
































2 CARBONIFEROUS AND PERMIAN FORAMINIFERA.

interest of the unstudied palaeozoic types eventually induced me to lay aside the work I
had been engaged upon, and to devote my scanty leisure to their elucidation, under the
impression that the total number of species was very small, and that I should soon be able
to revert to my former task—an idea by no means verified by experience.

Whilst Mr. Moore was pursuing his researches chiefly in the lead-mining districts
of Ingland, Mr. Jobn Young, F.G.S., of Glasgow, had been forming a collection
of the minuter fossils from the Scottish coal-fields, and on learning that I was occupied
upon a portion of the subject, with characteristic kindness placed his gatherings of
Foraminifera at my disposal.

Subsequently my friend Mr. W. W. Stoddart, F.G.S., of Bristol, proffered me the
use of his fine collection of microscopical sections of limestone rocks, and rendered further
valuable aid by procuring for me supplies of material from various localities in the neighbour-
hood of Clifton. To the more recent friendly offices of Mr. R. Etheridge, junr., I'.G.S.,
and other officials of the Geological Survey of Scotland, I am indebted for the opportunity
of working out the fossil Rhizopoda of a very considerable portion of the North-British
Carboniferous area.

With the name of Mr. John Young it is natural to associate that of his
assiduous colleague Mr. David Robertson, I.G.S., the results of whose microscopical
researches, always most freely communicated, have served to fill many a blank in the
Distribution Tables. Nor must I omit from this general acknowledgment my thanks,
more particularly expressed on a later page, to Mr. G. A. Lebour, F.G.S., late of the
Geological Survey of England and Wales, for his assistance in the more strictly geological
portion of my work.

There are many others to whom I am under obligation scarcely less considerable than
those who have been mentioned, either for supplies of rough material from places to
which I have had no access, or for the loan of specimens. In a subsequent section
(that headed * Geological and Geographical ), wherein each locality is separately named,
opportunity is taken to acknowledge such contributions individually, and I trust that no
omissions may have occurred through chance inadvertence.

It is to the hearty co-operation of so many scientific men who have had, from one
cause or other, peculiar facilities for observation and for the collection of material in
particular fields, that the present Monograph owes any claim 1t may have to be regarded
as vepresentative in respect to England and Scotland, and 1n so far as the term can be
applied to a very meagre instalment, to Ireland also.

To the active interest of my friend M. Erest Vanden Broeck, of Brussels, in all
that concerns recent and fossil Protozoa, I owe the chance that I have enjoyed of
examining some of the Carboniferous shales of Belgium, especially from the neighbourhood
of Namur and Liége, and the results have so important a bearing upon the aspects of the
Rhizopod-fauna of our own rocks that the original intention to restrict the scope of the
synopsis to British fossils has been necessarily abandoned.



INTRODUCTION.

To the conrtesy and kindness of General G. von Helmersen, of St. Petersburg, I am
mndebted for the means of studying the minute fossils of the white Carboniferous
limestones of the neighbourhood of Moscow and elsewhere in Russia, the Foraminifera of
which formed the subject of the researches of TFischer von Waldheim, Rouillier and
Vosinsky, Ehrenberg, and d’Eichwald ; and Dr. Herrman Abich, of Tiflis, in Georgia, has
placed me under the like obligation for rock-specimens of similar age from the Caucasus.

To Dr. I. B. Meck, of Washington, Dr. C. A. White, late State-Geologist of Towa,
Professor II. L. Smith, of Geneva, New York, and Dr. 8. B. Buckley, State-Geologist
of Texas, 1 am beholden for similar attentions in respect to the Carboniferous strata of the
United States.

With so large an accummnlation of material, the question arose whether the whole
“ subject of the Carboniferous Foraminfera might not be treated in a single paper, and,
having gone through the minnter forms, my attention was naturally turned to the
important group, not represented at all in our British fossiliferons rocks, constituting the
genus Fusulina. 1 found, however, before T had proceeded far in this direction, that my
friend Dr. Guido Stache, of Vienna, was already at work upon the genus in its geological
rclations ; and it became cvident that the zoological and structural details which had
been in part worked out might with advantage be withheld for the moment, and the
history of this generic type, in its extensive and varied aspects, reserved for a separate
paper at some future time.

The intimate natural relationship which subsists between the limited Rhizopod-fanna
of the Permian formations and the more extensive onc of the Carboniferous epoch has
necessitated their collateral study; and as this has resnlted in some additions to the
knowledge of the former group, and considerable revision of its nomenclature, the history
of the two is presented, as it has been worked ont, in one series. To the friendly
co-operation of Dr. R. Richter, of Saalfeld, in a variety of ways, any completeness which
the portions referring to the Thuringian Zechstein may possess is due.

Thus it has come -about that what was originally projected as a Monograph of
British Carboniferous Foraminifera only, has become the more comprehensive treatise,
geographically and geologically, indicated by its present title.

One word more to finish personal matters. In the authorship of many previous
papers, Professor W. K. Parker, F.R.S., and Professor T. Rupert Jones, I'.R.S., have
been my colleagucs. Whilst my attention has been occupied with these investigations
they have been engaged in other departments of science. None the less have I had the
advantage of discussing with them questions of difficulty as they have ansen, and if their
names do not appear very frequently in the following pages, it is only because I prefer
to make this more gencral acknowledgment. After all, the present work is little
more than a continuation of research on the lines which they laid down originally,
and which we have so long followed in company; and their general approval of the
conclusions it embodies is perhaps its best letter of introduction.
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§ 2. GENERAL CONSIDERATIONS.

That the Mountain Limestone rocks, which constitute so striking a geological feature
in the scenery of many parts of Great Britain, consist largely of chambered shells and
other microscopic organisms, which, until a few years ago, werc spoken of collectively
under the indefinite term * Infusoria,” is a belief that has probably existed ever since
men first wondered at the ¢ fossil animalcules” in Chalk; yet up to the present time
nothing has been written concerning the Rhizopoda of the Carboniferous age that has
any claim to be regarded as a history of the group. Perhaps, it is hardly too much to
say that the relation of the Foraminifera to the calcareous rocks of the Carboniferous
period has been assumed rather than studied ; and, as is commonly the case, views which
have gained currency under such circumstances are but partially substantiated by actual
observation. Take them as a whole, the Carboniferons Limestone beds of Great Britain
cannot be regarded as a microzoic formation in quite the sense in which the term
is rightly applied to many Cretaceous rocks: indeed, as a rule, they owe their origin, so
far as their organic constituents are concerned, much more to animals of higher
organization and larger individual dimensions, such as Crinoids and Corals, than to
Microzoa. As is well known, there are many important deposits of Secondary and
Tertiary age formed almost exclusively of the remains of Foramigifera, such as, for example,
the White Chalk of the South-cast of England, the Nummulitic Limestones of Central
Europe, the Leythakalk of the Vienna Basin, and the Miliolite limestones of Hampshire
and clsewherc; and a similar condition cxists also in certain massive deposits of Car-
boniferous age, to wit, the white limestones of Russia, Central Asia, and North America;
but in the Carboniferous rocks of our own country no portion of the vast serics of beds
known in common parlance as ““ Mountain Limestone” has any claim to be placed in the
same category, except it be the comparatively inconsiderable section in which the very
simple form known as Saccammina is found. :

At first sight some of the microscopical sections of Carboniferous rocks represented
in the final plate of the present paper might lead to a different conclusion, but it must
be remembered that the specimens from which these figures were taken were selected for
the very reason that they contained unusual numbers of Foraminifera in a limited space—
the object being to illustrate the various aspects of the Foraminifera themselves, in sit7,
rather than the general structure and composition of the rocks. It is very rarely indeed
that such a nest of minute forms as that shown in fig. 2 is to be found; far more
frequently the field of an inch or an inch-and-a-half object-glass reveals but two or three
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specimens ; and very often sections even of the most promising limestones do not show
a single rhizopod test when submitted to microscopic examination.

So far from owing its origin, like the true Chalk, chiefly to Foraminifera ; or indeed,
to go further, so far from being a deposit formed directly and exclusively by the agency
of animals secreting carbonate of lime, there are considerable areas of Carboniferous
Limestone in which the sea appears to have deposited its excess of mineral constituents
in accordance with chemical and physical laws, without the intervention to any great
extent of animal life. This has been brought about by a process of precipitation and the
subsequent coalescence of the impalpable particles of amorphous precipitate into minute
spheroids, the result being a concretional or oolitic limestone (often fossiliferous at the
same time), such as may be met with in formations of Devonian and Silurian as well as of
Carboniferons age.  The constituent spheroids of such rocks have generally a radiate
structure, and in sections show one or more concentric rings; the centre is often occupied
by a foreign body, such as a minute crystal, the fragment of a coral, or even a foraminifer,
though more commonly there is no observable nuclens. The section represented in Plate
XI1I, fig. 3, though showing a number of spheroidal concretions, is scarcely characteristic;
it would require a much larger space and a lower magnifying power to give quite a
correct idea of the general structure. The oolitic grains are normally nearly spherical,
but they also assnimne ovoid, elongate, or quite irregular forms, such shapes resulting either
from the partial coalescence of two or mnore spheroids, the distinet origin and structure of
which are easily traced up to a certain stage in the process of coalescence, or else from the
irregular outline of the foreigh body upon which the precipitated carbonate of hme has
begun to arrange itself, the accumulation not having gone on long enough to produce a com-
plete sphere. ~ There need be no difficulty in the acceptance of a physical explanation of
this sort, even by those who hold most firmly the theory that all limestones have primarily
an organic origin. It has repeatedly been urged that, to account for the azoic condition
of the decp-sca bed, in arcas where evidence of animal life might have been expected, it
was necessary to remember the solvent power of water charged with carbonic acid ;—
that, especially under pressure, water so charged must dissolve the calcareous skeletons of
organisms subjected to its action. Of this fact there can be no doubt: what does not
appear to have been sufficiently taken account of is the converse, viz. that the solution
g0 formed 1s a very unstable one, and that, on the diminution of pressure, the elevation of
temperature, or other alteration of physical conditions, the carbonate of lime, so taken up,
is as rapidly precipitated, the form in which it presents itself on precipitation being
precisely the one most favorable to the process of spherical coalescence.!

P It is, perhaps, needless to refer particularly to Mr. Rainey’s claborale researches on spherical
coalescence, as his papers are already well known, and they relate chiefly to the process as carried on in the
animal economy. The manufacture of carbonate of magnesia on the large scale from magunesian limestone
offers an excellent illustration of the solution of earthy carbouates in water charged with carbonic acid, their
precipitation by increase in temperature, and the subsequent coalescence of the precipitated particles.
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We need go no further than the magnesian limestone of the Permian system! to find
deposits in which this phenomenon is exhibited in an exaggerated degree; but instead
of a compact rock composed chiefly of spheroids of minute, but comparatively uniform size,
the constituent masses vary in magnitude from a microscopic smallness to balls many ounces
or cven pounds in weight, and form a loose “ pebbly ” bed. Whence the carbonatc of lime
has been derived, in the case of the oolitic Carboniferous rocks, previous to its solution and
precipitation, it is impossible to say, possibly from the calcareous skeletons of animals ; all
that it is sought to establish is, that the proximate origin of these particular beds has been
dependent in great measure on physical agencies. ~ That the process of precipitation was
cotemporaneous with the actual life of marine animals there can be no doubt, from the
frequent presence, amongst the spheroids, of perfect, delicate shells, such as would be the-
first to yield to the power of any active solvent, and the same fact also forbids the idea
that the spheroidal structure may have been the result of physical changes at a later period
of the earth’s history.

The minute structure of the Carboniferous and Permian rocks only affects the subject
incidentally ; but it seemed necessary at the outset to state the great difference which
exists between the calcareous beds of the Carboniferous period, as represented in our
Mountain Limestones, and those of Cretaceous age represented by the White Chalk. In
point of fact, the marine Carboniferous deposits of these islands seem to bear far more
analogy to the preceding paleozoic formations—to the Devonian especially, with its
multitude of Corals and Crinoids, and its scanty evidence of the minuter Protozoa, than to-
the microzoic rocks of a later epoch.

The lithological characters of the massive paleozoic limestones are the cause of the
chief difficulties the paleontologist has to contend with. They are almost invariably hard
and generally subcrystalline. They are often largely impregnated with silica, thereby
possessing an uneven texture, which renders uniform grinding, whether for the purpose of
microscopical sections or for the sake of obtaining a polished surface, almost impossible, and
yet disintegration, under ordinary circumstances, cannot be effected by artificial means.
‘When free from siliceous infiltration, it is not more difficult to cut thin slices from them
than from other rocks of similar hardness; but the mere sections of Foraminifera so
obtained are of little value, zoologically speaking, unless they can be identified by com-
parison with specimens in which the external characters are visible and readily determined,
that is to say, specimens freed from the matrix.

But that which is so difficult to accomplish by artificial means is sometimes done for us
on a large scale by natural agencies; that which chemical solvents, whether rapid or more
gradual in their action, and physical processes, such as calcination, the efflorescence of
crystallised salts, or treatment by superheated steam under high pressure, effect to only a
limited extent when artificially applied, is brought about under favorable conditions by

1 One of the beds at Fulwell Quarry, near Sunderland, for example.
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slow metcorological influences, namely, by the gradual action of air, moisture, carbonic
acid, alternations of temperature and the like, through long periods of time. So that in the
absence of fossiliferous clays of marine origin, which in later geological formations arc the
most productive source of Foraminifera, recourse may be had to those particular portions of
the limestone strata in which partial disintegration has been brought about by the means
alluded to. Thus, the decomposed friable layer, which is often found overlying the hard
rock, and between it and the superficial soil, may often be examined with advantage.
The marly partings between the scams of limestone, weathered calcarcous shales, or the
thin earthy plates, such as are occasionally found interbedded with compacter rocks, yicld
similar valuable material. At best the sources of Foraminifera arc very uncertain, and
in the majority of cases, after much washing, drying and sifting, the resnlt is nothing
beyond a little grey heap consisting of the d2bris of Encrinites, Polyzoa, occasional
molluscan Shells, and a few Entomostraca. Frequently, especially in the neighbourhood
of ironstonc deposits, the fossils, especially the minuter ones, are so corroded as to be
identified with difficalty. Buat notwithstanding the large proportion of examinations that
must be made with nothing but negative results, there is still a residuum sufficiently
productive and interesting to reward the collector.

The method of the following pages has been determined by the conditions under
which subject is approached. Clean specimens free from the matrix have been
employed, as far as practicable, as the basis of description, both of external characters
and internal structure; the principal, if not the only, exceptions being in the case by some
two or threc species accepted on the authority of other observers, in which there has been
no available means of verification. In addition to the figures of external form, drawings of
sections of individual Foraminifera have bheen as far as possible introduced with the
object, primarily, of illustrating the structural features of each species, but also to
facilitate their recognition as they present themsclves in sections of hard limestones.
With the exception of some half dozen figures of Permian specimens, which are in each
-casc marked as “ copied,” the whole of the figures in the accompanying plates have been
drawn direct from nature, and they rcpresent actual specimens with all their im-
perfections, as they are, not what they may have been. They were for the most part
originally drawn by myself, but practically they have been redrawn in their transfer to
the stone by my friend Mr. A. T. Hollick. The fidelity of Mr. Hollick’s work is now
too well known to need commendation from me; and I have only to express my thanks to
him for the care and pains which, in spite of considerable difficulties, have ensured results
so satisfactory.
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§ 3. ZOOLOGICAL CONSIDERATIONS.

The Rhizopod-fauna of the Carboniferous and Permian epochs is not without interest
in some of its zoological phases. The relation of its various component types to each
other will be better discussed when describing the individual genera, but the salient
general features by which it may be compared with the corrresponding groups of
other geological periods, the bearing of ascertained facts upon accepted theories of
classification, and other kindred matters, form a subject for separate consideration.

Four distinet systems have been proposed at different times for the classification of the
Foraminifera. That of D’Orbigny in 1826 had a purely artificial basis’and has now
fallen into disuse, whilst that of Professor Max Schultze, published in 1854, has never
been extensively adopted. Neither of these need be dwelt upon.

The schemes of classification worked out independently by Professor Von Reuss in
Vienna, and by Dr. Carpenter, Mr. W. K. Parker, and Professor . Rupert Jones in this
country, and published almost simultaneously (i. e. in 1861 and 1862), are alone in use at
the present time," and their essential features are practically identical, notwithstanding many
differences in detail. Minute criticism would be out of place here, and is the less needed
because amongst those who have worked much upon the subject there would be a pretty
gencral agreement in the opinion that the English arrangement is laid down on broader
lines,—that in it more importance is attached to the natural relationship of the series of
forms traceable to a single type, and less to mere morphological variations ;—whilst that
of Professor Von Reuss, with its smaller groups and somewhat more artificial distine-
tions, has considerable advantages in the facilities it affords for the naming and arrange-
ment of specimens. Bnt the fact that concerns us at the moment 1s that in these two
independent systems the basis of their primary divisions is the structure of the shelly
1nvestment or test.

In general terms Foraminifera are divided into the sume two classes—those with
non-porous or imperforate, and those with porous or perforate tests. The former of
these two divisions (“ Imperforata ) is in both systems, subdivided into two sections,
one including those types which have composite tests, that is, built up of sand-grains,

1 Since the above was written Prof. T. Rupert Jones’s paper on ¢ Variability of Form in Forami-
nifera” has been published in the ¢DMonthly Microscopical Journal’ (February 1st, 1876). It contains
a list of genera arranged in smaller groups than the classification formerly proposed by the same anthor
and his colleagues, thongh accepting the same general basis. It would be an injustice to express an opinion
on so short an acquaintance, and the proposed scheme does not materially affect the arrangement of the
Carboniferous species.
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B. WITH EXCEEDINGLY POROUS, CAL- Family—GLOBIGERINIDA.
CAREOUS SHELLS.

1. Rotalidea.

C. WITH CALCAREOUS SHELLS, TRA- Family—NuMMULINIDA.
VERSED BY A RAMIFIED CANAL-
SYSTEM.

1. Polystomellidea.
2. Nummulitidea.

Note.—Professor A. E. von Reuss’s classification is taken from the * Postscript” to his paper
¢ Entwurf einer systematischen Zusammenstellong der Foraminiferen,’ not from the body of the memoir.
The primary division into ¢ Foraminifera Monomera” and ¢ Foraminifera Polymera,” originally laid
down, is abandoned in the postscript. His group Gromided, corresponding with the GroMIDA of the
English observers, is omitted entirely in the revised scheme. In the proximate correlation of the two classi-
fications, given above, the principal discrepancy occurs in the sub-order Perforata. The LacENiDa
and GLOBIGERINIDA together are almost exactly coextensive with Von Reuss’s two sections B, 4and B, but
the (1) Spirillinidea, (2) Ovulitidea, (7) Textilaridea, and (8) Cassidulinidea, together with one or two
genera from other groups, find place amongst the GLOBIGERINIDA of the British classification, and the
family LAGENIDA is correspondingly reduced in extent. The family NuMMULINTDA corresponds exactly
with Von Reuss’s section B, C.

In his latest memoir (‘ Das Elbthalgebirge in Sachsen,’ 2ter Theil, 1874) Professor Reuss again some-
what modified his classification, making three primary groups of equal zoological value, and reversing the
order originally adopted, thus:—A. Kalkschalige Foraminiferen, B. Porenlose Foraminiferen,
C. Kieselschalige Foraminiferen; but the general features of the classification are otherwise unchanged.

It will be seen at a glance that the *families ” of the German arrangement are much
smaller and more numerous than those adopted by the English naturalists, but this is
counterbalanced by the more comprehensive ¢ generic types ™’ of the latter. The essential
difference, not only between the two systems of classification, but in the entire methods
of study and nomenclature, lies in the different values of their respective * genera” and
“species.” A purely artificial classification is ill adapted to the conditions presented by
a class of organisms like the Foraminifera, largely made up of groups of which the
modifications run in parallel lines. This “isomorphism,” demonstrated chiefly by the
labours of Messrs. Parker and Jones, whilst it is the source of most of the difficulties the
systematist has to contend with, is at the same time the key to the natural history of the
order as at present accepted. It exists not merely between a single series, in one of the
larger divisions, and a single series in another, but often amongst several series even of the
same family. It not unfrequently happens that a member of one group presents a greater
similarity to its isomorph in another group with which it has no relationship, than it does
to any other member of its own. Take a familiar illustration—suppose the fingers of the
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two hands to represent the modifications (*“species ) of two such parallel types of
Toraminifera, the thumb of one hand resembles more closely the thumb of the other hand
than it does any other of the fingers on its own. In other words, the extreme member
of one series bears greater similarity to its isomorph in the other series than it does to its
own nearer relations, and so on through the remaining members of the respective groups.
Under conditions like these, artificial subdivision based upon minor morphological
characters is certain to infringe the order of nature, owing to its tendency in somc cases
to scparate forms closcly allied, and in others to place together such as have no natural
affinity.

The disposition to variation in minor characters is another point that has not been
sufficiently recognised, and an endless multiplication of ““species,” with almost hopeless
confusion in nomenclature, is the result. Take, as an example, a series of forms belonging
to the sub-order Perforata, say that of which the best central type is Nodosarina
(Marginulina) raphanus. All the specimens referable to the type counsist of a single
row of segments joined end to end; the row may be straight, arcuate, coiled a little at
the base (crozier-shaped), or helicoid; the individual segments may be rounded,
cylindrical, somewhat compressed laterally, much flattened, or embracing; the general
aperture may be central or excentric; the surface of the shell may be smooth or have an
ornamentation of parallel ribs, spines, or tnbercles; whatever the precise form of the
investment, the animal, so far as we know, is the same—a single row of bead-like lobes
of sarcode, with no power to build for itself other than a perfectly simple shelly
covering. Between the extremes of character possible within the limits above laid down
every conceivable intermediate condition has been found ; and if the word “ specics ” is
anything more than a conventional term, the whole onght to constitute a single species ;
but governed by the exigencies of a partially artificial arrangement, the modifications
embraced in this simple unbroken series constitute thirteen genera or almost two entire
families in Professor Reuss’s classification ; and how many hundreds, if not thousands, of
so-called ““species ”” have been founded upon the trivial characters above enumerated it
would necd much patience to ascertain.

To revolutionise the present nomenclature of the Foraminifera is no part of the object
of this essay; if that is ever attempted it must be from a broader standpoint than the
Carbonifcrous Rhizopod-fauna affords. It is impossible to start de zovo, and it is there-
fore only left for us to determine what course is open to the least objection under the
conditions that at present exist. So far as “ specific ” names go, it is manifestly best to
accept those that represent tolerably well-marked morphological characters, even when
they are matters of degree and manifestly variable, but without attaching any true
specific value to them. The advantages of a binomial nomenclature are universally
admitted ; but in the present state of natural history science it is impossible to express
the details of zoological relationship thereby, and we must either use a trinomial or even
quadrinomial method of designation, or be content with names whose uniformity does not
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indicate that they represent assemblages of individuals of the same zoological distinctness
collectively. Most of the generic terms which have come into general use have been
applied to groups of Ioraminifera more or less circumscribed, though often overlapping
other similar groups in a way to render complete separation impossible; but to reject
them entirely because they do not fulfil conditions that might properly now be exacted,
would throw the whole nomenclature into confusion by necessitating the alteration of
very many “ specific ” names. No harm is done by the employment of these quasi-generic
terms so long as their significance is understood, though their acceptance is a com-
promise dictated by convenience. For similar reasons it seems best to avoid as far as
possible the trinomial use of * varietal” names when the relationship of the subordinate
forms has once been sufficiently indicated.. DBut after making every allowance, and
admitting the title of even slight modification of characters to recognition by a distinctive
name, there are still enormous numbers of so-called ““species” that are absolutely
synonymous, and right of precedence once determined, the more completely the remainder
are cleared away the better for scientific terminology.

It seems strange to have to insist on zoo/ogical characters as the only right foundation
for species ; but to judge by the sort of criticism which the results of the purely zoological
treatment of fossil Foraminifera by my colleagues and myself in past years have called
forth in some continental publications, one might suppose that it was an almost unheard-
of proposition. The practice of re-naming organisms, zoologically identical, cvery time
they present themselves at a fresh geological horizon is still largely adopted, on the
ground that in the absence of any evidence of continuity a new creation must be
assumed, and that a new specific name becomes a necessary consequence, conclusions alike
untenable. It would be just as reasonable to found such an argument on geographical
as on geological conditions. Widely different geological age may be admitted to have
some weight in doubtful cases, but only as an addition to zoological evidence, not in con-
tradiction to it.

These preliminary observations lead to questions more directly affecting the Carboni-
ferous and Permian fauna; and in reviewing its general aspect and relations we shall find
it convenient to take the larger groups of the English classification seriatim, and pretty
much in the order in which they appear in the foregoing table. In following this course,
however, I must gnard against the supposition that this, or indeed any classification as
yet proposed, accords quite satisfactorily with the existing state of our knowledge, though
it may answer our present purpose as well as a more elaborate scheme.

Commencing with the Zmperforala :—the family Gromida may be dismissed in a
word, without even questioning its right to the position it occupies, inasmuch as no
fossil Rhizopoda with chitinous tests have hitherto been recorded, and the very
nature of their investment renders their discovery improbable. The Afiliolida may be
passed over almost in like manner, for no porcellanous forms have been met with in deposits
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of Carboniferous or Permian age, the earliest known representatives of the family being
the Nubecularie of the Triassie and the Spiroloculine of the Lower Liassic clays. But the
entire absenee of these two families is counterbalanced by the comparatively large represen-
tation of the second on the list, and some of the most noteworthy faets elicited in the
course of these investigations arc in connection with the history of the arenaccous and
sub-arenaceous types constituting the Litwolida.

First in point of order stands the genus Saccammina, the only true rock-builder
(using the term as it might be applied to Fusulina or Nummulina) amongst the British
Carboniferous Foraminifera—structurally a most simple organism, standing apart from the
rest of the group, interesting to the geologist from its stratigraphical limitations, and to
the zoologist for its sndden disappearanee with the Carboniferous period, and its
reappearance in a new form as a Post-pliocene fossil, or living in the decp water of our
northern seas. The three prominent genera of Zifuolida,! namely, Litnola, Trockammina,
and Valvwlina, all appear in great strength, together with Zndothyra, an essentially
Carboniferous type, hitherto but little studied.

Lituola (proper) is represented by large rough examples both of its nantiloid and
crozier-shaped varieties, and the non-labyrinthic Zaplophragmium by a single small and
delicate variety.

Of Trochammina there are no less than nine distinct modifications, mostly of the non-
septate division of the genus, onc variety only showing any regular segmentation. But
the genus Valvulina obtains the most unexpected enlargement from the study of the
paleozoic types. Ehrenberg many years ago figured a single species, first assigning it to
Teatilaria, and afterwards instituting a new genus, Zefrataxis, for its reccption; but
this is only one of a long series of forms which further research has brought to light.
The mutual relations of these genera is best traced by the examination of recent specimens,
and under favorable conditions all of them may be found off our own shores. The
carcful study of a large set of specimens obtained from dredgings taken on the west
coast of Scotland has clearly shown, as I have elsewhere stated,® that the three gronmps
form one unbroken series, in which the supposed distinetive characters of the genera
become confused and lost. This applies chiefly to the feebler and smaller varietics, and
need not affect the nomenclature in general nse ; but it is important in a zoological sense,
and cannot be ignored in a scheme of classification.

The genus Valvalina in an especial manner has been a stumbling-block to sys-
tematists. In its normal and best developed condition it presents a thick, arenaceous

1 That is to say, of the Lituolida, as constituted by Dr, Carpenter and his colleagues before the family
had been enlarged by the discovery of certain recent deep-water types of Rhizopoda, the exact position of
which cannot yet be very positively affirmed—such as .dstrorkiza, Botellina, Pilulina, Rhabdammina,
and others, some of them not even named as yet—none of which materially affect the present subject.

2 < Annals and Mag. Nat. Hist.,” ser. 4, vol. vi, pp. 289, 290. See also Jones, Parker, and Kirkby,
ibid., vol. iv, p. 391.
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test, as stout and sandy externally as Zifuola ; but not unfrequently the sandy coat is
found to be a mere incrustation upon a porous shell, and specimens often ocenr which are
quite porous and smooth externally. So that, although assigned to the Lifwolida from its
close affinity to the typical Lituoline genera, Valvulina wight with almost equal propriety
have been placed amongst the Globigerinida, in the sub-order Perrorata. The
characters of the Carboniferous species strikingly confirm this view of Valvulina as an
intermediate group. A large proportion of them are externally smooth: perhaps in the
majority of cases they are none the less really arenaceous, but if so, the constituent
sand-grains and the cement in which they are embedded are alike calcareous, and the
composite structure of the test is less evident than when the sandy particles are siliceous.
But in some of the species (notably 7. éullvides) the test, though not always smooth, is
usually distinctly porous, and a transparent section of the shell does not differ materially
from that of corresponding members of the PerroraTA.

We are confronted with a new intermediate group in the genus Erdothyra, a type
hitherto unstudied, and known only from the section of a specimen figured by Professor
Phillips thirty years ago. Somewhat higher in organization than Valvulina, and in
its modifications strikingly isomorphic with the Rotaline series, Endoffiyra is never
conspicuonsly sandy, never labyrinthic as to its interior structure, and even when the shell
is thick and somewhat coarse in texture, it is still smooth externally, Normally the test is
opaque and imperforate, but yonng examples of some species are often so hyaline that the
interior arrangement of the chambers may be traced through the outer convolutions, and
these thin-shelled specimens may occasionally be porous also.

To the list of intermediates must be added a number of uniserial forms which here
receive collectively the generic name Nodosinella. They are not a little obscure in their
structure and affinities, but seem to bear the same sort of relation to the Nodosarine
genera that FEadotlyra bears to the Rotaline. They are, as has been said, uniserial,
thicker-shelled than their hyaline isomorphs, and normally imperforate. What has been
said of the strueture of the test in Palvulina applies in most respects to the genus
Nodosinella as found in the Carboniferous rocks, even to some minute particulars not
needful to be entered upon here. In general terms the specimens differ in shell-texture
from the moniliform Zifuole in much the same degree as the typical Zrochammina differs
from the rougher Lituoline varieties.

There 1s yet one more of these ambiguous groups—that comprising the adherent forms
to which I have given the generic name Stackeia, a group whose simplest modification
consists of a single row of rounded parasitic segments, but which in its more complex
development shows some degree of isomorphism with the Rotaline genera Planorbulina,
Tinoporus, and Polytrema. The minute structure of the test in Stackeia in its complex
forms cannot be satisfactorily decided from the specimens hitherto met with, owing to
alterations in microscopic characters produced by the process of fossilization ; but it may
be assumed from that of the simpler varieties, which not only present the same sort of
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ultimate structurc as Valvulina—that is to say, for the most part subarenaceous and
imperforate, though often thin-walled, but also show a striking similarity in the interior
subdivision of the segments.

We have,.then, in the Carboniferous fauna these four genera, embracing in their
modifications a very remarkable series of forms, occupying a position defween the two
great sub-orders into which the Foraminifcra are divided, not rightly belonging to the
Imprrrorata, if the definition be strictly read, though in close affinity to the most
strikingly imperforate types, but equally removed from the Perrorata.

These intermediates, whether amongst individuals, species, genera, or larger groups,
furnish the test under which artificial schemes of classifieation break down ; but if the object
in view be to trace the natural sequence of forms, rather than to establish a system of defini-
tions, the evidence they yield is precisely that which is most valnable. It has been suggested
that “the progress of knowledge will eventually break down all sharp demarcations, and
substitute series for divisions” in zoological classifieations ;' and if it be so, as indeed can
scarcely be doubted, intermediate forms have a significance too important to be ignored
merely for the sake of upholding the current definitions of existing groups. Not that this
necd alter, at any rate in the present casc, the general mode of treatment. The division
of the Foraminifera into “ Imperforata” and “ Perforata” is exceedingly convenient, and in
the main rests on a sound natural basis; and if increased observation tends more and more
to break down this boundary-line in common with other sharp demarcations, any alternative
that could be proposed in the existing state of knowledge would be open to objection of
the samc kind, varying only in degree. So long, therefore, as their true relation to the
series is understood, it is not very material on which side of the line at present recognised
the transition-group that has been described is placed ; and accepting as a guide the posi-
tion assigned to Valvulina, it follows naturally that genera so closely allied should be
classed with it amongst the Imperforata.

There is another phase of this subject which must be alluded to in passing, namely, the
relation of the intermediate types, the modifications of whieh form so important an item
in the Carboniferous fauna, to the Rhizopoda of subsequent geological epochs. It is true
that a few truly arenaceous species have been met with in Carboniferous rocks, and that
all of the three families of the ¢ Perforata” are also represented, though how sparingly,
except for the genus Fusulina, we shall presently see; but the fact still remains, that by
far the largest number of Carboniferous Foraminifera, both of speeies and individuals,
belong to genera which under some conditions have arenaceous imperforate tests, and
under others are smooth and in some cases perforate. 'That these should be followed in
geological time by one set of isomorphs much more characteristically sandy, and by another
set of isomorphs distinctively hyaline and porous, is a very significant fact. Take a single
instance—the simple uniserial, quasi-Nodosarian type Nodosinella, found in the Carboni-

! Prof. Huxley, ¢ Journ. Linn. Soc. London,’ vol. xii (“Zoology ™), p. 226.
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ferous beds, which is arenaceous, smooth, or only slightly rough as to its surface, and nor-
mally imperforate. In the Permian magnesian limestones this is largely replaced by the
trne Nodosarian type, but in its simplest modifications. A few lingering specimens of the
older form still recur np to the Middle Permian beds, but except for their larger size and
somewhat thicker tests, they are scarcely distinguishable from their hyaline isomorphs.
In deposits of later age we have two distinct and well-defined series, the one normally
much more arenaceous, the other mueh more hyaline, than their Carboniferous prototype.
Direct evidence of continuity cannot be adduced in such a case; but, if we accept its
possibility, it is not unreasonable to suppose that these early quasi-Nodosarians are the
precursors, not to say the lineal ancestors, of two still living, and now widely separated,
groups of Foraminifera.

1t is not needful to press this argument by pursuing it through other Carboniferous
genera and their more recent isomorphs; to do so successfully would require more know-
ledge than at present exists as to the relative age of Carboniferous beds widely separated
geographically ; but any one familiar with the various modifications of the Rotaline genera
will not fail to be struck with the possibility of their common ancestry in the genus
Lndothyra.

Turning to the PerrForaTa, we must be prepared for very different conditions of dis-
tribution, the contrast being possibly greater in the number of individuals (if we except
the genus Fusuling) than in the number of species represented. Thus, in the family
Laaexnipa the list embraces but three very rare and somewhat obscure Carboniferous
forms of Lagene and a few simple Permian Nodosarine. The second family, GLoBIGERINIDA,
has its principal development in the genus Zexfularia, the larger, rough varieties of which
are common in the Carboniferous, the small, delicate, ambiguous examples being found
very locally distributed in the Permian rocks. It is worth remembering that Zexzfularia
is almost as difficult a genus to place satisfactorily in any natural classification as
Valvulina. Its best and most characteristic type, 7. agglutinans, is as rough and sandy
as Lituola itself, and frequently as labyrinthic in its internal structure; and between this
and the transparent, delicate, perforate forms, the genus shows every gradation of texture.
But in Zeztularia the thin-shelled, porous varietics constitute the larger part of the genus,
whilst in Valvulina the reverse is the case. Were it determined to establish an inter-
mediate sub-order for the reception of the variable genera at present classed with
the LituoLipa, a course that would relieve the existing classification of many anomalies,
Textularia would find its natural place in company with Zndothyra and Valvulina, the
common types of the Carboniferous age, with Juvolutina of the Lias, Verneuwilina and
Bulimina (Atazophragmivm) of the Chalk, and some other similar generic and quasi-
generic groups.

Besides Zeztularia, the only representatives of the GLoBIGERINIDA in the Carboniferons
fauna are very rare examples of three Rotaline genera, Planorbulina, Pulvinulina, and
Calcarina, and their distribution is exceedingly limited, being confined to one or at most
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two Belgian localities. As the recognition of these types at so carly an epoch involves
consequences of considerable importance, extreme care has been taken in the verification
of the geological position of the rocks from which the specimens were obtained.  Happily
confirmatory cvidence of considerable weight is supplied by their lithological condition,
which under the microscope is almost cxactly similar to that of the minute fossils of the
Fusulina-beds of some parts of Russia and North America, and there is really no room
to doubt that they are of Carboniferous age: but from a zoological point of view it would
be very satisfactory to meet with the samec species under conditions more favorable to
the preservation of minute peculiarities of form and structurc. The earliest oceurrence
geologically of any member of this group, previously recorded, is that of Pulvinulina
cassiane (Giimbel) from the St. Cassian marls of the Alpine Trias, the earliest English
example being the closely allied Pulvinulina elegans (d’Orb.), found by Messrs. Parker
aud Jones in the Upper Triassic or Rhatic Clay of Derbyshire. The Carboniferous
specimens are unfortunately not only few as to number, but very obscure in their morpho-
logical characters, but they are of interest as carrying the history of the Rotaline gencra
into Palxcozoic times.

The importance of the NusmMvrinipa as a family of Carboniferous Foraminifera rests
chiefly on the genus Fusulina, which holds a similar position in the later Paleeozoic fauna
to that occupied by Nummaulina and its allies at the beginning of the lertiary epoch.
As it is proposed that the genus Fusulina should form a subject for separate treat-
ment, the facts which have been gathered from its fresh study need not at present be
touched upon, though there is a great deal, especially in the characters of some of its less
familiar varieties, of much significance in its bearing on the morphology and development
of the Nummulite itself.

But in addition to Fusulina, the family is represented by minute specimens of three
other genera, Archediscus, Amplistegina, and Nummulina. '"The first of these, drekadiscus,
a type as rudimentary in its organization as is compatible with Nummuline structure,
makes perhaps the earliest appearance in point of time, and of the three it alone can be said
to be even moderately common or widely distributed.  Amplisteyina, vegarded hitherto
as an essentially Tertiary and recent genus, is represented by one or two very minute
hut quite characteristic specimens, whilst Nummulina has only been obtained as yct
from a ecircumseribed portion of the Belgian limestones. The absence of any known
data for the dctermination of the relative age of the Carboniferous beds, of arcas
widely separated geographically, renders it impossible to draw zoological inferences with
precision, as to the succession of specics in the upper paleozoic rocks, and the Foraminifera
themselves are scarcely available for anything more than collateral evidence.

From what has been said it will be gathered, that the principal points in the gencral
aspect of the Carboniferous and Permian Rbizopod-fanna arc:—1st. That the prevalent

forms (except Fusulina) do not belong, in a strict sense, to either of the two suborders
3
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into which the Foraminifera have been divided, but rather to intermediate types, which
are neither invariably arenaccous nor uniformly perforate in their shell-texture. 2nd. That
in the modifications of these primitive intermediate types some varieties occur which are
conspicuously sandy and imperforate, others that are essentially hyaline and porous; and
there are not wanting indications that their varietal peculiarities have been transmitted as
permanent characters, thereby becoming the origin of the two parallel isomorphic series.
3rd. From negative evidence—that the porcellanous imperforate group (Mivriorina) is of
later creation. 4th. That the Permian Rhizopod-Fauna is very limited as compared with
the Carboniferous, being confined to five generic types (Zochammina, Nodosinella,
Nodosaria, Textularia, and Fusulina), representing, however, at least four distinct families
of Foraminifera.

§ 4. HISTORY.

It would be profitless labour to attempt now to determine at what period the idea
first gained credence that portions of the earth’s crust were largely made up of the
remains of minute testaceous animals; but that the fact was recognised in its full signifi-
cance before the end of the last century, and in a measure understood, the beautiful folio
volumes of the Abbé Soldani abundantly testify. The paleontological sections of
Soldani’s “Testaceographia” relate chiefly to the Sub-Appenine clays of Tuscany; but
other observers followed, Fichtel and von Moll and Lamarck to wit, as exponents of
the Foraminifera of various earlier Tertiary formations, and by the year 1840, thanks to
the labours of d’Orbigny and Ehrenberg, the structure of many rocks of Cretaceous
and even of Liassic age had been investigated, and their more or less microzoic character
satisfactorily established.

Somewhat previous to this date, however, that is to say, in the year 1829, Fischer
de Waldbeim, in his ¢ Oryctographie du Gouvernement de Moscou,” in giving an
account of the white Carboniferous limestones of Russia, had described the important
genus Fusulina. His description and figures are sufficient for purposes of identification ;
and, judged with due regard to the state of knowledge at the time, even the strnctural
features of the genus are fairly rendered. Two other minute Carboniferous fossils
vegarded by Fischer as Foraminifera, and deseribed under the names Sperolinites sulcata
and Sp. denticulata, canmot now be identified. The figures do not represent any known
type of Rhizopoda, and they have probably been erroneously classed by the author.

1 For the sake of accuracy, and to avoid needless iteration of details, the titles of all works and papers

referred to are given in full under the head ¢ Bibliography.”
It may here be stated that, for the reasons named in the “Introduction,” matters pertaining to the

genus Fusulina, when introduced at all, are throughout very cursorily treated.
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Excepting this account of the genus Fusulina, the carliest mention of Carboniferous
Foraminifera appears to be in a communication read by Dr. Buckland before the
Ashmolean Socicty of Oxford in 1841, announcing the discovery of their remains by
Mr. Darker and Mr. Tennant, in specimens of Mountain Limestone from Derbyshirve.
The following is the paragraph relating to the subject in the ““ Abstracts of the Proceedings
of the Ashmolcan Society.”

“ A paper was read by Professor Buckland on the agency of animaleules in the
formation of limestone. Dr. Buckland began by exhibiting some polished thin slices
of Stonesfield Slate lately presented to him by Mr. Tennant, which Mr. Darker
had discovered to be crowded with microscopic shells. IHe also announced that
Mr. Darker and Mr. Tennant have discovered microscopic shells to abound in thin slices
of certain strata of Derbyshire limestone, and procecded to discuss the question how far
the abundance of such remains in the Carboniferous and Oolitic limestones, and in the
Chalk and Tertiary formations justifies the revival which has been attempted since
the microscopic discoveries of Ehrenberg of the old and false dogma €omnis calx e
vermibus ; omnis silex e vermibus ; omne ferrum e vermibus.’ ”

Mr. Weaver,2 in allusion to the same subject, states that this discovery was made by
My. Tennant in 1839, and adds that in 1840 Mr. Lonsdale had also found Foraminifera
in large numbers in thin slices of Kendal limestone.

In 1842 Dr. Ehrenberg presented to the Royal Academy of Berlin a notice of
some Polythalamia from the Mountain Limestone of Lake Onega in Russia; and in the
following year he reported to the Academy the results of his examination of a number of
fossiliferons deposits, amongst them a ¢ Mountain Limestone hornstone” from Tula.
Little is to be gathered from the short abstracts of these papers which appear in the ‘ Pro-
ceedings of the Academy.” The whole of the determinations seem to have been revised
for his great work, the ¢Mikrogeologic,” published a few years later, and as no important
question of precedence depends on the earlier communications, notice of the species
named in them may be left till we come to speak of the latter memotr.

In 1845 Professor Phillips, in a paper on the *“ Remains of Microscopic Animals in
the Rocks of Yorkshire,” described and figured two Foraminifera from the Mountain
Limestone of that county. One of these is a donbtful Zeatularia which is not named by
the author, the other the horizontal section of a Rotaliform test, to which the name
Endothyra Bowmanni is appended. At best a single transparent section of a shell is not
a satisfactory Dasis on which to establish a species, still less as the foundation of a genus;
but taking all the circumstances into account, there can be little doubt that the specimen
figured does represent a type previously undescribed, and the generic term Eaudothyra
may properly be accepted for it and its allies. Professor Phillips’s specific name has been

1 Vol. i, No. xvii, p. 35, March 2nd, 1841.
2 ¢Ann. and Mag. Nat. Hist.,” vol. vii, p. 398.
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adopted in the present work for the particular modification which hest agrees in general
contour and septation with the figured section.

In 1849 MM. Rouillier and Vosinsky eontributed to the ¢Bulletin of the Society of
Naturalists of Moscow’ an account of a supposed Nummulite (Num. antiquior) from the
white limestone of Miatschkovo. The paper is one of some interest, although, as
suggested by d’Eichwald, who a few years later had the opportunity of seeing the original
specimens, the authors were probably incorrect in assigning them t{o the genus
Nmmulina.

In the same year Prof. F. M‘Coy described under the name Nodosaria jfusulinaformis
a Foraminifer abounding in the Carboniferous Limestone at Shivey in the north of
Ireland. It is not improbable that this fossil may be the same as Saccaminina Cartert,
but the very brief description unaccompanied by any figure is scarcely sufficient to establish
the fact, in the absence of collateral evidence.

Meanwhile the Foraminifera of the Permian limestones had begun to attract the
attention of paleontologists and in the year 1848 Dr. II. B. Geinitz and Prof. William
King described, independently, the species now well known as Zrockammina pusilla.
Two years later (1850) Prof. T. Rupert Jones contributed to Prof. King’s ‘ Monograph
of the Permian Fossils of England’ descriptions and figures of some half dozen species.
In 1854 Prof. Reuss added a single form from the Zechstein of Wetteran, and in the
following year Dr. R. Richter, of Saalfeld, summarised the species found in the Zechstein
of Thuringia, but without the addition of anything new.

Turning again to the Carboniferous fauna. In 1854 was published Ehrenberg’s
¢ Mikrogeologie;” and in 1860 d’Eichwald’s ¢ Lethaea Rossica.” In these two works
may be found details of almost all the observations of any value which had been made
up to that time on the microzoa of the Carboniferous limestones of central and southern
Russia. The method of observation and of illustration adopted by the veteran micro-
scopist are very unfortunate so far as the Foraminifera are concerned, and in this
department of natural history at least, whether in respeet to recent or fossil forms, his
actnal results must be accepted in some measure independently of his zoological inferenees.
His nomenclature also needs considerable modification before it is intelligible to those who
are accustomed to the generally received generic and specific terms.  Messrs. Parker and
Rupert Jones (‘Ann. and Mag. Nat. Hist.” 4th ser., vols. ix and x) have performed
the task of translating into the language of modern zoology the terminology of Dr.
Ehrenberg’s various memoirs, including that of the ¢ Mikrogeologie,” which may be
regarded as the summary of his labours on fossil Rhizopoda. Unfortunately the beautiful
figures of Carboniferous Foraminifera in the latter work, excepting those of an interesting
group of Fusuline, are of little scientific value. Few of the representations of the minuter
forms can be identified, for want of detail in the drawing; and, apart from the Fusuline
referred to, only a single recognisable new species is gained to science.

D’Eichwald’s synopsis of the Russian Carboniferous Foraminifera is based chiefly on
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thie labours of Rouillier aud Vosinsky and Ehrenberg. e describes, however, four new
speeies, the precise value of which it is very difficult to arrive at. It is to be regretted
that therc is now no chanee of determining the doubtful forms by a comparison of
specimens, for M. d’Eichwald states, in a letter to the author, that there were originally
very few of them, and what there were have long since been given away and lost sight of.

In 1856 Prof. James Ilall, of Albany, N. Y., described a foraminifer from the
Carboniferous Limestone of Indiana and Illinois under the name Rofalia Baileyi. On
examination the morphological characters of this species are found to be identical with those
of Endothyra Bowmani, though the individual specimens are, on the average, of much
larger dimensions, and are better developed than any hitherto met with on this side of the
Atlantic. The difference, however, is only such as may be found in almost every specics,
and is to be looked upon asthe result of more or less favorable conditions of growth,
rather than as the expression of any more important zoological distinction.

In 1861 Dr. Geinitz, with the help of Prof. Reuss and Dr. Richter, summarised
the Foraminifera of the Permian system of Central Germany, in his great memoir on the
Dyas. Ile figures in all thirteen species, and of these seven are regarded as new to
science, namely, five Nodosarie and two Textularie. 'The minuteness and indistinctness
of several of the figures are a great drawback to their nscfulness, and in some instances
leave one really in doubt as to what they are intended to represent. In 1867 the
literature of the microzoa of the Zechstein formation received a further accession in a
paper by Prof. E. E. Schmid, of Jena; but his drawings, so far as the Foraminifera are
concerned, generally illustrate individual modifications of well-known forms rather than
new species or important varietics. At the same time some morphological interest
attaches to onc or two of his figures, 'particularly to a non-septate Zrockammina,
partially unrolled and irregularly sinuous in contour, named by the author Serpula filum.

There remains but onc other memoir in this division of the subject requiring notice
here—DMessrs. Jones, Parker, and Kirkby, ¢ On the Permian Zrockammina pusilla and
its Allies.” This is, in point of fact, a synopsis of the Permian species of the genus
Trochammina with their synonymy, posted up to the date of publication—1869 ; and as
such is a valuable contribution to the history of the group.

We turn oncc more to the literature of the Carboniferous fauna. In 1868 Principal
Dawson, of Montreal, described a Nodosaria-like foraminifer from a Canadian white
limestone under the name Dentalina priscilla, but not without some hesitation (expressed
in a letter to the author) as to its generic affinity. A comparison of this little fossil with
some similar organisms of Carboniferous age seems to indicate that its proper place is
amongst the thick-shelled imperforate forms to which, for reasons that will be stated in
due course, the new gencric term Nodosinella has been applied.

In 1869 T essayed to prepare a list of the species of Foraminifera, Carboniferous and
Liassic, collected by my friend Mr. Charles Moore, of Bath, during his rescarches on
mineral veins. A new field scemed opened by the varicty of forms brought to light by
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Mr. i\'Ioorc, and in the provisional report, which was hastily drawn up to be in time
for the Meeting of the British Association for that year, there is much that now needs
revision.  The subarenaceous imperforate tests of ncarly all the specimens then examined
suggested their affinity to the Liassic genus Juvolutina, and names were assigned to the
different species on this supposition.  The priority of Professor Phillips’s generic term
Endothyra (since ascertained), by supplying a name for the Rotaliform series, renders it
unnecessary, for the moment, to weigh minutely the value of the characters of Terquem’s
Liassic type, which at present appears to rest on a somewhat indefinite and unsatisfactory
basis.! As will appear in due course, a considerable number of the specific names
originally applied to Mr. Moore’s specimens, may still be used without alteration.

In 1871 Mr. E. Parfitt, of Exeter, published a notice of a * Species of Arenaceous
Foraminifer (?) from the Carboniferous Limestone of Devonshire,” deseribing appearances
in the weathered surfaces of certain limestones, which appeared to him to suggest the
remains of a fossil Protozoon, either sponge or foraminifer, but most probably an
arenaceous foraminifer. I confess that, upon very careful examination, after treatment in
every way that could be thought of as likely to bring ont structural features, I have been
unable to find any satisfactory evidence of organic origin in the specimens kindly furnished
to me by Mr. Parfitt ; and as the matter so rests for the present, it is not needful to enter
upon its further discussion. Transparent sections presented no unusual lithological
characters, none that could not be accounted for without the introduction of any organic
hypothesis.

Three papers published between the years 1871 and 1874, viz., “On Saccammina
Carteri,” “On Archediscus Karreri,” and “On a Trne Carboniferous Nummulite,”
together with the lists of species from Scottish localities, included in the Geological
Survey publications relating to the Lanarkshire coal-field and in the papers of Messrs.
Young and Armstrong, may be passed over with bare mention, as they practically form a
part of the present Monograph.

Such, in outline, is the history of research in respect to the smaller Rhizopoda of the
Carboniferous and Permian Epochs: that of the genus Fusulina, with its attendant
zoological and geological problems, remains to be written.

1 The recent paper by Herr L. G. Bornemann, jun. (“ Ueber die Foraminiferengattung Involutina ),
notwithstanding. This, though it contains observations of considerable value, is far from satisfactory in
many ways, chiefly perhaps in the estimate of the relative importance of minute characters, and hence in
the zoological treatment of the type.
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1856.

1860.

1868.

1869.
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Enrexsrre, ¢ Mikrogeologie.”

Genera, Borelis and Alveolina (many species).

Teatilaria paleotrochus.

Tetrataxis conica.

Grammostomuin bursigerum.
Textilaria falcala.

Teatilaria lagenosa.

Teatilaria lunata.

Teatilaria recurvata.

Nodosaria index

Rotalia antiqua.

Harr, Transact. Albany Inst., vol. iv.
Lotalia Baileyi.

D’Ercuwarp, Lethea Rossica, vol. 1.
Nonionina rotula, indeterminable, probably
WNontonina globolus.

Textilaria exvimia.

Lusulina cylindrica, Fischer.

Orobias antiquior, Rouil. and Vosinsky.
Orobias acqualis.

Cristellaria mysteriosa, Ehrb.

Rotalia antiqua, Ehrb.

Dawsoxn, Acadian Geology, 2nd ed.
Dentalina priscilla.

Brapy, Brit. Assoc. Reports, Exeter Meeting.!

Involutina eylindrica.
Involutina incerta.
Involutina recta.

Involutina lobata.
Involutina radiata.
Involutina crassa.
Involutina obliqua.
Involutina vermiformis.

Fusulina, sp.
VALVULINA PALZEOTROCIIUS
(Lhrenberg).

Textularia, species indetermin-
able, probably 7. gibbosa,
&’Orb., and 7' ewimia, 4’ Eich-
wald.

Indeterminable.
Endothyra (?), sp.

Endothyra Bowinant, Phillips.

Lndothyra, sp.

Expornyra cLoBuLus (& Fick-
wald).

TEXTULARIA EXIMIA, &’ Eichwald.

} Fusulina, sp.

Indeterminable.
Endothyra, sp. ().

NODOSINELLA PRISCILLA
(Dawson).

NoDOSINELLACYLINDRICA, Brady.
Trochammina centrifuga, n. s.
HAPLOPHRAGMIUM RECTUM,
Brady.

Endothyra Bowmani, Phillips.
ENDOTHYRA RADIATA, Brady.
ExpoTHYRA CRASSA, Brady.
ExporHYRA OBLIQUA, Brady.
Trochammine filum (Schmid).

1 A number of doubtful forms provisionally referred to Terquem’s Liassic species were inserted in the

lists furnished to Mr. C. Moore for his Report.

Further investigation has shown some of these names to

be unnecessary, and such as have no bearing on the present state of our knowledge are here omitted.
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1874.

1848.

1848.

1850.

1854.

1861.
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Valvulina Youngi, MS.

i s var. contraria, MS.

Valvulina plicata, MS.
Webbina acervalis, MS.

VarvuriNa Youne1, Brady.
. »» Var. CONTRARIA,
Brady.
VALVULINA PLICATA, Brady.
STACHEIA ACERVALIS, Brady.

Brapy, Ann. and Mag. Nat. Hist., 4 ser., vol. xii.

Nunvmulina pristina.

PERMIAN,

GeiniTz, Verstein. Zechst. Roth.
Serpula pusilla.

King, Cat. Perm. Foss. Northumb.
Foraminites serpuloides.

Jonzs, T. R., in King’s Monogr. Perm. Foss.
Serpula (?) pusilla.

Spirillina, sp.

Dentalina permiana.

Dentalina Kingii.

Textularia triticum.

Textularia cuneiformis.

Rruss, Jahresbericht d. Wetteraner Gesellsch.
Vol. for 1851-1853,
Nodosaria Geinitzi.

GEeinitz, Dyas, vol. 1.
Nodosaria duplicans, Richter.
Nodosaria subacicula, Richter.
Nodosaria Geinitzi, Reuss.
Nodosaria Kingi, Reuss.
Nodosaria Kirkbyz, Richter.
Nodosaria Jonest, Richter.
Dentalina permiana, Jones.
Dentalina Kingit, Jones.

NUMMULINA PRISTINA, Brady.

TroCHAMMINA PUSILLA (Geinilz).

Trochammina pusilla (Geinitz).

Trochammina pusille (Geinitz).
Trockasmmina incerta (d’ Orbigny)-
Dentalina communis, d’Orbigny.
Dentalina mullicostata, d’Orbigny.
TEXTULARIA TRITICUM, Jones.
TEXTULARIA JONESI, Brady.

Nodosaria radicula (Linné).

Doubtful organisms.!
Nodosaria radicula (Linné).

Varieties of Nodosaria radicula,
Linné.

Dentalina communis, d’Orbigny.
Dentalina multicostata,d’Orbigny.

! 1 have omitted these two and Textularia Geinitizi from the list of recognised Foraminifera with the
full approval of Dr. Richter.
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intimate knowledge of all that concerns the Carboniferous rocks gives a high value to the
assistance of which his ever-ready kindness has encouraged me to avail myself largely.

The following is a summary, arranged in approximately geographieal order, of the
localities which have yielded Carboniferous and Permian Foraminifera—the Carboniferons
taken first—together with particulars as to stratigraphical position, and such other
collateral information as I have been able to gather respecting them. A very large
proportion of the material that I have had the opportunity of examining for fossil
microzoa has been collected for me by scientifie friends at home and abroad, and I
have chosen this place to acknowledge the aid I have received and to thank the donors
individually. The category of localities is a long one, but it only includes those which
have yielded positive results; so that I must further express my thanks collectively to
the many geologists who with equal care and pains have provided me with material which
has not happened to contain the particular organisms of which I was in search. As
probably three packages out of every four that have come into my hands have been
barren of Foraminifera, the examination of unproductive material has formed no small
part of my labour.

The numbers in the margin correspond with those in the heading of the Distribution
Tables, and are intended to facilitate reference.

Carboniferous.
ENGLAND AND WALES.—Table L.
North of England.

In Northumberland the enormous thickness of beds lying between the Millstone Grit
and the Caleiferous Sandstone gronps present no true division into Upper and Lower
series.  The thickness of the entire series (which Mr. Lebour proposes to name
“ Bernician,” after the ancient name of Northumberland) is extremely variable, probably
not less than 8000 feet in the middle of the county, and there inclndes a great number
of limestone beds, which become fewer both to the north and to the south. From
Alston southwards the Carboniferous Limestone rocks may be conveniently split into two
divisions.

It will be seen that most of these English foraminifera-bearing beds belong to the
Yoredale Rocks of Phillips. This being so, it seems necessary to call attention to the
limits of that group, inasmuch as they do not appear to have been much studied hitherto
outside of Yorkshire. Prof. Phillips included in his Yoredale Series the set of beds which
lies between the Millstone Grit and the Great Whin Sill, or from the base of the Millstone
Grit to the Tyne-bottom Limestone inclusive, along the Pennine escarpment and at Alston.
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In a bed of limestone about 1000 feet below the *“ Great Limestone ™ [Scar] at

4. Fallowlees—friable calcareous shale, containing large numbers of singularly
perfect siliceous crystals. Material collected by Mr. W. Topley, F.G.S.,
of the Geological Survey of England and Wales.

In the  Four-fathom Limestone ” [Yoredale] at

5. Harlaw Hill, two miles north-east of Alnwick. Material collected by
Mr. Topley.

. Brinkburn, Coquetdale ; from Mr. Topley.

Forest Burn, Coquetdale ; from Mr. Topley.

Elfhills Quarry, near Scot’s Gap. Specimens first communicated by Sir
Walter C. Trevelyan, Bt.

Hallington. Material from Mr. Lebour.

Newbrough, near Fourstones. Material first collected by Mr. Lebour—
locality, as in many other cases, subsequently visited by myself.

11. Haydon Bridge district—various quarries on the north side of the

South Tyne surveyed by Mr. Lebour.

O wNo®

In the roof of the « Top Coal” of Newton-on-the-Moor—a very variable bed of shale
above the ¢ Fonr-fathom ” and below the ¢ Great” Limestone [ Yoredale] at

12. Newton-on-the-Moor. Collected by Mr. Topley.

In the « Great Limestone” [Yoredale] at

13. Newton-on-the-Moor. Also collected by Mr. Topley.

14. Langley, above Haydon Bridge. One or or two microscopic sections of
limestone in Mr. D. O. Drewett’s collection.

15. Green Leighton, the finest exposure of the Great Limestone—rich in
corals, &c. List of species drawn up from the Rev. W. Howchin’s
collection.

In the shale lying immediately above the Great Limestone [Yoredale] at

16. Fourstones Quarry, South Tyne. The Rev. W. Howchin has worked
out the microzoa of this locality, and has not only furnished me with
material for examination, but allowed me the free use of the specimens in
his collection.
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These probably find their equivalents in the Yoredale rocks, but the beds below the
true] lower shales form a sort of intermediate gronp corresponding with those of North
Devon.  With one exception the beds which have furnished Toraminifera all ocour in the
Upper Mountain Limestone (II, @), the exception being a bed in the lowest part of the
Middle Mountain Limestonc (II, 4) marked in the table «“ Great Quarry, near Lozgispinosa
bed.” To my friend Mr. W. W. Stoddart, F.G.S., of Bristol, whose name is identified
with the geology of the Clifton Roeks, I am indebted for ample supplies of material from
both sides of the River Avon, as well as for accurate geological information as to the
localities whence they were obtained.

(GLOUCESTERSHIRE.

In the lowest part of the Middle Mountain Limestone.
37. Great Quarry, near the “ Longispinosa bed,” Bristol.

In the Upper Mountain Limestone.
38. Bridge Valley Road, near Clifton Down.

SOMERSETSHIRE.

In the Upper Mountain Limestone.

39. Leigh Woods, Foraminifera-bed.
40. Leigh Woods, between Foraminifera-beds.
41. Opposite Point, Leigh Woods, Foraminifera-bed and parting.
42. No. 2 Foraminifera-bed.
These four localities are all in the Clifton district.

4.3. Backwell, a single mounting of Foraminifera, probably of similar age to
the foregoing in Mr. C. Moore’s collection.

160. Bath. In Mr. C. Moore’s collection are one or two specimens of a very
granular variety of Zvockammina incerte collected from the sediment of
the Bath mineral waters. These are presumably Carboniferous, but it
has not been thought worth while to devote a column in the table to
them.

SCOTLAND.—Table IL.

The comparative completeness of the Distribution Tables referring to the Scotch
Carboniferous system is mainly due to the friendly aid of the officers of the Geological
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92. Poniel Water, at Brockley, near Lesmahagow—shale exposed on
the left bank. (Messrs. Young and Robertson’s Brockley gatherings are
included in this column of the table.)

Shale above the Hosie Limestone.

93. Hillhead Farm, near Carluke—shale heaps in an old quarry.
94. Head of Mouse Water, near Wilsontown.

Coralline band over No. 1 Limestone, Calderwood Series.

95. Capelrig and Brankumhall, shale heaps in old quarries on these
farms, about one mile and a quarter north-east of East Kilbride. (Including
also Messrs. Yonng and Robertson’s specimens.)

Shale above the last-named coralline band.

96a, 96b. Capelrig and Brankumhall, necar East Kilbride, two-
positions searched.

Shales above No. 1 Limestone, Calderwood Series.

97. Calderside Grounds, old quarry on the right bank of Calder Water,
about one mile and a half east of East Kilbride.

98. Auchentibber, Broomhouse, and Newfield Farms, about
two miles east by north of East Kilbride; shale heaps in quarries.

99. Boghead Farm, about four miles south-east of Fast Kilbride; shale
heaps in old quarry. (Inclnding also Messrs. Young and Robertson’s

specimens.)

Shale over No. 8 Limestone, Calderwood Series.

100. Limekiln House, near East Kilbride ; old quarry, east of the house.

Shale over Birkfield Calmy Limestone.

101. Hairmyres, near Fast Kilbride, weathered shale ¢z si#i between Railway
and Curling Pond. (Messrs. Young and Robertson’s gatherings also

included.)

Shales over Kinshaw Limestone Series.

102. Mouse Water, opposite Lambcatch, near Wilsontown.
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BELGIUM.—Table 1V.

The Carboniferous Limestone of Belgium is divided by M. Dupont + into six sets of
beds, which have been named from the localities in which they are respectively best
developed. They are as follows, in ascending series, beginning at the lowest :

1. Carcaire pes Ecavssines—thickness 150 metres, composed of limestones
with intercalated shales at the base, with phthanite at the upper part;
the limestones with Spirifer Verneuilli, Sp. mosquensis, Orthis crenisiria,
and Cyathoplyllun plicatum.

II. Cancairk pE DinaNt—thickness 60 metres, a black compact limestone with
phthanite having conchoidal fracture. Fossils, Productus Herberti and
Pecten intermedius.

II1. CarcairRe D’ANSEREMME—thickness 100 metres, a grey limestone with
blue veins, more or less siliceous and with phthanite in the lower part.
Fossils, Productus Flemingi and Spirifer mosquensis in the upper part,
and Ortlis resupinala, which is very characteristic of this division.

IV. Carcaire DpE Vaunsor—thickness 100 metres, a grey limestone, often
magnesian ; the beds full of radiated spathic nodules. Yossils, Spirifer
striatus and Sp. cuspidatus ; in the lower part Conocardinm aleforme,
and in the upper part Rhyrelhonella plewrodon and Amplexus coralloides
are especially met with.

V. Carcairk DE NaMur—rthickness 100 metres, is the black dolomitic limestone
with large Zuomplali. 1t is black and compact at the base, dolomitic in
the upper portion; usually fissured in every direction. Tossils,
Luomplalus equalis and L. acutus.

VI. Carcarre e VisE—thickness 250 wmetres, confusedly stratified, variable in
structure and colour ; containing a brecciated limestone and rocks of
which the structure has become sandy through the decomposition of the
dolomite. Fossils, in the lower part, Productus cora and P. undatus ;
above, Productus giganteus and Clonetes conoides.

We are at present concerned with the two last named only, the Calcaire de Namur
and the Calcaire de Visé, for in these alone have Foraminifera as yet been found. I am
indebted to my friend M. Ernest Vanden Broeck, of Brussels, for his assiduous help in
procuring for me material for examination from the various limestone beds of Belgium.
Out of a very large scries forwarded to me at various times only four in all have yielded

1 ¢ Essai d’une Carte Géologique des Environs de Dinant,” ¢ Bull. Acad. Sci. de Belg.,’ 2nd sér,
vol. xix, p. 616 et seq.
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Tuedian (Calciferous e .- !
Stigmaria-grits of Russia.
Sandstone) ? youe il :

Upper Devonian.

According to Ludwig! the Fusulina-beds in the Donetz are on the horizon of the true
Coal-measures (passing upwards into the Permian), but in other Russian districts, so far
as can be made out, they are confined to the true Carboniferons Limestone, though
probably to its upper part.

T am indebted to the kindness of General G. von Helmersen, of St. Petersburg, for
specimens of Fusulina-limestones from several localities in central Russia. Some of these
specimens, notably those from the first three localities in the following list, contain other
species of Foraminifera as well as Fusulina. To Dr. Herrman Abich, of Tiflis, Georgia,
I am under the like obligation in respect to the Fusulina-rocks of the Caucasus, which
have also yielded evidence of the existence of some of the minuter types. ‘The remaining
localities on the list are given on the anthority of Prof. Ehrenberg and M. Edw.
d’Eichwald.

The whole of these may be regarded as pertaining to the Carboniferous Limestone
proper.

132. Miatschkovo, near Moscow.

a. A grey, porous, crumbling limestone, with Fusulina cylindrica,
Encrinites, and other fossils.

0. A white, compact limstone, with ZFusulina cylindrica and
Chatetes.

133. Ostaschkovo, on the Volga, in the province of Samara. A light-coloured
friable limestone, with Fusuline.

134. Zerew Kurgan, a mountain on the left bank of the Volga, north of the
town of Samara. A light-brown limestone, almost entirely composed of
small and perfect specimens of Fusulina cylindrica.

135. Witegra, on Lake Onega, Government of Olonetz. ~ White, friable
Bellerophon-limestone of the Mountain Limestone. See Ehrenberg’s
¢ Mikrogeologie.’

136. Toula, IHornstone of the Mountain Limestone, with Spirifer mosquensis
(Ehrenberg).

137. Sloboda, a village in the Government of Toula.  Yellow Carboniferous
clay. See d’Eichwald’s “ Letheea Rossica.”

1 Ludwig (Rudolf), ¢ Die Steinkohlenformation im Lande der Don’sche Kosaken,” Moscow, 1874.
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138. Caucasus. Various specimens of compact black limestone, taking high
polish, and containing Fusuline. A knowledge of the contents of these
can only he obtained by means of thin scctions, the list is therefore
necessarily incomplete. I am not quite certain that I am right in classing

“them as Russian. Some of the specimens contain the fusulina spherica
of Abich, which suggests the possibility of these at least being from the
Armenian or northern Persian portion of the mountain range.

NORTH AMERICA.-—"Table VI.
Uxitep StATES AND CANADA.

Beyond the genus Fusulina but little is yet known concerning the Carboniferous
Foraminifera of North America, and the instalment now offered towards the history of
the minuter forms is not of sufficient importance to need any lengthy geological introduc-
tion. The American Fusulina-rocks pertain chiefly to the “ Upper Coal-measures,” but
in the South-western States they extend into the strata which are regarded as represen-
tative of the Permian system ; indeed, the largest variety of the genus hitherto described
(Fusulina elongata, Shumard) has its habitat in the Permian Limestones of Texas and
New Mexico.

Only two samples of material from the Fusulina-beds, in condition favorable for
cxamination with respect to the smaller Foraminifera, have come under my notice, and
both of them were from Iowa. They were forwarded to me by Dr. C. A. White,
whose effective labours in connection with the geology of that State are well known.

I am indebted to Dr. F. B. Meek and Dr. C. A. White, of Washington, for
interesting specimens of a microzoic limestone of much earlier age from the  Sub-
carboniferous ”’ rocks of Indiana, consisting almost entirely of the shells of a single
species of Foraminifer, Zndothyra Bowmani, Phillips (Rotalia Baileyi, Hall).

With respect to the single Canadian locality, I can add nothing to the published
statement in my friend Dr. J. W. Dawson’s ¢ Acadian Geology.’

Whilst the relation of the American Carboniferous rocks to those on the eastern side
of the Atlantic is still a matter of debate amongst our ablest geologists, I may well he
excused any attempt to corrclate the few horizons marked by the occurrence of the
smaller fossil Rhizopoda with particular portions of the Carboniferous series of this
country or of continental Europe.

139. Southern Iowa—no precise locality. Labelled “ Residue from clayey
partings of layers of Fusulina-limestone. Upper Coal-measures.”
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140. Southern Iowa. Weathered and disintegrated Fusulina-limestone
from near the point of junction of the Platte River with the Missouri.
Upper Coal-measures.

141. Southern Indiana. A grey, friable limestone, composed almost
entirely of minute fossils. Labelled « Warsaw Limestone of Hall = St.
Louis Limestone of Owen. Subcarboniferous.” The particular deposit is
known as the Spergen Ifill bed, and it appears to run through several
counties,' the locality from which it takes its name being in Washington
County.

142. Windsor, Nova Scotia. A white, friable Carboniferous limestone,
with Nodosinella priscilla (Dawson).

Permian.—Table VII.

Foraminifera, thongh pertaining to a limited number of types, abound in the Permian
or Zechstein formation of the north-cast of England and central Germany, and their
occurrence has been also noted in deposits of similar geological age over a small district
in the north of Ireland. The constituent beds of the English and German Permian areas
have been variously correlated ; but without entering into debated points, the classification
adopted by Dr. H. B. Geinitz may be accepted as sufficient for our present purpose.
It is as follows (‘ Dyas,” p. vii):

ZECHSTEINFORMATION OR PrrmIanN (Dyas).

GERMANY. ENGLAND.
a. Oberer Zechstein. Upper Magnesian Limestone.
I. Plattendolomit (Dolomitischen Kalk- Upper Yellow Limestone, Conglobated
schiefer, Stinkkalk, Stinkstein). Timestone.
0. Mitller Zechstein. Middle Magnesian Limestone.
II. Rauchwacke or Dolomite (Ranh- Coneretionary and Shell-limestone or
kalk, ITohlenkalk, Riff-Zechstein, Crystalline and Fossiliferons Lime-
&e.). stone.

1 According to my friend Dr. C. A. White the bed appears in three adjoining counties, viz. Munroe
Co., Lawrence Co., and Washington Co. Its occnrrence in Lawrence Co. is noticed in the ¢Fifth Annual
Report of the Geol. Survey of Indiana’ (for 1873), p. 285, E. T. Cox, State Geologist, from which I
gather that the name is also written Spurgeon Hill.
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This somewhat important fossil formed the snbject of a paper by myself in the ¢ Anu.
and Mag. Nat. Ilist.” (loc. cit) about five years ago. A few scparated segments col-
lected by Mr. Charles Moore, whilst engaged upon the fossils found in mineral
veins, had been sent to me a year or two previously with other microzoa for examina-
tion, but these werc insufficient for accurate description, and the provisional name
Carteria was given to them with the idea that they were chambers of an organism
belonging to a new type of ZLifuole. 'The bed of limestone on Sir W. C. Trevelyan’s
estate at Elfhills in Northumberland, which fornished the material for my paper, had been
known for many years, and its physical peculiarities had not passed unnoticed, but 1t
had not been subaitted to microscopic examination, and had been generally regarded as
a pisolitic or coneretional rock. The particular layer of the Four-fathom Limestone, cha-
racterised by the presence of Succammina has for generations been known to the Alston
miners as the * spotted post.”

I was not aware till long after the paper referred to was published that the organism
had been previously recognised as a fossil, still less as a Foraminifer. [ find, however,
by Mr. Bennie’s note in the ¢ Geological Magazine’ for January, 1876, that Szccammina
had been collected by Mr. R. Gibbs as far back as the year 1858 or thereabouts, and
that the specimens were entered by the late Mr. Salter in the Jermyn Street Catalogue of
Fossils, published in 1865 as ““ Foraminifera in Limestone ; Cat Craig, Dunbar,” though
without further particulars.

My attention has also been called to Professor M’Coy’s description in the year 1854,
of a Carboniferous fossil which he names “ Nodosaria fusulinaformis,” collected in the
Parish of Shivey, Co. T'vrone, Ireland. The brief verbal description answers fairly to the
general characters of Saccamminia as far as it goes, except in the statement that the organism
““agrees almost perfectly with d’Orbigny’s Nodosaria rudis and V. rugosa ;” but it appears
to me insufficient, in the absence of any assistance from figures, to identify the species.
I have endeavoured to obtain further information from the officials of the Irish
Geological Survey, and from other geologists likely to be acquainted with the subject,
but hitherto without result. Under these somewhat difficult circumstances I have
thought the course least open to objection and certainly that least likely to lead to con-
fusion would be to rctain the name by which the fossil has become generally known
amongst geologists and palaontolegists.

The characters of the Carboniferous Saccammina and its mode of occurrence will be
more satisfactorily gathered from the figures on Pl. I than from any mere verbal
description. It is essentially a rock-builder; that is to say, whole beds of limestone of
large cxtent and considerable thickness appear to be chiefly, and in places entirely,
composed of its remains. The description originally given of its occurrence in the two
beds at Elfhills in Northumberland applies equally to rock specimens from other
localities, and may be repeated without material alteration.

“The uppermost bed exposed in the Elfhills quarry appears to be entirely com-
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posed of spheroidal or fusiform bodies, but so aggregated and infiltrated that they
form an intensely hard dark-coloured limestone, the freshly fractured surface of which
appears almost homogencous and sometimes suberystalline. It is, however, readily acted
upon by the atmosphere ; and the weathered portions reveal a spheroidal structure that
might at the first glance be assigned to purely physical causes depending on some pecu-
liarity in the mode of deposit. A fair idea of the characters of the rock forming this
bed may be gained from Plate I, fig. 1, which represents an average specimen, with the
upper surface considerably weathered.  Very frequently the disintegration, instead of
being merely superficial as in the figured specimen, extends to a considerable depth,
leaving the stone in the condition of a crumbling mass of spheres. A layer in this state
often exists between the surface-soil and the hard rock ; and by ahittle treatment the fossil
portions may be obtained from it quite clear of the matrix. A few feet below this upper
layer (in the same seetion), is a second and more considerable bed, with the same sort of
fusiform bodies distributed through its entire length and thickness. The individual
specimens are larger than those occurring in the later deposit, but they do not constitute
nearly so considerable a proportion of the entire rock. 'The segments do not appear to
differ in structural characters from those found in the npper bed.”

Notwithstanding the black and to the naked eye almost homogeneous texture of the
rock as exhibited by a freshly fractured surface, a section thin enough to be transparent
shows exactly the structure that might be expected from the eondition of the disin-
tegrating portions—a mass of fusiform segments cut in various directions. Such a
seetion is seen in Pl XTI, fig. 6.

'The dimensions of the individual segments vary considerably in different localities,
indeed cven in the same bed specimens differing much both in size and shape may be
found, as shown in Plate I, fig. 3. These, however, represent an extreme range, and in
many rocks the chambers are exceedingly uniform in external characters averaging about
+ inch (32 mm.) in length, and % inch (21 mm.) in transversc diameter: large
specimens may be fonnd measuring & (4°2 mm.) or even } inch (5 mm.) by § (2'S mm.)
or + inch (32 mm.); but such are of rare occurrence. Sometimes they are more
clongate ; and extreme examples have been noted in which the conjugate and transverse
diameters were in the proportion of 3 to 1. The two ends arc usually produced and
tubular, to permit the passage of sarcode stolons or psendopodia : they are sometimes
symmetrical, but more frequently one end tapers more gradually than the other.

Owing to the tenuity of the connecting stolons, the segments are almost invariably
found separated. Qccasionally the weathered surface of the rock reveals two or even
three chambers united in a line, but this is quite an exceptional circumstance. The
dissociation of the segments is probably entirely due to external agencics, for that the
addition of chamber to chamber might go on indefinitely under favorable conditions can
scarcely be doubted. Nor does this rest on mere assumption, as reference to Plate I, fig. 4,

1 Ann. and Mag. Nat. Hist., 4 ser., vol. vii, p. 178.
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will demonstrate. This figure represents a fossil shell (Zromphalus ?) found by Mr. ¥. M.
Balfour of Trinity College, Cambridge, in the Carboniferons Limestone of Haddington-
shire, about three miles from Dunbar. On grinding the specimen it was found that what
had been the empty cavity of the shell was partially occupied by the remains of Saccammina
which, when living, had taken up their abode there, and a chain of fusifornm1 segments
was exposed exactly as it appears in the drawing. Making a little allowance for the
irregularity of the line of growth, it may be assumed that one segment has been out of
the plane of the section and has been ground off, and if so this individual specimen has
consisted of not less than eleven chambers united by stoloniferous tubes.

The test of Saccammina is essentially composite and arecnaceous, the constituent
particles being fitted and cemented together so as to give a nearly smooth exterior. The
interior surface varies a good deal in different specimens. Sometimes it is nearly smooth,
or roughened only by the projecting angles of the constituent sand-grains, which are
usually much smaller in size than those selected by the recent species for shell-building
purposes. In other cases the inner surface is covered with a network of short delicate
labyrinthic growths, as seen in P I, fig. 5. )

Peculiar conditions of infiltration render it very difficult to speak in positive
terms concerning the minute structure of the test. Plate I, fig. 6, represents a highly
magnified tangential section which, thongh insnfficient for the determination of the size
or form of the constituent sand-grains, demonstrates clearly enough the arenaceous
structure of the test both in its compact and labyrinthic portions.

There may frequently be observed on the exterior of the segments minute circular
scars, of which Plate I, fig. 7, is an example. They are formed of three, four, or more
slightly raiscd, granular, concentric rings, the outermost having a diameter of a thirtieth
of an inch (0-85 mm.) or less. It is not casy to offer a satisfactory explanation in respect
to them, but they are of too frequent occurrence and too uniform in character not to
have a meaning, and therefore cannot be passed over entirely withont notice—in some
cases they look like the result of the repair of an injury to the test.

In the Saccammina limestone, the matrix is usnally softer than the fossils embedded
in it, and frequently the infiltrated matter which occupies the interior of the segments is
harder than the fossilized test. Chemical analysis being resorted to for an explanation, it
was found that some specimens of the rock contained a very large percentage of
silica. If a number of segments of Sauccammina from the disintegrated rock be broken,
it will be found that the interior of each is occupied either by a smooth amorphous cast
completely filling the cavity, or, much less frequently, by a loose tuft of crystals. The
amorphous casts have been found to consist of colloid silica ; the crystalline tufts (Plate T,
fig. 5), of carhonate of lime. The mineral contents of a large number of chambers,
taken at random from a piece of the weathered Elfhills Limestone, yielded more than
90 per cent. by weight of silica, whilst the tests themselves were almost purely
calcareous.
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Interior labyrinthic, or having the chamber cavities subdivided by irregular, ramifying
septa. Texture arenaccons, rough externally.  Aperture irregular, compound, or dendritic.

It will be seen by the above brief summary of characters that the term (Zitnola) is
here employed very much in the restricted sense in which it is used by German
systematists ; that is, to the exclusion of the adherent Lituoline forms (Placopsilina
d’Orb.), the nniserial, non-convoluted varieties (Reophaz, Montfort), and those with non-
labyrinthic chamber cavities (Haplophragmium, Reuss),—all of which hitherto have usually
been included in the genus by English authors. On a previons page an outline of the
general scheme of classification of Foraminifera propounded by Professor Reuss was
given, and this may properly be snpplemented by his views on the arrangement of the
group * Liluolidea” as elaborated in his latest work, together with his preliminary
remarks thereupon. The summary of which the following is a translation will be found
in the second part of “ Das Elbthalgebirge in Sachsen,”” p. 119, a memoir published in
1874, that is the year following the lamented death of its author.

«1, LituoLipEA.”

“'Test free or attached, either entirely spiral or spiral in the earlier and rectilinear in
the later portions, or else having the chambers strung together in a single, almost
straight, or crooked line. The chambers often nearly regular, with simple undivided
cavity, or sometimes having the interior subdivided by very irregular, shelly ingrowths.
Apertuare simple or compound, externally cribriform, perforated.

“The English investigators of the Foraminifera place together almost all the Lituo-
line forms under the genus Zifuola, which thereby is endowed with a very wide range. 1
prefer, even on paleontological grounds, notwithstanding an undeniably close relation-
ship to arrange them in a larger number of groups. This result is brought about n the
following scheme :”

1. Test adherent : Polyphragma, Reuss.
Q. Test free:
A. Chamber cavities simple, not siibdivided : Zaplophraymivm, Reuss.

a. Entirely spiral, orifice crescentic, situated on the inner margin of the
terminal chamber adjoining the previous convolution. (Nonionine
forms.)

b. Test with spiral commencement, later chambers in straight series, crozier-
shaped ; aperture simple or compound, terminal. (Spiroline forms.)

¢. Test completely spiral.  Aperture rounded or elliptical, approximately
in the middle of the convex septal plane.  (Ordignyina, von Hagenow.)

B. Chamber cavities subdivided by irregular, ramifying septa, cellular.

a. Test spiral at the commencement afterwards straight, crozier-shaped ;

mouth dendritic, labyrinthic or compound.  Zifrola, Lamarck.
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SPIROLINA NAUTILOIDES, &' Orbigny, 1826. Ann. Sci. Nat., vol. vii, p. 287, No. 6.
LirvoLa NAUTILOLDEA, d'Orbigny, 1840. Mdém. Soc, Géol. Fr., vol. iv, No. 1, p. 29,
pl. ii, figs. 28—31.
—_ — Id., 1846. For. Foss. Vienne, p. 138, pl. xxi, figs. 20, 21.
— -_ Parker and Jones, 1860. Ann. and Mag. Nat. Hist., ser. 3,
vol. v, p. 287.
- —_— Reuss, 1860. Sitzungsb. k. Akad. Wiss. Wien., vol. xI, p. 220,.
pl. x, figs. 5—S8.
—_— — Carpenter, 1862. Introd., p. 144, pl. vi, fig. 44,

Characters.—Test free, clongate, compressed, crozicr-shaped, ronnded at the base,
truncate or convex at the apex, margin rounded. Early chambers convoluted, later ones
In straight series. Segments numerous, narrow. Aperture labyrinthic, or consisting of
numerous, irrcgular orifices. Length %5 inch (2'5 mm.).

What has already been said in the general description of the genus leaves little
bevond matters of detail to be noticed concerning this its eentral type.

The dimensions of Litnola nautiloidea above given refer only to the C’ubomferous
specimens—it is in the microzoic rocks of Cretaceous age that the species appears to
greatest advantage. According to d’Orbigny it attains the length of 7 millim. or more
than a quarter of an inch in the White Chalk of the Paris basin, and Professor Reuss
records even larger dimensions, viz. 987 mm., or nearly four tenths of an inch, in
specimens from the Chalk of Westphalia. Not only” does the species vary in size, but
also in many other external features, such as the condition of the surface as to rugosity,
the relative development of the spiral and straight portions of the test, and the convexity
of the segments. It is necessary to bear these facts in mind in judging of specimens—
few in number, and worn and obscure in their characters—as they appear in the Carbo-
niferous beds, yet such forms as that represented in the plate are but little removed
in morphological characters from some of those of Cretaccous origin figured by Professor
Reuss.

Distribution.—Very rare ; only known as a Carboniferous species by one or two speci-
mens found in the Bottom Limestone at Skelly Gate, near Ridsdale, Northumberland.

LitvonLa BENNIEANA, zov., Pl I, figs. S—11.

Characters.—'Test free, nautiloid, subglobular, somewhat depressed at the umbilicus ;
margin rounded. Segments few in number, about five visible externally, inflated.
Aperture compound, consisting of several orifices of various sizes, distributed irregularly
over the face of the terminal segment. Interior labyrinthic. Diameter % inch (25 mm.)
or more, thickness 1% inch (2°0 mm.).
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In the collection of Carboniferous fossils formed by the Geological Survey of Scotland
are a few examples of a large nautiloid Foraminifer of unmistakably Litunoline characters.
They are by no means uniform in general contour and bear evidence of having under-
gone a certain amount of change from external causes. The specimen figured (Pl I,
figs. 8, 9) is perhaps the best of the sct, and is probably in nearly its original condition
in form and structure. Others appear to have been subjected to lateral pressure, and
are of lenticular (biconvex) shape, whilst some few are merely casts, from which the
test has entirely disappeared.

The finer specimens are perhaps the largest nautiloid Foraminifera of Carboniferous
age hitherto met with, some of them being more than one tenth of an inch in diameter.
The exterior surface of the test seems to have been a good deal worn, and the component
sand-grains, which are remarkably uniform in size, are very clearly shown. The rongh-
ness and unevenness of its inner surface may be gathered from the appearance of some
of the casts. One of these, from a smaller individual of the same species is represented
in PL I, fig. 9. The minute structure of the test has in some instances been perfectly
preserved by the completeness of the calcareous infiltration, and the transparent scction
of such a specimen, under a high magnifying power (PL I, fig. 11), shows the peculiar
tubular or cancellated ingrowths, which, partially or entirely filling the cavities of the
chambers, form what is known as “labyrinthic ” structure. On the other hand, to the
same completc infiltration may perhaps be attributed the difficulty of determining the
nature of the general aperture. Depressions on the anterior face of the terminal segment
seem to indicate the existence originally of a number of irregular perforations of various
sizes ; and a compound aperture of this sort is consistent with the known tendencv of the
Lituolida.

The only Carboniferous species to which Zifuola Bennicana bears any great resem-
blance, or with which it is likely to be confused is Endothyra crassa. The latter,
however, though larger than many of its congeners, is smaller and smoother in texture
than the Lituoline form ; it has also a much larger number of chambers, is more com-
pactly built, has the simple aperture of its own genus, and has no labyrinthic struc-
ture: an array of characters sufficient to distinguish the two under any ordinary
circumstances.’

The first specimens of Zituola Bennieana which came under my notice were obtained
by Mr. James Bennie the assiduous collector to the Geological Survey of Scotland,
whose name may well be associated with so fine a species.

1 Since this has heen in the printer’s hands I have received a considerable supply of Lituola Bennieana
from Mr. R. Etheridge, jun., and it now appears that the species is comparatively common in the Mount
Lothian Quarry, where itis associated with Endothyra crassa. Further examination confirms the distinctive
characters above enumerated in all essential points, and scems to indicate that the labyrinthic structure
and cribriform aperture are the most generally reliable. But the labyrinthic or cancellated portion is often
only a thin layer lining the inner surface of the shell-wall, and to observe it satisfactorily it is necessary to
make horizontal sections very near the surface of the test.

9
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Distribution.—Bents’ Quarry, near Carlops, Peebleshire, and Mount Lothian Quarry,
near Penicuick, Edinburghshire ; in both places, in the shales connected with the No. 2
Limestone of the Lower Carb. Limestonc gronp. In the Calcaire de Namur at Flémalle
near Liége, Belgium, and in the Fusulina-limestone of Miatschkovo, near Moscow,
Russia. In most of the localities very rare.

Genus.—I1APLOPHRAGMIUM, Reuss.

SpiroriNa (in part), &’ Orbigny, Roemer, Reuss.

SpiroLINITES, Northampton, Blantell.

Litvora (in part), & Orbigny, Parker and Jones, Carpenter, Brady.
HarrorpHRAGMIUM, Reuss, Karrer, Stacke, Giimbel.

ProreoxiNa (?), Williamson.

PoryMorrumiINa (in part), Terquem.

General characters—Test free ; either entirely spiral and convoluted, or spiral only
in the earlier portion, the later segments being arranged in single rectilinear series.
Segments numerous, usually distinet ; cavities simple, undivided. Texture arenaceous,
more or less rongh externally. Aperture terminal, central ; simple or compound.

As has been already stated, the distinction between Haplopkragmium and Lituola,
in Professor Reuss’s arrangement, depends upon the labyrinthic structure of the interior
in the latter genus as contrasted with the undivided chamber-cavities of the former. .In
the light of recent researches upon the large arenaceous types of deep-sea Rhizopoda,
the significance of this peculiarity may be somewhat greater than has been hitherto
recognised amongst us, and in spite of some difficulty attending its adoption, it may
serve as a useful purpose in the subdivision of the class.

Only a single variety of Haplophragmium has been found in the. Palwozoic
formations, and this does not correspond satisfactorily in minor characters with any
description hitherto published.

HarLopHrAGMIUM RECTUM, Brady. Pl VIII, figs. 8, 9.

INVOLUTINA RECTA, Brady, 1869. Report Brit. Assoc., Exeter Meeting, pp. 379, 382.

Characters—Test elongate, crozier-shaped. Spiral portion depressed, relatively
very small, margin rounded, septa somewhat indistinct: linear portion long, gradually
increasing in diameter, sutures more or less excavated. Segments numerous, slightly
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1 or 3, but more complete examination shows that the resemblance is that of analogy,
rather than of relationship. The arenaceous exterior of Bigenerina (as of Teztularia
generally) is the result of sandy incrustation on a normally perforate shell-wall ; the shell
in that genus is regularly and neatly built, and the aperture takes the form of a single,
rounded, central, terminal orifice. These are more important peculiarities than the mere
order of the segments. On the other hand, the thick, finely arcnaceous tests of the
specimens under consideration, their irregular septation, labyrinthic chambers and com-
pound apertures, are characters that necessarily give them a place amongst the Zifuolida.
In many particulars they bear considerable resemblance to varieties of the genus Haplo-
phragmivm figured by Reuss,' but the absence of the regular, depressed, spiral arrange-
ment in the earlier chambers would, of itself, preclude their being associated with the
typical members of that gronp ; and observations especially on young and on monstrous
specimens seem to indicate that these obscure Carboniferous forms are allied to Valvulina
rather than to Zifuola proper or Haplophragmium. In some young examples the earlier
portion of the test, possibly at first the whole organism, is almost conical, and divergence
from the Valvulina-like mode of growth begins in an uneven or oblique setting on of
chambers. But the conical aspect of this part of the test is lost as the Textularian habit
1s subsequently developed. On the whole it seems clear that such forms could not with
propriety be assigned to any previously recognised genus.

CLIMACAMMINA ANTIQUA, Brady, Pl. 11, figs. 1—9.

TEXTULARIA ANTIQUA (Brady, MS.), Young and Armstrong, 1871. Trans. Geol. Sac.
Glasgow, vol. iii, Suppl., p. 13.

CLIMACAMMINA ANTIQUA, Brady, 1873. Mem. Geol. Survey Scotland, Expl. Sheet 23,
p- 94.

Characters.—Test elongate ; subcylindrical, compressed or spathulate, unsym-
metrical, sometimes curved at its commencement. Earlier chambers irregularly biserial
or subspiral ; later ones uniserial, often set on obliquely. Septation imperfect ; sutures
marked externally by depressed lines. Segments numerous, more or less ventricose
externally ; interior subdivided or labyrinthic. Shell-texture compact, firmly arenaceous.
Aperture formed of several irregular orifices on the face of the terminal segment.
Length 35 to 15 of an inch (10 to 2:56 mm.) or more.

A large number of specimens, presenting amongst them a wide range of variation in

1 See especially Haplophragmium irregulare and H. equale in the memoir on the Foraminifera of
the Chalk of Westphalia (‘Sitzungsh. k. Akad. Wissensch. Wien,’ 1860, vol. xl, p. 74, pl. x, fig. 9, and
pl. xi, figs. 2, 3).
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General characters—Test free or attached; very variable in form, consisting of
one or many chambers : thin in substance, texture arenaceous, the sandy constitnents
embedded in a calcareous, often more or less ferrnginous cement, and not projecting
above the surface of the shell, which is nearly smooth. Polythalamous varieties are
without proper septa, the division into chambers being effected by the constriction or
of the primary shell-wall.

As already stated the genus Zrockammina, in its structural relations, stands between
Lituola on the one hand, and ITavolutina, Valvulina, and Endothyra on the other. The
division of the series into these four quasi-generic groups is to be accepted as a convenient
means of arranging, in something like intelligible sequence, a large number of varietal
and snbvarietal forms which could not be dealt with otherwise—not as the expression of
a classification founded on morphological characters capable of definition in accurately
distinctive terms.

Comparing Zrockammina with Lifuola the thick test and labyrinthic interior of the
latter type are sufficiently distinctive, but the minute structure of the shelly investment is
also different in the two genera. The true Lifwole are ordinarily more or less rough
externally from the excess of relatively large sand-grains employed in the building-up of
the test, whilst the Zrockammine with smaller and less angular constitnent grains (P1. II,
fig. 14), and a much larger proportion of calcareous cement, have a comparatively smooth
exterior surface. Whilst, therefore, both have composite tests, Zifwola may be spoken of
as “sandy,” and Trockammina, in distinction, as ““ cemented,” in texture. Zrockammina
inhabits shallower water than Lifwola, and in estuaries and brackish pools its test
becomes thinner and less calcareons, the mineral constituents being replaced by a sort of
chitinous membrane.! The distinction between Zrochammina and the Liassic genus
Involutina of Terquem is still less easy to reduce to words. In general terms Zuvolutina
(accepting I. liassica as its representative) approaches much more nearly in structural
features to the lower Rotalians. Its test is often a good deal thickened by the deposit of
nearly homogeneous shell-substance and, occasionally at least, it shows, like Valvulina, a
perforate primary shell-wall.

It is amongst the small recent specimens living in comparatively shallow water that
the chief difficulties in separating the genera Zifuola, Trochammina, and Valvulina are
experienced ; indeed, as has been stated both by Messrs. Parker and Jones’ and myself,?
a series of individuals referable to these three types may be readily got together forming
a complete chain, showing no break or missing link to warrant specific, still less generic
separation. It is true that in a chain so arranged many of the links might be supplied

! Vide ‘ Ann. and Mag. Nat. Hist.,” ser. 4, vol. vi, p. 290, Trockammina inflata, var, macrescens, pl. xi,
fig. 5.
2 ¢ Ann. and Mag. Nat. Hist.,” ser. 4, vol. iv, p. 391.
8 1bid., ser. 4, vol. vi, p. 290.
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by poor, starved individuals, but such specimens cannot be ignored, as they exist in
considerable numbers in some localities side by side with those that are well developed,
and admit of no doubt as to their relationship.

The general history of the genus Zvockammina is given in the ‘Monograph of the
Foraminifera of the Crag,” p. 25, and its structural features are minutely described in
Dr. Carpenter’s “Introduction,” p. 141. Messrs. Jones, Parker, and Kirkby’s paper
on the “Permian Zrockammina pusilla and its Allies,”" contains a comprehensive summary
of what was known up to the date of its publication concerning the P’alaeozoic repre-
sentatives of the genus; and it is a matter of some interest, that of the four species to
which the memoir is chiefly devoted, three are now shown to have come down from
Carboniferous times. Still more striking is the fact that at lcast two of these, viz. 77
incerta and Tr. gordialis, are not only found in fossiliferous beds of many succeeding
formations, but may at the present day be collected, living, at moderate depths in our
European seas.

The brown colour of the test in Zrockammina, due to the ferruginons constituents of
the cement, is regarded by many as a character of almost generic significance; it is
therefore necessary to remark, that the specimens from some of the Mountain
Limestone beds are nearly pure white, and the same is often the ¢ase in those from
Permian sources.

Professor Reuss applies the generic term Ammodiscus to the Spirilline non-septate
varieties of Zrochammina, and in this course he has been followed by some of his fellow-
countrymen. I concur, however, with Messrs. Parker and Jones in regarding any generic
or even subgeneric division of the group on this ground as undesirable. The distinction
rests on an artificial basis, or rather on an idea, and any arrangement ;in which it is
adopted leaves the numerous intermediate and partially septate varieties, which appear
wherever Zrockammina abound, quite unprovided for.

TrocnaMyiNa INCERTA (d’Orbigny).” Pl 11, figs. 10—14.

OPERCULINA INCERTA, d' Orbigny, 1839. Foram. Cuba, p. 49, pl. vi, figs. 16, 17.
— CRETACEA, Reuss, 1846. Verstein. Bohm. Kreid., p. 35, pl. xiii, figs.
64, 65.
ORrBIS INFIMUS, Strickland, 1848. Quart. Journ. Geol. Soc., vol. ii, p. 30, fig. a.
SPIRILLINA, 8p., Jones, 1850. In King's Monog. Perm. Foss.,, pp. 18—20; and in
Morris’s Catal. Brit. Foss., 2nd edit., p. 42.

! ¢Ann. and Mag. Nat. Hist., ser. 4, vol. iv, p. 380, pl. 13.

2 In the lists of synonyms of the present species and also of Trockammina gordialis and Tr. pusilla |
liave made use of the materials collected by my friends Messrs. Jones, Parker and Kirkby for their paper
hefore alluded to on the ““ Permian Trochamminee ' as far as they go, and am glad to make this practical
acknowledgment of the value of their Jabours.
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SPIRILLINA CRETACEA, Jones, 1854. In Morris’s Catal., Brit. Foss., 2ud edit., p. 42.
_ INFIMA, Id. Ibid.
— sp., Id. Ibid. :
—_ ARENACEA, Williamson, 1858. Rec. Foram. Gt. Br, p. 93, pl. vii,
fig. 203.
TROCHAMMINA (SQUAMATA) INCERTA, Jones and Parker, 1860. Quart. Journ. Geol.
Soc., vol. xvi, p. 304.
AmMopiscus (species), Reuss, 1861. Sitzungsb. k. Akad. Wiss. Wien, vol. xliv, p. 365.
TROCHAMMINA INCERTA, Parker and Jones, 1862. In Carpenter’s Introd. Foram.,
pp. 141, 312, pl. xi, fig. 2.
CORNUSPIRA CRETACEA, Reues, 1862. Sitzungsb. k. Akad. Wiss, Wien, vol. xlvi, p.
34, pl. i, fig. 10.
— — var. IRREGULARIS, Id. Ibid., figs. 11, 12,
INVOLUTINA SILICEA, Terquem, 1862. Mém. Acad.imp. Metz, for 1860, 1861, p. 450,
A pl. vi, fig. 11. (Deuxitme Mém. Foram.
dn Lias.)
— ASPERA, Terquem, 1863. Ibid., for 1862—1863, p. 221, pl. x, fig. 21.
(Troisiéme Mém. Foram. du Lias.)
TROCHAMMINA INCERTA, Brady, 1864. . Trans. Linn. Soc. Lond., vol. xxiv, p. 72.
Corxuspira HoErNusi, Karrer, 1866. Sitzungsb. k. Akad. Wiss. Wien, vol. lii,
: p. 495, pl. i, fig. 10.
SErpuLA RoESSLERI, Schmid, 1867. Neues Jahrbuch fiir Min., Jahrg. 1867, p. 583,
pl. vi, figs. 46, 47.
CorNUSPIRA OOLITHICA, Schwager, 1867. In Waagen’s ¢ Ueber die Zone des Amm.
Sowerbyi,” vol. i, part iii, p 655, pl. xxxiv (xi),
fig. 4.
TROCUAMMINA INCERTA, Jones, Parker, and Kz‘rléy, 1869. Ann. and Mag. Nat. Hist.,
‘ ser. 4, vol. iv, p. 388, pl. xiii, fig. 1.
CORNUSPIRA GRANULOSA, C. INFRAOOLITHICA, &c., Terquem, 1870. Troisieme Mém.
Foram. du Syst. Oolithique, pp. 242—244,
pl. xxv, figs, 12—20.
OPERCULINA LIASINA, Brauns, 1871. Der Unterjura im nordwest. Deutschland,
p- 447, &c. (fide Bornemann).
TROCHAMMINA INCERTA, Miller and Vanden Broeck, 1873. Ann. Soc. Malac. Belg.,
vol. for 1873, Table.
— —_ Brady, 1873. Mem. Geol. Survey Scotland, Expl. Sheet 23,
p- 94.
— — Id, 1873. (In Young and Armstrong’s Catal.), Trans. Geol.
Soc. Glasgow, vol. iv, p. 272.
ANMMODISCUS INFINUS, Bornemann, jun., 1874. Zeitschr. d. dentsch. geol. Gesellsch.,
Jabrg. 1874, p. 725.

Characters. — Test plano-spiral, discoidal, thin; consisting of numerous, narrow,
more or less rounded convolutions of a mnon-septate tube of nearly uniform width.
Aperture usually formed by the open unconstricted end of the tube. Diameter 5%5th inch
(05 mm.)
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In the recent condition Trockammina incerta is very uniform in its general character
and appearance; and, as stated by Prof. Williamson (‘ Monogr.’ p. 93), it is widely
distributed but nowhere abundant. This however cannot be said of its occurrence in
the Carboniferous rocks. Wherever it exists as a Palwozoic fossil, it appears in large
numbers, and the specimens present a correspondingly wide range of variation in minor
characters. Many specimens are just such as might be dredged at the present day on
our own shores, consisting of five or six convolutions in one plane of a non-septate
tube, the convolutions nearly uniform in breadth, and the tube having an approximately
circular transverse section. The examination of a large number of individuals reveals
many little modifications of these simple typical characters. Sometimes the number of
convolutions is smaller and their width greater, forming a test of similar diamcter and
without increase of thickness (Pl. I, fig. 12), and in snch the tube presents a long oval,
instead of a circular transverse section. Other examples show a tendency in the
successive convolutions cach to embrace, to a linnted degree, that immediately within it,
and the section of the tube is then more or less crescentiform. In some of the larger
complanate shells (fig. 11) the spiral tube increases in width with each succeeding
circlet. Lastly, it is not at all uncommon to find the shell-wall thickened, especially
near the centre of the disc, the excavated sutural line filled up, and the test assuming
thereby a more or less lenticular or bi-convex figure. In these instances the calcareous
cement is largely in excess of arenaceous material, the surface of the test is ncarly
smooth, and even permits, hy a sort of transparency, the course of the spiral cavity in the
interior to be traced (Pl. I, fig. 13). These modifications, in addition to many
irregularities in external contour, arise from what may be regarded as accidental circum-
stances, and present no ground for specific or varietal subdivision.

It seems necessary to make passing allusion to some of the Mesozoic Trockammine
figured by M. Terquem under the generic terms Involutina and Cornuspira. M. Terquem
appears to stand alone amongst students of Foraminifera in his non-acceptance of shell-
texture as the basis of the primary division of the order. Thus, Cornuspira with its
imperforate porcellanous shell, Zrockammina with its imperforate arenaccous test, and
Spirillina with its brilliantly hyaline, porous walls, the isomorphic genera of the three
primary gronps of Reticularian Rhizopods, are regarded by him as one genus. M. Terquem
has been good enough to send me, for purposes of comparison, type specimens of several
of the species of Involutina described in his memoirs on Liassic and Oolitic Foraminifera,
together with notes upon them indicating some change in his views concerning that
genus; also specimens of the Cornuspire represented in pl. xxv of his third « Memoir on
the Foraminifera of the Oolite, viz. C. gramulosa, C. infraoilithica, C. punctulata,
C. concava, C. aspera, and C. occlusa, figures 12 to 20 respectively. After a very
careful examination of this series I may confess that I find nothing in their characters
that seems to me to justify varietal, much less specific separation one from another. In
his text, p. 242, the author objects to the generally reccived definition of the genus

10
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Cornuspira, based npon a “test, caleareous, porcellanous, and compact,” on the ground
that with a magnifying power of eighty diameters he is able to demonstrate in a large
number of specimens the existence of a multiplicity of pores. Supposing this to be the
case, the specimens would be assigned by rhizopodists generally to the genus Spirillina,
not to Cornuspira. The rigorous examination of the set of specimens M. Terquem has
been good enough to furnish, with powers varying from twenty diameters to six hundred
or more, has not enabled me to detect pores in the shell-wall in a single instance. Lest
I should have been unconsciously inflnenced by familiarity with similar organisms, the
“ imperforate” character of which has never been questioned, the specimens were sub-
mitted to a friend of great experience in the use of high magnifying powers, though in
investigations of another order, and his reply was decisive that no perforations existed,—
that any appearance as of pores was caused by mere superficial rngosity or by minute
tubercles, and that the illusion by which they appeared like pores was readily dispelled by
varying the method of illumination. It should, however, be remarked, that the Mesozoic
specimens are very minute, and the structural characters are much more obscure and
difficult of determination than in individuals of larger dimensions. I must add that it is
with great deference to the views of so assiduons a student of fossil Microzoa as M.
Terquem that I give expression to conclusions differing from his on a somewhat important
point.

Distribution.— Trochammina incerta is one of the most. abundant of Palaeozoic
Foraminifera. It is found throughout the Carboniferous Limestones of England, and in
the Lower and Upper Groups of Scotland. I have note also of its occurrence in the
Fusulina rocks of the Caucasus.

In the Permian beds specimens are common, and often attain very fine dimensions.
It is found in the Lower and Middle Magnesian Limestones of England, and in the
Zechstein proper of Germany.

TROCHAMMINA CENTRIFUGA, Brady. Pl 11, figs. 15—20.

INVOLUTINA INCERTA, Brady, 1869. Report Brit. Assoc., Exeter Meeting, p. 382.
TROCIAMMINA CENTRIFUGA, Brady, 1873. Mem. Geol. Survey Scotland, Expl. Sheet
23, p. 95.
— — " Id., 1873. (In Young and Armstrong’s Catal.) Trans.
Geol. Soc. Glasgow, vol. iv, p. 271.

Characters.—Test depressed, thin, plano-spiral; formed of a tube of uneven
diameter, convoluted in its earlier, rectilinear in its later stages of growth. Aperture ter-
minal, round, usually unconstricted. Length about $%5th inch (0-5 mm.); diameter of
spiral portion about t35th inch (0°25 mm.).
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It may be doubted whether Zrockammina centrifuga is more than a varietal modi-
fication of 77. fncerta, but it appears to be a well-marked form, and there is something
distinctive in its mode of occurrence. Wherever it is found 7. incerta is also present ;
but, on the other hand, out of fifty localities for the latter species, 7F. centrifuga has only
been noticed in ten or twelve. In the localities where it does occur it generally exists
in large numbers, not as a rarity. In applying to the form a distinguishing name
I have, as in many other cases, been guided by convenience rather than by those strict
zoological rules which seem inapplicable to the lowest types of animal life.

The test of Zrochammina centrifuga begins its growth on the same plan as 7.
incerta, that is as a flat spire ; but after a number of convolutions are formed, the course
of the tube changes abruptly from spiral to rectilinear, and a straight arm of greater or
less length is added to the previously discoidal test. The number of convolntions is very
variable ;—sometimes the primary portion consists of one or two turns of a wide, flat,
irregular, spiral tube, at others (as in the section Pl. II, fig. 20) four or five revolutions
may be observed, comparatively regular in ontline and gradually increasing in width.
In general contour the discoidal portion differs much in different specimens; sometimes
it is nearly circular, oftecn angular or altogether irregular; and the lateral surfaces are
cither bi-convex, depressed, or slightly concave with excavated umbilicus.

The rectilinear arm varies much in length. In what may be assumed to be adult
specimens it projects to an extent abonut equal to the diameter of the disc. The end of
the tube, which is usnally open and unconstricted except by occasional slight thickening
at the rim, forms the aperture.

The external inequalities of the tube led at first to the snpposition that there existed
some sort of spurious or imperfect septation, and with this idea Mr. Charles Moore’s
specimens were provisionally placed with the Inwvolutine,' but horizontal sections show
that the superficial irregularities are not connected with modifications of the shell-wall on
its interior, and that the test is really, as shown in Pl II, fig. 20, a non-septate tube. 1In
transferring the species to the genus Zrockammina it became necessary to alter its name,
the term “incerla” being already occupied in that group, hence the adoption of the
present name in the Catalogue of the Foraminifera of the Carboniferous beds of Lanark-
shire, compiled for the *“ Memoirs of the Geological Survey of Scotland.”

Distribution.—In the Lower Carboniferous Limestone beds (Scar) of England and of
Scotland, Zrockammina centrifuga is of very rare occurrence, having been noticed in only
one locality in each country. In the Upper portion of the series, both in England
(Yoredales) and in Scotland, it is much more frequently found, ten ont of the twelve
recorded localities pertaining to these higher groups of limestones.

1 ¢ Report of the British Associalion,” loc. cit.



76 CARBONITFEROUS AND PERMIAN FORAMINIFERA.

‘TrocHaMMINA ANCEPS, nov. Pl III, fig. 8, a, &.

Characters.—Test free, convoluted, discoidal, thin, consisting of a spuriously septate

tube coiled in one plane. Septa marked externally by oblique slightly depressed lines.
Diameter g'5th inch (-4 millim.).

A variety closely allied to Zrockammina incerta, or perhaps better regarded as a
transition form between the non-septate 7%. incerfa and the segmented, almost Rotalian
Tr. inflata. 'The septation depends, as in all the subdivided Zrockammine, on the
nfolding of the primary shell-wall, not on the successive formation of chambers, each with
its proper calcareous investment. It is a rare variety, and the specimens are nearly
always of small size. They are chiefly interesting from the intermediate position they
occupy.

Distribution.—Only noticed hitherto at a few localities in the higher Carboniferous
Limestone (Yoredale) beds of England, and in the Lower Carboniferous Limestone
Group of Scotland.

TrocHAMMINA ANNULARIS, nov. Pl III, figs. 9, 10.

Characters—Shell free, annular, spiral; formed of two or three convolutions of a
non-septate tube. Convolutions irregular, seldom on one plane, but frequently more or
less superimposed vertically ; never commencing at the centre of the test, but leaving a
space of about one third of the whole diameter quite open. Tube apparently
twisted, especially at points in the earlier portion of its course. Diameter t1pth inch
(0-17 milhim.).

A very minute variety, intermediate in its morphological characters to 7r. incerfa and
Tr. gordialis; very rare, and, except that it is sometimes fonnd with 7%, gordialis,
little associated with other members of the genns. The two figures, P1. III, figs. 9 and
10, drawn from different specimens, are fairly representative, the few examples which have
been found being very uniform in character. From their small size, and extremely fragile
nature, the specimens are probably often destroyed or washed away in preparing material
for examination, and even when retained they are liable to be overlooked.

Distribution.—In the Four-fathom Limestone, Elfhills, Northumberland, and in the
shale over No. 1, Limestone, Calderside, Lanarkshire. In both places rare.
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which have burdened this department of zoology—names which have had their origin
either in deficient observation, or in a disposition to ignore the terms employed by earlier
writers. The specimens figured by Messrs. Jones, Parker, and Kirkby, from Permian
sources, though generally of larger dimensions than those from Carboniferous beds, are
1ot so characteristic. The tube in the Permian specimens has a larger diameter, but it
is correspondingly shorter, and the number of convolutions not so great.

The Carboniferous examples are usually very minute, often not more than tgth of an
inch (0-2 mm.) in diameter, and the test is correspondingly thin and delicate; but full-
sized specimens, such as that represented in Pl III, fig. 3, are found sufficiently often to
sustain the connection of the series.

Distribution.—Nowhere very common. The only note I have of its occurrence in
the English Carboniferous rocks is in the Four-fathom Limestone at Elfhills, Northum-
berland. In Scotland it has been found in two or three localities in the Lower Carbonife-
rous Limestone Group, and in Belgium in the Calcaire de Namur.

As a Permian-fossil it is confined, so far as is yet ascertained, to the Middle Magnesian
Limestone of the North of England.

TrocHAMMINA PUSILLA (Geinifz). Pl 111, figs. 4, 5.

SERPULA PUSILLA, Geinitz, 1848. Verstein. Zechst. Roth., p. 6, pl. iii, figs. 3—6.
FORAMINITES SERPULOIDES, King, 1848, Cat. Perm. Foss. Northumb., p. 6.
SERPULA ? PUSILLA, Jones, 1850. In King’s Monogr. Perm. Fossils, p. 57, pl. vi,
figs. 7—9; pl. xviii, figs. 13, a—d.
SPIRILLINA — Jones, 1856. In King, On Irish Permian Fossils,—Journ. Geol.
Soc. Dublin, vol. vii, p. 73, pl. i, figs. 12, a, 6.
— —_ Geinilz, 1861. Dyas, p. 39, pl. x, figs. 15—21, and pl. xij, fig. 1.

Miiiova () — Howse and Kirkby, 1863. Synopsis Geol. Durham and North-
umberland, p. 13.
SERPULA — Bolsche, 1864, Neues Jahrbuch fiir Min., Jahrg. 1864, p. 607.

TROCHAMMINA PUSILLA, Jones, Parker, and Kirkby, 1869. Ann. and Mag. Nat. Hist,,
ser. 4, vol. iv, p. 390, pl. xiii, figs. 4—06, &c.

Characters.—Shell free, oblong, convoluted ; composed of a non-septate or spuriously
septate tube, coiled or doubled on itself more or less regularly, but not on a uniform’
plane. Aperture taking the form of the open end of the tube; circular or, where the tube
is embracing, crescentic. Length, about ysth inch (2:0 mm.).

This is an exceedingly abundant and well known Permian fossil, but its zoological
affinities, owing to the obscurity and variableness of its characters, have puzzled a suc-
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for the ‘passage forms between 7. gordialis and 7r. incerta in one direction and 7.
pusilla in the other.” The figures (Pl. III, figs. 11—15) are rcproduced, with the
assistance of specimens kindly lent by Mr. Kirkby, from the drawings accompanying
Messrs. Jones, Parker, and Kirkby’s paper.

Distribution.—Permian only :—occurs with the allied Trockammine in the Lower and
Middle Magnesian Limestones of the North of England.

TrocaamminNa RoBertsont, zov. Pl 111, figs. 6, 7.

Characters.—Test free, oblong, compressed; composed of a spuriously septate tube
reflexed or doubled on itself more or less regularly in a manner analogous to the Quin-
queloculine Ailiole.  Aperture relatively large, rounded or arcuate. Test, exceedingly
thin and delicate ; texture very finely arenaceous. Length t3gth inch (021 mm.).

For specimens of this exceedingly minute and delicate form I am indebted to my
friend Mr. David Robertson, F.G.S., of Glasgow, who discovered it in some of the
Carboniferous shales of the West of Scotland, and whose name therefore may very pro-
perly be associated with it. The specimens were at first assigned to 7. pusilla, in the
belief that their very small size, more regular structure, and delicate texture, were the result
merely of different external conditions of life; but I have hitherto found no intermediate
forms to justify this conclusion, and have therefore given to it a distinctive name. The
resemblance of the specimens to minute Quingueloculine is remarkable, not merely in
the general form and manner of growth, but in the constriction of the tubular body
near the ends of the test (especially noticeable in the outermost convolution) which
imparts an appearance almost precisely like the segmentation of a true Miliola. It 1s
scarcely necessary to dwell on the superficial nature of this resemblance. The non-
porcellanous texture of the test is sufficient to separate the organism from its white-
shelled isomorphs, whilst its cemented, finely arenaceous structure links it as clearly to
the genus Zrockamniina.

Distribution.—Trochammina Robertsoni has only hitherto been found in beds of the
Upper Carboniferous Limestone Group of Scotland. It may, however, have a wider
range than we know of, for, from its very minute size and inconspicuous appearance, it
may be easily overlooked in searching the dull-coloured material yielded by Carboniferous
rocks.
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umbilical angle on the inferior surface of the last chamber, more or less protected by a
valvular tongue.

The structure and affinities of the genus Valvulina have been very completely
worked out by my friends Messrs. Parker and Jones, and to their general results,
as stated by Dr. Carpenter (“‘ Introduction,” p. 146), I have little to add. But hitherto
no specimens proper to the genus have been recorded as such from any formation older
than the Chalk, and the discovery of a number of new forms pertaining to a much
earlier geological period brings with it considerable accession to our knowledge of the
modifications which the type assumes.

British rhizopodists have generelly accepted d’Orbigny’s model of Palvulina
triangularis (Modele No. 25) as the best central type of the genus. This is a trifacial
and triserial pyramid, somewhat rounded at the thick end and showing the characteristic
aperture. Variations from the typical form run in two opposite lines—either the axis
of the spire becomes shorter, giving rise to the trochoid and outspread varieties, in
which the salient characters are only recognised in a sub-arenaceous texture, valvular
aperture, or tendency to triserial arrangement of chambers, as in Valvulina Austriaca
(‘ For. Fos. Vien.,” p. 181, pl. 11, figs. 7, 8"); or on the other hand, the spiral portion,
retaining its original form, is supplemented by the growth of a line of chambers from
its broad end, forming a cylindrical, uniserial column, with a pointed, triangular, triserial
base, as in Valvulina (Clavulina) Parisiensis (Modele No. 66). The latter modifica-
tion finds its extreme expression in Valvulina clavulus (Modele No. 2), in which the
spiral end is entirely lost, and a rectilinear series of arenaceous segnients with valvular
mouth alone remains. :

Wide as is the range of characters embraced in the above description, considerable
latitude must still be allowed in its application to individuals or even to sets of
specimens. I have long been convinced, from observations on recent specimens,
especially from a series collected on the west coast of Scotland, that even the triserial
habit of growth is not a character to be relied on, and it has been no matter of surprise
to me to find that in the Carboniferous Limestone beds there exists a set of forms, more
closely allied to Valvulina than to any other recogniscd genus, in which the number of
chambers in each convolution is altogether variable, and of no significance as a generic
peculiarity. Indeed, in the species about to be described, fowr is on the whole a more
common serial number than #4rec—a fact that secems to have been noticed by Ehrenberg
and to have suggested the name Zetrataxis for the genus which he founded to embrace
some of the varieties.

As to the position of the genus Valvulina, little need be added to what appears in
Dr. Carpenter’s work (Joc. cit.). It is there referred to the sub-order “ Tmperforata >

! This is the Rotalina fusca of Williamson, ¢ Rec. For. Gt. Br.;” p. 55, figs. 114, 115,
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Characters.—Test free or adherent, spiral, trochoid ; composed of several convolutions,
each of which consists of from three to four thin, oblique segments, all more or less
visible on the exterior. Chambers simple, not sub-divided into chamberlets. Septation
externally obscure, sometimes marked by slightly depressed or excavated lines. On the
inferior surface the outline of the three or four chambers of the last convolution may
sometimes, though rarely, be traced, each chamber with a projecting lip directed over a
sort of umbilical vestibule. Diameter, & inch (086 mm.).

So far as the British Carboniferous beds are concerned, Valvulina paleotrochus is one
of the most striking and best differentiated species of Foraminifera. In shape and habit
it bears some external resemblance to the recent Palvulina conica, but its shell-texture is
less coarse and heterogeneous, owing to the constituent particles being entirely or almost
entirely calcareous, whilst in the living species the test is commonly built up of siliceous
sand and ferruginous cement. There is quite sufficient evidence that, like the analogous
