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FUSULINID.E
OF
NORTH CHINA

e / —— -

INTRODUCTION

Nearly four years have passed since the first microsection of fusulinoid For-
aminifera from the Carboniferous rocks of North China was prepared in the Palaonto-
logical Laboratory of the National University, Peking. The material then available,
though only of a trifling amount, gave out some indication that we were touching a field
which, when systematically explored, might throw fresh light upon the development
of the Upper Palxozoic rocks over the wide expanse of Eurasia and the life-history of
these highly specialized Foraminifera.

As an aspiring response to a subsequent inquiry into the possible access to more
material, Dr. W. H. Wong, the Director of the Geological Survey of China, happily
placed at the author’s disposal a few packets of “Fusulina Limestones” that had been
gathered at different times and from different localities by the staff of the Survey, and
had not received any particular attention in the laboratory.

Unfortunately the material was for the most part not labeled in such a way as is
necessarily required for our purpose. A more systematic collection was then started, and
has been carried on from time to time both by the field-staff of the Survey and the
author himself paying particular attention, in each case, to the stratigraphical position of
the material collected. Our field work naturally began from the north; for, in this part
of the country not only is there a successive development of 1‘usulina-bearing limestones
intercaiated in the Coal Measures but nowhere in the large and small coal-basins do we
encounter any complicated disturbance that might have thrown doubt on the stratigraphical
succession of the fossiliferous beds.

At the same time no effort was spared on the part of the author in preparing

microsections oi different species and individuals with a view to securing their proper
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orientation. Serial sections are also prepared of one and the same individual; and are
found helpful, in some cases, for three dimensional interpretation of certain features
revealed in the axial or median sections. They are however by no means essential for
specific determination, and consequently are considered unworthy of photographic record.
Up to this date more than 1500 pieces of oriented thin-sections have accumulated in

our laboratory.

It is true that the material now in the author’s possession only represents a very
small fraction of the great masses of limestones of the Carboniferous and Permian Periods
so extensively distributed all over China. But the specimens that have been so far
prepared and examined are derived from materials collected from widely separated
localities and various horizons so that it appears not unwarranted that herein something
of the general faunistic character is to be found. The cumulative results obtained in the
last three years ought then to mark the first step in the attempt of a more exhaustive
investigation.

There is another reason, perhaps in a way more cogent, for publishing, at this
stage, a summarized view of the materials from North China alone, namely the faunistic
unity. Although we may not be inclined to attach much weight to E. Schellwien’s
remark on the “provincial character’” of Fusulinas, yet informations from different parts
of China seem to do this able writer some justice. When a comparison is made between
the Fusulina-fauna of South China and that of the northern basins no unbiassed judge
can fail to admit the remarkable difference between the two faunas. Those that flourished
in North China are in numerous instances either identical with, or closely related to the
species found in the Russo-Arctic region; while those that lived in the south generally
show, with the exception of a few Alpine forms, a wide divergence from the northern
fauna, and are often characterized by forms found in Indo-China. The long range of the
Tsinling which runs across Central China nearly from the west to the east apparently
marks the boundary between the two faunistic provinces. Only occasionally do we find
in the northern province species that are characteristic of the Salt Range fauna. This
faunal distribution suggests then a natural basis on which the subject-matter of the
present work may be conveniently divided.

A third reason for publishing, at present, a partial result is jts important,
though still ill-understood bearing upon the problems of coal-mining in North China, which
have just begun, in one way or another, to claim the attention of the mining engineer and
far-sighted enterpriser. To the owner of a small productive area in which mining
activity is already well under its way this statement may sound absurd; but when we
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come to consider the development of the various coal-basins at large, and incidentally the
distribution of the workable seams, etc. an accurate knowledge of stratigraphy would
seem a factor of paramount importance.

It is partially from these considerations that I have published elsewhere a pre-
liminary stratigraphical summary*. Here in this volume only the succession of the
limestones and their contained Fusulinide are tabulated. Any assertion concerning the
vertical range of an organic form must be necessarily qualified by the extent to which
exploration is made. And it must be remembered that the specific identification of the
organisms in question, unlike the case with megascopic forms, involves a rather lengthy
process and consequently labour and time. The absence of a particular species in a
handful of material collected from a higher horizon does not necessarily mean its extinc-
tion. Moreover it is an unquestionable fact that Fusulinas are gregarious animals. A
single species may build up a whole stratum of limestone at one locality; while at another
another species may crowd in the same rock. Against these possibilities the stratigrapher
therefore has to be constantly on his guard. It is a matter of surprise that these funda-
mental considerations are sometimes apparently neglected by eminent writers.

Being bent on the effort in a general survey of the different species and their
distribution, I have stressfully avoided in this early part of the work, discussions that
should be properly attributed to the biological side of the problem. Such phenomena
like dimorphism, cell-fusion, convergent development etc. are only incidentally mentioned
or briefly discussed in so far as they affect specific determination. A special chapter is
provided in the later part of this work for a fuller discussion of problems concerning
morphology, physiology, physical and faunistic environment, evolution and eventually
natural classification of the whole family of Fusulinide.

Some two years ago, I endeavoured to formulate a graphic method for treating
more or less systematically the organisms to be dealt with in the present work. I am
particularly happy to note that a similar method is independently developed and applied
by Mlle. Colani whose recent contribution has indeed done much to further our know-
ledge regarding this particular group of Foraminifera. As my work proceeded, I find
however that the specific characters of most species are quite manifest before they are
subject to that systematic treatment. In ordinary cases, graphs showing the widths of
the successive volutions are sufficient to distinguish a species from its related forms.
Only when we come to consider the minute variations of the sufficiently well preserved

* Lee, J. S. Classification and Correlation of the Pal®ozoic Coal-bearing Formation in North China etc., Bull.
Geol. Soc. China, Vol. V, No. 2, pp. 113-134.



material, the whole series of graphs may bé called to the aid. For the economy of time
and labour, I have not therefore strictly followed this plan of working in preparing the
present volume.

In making a brief acknowledgement, I would first of all tender my thanks to
Dr. V. K. Ting and Dr. W. H. Wong, the Directors of the Geological Survey of China,
for granting me the facility in all possible ways to carry on the present research; and to
many competent members of the Survey who have brought home large quautities of
material from the field. Of special importance and interest are the specimens collected
by Mr. P. L. Yuan from the remote region of western Kansu. They are nearly all in a
splendid state of preservation., and serve to assure the close faunistic relation between the
Near and the Far East in the Upper Carboniferous time. Valuable assistance is also
rendered by Mr. Y. T. Chao who has been. during my research, not only an ever-ready
collaborator in the laboratory, but has made many important collections from North
China. It is largely due to his and Mr. C. C. Tien’'s painstaking work on the stratigra-
phy of the coal-bearing series on the eastern side of the Taihang Range that we are

enabled to obtain some notion as to the vertical distribution of many common species of
Fusulina,

An interesting assemblage of primitive forms of Fusulinide was collected from
a point 200 k. m. north of Kalgan by Péres Licent and Teilhard de Chardin whose epoch-
marking discovery of Palwolithic remains in the Ordos has justly aroused a wide interest
in the scientific world. Although this is not the place to discuss the relative significance of
these finds it is certainly a matter of no small concern to a student of Pal®ozoic Foramini-
fera and paleogeography to have gained access to material from so remote a country. -
To the astute observation of these explorers I take this opportunity to express my
indebtedness.

With equally high appreciation I received, through Mr. B. Toheida, several
packets of material from the Geological Institute attached to the South Manchurian
Railway Company. It is through this material that we are enabled to recognize for the
first time the Moscovian age of the Penchihu Formation.

More especially I must mention with gratitude the cordial cooporation in
connection with my research of our friends abroad. Prof. E. Stensio of the Riksmuseum,
Stockholm, and Prof. C. Wiman of the Upsala University have unreservedly sent tc
the Director of the Geological Survey of China large quantities of material obtained from
Spitzbergen in the form of hand-specimen as well as prepared sections among which are
the commemorable microslides once examined by Goés and Schellwien. The Materials
were at once turned over to me on their arrival at the Survey.
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Through the kindness of Dr. D. Barton, I have also had the good fortune of
being able to communicate with Mrs. E. R. Applin and Mrs. F. B. Plummer who have
encouraged the author to extend his field of investigation by actually allowing him to
share their personal collections, without which it would have been impossible to deter-
mine the affinity or divergence between the Chinese fauna and that on the other side of
the Pacific Water. I am particularly indebted to Mrs. Plummer for cordially supplying
me with first hand information regarding the succession of the Fusulina-bearing beds in
the Guadalupe Mountains.

While attending the bicentenary Jubilee of the Russian Academy of Science, I
had the honour of receiving, as a friendly gift, several packets of classical material from
the Comité Géologique in ILeningrad, and from Prof. A. P. Pavlow of the Moscow
University; and in a memorable excursion into the environs of Moscow I was given an
opportunity to locate, through the most hospitable and able guidance of Mlle. Marie
Bolkhovitinoff, Prof. N. N. Smirnoff, and Prof. D. Ilovaisky, a faunal zone which has
since been proved to be almost identical with our Penchihu Formation. In this connection,
I should mention, as a token of exceedingly pleasant companionship, Baron S. Nopca, the
Director of the Hungarian Geological Survey, and Dr. D. L. Stamp of the Rangoon

University who were also present in that excursion.

My thanks are due to Mr. Y. Akasegawa for the final drawing of the graphs;
and to Mr. K. H. Hsii for assisting in the microphotographic work.

Finally, it is my privilege to express my deep appreciation for the cordial help
of my experienced colleague, Dr. A. W, Grabau, in reading some of the proof sheets and
in making the bold attempt of introducing the needed new terms for specific description.
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I. GENERAL REMARKS.

— e

DISTRIBUTION OF FUSULINIDA IN NORTH CHINA.

Of the numerous Pal=zozoic coalfields in North China there are only a few, for
instance, those located in the area of north-western Chihli, wherefrom Fusulina Limestone
is absent. And only a few of the Fusulina Limestones are not crowded, in one locality or
another, with fusulinoid Foraminifera. At any given locality, the Fusulina Limestone,
when developed at all, is usually represented by more than one layer; sometimes as many
as seven or eight. These are always distributed stratigraphically in the lower part of
the coal-bearing formation which, in the north-eastern part of the country, always rests
disconformably upon the Ordovician Limestone and underlies a hard, massive quartz
sandstone—the Millstone—probably of Permian age; in the Shansi plateau it is likewise
underlain by the Ordovician Limestone and overlain by a group of barren sandstones and
shales equivalent to the Millstone; and in the extreme north-west, 7. €. along the northern
foot of the Nanshan Range, it overlies the Nanshan Sandstone or granite of pre-Cambrian
age and underlies a thick series of variegated sandstones belonging to the Permian Period.

The rocks interstratified with the Fusulina Limestones are usually shales,
sandstones, claystones and coals totalling to a thickness of 100 to 300 m. These purely
terrigenous sediments, as may be readily understood from their conditions of deposition,
are always variable in their lithological character and thickness even within a limited
area; whereas their intercalated Fusulina Limestones being essentially marine, generally
persist to a considerable lateral extent. Only the thinnest layers sometimes thin out
within a visible distance.

For the convenience of stratigraphical description it is therefore desirable to
apply local names to the more persistent limestones in the coal-bearing formation. They
are arranged in the accompanying chart in their natural order with a list of their imbedded
Fusulinide.

It is to be understood at the outset that the tabulated localities and horizons are
far from being exhaustive. All that we know at present concerning the distribution of
the Fusulina Limestones in North China may be brieflv stated as follows:
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There are several layers that occur in the coalfields of Penchihu, Yentai and
Wuhutsui, South Manchuria; one layer in the highland of Inner Mongolia, being exposed,
according to Pére Teilhard de Chardin, at a point about 200 k. m. north of Kalgan; and
one or two layers in the Kaiping Basin.

In the western and south-western part of the province of Shantung three isolated
areas are known, where Fusulina Limestones are developed. They are the Poshan-
Heishan area, the Changchiu coalfield and the Yihsien coalfield. In the first area
Fusulinide are rather rare, but brachiopoda abound. In the second and the third areas
Fusulinide are often crowded in the limestones intercalated in the coal-bearing series.
These marine beds probably extend discontinuously into the north-eastern part of the
province of Anhui.

More connected and more extensive is their development in the area of southern
Chihli, northern Honan, and in the numerous coalfields of Shansi. They are present
practically in all the coalfields on the eastern and south-eastern sides of the Taihang
Range. Several layers of them are found in the Chinhsin, Lincheng, Shaho, Tzechou
and Liuhokou coalfields extending probably further to the south. As the Taihang
Range sweeps round towards the west, the flanking coal-bearing series with one or two
Fusulina Limestones are preserved in the basins of Chincheng, Hsinan, Mihhsien,
Konghsien and Shenhsien. These coalfields arrange themselves approximately in the
same trend as the range which is in fact the border of the table-land of Shansi.

In the province of Shansi the distribution of Fusulina Limestones is believed to
be more or less co-extensive with the coal seams. As this province is practically a vast
coalfield, so it is a vast area for the development of Fusulina Limestones. Their succession
has been however only worked out in the Pinting Basin, the Paotehchou District and in
several other productive areas on both sides of the Taiyuan Plain.

No Fusulina Limestone has yet been found in the province of Shensi. But it is
believed to occur in the Carboniferous formation developed in the southern part of the
province; for, further north-west, there are several isolated coalfields distributed along
the foothills of the Nanshan Range, north-western Kansu. In these coalfields several beds
of Fusulina Limestones usually occur. There, we find a channel of communication

linking Eastern Asia on to Central Asia, Asia Minor and South-eastern Europe in the
Carboniferous times.

As shown in the tabulated list, the Fusulinide so far found in these limestones
belong to the lower members of the family. Apart from a few scattered occurrences of
Schwagerina, the higher members or the deep water facies of the family, such as
Verbeekina, Neoschwagerina, Doliolina, Yabeina and Sumatrina are altogether absent.
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Among the 47 species described in this volume 17 are new; 7 were found in
the Carnic Alps; 2 found in the upper part of the Lower Productus Limestone of the Salt
Range; 2 found in the Darwas district, Central Asia; 6 have been hitherto found only in
Eastern Asia; 1, namely Schwagerina princeps, is a true cosmopolitan form; and the rest
are either identical with or closely related to those occurring in the Russo-Arctic region.
Some of these northern species are extraordinarily abundant in individual, though specific-
ally they do not represent the majority. The fauna as a whole points unavoidably to the
conclusion that a more or less free faunal communication was maintained between China
and Russia during the later part of the Carboniferous period. Strange is the fact that
there are few elements in common with the Fusulinide-fauna of South-western China and
Indo-China except those that flourished in the Moscovian time, such as Fusulinella
spheeroidea, Neofusulinella schwagerinoides etc. And among the common elements there
are those which are also found in Russia. Thersfore they can be of no provincial
significance. The inference would thus seem highly suggestive that in the Upper
Carboniferous time a barrier either in the form of land or of deep water®* must have
existed somewhere across Central China, rendering the two fauna remarkably distinct.
The absence of Upper Carboniferous formation from the Gorge district of the Yangtze
tends to show that the barrier was rather a land than deep water.

In the early days of my research I found certain forms that seemed to bear
some resemblance to the North American forms. But after an extended survey of the
materials, I failed to obtain any corroborating evidence. On the contrary, the excellent
specimens collected by Mrs. F. B. Plummer and Mrs. E. R. Applin from Texas and the
Guadalupe Mountains have convinced me that the relation between our fauna and that
of North America, at least the South-western part of North America, is distantly remote.
We may say that throughout the Upper Carboniferous time the Pacific water and the
Greater Mediterranean were obviously kept apart as far as the evidence furnished by these
Foraminifera is concerned.

Such are the essential facts regarding the broader relations of our fauna. We
may now consider the vertical distribution of its more salient elements as observed in the
several typical sections in North China with a view to establishing a paleontological
classification of their containing rocks.

For reasons stated elsewhere (See p. v), I have refrained, at present, from
attempting a detailed zoning by means of the fossils under consideration, though such a
procedure is, in some cases, demonstrably possible. When however we view the several
assemblages of Fusulinida procured from different localities and different horizons from a

* There is abundant evidence to show that the Fusulina-fauna is largely of shallow water habit,
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broader perspective, they fall at once into two groups or faunze between which a sharp
demarcation cannot fail to impress itself upon our notice., These two faunz, unlike the
brachiopoda, arrange themselves in a well defined stratigraphical succession or chronolo-
gical order. As far as North China is concerned, wherever the two faunz occur in the
same section there is no overlap or transition, as if there had been a break of life
sequence at the horizon where the one replaces the other. The lower or the older fauna
is characterized by Fusulinella spheeroidea, Neofusulinella bocki, Girtyina konnor, Girtyina
cylindrica, Bradyina nautiliformis etc. being obviously of Moscovian age; and the upper
or the younger fauna comprises a large number of well developed species of Schellwienia
and Schwagerina, The evidence is so overwhelming that in the foraminiferal fauna itself

there seems hardly any ground to deny its Uralian age.

This "paleontological fact together with the scarcity or absence of coal-seams
from the lower part of the so-called Taiyuan Series of North China necessitates the
establishment of a new division in the coal-bearing formation, and at the same time the
restriction of the old term, Taiyuan. In general, the coal-bearing formation should then

be classified into three series as follows:—

Upper, or Shansi Series Almost entirely terrigenous deposits, sometimes contains a
thick coal-seam; age: Permo-Carboniferous or Lower Permian.

Middle, or Taiyuan Series Terrigenous deposits interstratified with marine limestones
crowded with large and small individuals of Schellwienia and
numerous thin coal-seams, sometimes with a thick coal near
the base; age: Upper Carboniferous.

Lower, or Penchi Series ~ Terrigenous deposits seldom contains thin layers of coal,
always with a few layers of limestones containing minute
Fusulinella and Girtyina often almost invisible to the naked
eye; age: Middle Carboniferous,



TERMINOLOGY OF THE COMMON STRUCTURAL ELEMENTS IN
BOULTONIA, FUSULINELLA AND FUSULINA

The structure of the family Fusulinide, and more especially of its lower
members, has been most exhaustively discussed by Moller, Schwager, Schellwien,
Douvillé, Yabe, Staff and others. Of the writings of these authors concerning the
anatomy of this particular group of Foraminifera von Staff’s contributions are perhaps
the most important. There is hardly any feature in these fossils observed under the
microscope that can now evade the correct interpretation. Nevertheless paleontologists
are still in the habit of using awkward phrases or indefinite and sometimes positively
misleading terms in the description of several definitely understood structural elements as

well as certain salient morphological characters.

To facilitate a systematic description and to remove the possible misconceptions
on the part of the elementary students, it is deemed desirable to revise or redefine those
old terms which merit that treatment or to introduce new ones in case of absolute
necessity.

With this object in view the author made a general attempt sometime ago.*
As the present volume only deals with the lower members of the family, some of the
features which only appear in the higher forms may, for the present, be left out of

consideration. We will then confine ourselves to the discussion of the following terms:—
(Compare Pl. I).

CHAMBERS.

All species of Fusulinida are internally divided by walls and partitions
into numerous chambers. Each chamber marks a definite step of the animal’s
growth. The chambers may be distinguished as of two kinds. The central or
initial or embryonal chamber is generally of a spherical or spheroidal form with
an enclosing wall, termed the wall of the initial chamber, and an aperture for

external communication. To the initial chamber are attached successively a

* Lee, J. S., Bull. Geol. Soc. China, Vol. I1I, No, 1, p, 14, 1924,
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series of chambers being arranged, as a whole, in a spiral form. These chambers
may be called the spiral chambers.

All walls of the spiral chambers are collectively termed the theca
which consists of three structural elements, ¢. €. tectum, osseum and tectorium,
when fully developed; but sometimes only two, ¢. €. tectum and osseum, while

rarely only one of them, ¢. e. tectum, is present. According to its position the
theca may be divided in two parts named below.

SPIROTHECA.

. The spiral or the superior part of the theca for each spiral chamber is
called the spirotheca, formerly known as the “Wall”, “‘revolving wall”’, “Kam-
merwandung’’, ““Aussenwand’’ etc.

ANTETHECA.

TECTUM.

OSSEUM.

The anterior or the radial part of the theca for each chamber is named
the antetheca, equivalent to the old term “septa” or ‘““cloison”. As this part is
the radial continuation of the same theca, and as the term, septa, can be used
more appropriately when we come to deal with the higher forms of Fusulinide,

1t appears justifiable to introduce a new name for the radial wall, and reserve
the term septa for the other purpose.

Unlike the spirotheca which is always non-porous throughout the
family, the antetheca is usually punctured in its lower part both in Schwagerina

and Schellwienia; but sometimes the pores are not observed in the latter subgenus.

No matter how the theca is constructed, there is in it always an exceed-
ingly thin and almost opaque layer of testaceous substance that forms invariably
the exterior cover of the osseum (see below) in the spirotheca. As the spirotheca
curves round, this dark lamella is either left alone or supported by some supple-
mentary structure to form the antetheca. It has been styled a ‘“‘lame spirale” or
“Dachblatt”. Since it does not always occupy the spiral position the first name

is obviously unsuitable. I would then call it the tectum after the German term,
Dachblatt.

This 1s the principal part or the thickest layer that enters into the
composition of the spirotheca. It is always composed of a distinctly more
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transparent substance than that of the tectum or of the tectorium. Careful exam-
ination shows that this lighter layer is by no means homogeneous, but always
consists of a honey-combed structure (Wabenwerk, réseau alveolaire) with the
individual and sometimes bifurcating tubes and pillars arranged more or less per-
pendicularly to the surface of the theca. The pillars (poutrelles) and tubes are, in
the case of Schellwienia and Schwagerina, usually coarse and very distinct; but in
the case of Staffella, Neofusulinella, Girtyina etc. they are usually exceedingly
fine and indistinct, and often entirely unobservable—a fact which has led many
previous observers erroneously to conclude that these forms possess a solid wall
I have also formerly accepted this view, and proposed the term, macula, for this
lighter layer when it is distinctly honey-combed. As a sharp demarcation in
the distinctness of this feature does not exist I would withdraw my formerly

suggested term macula, and replace it by osseum.

TECTORIUM.

The interior of the spiral chamber of all Staffella, Neofusulinella,
Girtyina and even in the inner volutions of certain Schellwienia is sometimes
thinly and sometimes morely thickly lined with a dark layer comparable with
the plaster-layer of human dwellings. It is usually much thicker on the superior
or spiral part of the wall; less so on the posterior and anterior parts of it; and
thinnest on, or even sometimes absent from the floor which is the external surface
of the spirotheca in the preceding whorl. The substance is generally uniform and
rather opaque, but occasionally it appears to show traces of alveolar structure
in the superior part similar to the osseum. It is on account of this peculiarity
together with the fact that this feature is constantly present in the primitive
forms of Fusulinide I find it difficult®to accept Staff’s view that this element
is but a layer of deposit formed during the process of fossilization. Instead of
the phrase “Deposition layer’’ * which seems to suggest a secondary formation, I
would now, for the sake of simplicity and definiteness, call it tectorium.

As an illustration of this feature T
we may use Moller’s classical figure. (Fig. X <V
1). According to our interpretation and
terminology. the layer @ corresponds to
tectum, ¢ osseum, b and d tectorium, the last-

named two layers are but different partsof the Fig. 1. Partial

median section of

* Ozawa, Y., On the classification of Fusulinide, Journ. Coll.

Fusulinella bocks

Scien. Tokyo, Vol. XLV, Art. 4, P. 5. ﬁ;?:rrfted from
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same structural element. Moller applied the term ‘“‘Supplementirskelet” only
to the outer layer (@) because he failed to recognize the fact that they were
formed through one genetic process, and only differ from each other in that the
one (b) was added on to the superior and lateral walls of the chamber while
the other (¢) was deposited as a pavement, as it were, on the floor of the same
chamber. The fact that in the outermost whorl no tectorium is deposited on

the external side of the spirotheca serves as clear evidence for this interpretation.

APERTURE.

With the exception of a few species of Schellwienta the lower part of
the antethece in Fusulinelle and Fusulina is generally left open in the median
region. This opening or buccal aperture is either of a crescentic form or in the
shape of a slit, and serves obviously as the main passage from chamber to
chamber. In those ill-understood forms which appear to possess no special
buccal aperture, the numerous anterior openings produced through the folding
and up-turning of the lower edge of the antetheca probably performed the same
function as did the buccal aperture.

Throughout the lower members of Fusulinide including certain species
of Schellwienia and Schwagerina a pair of low ridges exists in their median part.
They follow the course of the spirotheca with an ever-widening tendency, and
form, so to speak, two dams, one on each side of the main passage of the sarcode.
In the axial section they appear as two dark patches or spots of semilunar or
hemi-elliptic, or rectangular shape one on each side of the buccal aperture. They
were noticed for the first time by Mdéller, but their significance had not been ap-
preciated until a more detailed investigation was made by Staff who names them
‘““Medialreifen”’. As there is no equivalent universal term I propose to call them
anuli. Staff seams to believe that they are all of the same type of structure and
the same origin, and interprets them as moraine-like deposit on both sides of the
exuding sarcode. After a close investigation of the Spitzbergen, American and
our Chinese material I begin to be impressed by the fact that there are two
different types of siructure that constitute the so-called ‘“Medialreifen’’.

In the one case, the ridges or rings are positively solid. But in the
solid masses there are numerous fine, dark lines radiating out from their bases
when viewed in the axial section. On reaching the curved surface of the
ridge, the lines are bent to such an extent as to arrange themselves almost
perpendicularly to that portion of the surface at which they are to terminate.
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Unfortunately I have not obtained any adequate oblique section so as to deter-
mine whether these lines represent a sectional view of a laminated arrangement
or an alveolar structure. Nevertheless the latter is judged to be more probably
the case because the radiating lines present exactly the same appearance as those
in the adjacent osseum, and with them they are apparently connected. Such
type of ridges are regarded as true anuli.

In the other case, the rings are evidently produced through the
thickening of the antetheca toward the edge of the buccal aperture and con-
sequent fusion of their lower parts. In the serial sections one often sees that
the border of the buccal aperture is thickened and strongly recurved. The
recurved part is more or less completely filled with lime which reveals no such
fine structure as in the true anuli. When such a feature is axially sectioned two
black patches would appear on opposite sides of the buccal aperture. But if the
infolded space is not entirely filled with lime, then there appear thickened loops
in the axial section. This would account for the fact that in one and the same
species of Schellwienia, and even in the different volutions of the same individual
the buccal rings or anuli are some somestimes apparently present and sometimes
absent. Such a feature which is evidently developed only through calcareous
accretion in the infolded space on the apertural border of the antethece may be
called pseudo-anuli.

AxiaL RAaTio.

~ One of the important morphological characters of all Fusulinide is the
ratio between the axial length of each whorl, namely the length from one
umbilical end to the other and the width or breadth of the same whorl in the
median position which gives ipso facto the maximum width of that whorl.
This ratio 1s termed the axial ratio of that whorl in the absence of a better
denotation. The axial ratio of the fully grown test may be called for the sake
of simplicity merely the axial ratio.
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II. DESCRIPTION OF SPECIES.

Genus BOULTONIA Lee (gen. nov.)

Test exceedingly minute, primitive in structure, developed through two distinct--
ly different stages: The early stage is generally endothyroid with an axial ratio of less
than 1:1 and with its axis of convolution making a large angle with that of the later
whorls which are always elongately fusiform.

In the later stage of development, the antethece are regularly and very gently
plicated in the median portion but rather notably infolded towards the umbilical ends..
Spirotheca rather thin composed of tectum and osseum which latter only rarely reveals
indistinct traces of an alveolar structure but more often appears to be homogeneous and
solid. Anuli well developed; buccal aperture well defined.

The most remarkable feature of this genus is perhaps the skew arrangement of
the axes of its inner and outer convolutions. A similar phenomenon is observed in certain.
forms of Fusulinella and Verbeekina indicating, in all probability, their derivation from.
a common ancestor, namely Endothyra. But the wide divergence in their later develop-
ment is no less pronounced between the present genus and Fusulinella than between
Fusulinella and Verbeekina,

The name of this genus and of the two species described below are chosen in

honour of Prof. W. S. Boulton, Dr. L. J. Wills and Mr. F. Raw respectively, of the:
University of Birmingham. Genotype: Boultonia willsi.

Boultonia willsi Lee (sp. nov.)

Pl 11, Figs. 1-4

As noted in its generic diagnosis, test of this species is clearly divided into two-
stages: In the first stage which consists of no more than two whorls, the chambers are
discoidally wound with a slightly overlapping tendency on the lateral sides as the whorl
proceeds. Thus it suggests the type of structure of certain Endothyra. With the com-
mencement of the second stage of growth, a remarkable change takes place in the shape of
the test. Instead of being endothyroid, it now becomes distinctly fusiform. The striking
phenomenon is that the axis of the whorls or the direction of elongation in the second
stage of growth is turned for about 9o° against the axis of the whorls in the first stage.

The first stage consists of about 15 to 16 chambers in the fully developed
individuals. In some cases there appears to be no more than 1o0. Because of their minute
size and ill-definition it is often not possible to count the number at all.
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In the second, or the fusulinoid stage four whorls are observable in the adult
individuals. The first whorl of this second stage is about 0.11 mm long, 0.09 mm wide;
the second whorl 0.278 mm long 0.133 mm wide; the third whorl 0.56 mm long, 0.183
mm wide; and the fourth whorl 1 mm long, 0.244 mm wide.

Spirotheca very thin consisting distinctly of two layers: The outer layer is
much thinner and almost opaque corresponding obviously to the tectum of Fusulina; the
inner layer is comparatively thicker and more transparent, though no trace of the alveolar
structure is observed.

Antethece are regularly and rather gently fluted in the second stage of
development. Only in the umbilical parts twisting and bifurcating lines appear in the
longitudinal section.

Anuli and buccal aperture are both manifest in the second stage, and are situated
in the median region of the whorls; they appear to be present in the inner chambers as
well, but run in a direction perpendicular to that of the second stage.

Initial chamber exceedingly minute and spherical with a diameter of no more
than 0.03 mm.

Hor1zoN AND LocaLiTy: This species is of frequent occurrence in the material
collected by Mr. Y. T. Chao from one of the higher layers of “‘Fusulina Limestones’ of
the Wuhutsui coalfield, South Manchuria. Uncertain traces of it are also found in the
second seam of ‘“‘Fusulina Limestone” (counting from below) exposed at Yuehmenkou,
West of Taiyuan, Central Shansi. Although the stratigraphical position of its containing
rock is not yet certain in the Wuhutsui coalfield, there is no reason to believe that it is
lower than the Uralian.

Boultonia rawi Lee (sp. nov.)
Pl 11, Fig. 5

Test fusiform, very small, sharply pointed toward the ends. One of our typical
specimens measures 2.66 mm long and 0.63 mm broad.

Whorls closely coiled; number of volutions g in all; first two volutions Endothyra-
like; from the third volution onward regularly fusiform; axis of convolution for the first
two whorls makes an angle of 67° with that of the rest of the whorls.

Spirotheca very thim, composed of a layer of tectum and a layer of osseum; the
latter is sometimes finely alveolar in structure, but can only be observed with difficulty.

That the antetheca are gently undulated throughout the length of the test is
inferred from the presence of darkish shades in the axial section. More or less notable
folding only begins to develop towards the umbilical ends.
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Diameter of initial chamber about 0.04 mm.

Fairly conspicuous is a pair of anuli between which lies a relatively low and
narrow buccal aperture.

Although the present species suggests some resemblance to Fusulina exigua of
Towa as figured and described by Staff, important differences are observed in its size and
internal structure. Our species is only 0.66 mm long and 0.63 mm broad, but the
American species has a size of 3.4 mm: T mm. The former possesses not only numerous
whorls, but the earlier whorls are distinctly endothyroid; whereas no such structure is
observed in the American form. It is however not improbable that the two are
genetically related.

HoR1ZON AND LocaLiTy: DBoultonia rawi has been found in the coalfields of
Penchihu and Yentai, South Manchuria. Because of its constant association with Girtyina

konnoi and other typical species of the Penchi Series it is believed to represent the
Moscovian epoch.

Genus FUSULINELLA Moller

The genus Fusulinelle was first described by Moéller in 1877 with Fusulinella
bocki as its genotype. In the following year the same author made a more extensive
survey of its allied species, and incorporated in that genus several forms of distinctly
different type. Since that time a fairly large number of species of Fusulinelle have been
found at numerous localities and in different formations of Carboniferous age outside of
Russia. The prevalent type of these species does not exactly agree with that first
described by Moller which is decidedly fusiform, but rather conforms with those
spheroidal and lenticular types which were added to that genus in his later diagnosis.

Since Méller’s time the conception seems to have become prevalent among the
workers of fusulinoid Foraminifera that one of the principal features of Fusulinella is the
coincidence of its shortest morphological axis with its axis of convolution. H. Staff has
even gone so far as to state definitely “Die Aufrollungsachse ist der kiirtzeste Durchmes-
S SR " In this revised diagnosis of Fusulinella, Staff has obviously excluded the
fusiform type from that genus, and seems to have paid no attention to Fusulinella bocks
which is the genotype of Mdller’s Fusulinella. .

Under the same misconception as regards the external shape of Fusulinella,
Deprat found it necessary to propose a new generic name, Neofusulinella, for a part of his
material which is closely related to the spheroidal and lenticular types of Fusulinella
Méller, but differs therefrom in being fusiform. It is thus evident that Deprat’s
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Neofusulinella is precisely synonymous with Méller’s Fusulinella in his original sense,
and equivalent to a part of Méller’'s Fusulinella in his later generic diagnosis.

If Moller’s generic diagnosis be adhered to by reason of priority, Deprat’s genus
Neofusulinella would seem to have no right to claim its existence. Recent advancement
of our knowledge has however demonstrated that it is at once natural and practical to
separate the two types of Moller's Fusulinella, Although structurally they are much
alike, morphologically they are sharply distinct from each other. There is little doubt
that the fusiform type marks one dicisive step of advancement in the phylogenic history
of the whole family of Fusulinide. The line of demarcation is so definite that not a
single transitional form has yet been found.

To uphold Méller’s priority, and to comply with the facts brought out by
recent researches it would be well to retain Méller’s original diagnosis of the genus, and
subdivide it into two or even more subgenera. Each of the distinct types would then be
able to occupy a sufficiently independent position as is warranted by its distinctive features.

For the fusiform type of Fusulinelle we may adopt Deprat’s nomenclature
Neofusulinelle which has already won some standing in pal=zontological literature in
consequeunce of the work done by I. Hayasaka, Y. Ozawa and M. Colani.

For the other, Ozawa's term Staffelle seems to be an apt one. It is however
still an open question whether we are justified in placing both the spheroidal and
lenticular types in one subgenus especially in view of the fact that we have already
assigned an independent subgeneric position to the fusiform ones. Should the necessity
arise in future that these two types are again to be divided into two distinct subgenera,
the name Staffella would be best devoted to the spheroidal type because Ozawa happens
to have chosen Staffella spheerica Moller as its ‘‘genotype’’; and the name Ozawaina would
seem to be appropriate for the lenticular form.

It is further possible that such primitive, and as yet ill-understood forms like
“Schubertella’” may well fall within Moller’s generic definition of Fusulinella, and at the
same time, possess sufficiently distinctive features as to merit a subgeneric rank.

Subgenus STAFFELLA Ozawa

Staffella sphaeroidea (Ehrenb.) Moller
PLIFig. 1; Pl II Figs. 8-11

1878. Fusulinella spheroidea Moller; Mém. Acad. Science, St, Petersbourg, VII S¢r. Tome
XXV, No. 9, pp. 107-111; Pl, XV, Figs. 1a, 1b.

1913. Fusulinella quadrata Deprat; Mém. Serv. Geol. de I'Indochine. Vol II, Fasc. 1, PP- 3G=40,
Pl. VI1I, Figs. 1-5.
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' This remarkable form of Staffella is characterized by its drum-like shape. The
axial length of the complete test is either equal to or slightly smaller than the breadth.
The axial section is therefore approximately a square. Axial length varies from 0.9 mm
to 1.22 mm, and the breadth or diameter varies from 1.05 mm to 1.22 mm.

Number of volution usually 7 in adult specimens. Those which possess 5 or 6
whorls are probably young individuals as is shown by their proportionally smaller size.

Height of the spiral chambers increases comparatively slowly in the first two or
three volutions; but the increase becomes more rapid in the outer whorls. This is shown
by measurements made on specimens from Tangshan, Penchihu and other localities as
tabulated below.

Width of successive volutions (in mm)
Specimen

I II II1 v \Y% VI VII
144 255 4 .565 755 .986 1.216 (310)
.26 .38 .54 76 1.07 1.40 — (z0)

—_ 22 .35 .51 .70 .92 I.21 (2153)
.216 .384 .636 .950 1.248 1.62 — Moller’s
.16 .28 45 .62 ‘ .88 1.20 1.56 Deprat’s

Spirotheca rather thick as a whole composed of a thin, dark layer of tectum, a
thicker and lighter layer of osseum which reveals faint traces of honey-combed structure
in the outer whorls. These two layers are covered both internally and externally by the
tectorium; the inner tectorium being usually thicker than the outer one.

Antetheca perfectly plane; even in the very umbilical ends no plication is
observable. They are, as a rule, slightly inclined backward. Number of antethecz in
each volution is only counted in a single specimen from Yuehmenkou, (2153) which gives
the following series of figures:—

I, o; II, 13; III, 16; IV, 19; V, 21; VI, 25; VII, 25 +

Very prominent is a pair of crescentic anuli with their thickest part set against
the corner of the spirotheca in the inner five volutions, but become less prominent and
only limited in the median part in the sixth whorl.

Between the anuli lies a clearly defined buccal aperture which in the inner five
volutions extends laterally for about 1/5 of the length of the whorl and a little less than
half of the height of the chamber; but becomes distinctly lower in the sixth volution
although laterally it still maintains the same proportional length.
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Width-graphs of Staffella spheroidea. (20) macrospheric type; (310), (2153) microspheric type; (@) Moller’s specimen:
(8) Deprat’s specimen. .

[To face page 14]
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Initial chamber perfectly spherical having a diameter usually varying from 0.055
to 0.074 mm, sometimes as large as.0.16 mm. Wall of the initial chamber is always
composed of a dark layer of testaceous substance being darker than any part of the
spirotheca. So constant is this character with all our specimens that it is difficult to
attribute such a phenomenon to the state of preservation.

REMARKS: Although the external form of this species departs considerably
from the usual type of Fusulinella, its internal structure, for instance, the composition of
spirotheca, disposition of the antethece etc. is thoroughly characteristic of that genus.
When a careful comparison is made between our specimens and that described and figured
by Deprat one cannot fail to recognize the striking resemblance in all of the observable
properties, particularly in the number of antethece for each volution, the size of the
inital chamber and the mode of convolution. Regarding the last named feature the
parallelism is emphatically brought out in the accompanying graphs (See Fig. 2).

Similar relationship holds between these Asiatic forms and the Russian one
originally described by Moller. It is probably the poorness of Méller’s figure that had
led Deprat to overlook the fact that his species was identical with the Russian form. By
reason of priory I have therefore abandoned Deprat’s specific name and adopted Mdller’s
original nomemclature in spite of the fact that Deprat’s name is by far the more
expressive.

If we examine closely the measured widths of the successive volutions as tabulated
in the foregoing page it will be noticed that the figures are of the same order when taken
in horizontal series; but the several series cannot be exactly correlated with references to the
ordinal number of the whorls. Thus the specimen from Penchihu (20) is almost exactly
one volution advanced as compared with those from Tangshan (310) and Yuehmenkou
(2153). Moller’s specimen is even more advanced than the Penchihu form. This
anomaly is of such a rhythmic order that it cannot be readily attributed either to the
fortuitous variation of the individuals or to the arbitrary choice of points on the spiral
across which the measurements were made. The fact would be better explained if we
assume a certain amount of ‘“‘retardation’” or ‘‘acceleration” in the development of the
several forms.

Hor1zoN AND Licarity: Staffella epheroidea abounds in the Hsiaoyti Lime-
stone of the Penchihu coalfield, South Manchuria, and occurs rather frequently in the
Tangshan Limestone of the Tangshan Basin, the Pankou Limestone of the Western
Hills of Taiyuan, Central Shansi, and in the Changchiakou Limestone of the Paoteh
District. Uncertain traces of this species is also found in the material collected by Péres
Licent and Teilhard from the northern part of Inner Mongolia. In the Tangshan and
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the Hsiaoyii Limestones it is associated with Girtyina konnot, G. cylindrica, Bradyina
nautiliformis etc. In the Pankou Limestone I have not as yet found Girtyina but have
obtained a single specimen of Bradyina nautiliformis, These forms are so closely
associated that when one of them is found the others are rarely missing. They are
always restricted to the lower beds of Fusulina Limestones in any given locality when
they occur at all—that is in the Penchi Series. Their embedded limestone is usually
penetrated by a mesh-work of minute veins of calcite and has a dirty, blistered

appearance on the weathered surface.

By these faunal and Jithological reasons I am inclined to believe that the species
under consideration attains a much wider distribution over North China and perhaps

Eurasia than is known at present.

According to Moller, Staffella spheroidea occurs on the right bank of the
Tschussovaja River, immediately below the mouth of the Koiva River; in the western
slope of the Ural Mountain; in the Schiguli Mountain, Peninsula of Samara;
at Schutilovo, Nischini-Novogorod, in the Miatschkovo Limestone and a number of
other localities in Russia. The fact that it occurs in the Miatschkovo Limestone serves
to assure its Moscovian age. Deprat has also independently assigned his “‘ Fusulinella
quadrata’ to the Moscovian. The evidence seems fairly strong that we are here dealing
with a widely distributed species of Moscovian age.

Subgenus NEOFUSULINELLA Deprat

Neofusulinella bocki Moller
Pl I Fig. 2; Pl 1I Figs. 12-17

1877. Fusulinella bocki Moller; Die Spiral-gewundenen Foraminiferen des russischen kohlenkalks,
pp. T04-107, PL. V, figs, 3 a-g, PL. X1V, figs. 1-4.

1924. Neofusulinella pracursor (Deprat) Colani; Nouvelle Contribution & 1’étude des Fusulinidés;
p. I44, Pl. XVII, figs. 1-22 bis.

1925. Fusulinella bocki Ozawa; Paleontological and stratigraphical studies on the Permo-Carboni-
fercus Limestone of Nagato, Part. II, pp. 17-18, Pl. I1I. Figs. 7, 9, 10.

Test usually fusiform, rarely ellipsoidal with its median part rather strongly
vaulted in the former case but less so in the latter. The ratio of median width to the
axial length ranges between 1: 1.8 and 1: 2.1; and the actual length varies from 2.55 to
3.8 mm, and the width from 1.4 to 1.6 mm.
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Number of volutions usually 6, sometimes 5 and sometimes 7.

Whorls closely wound in the first four or five volutions, and tend to open out
towards the last stage of growth. Widths of the successive volutions of a specimen from

Inner Mongolia are as follows:—
I, .14; II, .24; IIL, .52; IV, .88; V, 1.4 in mm.

Antethece essentially plane, and only begin to show a gentle plication near the
umbilical ends. Number of antetheca in each volution appears to vary from individual
to individual only within narrow limits. In a typical specimen from Inner Mongolia

there are
8 in the 1st volution
II » o 2nd
11 »wos 3rd
13 » o ath
16 » 5 5th »
24 » 5 Oth »

Buccal aperture distinct, occupying about i of the length of the preceding
whorl up to the fourth volution, but becomes broader in the fifth, namely, about i of
the length of preceding whorl. Height of the aperture nearly equals one half of the
height of each chamber. As a consequence of its greater lateral extension in the fifth

volution the height is considerably reduced.
Anuli highly prominent except in the last volution.

Thickness of spirotheca varies both laterally and spirally. The median part is
generally the thickest at any stage of growth. This thickening is largely due to an
excessive development of the tectorium. In the first two volutions the spirotheca is fairly
thin as a whole, but a steady increase in thickness follows up to the early part of the
sixth volution where it is measured in several cases at no less than 0.8 mm. As the last
part of the outermost volution is approached a rapid reduction of thickness invariably

takes place.
Instead of being fusiform the first one or two volutions are often globular
suggesting an endothyroid stage of development.

Initial chamber spherical having a diameter of about 0.07 mm.

ReEMARKS: Form, size and parts of the internal structure of the present
species bear a strong resemblance to Fusulina montipara Ehrenb. The latter however

possesses a distinctly alveolar osseum as indicated in Moller’s figure; while in our species
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the honey-combed structure of the osseum is so fine that it is often invisible. Only in
the favourably preserved specimens we can find here and there faint traces of dark lines
running across the lighter layer in the spirotheca. Some genetic relation between
Neofusulinella biconica Hayasaka and the species under consideration is indicated by
their structural similarity and the rude parallelism in the early parts of the width-graphs
(see Fig. 3). But a closer examination will soon show that they are specifically
distinct. Our species, for instance, possesses fewer antethecae in each volution, less
numerous and more rapidly expanding whorls and perhaps a more laterally extended
form. The axial ratio in Neofusulinella biconica is said to be 1: I.5 while in Neof. bocki
this value oftengreaches 1: 2.1.

While the majority of the representatives of the present species so far found are
essentially true to type, there are on the other hand occassional occurrences of forms that
link the present one to its allied species. The mode of variation can be traced to three
directions: By a median flattening and lateral elongation we get Neofusulinella obsoleta;
by a stronger median vaulting, and lateral contraction we arrive at Neof. schwagerinotdes;
and finally by an appreciable development of folds in the antethecae Neof. preesimplex
is derived.

HoR1ZON AND LocaLity: Neofusulinella bocki occurs abundantly at a locality
in Inner Mongolia, about 200 k. m. north of Kalgan. There, it is associated with Girtyina
teilhards, G. konnoi Bradyina nautiliformis etc. It is also found in the coalfields of
Penchihu and Tangshan in association with Staffella spheroidea, Q. cylindrica G. konnov
and Spirifer mosquensis., Its association with these fossils together with fact that it
never occurs in the higher beds of the Fusulina Limestones of North China, namely those
intercalated in the Taiyuan Series, and that it is distributed in Russia Japan, Indo-China
and probably in the Sihu district, Central China, point to the probability that the
Moscovian water had spread over a far more extensive area than has been assumed.

? Neofusulinella obsoleta Schellwien
Pl II Fig. 19
1908. Fusulia obsoleta Schellwien; Monographie der Fusulinen; Paleontographica, vol. LV, pp.

186-187, P1. XIX, Fig. 5-7.

Only a single specimen of the present species has been found among a copious
fauna procured by peéres Licent and Teilhard from a point 200 k. m. north of Kalgan.
When viewed in the axial section this species strongly recalls Neofusulinella bocki with
which it is associated. It differs however from the latter by its larger axial ratio.
Thus in the present species the ratio of axial length to median with reaches 3:1, while in
Neof. bockt this value never exceeds 2.1:1.



i &
2 mim} ~ )
N
_ N
b (\\
O
\n)%
Tmn.t
-
1 il | L L 1 1 ]
I I II Ji'A Y '/ § i

Fig.3

Width-graphs of Neofusulinella bocki and Neof. preesimplex. (101) Neof. bocki; (@) Neof. bocki—Moller’s specimen; (3907)
Neof. presimplex; (B) Neof. biconica Hayasaka for comparison.

[To face page 18]
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Further distinctive features are its smaller size, more pronounced development
of tectorium and extremely fine alveolar structure. So much so that the individual dark
lines are hardly observable even in the last volution.

As the only section in the author’s possession is not strictly axial but rather
para-axial, it is impossible to measure the width of each whorl, nor is-it possible to
measure the diameter of the initial chamber. But judging from the shape and relative
size of the innermost visible volution the complete test consists most likely of five whorls.
The inner ones appear to be closely coiled while the last two show a sudden and marked
increase in height. One more striking feature may be observed when we compare our
specimen with Schellwien’s figure. That is their lack of bilateral symmetry. This
apparent asymmetry may however be due to an incurved umbilical end rather than the
unequal length of the test on both sides of the median plane.

Although the evidence seems fairly conclusive that the Russian and Chinese
forms referred in the above description are specifically identical, it does not appear
altogether safe, in the absence of more material, to draw that conclusion without reserve.

Neofusulinella schwagerinoides Deprat
Pl II, Fig. 18

1913. Neofusulinella Schwagerinoides Deprat; Mém. Serv. géol. Indochine, Vol. 1I, Fasc. I, pp. 42-43, Pl
V11, figs. 17-22,

As was the experience of Deprat, the only para-axial section of the present
species gave the author at first the impression of a Schwagerina of the type of Schwayerina
Jusulinoides Schellwien. Detailed examination of its structure however shows that the
antetheca are perfectly plane except in the extremely terminal parts where the anastomos-
ing effect due to truncated folds becomes more or less pronounced; and that the interior of
the spirotheca is lined by a dark layer of tectorium. This latter feature is entirely absent
from Schwagerina. The osseum is no doubt finely alveolar, but I have not observed any
trace of it.

Height of the chamber in the successive volutions increases rather rapidly recall-
ing the mode of spiral growth of Schwagerina in general. In the only para-axial section
the widths of the second, third and fourth volutions were measured at 0.28, 0.61, 1.2 mm
respectively. These values, particularly the first two of them, are necessarily lower than
the true values because of the eccentricity of the section. Nevertheless they indicate
unmistakably the rapidity of spiral expansion. This fact together with its size which is
3.9 mm long and 1.6 mm broad, leads the author to believe that our specimen is more
closely related to Neof. schwagerinoides than to Neof. lantenoisi which, if judged by
Deprat’s figure alone, may appear to resemble our form more closely.
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Buccal aperture and anuli are both well-defined. The former occupies about 3
of the height of the respective chamber and 3§ to + of the length of the respective whorl.
The present species has been found only in the Yentai coalfield, South Manchuria.
Associated with it is Girtyina pankouensis. There seems no question that it represents

the Moscovian time.

Neofusulinella praesimplex Lee (sp. nov.)
Pl TI, Figs. 20-22
1908. Fusulina simplex Schellwien in part? Mbnographie der Fusulinen; Palxontographica, Vol. LV, pp.
179-182, Pl. XVIII, Figs. 4-6, 12.

Test small, irregularly fusiform with a gentle median vaulting and more or
less rounded umbilical ends. In the first three or three and half volutions the whorls are
quite short and ellipsoidal in shape having an axial ratio of no more than 2.6:1, some-
times as low as 1.7:1. In the fourth and fifth volutions the test however suddenly
becomes elongated; when it develops five volutions which appears to represent the
maturity of growth, the ratio of axial length to median width varies, in the few specimens
obtained from Kansu, from 3.33 mm: I1.IT mm to 3.9:1.27 mm, ¢.e. about 3:1 on the
average. This is the maximum value reached by the Russian form of Fusulina simplex
according to Schellwien.

Height of the chamber increases steadily and uniformly from the innermost to
the outermost whorl. Widths of the successive volutions, as measured on a typical
specimen from Yanghukou, Kansu, are as a follows:

I IT ITI Iv A%
.24 .41 .65 1.05 — In mm.

Comparing graphically (See Fig. 3) tbe spiral expansion as based on these
figures with that of Neofusulinella bocki, little difference will be found in the shape of
the curves. Similar relation holds as regards a few other aspects.” For instance the
structure of their inner whorls and their general shape are much alike. It needs no
further demonstration that these two species are intimately bound up with each other in
genetic relation as well as in occurrence,

Spirotheca is composed of four layers, namely a tectum, an osseum and two layers
of tectorium. The inner whorls are constructed exactly after the type of Neof. bocki with
its osseum apparently homogeneous, but in the last whorl the alveolar structure of the
osseum becomes distinct, moderately coarse though rather short. At the same time, the
thickness of the tectorium is considerably reduced. In this respect, the present species
seems to be more advanced than any other form of Neofusulinella described in this volume.
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Antetheca much thinner than the spirotheca, and very gently folded in the
median region, but the folding becomes rather complicated towards the umbilical ends,
especially so in the last whorl.

Anuli highly prominent, more or less of a rectangular shape in cross-section.
They reach more than i of the height of the chamber in the first two volutions, nearly
half of the height in the third and about § of the height in the fourth. As their height
decreases, the buccal aperture which is situated in between, becomes rapidly extended in
the axial direction. Length of the buccal aperture generally covers {5 to 01—) of the
length of the preceding whorl.

Diameter of the initial chamber measures 0.166 mm in a typical specimen.

Although I have cited above Fusulina simplex Schellwien for comparison and
have assumed a part of Schellwien’s material designated by that name to be specifically
identical with our form, it is by no means certain that the Russian species is structurally
identical with the species under consideration. On the contrary, the specimens from the
Donetz Basin and from the Miatschkovo Limestone figured by Schellwien do not seem to
show appreciable thickness of tectorium, but exhibit, particularly in the case of the
Miatschkovo specimen, a rather distinct alveolar osseum of such thickness as is yet
unknown in Neofusulinella, Unfortunately Schellwien’s material is not fully illustrated.
We cannot be sure if the two figures are wholly representative. Judging from the
association of our species with such typical Miatschkovo forms as Bradyina nautiliformas,
Girtyina cylindrica etc. in the Yanghukou fauna of Kansu, the suspicion is not absent
that Schellwien might have included in his species, simplex, a form that should be

properly referred to the present species.

Neofusulinella (? Schubertella) chaoi Lee (sp. nov.)

Pl II, Figs. 6-7

This small Neofusulinella, 0.94 mm long and 0.5 mm broad, is only represented
in our material by a single axial section found in the highest or next to the highest layer
of the Fusulina Limestones developed in the Wuhutsi coalfield. Associated with it there
are numerous individuals of Schwagerina moungthensis Deprat and a few scattered 7'etrai-
axvs conica, Ehrenberg.

Test rather stumpy with its median part more or less strongly vaulted. Whorls
fairly compact, four in number; width of each whorl measures 0.13, 0.21, 0.31, 0.5 mm
from the first to the fourth volution; initial chamber spherical with a diameter of 0.08 mm;
spirotheca moderately thick, measuring 0.013, 0.018, 0.022, 0.033 mm from the first to
the fifth volution, being composed of tectum, osseum and tectorium; no trace of alveolar
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structure is observable; anuli fairly prominent; buccal aperture relatively narrow occupy-
ing about ¥ of the length of each whorl;laxial ratio of the complete test about 1:1.7.

The general shape of the test and the widths of the successive volutions of this
species seem to suggest at first that it agrees with Deprat’s species Neofusulinella
preecursor. More careful examination however shows that Deprat’s species is much larger
in size and possesses 6 volutions. It is hardly necessary to remark on the improbability
of the one being a microspheric type of the other; for if that be the case the macrospheric
form which would be our species, ought to agree in its essential features, for instance, the
width of the successive volutions, with the later whorls of the microspheric type. The
fact is however to the contrary. There seems no question that we are dealing here with
an independent species, though its specific characters are as yet not fully established.

Genus FUSULINA Fischer de Waldheim

Fischer’s original diagnosis of the genus Fusulina was based on ‘‘Fusulina
cylindrica’”, Unfortunately the material was not sufficiently well illustrated as to bring
out its minute structures. A more careful investigation of the same species was
subsequently made by Moéller who had apparently paid some attention to the structure of
the theca, for in his figures an alveolar structure similar to that of the common type of
Fusulina such as Fusulina longissima, F. vernewili etc. is clearly indicated. After an
extensive study of the Russian Material Schellwien however came to the conclusion that
in cylindrica ““‘Die Poren in der Kammerwandungen sind sehr fein und bei den meisten
Vorkommen recht undeutlich”. In spite of this striking structural peculiarity Schellwien
still followed Moller’s classification, and assigned Fusulina cylindrica to precisely the
same genus as represented by Fusulina verneuil:, F. longissima etc.

A point of some importance was brought out by Staff regarding the structure of
the spirotheca of different types of Fusulina. He found that the spirotheca of certain
American and Russian forms consists of a single layer of “poreless tectum,”” and assigned
them to a new genus, Girlyina. This new genus, as may be gathered from Staff’s
diagnosis, differs in no way from the common type of Fusulina except for the fact that it
possesses no alveolar osseum. The validity of Staff’s new genus Girtyina would then
entirely rest on the correctness of his interpretation as regards the structure of the
spirotheca.

In his recent paper Ozawa has suggested that such structural difference probably
does not exist among the lower members of Fusulinide. My observations have completely
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confirmed this view. I have not only actually traced, under the microscope, the individual
dark lines (poutrelles) in the outer whorls of Staffella spheeroidea but also in most of
the whorls of Girtyina schellwient and G. konnoi, a certain variety of which is undoubtedly
related to the Russian species designated under the names (irtyina cfr. ventricosa. As
far as the structure of the theca is concerned there is hardly any reason to believe that
the material on which Staff founded his “genus’’ Girtyina differs to any extent from our

specimens designated under the same name.

Thus it would appear unnecessary and even undesirable to retain Staff’s genus
Gurtyina.  The fact however must not be overlooked that the alveolar structure of the
spirotheca in Girtyina is never so distinct as in the higher types of Fusulina and that the
tectorium is an important element which enters into the composition of its spirotheca.
Both of these features demonstrate primitiveness. On the other hand, the antetheca of
Girtyina are always intensely folded; and its size is usually comparable with many
common species of Fusulina, often considerably larger than Neofusulinella. As we
understand now, there is in fact no difference of generic value between Fusulina of the
type F. cylindrica Fischer and Gurtyina. For these reasons I find it difficult to accept
Ozawa’s view that Staff’s Girtyina should be placed under Fusulinella Moller. There is
little doubt that Girtyina represents the most primitive type of Fusulina but far more
advanced than Neofusulinella in the evolutional series.

Since it is illogical to regard Girtyina as an independent genus, and since it is
desirable to retain a common designation for such a group of intimately related species, it
seems that we cannot do better than to regard it as a subgenus of Fusulina. The reasons
are obvious: Firstly, it is more closely related to the common type of Fusulina than to
any other genus of the family; and secondly, it includes the species cylindrica on which

the original diagnosis of the genus Fusulina was based.

So far we have only considered the lower forms of the genus. There are again
those which distinguish themselves from the common type of Fusulina by a much
higher rate of spiral expansion, a more globular shape, comparatively thinner spirotheca
and generally larger size. To this group of forms Moller applied the generic name
Schwagerina with Schwagerina princeps as its genotype. In view of the occurrence of
certain intermediate forms between the common type of Fusulina and the so-called
Schwagerina, Staff and Wedekind have proposed to unite the two in a single genus under
the common generic name Fusulina, but subdivide this genus into two subgenera,
namely Schellwienia and Schwagerina. The former name was introduced as a substitute
for the name Fusulina in its usually accepted sense,
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The discovery of more intermediate forms between Schwagerina and Fusulina
such as Schwagerina wongwenhaoi and Schw. tingvenkiangt would seem further to streng-
then Staff and Wedekind’s view that there is no sharp demarcation between the two. It
appears therefore unnatural to maintain Schwagerina as an independent genus. Never-
theless the aggregated:characters of a typical Schwagerina such as Schw. princeps are,
taken as a whole, so widely different from those of a common Fusulina that it is not
possible to disregard their remarkable difference when the two are brought together for
comparison. The difference is by no means of a fortuitous nature, but is evidently
derived from different physical conditions under which the two forms had to subsist.
There is not much doubt that the common type of Fusulinas are exclusively of benthonic
habit, while Schwagerina is at least in its young and adult stages a plankton, and may
have fallen on the sea floor in its senile stage. If we are justified in separating Girtyina
from the common type of Fusulina, and regarding the former as a subgenus, we should
be even more fully justified to adopt the same procedure with Schwagerina; for the
difference between ““ Fusulina’ (Schellwienia) and Girtyina is by no means more marked
than between ‘““Fusulina” (Schellwienia) and Schwagerina.

Thus as far as our material is concerned, the genus Fusulina may now be
subdivided into three subgenera; namely Girtyina, Schellwienia and Schwagerina. In this
classification it must however be noted that Gertyina in its revised sense should include a
part of Staff and Wedekind's Schellwienia,.consequently a number of species which were
included in Schellwienia by Staff and Wedekind are now to be referred to Girtyina.

Subgenus GIRTYINA Staff et Wedekind

Girtyina konnoi Ozawa

Pl 1II, Figs. 1-10, 12
1925. Fusulinella konnoi Ozawa; on the classification of Fusulinide; Jour. Coll. Sci. Tokyo, Vol.
XLV, Art. 4, Pl. 1V, figs. 6, 7.

1925. Fusulinella (Girtyina) konnoi Ozawa; Journ. Geol. Soc. Tokyo, Vol. XXXII, P. 23, Pl. X,
figs. 1-3.

Test more biconical than fusiform being rather sharply vaulted in the median
zone and acutely pointed towards the poles. Size of the test varies from 4.24 mm: 1.45
mm to 4.54 mm: 1.81 mm, and the axial ratio ranges between 1:2.9 and 1:2.5 scmetimes

as low as 1:2.4 indicating that a fairly wide range of morphological variation prevails in
this species.
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Number of volutions also varies to some extent. The commonest form develops
7 volutions, but sometimes as many as g or 10. Those having more numerous volutions
invariably possess a smaller initial chamber. Therefore they probably represent the
microspheric type.

Antethecz rather thin, more or less regularly and intensely folded from end to
end and almost over their entire height not even excluding that portion which stretches
over the buccal aperture. Number of antethece for each volution is remarkably constant
in the several specimens tabulated below.

Volution I Ir mr 1v Vv VI Vi | Specimen
R | o -
12 19 22 33 32 36 . (306)
12 18 23 28 30 35 | (316)
Number of
12 18 21 23 30 31 35 (305)
Antethece :
II 19 23 27 30 : ( 23)
10 19 22 29 33 ( 86)

The anomaly observed in the fourth and fifth volutions of the specimen (306) is
probably due to some abnormal disturbance during the time of its growth, and the
displacement of figures towards the right hand side in specimen (305) is undoubtedly the
result of retarded development.

Whorls are rather compactly coiled as a whole. Their gradual and uniform
expansion is clearly shown by the following figures and the accompanying graphs

(Fig. 4):—

Volution I 11 ITI IV \Y% VI | Specimen
.36 .55 577 1.04 1.4 1.82 ( 79)
. 35 5 7 95 I.3 ( 86)
Width of successive volu-
.20 .44 .62 .85 1.16 1.5 ( 307)
tions in mm., |
| 33 .52 77 1.05 1.44 1.83 ( 8)
i .32 .5 73 I0 1.4 1.72 (1606)

J
i

It will be noticed in the foregoing table that the values for the Tangshan
specimen (86) are appreciably lower in comparison with the others. But they are lower
as a whole. When plotted on a proportionally smaller scale the resulting graph still
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maintains the same gradient. Its specific identity With the other specimens is thus
definitely proved. The first three figures for the specimen from Penchihu (8) may be
slightly lower than the real value because of the fact that the section on which the
measurements were made is not strictly axial but rather para-axial. The inner volutions
having a greater curvature than the outer ones are necessarily affected to a greater extent
for the same amount of eccentricity of the section.

Spirotheca very thin, composed of a layer of tectum, a layer of osseum and two
layers of tectorium. The aggregate thickness of tectum and osseum varies from 0.022 to
0.033 mm; that of the tectorium varies to a greater extent. But in no case does it exceed
the thickness of the osseum. The outer layer of tectorium is usually thinner than the
inner one, and sometimes appears to be absent from the outer volutions, The osseum is
positively alveolar, althougb it is not always possible to trace such a minute structure

especially when the specimen is not in a favourable state of preservation.

From the structural point of view we cannot then distinguish the present species
and indeed all the species belonging to Girtyina from Neofusulinella unless we stress upon
the fact that the outer layer of tectorium is exceedingly thin and the osseum is sometimes
more or less distinctly alveolar in Gertyina,

Anuli very prominent up to the fourth or fifth volution; but become insignificant,
though still recognizable, from the sixth volution onward.

Buccal aperture well-defined throughout, the test being nearly as high as broad

up to the fourth or fifth volution, but becomes low and slit-like in the last but one
volution.

Initial chamber usually perfectly spherical with an external diameter ranging
from 0.15 to 0.17 mm, occasionally as large as 0.23 mm in the macrospheric type and as

small as 0.09 mm in the microspheric. Thickness of the wall of the initial chamber
averages 0.044 mm.

REMARKS: The present species shows some affinity to Neofusulinella presimplex
in its shape, in the presence of a pair of prominent anuli and in the structure of spirotheca;
but differs therefrom by its larger size and rather intensely folded antethecz and more
whorls. The folding in the antetheca is however not quite so intense as in Girtyina
ventricosa Meek of Illinois, though not incomparable with Girtyina cfr. veniricosa of the
Donetz Basin, Russia. If not for the more globular form of the latter I would have
identified a certain variety of our species with the Russian one. In the absence of
American and Russian material it is not-possible at present to determine the true relation
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Fig. 4. Width-graphs of Girtyina konnoi (8, 74, 307. 1606) and Girtyina schellwient (56).
Fig. 5. Width-graph of Girtyina teilhardi.
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between Girtyina ventricosa Meek and Girtyina cfr. ventricosa Staff, but the published
micro photographs suffice to show that the species under consideration is certainly far
more closely related to the Russian than to the American form.

HoRr1zoN AND LocALiTY: Girtyina konnoi is widely distributed in north-eastern
China. It was first recognized and figured by Y. Ozawa among the material procured from
the Penchihu coalfield under the name Fusulinella konnoi, The few pieces of limestone
brought back by Pere Teilhard from Inner Mongolia also contain a large number of
individuals belonging to this species. In those pieces of limestone they are associated
with Neofusulinella bocki, Bradyina nautiliformis, Girtyina teilhardsi, etc. In the Tanghsan
Limestone of the Kaiping Basin Girtyina konnoi is also of frequent occurrence. There, it
is again associated with Staffella spheroidea, Bradyina nautiliformis. Girtyina cylindrica
Tetrataxis lineata, etc. The same fauna has been found in the Penchihu coalfield, South
Manchuria wherefrom Ozawa obtained his original specimen. In the Pinting Limestone
of the Pinting Basin, North-east Shansi, scattered individuals of Girtyina konnoi are found
together with Bradyina nautiliformis. Doubtful traces of the present species have been
recently discovered in the Chihsia Limestone of the Nanking Hills.

It appears therefore that Girtyina komnoi is one of the best index fossils of the
Penchi Series. Judging from its associated species there is not much doubt that it

represents the Moscovian epoch.

Girtyina schellwieni Staff
Pl IV, Figs. 11, 13, 14,

1912. Qirtyina Schellwieni Staff; Paleontographica, Vol. LIX, p. 165, pl. XVIII, Fig. 1.

Test more globular then fusiform with a broad median vaulting and somewhat
pointed umbilical ends; length of test varies from 3 mm to 2.8 mm, width varies from 1.8
mm to 1.72 mm in the several specimens procured from the lowest layer of the Fusulina
Limestones in the Penchihu coalfield and also from the Pankou limestone of Central
Shansi. The ratio of axial length to median width is approximately 1:1 on the average.

Number of whorls 5 to 6.

In a typical specimen the widths of the successive whorls measure as follows:—

I, 0.41; I1, 0.69; III, 1.01; IV, 1.35; V, 1.72 in mm

Spirotheca very thin, with two thin layers of tectorim and without observable
aveolar structure in the osseum.

Antethecz rather gently and regularly folded. The folds extend for about two
thirds of the height of the chamber, and only become slightly more complicated towards
the umbilical ends.
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Number of antetheca in a typical specimen counts 11 in the first volution, 19 in
the second, 24 in the third, 27 in the fourth and 29 in the fifth.

Highly prominent is a pair of anuli between which is situated a rect'angular
shaped buccal aperture.

Initial chamber relatively large and spherical having an external diametre of
about 0.18 mm.

This species is distinguished from G. konnoi by its more globular form, more
open coiling of the whorls and generally larger initial chamber.

Found only in the Penchi Series.

Girtyina teilhardi Lee (sp. nov.)
Pl 1, Fig. 6; PI. III, Figs. 15-21

Test regularly fusiform to subcylindrical with its umbilical ends more or less
sharply pointed. Axial length varies from 4 to 4.8 mm and median width from 1.6 to
2.I15 mm; axial ratio ranges between r1:2.5 and 1:2.23; inner volutions are generally
more vaulted than the outer ones.

The whole test, particularly the median part of it, is marked by deep furrows
owing to the arching effect of the spiral wall of each spiral chamber.

Number of whorls usually 5 to 6.

Antethecz intensely and rather irregularly folded throughout their entire length
and height. Number of antetheca somewhat variable from individual to individual. On

the average there are
11 in Volution I

10 ,» II
23 ’ II1
25 ”» ” IV

30 » o \4
Thickness of antetheca also variable being slightly thicker than the spirotheca
in the second and third volutions, but slightly thinner in the last one.

Height of chamber fairly constant throughout the successive whorls. Width of

each whorl varies
from 0.36 to 0.38 mm in Volution I

» 0.59 ,, 0.63 ,, ,, " II

,» 0.88 ,, 0094 , . ’ III

o LII ,, 1.33 ,, ,, IV
about 1.7 ., ’ \%

” 2.1I5 4 4 5 VI
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Spirotheca consists of a thin layer of tectum, a layer of finely alveolar osseum
and two layers of tectorium. The inner layer of tectorium is always thicker and more
massive than the outer layer which is so thin in the last whorl that it is hardly
distinguishable from the tectum. The alveolar structure of the osseum is, as a rule,
unobservable. Asa mere chance I have however discovered in a few favourably preserved
specimens exceedingly fine, dark lines running across the osseum and arranging them-
selves in a parallel manner. They are always broadly spaced. In these few exceptional
cases the dark lines are sometimes so distinct that they not only present unmistakably a
sectional view of the honey-combed structure, but also prove that this species of Girtyina,
like G. cylindrica, is decidedly approaching Schellwienia.

Thickness of spirotheca increases from the first volution up to the early part of
the fifth, but again decreases towards the final stage of growth. The increase is not so
much due to the thickening of the tectum and osseum but rather to the variation of the
thickness of the inner tectorium. One series of measurements shows that the aggregated
thickness amounts to

0.03I mm in Volution I

0.040 ,, " II
0.044  » ’ ITI
0.0064 ,, ’ Iv
0.037 , » ’e \Y%

A pair of fairly couspicuous anuli is present up to the third volution, but

disappears almost completely from the fourth volution onward.

Buccal aperture extends for about half of the height of the chamber; compara-
tively narrow in the first three or four volutions, but becomes broader and lower from the

fourth volution onward.

Initial chamber nearly always spherical with its external diametre varying from
0.2 to 0.33 mm. Those which possess six volutions generally have a smaller initial
chamber; while those which possess five volutions are, as a rule, characterized by a larger
initial chamber. They probably represent the microspheric and macrospheric types
respectively.

REMARKS: When I discovered distinct traces of alveolar structure in the
osseumn of the present species I was very much inclined to regard it as a true Schellwienia.
But after a more careful comparison it was soon found that the dark lines when decipher-
able at all, are by no means comparable with those in any species of true Schellwienia
either with respect to their definition or to their abundance. They are more comparable
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with those in G. cylindrica. Furthermore, no species belonging to true Schellwienia
possesses such a massive tectorium as does the present one. If we have reason to assign
cylindrica to the subgenus Girtyina, there is no reason why we should not refer the
present species to the same subgenus as well. Its faunistic association is also significant.
Numerous individuals of this species have been found in the few pieces of limestone
procured by Péres Licent and Teilhard from Inner Mongolian at a point about 200 k. m.
north of Kalgan. There, as is stated elsewhere, the fauna consists entirely of Moscovian
elements such as Neofusulinella bocki, Girtyina konnoi etc. equivalent to the faunaz of
Penchihu and Tangshan which are characterized by the presence of Fusulina cylindrica,
Thus it would appear at once logical and convenient to regard the present species as
belonging to Girtyina rather than to Schellwienia,

So far I have only found this species in Pére Teilhard’s material. At a glance
it suggests some resemblance to Fusulina magnini Deprat. Detailed measurements
however disagree.

Some of the axial sections appear to be comparable with those of Fusulina prisca
Moller. But the latter possesses a much more distinct alveolar osseum, at least in its
outer whorls, and has not developed that massive inner layer of tectorium. The reverse
is the case with the speciecs under consideration. Moreover our species is generally
smaller in size; the maximum length of Méller’s prisca is said to be 8 mm, and according
to Schellwien, the average length of prisca is no less than 6 mm; while the longest
individual among the specimens of our species reaches but a length of 4.8 mm.

When we turn to the median sections the difference becomes still more manifest:
In prisca the individual chambers are but slightly arched, whereas in the present species
the arching effect is so pronounced that very deep and sharp furrows are always present
on the surface of the test, particularly in its median part. This feature reminds us of
Fusulina brevicula Schwager; the last named species differs however from the present one

not only in its more strongly vaulted form and larger size, but in the absence of tectorium
and anuli

Girtyina pankouensis Lee (sp. nov.)

PL V, Figs. 3-5

Test rather slender and recurved in the middle; umbilical ends more or less
pointed and the median portion slightly depressed; axial length varies from 4.8 to 7.3
mm and median width from 1.06 to I.44 mm; axial ratio ranges from 1:4.5 to 1:5.

Spirotheca and antethecz exceedingly thin, and composed of three layers, namely
the tectum, the osseum and the tectorium. Only very rarely does the spirotheca exhibit
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traces of alveolar structure which is however never so distinct as to reveal clearly the
individual dark lines in the section.

Antethece regularly plicated throughout the entire length of the whorls. The
plication is always so gentle that in spite of the extraordinary thinness of the antetheca,
the truncated folds hardly ever appear as loops or arcs in the axial or para-axial sections
but only as small dark patches, and the dark patches are never crowded.

Buccal aperture narrow and slit-like reaching about half the height of the
respective chamber, being always well defined by a pair of anuli which, though not very
stout, are nevertheless fairly conspicuous.

Very remarkable are two patches of a calcareous deposit spreading from the
central part of the test to almost the extreme ends. When viewed in the axial section
they appear to assume the shape of a fan.

Initial chamber usually spherical, sometimes slightly ellipsoid, or ovoid with a
diametre usually varying from 0.16 to 0.22 mm, but occasionally as large as 0.3 mm.

Result of Measurements (in mm):

|
| Volutions
Initial .
ChZ;nllz)ler o -| Specimen
I I1 I1I v \Y% V1
.16 .22 356 .48 .63 .86 1.06 (2160)
Width .2 3 43 .6 .83 1.16 1.44 (60)
|
: .3 48 .65 .91 1.23 (1608)
_ e S - - -
Thickness of Spirotheca. .0 .01 .02 .026 .033 .044 (2160)

REMARKS: A considerable variation will be observed in the above table as
regards the width of each volution. But when we take them in series for each individual
they are all of the same order. The apparent variation is in fact due to acceleration or
retardation in development of the several individuals. The width of the first whorl
in specimen (60) corresponds approximately to that of the second whorl of the specimen
(2160); the width of the first whorl in the specimen (1608) corresponds to that of the
third whorl in the specimen (2160) and to that of the second whorl in the specimen (60),

and so on.

At a glance the present species recalls very strongly Fusulina longissima Ma]ler.
But the presence in the present species of a fairly thick tectorium on the internal side of
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each chamber, of a pair of prominent anuli and the lack of distinctly alveolar structure in
the osseum can serve at once as unmistakable distinction.

Horizon aND LocarLity: This species has been found in the Penchi Lime-
stone, Penchihu, Fongtien; the Pinting Limestone, the Pinting Basin, N. E. Shansi,
and the Pankou Limestone, West of Taiyuan, Central Shansi. In all these cases it is
aSS(;ciated with Girtyina konnoi, Bradyina nautiliformis and other Moscovian species.

Probably its vertical distribution is restricted to the Moscovian.

Girtyina cylindrica Fischer de Waldheim
Pl. 1, Fig. 3; PL IV, Figs. I-9

1829. Fusulina cylindrica Fischer; Ueber Fusulina; Bull. Soc. Nat. Moscou Vol. II, P. 330.

1830. Fusulina cylindrica Fischer; Oryctographie du Government de Moscou; P. 126, P1. XIII, Figs. 1-5.

1876. Fusulina cylindrica Brady; Notes on a group of Russian Fusulinz; Ann. Mag. Nat. Hist., Ser. IV,
Vol. XVIII, P. 415, P1. XVIII, Figs. 1-4.

1878. Fusulina cylindrica Méller; Die spiral-gewundenen Foraminiferen des russischen Kohlenkalks; Mém.
Acad. Sci. St. Petersbourg. VIIe Sér. Tome XXV, No. 9, pp. 51-54, Pl. I, fig. 2 a-b, P1. VIJ, fig. 1 a-d.

1908. Fusulina cylindrica Schellwien; Monographie der Fusulinen, Palzontographica Vol. LV, pp. 161-163,
Pl XIII, figs. 1-4, 6, 7.

As rightly indicated by its specific name, the fully developed individuals of the
present species generally possess a slender test of a cylindrical or subcylindrical form; but
those which have not reached maturity of growth are often elongately fusiform.

Size of the test varies within a fairly wide range. The smaller individuals are
so small that, when embedded in the rock, they are hardly recognizable by the naked
eye; while the larger ones occasionally reach a length of more than 6 mm. A number of
measurements made on individuals from different localities of North China shows that the
ratio of axial length to median width of the complete test varies from 3.3 mm: 0.85 mm.
to 6.4 mm: 1.2 mm, or 1:3.9 to 1:5.3. Forms having this ratio as low as 1:3.4 also
occur, but are relatively rare. In the typical specimens the axial ratio ranges between
1:3.5 and 1:4.5.

Number of whorls usually varies from 6 to 5, rarely 65. Those only having
three or fourth volutions are obviously individuals of immature growth.

Spirotheca very thin and fragile, for it is only in rare cases that the test is
completely preserved. Thickness of the spirotheca is only slightly variable. In the last
but one volution, namely the 4th or the sth, which represents the thickest part of the
spiratheca, the thickness generally falls under 0.045 mm, often as thin as 0.0z mm.
Only occasionally, this figure rises above 0.045 mm owing to the development of a rather
thick tectorium which is often thicker than the osseum, and reveals in rare instances faint
alveolar structure.
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Osseum, apparently homogeneous and solid in the usual case; only rarely shows
indistinct traces of alveolar structure of such fineness as is barely recognizable under high
power of the microscope.

Antetheca either as thin as, or slightly thicker than, the spirotheca. They are
more or Jess regularly and intensely folded even in the median part of the test. Towards
the unbilical ends the folding becomes somewhat complicated as in most other species of
Fusulina, The terminal parts of the test are nearly always free from calcareous accretion.
Even in such rare cases when there are signs of successive deposition of lime in the
umbilical ends, the deposit is never so massive and wide-spread as, for instance, in
Girtyina pankouensis.

Numbers of antetheca as counted in a specimen from Tangshan (303) are 10,
18, 24, 32, 36 in the I, II, III, IV, V volutions respectively. These figures seem to show
an accelerated development from the second volution onward as compared with those in
Moller’s original specimens.

Whorl closely coiled in the first two volutions, rapidly widens out in the third;
thence again the coiling becomes closer.

A number of measurements is given below so as to show the limits of variation
of several structural features in specimens from different localities:

Widths of thq successive volution i
Dia. of Initial Chamber 1 mm. Specimen
in mm.
I II IT1 IV V VI
0.2 0.3 0.455 0.67 0.9 I.22 (303)
0.19 ) 0.24 0.44 0.67 0.91 | " (300)
0.19 | 0.25 0.38 0.59 E (301)
0.166 0.377 0.58 0.84 I.2I ; (64)
0.19 0.31 0.44 0.61 0.85 % (3916)
0.192 0.24 0.36 0.54 0.816 Moller’s
0.223 0.305 0.458 0.686 0.034
0.15 0.244 0.37 0.59 1.877 Miatschkovo (a)
0.21 | 0.3I 0.44 0.59 0.8 . (b)
0.13 l 0.2 0.3I 0.477 0.7 0.97 ¥ (c)
!

Rather conspicuous, though not particularly stout, is a pair of pseudo-anuli

between which lies a well-defined buccal aperture. This last named feature is
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approximately quadrilateral in cross-section and about twice as broad as high in the first
and the second volutions, considerably broader than high in the third and the fourth.
As a consequence of a gentle plication in the very median part, the upper edge of the
buccal aperture in the last volution is often of a somewhat irregular shape. In the first
three volutions the height of the buccal aperture reaches half or nearly so of the height
of the respective chamber; but in the fourth the height is reduced to about I of the
height of the chamber as a necessary consequence of a considerably more lateral extension.
Length of the aperture reaches, in the majority of cases, about ', of the axial length of

the respective whorl.

Initial chamber relatively large, almost perfectly spherical, having a diametre
ranging from 0.194 to 0.2z mm. Those having a diametre of 0.2 mm are the commonest.
Wall of the central chamber is usually about 0.025 mm thick; that is, only slightly
thinner than the thickest part of the spirotheca.

REMARKS: As noted by Schellwien there is probably not another specific name
of Fusulina that has been so frequently mentioned and misused by palzontologists at
difterent times. As this unfortunate state of things has generally resulted from superficial
observation, it indicates in no way any great difficulty in the identification of this species.
In fact the description and figures given by Mbller practically furnish all the microscopic
characters, as they seem to me, required for that purpose.

The more salient features that characterize cylindrica are its slender form, often
minute size, relatively large and perfectly spherical initial chamber, a pair of rather
slender but prominent anuli and very thin spirotheca. The last named feature is perhaps
somewhat exaggerated by Schellwien who has apparently included in it a closely

allied but independent species that has an exceedingly thin apirotheca, namely Girtyina
quasicylindrica,

In Méller’s original figures of the present species the presence of an alveolar
osseum in the spirotheca is indicated by numerous fine lines. Nothing however is
mentioned of this structure in his description. If Moller’s figures represent the true type
of structure then there is some reason to assign this species to the subgenus Schellwienia,
But in Schellwien’s microphotograph of Moéller’s original specimen a somewhat different
type of structure is. to be observed. For instance, the spirotheca in the third volution
obviously consists of two dark layers with a lighter layer in between. The dark layers
are undoubtedly the tectorium, and the lighter layer the osseum which, as far as can be
judged by the microphotograph, does not seem to reveal any perceptible trace of alveolar
structure, at all events, not so distinct as is figured by Moller. In his description
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Schellwien says “Die poren in den Kammerwandungen sind sehr fein und bei den meisten
Vorkommen recht undeutlich”. All our material entirely confirms Schellwien’s observa-
tion. Again, both in the Russian specimen which I obtained from the Environs of
Moscow and in those of Tangshan, Penchihu etc., a thick layer of tectorium is always
developed on the internal side of the spirotheca. It would therefore seem inconvenient
and unwarranted to class this species as a Schellwienia,

HoRr1zoN AND LoCALITY: Representatives of the present species almost in-
distinguishable from Moller’s specimen have been found in the Tangshan Limestone of
the Kaiping Basin and in the several layers of Fusulina Limestones of the Penchihu and
the Yentai coalfields, South Manchuria. In these limestones the faunal assemblage is
almost identical with that in the Miatschkovo limestone of the Moscow district, Fusulinella
booki, Spirifer mosquensis and the present species being among its dominant elements.

Other types which conform closely with some of Schellwien’s specimens and with
those which I have recently collected in the Moscow district are also found in Tangshan
and Penchihu. These types though appear to be slightly different in shape from Moller’s
form, possess however no special characteristics on which a specific or even varietal
distinction can be made.

A form of more notable modification, though still closely related to the present
species has been found in the Pinting Limestone. It presents an appeirance similar to
one of Schellwien’s figures (Paleontographica, Bd. LV, Taf. XIII, fig. 4). The only
difference lies in the fact that in the Pinting form there is a heavier calcareous deposit
along and around the axis.

Finally, a note must be made of the Yanghukou representative (Pl. IV, fig. g).
It is not possible to determine this single specimen with certainty whether it belongs to
cylindrica or but a young individual of its closely related species quasicylindrica. At all
events they must represent the same epoch as is warranted by their association with
Guirtyina presimplex and Bradyina nautiliformis, namely Moscovian, and probably the

later part of Moscovian.

Girtyina quasicylindrica Lee (sp. nov.)
P1.1V, Figs. 10-19

1908. Fusulina sp. Palxontographica, Vol. LV, Pl. XVII, fig. 10.

1923. Fusulina elongata var. minoris Lee; Bull. Geol. Soc. China. Vol. II, No. 3-4, p. 74, PL. 11, fig. 7.
Test slender, cylindrical or elongately fusiform; Axial length varies from 3.3 to

8.2 mm, median width from 1.1 to 1.76; axial ratio ranges between 1:4.6 and 1:3.
Number of whorls usually 4 to 5, sometimes 6, rarely 6%.
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Spirotheca excedingly thin and fragile being composed of two thin layers of
tectorium, a thicker and lighter layer of osseum and an opaque tectum which is so thin
that even in well preserved specimens it is only barely recognizable with the aid of some

imagination.

Osseum apparently homogeneous, only here and there presents a vague impres-

sion of being alveolar in structure.

Thickness of the spirotheca almost uniform throughout the successive volutions,
about 0.0z mm on the average. Antethecz either as thin as, or slightly thicker than,
the spirotheca. They are in some forms (particularly the elongated and recurved ones)
regularly and somewhat intensely folded, but less so in others. When they are regularly
folded the truncated folds often takes the shape of a rectangle instead of an arc. Judging
from the average height of the evenly spaced rectangles, at least 3 of the height of the

antethecz is involved in the folding.

Number of antethecz for each volution appears to vary considerably from
individual to individual. The range of variation is indicated by the following figures

obtained from a few typical specimens:—

Volution I II III IV A% 1 Specimen
!
1I 21 24 27 1 (3908)
Number of |
10 18 20 22 24 * (3909)
Antethece
10 20 25 25 30 (3019)

Whorl closely coiled in the first two volutions, rapidly widens out in the third,

thence again it becomes closer. In this respect the present species does not differ

appreciably from Girtyina cylindrica,

Pseudo-anuli rather thin but prominent; buccal aperture well defined, being
nearly quadrilateral in cross-section. In the first and the second volutions the buccal
aperture reaches about twice as high as its breadth, but becomes considerably broader
than high in the third and the fourth. '
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Results of measurement (in mm):—

Widths of successive volution
Dia. of initial chamber : ————————————— - Specimen
I II III v A% VI

. .

0.2 0.33 0.48 0.66 0.01 1.2 (2909)
0.22 0.35 0.5 0.74 1.0I 1.38 (3918)
0.2 0.366 0.54 0.32 1.16 (3902)
0.3 0.41 0.58 0.81 1.1I 1.46 (3908)
0.2 0.3I 0.44 0.66 0.94 1.26 (3904)
0.2 0.377 0.535 0.766 1.1 1.42 1.7 (3910)
— 0.278 0.42 0.59 0.89 1.24 (3912)
—_ 0.33 0.5 0.71 0.97 I.33 1.72 (3001)

Axial ratios for the successive volutions:

I IT ITI IV \ VI Specimen
2 2.86 3.36 4.25 4.86 (3904)
1.64 2.28 2.9 3.36 4.20 4.54 (3910)
1.8 2.25 2.7 3.3 (3918)

REMARKS: In his ‘“Monographie der Fusulinen’ Schellwien produces a figure
of an undetermined species of Fusulina from Tschongkiang left by Schwager who, like
Schellwien himself, probably experienced some difficulty in the specific determination of
such an isolated form. A careful comparison of Schellwien’s microphotograph with our
thin sections has however shown that this peculiar form is by no means due to an
abnormal development but conforms, in all its essential features, with the form under
consideration. Their specific identity is absolutely indisputable.

Schellwien compares Schwager’s specimen with a certain thin-walled type of
cylindrica of Russia, but remarks at the same time that the resemblance is more probably
due to convergent development than to any true generic relation. Knowing nothing of
the actual occurrence of typical cylindrica and other Miatschkovo species in North China
it was quite natural for Schellwien to have expressed such a guarded opinion. The facts
have however completely disproved Schellwien’s assumption.

The problem then arises; should we treat the Tsongkiang form and its repre-
sentatives in North China as a variety of cylindrica or as an independent but allied
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species? In Moller's measurements of cylindrica individuals reaching a length of 7 mm
are recorded. This seems to suggest the possibility that the elongated variety of the
present form might occur in association with the typical cylindrica in Russian as in
Kansu, and that Moller might have attributed it to the same species. If this be actually
the case, then it would be quite legitimate to include the present form in cylindrica. The
apparently minor differences such as the size and number of volutions can be explained
away by assuming the present form as belonging to that group of cylindrica which has
reached a higher stage of ontogenetic development. In support of this argument we
may point out the fact that the antethece in the sixth volution of the present form are
usually folded in an exceedingly irregular manner, accompanied naturally by a lower rate of
spiral expansion on the part of the spirotheca. In this last stage of growth the sarcode
seems to have lost a part of its vigor and energy with which it had constructed the
early whorls. This senile stage of development has never been observed in the typical
cylindrica of the Miatschkovo Limestone. Thus the latter would appear to be more or

less premature in its ontogenetic development.

.On the other hand, of hundreds of thousands of individuals contained in a piece
of Miatschkovo Limestone cordially furnished by Prof. Pavlow, not a single one is found
that reaches a length of 5.6 mm, the majority being considerably under that size. The
material examined by Schellwien who seems to have included more varied types in
cylindrica than did Moller, is also said to be no more than 5.7 mm in length. The
suspicion is therefore not absent that the elongated variety of Mdller’s cylindrica may not
concur in all its internal structural features with the typical cylindrica as is figured by him.

Certain types of Schellwien’s cylindrica, for instance those represented by figs.
5, 14, (Palaontographica, Vol. LV, Pl. XIII), seem to approach the form under discus-
sion, but they are obviously much smaller in size, and therefore cannot be readily

identified with our form.

Before the discovery of precisely the same form in the Miatschkovo Limestone it
would seem to be more on the safe ground to treat the present form as an independent

species for which the name quasicylindrica seems appropriate,

Certain stouter varieties of Girtyina quasicylindrica appear to approach G.
konnou, but the latter is generally more vaulted in the median part, and possesses more

whorls. Other young individuals are sometimes almost indistinguishable from typical
cylindrica.

HorizoN AND Licavrity: Girtyina quasicylindrica abounds in the Yanghukou
fauna of N. W. Kansu, fairly common in the Pankou I.imestone of Central Shansi and
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rarely occurs in the lowest layer of Fusulina Limestones of Changchu, Western Shantung.
In this last-named locality it reaches such an extraordinary length, that I formerly
mistook it as a variety of Fusulina elongata. Dr. 1. Hayasaka informs the author that
the same form was found in one of the layers of Fusulina Limestones developed in the
Poshan coalfield. Unfortunately I have not as yet obtained material to confirm this
report.

In discussing the stratigraphical position of this species, we must naturally look
for correlating data in the Yanghukou fauna which, as far as Foraminifera is concerned,
largely consists of this species and its variety brevis, It is significant that of the
numerous sections that I have prepared of the Yanghukou material no unquestionable
cylindrica nor such common Moscovian species as Girtyina konnot, Staffella spheeroidea,
Neofusulinella bocki, etc. are represented. On the other hand, there are scattered
individuals of Bradyina nautiliformis and Neofusulinella presimplex. These are the
characteristic fossils of the Penchi Series. The presence of these species together with
Spirifer mosquensis and the absence of any Schellwienia of the Taiyuan Series from the
Yanghukou fauna renders it fairly conclusive that Girtyina quasicylindrica must still

belong to the Moscovian time, but probably to the latest part of that epoch.

Girtyina quasicylindrica var. brevis. Lee

Pl V. Figs. 1-2

This variety differs from the typical quasicylindrica in having a closer type of
coiling, often arcuate shape and more gentle folding in the median region of the test.
This last named feature is so striking that, if not for its larger size, more whorls, much
thinner spirotheca and more or less elongated form, the present variety might be easily
mistaken as a variety of Girtyina presimplex.

Number of whorls usually 6 sometimes 63%.

As regards the width of the successive volutions two series of measurements are
made, one on an individual from Yanghukou (3914) and the other (85) from a point 200

k. m. north of Kalgan. They are tabulated below:

j Widths of successive volutions
. ey | in mm.
Dia. of initial chamber Specimen
in mm.
I 11 111 v \Y VI
0.22 0.36 0.5 0.66 0.9 1.18 1.5 (85)

0.19 0.31 0.467 0.678 0.922 I.21 1.52 | (3914)
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