.
There are also but few Gasteropoda from the Gryphite-grit, and consequently we
need not take much trouble to discuss its geological position. Rodborough
Common is about the last exposure where it contains the characteristic Gryphite,
whilst further south (Wootton-under-Edge, Horton Hill, &c.) the beds of the
Parkinsoni-zone rest directly on the Cotteswold Freestones. The Gryphite-grit
has generally been regarded as belonging to the Humphriesianus-zone, but I leave
this question to be discussed elsewhere. The entire RacsTONE series, or UPPER
Division of the Inferior Oolite, on Rodborough Common measures about 23 feet,
whilst the section on Stroud Hill, only just across the valley, has already increased
to 37 feet (teste Witchell) partly owing to the expansion of the Gryphite-grit.

StrouDp, SwiFr’s HirL, AND LoNGRIDGE.—These are all on the north side of the deep
valley which commences at Stonehouse ; they may be taken together as constituting
one section, so to say, of the Cotteswold District. Swift’s Hill Quarry is about one
and three quarter miles north-east of Stroud station near Knapp Farm. There is
a fault in this quarry, which is mainly in the Freestone series. The Nerinea-bed
occurs several feet below the soft Oolite Marl. It forms part of two blocks, and
the Nerinsas occupy a vertical space of about 2 feet 6 inches. The lower bed is a
mixture of chalky stuff and oolite, and this is the best for fossils; sections of
Nerinea are extremely numerous. The quarry at Longridge is on very high ground
two miles north of Swift’s Hill, and about one mile east of the small town of
Painswick. The quarry is in such a muddle that no section can be obtained ; but
the horizon whence the bulk of the fossils are obtained is probably alittle below the
Oolite Marl. A very fine series of Nerinzas have been procured from this place
lately both by Mr. Witchell and myself. Taking Stroud Hill as the representative
section of the region immediately north of the great valley, we obtain the following
sequence. For further details I would refer to Witchell’s Geology of Stroud, p. 5.
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Profile No. 10.—Country more immediately north of STroup VALLEY generalised.

(Section incomplete.)
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1 There are indications of a Nerinea-bed in the Upper Freestones, which may be on the horizon
of the bed, p, near Birdlip (see postea, p. 66). On the whole there are three distinct beds containing
Nerinea in the Marl and PFreestone Series, though these beds cannot be made out at every point
between Stroud and Cheltenham. These three beds constitute the Middle or Second Nerinzan
horizon.
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We observe here that the “ Oolite Marl *’ has now a definite lithological develop-
‘ment. Judging from the collections made by Lycett and Witchell in this district, the
“Qolite Marl ” has been the principal source of the Gasteropoda, few and scattered
though they be. The fossils are preserved in a good spathic condition, and often
beautifully white ; but as the matrix is somewhat unkind, a great amount of scraping
has in many cases materially injured the ornamentation. Hence these fossils,
though undoubtedly the best afforded by the Inferior Oolite of the Cotteswolds,
compare unfavorably with those of Dorsetshire. In consequence of this circum-
stance their correlation with the Dorsetshire fossils is by no means so satisfactory
as could be wished. The Oolite Marl and part of the Freestones, probably, constitute
one paleontological horizon, which must be referred to the upper part of the
Murchisone-zone. For practical purposes, then, we may divide the Murchisonce-zone
of this part of the Cotteswolds into an Upper, or Oolite Marl horizon, and into a
Lower, or Pea-grit horizon, without attempting to draw a strict divisional line
between the two. The increasing thickness of the Inferior Oolite will be observed ;
we started at Burton Bradstock with about 12 feet of limestone, and here we have
126 feet without including the lowest beds.

Birpurp, CriokLeY Hiin, Lieockmampron Hinn.—This group must be considered
together and somewhat briefly. Birdlip is about four miles north-east by north of
the Nerinwa-quarry at Longridge, and the main quarries on Leckhampton Hill are
about three miles farther. Crickley Hill lies between, rather nearer to Birdlip.
The development of the Ragstones continues to differ somewhat from that obtaining
south ; and hitherto we have failed to find the Guisei-bed in any exposure north of
the Stroud valley. A deposit, known as the Lower Trigonia-grit, underlying the
Gryphite-grit, contains a considerable number of casts of Gasteropoda. We must
turn to the lower division of the Inferior Oolite—to the Freestones, Oolite Marl, and
Pea-grit. Not that these are by any means rich in Gasteropoda. A most diligent
search is necessary, and even then the specimens are often very small, little
better than micromorphs. Mzr. P. B. Brodie for many years collected from the Free-
stones of this neighbourhood, and ‘without his aid I should know very little of
their contents. Many extremely small Gasteropods have also been obtained by
breaking open Terebratule, Pholadomyce, &c., obtained between Birdlip and
Crickley. Mr. George, of Northampton, has been kind enough to supply me
with some of these micromorphs, and my own collector, Mr. Bloomfield, has procured
several, mostly from the Pea-grit. But there is no notable assemblage of small
Univalves between the Pea-grit and the Sands. A few are found in a thick-bedded
stone, which probably corresponds to the horizon in the Lower Limestone at Stroud,
already mentioned.

The lines where Nerinea occurs in the Freestone series of this vicinity are

somewhat obscure in consequence of the condition of the specimens. But some-
9
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thing like the following sequence can be made out, commencing from the top. In
a shallow quarry north of Birdlip is a Nerinea-bed (p), immediately beneath the
Ragstone. In the Birdlip Hill section Nerinea occurs in the Oolite Marl (¢), and
the same may be seen in the Oolite Marl of Leckhampton Hill. Again, both at Leck-
hampton and Birdlip, a third Nerinea-bed () occurs some twelve feet below the
Oolite Marl. When it is borne in mind that each of these beds represents, usually,
a slight line of erosion, and that probably other Gasteropoda have been procured
from them, the fixing of these lines in the Freestone series becomes a point of some
interest. The prevailing species on each of these three lines, or subhorizons, is
somewhat different. The bed r, towards the top of the Lower Freestones, is
distinguished by N. Cotteswoldie. These three beds belong to the Oolite Marl, or
middle Nerinzan-zone of the Cotteswolds, including in this term the bulk of the
Freestones.

We must now consider the lower or Pea-grit Nerinsan-zone, as developed in
Crickley Hill.

The principal object of the Profile of Crickley Hill (p. 67) is to exhibit the rela-
tions of the Pea-grit to the beds above and below. There is no difficulty about the -
horizon, since Am. Murchisone is not uncommon in the Pea-grit. The  semipiso-
lite,” or equivalent of the Lower Limestone of Mr. Witchell, is very barren hunting
ground. The shell-beds towards the base of the section have not yielded any
notable quantity of Gasteropoda, but there are symptoms of a fauna similar to
that at Drympton on the borders of Dorset and Somerset.

The really important bed in this Profile is the one containing long narrow forms
of Nerinea, of which sections are fairly numerous, and many smallish but rather
well-preserved Gasteropoda; of these there are a few scattered throughout the
Pea-grit and Freestones generally. Two species of Nerita are to be found in
this bed. At the east end of the quarry face the line of the Nerinea-bed is
occupied by a small coral reef—the lower reef of the Cotteswolds. The great
expansion of the Pea-grit from about three feet at Nailsworth and Stroud to
upwards of thirty feet here is remarkable: in fact we are now entering on the
region of maximum sedimentation of the Cotteswolds, and it is a matter of consid-
erable interest for those who have traced the Inferior Qolite from its first appear-
ance in the cliffs of the English Channel, to reflect that a subordinate series in
the Murchisone-zone at Crickley is nearly three times thicker than the entire
Inferior Oolite throughout some of the most fossiliferous exposures in Dorset-
shire.

I will not dwell any further upon the Inferior Oolite as exhibited in the grand
semicircular escarpment from Leckhampton to Cleeve and farther north, but will
conclude this notice of its development in the Cotteswolds with a brief account

1 This is probably the same as the Swift’s Hill bed (see Profile, p. 64).
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Profile No, 11.—Crickrey HiurL.

(Section incomplete.)
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! An Ammonite related to 4. corrugatus and Rhynch. subdecorata, juv., occur in this bed, which
represents either a very low part of the Murchisone-zone, or, what is about the same thing, the so-
called Opalinus-zone.
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of the beds which have yielded Gasteropoda in the country between Cheltenham
and Bourton, more especially near Notgrove Station and Aston Farm.

Norerove, AstoN.—The Gasteropoda obtained from this neighbourhood are
from two distinet horizons, viz. the Oolite Marl and the Trigonia-grit. The annexed
profile is not intended to grapple either with the stratigraphy or the actual
development of the Inferior Oolite as displayed in the interesting cuttings and
quarries between Notgrove and Bourton, but simply to show the relative positions
of the beds containing Gasteropoda.

There is a very fine development of the Oolite Marl at Notgrove Station,
indeed I am not aware of a finer one anywhere. The lowest beds visible swarm
with Brachiopoda, T. fimbria, T. curvifrons, Wald. Leckenbyi, Rhynch. Lycetti, &c.,
The lowest hard bed associated with these contains an immense Pseudomelania,
which at present I cannot differentiate from ¢ Chemnitzia > simplex, M. and L.
Then comes another soft bed swarming with Brachiopoda, and then another hard
bed full of immense specimens of Natica cincta, nearly all as casts. This latter is,
above all others, the * Leitfossil ” of the Oolite Marl, and may be traced on the
same horizon through the Lincolnshire Limestone into the Whitwell Oolite of
Yorkshire, whence came the specimen figured by Phillips. Itis interesting to find
that both these great fossils are recorded by Mr. Walford from Combe Hill, an
outlier of Inferior Oolite some four and twenty miles to the east-north-east of
Notgrove Station, and close to the Cherwell Valley ; but there the characteristic
Brachiopods are scarce.

The upward sequence from this very fine development of the Oolite Marl is
not precisely clear. We should naturally expect the Upper Freestones, but in the
cutting near Aston Farm, whence the bulk of the Gtasteropoda marked ¢ Aston”
are derived, a series of imperfect Freestones, associated with two beds of Gryphites,

amediately underlies the Ragstones. Whatever these beds represent it is clear
that the Gasteropoda found in this cutting and the neighbouring quarries lie at
the base of the Parkinsoni-zone, or, it may be, in a thin band which is a little lower,
since they are mostly found at the base. On the whole, however, I incli~e to the
belief that they belong to the lower part of the Parkinsoni-zone, an horizon we
have found so rich in Gasteropoda throughout both the Dorset and Cotteswold
districts. Both in development and state of preservation they are far inferior to
fossils from more favoured localities. A smooth Cerithium is one of the most
abundant and characteristic Gasteropods.

Résumé of the Cotteswold Hills.

Considering the great development of the Inferior Oolite in this range the
palzontological results on the whole are very inferior to those of No. 1 district,
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Profile No. 12.—NorerovE—ASTON, generalised.

(Section incomplete.)
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1 Mr. 8. 8. Buckman is of opinion that the beds associated with Gryphites are on the horizon of
the Gryphite-grit of Leckhampton and Stroud, which for him represents the Sowerdyi-zone of Dorset.

2 This is the horizon of the Bored Bed of the preceding profiles. The Freestone series here also
is slightly bored on the top ; but in this section the main wnconformity is upon a higher horizon than
that of Stroud, Horton Hill, &e.



70 GASTEROPODA OF THE INFERIOR OOLITE.

more especially in Gasteropoda. When we bear in mind that some of the best
collectors, and the most noted palmontologists, have been connected with the
Cotteswolds for years, it must be clear that this inferiority cannot be due to
want of research. In fact the country from Wootton-under-Edge to Cleeve Cloud
is, above all others, the classic ground of the Inferior Oolite. It is true that in
some portions of the range, and on some horizons, a considerable number of casts
and badly preserved specimens of Gasteropoda may reward the labours of the
collector. But how rare are really good fossils ? If it were not for the Nerinzas,
whose critical points are, perhaps, more internal than external, the show would be
but a poor one, when we reflect on the many years that these beds have been
under contribution.

There is another point, too, of some significance. Apart from mere specific
names, such as help to make up a percentage comparison, there can be no doubt
that the Gasteropod Fauna of the Great Oolite, as developed at Minchinhampton,
has far more resemblance to that of the Inferior Oolite, which underlies it, than it
has to the Gasteropod Fauna of the Inferior Oolite in the Dorset District. Greater
similarity of facies may in parts account for this, but is there nothing due to the
score of locality ? Such questions are interesting, and, if taken up and worked out
by younger pal@ontologists, may some day lead to conclusions of importance.

Lastly, it would seem that the Ammonite-zones are not quite so regular and well
defined in the Cotteswolds as they are in Dorsetshire. = 'When the question
comes to be worked out, this may not prove to be the case; nor is it my business
in the present instance to investigate it. But when we see such an anomalous
assemblage of Ammonites as occurs for instance in the Gryphite-grit (feste Mr.
Witchell’s collection), we naturally wonder how this series can be made to fit in
with the Dorsetshire sequence.

Remainder of the Cotteswold District.

East of the Vale of Moreton there is a mass of high ground constituting a sort of
repetition of the Cotteswold Hills. This region extends as far as the Valley of the
Cherwell. The Inferior Oolite is variously developed, but on the whole the Clypeus-
grit is the main representative, at least near Chipping-Norton. The Gasteropoda
in these beds of Inferior Oolite age are not sufficiently numerous or important to
warrant many details heing given here. The most important section is on the new
railway near Hook Norton, where on both sides of a tunnel a more or less complete
sequence of the Inferior Oolite may be seen. This has been fully described by Mr.
Walford (‘ Quart. Journ. Geol. Soc.,” 1883, p. 224).

Hoox NorroN.—Though the Inferior Oolite is now verging towards the region
where it undergoes further modification and a partial eclipse, before assuming
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its East Midland character, the section at Hook Norton, read by the light of Mr.
Walford’s experience, is both interesting and instructive. Between the Upper Lias
Clay and the Great Oolite are 31 feet of beds. These are divided into five groups.
The lowest group, 4 feet 9 inches, is a sandy blue hearted limestone with corals. It has
yielded Rhynchonella cynocephala and some few Gasteropoda characteristic of a low
horizon. Sinceit is by no means easy to separate the Opalinus- from the Murchisonc-
zone, this group may be taken as representing the zone or zones usually charac-
terised by those two Ammonites. The second group, 10 inches thick, contains an
Ammonite-bed ; the species being one of those smooth, flattish forms, similar to
the prevailing types in the concavus- or so-called Sowerbyi-beds of Bradford Abbas.
Terebratula perovalis likewise is quoted from here. Both the first and second
group belong to the Lower Division of the Inferior Oolite. Next comes the usual
hiatus, and then the third group, 2 feet 10 inches, has a shell-bed towards the top
with undoubted fossils of the Parkinsoni-zone; and in this shell-bed are several
species of GasteroPoDA. If this group represents the Trigonia-grit, the Gasteropoda
lie at the top, instead of at the bottom as in the Aston cutting. The fourth and
fifth groups of this section call for no notice here. They are bulky and for the
most part devoid of Mollusca, and serve to show the changeable nature of the
uppermost beds of the Inferior Oolite hereabouts.

Derains or THE East Mipranp Distrior (No. 38).

The first fossiliferous beds of Inferior Oolite age in this district which attract
our attention are those at Blisworth and round the town of Northampton (Dusron,
&c.), which were regarded by Mr. Sharp as in the zones of Am. opalinus and Am.
Murchisone. 1 see no reason to doubt Mr. Sharp’s determination, the more so as
there is a certain degree of resemblance between the Yorkshire Dogger and the
Northampton Sand. Cephalopoda are not plentiful, but the Conchifera are large,
especially Lima, and fairly numerous. The Gasteropoda are not particularly
abundant, nor in a satisfactory condition for determination, occurring principally
as impressions in the ironstone. Hence they are not very nice cabinet specimens.
It is not probable, therefore, that many, if indeed any, of these specimens will be
-selected for figuring ; but they will at all times be useful for correlation in those
cases where the species can be made out with certainty. The best specimens are
in the Sharp collection at the British Museum. At present I am informed by Mr.
George and Mr. Beeby Thompson, that it is not easy to obtain many specimens of
interest from these beds.

But the main feature of Inferior Oolite age in the East Midland District is the
Liincolnshire Limestone. The chief characteristics of this important series are
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given in ‘ Judd’s Geology of Rutland,” and more recently in another Survey Memoir
by Messrs. Jukes-Browne and Dalton. So extensive is this subject, that I may well
be excused for not entering into particulars in an ¢ Introduction to the Inferior
Oolite Gasteropoda.” As regards the position of the Lincolnshire Limestone in the
geological scale, it has generally been referred to the Sowerbyi- subzone. But I
am disposed to think that the greater portion of it belongs to the upper part of the
Murchisone-zone. This would bring it on the level of the Oolite Marl of the
Cotteswolds, simply as regards geological time. I think that there can be little
doubt, from the abundance of Nerinea Cotteswoldie in the compact limestones of so
many localities, that such beds are on the horizon of the Oolite Marl, or just a
little below, whilst the abundance of casts of Natica cincta (Leckhamptonensis) seem
to point to the Oolite Marl itself. But it is apparently above these beds where
we find that finely oolitic and broken shell-rock which swarms—though only at rare
intervals—with Gasteropoda. Unfortunately they are much rolled, but now and
then some really good specimens are obtained. Though the prevailing forms are
decidedly small in these beds, yet some shells, especially those of Nerinea, attain. a
considerable size.

By far the richest exposure of this class of beds is at GrREaT WELDON, four and
a half miles south-south-east of Rockingham, in Northamptonshire. Asa section it
is of no value, being a mere roadside opening near the village, about 8 feet in depth.
The uppermost 4 feet consist of a shivery or platy kind of rock, with numerous
small Oysters on the bedding planes. The lower halfis a comminuted shell and oolite
rock, and it is on the top of this that the richest accumulation of small Gasteropods
may be noticed. A few hundred weights of well selected stuff will afford employment
to the fossil hunter during many a winter’s day. Innumerable small Cerithia of the
limeeforma group, some of them identical with C. Beanii of the Yorkshire Beds,
are probably the most,characteristic fossils. Monodonta levigata, usually the typical
form, but rather smaller than Dundry specimens, is on every block, and small
species of Trochus, &c., are very numerous. The largest shells I have met with are
the so-called “ Phasianellas,” which seem to occupy the place of Natica, here almost
entirely unrepresented. The curious shell Cloughtonia cincta occurs here, and also
at Ponton, but is rare. This constitutes another link with the Yorkshire Beds. I
am not aware of its ever having been detected further south.

Another exposure is at WaNsrorp, about eight miles west of Peterborough.
This was more famous in former days, and is probably the locality “ near Peter-
borough’ of the Sharp collection. The Northampton collectors have obtained
some good things from here, but the section is for the most part grass grown, and
fine fossils are scarce.

The next best place is the railway cutting at GreaT Ponton. The depth of the
cutting is about 20 feet. The beds which contain the Gasteropoda are very limited
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in extent, and owing to the confusion and crushing of the rock, it is not easy to
trace their relation to the Terebratula-beds, which are seen farther up the line
(fowards the south). It is by no means easy to say whether these beds are on
precisely the same horizon as those at Weldon. The general character is the same,
but each has its peculiarity. At Weldon, for instance, Monodonta levigata swarms ;
here it seems almost absent. The species of Nerinea too seem to differ, but where
all, or nearly all, are so much rolled, the question of the Nerinzas of the Lincoln-
shire Limestone is not one calculated to give much peace of mind to a palzonto-
logist.!

BarNAcK is another place which has yielded in former times a considerable
number of these small Gasteropoda. At present what few fossils can be obtained are
picked up on refuse heaps. There are many other quarries in Northamptonshire,
Rutland, and South Lincolnshire which have yielded here and there a few good
fossils. Some of these quarries are undoubtedly on the horizon of the Oolite Marl ;
as regards the others I have no evidence. One thing must strike the most casual
observer, and that is the extraordinary difference between the Gasteropod Fauna of
Dorsetshire, and of the Lincolnshire Limestone. Some forms, it is true, are merely
micromorphs of species occurring elsewhere ; but even granting that, the contrasts
are enormous.

North of Grantham I have no knowledge of the Lincolnshire Limestone, or of
its fossils, with the exception of a very few specimens now in the Jermyn Street
Museum. Should I subsequently discover any notable quantity of Gasteropoda in
the Inferior Oolite of this region, it may be necessary to deal with the subject by
way of postscript.

Failing other evidence, we must regard the Northampton Sand, the Collyweston
Slate, and, perhaps, the whole of the Lincolnshire Limestone, as belonging to the
Lower Division of the Inferior Oolite.

1 The cuttings known as Little and Great Ponton, on the Great Northern Railway, south of
Grantham, were described by Prof. Morris (‘ Quart. Journ. Geol. Soc.,’ ix, 324) with considerable
detail, and these descriptions are quoted in Messrs. Jukes-Browne and Dalton’s ¢ Geology of S.-W.
Lincolnshire,” These authors consider the thickness of the Lincolnshire Limestone in South Lincoln-
shire to be fully 100 feet. They regard it as a lenticular mass between the Lower and Upper
Estuarine, and further state that there is no constancy in the occurrence of the *coralline facies
as distinet from the “ shelly facies ;”” since either may occur on any horizon. Mr. Brodie’s observation
is quoted that the more marly layers are particularly rich in corals, and recall the facies of the
Qolite Marl at Crickley.

10
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DEeraiLs or THE YORKSHIRE Basin (No. 4).

The beds of Inferior Oolite age in this region are completely separated from
those to the south ; and their present outcrop is nearly at right angles to that of
the Cave Oolite and Lincolnshire Limestone. Although these arrangements are
probably mere accidents of stratigraphy, the result is the complete isolation of all
the Jurassic rocks of the basin of North-east Yorkshire. Since this is the case,
there can be no harm in reversing our previous practice of proceeding from the south
northwards, and in at once taking into consideration the important development at
Blue Wyke. The following is in the main an extract from ¢ Contributions to the
Palontology of the Yorkshire Oolites,” describing the marine horizons or zones
of the Inferior Oolite, based chiefly upon the coast sections.

1. First or lowest zone.—This is known as the Docesr. Including the grey
sands (Lingula-beds), the yellow sands, and the Dogger proper, a thickness of
80 feet may be assigned to the group, where most fully developed, as at Peak
(Blue Wyke). The remains of Gasteropoda are almost wholly confined to a shell-
bed 18 inches thick, which occurs about eight feet below the top of the series at
Peak, but nowhere else in Yorkshire. The matrix is very characteristic. The sub-
stance of the shells has been largely replaced by spathic iron, whilst their exterior is
lined with a thin skin of dark brown oxide. From the abundance of Nerinea
cingenda this band has been named the Nerinea-bed, which is probably somewhere
about the horizon of the Pea-grit of the Cotteswolds, though not improbably it
contains species of a somewhat lower horizon. The Dogger in its totality may
be placed in the Opalinus-zone and lowest part of the Murchisone-zone, and there
can be little doubt that Am. striatulus (radians) crosses the boundary into the
lower beds. Some 300 feet of ‘ estuarine ” sands and shales, with at best only
irregular traces of marine shells, succeed the Dogger, and then we arrive at—

2. The second zone, known as the ‘MILLEPORE-BED, which is best seen on the
north horn of Cloughton Wyke at Sycarham, where the thickness may be about
12 feet. This is also a kind of sandy ironstone, but more gritty and calcareous than
the Dogger. The Gasteropoda are mostly limited to one bed, whilst Conchifera
are abundant throughout. Some portions of the matrix contain more carbonate
of iron than of lime, and there is just sufficient iron peroxidized to impart a
reddish-brown tint to the mass, which is much flecked by a white substance allied
to kaolin. This peculiarity is less noticeable in the bed where the univalves are
mostly found. The Millepore-bed is well developed south of Scarborough, where
it becomes thicker. It forms an important scar in Gristhorpe Bay. In the

1 ¢ Geol. Mag.,” dec. ii, vol. ix (1882), p. 148.
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interior the fawn-coloured sandy limestones of the Howardian Hills, worked in
Whitwell parish and elsewhere, are referred to this horizon. North of Scar-
borough, on the coast, 100 feet of ‘ estuarine * sands and shales, containing the
principal moorland coal and the celebrated plant-bed, intervene between the
Millepore-bed and—

3. The third zone, known as the ScARBOROUGH or GREY LiMESTONE. South of
Scarborough these two zones approach each other—the Millepore-bed, as we have
seen, becoming thicker, whilst the Scarborough Limestone in Gristhorpe Bay is
reduced to a few feet, with every indication of going out altogether. Thus it is the
Millepore-bed which reappears further south as the Cave Oolite and the Lincoln-
shire Limestone. Near Scarborough, however, and especially north of that town,
the uppermost of these two formations is far the most important. On the south
horn of Cloughton Wyke, at Hundale, this group of beds has a thickness of nearly
60 feet, and contains a fine series of fossils, chiefly Conchifera. On the other
side of Scarborough, at White Nab, the thickness has already fallen to 20 feet. It is
here that specimens of Am. Humphriesianus and Blagdeni have been found together
with casts of a large Pseudomelania and Phasianella. Lithologically this zone
is composed for the most part of blue-grey limestones, more or less charged with
dark-coloured mud, and in places is rich in iron. The fossils partake of this grey
character, but there is a little difficulty sometimes in distinguishing specimens from
certain varieties of the Millepore-bed or Cornbrash. This is the least oolitic in
structure of all the four zones of the Lower Oolites.

The three zones enumerated above belong to the Inferior or Bajocian subdivision
of the Lower Oolites. The two lowest (¢.e. the Dogger and the Millepore) are
probably both in the Murchisone-zone, though no Ammonite has ever been found
to my knowledge in beds of this horizon on the coast. The Scarborough Lime-
stone, which distinctly dies out on the dip, must be regarded as on a level with
the Coronaten-zone of the Germans. Above this comes a third  estuarine”
series, which also thins considerably on the dip. As we have no palaeontological
indications in Yorkshire either of the Parkinsoni-zone or of the Great Oolite, it is
not unreasonable to suppose that this third estuarine series may represent these
formations in time. The gradual attenuation of the Great Oolite (Bathonian) in
Lincolnshire as a marine formation prepares us for this change.

‘We have no difficulty in regarding both the Dogger and the Millepore-bed as
belonging to the Lower Division of the Inferior Oolite, but with respect to the
marine beds, known collectively as the Scarborough or Grey Limestone, the
case is not quite so clear. It is perfectly true that south of Scarborough Castle
Ammonites of the Humphriesianus-zone are found ; but the fossiliferous exposures
of Cloughton Wyke, both at Hundale Point, and also the one high up in the cliff
on the opposite side, usually known as Pickering Cliff, have never to my knowledge
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yielded these Ammonites. At any rate, if these beds do not belong to the
Humphriesianus-zone they must be lower in the series, possibly about the level
of the Sauzei-subzone.

In dealing with the Gasteropoda from these marine horizons of the Inferior
Oolite in Yorkshire, it must be remembered that the majority of the species
have been recently described and figured in the work referred to. The figures
and descriptions there given will be incorporated, as far as may be convenient, with
Part I of this Monograph. As a rule the Yorkshire specimens are not so well pre-
served that close specific determinations can always be given with certainty. This
constitutes one great difficulty when instituting comparison with the beautiful
fossils of Dorsetshire. So long as we are satisfied with lumping, the resemblances
and analogies hold fairly good, but when we come to splitting, the case is different ;
and the difficulties are further enhanced by the difference of matrix. Under these
circumstances an accurate comparison of the rare and difficultly preserved Gaste-
ropoda of this district with those of the others, and especially of No. 1 district,
is next to impossible.

CoNCcLUSION OF THE INTRODUOTION TO THE INFERIOR OOLITE (GrASTEROPODA.

In concluding this introduction to the Inferior Oolite Gasteropoda, I must
acknowledge my obligations to many gentlemen who have kindly assisted me. To
Prof. Eugeéne Deslongchamps of Caen my best thanks are due for the facilities
afforded in studying his splendid collections from the Inferior Oolite of Normandy,
and for much kind advice and sympathy. To him and to his father all students
of Jurassic Paleeontology are deeply indebted ; and the curious resemblance existing
between the development of the Inferior Oolite in Normandy and Dorsetshire
makes us Englishmen all the more conscious of our obligations to these two illus-
trious sawvants, who have done so much in their day to render the publications of
the Linnsean Society of Normandy famous. It has been my good fortune to have
been enabled to purchase the collection of Inferior Oolite Gasteropoda formed by
the late Prof. Buckman and his son Mr. S. S. Buckman. On the majority of
these specimens the locality and horizon have been carefully indicated, and I am
greatly obliged to Mr. S. S. Buckman for the readiness he has at all times shown
in imparting any information required relative to the fossils and subdivisions of the
Inferior Oolite. Mr. Witchell, of Stroud, has laid me under a deep obligation, not.
only by allowing me free access to his excellent collection of Inferior Oolite Gastero-
poda from that part of the Cotteswolds, but also for his readiness in explaining
the stratigraphy of the neighbourhood of Stroud. It is by the aid of his collection,
in conjunction with that formed by the late Dr. Lycett, now preserved in the Jermyn
Street Museum, that we may hope to increase our knowledge of the somewhat
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obscure problem presented by the Inferior Oolite Gasteropoda in the Cotteswolds.
Nor should I, when on the subject of Cotteswold fossils, forget the kindness of the
Rev. P. B. Brodie. This veteran geologist, years ago, made it his business to
collect specimens principally from the Freestones of Leckhampton and the neighbour-
hood. These he most generously permits me to examine and to retain for figuring
when necessary. 1 have long been under obligations to Mr. Walford, of Banbury,
whose intimate acquaintance with the Inferior Oolite of North Oxfordshire
has been proved more than once in the pages of the ¢ Quarterly Journal of the
Geological Society.” Nor must I forget to thank Mr. George and Mr. Beeby
Thompson, of Northampton, for assistance and information in their own district.

The principal museums, whose collections have been consulted, are—the
British Museum, the Museum of Practical Geology in Jermyn Street, the Bristol
Museum, the Woodwardian Museum, and, for Yorkshire fossils only, the York
Museum. Nothing could exceed the kindness and consideration of the officers in
charge, and I tender them my heartfelt thanks.
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1884-85 WirceELL. On the Upper Beds of the Great Oolite, &c., near Nails-
worth. Proc. Cotteswold Naturalists' Field Club.
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a subsequent list.



DESCRIPTION OF GENERA AND SPECIES.

OrpER—PROSOBRANCHIATA, Milne Edwards, 1848.

Note.—As already observed in the General Introduction there are certain genera of Gasteropods
whose family position is yet doubtful, and which have been variously located by different authors.
Purpurina and Brachytrema are noteworthy instances of such uncertainty. It is proposed to consider
these in the first instance without attempting to refer either genus to any particular family.

Genus—PurPURINA, D’ Orbigny, 1850, Prod. i, p. 278.

Shell deeply and narrowly perforate, oval-elongate, tumad, thick ; whorls rounded,
rendered angular posteriorly by the sutural canaliculation; body-whorl large,
ornamented with longitudinal ribs crossed by spiral strie; aperture oval, sub-
canaliculate in front ; columella arched ; lip simple.—FISCHER.

Bibliography, §c.—Defined by Deslongchamps, 1860 (‘ Bull. Soc. Linn. Norm.,’
vol. v, p. 136).

The history of Purpurina is rather singular. D’Orbigny gives a short
diagnosis in the ¢Prodrome,” and names several species from the Bajocian,
Bathonian, Callovian, and Oxfordian ; all of which perhaps belong to the genera
Brachytrema and Purpuroidea of Lycett. In the ¢ Terrains Jurassiques,’ as is well
pointed out by Deslongchamps, numerous figures of Purpurina are given in the
atlas, most of which belong to the genus FHucyclus (Amberleya). In the text
D’Orbigny says nothing about the genus Purpurina, nor is there a word of
description of any of the species figured. Fortunately there is just one figure of a
most characteristic form, P. bellona, D’Orb. (¢ Ter. Jur.,” pl. 331, figs. 1 and 3), from
the Inferior Oolite of Bayeux, and this has been accepted both by Piette (‘ Bull.
Soc. Géol. de la France,” 2nd series, vol. xviii, p. §87) and by Deslongchamps for
the type of a genus which, as defined by them, has relations on one side with
Turbo and on the other with Cerithium and Purpura. ¢ These shells,” says
Deslongchamps (vol. cit., p. 176 ; p. 24 of the separate ¢ Memoir on the Fossils of
Montreuil-Bellay), ¢ are characterised by a thick test, a small groove more or less
pronounced in front of the mouth, especially in early life, by an umbilical slit of
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very limited extent—by the whorls of the spire presenting longitudinal ribs more
or less marked, cut by transverse strize, a strong keel, or at least a very pro-
nounced °‘ressaut,” forming upon the whorl a ‘meplat’ towards the suture,
which is deeply cut; finally a body-whorl much more developed than the
others.”

It is somewhat difficult to understand on what grounds Fischer places this
genus under the Littorinidee, and yet in the so-called Purpurina bianor and its
allies there is a very strong resemblance to some sections of the numerously-
represented genus Amberleya (Hucyclus). On the other hand, Amberleya ornata,
D’Orb. (non Sow.), is very like a Purpurine, and was, in fact, recognised as such
by Oppel (¢ Juraformation,” p. 387), who records it from the Humphriesiannus-zone
of Oeschingen, and also from the Bayeux beds. In well-preserved specimens of
Amberleya ornata, D’Orb., the anterior groove or incipient canal is as well marked
as in most Purpurines, and better perhaps than in the majority of specimens
obtained by collectors. Thus there is certainly a link between Purpurina and
Amberleya, though there may be no real affinity. Our difficulties are still further
increased by the fact that Fischer classes Amberleya under the Turbinidse. As
regards the so-called canal in Purpurina it may be seen to vary from a very strong
and well-defined channel with reflexed columella, such as those of P. aspera
(PL. 1, fig. 11) and P. calcar (Pl. 11, fig. 1), to the shallow, spoon-shaped grooves
of P. bellona (PL I, fig. §) and P. inflata (PL II, fig. 2). It should also be remem-
bered that in the majority of specimens the anterior extremity has lost all original
character from wear, so that we are only now and again permitted to see what the
shell really was like.

Distribution, §¢.—The duration of the genus appears to have been limited.
The oldest form known to us in England is P. ornatissima, Moore, said to occur
in the Marlstone of Ilminster (Moore, ¢ Middle and Upper Lias of S.-W. England,’
p- 89, pl. v, figs. 20, 21), where it is described as being very rare. There is a
somewhat similar form figured and described by Vacek (p. 53 (109), pl. 18, fig. 7)
as P. bellona, D’Orb., from the opalinus-zone of the subalpine region. Nowhere
are these pretty shells common, but in England they are the most abundant and
best preserved in the Inferior Oolite of Dorsetshire, where the Parkinsoni-zone of
Burton Bradstock yields for the most part different species to those characteristic
of the Sowerbyi-bed of Bradford Abbas.

In the Inferior Oolite of the Cotteswolds Purpurina is rare, and usually in
such indifferent preservation that the finer distinctions, held to constitute specific
differences, can scarcely be made out. The same remarks apply for the most
part to the Lincolnshire Limestone and Yorkshire Dogger. On higher geological
horizons in England one species of Purpurina has been recognised in the Great
Oolite (Bathonian), and another species in the Cornbrash and Kelloway Rock of



PURPURINA. 85

Yorkshire. Some of our Inferior Oolite species have very close representatives in
the Callovian of Montreuil-Bellay in France.

Since the diagnosis of the genus given above will scarcely cover some of the
extreme forms about to be included it will be necessary to constitute two sections,
of which the first may be regarded as the normal or typical Purpurina, to which
the above diagnosis may be fairly applied.

Section I.—PURPURINA, sensw stricto.

Bellona Group.

1. PurRPURINA ELABORATA, Lycett, 1850. Plate I, figs. 1a,b; le,d,e; 1f; 1g.

1850. TurBo ELABORATUS, Lycett. Ann. Nat. Hist., vol. vi, p. 416, pl. ii, fig. 1.

18514. — — Bean. Morris, and Lycett, Gt. Ool. Moll., part 1,
p. 64, pl. ix, fig. 27, and
p- 116, pl. xv, fig. 2.

1854. — —_ —  Morris, Catalogue, p. 282.
1869. PURPURINA ELABORATA, Bean. Brauns, Mitl. Jura, p. 168.
1882. — — —  var. BaJocEnsis, Hudleston. Geol. Mag.,

1882, p. 195, pl. v, fig. 2.
Compare also Purpurina bellona of many Continental authors.

Bibliography, §c.—In addition to the above, “ Turbo elaboratus’ was described
as a new species by Lycett, in a paper entitled ¢ Tabular View of Fossil Shells
from the Middle Division of the Inferior Oolite in Gloucestershire,” published,
1853, in the ¢ Proceedings of the Cotteswold Naturalists’ Field Club,” vol. i,
p- 77.' There is certainly some difficulty in determining whether this species
should be assigned to Lycett or to Bean, though it really makes very little differ-
ence. Morris and Lycett provide us with two types. Oneis from the Great Oolite
of Minchinhampton or Bussage. This isin a good state of preservation, and may be
seen at the Jermyn-Street Museum. The Yorkshire specimen (Pl. XV, fig. 2) is
from the Scarborough Limestone (Humphriesianus-zone), and is in the Bean

1 N.B.—No notice is taken of this paper by Morris in his ¢ Catalogue.” About 106 species of
Gasteropods are tabulated, including some 56 new species, which are noted or briefly described. Two
figures of Inferior-Oolite Gasteropoda are given. Several of the Inferior-Oolite species therein
named and partially described by Lycett are preserved in the Jermyn Street Museum ; some also have
been described and figured in the “ Great Oolite Mollusca.” In those cases where the identification
is certuin, it will be convenient to adopt Lycett’s name.
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collection at the British Museum. Beyond the fact that it is a Purpurina very
little else can be made out. |

Morris and Lycett observe that P. elaborata has likewise been obtained from
the Inferior Oolite (middle division) of the Minchinhampton district (p. 64), where
specimens are said to be larger and more satisfactory (p. 117) than those from
Scarborough. It has not been my lot to see any of these, though there are
specimens of Purpurine from the Oolite-Marl devoid of any very distinctive
features. Those authors speak of this species (p. 64) as occurring in the Inferior
Oolite of Normandy, an allusion probably to P. bellona, which occurs on a higher
horizon. On the whole P. elaborata must be regarded as a generalised form,
which disputes with P. bellona the title to rank as the representative of the genus.
In describing the really beautiful shells from the Sowerbyi-bed of Bradford Abbas
under this title I have endeavoured to utilise an old name rather than invent a
new one.

Description :
Length of a well-grown shell . . . 20 mm.
Ratio of width to length . . . 75:100.
Length of body-whorl to entire shell . . 66:100.
Spiral angle . . 76°.

Shell ovate-conoidal, apex acute. Whorls about five or six; posterior area
tabulate, sides moderately tumid. The ornaments consist of about eighteen stout
longitudinal coste, which are feebly developed on the tabular area, rise up into
spinous nodes on the keel, and are strong and regular in the flanks of the whorls.
The cost® have a tendency to die out anteriorly on the body-whorl, a feature by
no means confined to this species. The coste decussate with regular and closely-
set spirals, which extend down to the base of the shell; no spirals are seen on the
flat area.

Aperture oval to subquadrate. Columella moderately reflexed so as to produce
anteriorly a wide and shallow groove towards the point. Umbilical slit scarcely
indicated.

Relations and Distribution.—The group of the Purpurinas to which P. elaborata
belongs presents many features in common, and there can be no doubt that the
several species run into each other to a very great extent. In fact, according to
a lumping view of the case we might regard P. elaborata-bellona as one widely
distributed species characteristic of the Inferior Oolite, and also represented in the
Great Oolite of this country. When a badly preserved specimen turns up little
more can be done than refer it thus. There is no doubt, however, that average
specimens of D’Orbigny’s P. bellona, which is fairly abundant in the ¢ Oolithe
ferrugineuse ” of Normandy, present characters which on the whole differ con-
stantly from average specimens obtained in the lower zones of the Inferior Oolite
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in this country. In the typical P. bellona the spire is always higher, and the out-
line is more angular.

P. elaborata is somewhat scarce in the Sowerbyi-bed at Bradford Abbas. Most
of the specimens found in the Murchisone-zone of the Cotteswolds must be referred
here, as also the very stunted forms occasionally met with in the Lincolnshire
Limestone. The Nerinea-bed of the Yorkshire Dogger has yielded a very few
characteristic specimens (N.B. The specimen from the Dogger, fig. 1g, is very
inferior to some since obtained). On the whole then, P. elaborata is the charac-
teristic Purpurina of the Lower Division, whilst P. bellona is restricted to the
Upper Division. One specimen from the Murchisone-zone of Normandy is in
Prof. Deslongchamps’ cabinet. |

2. PurpuriNa : Species or Variety. Plate I, figs. 4 a, b.

1853. Cf. TurBo ELABORATUS, Lycett. Proc. Cotteswold Field Club, vol. i, p- 77,
pl. ii, fig. 1.

Description.—Shell ovate ; whorls about five, canaliculate towards the suture
with subtumid flanks. The whorls of the spire are ornamented by stoutish longi-
tudinal ribs, but these fail throughout the greater part of the body whorl. The
spirals are moderately wide apart, and fine axial striee may be noted in the
interspaces.

The aperture is suborbicular, and the traces of the Purpurina-notch are very
slight.

Relations and Distribution.—This species or variety possesses the flattened
whorls of P. elaborata with much of the reticulate ornamentation of the species
next described. The peculiar appearance of the aperture may be due to distortion,
but it greatly resembles Lycett’s figure in the ©Proc. Cotteswold Field Club.
The condition of the shell is such that no further comparisons can be made.

The specimen is from the Oolite-Marl. If a temporary name is required it
might be known as PURPURINA APERTA. ’

3. PURPURINA CANCELLATA, sp. nov. Plate I, figs. 3 a, b.

Description :
Length . . . . . 21 mm.
Ratio of width to length . . . 69 :100.
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Length of body whorl to entire shell . . 62:100.
Spiral angle . . . . 63°

Shell ovate-oblong, apex acute ; spire about fourth tenths of the entire shell.
Whorls five to six, angular, but the posterior area slopes outwards ; flanks scarcely
tumid. There are about sixteen rather thin longitudinal costs, which in the
whorls of the spire are continuous, and form nodes at each of the keels; they
also form nodes in the keel of the body-whorl, but die out anteriorly. The
costee decussate with spirals which are wide apart, wavy in outline, and about
half the thickness of the longitudinals. This produces a regular network, of which
the mesh is largest spirally. Spiral ornamentation of a fine character is also trace-
able on the posterior area. |

Aperture very similar to that of P. elaborata, but with rather shorter columella.
Very slight trace of the umbilical slit.

Relations and Distribution.—This pretty species has some resemblance to Purpu-
rina ornatissima, Moore (op. cit.), from the Marlstone of Ilminster. But in Moore’s
species the shell is more ovate, the whorls are subtumid and very slightly tabulate.
The ornamentation of Moore’s species more resembles that of P. elaborata.

P. cancellata is described from a unique specimen in a very good state of
preservation. It is stated to come from Stoford, and has much the appearance of
a fossil from the Sowerbyi-bed.

4. PUrRPURINA BELLONA, D’Orbigny, 1850. Plate I, figs. 5 a,b; 5¢,d; b e, f.

1850. PURPURINA BELLONA, D’Oréigny. Prod. 1, p. 270.

1852. — — — T.J., 2, pl. 831, figs. 1—3.
1886. Non — - — Vacek, Fauna von Cap. 8. Vigilio, p. 109,
pl. 18, fig. 7.

Bibliography, &c.—This is the regulation name for most Purpurinas from the
Inferior Oolite. Ihave already pointed out that D’Orbigny’s type must have come
from the * Oolithe ferrugineuse,” and is therefore a fossil of the Upper Division.
The species is capable of numerous subdivisions, some of which might almost be
raised to the rank of species.

Description :
Length of a medium specimen . . . 21 mm.
Ratio of width to length . . . 66:100.
Length of body-whorl to entire shell . . 55:100.
Spiral angle . . 60°.

Shell ovate-oblong, turrited, apex acute. Spire nearly half the length of the
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entire shell. Whorls about six, very angular. Posterior area flat, and forming a
right angle with the sides, which are compressed and slightly undercut in the whorls
of the spire. In the finer varieties (such as the specimen 5 a, b) there are from
twenty-two to twenty-five longitudinal costee on each whorl, but these only extend
about half way down the body-whorl. These costae form a circlet of slight spinous
nodes on the keels, and are continuous over the flat area. The spiral ornamentation
18 similar to that of P. elaborata, and is not traceable over the flat area.

The aperture is ovate and relatively small; the pillar is short, and slightly
reflexed, producing a broad and extremely shallow trough. Umbilical slit faint.

Specimens showing a bolder character of ornamentation are figs. 5¢, d, 5e, f.
Some of these have seven whorls. In the proportions and general shape of the
whorls these do not differ materially from what has been already described; the
ornamentation is simply coarser. In a large series every gradation may be seen.

Relations and Distribution.—In the character of its ornamentation, and in the
rectangular outline of the whorls, there is considerable similarity between this
species and P. elaborata; but the spire is higher, the shell less tumid, and the
aperture somewhat more restricted.

In England P. bellona is most abundant in the Parkinsoni-zone of Burton
Bradstock and that district, where some specimens occur with a higher spire than
any shown on the accompanying plate. It also occurs in the Cadomensis-bed at
Oborne. Specimens from the Upper Division in the Cotteswolds may, perhaps,
belong here, but their condition is seldom good enough for specific determination.

5. PURPURINA BELLONA, I’ Orbigny, var. pacopA. Plate I, figs. 7 a, b, c.

1858. Cf. Quenstedt, Der Jura, Turbo serratus, p. 485, T. 65, fig. 7.

Description :
Length of a well-grown shell . . . 25 mm.
Ratio of width to length . . . 74:100.
Length of body-whorl to entire shell . . 60:100.
Spiral angle . . . . 68°.

The spiral angle is wider than in the more typical form. The posterior area of
the whorls slopes outwards towards the keel, and then curves upwards before
falling over, and the ornamentation on the keel is highly nodular.

Distribution.—P, of Burton Bradstock Cliff (p. 81) contains this form.

Another variety with sloping whorls (see P1. I, fig. 9 a, ) is from the Cadomensis-
bed at Oborne. This resembles the figure of a Dundry specimen given by Tawney

12
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in the ¢ Dundry Gasteropoda,” pl. 3, fig. 8, and referred by him (p. 3) to
P. bellona, D’Orb.

Another variety (Pl. I, fig. 8 a, b) resembles P. Orbignyana, Héb. and Desl.
(¢ Bull. Soc. Linn. Norm.,” v., p. 176, pl. i, fig. 6), described by them from the
Callovian of Montreuil-Bellay. This is a Dorsetshire specimen, but the horizon is
unknown.

6. PURPURINA CURTA, sp. nov. Plate I, fig. 6 a, b.

This is a very squat form, of which I have found one or two examples in the
Humphriestianus-zone. The specimen figured is from Millborne Wick.

It is not quite safe to describe this form as a variety of P. bellona, whilst its
title to the rank of species can scarcely be regarded as proved at present.

7. PURPURINA PARCICOSTA, sp. nov. Plate I, fig. 10 a, b.

Description :
Length . . . . 21 mm.
Ratio of width to length . . . 80:100.
Ratio of body-whorl to shell . . . 60:100.
Spiral angle . 78°.

Shell conoidal ; spire about four-tenths of the entire length ‘Whorls five to six,
angular, and broadly tabulate. Keels coarsely crenulate, and scarcely upturned.
Costee of the spiral whorls wide apart, and not prominent ; anterior two-thirds of
body-whorl scarcely costated, though the costa are continuous across the flat
area. Spirals coarse and few in number.

Aperture ovate. Columella short, and slightly reflexed, with a very broad
and shallow groove. Umbilicus sometimes well marked.

Relations and Distribution.—In the tabulate character of the whorls, and to a
certain extent also in the height of the spire, this species approaches P. bellona of
the type shown in figures 5 a—f, and the very ovate aperture, and wide and shallow
canaliculation, still further connect it. I have, however, other specimens where the
canaliculation is stronger, and more like that of the species next described.

Rare in the Inferior Oolite of Dorsetshire.
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8. PURPURINA ASPERA, sp. nov. Plate], figs. 11 a,b; 1le¢, d; 11le.
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