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INTRODUCTION
Nearly four years have passed since the first microsection of fusulinoid Foraminifera from the Carboniferous rocks of North China was prepared in the Palaeontological 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 Palaeozoic 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. VV. 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 Fusulina-bearing limestones
intercalated in the Coal Measures but nowhere in the large and sm ill 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 of different species and individuals with a view to securing their proper
in

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 its 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
IV

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 preliminary stratigraphical summary*. Here in this volume only the succession of the
limestones and their contained Fusulinidse 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 extinction. 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 fundamental 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 Fusulinidse.
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 Mile. Colani whose recent contribution has indeed done much to further our knowledge 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 Palaeozoic 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 be 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 quantities 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 stratigraphy 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
Fnsnlina.
An interesting assemblage of primitive forms of Fusulinidae was collected from
a point 200 k. m. north of Kalgan by Peres Licent and Teilhard de Chardin whose epochmarking discovery of Palaeolithic 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 Palaeozoic Foraminifera and palaeogeography 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 cooperation 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 Goes and Schellwien. The Materials
were at once turned over to me on their arrival at the Survey.

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 determine 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 Comite Geologique in Leningrad, 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 Mile. 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. Hsti 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 terrrs for specific description.
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I. GENERAL REMARKS.
DISTRIBUTION OF FUSULINIMi IN NORTH CHINA.
Of the numerous Palaeozoic 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, *. e. 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
Fusulinidae.
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 briefly stated as follows:
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There are several layers that occur in the coalfields of Penchilm, Yentai and
Wuhutsui, South Manchuria; one layer in the highland of Inner Mongolia, being exposed,
according to Pere 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 PoshanHeishan area, the Changchiu coalfield and the Yihsien coalfield. In the first area
Fusulinidae are rather rare, but brachiopoda abound. In the second and the third areas
Fusulinidae 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 Fusulinidae 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; I, 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 specifically 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 Fusulinidae-fauna of South-western China and
Indo-China except those that flourished in the Moscovian time, such as Fusulinella
sphceroidea, Neofusulinella schwagerinoides etc. And among the common elements there
are those which are also found in Russia. Therefore 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 faunae 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 palaeontological
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 Fusulinidae procured from different localities and different horizons from a
* There is abundant evidence to show that the Fusulina-iauna is largely of shallow water habit.
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broader perspective, they fall at once into two groups or faunae between which a sharp
demarcation cannot fail to impress itself upon our notice.. These two faunae, unlike the
brachiopoda, arrange themselves in a well defined stratigraphical succession or chronological order. As far as North China is concerned, wherever the two faunae 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 sphceroidea, Neofusulinella bocki, Girtyina konnoi, 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 "palaeontological 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 Fusulinidae, and more especially of its lower
members, has been most exhaustively discussed by Moller, Schwager, Schellwien,
Douville, 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 palaeontologists
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 PI. I).

CHAMBERS.
All species of Fusulinidae 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. Ill, No. I, 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.

THECA.
All walls of the spiral chambers are collectively termed the theca
which consists of three structural elements, i. e. tectum, osseum and tectorium,
when fully developed; but sometimes only two, i. e. tectum and osseum, while
rarely only one of them, i. 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 tbeca for each spiral chamber is
called the spirotheca, formerly known as the "Wall", "revolving wall", "Kammerwandung", "Aussenwand" etc.

ANTETHECA.
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
mere appropriately when we come to deal with the higher forms of Fusulinidae,
it 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.

TECTUM.
No matter how the theca is constructed, there is in it always an exceedingly 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 supplementary 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.

OSSEUM.
This is 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 examination shows that this lighter layer is by no means homogeneous, but always
consists of a honey-combed structure (Wabenwerk, reseau alveolaire) with the
individual and sometimes bifurcating tubes and pillars arranged more or less perpendicularly 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 Fusulinidae 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
we may use Holler's classical figure. (Fig.
i). According to our interpretation and
terminology, the layer a corresponds to
tectum, c osseum, b and d tectorium, the lastnamed two layers are but different parts of the
* Ozawa, Y., On the classification of Fusulinidae, Journ. Coll.
Scien. Tokyo, Vol. XLV, Art. 4, P. 5.

t>

Fig. i. Partial
median section of
Fusulinella bocki
—adapted from
Mo'ller.
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same structural element. Holler applied the term "Supplementarskelet" only
to the outer layer (a) 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 (c) 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.

BUCCAL APERTURE.
With the exception of a few species of Schellwienia the lower part of
the antethecae in Fusulinella 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 antethecae probably performed the same
function as did the buccal aperture.
ANULI.
Throughout the lower members of Fusulinidae 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 Moller, but their significance had not been appreciated 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 seems 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 structure 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.

Lee—Fusulinidce of North China

Vol. IV.

(i) 9

Unfortunately I have not obtained any adequate oblique section so as to determine 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 antethecas toward the edge of the buccal aperture and consequent 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 Schelhvienia, 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 antethecae may be
called pseudo-anuli.

AXIAL RATIO.
One of the important morphological characters of all Fusulinidae 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 is 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 distinctly 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 antethecae 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 development 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 wiUsi Lee (sp. nov.)
PI. II. 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 commencement 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 90° 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 10. 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 o.n 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 i 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.
Antethecae 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.
Annli 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.
HORIZON 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.)
PI. II, 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 9 in all; first two volutions Endothyralike; 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 thin-, 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 antethecae 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
Iowa 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: I 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.
HORIZON AND LOCALITY: Boultonia rawi has been found in the coalfields of
Penchihu and Yentai, South Manchuria. Because of its constant association with Girtyina
Jconnoi and other typical species of the Penchi Series it is believed to represent the
Moscovian epoch.

Genus FUSULINELLA Moller

The genus Fusulinella was first described by Moller 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 Fusulinella 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 Moller's time the conception seems to have become prevalent among the
workers of fusulinoid Foramintfera 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 Durchmesser............" 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 bocki
which is the genotype of Moller'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
•
Moller, but differs therefrom in being fusiform. It is thus evident that Deprat's
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Neofusulinella is precisely synonymous with Holler's Fusulinella in his original sense,
and equivalent to a part of Moller'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 Fusulinidae. The line of demarcation is so definite that not a
single transitional form has yet been found.
To uphold Moller's priority, and to comply with the facts brought out by
recent researches it would be well to retain Moller'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 Fusulinella we may adopt Deprat's nomenclature
Neofusulinella which has already won some standing in palaeontological literature in
consequence of the work done by I. Hayasaka, Y. Ozawa and M. Colani.
For the other, Ozawa's term Staffella 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 sphcerica 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
PI. I Fig. i; PI. II Figs. 8-11

1878.
1913.

Fusulinella sphceroidea Moller; Mem. Acad. Science, St. Petersbourg, VII Ser. Tome
XXV, No. 9, pp. 107-111; PI, XV, Figs. la, ib.
Fusulinella quadrata Deprat; Mem. Serv. Geol. de 1'Indochine. Vol. II, Fasc. i, pp. 39-40,
PI. VII, 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

III

IV

V

VI

255

4

565

755

.986

.38

54

.76

1.07

1.40

.22

35

51

.70

.92

.636

950

1.248

1.62

45

.62

.88

1.20

I

II

.144
.26

.216

.384

.16

.28

VII

1.216

(3io)
(20)

1. 21

(2153)

Holler's
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.
Antethecae perfectly plane; even in the very umbilical ends no plication is
observable. They are, as a rule, slightly inclined backward. Number of antethecae in
each volution is only counted in a single specimen from Yuehmenkou, (2153) which gives
the following series of figures:
I, 9; 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.

2mm

1mm.

I
Fig.2

Width-graphs of Staffella sphceroidea.
(/?) Deprat's specimen.
[To face page 14]

(20) macrospheric type; (310), (2153) microspheric type; (at) Moller's specimen;
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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 antethecae 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 antethecae 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 Holier. It is probably the poorness of Holler'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 Holler'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). Holler'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.
HORIZON AND LICALITY: Staffella rphceroidea abounds in the Hsiaoyu Limestone of the Penchihu coalfield, South Hanchuria, 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 Peres
Licent and Teilhard from the northern part of Inner Hongolia. In the Tangshan and
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the Hsiaoyii Limestones it is associated with Girtyina konnoi, 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 Hthological 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 sphceroidea 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
PI. I Fig. 2; Pi. II Figs. 12-17

1877. Fusulinella bocki Moller; Die Spiral-gewundenen Foraminiferen des russischen kohlenkalks,
pp. 104-107, PI. V, figs. 3 a-g, PI. XIV, figs. 1.4.
1924. Neofusulinella prcecursor (Deprat) Colani; Nouvelle Contribution a 1'etude des Fusulinides;
p. 144, PI. XVII, figs. 1-22 bis.
1925. Fusulinella bocki Ozawa; Palseontological and stratigraphical studies on the Permo-Carbonifercus Limestone of Nagato, Part. II, pp. 17-18, PL III. 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 i: 1.8 and i: 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; III, .52; IV, .88; V, 1.4 in mm.
Antethecse essentially plane, and only begin to show a gentle plication near the
umbilical ends. Number of antethecse 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 ist volution
ii
,, ,, 2nd
ii
„ 3rd
13
» » 4th
16
,,
5th
24
,, ,, 6th
,,
Buccal aperture distinct, occupying about | of the length of the preceding
whorl up to the fourth volution, but becomes broader in the fifth, namely, about £ 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.

REMARKS: 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 i: 1.5 while in Neof. bocJci
this value often^reaches i: 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. schwagerinoides;
and finally by an appreciable development of folds in the antethecae Neof. prcesimplex
is derived.
HORIZON 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
teilhardi, G. konnoi Bradyina nautiliformis etc. It is also found in the coalfields of
Penchihu and Tangshan in association with Staffella sphceroidea, G. cylindrica G. konnoi
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
PI. II Fig. 19

1908. Fusulia obsoleta Schellwien; Monographic der Fusulinen; Palaeontographica, vol. LV, pp.
186-187, PI. XIX, Fig. 5-7.

Only a single specimen of the present species has been found among a copious
fauna procured by peres 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. bocki this value never exceeds 2.1:1.

2 mm

1mm.

I

I
Fig.3

Width-graphs of Neofusulinella bocki and Neof. prcesimplex. (101) Neof. bocki', (a) Neof. bocki—Holler's specimen; (3907)
Neof. prcesimplex; (ft) Neof. biconica Hayasaka for comparison.
[To face page
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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 da?k
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
PI. II. Fig. 18

1913. Neofusulinella Schwagerinoides Deprat; Mem. Serv. geol. Indochine, Vol. II, Fasc. I, pp. 42-43, PI.
VII, 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
fusulinoides Schellwien. Detailed examination of its structure however shows that the
antethecae are perfectly plane except in the extremely terminal parts where the anastomosing 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 Sckwagerina. 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 recalling 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 Neqf. 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 5
of the height of the respective chamber and J to j 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.

NeofusulinelJa praesimplex Lee (sp. nov.)
PI. II, FigS. 20-22

1908. Fusulina simplex Schellwien in part? Monographic der Fusulinen; Palaeontographica, Vol. LV, pp.
179 182, PI. 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, sometimes 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: i.n mm to 3.9:1.27 mm, i.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
.24

II
.41

III
.655

IV
1.05

V
in mm.

Comparing graphically (See Fig. 3) the spiral expansion as based on these
figures with that of Neofusulinella boclci, 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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Antethecse 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 | of the height of the chamber in the first two volutions, nearly
half of the height in the third and about 3 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 i to 5^ 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 nautiliformis,
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.)
PI. 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 Tetrataxis 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 occupying about | of the length of each whorl;^axial 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
precursor. 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 PUSULINA 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 Moller 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. verneuili 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 Kammerwandimgen 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 verneuili, 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, Girtyina. 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 Fusulinidae. 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 sphceroidea but also in most of
the whorls of Girtyina schellwieni and G. konnoi, a certain variety of which is undoubtedly
related to the Russian species designated under the names Girtyina 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
Girtyina. 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 antethecae 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 Girtyina. 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. tingvenkiangi would seem further to strengthen Staff and Wedekind's view that there is no sharp demarcation between the two. It
appears therefore unnatural to maintain Schwzgerina as an independent genus. Nevertheless 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 Girtyina 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 GlRTYINA Staff et Wedekind
Girtyina konnoi Ozawa
PL III, Figs, i-io, 12

1925. FusulineUa konnoi Ozawa; on the classification of Fusulinidse; Jour. Coll. Sci. Tokyo, Vol.
XLV, Art. 4, PI. IV, figs. 6, 7.
1925. Fusulinella (Girtyina) konnoi Ozawa; Journ. Geol. Soc. Tokyo, Vol. XXXII, P. 23, PI. 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 an(^ i:2 -5 sometimes
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 9 or 10. Those having more numerous volutions
invariably possess a smaller initial chamber. Therefore they probably represent the
microspheric type.
Antethecae 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 antethecae for each volution is remarkably constant
in the several specimens tabulated below.
Volution

I

II

III

IV

V

VI

VII

i
|

Specimen

i
12

19

22

33

32

36

(306)

12

18

23

28

30

35

(3i6)

12

18

21

23

30

3i

II

19

23

27

30

( 23)

10

19

22

29

33

( 86)

Number of
Antethecae

(305)

35

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

Width of successive volutions in mm.

!

Specimen

I

II

III

IV

V

VI

.36

55

77

1.04

1.4

1.82

-35

5

•7

95

i-3

.29

44

.62

.85

1.16

1.5

( 307)

33

52

77

1.05

1.44

1.83

(

32

5

73

io

1.4

1.72

(1606)

(

74)

(

86)

8)

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, although 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 Girtyina.
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 mmREMARKS: The present species shows some affinity to Neofusulinella prcesimplex
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 antethecae and more
whorls. The folding in the antethecae is however not quite so intense as in Girtyina
ventricosa Meek of Illinois, though not incomparable with Girtyina cfr. ventricosa 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

2mm.

1mm.

Fig. 4

N.

2mm,—

1mm.—

Fig. 5

I
Fig. 4.

Width-graphs of Girtyina konnoi (8, 74, 307. 1606) and Girtyina schellwieni (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.
HORIZON 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 teilhardi, etc. In the Tanghsan
Limestone of the Kaiping Basin Girtyina konnoi is also of frequent occurrence. There, it
is again associated with Staffella sphceroidea, 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 konnoi 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
PI. IV, Figs, ii, 13, M.
1912. Oirtyina Schellwieni Staff; Palaeontographica, Vol. LIX, p. 165, pi. XVIII, Fig. i.

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; II, 0.69; III, i.oi; 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.
Antethecae 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 antethecae in a typical specimen counts n 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 rectangular
shaped buccal aperture.
Initial chamber relatively large and spherical having an external diametre of
about 0.18 mm.
This species is distinguished from 0. 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 I, Fig. 6; pi. HI, 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
2.15 mm; axial ratio ranges between 1:2.5 an(^ I: 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.
Antethecae intensely and rather irregularly folded throughout their entire length
and height. Number of antethecae somewhat variable from individual to individual. On
the average there are
ii in Volution I
19 »
M
II
23 ,,
,,
III
25 „
„
IV
30 ,»
„
V
Thickness of antethecae 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 ,, 0.94 ,, ,,
,,
III
„ i.ii „ 1.33 „ „
„
IV
about
1.7 „ „
„
V
2.15 „

„

„

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. As a 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
0.031 mm in Volution I
0.040 ,, ,,
„
II
0.044 ,, „
„
III
0.064 ,, ,,
,,
IV
0.037 " "
"
v
A pair of fairly conspicuous 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
osseum 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 Peres 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 Jconnoi etc. equivalent to the faunae 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 Pere 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 species under consideration. Moreover our species is generally
smaller in size; the maximum length of Moller'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 1.44 mm; axial ratio ranges from 1:4.5 to 1:5.
Spirotheca and antethecae 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.
Antethecae regularly plicated throughout the entire length of the whorls. The
plication is always so gentle that in spite of the extraordinary thinness of the antethecae,
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):
Initial
Chamber

Width

Thickness of Spirotheca.

Volutions

Specimen
I

II

III

IV

V

VI

.16

.22

.356

.48

.63

.86

1.06

(2160)

.2

•3

•43

.6

.83

1.16

1.44

(60)

•3

.48

•65

.91

1.23

.01

.01

.02

.026

(1608)
.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 Moller.
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 LOCALITY: This species has been found in the Penchi Lime
stone, Penchihu, Fongtien; the Pint ing Limestone, the Pinting Basin, N. E. Shansi,
and the Pankou Limestone, West of Taiyuan, Central Shansi. In all these cases it is
associated with Girtyina konnoi, Bradyina nautiliformis and other Moscovian species.
Probably its vertical distribution is restricted to the Moscovian.
Girtyina cylindrica Fischer de Waldheim
PL I, Fig. 3; PI. IV, Figs, r-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, PI. XIII, Figs. 1-5.
1876. Fusulina cylindrica Brady; Notes on a group of Russian Fusulinae; Ann. Mag. Nat. Hist., Ser. IV,
Vol. XVIII, P. 415, PI. XVIII, Figs. 1-4.
1878. Fusulina cylindrica Moller; Die spiral-gewundenen Foraminiferen des russischen Kohlenkalks; Mem.
Acad. Sci. St. Petersbourg. Vile Ser. Tome XXV, No. 9, pp. 51-54, PI. I, fig. 2 a-b, PI. VII, fig. i a-d.
1908. Fusulina cylindrica Schellwien; Monographic der Fusulinen, Palaeontographica 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 I: 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 I: 4-5•
Number of whorls usually varies from 6 to 5, rarely 6|. 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 5th, which represents the thickest part of the
spiratheca, the thickness generally falls under 0.045 mm, often as thin as 0.02 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.
Antethecae 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
Qirtyina pankouensis.
Numbers of antethecae 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
Holler'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 the successive volution
in mm.

Dia. of Initial Chamber
in mm.
I

II

Ill

IV

V

Specimen

VI

0.2

0.3

0-455

0.67

0.9

O.IQ

O.24

0.44

0.67

0.91

O.IQ

0.25

0.38

0-59

0.166

0-377

0.58

0.84

1. 21

(64)

0.19

0.31

0.44

0.61

0.85

(39i6)

0.192

0.24

0.36

0-54

0.816

Holler's

0.223

0.305

0.458

0.686

0.034

>i

0.15

0.244

0-37

0-59

1.877

Miatschkovo (a)

0.21

0.31

0.44

0-59

0.8

0.2

0.31

0.477

0.7

0.13

i

1.22

(303)

(300)
(30i)

(b)
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 | 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 yV of the axial length of
the respective whorl.
Initial chamber relatively large, almost perfectly spherical, having a diametre
ranging from 0.194 to 0.22 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 palaeontologists at
different 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 Holler 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 Holler'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 Holler'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 Holler'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 Holler. 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.
HORIZON 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, FusulineUa
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 appsirance similar to
one of Schellwien's figures (Palaeontographica, 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. 9).
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
Girtyina prcesimplex and Bradyina nautiliformis, namely Moscovian, and probably the
later part of Moscovian.
Girtyina quasicylindrica Lee (sp. nov.)
PL IV, Figs. 10-19

1908. Fusulina sp. Palaeontographica, Vol. LV, PI. XVII, fig. 10.
1923. Fusulina dongata var. minoris Lee; Bull. Geol. Soc. China. Vol. II, No. 3-4, p. 74, PI. II, fig. 7.

Test slender, cylindrical or elongately fusiform; Axial length varies from 3.3 to
8.2 mm, median width from i.i 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 0.02 mm on the average.
the spirotheca.

Antethecse either as thin as, or slightly thicker than,

They are in some forms (particularly the elongated and recurved ones)
When they are regularly

regularly and somewhat intensely folded, but less so in others.

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 | of the height of the
antethecae is involved in the folding.
Number of antethecae for each volution appears to vary considerably from
The range of variation is indicated by the following figures

individual to individual.

obtained from a few typical specimens:—
Volution

Number of
Antethecae

I

II

III

IV

ii

21

24

27

10

18

20

22

1C

20

25

25

V

Specimen
(3908)

24
30

(3909)
(3919)

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
Specimen

Dia. of initial chamber
I

II

III

IV

V

VI

0.2

0-33

0.48

0.66

O.OI

1.2

(3909)

O.22

0-35

0-5

0.74

I.OI

1.38

(39i8)

0.2

0.366

0-54

0.32

1.16

0-3

0.41

0.58

0.81

i. ii

1.46

(3908)

0.2

0.31

0.44

0.66

0-94

1.26

(3904)

0.2

0-377

0-535

0.766

i.i

1.42

—

0.278

0.42

0-59

0.89

1.24

—

0-33

0-5

0.71

0-97

1-33

(3902)

1.7

(39io)
(3912)

1-72

(3001)

Axial ratios for the successive volutions:

II

III

IV

V

2

2.86

3.36

4-25

4.86

1.64

2.28

2.9

3-36

4.26

1.8

2.25

2.7

3-3

I

VI

Specimen
(3904)
(39IQ)
(3918)

REMARKS: In his "Monographic 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 Holler'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 antethecae 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 Moller'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, (Palaeontographica, 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.
konnoi, 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 LICALITY:

Girtyina quasicylindrica abounds in the Yanghukou

fauna of N. W. Kansu, fairly common in the Pankou Limestone 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. I. 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 strati graphical 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 konnoi, Staffella sphceroidea,
Neofusulinella bocki, etc. are represented. On the other hand, there are scattered
individuals of Bmdyina nautiliformis and Neofusulinella prcesimplex. 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 prcesimplex.
Number of whorls usually 6 sometimes 6^.
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:
Dia. of initial chamber
in mm.

Widths of successive volutions
in mm.
I

II

Ill

IV

V

Specimen
VI

0.22

0.36

o-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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Comparing graphically these figures with those obtained from the typical
specimens of quasicylindrica it will be noticed that the first parts of the graphs
practically coincide. But in the last parts the graph for the present variety shows a
decidedly lower gradient than those for the typical quasicylindrica.
Another point of demarcation is their relative length or axial ratios. In the
typical quasicylindrica the axial length usually exceeds 7 mm. with an axial ratio of 1:5
when its number of volutions reaches 6; whereas, the present variety, though having 6
volutions, barely attains a length of 6 mm. with an axial ratio of only about 1:4.
So far this variety is only known to occur in the Yanghukou Limestone, N. W.
Kansu, as an intimate ally of Girtyina quasicylindrica, and at a point 200 k. m. north of
Kalgan. In the latter case the specimen (85) is of a stouter form and seems to be more
closely related to G. konnoi with which it is associated. Thus it may represent a
transitional form between G. konnoi and G. quasicylindrica.
As in the case of quasicylindrica the present variety is assigned to the Moscovian.

Subgenus SCHELLWIENIA Staff-Wedekind
Schellwienia simplex (Schellwien)
PI. V, Figs. 6-11, 13

1908. Fusulina simplex Schellurien; Palaeontographica, Vol. LV, pp. 179-182, PI. XVIII, figs. 4-6,
10,12.

Test slender, elongated, vaulted but slightly in the median portion, more
or less rounded in the umbilical ends. The longest specimen in our collection measures
6.1 mm long and 1.33 mm wide. The length and width of the normal individuals
however vary from 4.7 mm to 5.3 mm and from 1.41 mm to 1.5 mm respectively. The
axial ratio of the complete test is about 1:3.4 on the average. In the highly elongated
forms this ratio sometimes reaches 1:4.6.
Number of whorls 5 to 5^ when fully grown, but often not more than 4.
Whorls are rather compactly coiled in the first two or three volutions, distinctly
broader from the third volution onward. This change of the mode of coiling is accom
panied - by a change of the thickness of the spirotheca. In the second volution the
thickness of the spirotheca is no more than 0.03 mm, while in the fifth it generally
reaches 0.067 mm, sometimes as much as 0.09 mm.
Similar changes are observed in nearly all the other structure features suggesting
two distinctive stages of growth. For instance, in the inner volution the antethecse are

2mm. -

1mm.

I

Fig. 6
I

J

m

2mm

1mm

I

I

Fig.7
I

1

ff

I

H

Fig. 6. Width-graphs of Girtyina cylmdrica (303,3916,1608?, a, 0) and G. quasicylindrica (3001,
3904), of, 0 being specimens from Miatschkovo Limestone.
Fig. 7. Width-graphs of Schellwienia simplex (4109, 4110, 41133), Schell. simplex var. mi nut a (1772,
41103, b) and Schell. parvula (1764, 1765).
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fluted to a more notable extent, though still very gentle as compared with other species;
but in the outer ones they become almost plane, at least over the median region. The
usual loops or twists arising from the .truncation of the folded antethecae are only
observable in the axial section towards the terminal parts of the outer whorls, and then
they are always broadly disposed. The outer whorls are often highly elongated in the
umbilical region.
Buccal aperture small and narrow in the inner whorls, but becomes low and
very broad in the outer ones. In one instance which appears to represent the average
form, the width of the buccal aperture in the second whorl is only about -J- of the axial
length of that whorl; whereas in the fourth whorl which is much more elongated as
compared with the second, the width of the aperture extends almost for about i of the
length of that whorl. A similar state of thing happens to the anuli. In the inner, or
the compacter whorls, they appear to be very massive, but in the outer whorls they
become less conspicuous, though somewhat broader.
Initial chamber usually spherical having a diametre varying from 0.09 mm to
0.18 mm, not infrequently deformed to all kinds of irregular shape.
Measurements relating to the widths of the successive volutions, axial ratios, the
diametre of the initial chamber, etc. are tabulated below:—
Volution

Specimen

Initial Chamber
III

V

IV

I

II

.09

.17

.28

.46

.71

1.08

(4109)

Width

.1

.17

.3

.51

.83

1.22

(4H3)

in mm

• Ti

.22

.43

.67

2

Axial ratio
Number
of
Antethecae

.74

.46

.29

•17

2.7

II

l8

21

10

15

22

1.0

(4"3a)

I.4I

1.06

1.5

3.9

4

.

(4110)
(4110)

',

REMARKS : There cannot be much doubt that our species essentially agrees
with Schellwien's F. simplex. Unfortunately Schellwien's description is not sufficiently
illustrated, nor do the few microphotographs given by him indicate the limit of specific
variation such as suggested in his description. As far as Schellwien's published
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material is concerned, there is an axial section of what he named F. prisca (Palaeontographica, Vol. LX, PI. XVIII, fig. 10) that seems to resemble our species even more
closely than the only axial section of simplex. If, however, we take Moller's original
figure of prisca as the typical form of that species it seems more natural to separate the
form represented by fig. 10 (loc. cit.) from true prisca, and place it in the species under
consideration (see p. 49). If it differs from our species at all, it is only in those minor
features such as the alar prolongation and a slightly broader coiling of the outer whorls.
However, the possibility is not disproved that there may not be intermediate
form linking the two.
Our species is characterized by almost unfluted antethecae which stretch over a
considerable portion of its median part, the prominence of anuli and the broad buccal
aperture in the outer volutions. It can easily be distinguished from Fusulina montipara
by its more slender shape, though the two probably stand in close relation.
HORIZON AND LOCALITY : Schellwienia simplex occurs abundantly in the
"Fusulina Limestone" of Yaokou, Kaotaihsien, Kansu. The whole rock is crowded with
this species and its variety minuta. Occasionally it associates with incipient or young
forms of Schellwienia longissima. But in the large number of sections that I have
prepared, no trace has been found of the fully-grown longissima. On the other hand
representatives of Mpscovian Foraminifera, such as Bradyina nautiliformis, Neofusulinelh
booki etc. are entirely absent. It is therefore judged that the Yaokou Formation probably
represent either the lowest Uralian or the transitional stage between Moscovian and
Uralian.
Schellwienia simplex var. minuta var. nov.
PI. V, figs. 12, 14-19

Closely associated with Schellwienia simplex in the Yaokou fauna of Kaotaihsien,
Kansu, there are numerous individuals of a small Schellwienia with 3 to 3^ whorls strongly
resembling the inner volutions of Schellwienia simplex. Their size varies from 1.3 mm :
56 mm to 1.82 mm. : 0.75 mm with a very thin spirotheca and gently fluted antethecse.
When compared with Schellwienia simplex it recalls, in all its essential features, (see the
table below and the accompanying graph.) the early stage of that species. The question
then arises : are we here dealing with a variety of Schellwienia simplex or but young
individuals of the same species? Its persistence of conforming with a definite type of its
own in the Yaokou fauna and its isolated occurrence in the Yaoku Limestone of the
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Pinting Basin, N. E. Shansi, and also in the Chientaokou Limestone, Central Shansi,
are facts which seem to be in favour of the former interpretation. I would therefore
tentatively consider this form as the forerunner of Schellwienia simplex, and regard it as
a definite variety.
The measurements tabulat3d below show how closely the figures agree, as a
whole, with those obtained from typical simplex.
Volution

Intial Chamber

Specimen
I

II

III

.12

.19

.31

•54

(1772)

•13

.22

.36

•56

(4108)

Width

.12

•19

-33

•54

(1773)

in mm

.12

•2

-33

•54

(4iioa)

.12

.24

42

•7

(4iiob)

.12

•2i

.33

•56

(4112)

Axial ratio

IV

—

2.4

—

(1772)

—

2.3

—

(4108)

—

2.5

—

(1773)

—

2-3

—

(4112)

Schellwienia parvula Schellwien
PI. VI, Figs. 1-4, 6, 9
1908. Fiwdina prisca var. parvula Schell., Palaeontographica, Vol. LV, p. 184, PI. XIX, figs.
I4-I5-

1925. Fusulina prisca var. parvula Ozawa, Palaeontological and Stratigraphical Studies on the
Permo-Carbonierous Limestone of Nagato Part II, p. 39, PI. V, fig. 3.

Test elongately fusiform, slightly vaulted in the median region rounded in the
umbilical ends. Even the adult specimens are only of a minute size. In three typical
forms which admit accurate measurement the axial lengths amount to no more than 3.6,
3.9, 4.4 mm, and the median widths 1.4, 1.16, 1.4 mm respectively. These give an axial
ratio varying from 1:2.6 to 1:3.3.
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Number of whorls usually 5 sometimes 6.
Whorls compactly coiled, particularly so in the inner volutions.
successive volutions and axial ratio of the inner whorls are a follows: —

Width of the

I

II

III

.24

•4

.6j

(1768)

.2

•355

.63

(1767)

.266

•44

.72

i.i

(1765)

Width

.255

•44

.74

i.n

(1771)

in mm

.23

•37

.56

.81

.24

.41

.72

1.17

.22

•35

.55

.82

!

Axial ratio

>27

•4

-

.7

IV

1.0

V

1.14

Specimen

(1764)
(1766)

1.28

Nagato

1.47

Volonga*

1.6

2-5

2.64

(1768)

2.1

2.4

2.76

(i77i)

2.7

3

3-1

(1766)

* Measured by the author from Schellwien's microphotograph.

Spirotheca very thin, alveolar structure hardly visible in the first two or three
volutions ; but becomes considerably thicker and quite distinctly alveolar from the third
volution onward. In the fifth volution the thickness reaches about 0.06 mm.
Anthecae are generally fluted in the shape of widely spaced folds, sometimes
they are almost plane in the median region.
Number of antethecae appears variable. They are counted in the first four
volutions ir, 21, 29, 33 in one case, and in the first three volutions n, 16, 18, in another.
In the second case the figures agree more closely with the median section figured by
Moller and those given by Ozawa.
Aperture sma)l and narrow throughout the test; anuli fairly prominent, and
always present, probably of a real nature.
Initial chamber usually spherical, sometimes ellipsoidal with its major axis
pointing towards the poles; diametre of initial chambre varies from o.n to 0.14 mm in
our material,
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HORIZON AND LOCALITY: All of the above described material is obtained from
the limestone-layer (Yaokushi) immediately above the main coal seam of the Pinting
Basin, N. E. Shansi. There, it is associated with Schellwienia longissima, and other
Taiyuan forms. Therefore it belongs undoubtedly to the Taiyuan Series, and probably is
restricted to the lower part of that formation; for no trace of it has been found in the
several layers of limestones above the Yaoku Limestone.
Outside of the Pinting Basin there is only one significant case that deserves
special mention in this connection (PL VI, fig. 6).
In a large number of microslides prepared from the material obtain by Mr. P. L.
Yuan from the lower layer of "Fusulina Limestone" of Hsinho, Kansu, I have found,
among many others, a somewhat oblique section which measures about 5 mm long and
1.73 mm broad. One side of the test appears rather unnaturally flattened, and the
antethecae slightly damaged probably through the compression of the rock-material in
which it is embedded. It is therefore judged that the complete test must be slightly
longer and broader in its natural shape. The axial ratio cannot, however, at all events be
higher than 1:3.
There are five whorls in all. The first two or three volutions are rather com
pactly coiled. From the third volution onward the whorls steadily widen out. The
widths of the successive volutions are as follows: —

1,0.22;

11,0.41;

111,072;

IV, 1.3;

V, 1.74 in mm.

In the first two or three volutions the spirotheca is rather thin having a fine
alveolar osseum; thence onward the spirotheca becomes quite thick and at the same time
the alveolar structure grows distinctly coarser. In the last volution which is the thickest
of all, the thickness actually reaches 0.09 mm.
Antethecae appear fairly thin; only slightly but irregularly fluted in the median
part, almost plane in the outer volutions.

Buccal aperture very low and relatively narrow in the inner volutions, but
becomes considerably broader in the outer ones.
Anuli fairly stout and distinct, and present up to the last whorl.
Initial chamber thin-walled, spherical, h'aving a diametre of 0.13 mm.
Comparing this form with that from the Yaoku Limestone of Shansi, it is not
difficult to see that the two are closely related if not specifically identical. The only
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difference lies in the fact that the Kansu form is somewhat larger in size, and its antethecae
more gently folded. Thus it approaches Schellwienia simplex. It is however admittedly
a dangerous proposition to determine the general property of a form on a single section.
Therefore the question of its identification or affinity must await further descovery of
this problematic species in the Hsinho fauna.
REMARKS: Although it is rather difficult to compare the several features of
the present species with those of Fusulina prisca var. parvula of Schellwien who gives
but a very brief description of the said variety, a large number of sections has been
prepared for comparison from the material derived from Zarew Kurgan and labeled by
Nikitin as F. prisca, F. longissima and F. verneuili. Of these, I am fortunate enough to
find numerous individuals that can hardly be distinguished from those of the Yaoku
Limestone, Shansi. Presumably they were recognized by Nikitin as F. prisca (Ehrenb).
For the reason to be explained below, it is better to separate this group of forms from
true prisca, and assign them, together with the material under consideration, to an
independent species, namely Schellwienia parvula.
It will be observed that anuli, be they real or false, are only developed in Holler's
prisca up to the second volution, and then rather in a rudimentary form; while in
Schellwien's Fusulina prisca var. parvula, as in our case, the anuli are well-developed up
to the last part of the last whorl. If this feature is of some specific value as the author
is inclined to believe, then it would be more natural, apart from all other considerations,
to separate Schellwien's var. parvula from its supposed type-species prisca, and establish a
new species parvula as I have done here.

Schellwienia incisa (Schellwien)
PI. V, Figs. 21, 22

1897. Fusulina incisa Schellwien; Palaeontographica, Vol. 44, pp. 252-253, PL XVIII, Figs. 5-9.
1912. Fusulina incisa Deprat Mem. Serv. Geol. Indochine, Vol. I, Fasc. 3, P. 34, PI. VIII, figs. 4, 5.
1925. Schellwienia incisa Ozawa; Journ. Coll. Scien. Tokyo, Vol. XLX, Art. P. 37, PI. V, Figs. 8, 9.

In the numerous microsections of the material from Hsinho, Kansu, there are
only two sections representing this species. The one (4026) measures 4 mm long and
1.78 mm broad with but a slight median vaulting and rounded umbilical ends. The
widths of the successive volutions measure 0.24, 0.42, 0.78, 1.22 1.78 mm from the first
to the fifth volution respectively. These figures are obviously of the same order as those
given by Schellwien except for the first few whorls which show a uniformly lower value
in our case. This i& however to be expected; for our section is clearly para-axial, and
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therefore the measured values must depart more pronouncedly from the true widths
because of their greater curvature.
The other section (4045) is almost, though not quite, exactly axial having a
length of 4.8 mm and a breadth 1.78 mm, and shows clearly the characteristic features
of Fusulina incisa Schellwien such as the gently fluted antethecae, relatively thick
spirotheca, rather coarsely alveolar osseum and well-developed, though not particularly
massive, pseudo-anuli. Widths of its successive volutions measure 0.266, 0.53, 1.05, 1.75
mm from the first to the fourth volution respectively. Comparing these figures with
those given by Schellwien it will be found that in our specimen the value for the first
volution is lower, and none corresponds to the fourth. Such differences are however
within specific variation, for similar variation is often observed in other species.
This species is undoubtedly related to Schellwienia simplex, but differs therefrom
in having a stouter test, more whorls and higher rate of spiral expansion. Stratigraphically
it probably appears in a higher horizon than that at which Schellwienia simplex reaches
its acme of development.

Schellwienia prisca (Ehrenberg)
PI. VI. Figs. 5, 7-23

1842. Alveolina prisca, Ehrenberg; Berichte der konigl. preuss. Akad. der Wissenschaften, p. 274.
1878. Fusulina prisca, Moller; Die spiral-gewundenen Foraminiferen des russichen Kohlenkalks, pp. 56-59,
PL III, figs, i a-c, P). VI, figs. 2 a-c.
1908. Fusulina prisca, Schellwien, in part, Monographic der Fusulinen, Palseontographica, vol. LV, pp.
182-184, PI. XVIII, figs. 8, 9?. ii (non fig. 10).
1925. Fusulina prisca, Ozawa, Palaeontological and Stratigraphical Studies on the Permo-Carhoniferous
Limestone of Nagato, Part II, p. 38, PI. V, fig. 5.

Test asymmetrically fusiform, the median part being more pronouncedly vaulted
on one side than on the other; umbilical ends usually pointed, sometimes more or less
rounded. The common form is rather small having an average axial length and median
width of 5 mm and 2 mm respectively. The largest specimen among our material
measures 7 mm long and 2.3 mm broad. The axial ratio of the complete test varies from
112.5 to 1:3.
Number of volutions usually 5, sometimes only 4; the latter type probably
includes individuals of immature growth.
Whorls moderately compact in the inner volutions, but steadily widen out
towards the outer ones. The width, axial ratio and number of antethecse in the successive
volutions are as follows:—•
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Volution
Specimen
I

II

III

IV

•33

-6

1.04

1.6

(1748)

•32

.58

1.05

1.6

(4018)

•3

-53

.87

1.38

(4030)

•33

-67

1.28

1.94

(1750)

•3

-57

T.O2

1.64

.43

-8i

1-33

(1749)

Width

.33

.68

1.05

(1752)

in mm

.31

.61

1.05

.28

.47

.28

.42

•31

-57

•49

-85

.92
1-31

•43

-64

I.OI

i

I

•43

Axial ratio

Antethecse

VI

2.25

(1753)

1.8

(I74i)

1-45

(1742)

1.02

1.58

1.39

2.0

1.63

2.31 )

1.20

1.85

(

2.05
)

2.61 }

(1739)
Zarew- Kurgan
(Moller)
Nagato (Ozawa)

2

2.4

2.G

2.8

(1748)

1.6

2.3

2-3

2-4

(1750)

1.8

, 2.05

1.8

Number
of

-73

.83
.63

V

2.2

(1749)
2-3

2.7

(1742)

13

21

29

12

23

37

13

22

29

38

(1736)

13

21

3<>

35

(1744)

12

21

37

13

22

24

13

20

25

12

21

26

(1738)

37

(1747)

(1740)
24

29

(1739)
Zarew-Kurgan.

28

28

Nagato
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Spirotheca very thin, finely alveolar in the first two volutions; but it thickens
steadily from the third volution onward; at the same time the alveolar structure becomes
coarser. In the fourth volution the thickness generally varies from 0-66 to 0.08 mm
»
being sometimes as thick as 0.09 mm. When the fifth volution is developed, it is often
slightly thinner than the fourth showing the advent of the senile stage.
Antethecse considerably thinner than the spirotheca, folded, as a rule, in an
irregular manner; only in rare cases a slight degree of regularity of folding is to be
observed in the median region. The individual chamber is but slightly arched in the
spiral part; as a consequence, the surface of the test is marked by very broad and gentle
furrows.
Buccal aperture small, often unobservable in the axial section, always ill-defined
in the outer volutions.
Anuli only present on the wall of the initial chamber; and rarely developed in
the first volution in a redimentary manner,
Initial chamber usually spherical sometimes in the form of an indented spheroid
with a diametre of 0.2 mm on the average, varying between the limits of 0.16 mm to
0.23 mm.
REMARKS : While the foregoing description shows that our species agrees in
all its essential characters with Fusulina prirca of Moller and Ozawa, and with a part of
the material described by Schellwien under the same specific name, it remains to be noted
that the overwhelming majority of our form are about 5 mm long and 2 mm broad.
Those reaching the size of 7 mm. : 2.3 mm represent the rare exception. According to
Moller and Schellwien, the largest Russian representative of this species has a length of
8 mm and width of 2.20 mm. I am not sure if Moller had ever examine the internal
structure of such large forms, and if he obtained evidence that they were structurally
identical with his microscopic figure. (Moller, op. cit. PL VI, fig. 2a). It is on the
latter figure that I have based my identification. As far as I am able to judge, forms
notably different from Moller's type-figure are included by Schellwien in one and the
same species. This latter author gives a microphotograph, for instance, of a form that
would seem to be better referred to Schellwienia simplex than to Schellwienia prisca and
states that there are transitional types between the simplex-Ufa form and the typical
prisca,
In the Hsinho fauna of Kansu in which simplex and prisca occur side by side.
I have however found no such transitional forms. Even if such intermediate forms do
actually occur, there is no reason why we should not separate such widely different types.
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One has always to guard against the ever-present prejudice arising from associated
occurrences in specific determination.
As regards the number of antethecse in the several whorls our form practically
agrees with the Russian and the Japanese representatives up to the second volution; but
from the third volution onward, the number is appreciably higher in our material as
indicated in the foregoing table. It is a noteworthy fact that the numbers are practically
constant in all our specimens except such variation as may be ascribed to retardation
or acceleration. We do not know whether the Russian and Japanese forms are equally
constant in their number of antethecae or the few figures given by Moller and Ozawa are
but examples of particular cases. The comparison therefore can hardly be regarded as on
a sound basis. Thus it does not appear desirable to establish a new variety on that ground.
When compared with other associated species and their varieties several lines of
modification seem to converge on the present one. Apart from Schellwienia simplex
whose genetic relation with the present species is still problematic, there are forms in this
species that, by a further axial elongation more regular folding of the antethecae and
incipient development of a network of folds in both ends, approach Schellwienia richthofeni;
and others thai, by intense and extremely irregular folding of the antethecae, probably
gave rise to Schellwienia complicata. A third line of variation is to be traced from certain
regularly fusiform types of this species to Schellwienia regularis which is distinguished
from the present one only by a much more regular type of folding of the antethecae,
thicker spirotheca and coarser alveolar structure. Although without further substantiat
ing data we cannot be dogmatic about these broad inferences, the fact seems fairly evident
that we are here dealing with a species which played a dominent role in the evolution of
Schellwienia at large.
Some apparent resemblance may be observed between this species and Fusulina
exilis. A closer examination will however show that the latter is generally of a larger
size, and has more regularly folded antethecae and more whorls.
Schellwienia regularis Schellwicn
PI. VII, Figs. 8-10
1898. Fusulina regularis Schell., Palaeontographica, Vol. XLIV, pp. 250-251, PI. XIX, Figs. 1-6.

Test rather small, regularly fusiform throughout the successive whorls; axial
length of the complete test varies from 4.4 to 4.6 mm and median width from 1.7 to 2.0 mm;
axial ratio about 1:2.6 on the average; number of whorls ranges from 4 to 5^; spirotheca
fairly thin in the first volution but steadily becomes thicker towards the last; alveolar
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Width-graphs of Schellwienia prisca (1750, 1753. 1739), Schell. regularis (4018. 4019). Schell. anderssoni (1340) and
Schell. valida (3516) .
[To face page 50]
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osseum moderately coarse; [whorls fairly broad; antethecae regularly folded; buccal
aperture small but high in the inner volutions becoming broader and lower in the outer
ones; pseudo-anuli apparently present at least in the inner volutions; initial chamber
perfectly spherical but variable in size.
Results of measurement:
1

Volution
Specimen

Initial Chamber

Width
in mm

Axial ratio
Number
of
Antethecse
Thickness of
spirotheca
in mm

V

III

IV

.78

1.29

2.00

(4042)

•33

-63

I.I

1.62

(4018)

.23

.41

I

II

.27

•5

.18
•13

1.66
12

.71

1.22

1.8

2.2

2.3

2.17

2.3

2.6

16
•05

.056

(4019)
(4042)

2.6

(4019)
(4018)

31

26

1-7

.01

(4042)

REMARKS : It will be observed in the above table that the widths of the
successive volutions vary to some extent; but the variation among the majority of our
specimens is well within the limits set forth by Schellwien. For example, the widths of
the whorls in our specimen (4042) are of the same order as those of Schellwien's
specimen II which measures 0.57, 0.90 1.33, 1.90 mm from the first to the fourth
volution respectively; and the widths of our specimen (4018) are comparable with those
of Schellwien's specimen I, namely 0.36 mm for the second i.oo mm for the third and
1.56 for the fourth. The axial ratios, the thickness of the spirotheca etc. also differ but
slightly between the A Ipine and the Chinese form.
What remains to be noticed is the fact that the largest individual among the
Alpine form is said to attain a length of 8 mm and a width of 2.8 mm, but there is not
a single specimen in our material which reaches that size. Judging from Schellwien's
figures such large individuals probably represent at exceptional case. Undoubtedly there
are among the Alpine species individuals which agree in size with our form. It seems
therefore quite safe to identify the species under consideration with Fusulina regularis
of the Carnic Alps. (Auernigg Beds).
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A rather puzzling problem however arises from the relationship between the
present form and Schellwienia prisca. The general appearance of axial sections and the
measurements of the two species almost completely agree in some instances.
The only notable difference lies in the fact that in the case of Schellwienia
regularis the spirotheca is thicker, the antethecse more regularly folded and the shape
always strictly fusiform. It is because of these differentiating features that I have
separated the species under consideration from Schellwienia prisca, and made it an
independent species as Schellwien has done.
HORIZON AND LOCALITY: Schellwienia regularis occurs sparcely in the Yaoku
Limestone of the Pinting Basin, N. E. Shansi, Miaokou Limestone, Central Shansi, and
in the Hsinho fauna of N. W. Kansu. From its association with Schwagerina fusulinoides
and Schellwienia complicata its stratigraphical position is believed to be no lower than
the lower part of Uralian.
Schellwienia arctica (Schellwien)
PI. VII, figs. i-7
1883. Fusulina cylindrica Goes, Ofversigt cf. Kongl. Vetenskapens Akademiens For hand lingar;
Vol. 40, No. 8, p. 24, Fig. p. 35.
1908. Fusulina arctica Schellwien, in part, Palaeontographica, Vol. LV, p. 173, PI. XII, figs. 3-9.
1910. Fusulina arctica Staff-Wedekind, Bull. GeoL Inst. Upsala, Vol. X, No. 19-20, pp. 115-118,
figs. 4-6.

Test regularly fusiform, moderately stout, axial length to median width 5 mm .
2 mm, or 2.5 : i on the average; umbilica slightly rounded.
Number of whorls usually 4 to 5, but may reach 6 in rare cases.
Whorls rather broadly coiled, width of the successive volution and the cor
responding axial ratios are as follows:—
Volution

IV

I

II

Ill

06

1. 06

1.72

(1758)

Width

•52

•91

1-5

(1924)

in mm

•5

.78

1.22

1.73

(1921)

•53

.83

1.22

1.7

Spitzbergen

Axial ratio

1.8

2-5

2-5

2.2

2-3

24

1.9

2.

2.6

Specimen

(1758)

2.5

(1921)

Spitzbergen

Vol. IV.

Lee—Fusulinidce of North China

(I) 53

t

Spirotheca fairly thin in the first volution, but becomes moderately thick from
the second volution onward. In a typical specimen the thickness of the Spirotheca
measures 0.055 mm for the second volution, the same for the third, and 0.086 mm for the
fourth.
Osseum rather finely alveolar, the individual dark lines are as a rule plainly
discernible, only occasionally obscure. In the latter case it is probably due to the state
of preservation rather than to the fineness of the structure.
Antethecse much thinner than the spirotheca, more or less regularly folded in
the median region, and tending to fuse into a complicated network towards the poles.
Judging from the height of the loops and arcs appearing in the axial sections, the folds
seem to affect the whole height of the antethecae.
No accurate record of the number of antetheae in the successive volutions has
been obtained. Only in one imperfect median section I have counted 12 for the first
volution, 26 for the second, and 32 for the third. These figures approximately agree
with the majority of those given by Staff and Wedekind with the exception of that for
the second volution which is absent in our case, probably due to the acceleration of
development.
Buccal aperture low and narrow : nevertheless unmistakably indicated in axial
sections. Anuli not observed in our specimen, they are probably absent.
Initial chamber spherical, comparatively large having a diameter varying from
0.3 to 0.33 mm. In a doubtful case, the diameter only measures 0.16 mm.
REMARK: The majority of the Spitzbergen specimens described by Schellwien,
Staff and Wedekind under the specific name arctica appear at first sight, to differ from
our Chinese representatives in several respects. Firstly they are generally of a somewhat
larger size, and often possess more than four whorls; secondly, the antethecae are more
irregularly folded; and thirdly the anuli are apparently well-developed. As regards size,
number of whorls and type of folding there is nothing in reality against our identifica
tion. Because of the fact that Fus. arctica is one of the most flourishing species of Fusulina
occuring in the arctic district, it is to be expected that many of the individual enjoyed
the healthy environment and developed themselves to their fullest extent; while among
the Chinese fauna we have so far only found a few representatives, but that is no reason
to exclude the possibility that forms attaining a larger size may not occur. Through the
cordiality of Prof. Stensio of the Riksmuseum, I have moreover found a large proportion
of individuals which were originally labeled by Goes as Fus. cylindrica, and which should
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be undoubtedly referred to Fus. arctica of Schellwien and Staff, agreeing almost
completely with our form. I have photographed two of them as examples (See PI. VII,
figs. 6, 7).
The apparent presence of anuli is however a point that requires some considera
tion especially when it is recognized that this feature is one of those fundamental
characters on which Fusulinas may be classified at large. With a view to elucidating
the real nature of the two small dark patches appearing on both ends of the buccal
aperture of Schellwienia arctica from Spitzbergen, serial sections have been prepared, and
»
well-oriented axial sections have been examined with utmost care. Nearly all of the
serial sections show that each of the antethecae thickens on both sides of the buccal
apertures and sometimes they fuse into a solid mass. At the same time several axial
sections have been found, in which both ends of the buccal aperture are defined by a
small loop or a U-shaped curve in the inner volutions, but in the outer volutions of the
same individval two dark solid patches are present in a corresponding position. If these
dark patches are due to the transverse section of the real anuli, then it would be
impossible to explain why only loops or U-shaped curves are present at the two ends of
buccal aperture in the inner volutions. We have numerous examples to illustrate the case
that real anuli becomes weaker or altogether disappear from the inner towards the outer
whorls. That can be readily understood. But we have no reason to suppose that this
primitive feature suddenly makes its appearence at the adult stage in the animal's
life-history.
Thus I am satisfied that the two dark spots appearing on many of Schellwien
and Staff's microphotographs and on Goes original sections are but due, largely, if not
entirely, to the thickening of the antethecae at the margin of the buccal aperture. For
this reason I am not inclined to accept Staff and Wedekind's view without reserve that
Schellwienia arctica possesses anuli in the proper sense of the term. This would explain
away the objection against identifying our form with that of the arctic district.
Moreover, among the material procured from the Yaoku Limestone of the
Pinting Basin, and that from Spitzbergen I have found scattered examples of a form
which associates itself with true arctica, and which in both cases are characterized by the
presence of what appears to be a pair of real anuli. This form must be referred to arctica
if we accept Schellwien's definition of that species in full. He might have regarded it as
the microspheric type. (See PI. VII, fig. 4). As regards the diameter of its initial
chamber and the widths of the successive volutions of this particular form the following
measurements were obtained:—

2mm.

1mm

Fig. 9

2mm.i

1mm.

Fig.10

I
I
I
ff
I
H;
Fig. 9. Width-graphs of Schellwienia arctica (1758, 1924, «), andSc&eM. verneuili var. levidensis (1113
1115), a being a representative from Spitzbergen and (1921) an intermediate form between Schell. arctica
and Schell. verneuili var. levidensis.
Fig. 10.
[To face page 54]

Width-graphs of Schellwienia nobilis.

Dia. of initial •
chamber,
in mm

(i) 55

Lee—Fusulinidce of North China

r. IV.

Widths of successive volutions,
in mm
I

II

III

IV

.16

•22

.35

.55

.88

.2

.38

.56

.89

1.33

'

Locality
V
Shansi

1.8

Spitzbergen

The ratio of length to width for the third volution is I : 3.5 in the first case and
i: 3.2 in the second. The results of measurement show that none of them can be
correlated with those obtained from true arctica. Schellwien's view would then seem
hardly justifiable. Had it been possible to obtain more material so as to 'show the
persistence of a definite type I would have assigned this form to a new species for which
the name sinoarctica might do.
At all events, the fact that this form accompanies arctica both in Spitzbergen
and in Shansi demonstrates, with force, the close faunistic relation in the two places and
therefore tends to strengthen our identification.
Apart from the problematic form which I have tentatively named sinoarctica.
there is only one speciesTso far as known, that resembles to some extent the species under
consideration, that is Schellwienia anderssoni. By reason of its close association with
arctica in the Arctic district it is highly probable that they are genetically related.
Schellwienia anderssoni however differs from our species in having a larger size, stouter
form and more whorls.
HORIZON AND LOCALITY: Schellwienia arctica occurs sparcely in the Yaoku
Limestone but more abundantly in the Kushi Limestone of the Pinting Basin, N. E.
Shansi. In the former case it is associated with Schellwienia prisca, Schell. longissima and
Schell. regularis, characteristic of the Upper Carboniferous of Russia and the Auernigg
Beds of the Carnic Alps; and in the latter case, it is accompanied by Schellwienia erucaria,
a form indisputably identical with the so called Fusulina longissma (Schwager) from the
lowest fossiliferous beds of the Lower Productus Limestone of the Salt Range. Only a
single specimen of this species has been found in the Fuching Limestone of the Taichai
district, South Chihli. There, it is associated with Schellwienia acuta. It seems beyond
dispute that this species belongs to the Upper Carboniferous.
Schellwienia nobilis Lee (sp. novs)
PI, VII, figs. 14-18

Test regularly fusiform with its median portion moderately vaulted and um
bilical region tending to elongate in the outer volutions. Size of the test varies rather
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widely from individual to individual. The smallest, an apparently fully developed
individual, is only 3.3 mm long and 1.16 mm broad, while the largest one attains nearly
twice that size. The axial length and median width of the commonest form vary from 4
to 6 mm and 1.33 to 2 mm respectively with an average axial ratio of 1:3.
Number of whorls usually 5 to 6 rarely 7.
Whorls rather compactly coiled in the first two volutions, thence onward the
rate of spiral expansion becomes more rapid, though still low as compared with many
other species of Schellwienia.
Spirotheca moderately thick with a rather coarsely alveolar osseum. Its thick
ness grows steadily from the first volution to the last. In the normal case the values are
0.02, 0.022, 0.03, 0.044, 0.06, 0.07 mm from the first to the sixth volution.
Antethecae relatively thick, particularly so in the inner whorls, intensely but
regularly folded. Even in the median region the folds are usually developed to nearly
the same extent as in the lateral parts. Practically the entire height of the antetheca? is
involved in the folding. In the umbilical parts the crowded antethecae are never so
irregularly fluted as to cause the appearance of a complicated network in the axial section.
Throughout the test the antethecae are as a rule evenly spaced and almost perpendicularly
set against the spirotheca.
Number of antethecae relatively small. In a typical specimen, there are 7, 15,
18, 22, 28 in I, II, III, IV and V volutions respectively.
Buccal aperture narrow but fairly high in the inner whorls, slightly broader
and comparatively lower in the outer ones. In all cases it reaches a little less than half
the height of the chamber.
A pair of rudimentary anuli (probably pseudo-anuli) apparently present up to
the second or third volution, but disappear thence onward.
f
Initial chamber perfectly spherical and rather thick-walled. Its external
diameter varies from 0.08 mm to 0^14 mm. The former type possibly represents the
microspheric generation, and the latter the macropheric.
Widths of the successive volutions (in mm) are as follows: —
III
II
IV
I
V
VI
Specimen
1.09
.64
1.76
•25 •4
(1209)
.69
.14 •25 .42
i.i
(1207)
.6
•37
.91
1.44
.22
( 271)
•44 • -75
1.16
•25
1.78
( 272)
.21
•52
-33
•85
1.22
( 273)
.21
•55
•33
.92
1-55
(1208)
.167
.28
.82
1.28
45
(1201)
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Axial ratios for the first of these measured specimens are: —
1:2.2
1:2.6
1:3.2
1:3.2

in
,,
,,
„

the
,,
,,
„

2nd volution
3rd
,,
4th
5th

These figures probably represent the normal case.
REMARKS: This species resembles rather closely Schellwienia regularis, but
differs therefrom by its more elongated shape, thinner spirotheca and somewhat rounded
umbilical ends. The widths of the successive volutions are also quite different. With
Schellwienia prisca it is likewise apt to be confused. A closer examination will however
show that in the case of prisca the whorls are more uniformly spaced even in the inner
volutions, and it never attains seven whorls. Moreover its antethecse are as a rule less
regularly folded.
HORIZON AND LOCALITY: In the highest layer of the "Fusulina Limestones"
of the Taichai district, South Chihli, this species occurs rather frequently. It is again
found in one of the "Fusulina Limestones" of Wuhutui, South Manchuria. In both of
these localities no other determinable species has been procured. Although it is believed
to represent the higher stage of Uralian its exact stratigraphical position must for the
present be regarded as an unsolved problem.
Schellwienia anderssoni (Schellwien)
PI. VII, Figs. 11-13

1900. Fusulina cylindrica, Andersson. Bull. Geol. Inst. Upsala, Vol. IV, p. 243.
1908. Fusulina anderssoni Schellwien, Palaeontographica, Vol. LV, pp. 192-193.
1910. Schellwienia anderssoni Staff-Wedekind, Bull. Geol. Inst. Upsala, Vol. X, No. 19-20, pp. 119-120,
PI. Ill, figs, 1-5.

Test rather stout, regularly fusiform throughout all the whorls, the ratios of
axial length to median width from the second, to the sixth volution are about I to 2.2, 2.4,
2.5, 2.5, 2.7; and the average length and width of the fully grown individuals are 6.1
mm and 2.2 mm respectively. The maximum width recorded in our material is 2.5 mm.
In that case the axial ratio is probably somewhat lower.
Number of whorls usually 6, sometimes 6J. They are closely coiled in the
inner volutions becoming relatively broader in the outer ones. Widths of the successive
volutions are (in mm): —
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I

II

III

IV

V

VI

specimen

• 267

.43

.69

1.07

1.6

2.2

(1340)

.256

.41

.68

1.04

1.59

2.3

(I341)

The range of variation of the .width of each volution appears to be limited.
Spirotheca rather thin in the inner whorls, becoming steadily thicker towards
the outer ones. In two typical specimens the thickness varies from 0.013 to 0.02 mm in
the first whorl, about 0.03 mm in the second, 0.05 mm in the third, 0.05 to 0.053 mm in
the fourth, 0.055 to °-°7 mm m tne fifth, anc* °-Q7 to °-°8 rnm in the sixth. When it
develops 6| whorls, the last part of the last whorl is usually thinner than in the sixth
volution, indicating the presence of a senile stage.
Alveolar osseum fairly coarse, particularly so in the outer volutions.
Antethecae moderately stout as a whole, but in the first two volutions as well as
in the last one they are comparatively thinner. In the lateral parts the antethecae are
regularly and rather strongly fluted decreasing, however, in intensity towards the median
part. As the buccal aperture is approached, the individual folds reach no more than J
of the height of the chamber. Number of antethecae from the first to the sixth volution
are 10, 16, 22, 28, 32, 35.
Buccal aperture occupies about J of the length of each volution and a little less
than half of the the respective chamber.
Anuli absent.
Initial chamber spherical having a diameter usually varying from 0.16 to 0.17
mm, sometimes as large as 0.22 mm. Wall of the initial chamber fairly thin, always
slightly thinner than the spirotheca of the first whorl.

REMARKS : Little doubt can exist as to the specific identity between the species
under consideration and Schellwien's species, anderssoni from the Arctic Region. Difficulty
however arises when we compare it with Schellwienia regularis of the Alpine region on
the one hand, and with Schellwienia valida on the other. Nevertheless, closer examina
tion will show that the former possesses fewer whorls, and the inner whorls are less
closely coiled. Moreover the numbers of antethecae do not agree. As regards Schellwienia
valida the rate of spiral expansion is likewise somewhat higher as revealed in the widthgraphs. Although there are forms of the last-named species that approximately agree
with the present one in the widths of the outer whorls, the inner whorls are as a rule
much broader. Further, its initial chamber is smaller in the microspheric type and
larger in the macrospheric than that of the present species.
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While these distinctive features are considered to be sufficient to warrant the
establishment of an independent species, it must at the same time be admitted that all
these forms are in close genetic connection.
HORIZON AND LOCALITY; Schellwienia anderssoni occurs in association with
Schell. longissima var. tennis, Schwagerina princeps, /Schell. alpina in Yatzetsi, Shenhsien,
N. Honan. From these associated occurrences we may assign it without hesitation to
the Uralian.
Schellwienia vulgaris (Schellwien)
PI. VIII. Figs. 6-9, it. 12; pi. IX, Fig. 9

1909. Fusulina vulgaris Schellwien-Dyhrenfurth; Die Fusulinen von Darwas, Palaeontographica, Vol. LVT,
pp. 163-164, PI. XIII, figs, i, 2.
1924. ? Fusulina chamchitensis Colani; Nouvelle Contribution etc., Mem. Ser. Geol. Indochine Vol. XI,
Fasc. i, pp. 135-136, PL IV, figs. 1-25.
1925. Fusulina vulgaris Ozawa; Palaeontologica! and Stratigraphical Studies on the Permo-Carboniferous
Limestone of Nagato. Journ. Coll. Sci., Tokyo. Vol. XLV, Art. 6, pp. 23-24, PL VII, fig. 3.

Test subglobular, highly vaulted in the median part with a steep but inflated
slope towards the umbilical ends which latter are often slightly extended and rounded off
in the form a of a papilla.
In a nearly axial section of a large, well-preserved specimen from the Taching
Limestone of S. Chihli, the axial length of the complete test is estimated at 7 mm, and
the median width at 4.55 mm. These figures practically agree with the average
dimension of the Darwas species and that of the Nagato Limestone. The predominant
type in our material is however distinctly smaller, 5.15 mm : 3.5 mm being the average
axial length and median width respectively.
Number of whorls varies from 5^ to 6j. In the large individuals the whorls
are more or less loosely coiled throughout, though exact measurements show that the
height of the chamber steadily increases in the direction of spiral growth. In the small
type, viz. the predominant type, the outer volutions are coiled in the same manner, but
the inner ones are much smaller in width and therefore they are considerably more
compact. When it attains six volutions, the last part of the last volution always exhibits
signs of senile decrescence, that is, the whorl becomes more closely coiled and the
antetheae irregularly folded.

Widths of the successive volutions (in mm) in the different types are as follows-—

(l) 60

Palceontologia Sinica

Large type
c „ ,
Small type
*v

I

II

III

IV

f

—

1.12

I.Q4

2.7

-(
I
\
-s
(

.7
0.81
—
.16

1.13
1.47
-36
.28

1.8
1.25
-76
.5

2.66
3.42
1-45
i.06

Ser. R

V

VI

Specimen

3.67

4.55

(754)

3.66
4.46
2.27
2

—
5.85
3.16
2.82

Darwas
Nagato (Ofcawa)
(458)
,
(753)

The measurements of the Darwas species are obtained by the author from the
microphotograph (Palaeontographica Vol. LVI, PI. XV, fig. 1,7) in Schellwien's "Mono
graphic der Fusulinen". The first two rows of figures agree with each other so well that
it is not possible to plot them separately on one and the same base. In the Nagato form
the spiral obviously increases with a higher rate of expansion as is shown by a higher
gradient of the width-graph. (See Fig. n). Otherwise it does not seem to differ
appreciably from the Darwas form and from that of Taichai.
Spirotheca extraodinarily thick, and consists of a thin tectum and usually coarse
osseum. In the large type the thickness of the spirotheca in the successive volutions
varies only to a limited extent; but in the small type the inner spirothecse are considerably
thinner than the outer ones. Nevertheless, in each case the maximum thickness is
reached before the fifth or the latest, the sixth volution; and this maximum thickness
appears fairly constant for both types. The following figures will serve to show the
order of variation:—

I

II

III

IV

V

VI

Specimen

—

.078

.094

.II

.12

.II

(754)

—

.05

.078

.107

.III

.027

.044

.067

.09

.oil

(458)

.11

(753)

As the first row of measurements are obtained from a section not strictly axial, the
figures for the II and III volutions may be slightly higher than the true values. The
difference however cannot be of any appreciable quantity.
Antethecse exceedingly ithin, more so they appear to be, when compared with
the massive spirotheca. They often appear as thick, black, overhanging stripes in the
median section, not because they are really of that thickness, but because of the fact that
few of them are cut perpendicular to their surface as an inevitable consequence of folding.
As a rule the antethecse are inclined forward. Juding from the ever lapping arcs that
appear immediately above the spirotheca in an axial section, they are more or less
intensely and rather irregularly folded particularly in the inner volutions. The usual
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anastomosis due to this folding is however only limited to the very umbilical ends.
From the first to the fourth volution the folding almost reaches the entire height of the
chamber, but in the fifth volution it is restricted to the lower one third or at most, lower
half of the antethecae, and particularly low in the median region.
Number of antethecae comparatively large, usually not much under 40 in the
fifth volution. In a median section of a Taichai form which represents the small type,
they are counted as follows:—
I, 9;

III, 20;

II, 14;

IV, 25;

V, 40;

VI, 32

(partially preserved).

In the small type the first two volutions are distinctly fusiform, but axial ratio
decreaces rapidly towards the outer volutions. This variation of the axial ratio is however
less marked in the large type as may be contrasted in the following table:—
Volution

I

II

III

IV

V

VI

Specimen

Axial ratio

~

***
2

***
1.6

^
1.5

*'#
1.3

^
1.4

J754J
(458)

Anuli are not observed in the large type, but their presence is distinctly
indicated for the first two volutions in the small type. Buccal aparture is however fairly
well-defined in each case. It is more or less of a semilunar shape up to the third or fourth
volution. Thence onward it becomes a moderately elongated slit reaching less than half
of the height of the respective chamber. In describing the Fusulina from the Darwas
region, Dyhrenfurth writes that the present species has no special buccal aperture. On a
closer inspection of the microphotographs of the Darwas representative dealt with by
Dyhrenfurth it will be at once noticed that the presence of a buccal aperture is not only
indicated in the median section by a clearance between the lower end of nearly all the
antethecae and the spirotheca, but its shape is to some extent defined in the median part
of the axial section. In this respect the type species of Darwas do not differ from our
Chinese material.
Among the several sub-median sections that I have obtained there is only one
that belongs to the large type. From this single section it appears that the initial
chamber of the large type is of a spheroidal shape, and has an external diameter of about
0.33 mm. This is also the average size observed in the Darwas form. Those belonging
to the small type are on the other hand perfectly spherical with a diameter varying from
0.078 to o.in, mm.
REMARKS: It may be questioned at the outset that if the large and small types
as mentioned in the foregoing description, have differed from each other in so many
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respects, why they should not be regarded as two distinct species. In fact that was what
I had done in a preliminary determination. But these two types are always so closely
associated that it is impossible to deny their intimate relation. Moreover, notwithstanding
the fact that they started with a different size of initial chamber, they always tend to
develop after the same pattern as is demonstrated by the parallellism between the later
parts of the width-graphs, (see Fig. n). Indeed, at the stage of the fifth volution all
differences between the two types disappear except as regards size. It is true that the
small type possesses longer and therefore apparently thinner antethecae as compared with
the median section given by Dyhrenfurth (loc. cit. fig. 2) or the median section of the
Taichai form (See PI. VIII Fig. 6). But exact measurements show that Dyhrenfurth's
median section does not agree as far as the mode of coiling is concerned, with
his axial section which has been taken as the standard type. Nor do I believe that the
median section of the specimen from Taichai (PL VIII Fig. 6) agrees with its associated
typical vulgaris (PI. VIII Fig. 7). Both of these median sections are probably made from
a variety of vulgaris. If a median section be prepared either from the type specimen of
Darwas or from the Taichai form (Fig. 8), I have little doubt that it will differ in no
way from those of the small type. As a whole the evidence seams fairly conclusive that
we are here really dealing with the phenomenon of dimorphism so prevalent in other
families of coiled Foraminifera. The large type may therefore be regarded as the
rpacrospherie and the small type as the microspheric generation. According to this
interpretation, the whole of Schellwien's material from Darwas described under the name
vulgaris seems to belong to the macrospheric type. While the majority of our specimens
belong to the microspheric.
As occurring in the Darwas region, Schellwienia vulgaris comprises a group of
stout Schellwienia covering a fairly wide range of variation. They are recognized in the
extremities of mutation, as three variaties by Schellwien. Firstly the globular form with
intensely folded antethecae is named var. globosa, secondly : the large fusiform ones are
named var. fusiformis, and thirdly, the small fusiform ones as var. exigua. The Russian
species Fus. mdlleri Romanowski, and particularly its variety cequalis, is said to bear
a close resemblance to Fus. vulgaris of Darwas. All of these varieties or related species
have been found in N. China. Adequate data however have not been obtained to settle the
problem whether Fus. mdlleri is really identical with Fus. vulgaris var. fusiformis which
gave arise to Fus. vulgaris s. str., and the latter in turn to var. globosa on the one hand,
and to Fus. vulgaris var. exigua on the other as suggested by Dyhrenfurth; or the
variation from Fus. mdlleri to its variety cequalis in the Russian fauna is but a develop/
ment parallel to the variation of an independent series of vulgaris in the Asiatic waters as
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maintained by Schellwien. At all events some close relation must exist between the
vulgaris series and Fus. molleri.
There is another Russian species, namely Fus. krotowi, that also resembles the
species under discussion, particularly of the microspheric type. So much so that a
variety of krotowi from Batraki labeled by Schellwien as krotowi var. minor (Pal aeon tographica Vol. LV, PI. XX, Fig. 10) is almost identical with some of our varieties, e. g.
that from the Chentaokou Limestone (included in the var. minor), Without a careful
comparison between the actual material, it does not, however, seem advisable to include
the Batraki specimen in the present species. On the whole krotowi differs from our
species in that the former is more closely coiled and that its antethecae are always
strongly supported by incurved osseum in the region where the spirotheca is transformed
into the antetheca; whereas in the case of vulgaris the antethecae appear to be simply
wedged into the osseum ("Einkeilung").
With Fus. globosa Deprat and Fus. chamchitensis Colani (these two names are
probably synonymous) Fus. vulgaris is to some extent comparable, and may be genetic
ally related. It may be noticed, for instance, that both in the vulgaris of the Darwas region
and in the forms described by the French authors the internal structure is characterized
by the presence of the so-called connecting lamella or "lame accessoire". This structural
element can readily be conceived as a necessary mechanical compensation for the
unusually fragile nature of the antethecae. They are also found in forms having equally
fragile antethecae but are otherwise distinct in specific character. We cannot therefore
attach much importance to them for specific identification. Moreover Deprat's and Colani's
species can be distinguished from the typical vulgaris of the Darwas region and Taichai
by their broader whorls, more irregular folding of the antethecae and generally larger size.
One of Deprat's specimen of ''globosa" is said to be 2 cm. long and 1.76 cm broad. None
of our material reaches even half of that size. If Deprat's species globosa and Colani's
species chamchitensis are at all related to the group of vulgaris of the Darwas region,
they would seem to be more closely related to the var. globosa than any other.
In his palaeontological studies of the Nagato Limestone, Ozawa identifies the
microspheric types of Schdlwienia vulgaris from Shaho with his species satoi, and
further compares it with Fus. dussaulti of Deprat. The Japanese species, as far as can
be judged from Ozawa's microphotograph and description, is distinctly more fusiform, and
possesses a pair of prominent anuli up to the fourth volution, while in our species only a
vestige of them can be traced up to the second volution. Again, the Japanese species
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appears to have a thinner spirotheca and more irregularly folded antethecae. Apart from
the general appearence of the median section the two seem to have few properties
in common. Still more marked is the difference between Fus. dussaulti and the species
under consideration. Although Deprat's original microphotographs of dussaulti are not
the best that can be desired, they, together with the accompanying measurements present
at once the impression that this Yunnan species has nothing to do whatsoever with Fus,
vulgaris of North China.
HORIZON AND LOCALITY: Typical Schellwienia vulgaris has been found
in a blue limestone intercalated in the coal-bearing series of the Yihsien coalfield,
Shantung, and in the lowest layer of limestone intercalated in the lower part of a coalbearing series as developed on the eastern side of the Taihang Range. This lowest layer
of Limestone is known in the several coalfields as the Taching Limestone. Its distribu
tion has been traced from the Liuhokou coalfield northward to Taichai, north of the
Changho; Shimiao, about 15 li S. E. of Pengcheng; Yaopoh, about 40 U west of Shahohsien;
and it probably extends further north towards the direction of the Lincheng coalfield.
Very often this limestone is crowded with Schellwienia longissima and Schell. vulgaris.
The latter particularly abounds in the Shaho-hsien coalfield.
As far as North China is concerned Schellwienia vulgaris always occurs in associa
tion with a unique fauna of Fusulinidae. It seems to be restricted to a well-defined zone,
namely the zone marked by the first appearance of Schwagerina. Although without a more
extensive survey we cannot as yet define, with precision, the limit of its vertical distribu
tion, there is not much doubt that its lower limit does not fall much under the base of the
Taching Limestone, for below this limestone or its corresponding stage, the whole fauna
is dominated by Moscovian elements, and does not contain a single species of such welldeveloped Schellwienia as Schell. vulgaris, Schell. longissima etc. In other words, a
faunal break, as far as the Fusulinidae are concerned, appears to exist between the zone where
in Schell. vulgaris makes its first appearance and the several layers of limestone appearing
in a lower stratigraphical position. Since the latter group contains a Moscovian fauna,
the former, namely the zone of Schell. vulgaris would then, be best attributed to the
Uralian.
Schellwienia vulgaris var. watanabei Ozawa em. Lee
PL IX. Figs. 4, 8.

1923. Fusulina ivatanabei Ozawa, On some species of Fusulina from Honan, China, Jap. Journ. Geol. Geogr.
Vol. II, 2, p. 38, PI. V, Fig. la-b.

Form of test not nearly so globular as Schellwienia vulgaris s. str. and at the
same time not nearly so fusiform as Schell. vulgaris var, exigua with which it is

3mm.

2mm.

1mm.

I

I
Fig.1l

Width-graphs of Schellwienia vulgaris and its allied forms. (754) macrospheric type of Schellwienia
vulgaris, a, /? the same from Darwas and Nagato Limestones for comparison; (458, 753) microspheric type
of Schell. vulgaris', (3729, 3731, r) Schell. vulgaris var. watanabei r being Ozawa's species watanabei', (3515)
Schell. vulgaris var. globosa', (2606, 3730) Schell. vulgaris var. minor (3516) Schell. vaiida.
[To face page 64]
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comparable in size. When compared with the typical vulgaris, the whorls of this variety
are distinctly more compact as may be seen from the width-graphs (Fig. n),and the
antethecae appear to be slightly thicker and less intensely folded. In this, and also other
respects it resembles Fusulina pseudobrevicula Deprat* but differs therefrom in that it is
more strongly vaulted in the median part, and its antethecae in the outer volutions are
not nearly so plain as in pseudobrevicula.
Size of the initial chamber, and width of the successive whorls: —
Dia. of initial chamber
in mm.

Widths of successive volutions
in mm.

Specimen

I

II

III

IV

V

VI

0.22

.36

.67

1.16

1.76

2.47

3.21

(3729)

0.156

.28

.46

.8

1.29

1.97

(2.64)?

(3731)

i

These two rows of figures, though ostensibly differ from each other, show an
essentially similar rate of spiral expansion. They indicate that the two individuals
probably belong to the same variety, but started their growth with an unequal size of
initial chamber, It should also be noted that the sizes of the initial chambers of these
two individuals represent the extremities of variation. It is larger than that of the
microspheric type and smaller than that of the macrospheric type of vulgaris s. str.
Number of volutions varies from 5 to 6 as in the type species.
numerous. They are counted in one of the typical forms as follows:—
1,13;

11,24;

Til, 29;

IV, 39;

V, 44;

VI, 42

Antethecae fairly

(partially preserved).

Standing between the present variety and vulgaris s. str. is a form from Kunghsien, Honan, described by Ozawa under a new specific name Fusulina watanabei. The
fact that Ozawa included this Kunghsien form in the group of Fusulina vulgaris and
at the same time regarded it as a new species shows the carefulness with which the said
author dealt with his material. In Mr. Ozawa's splendid microphotograph of "Fus.
watanabei" for which my thanks are due, I find few characters, save its smaller size and
slower rate of spiral expansion, that can serve to distinguish the Kunghsien form from
the typical vulgaris. The smaller size-.of the former may however be due to its
immaturily of growth as is suggested by the absence of the slightest indication of senility
in the last part of the last whorl. As to the difference in the mode of coiling between the
*M6m. Serv. G&>1. Indochine, Vol. II, Fasc. i. p. 23, PI. II, Fig. 4-9.
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type species of vulgaris and watanabei, we need only to compare it with the difference
between the type species and the Nagato form. If the latter which exhibits a higher
"rate of evolution" as compared with the type species, is to be considered as being within
specific variation, the Kunghsicn form, which shows, in the same respect, about the same
amount of difference but of a negative sign must also be considered as one that falls
within specific variation. For this reason I would treat Ozawa's species watanabei as a
variety of vulgaris rather than as an independent species.
So much the more this treatment would seem desirable, if not necessary, when
the fact is kept in view that we are here dealing with a rapidly varying group of forms.
If a new species be established at each stage of minor variation, a mass of unlaudable
names would inevitably result.
Proceeding from this standpoint, I find that the nearest approach among our
material to watanabei is the variety under consideration. One of the Kansu forms
exhibits a rate of spiral expansion almost identical with that of watanabei as is shown by
the parallelism between the width-graphs for the two. It would seem therefore consistent
to use Ozawa's specific name for this variety.
HORIZON AND LOCALITY: Schellwienia vulgaris var. watanabei has been found
in Kunghsien, Honan, in association with "Schwagerina princeps" according to Ozawa,
and again found by P. L. Yuan in Hungshanyao, Kansu, where it occurs together with
Schell. longissima.
Schellwienia vulgaris var. minor
PI. IX, Fig. ii

This small variety occurs in the Chientaokou Limestone east of Taiyuan, Shansi.
It differs from Schell. vulgaris s. str. only in having a considerably smaller size and even
more compactly coiled whorls than in var. watanabei, six and half whorls being packed
in a width of 2.8 mm. The widths (in mm) of the successive whorls of the Chientaokou
form are measured as follows:—
Dia.of Central chamber

I

11

III

IV

V

VI

Specimen

•133

•23

.41

.72

1.19

1.72

2.5

(2606)

The complete test is on the average 3.73 mm long and 2.8 mm broad with an axial ratio
of i :i.33 indicating that the shape of the variety is distinctly globular.
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The unbilical ends are however always pointed unlike the var. globosa. Among
the Hungshanyao material I found a median section which, with its thick spirotheca and
coarse osseum recalls very strongly the type of vulgaris. The whorls are however still
more compactly coiled as shown by following figures:—
Dia. of Initial
chamber
in mm

;
|
\

•144

Widths of the successive volutions
..___.._.___
in mm
_
I

II

m

IV

V

VI

- 244

-39

-65

i.oi

i. 41

1.9

If it does belong to the vulgaris group, for which there is yet no corroborating evidence,
it should ba more naturally referred to the var. minor than to any other.
Schellwienia'vulgaris var. globosa (Schellwien)
PL IX, Fig. 12

Test globular; umbilical ends rounded; axial length to median width, 4.09 mm:
3.3 mm in a typical specimen found in the Yihsien coalfield, Shantung. Whorls 5% in
number, loosely coiled, with a gradual, uniform spiral expansion. Spirotheca very thick
in the last three volutions, and tends to thin down towards the umbilical ends. Osseum
as coarse as in vulgaris s. str. Antethecse thin, more or less intensely and regularly folded
throughout their entire height. Buccal aperture not observed, probably absent; anuli
rudimentary in the first volution, absent in the rest of the whorls. Initial chamber small,
about 0.13 mm in external diameter representing the microspheric type. Widths of
successive volutions are as follows:—
I, 0.29;

II, 0.6;

III, 1.25;

IV, 1.97;

V, 2.81.

This variety is so far only found in the Yihsien coalfield, Shantung where it occurs in
association with Schell. vulgaris s. str. Schell. vulgaris var. exigua, Schell. oblonga, Schell.
longissima, Schwagerina princeps? etc.
Schellwienia vulgaris var. fusiformis Schellwien em. Lee
PL IX. Figs. 3, 5

In the materials from Shaho, Honan, and Yihsien, Shantung, a few scattered
individuals of stout Schellwienia are found that represent the intermediate form between
its associated typical Schellwienia vulgaris and Schell. vulgaris var fusiformis Schellwien.
The latter, for reasons explained elsewhere, should be elevated to an independent species.
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This intermediate form is then best referred to the variety fusiformis (non Schellwien).
Among my prepared material there is only one good axial section that represents this
variety. It has an axial length of 4.55 mm and median width of 2.16 mm. Shape of the
test distinctly fusiform, but strongly inflated in the median part. As the complete test
only consists of four whorls it probably does not represent a fully grown individual. The
initial chamber is perfectly spherical having a diameter of 0.33 mm. Undoubtedly it
belongs to the macrospheric type.
Schellwienia vulgaris var. (cf. kozui)
PI. IX, Figs. 7. 10

1914. ? Fusulina kozui Deprat; fitude des Fusulinides du Japon etc.; Mem. Serv. geol. Indochine; vol. Ill,
Fasc. I, p. ii, PI. Ill, Figs. 4-8.

Test globular with pointed umbilica; axial length to median width 5 mm: 3 mm
on the average; number of whorls 5; whorls compactly coiled in the first one or two
volutions, thence the width of the whorl increases with a rapid rate. As described by
Deprat, the third volution is twice as wide as the second, and the fourth twice as wide as
the third. Widths of the successive volutions are as follows:—

I

II

III

IV

V

.266

.478

i. 06

2.07

3.11

in mm

(3520)

.233

•433

.8

1.6

2.5

in mm

(3519)

Specimen

Spirotheca fairly thick, but not quite so thick as in Schellwienia vulgaris; osseum
moderately coarse; antethecae thin, and irregularly and more or less intensely folded;
number of antethecae 12, 18, 23, 28, 42 for the successive volutions; anuli only present in
the first one or two volutions; buccal aperture undoubtedly present in those inner whorls
where anuli are developed, but appears to be absent in the outer volutions; initial
chamber nearly spherical, with an external diameter varying from 0.144 mm to 0.16 mm.
REMARKS: At a glance, Schellwienia vulgaris var. kozui appears almost identical
with the microspheric typ3 of Schell. vulgaris. The former however generally possesses
one more volution, namely six, lower rate of growth in the inner volutions, less irregularly
folded antethecae, thicker spirotheca and smaller initial chamber. Although absolute
measurements do not agree with those given by Deprat, the rate of increase of the
widths of the successive volutions is essentially the same as in Deprat's species. This
fact is clearly indicated by the width-graphs.
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According to Deprat, this form occurs in Laos, Indochina, together with
Schwagerina princeps. In the Yihsien coalfield, Shantung, it also associates with Schw.
princeps. Therefore, it is judged to be a Uralian representative.
Schellwienia, valida nom. nov.
PI. VIII. Figs. 1-3, io

1909. Fusulina vulgaris var. fusiformis Schellwien-Dyhrenfurth, Die Fusulinen von Darwas, palaeontographica, Vol. LVI, pp. 165-168, PI. XV, Figs. 1-4.

This species was originally recognized by Schellwien and Dyhrenfurth as a
variety of Schellwienia vulgaris with which it is associated in the Darwas region as it is
also in North China. As in Schellwienia vulgaris, the present species is also characterized
by its remarkably thick spirotheca, relatively thin antethecse and very coarsely alveolar
osseum. There is no question as to its intimate relation with Schellwienia vulgaris.
For this reason it seems not unjustifiable to regard it as a variety of that species. After
a careful comparison with the typical vulgaris, I find however that there are between
them some differentiating features that are at least more marked than those between
Schellwienia vulgaris s- str. and its other related species, for instance, Schellwienia krotowi,
If the latter is to be placed in the rank of a species as Schellwien has done, it appears a
fair treatment to regard the form under discussion as an independent species as well.
Test of this species regularly fusiform up to the fourth volution, thence it tends
to assume a cylindrical shape with its umbilical ends more or less rounded. Axis of the
whorls is, as a rule, rectilinear, but occasionally recurved in the median region. Axial
length varies from 6 to 7.4 mm and median width from 1.9 to 2.5 mm with an average
axial ratio of 1:3. The Darwas form seems somewhat larger than our representative,
though the axial ratio is practically the same.
Number of whorls 5 to 6 for the macrospheric type, 7 to 7^ for the microspheric.
From a typical specimen the following figures (in mm) are obtained: —
Volutions

I

II

III

IV

V

Width

•45

.727

1.15

1.636

2.18

Thickness of spirotheca

•03

.044

.078

.09

.055

VI

.078

Rer. j8
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These measurements show that the rate of spiral expansion is much lower than in
Schellwienia vulgaris; in other words, the whorls are more compactly coiled. Spirotheca
is also slightly thinner than in Schell. vulgaris.
Osseum coarsely alveolar, but not quite so coarse as in Schellwienia vulgaris.
Antethecae fairly thin, intensely and regularly folded.
Buccal aperture broad and comparatively narrow reaching about half the
height of the chamber in the first three volutions, and about I of the height of the
chamber from the fourth volution onward. Only a vestige of anuli is observed in the
axial section as two small black spots attached to the wall of the initial chamber.
Initial chamber spheroidal with an external diameter of 0.3 mm for the macrospheric type, and o.n mm for the microspheric.
The umbilical ends of the inner volutions often carry a small patch of calcareous
deposit.

HORIZON AND LOCALITY: Schellwienia valida has been found so far only in
the Yihsien coalfield, Shantung, where it is associated with a rich assemblage of
Schellwienia vulgaris, Schell. longissima etc. Undoubtedly it occurs in the Shaho coal
field, Honan, and probably also in Hungshanyao, Kansu, for in these places the general
appearance of the fauna is almost identical with that of Yihsien. There is not much
doubt that it represents lower Uralian as in the case of Schellwienia vulgaris.
Schellwienia valida var. exigua (ScheUwien)
PL VII, Figs. 4-5

1909.

Fusulina vulgaris var. exigua Schellwien-Dyhrenfurth, Die Fusulinen von Darwas, Palaeontographica. Vol. LVI, p. 168, PI. XV, Figs. 5-8.

Test regularly fusiform, with pointed umbilical ends; average axial length 4.7
mm, median width 1.6 mm, and axial ratio 1:3; number of whorls 5 to 5^, compactly
coiled up to the fourth volution; in the fifth volution the chamber becomes distinctly
higher. Measurements obtained from the typical specimen (in mm) are tabulated below:—
I

II

III

IV

• 39

-68

1.09

1.64

0.035

0-055

0.08

o.i

Volution
Width

V

•

Thickness of Spirotheca
No. of antethecas

11

J7

23

35

35
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Alveolar osseum as in Schellwienia valida s. str.; antethecae intensely and
regularly folded as in Schellwienia valida; in the umbilical ends the folds are often so
complicated and entangling that they are generally fused into a mass of lime.
Buccal aperture very low and fairly broad.
Anuli not observed, probably absent.
Initial chamber perfectly spherical having a diameter of 0.2 mm; that is,
smaller than that of the macrospheric type of Schell. valida and larger than that of the
microspheric type of the same species.
This variety has been found in the Yihsien coalfield, Shantung, and in the
Chientaokou Limestone east of Taiyuan, Shansi It is probably restricted to the zone of
Schellwienia vulgaris.
Schellwienia verneuili var. obtusa var. nov.
PL IX, Figs. 1, 2

Test subcylindrical with its median portion slightly vaulted and ends blunt. The
lateral parts of the test are usually more or less bent towards one side. The only axial
section of a typical specimen measures 9.9 mm long and 2.47 mm broad. This probably
represents the larger individuals.
Number of • whorls usually over 6, sometimes 7^. They are compactly and
uniformly coiled. The widths of the successive volutions are I, 0.48; II, 0.81; III, 1.16;
IV, 1.54; V, 2.47 mm, and the diameter of the initial chamber measures about 0.22 mm.
This appears to represent the average type.
Spirotheca fairly thin at the beginning, becoming steadily thicker as the spiral
grows. Starting from the first volution the thickness increases in the following order:
0.03, 0.036, 0.042, .0.053, 0.06, 0.067 mm.
Alveolar osseum unusually fine considering the size of the test and the thickness
of the spirotheca.
Antethecae fairly thick and extraordinarily crowded, particularly in the last
volution. In a submedian section 37, 39, 48, 63 are counted in the IV, V, VI, VII
volutions. They are exceedingly regularly folded. In the last volution the folding
affects the entire height of the antethecse, but in the rest of the whorls they reach about
half the height of tlv; chamber as far as the median and to some extent the lateral parts
are concerned. Towards the umbilical ends the axes of the folds are still more or less
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perpendicular to the whorls instead of arranging themselves in a radiating manner as is
usually the case with other species.
Anuli absent. Buccal aperture rather low and comparatively narrow. Un
fortunately our specimen is fractured through the median plane, exact measurements
being thereby rendered impossible. Nevertheless the fact can be clearly recognized that
it broadens out towards the outer whorls.
Along the axial region a heavy deposit of lime is always present.
REMARKS: This species is undoubtedly related to Schellwienia verneuili Of
Russia and Alaska on the one hand, and to Schellwiedia kaerimizensis of Japan on the
other. Its relation with certain varieties of verneuili is not only indicated by its form and
dimension but by the peculiar dispositon of the antethecal folds towards the umbilical
ends. They are more or less perpendicular to the axis of the whorls instead of being
arranged in a radiating manner. It differs however from the true verneuili in having a
closer and more uniformly coiled spirotheca, less embracing and blunt umbilical ends and
lower and narrower buccal aperture.
With Schellwienia kaerimizensis Ozawa our species seems even more nearly
related, for the middle portion of Ozawa's serial measurements practically agree with
ours, and the antethecae are also folded after the same type. The essential difference lies
in the number of whorls. The Japanese species is said to have 8 to 10 volutions, while
ours only possesses 7 or j\. It seems not improbable that this species is an ancestral
form of Ozawa's kaerimizensis.
HORIZON AND LOCALITY: So far, this species is only found in the second seam
of "Fusulina Limestone" (counting from below) exposed in Yuehmenkou, west of
Taiyuan: It associates with Schellwienia nathorsti, and therefore it is assigned to the
middle stage of the Uralian probably occupying a stratigraphical position lower than
the horizon in which Ozawa found his'species, kaerimizensis.
Schellwienia verneuili var. levidensis var. nov.
PI. X, Figs. 1-4

Test slender, straight, cylindrical to sub-cylindrical in the median part, gently
tapered towards the poles, umbilica usually pointed, occasionally more or less rounded.
The largest individual in our collection measures 7.2 mm long and 1.52 mm broad having
an axial ratio of 1:4.7- The commonest form is however much shorter. The normal
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length is about 5.56 mm and normal width 1.58 mm.
complete test is therefore 1:3.5. •
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The average axial ratio of the

Number of whorls usually A, sometimes 5.
Whorls relatively narrow and compressed, height of the chamber varies but
slightly from the second volution onward. Thus in a type specimen the height of the
chamber measures 0.12 mm in the second volution, 0.15 mm in the third and 0.16 in
the fourth.
Spirotheca fairly thin in the first volution, but gradually becomes thicker
towards the last which however, never exceeds 0.06 mm. Alveolar osseum moderately
coarse; the individual dark lines or pillars (poutrelles) are clearly observable in the thin
sections.
Antethecse regular and somewhat intensely folded throughout their whole length
and height. Even in the median part of the test the folds are closely packed, and extend
almost to the top of the chamber except in the last whorl. Towards the umbilical region
they tend to fuse into a mass of complicated network, but the confusion never reaches
such an extent as in Schellwienia richthofeni. This last named feature is particularly
manifest in the last volution. In well oriented median sections the antethecse appear to be
considerably thinner than the spirotheca. Owing to the folding it is, however, difficult
to measure the true thickness.
Each chamber is but slightly arched, so that the surface of the test is only
marked by gentle furrows, and the superior portion of the antethecae is but lightly
supported by the radial extension of the osseum.
Number of antethecae fairly large as a whole; they are particularly crowded in
the second volution.

Buccal aperture low, narrow and ill-defined in the inner volutions, and apparent
ly absent in the last one.
Anuli absent from the second volution onward, but are present in a rudimentary
form in the first volution.
Initial chamber large, spherical, having a diameter varying from 0.23 to 0.3
mm, sometimes ellipsoidal with its major axis pointing towards the poles. Wall of the
initial chamber very thick, often thicker than the spirotheca of the first volution. It
measures 0.033 mm m normal cases, sometimes reaching 0.024 mm'
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Results of measurement.
Volution
——————————————————

Width
in mm

Axial
ratio

I

II

III

VI

.44

•73

1.12

1.51

(1113)

•455

•7i

1.16

1.68

(1102)

.467

•73

1.13

1.64

(1109)

•44

•75

1.25

.38

.61

1.0

2.62

2-95

4.3

( JII3)

2-5

2.7

3

(noi)

2.5

3

3-3

( IIJ5)

Thickness of

Spirotheca
in mm

No. of Antethecae

Specimen

14

(noi)
1 47

.031

.04

.044

.056

.024

.04

.05

.058

.044

.055

.055

.028

•033

.055

29

36

(JII5)

(1115)
'

(1109)
(noi)

-055
39

( XII5)
(T "4)

REMARKS: Because of the fact that there are few characters peculiar to the
present form, some difficulty has been felt in its specific determination. Judging from
the general shape of the test and the type of folding of the antethecae, it appeared at
first comparable to some extent to Schellwienia exilis Schwager1 and Schell. exilis
Deprat. 2 A closer examination however shows that these forms differ from the present
one in having larger size and more numerous whorls. Moreover they are distinctly
fusiform, while our species'is more cylindrical than fusiform. A still closer resemblance
is to be observed between the present species and a form from Tien-sen-Kouang described
and figured by Deprat under the name Fusulina richthofeni.s The latter however is
more inflated in the median part and less uniform in the height of the chamber in the
(0
(*)
partie, p. 24, PL
(3)

Schwager, C. in Richthofen's China, Vol. IV, p. 125, pi. XVI, Figs. 4-5.
Deprat, J. Etude des Fusulinid4s du Japon etc. p. 17, pi. ii, Figs. 6-8; Etude g£ol. d. Yun-nan oriental, III
VIII. Figs. 13-14.
Deprat, J. loc. cit, PI. VIII, Figs. 15-16.
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successive volutions; further, each chamber of Deprat's richthofeni is more strongly arched,
and its antethecae more crowded throughout the whole length of the spirotheca.
Failing to identify the form under consideration with any known species from
the southern region, we may then turn to the Russian basins and the Arctic districts.
H. v. Staff describes, after Schellwien, a variety of Fusulina alpina under the varietal
name rossica, in which Staff recognizes two types: the one from Gshel is generally of a
larger size, and approaches more closely to the type-species of the Alpine region, and the
other from the Donetz Basin is generally of a smaller size, and resembles Schellwienia
arctica of Spitzbergen and the Bear Island. It is to certain forms belonging to this latter
type of var. rossica that the present species seems to bear some resemblance. They
agree not only in size, form, axial ratio and number of whorls but also approximately
concur in the dimension of the initial chamber, thickness of the spirotheca and even the
shape of the buccal aperture. Yet we cannot overlook some important differences:
Firstly the antethecae are far more regularly folded in our variety than in the Donetz
variety of rossica, and secondly the Danetz variety seems to be generally characterized,
as in Schellwienia arctica, by a pair of fairly conspicuous pseudo-anuli, at least up to the
second or third volution. We cannot therefore readily indentify the present form with
any of the varieties of rossica.
As far as can be gathered from the existing literature, there is only one, namely
Fusulina verneuili (Schellwien, non Holier) among the European species of Schellufienia
that agrees with the present form in its essential characters, such as the elongated and
slender shape of the test, the regular type of folding of the antethecae, close coiling of the
whorls, moderate thickness of the spirotheca, absence of anuli, etc. It seems that we
have at last found elsewhere in the world a form that may be regarded, without much
doubt, as belonging to the same species. The smaller size and fewer whorls on the part
of our specimens rather suggest that we are here dealing with a variety of Schellwienia
veneuili rather than Schell. verneuili s. str. of Schellwien.
HORIZON AND LOCALITY : This variety has been so far only found in the
Fuching Limestone of Heishankou, in the Liuhokou coalfield, N. Honan. Forms
essentially similar to those of Heishankou but with smaller axial ratio are also obtained
from the Kushi Limestone of the Pinting Basin, N. E. Shansi. Their identity must,
however, be regarded as somewhat doubtful for the present.
According to Schellwien, Schellwienia verueuili comprises a varied group of
Schellwienia in the Russian basins. But all of them are restricted to the Uralian
formation of that country.
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Schellwienia cf. lutugini (Schellwien)
PL X. Figs. 5, 6
1908. Fusulina lutugini Schellwien PaUeontographica, Vol. LV; p. 177, PI. XVII, Figs. 2, 3, 7, 8, 12-14.

Among the numerous specimens procured from the Yaoku Limestone of the
Pinting Basin, there is a fragmentary axial section with six and half volutions closely
coiled except in the last two volutions and highly elongated in the axial direction. The
widths of the successive volutions are 0.22, 0.36, 0.57, 0.92, 1.44, 2.13 mm, and the
corresponding axial ratios are 1:2. 1:3, 1:3.07, 1:3.8, 1:4. The first two terms of these
ratios are obtained by measuring the entire length of the whorls and their median width,
the remaining three are calculated by doubling half the axial length. As our section is
strictly axial the latter values ought not to differ appreciably from truth. In the same
way, the length is calculated to be 8 mm, and the median width of the complete test is
measured at 2.3 mm.
Alveolar osseum moderately coarse; thickness of the spirotheca increases steadily
towards the outer whorls. In the sixth volution it reaches about 0.08 mm.
Antethecae very regularly and rather intensely folded in the inner volutions,
but apparently less regular in the outer ones. This is possibly due in part to the
unfavourable state of preservation and partly to the defect caused in the process of
preparing the microslide.
*

Initial chamber, small, nearly spherical having a diameter of about 0.13 mm.
Buccal aperture low and narrow in the inner volutions, but becomes considerably
broader, though still low, from the fourth volution onward.
Apart from the slender form, compressed type of coiling and usually high axial
ratios for the inner whorls, there is still a remarkable feature characteristic of our species
and also of Schellwien's lutugini; that is the fact that in spite of a considerable elongation
of the test, the antethecae are not folded to any extent so as to produce a complicated
twisting effect or network.
There is little doubt that our form is an immediate ally of Schellwienia lutugini
Schell. It is only because of the absence of more material that I hold their identity as
tentative.
Ozawa's Schellwienia lutugini from the Akiyoshi Limestone, also appears to
approach our species very closely . but shows a closer coiling in the outer volutions.
When a sufficient amount of materials is available it will not be surprising to find that the
Russian, Japanese and the Chinese forms essentially belong to one and the same species,
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Schellwienia cervicalis Lee (sp. nov.)
PI. X. Figs. 13-17

Test slightly contracted in the median part and conical at two extremities.
The umbilical ends are usually pointed but sometimes more or less rounded. The
largest specimen measures 6.6 mm long and 3 mm broad. The average axial length and
median width are however only 6.2 mm and 2.42 mm respectively. The latter figures
give an axial ratio of 1:2.56. Those with rounded umbos generally have a smaller
axial ratio.
Number of whorls varies from 7 to 9.
The first three or four volutions are closely coiled; from the fourth volution
onward the whorls tend to widen out more or less abruptly with but a gradual increase
of the height of the chamber in the following volutions. Although a large number of
specimens has been prepared only a few of them admit exact measurements. The results
of measurement (in mm) are as follows:—
Dia. of initial
chamber

Widths of successive volutions
Specimen
I

II

III

IV

V

VI

VII

VIII

.078

.15

.22

•33

•5

•744

1.03

1.5

20

.167

.278

.42

.678

i .08

1.63

2.13

.122

.205

•3

•43

.62

.92

1.32

.12

.2

.29

.42

.62

•9

1.28

.166

.267

.41

.62

i •03

1.56

(617)
(1161)

1.84

(615)

2.35

( 614 )

!

An analysis of these figures shows that the development of the several individuals
is to some extent relatively retarded or accelerated, and that they fall into two groups:
Those having a small initial chamber and 8 to 9 volutions probably represent the
microspheric type, and those having a larger initial chamber and 6 to 7 volutions
probably represent the macrospheric type. There is little doubt that they belong to one
and the same species.
*

As a consequence of close winding the inner whorls are as a rule elongately
fusiform with an axial ratio often somewhat higher than that of the fully grown test.
Thus in a typical specimen this ratio is already as high as 1:2.5 in the second volution,
and rises to 1:3 in the fourth.
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Spirotheca fairly thin in those inner volutions in which the whorls are closely
coiled, but becomes thicker in the outer ones. In the macrospheric form the thickest
part occurs in the sixth volution where it measures at least 0.06 mm, but is sometimes as
thick as 0.09 mm, and in the microspheric form the two or three outer volutions are
nearly of equal thickness, and usually measure 0.05 mm.
Osseum rather coarsely alveolar in the macrospheric type, but moderately fine
in the microspheric form.
Antethecae slightly thinner than the spirotheca, rather crowded and fluted in a
regular manner. The individual folds though, which often run through the entire height
of the antetheca, are generally widely spaced, particularly so in the median region.
Buccal aperture small, and crescent-shaped in the inner, closely coiled whorls,
but becomes less well denned toward the outer volutions. Serial sections however show
that it is definitely present in the form of a broad but low slit.
A pair of rudimentary anuli surrounds the initial chamber and is sometimes
present in the first volution, but completely disappears from the second volution onward.
Shape of the initial chamber usually spherical, rarely ellipsoidal with its major
axis pointing towards the poles.
Between'the terminal parts and the median region there always occurs a disc of
calcareous deposit.
REMARKS: Among the numerous species of Schellwienia so far described, there
is only one that may be cited here for comparision. That is Schellwienia kraffti found
in the Darwas district. The latter species however differs from the present one in that
it never develops so many whorls as 8 or 9, and that it possesses a much larger
initial chamber i.e. 0.2 to 0.6 mm according to Schellwien and Dyhrenfurth. From the
fact that dimorphic development of Schellwienia cervicalis is already recorded in our
material, it does not appear plausible that the Darwas species represent the macrospheric
type of our species. In general, it does not seem altogether safe to accept any theory of
dimorphism unless the two forms are found side by side.
HORIZON AND LOCALITY: Schellwienia cervicalis has been collected by Mr. Y.
T. Chao from the Shanching and Fuching Limestones of S. Chihli and N. Honan. It
seems to be restricted to a definite zone in that area. The age that it represents is Upper
Carboniferous or Uralian.
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Schellwienia acuta Lee (sp. nov.)
PI. X, Figs. 7-12

Test fusiform as a whole, sharply vaulted in the median part more or less
slender towards the poles, umbilical ends always pointed. The adult individuals are on
the average about 6 mm long and 2 mm broad with an axial ratio of 1:3 for the
complete test.
Number of whorls usually 7 to 8, sometimes 6 in the fully developed individuals.
From several typical specimens the following figures are obtained (widths
being in mm):—
Volutions

Initial
chamber

Width

No. of
antethecae

II

I

III

iv

v

vi

.156

.267

.4

•567

.8

i. ii

1.38

.156

.267

.44

•656

.92

1.22

1.6

.11

.19

.29

.42

.633

-9

1-17

•133

.267

.41

.62

•9

1-17

•133

,22

.367

•59

.88

1.2

.156

.267

.4

.6

.83

1.14

1.62

•133

•22

.33

•52

.756

.98

1.3

vn

Specimen
VIII

1.74

(855)
(1120)

I -5

(IH9)

1.83

!

(1118)
(1104)

ii

18

22

27

29

40

ii

19

22

30

33

40

II

22

33

43

48

46

2.07

i

(854)
d«3)
(III7)

46?

(1116)
"^•^

It may be seen from the above table and the accompanying graphs that the
whorls are exceedingly compact, particularly so in the inner volutions. Among the several
specimens measured there is only one in which the widths of the last two volutions
increase more rapidly. This particular case probably represents an abnormal development rather than a type.
Spirotheca rather thick, and shows little variation in thickness throughout the
test. Thus in the second whorl the average thickness measures 0.044 mm» anc^ m the
sixth or seventh it only rises to 0.056 mm in the majority of individuals. This unusual
uniformity in thickness is at least partly due to the presence of an inner layer of tectorium
'* o

in the first four volutions.
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Osseum very finely alveolar, often indistinguishable in the inner volutions.
Antethecae almost as thick as the spirotheca, they are rather gently and
regularly fluted for about f of their height. In the axial section the folded antetheca
often appear as ill-defined, low arcs because of their extraordinary thickness and because
of the compact type of coiling.
The inner whorls are much shorter, and more vaulted than the outer ones.
Thus in a type specimen the axial ratio, or the ratio of length to width, is found to be
i : 1.7 for the 1st volution
,, 2nd
i : 2.3 .„
,, 3rd
i : 2.4 ,,
,, 5th
i : 2.7 „
A somewhat sudden increase in length appears to take place always in the fifth or sixth
volution.
Pseudo-anuli stout and broad always present up to the last whorl.
Buccal aperture small, narrow and crescentoid up to the last but one volution,
much broader and slit-like in the last volution.
Initial chamber usually spherical, sometimes irregular in shape. Wall of the
initial chaber very thick measuring no less than 0.033 mm m the normal case.
REMARKS: As far as the author's knowledge goes, there is not a single species
of Fusulina so far described that shows any definite relation to the present one. It is
distinguished from all the other new species described in this work by its exceedingly
compact coiling, thick spirotheca, small but well-defind buccal aperture and prominent
pseudo-anuli. The last-named feature together with the presence of a layer of tectorium
in the inner volutions indicate that we are here dealing with a form which has a close
genetic relation with the lower members of the family.
HORIZON AND LOCALITY: Schell. acuta* occurs abundantly in the Fuching
Limestone of Taichai and Heishankou, N. Honan, being always associated with
Schellwienia verneuili var. levidensis and Schell. longissima. Hence it is believed to
represent the Uralian.
Schellwienia expansa Lee (sp. nov.)
PI. XI, Figs. 1-5

Test almost cylindrical or even slightly depressed in the median portion for
about one half of its entire length, and distinctly conical for the remaining one fourth on
* This species was formerly mislabeled as Fusulina sinoarctica (See the report of Y. T. Chao & C. C. Tien on the
Stratigraphy of the Tsechow and Liuhokou coalfields, Bull. Geol. Surv. Chiua, No. 6, Dec. 1924).

2mm

1mm,

I

1

tt

Fig.13
Width-graphs of Schellwienia acuta; (855, 1119. 1104, 1120) showing the normal type of coiling, (854) with two outer
volutions rather Icosely coiled.
[To face page 80]
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both sides. The largest form known has an axial length and median width of 10.3 mm
and 3 mm, and the smallest 7.6 mm and 2.7 mm respectively. The axial ratio for the
complete test therefore varies from 1:2.8 to 1:3. The former figures appear to represent
the normal case.
Number of whorls 5 to 6 usually 5^.
Whorls are, as a whole rather loosely coiled. The mode of coiling can be
divided into two stages in the dominant type : The first three volutions are relatively
compact, while the last two are distinctly wider, hence its specific name. From several
typical respresentatives of this species I have obtained the following measurements: —
Widths of successive volutions
in mm

Dia. of initial chamber
in mm

II

III

IV

V

•4

.67

I-I5

1.7

2.4

3-2

(2077)

•32

.58

I.O

1-55

2.45

3-42

( 757)

.29

•456

1.37

2.12

3.01

( 756)

•83

Thickness of spirotheca gradually increases from the first whorl to the last. In
the thickest part it amounts to no more than 0.066 mm. Osseum fairly fine, the
individual dark lines (poutrelles) being often indistinguishable.
Antethecae comparatively thin, irregularly and rather intensely folded. In the
terminal parts the folding becomes so intense and complicated that, in the axial section,
a confused, fine mesh-work is invariably to be observed. This effect is particularly
striking in the last two volutions.
Number of antethecse increases suddenly from the third volution as shown in
the following table: —
I
17
16
16

II
28
27
24

III
43
42*
41

Specimen
IV
—
41 (partially preserved)
(2075)
40
(1051)
43

Buccal aperture often unobservable, only occasionally indicated by a low,
narrow slit.
Anuli absent.
* This figure is partially obtained through interpolation.
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Initial chamber large and perfectly spherical, usually over 0.3 mm in external
diameter, sometimes as large as 0.4 mm.
REMARKS : As will be noted in connection with the description of Schellwienia
richthofeni, the present species is undoubtedly its immediate ally. It differs from
richthofeni only in having less extended umbilical ends, more rapid rate of spiral
expansion, thinner spirotheca, more irregularly folded antethecae in the median part, and
a smaller number of whorls. Transitional forms are present representing the intermediate
stages in the evolution of the two species.
•
To Schellwienia japonica the present species is likewise related, though the
relationship is perhaps a little more remote than to Schellwienia richthofeni, for the latter
hardly show that characteristic network of folds in the terminal parts of the test.
Moreover, in Schellwienia japonica the median part is always more or less strongly
vaulted, while in Schell. expansa the median part is as a rule cylindrical or slightly
depressed.
HORIZON AND LOCALITY: This species has been found in the Taching Lime
stone of Taichai, Hsiaoching Limestone of Heishankou, Houshi Limestone of the Pinting
Basin, and the second seam of Fusulina Limestone (counting from below) exposed in
Yuehmenkou, west of Taiyuan. It is nearly always associated with Schellwienia richtho
feni and Schell. japanica. Stratigraphically the present species probably ranges through
out the Taiyuan Series.
Schellwienia japonica (Giimbel)
PI. XIII, Figs. 1-8

1883. Fusulina japonica (Giimbel) Schwager: China, Vol. IV, pp. 121-124, PI- XV, fig. i-u.
1906. Fusulina japonica Yabe, Contribution to the genus Fusulina, Journ. Coll. Sci. Tokyo. Vol. XXI,
Art. 5, PI. II, fig. i.
1914. Fusulina japonica Deprat, fitude comparative des Fusulinides d'Akasaka (Japon) etc. Mem. Serv.
Geol. Indochine, Vol. Ill, Fasc. I, pp. 2-9, PI. I, fig. 1-9.
1915. Fusulina japonica Deprat, Les Fusulinides des Calcaires carboniferous et permiens du Tonkin, etc.,
Mem. Serv. Geol. Indochine, Vol. IV, Fasc. I, pp. 7-8. PI. I. fig. 17, 19, 2o, (18?)
1924. Fusulina japonica Colani, Nouvelle contribution a 1'extreme-orient Mem. Serv. Geol. Indochine, Vol.
XI, pp. 136-137, PL VII, PI. VIII, figs. 1-5, 9-13.

Test stoutly fusiform with its median part strongly vaulted and umbilical ends
pointed. The ratio of axial length to median width of the complete test varies from 6.5
mm : 3.18 mm to 9 mm 13.5 or 1:2.4 to 1:2.5 in our material. More elongated forms
probably occur; but so far, I have not found, among our numerous specimens, a single
individual attaining the size of 14 mm:4.mm as mentioned by Schwager.
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Number of whorls varies from 5 to 7, those possessing 5^ whorls appear to be
the predominant type.
Whorls relatively compact in the first one or two volutions but from the second
or the third volution onward the chambers become distinctly higher, but their height
increases only slightly, up to the last volution.
The following figures show a few measurements (in mm) of the common form:—
Widths of successive volution
Dia. of initial
chamber

Specimen
I

II

• 367

.6

1.02

•344

•59

•39

III

VI

VII

VIII

IV

V

i.7

2.42

3.03

1. 08

1.67

2.4

( 903)

.67

1. 21

1.87

2.76

( 901)

.36

.818

I-5I

1.82

2-45

( 908)

•39

.61

I.I

1.63

2.27

(2600)

.40

•75

I.I27

1-747

2-5

3-383

4-363

—

.82

1. 2O

i. 60

2.13

3.0

3.6

( 608)

Schwager

4.2

4.4

Deprat

These figures are fairly constant except those in the second row which probably
represent a microspheric type. The figure for Schwager's type species are obtained by
adding together the "Windungshohen" and "Wandstarken". If Schwager measured the
height of the successive whorls including the thickness of the spirotheca, then the figure
must be slightly reduced. At all events they are not incomparable with my measurements.
Axial ratio for the first two volutions fairly constant, 1:1.9 for the first volution
and 1:1.7 for the second. These are the results of several measurements. A marked
variation is observed from the third volution onward. In the highly inflated variety the
axial ratio for the third volution may be as low as 1:1.5 and the fifth 1:1.7, while in one
of the elongated forms this value for the third volution reaches 1:2.6 and for the fifth i: 2,
Spirotheca moderately thick, its thickness increases gradually from the first
volution up to the fifth or the sixth which varies from 0.08 mm to 0.09 mm.
Antethecae decidedly thinner than spirotheca being regularly and intensely
folded practically throughout their entire height and length. In the axial section the
fluted surface is often cut in such a way that a series of highly compressed but regularly
arranged arcs appear in the median part of the test, and they usually assume the form of
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an inverted U. Towards the umbilical ends the folds become more complicated. In the
highly inflated variety the terminal folds are less confusing, but in the elongated variety
there is the tendency to develop a network which is however never so intricate as in
Schellwienia richthofeni.
Number of antethecae as counted in a few typical specimens are as follows: —
14
15
15
15

22
22
21
23

40
33
33
42

65?
45
44
49 (partially preserved).

These figures obviously arrange themselves in two groups: The one shows a sudden
increase from the third volution onward, and the other increases more uniformly. In the
absence of correlative data with the axial sections, it seems undersirable to distinguish
varieties on this ground, however that may be the logical treatment.
Buccal aperture narrow and low sometimes unobservable.
reach half the height of the respective chamber.

In no case does it

Anuli absent except on the wall of the initial chamber where they are represented
by two black spots often seen in the axial section.
Initial chamber large and spherical with its external diameter usually varying
from 0.36 mm to 0.40 mm, sometimes as small as 0.28 mm. The latter either represents
a variety closely allied with Schellwienia richthofeni or the microspheric generation of
Schell. japonica.
REMARKS : Among the closest allies of the present species Schellwienia richtho
feni is naturally the first to be mentioned. These two species do not only possess many
of the important structural features in common as will be discussed in connection with the
description of Schellwienia richthofeni, but they occur in constant association as far as our
collection is concerned. The essential difference between the two species lies in the fact
that Schell. japonica always possesses a large, spherical or nearly spherical initial
chamber with its median part more or less strongly vaulted, while Schell. richthofeni
usually has an irregular-shaped initial chamber and always tends to elongate from the
third or fourth volution onward; and further, the latter is characterized by an intricate
network of folds in the terminal parts of the test.
If a strict comparison be made between our material and the figures given by
Schwager under the designation of the same specific name, one may note, first of all. that
our forms are, as a whole, of smaller dimension and possess fewer whorls. These

3mm.

2mm

1mmJ

I

ffi

Fig. 14
Width-graphs of Schellwenia richthofeni (863, 865, 1052, 2080, 2081, «), Schell. expansa (756, 757)
Schell.
U. japonica (608, 2600, 0) and Schell. japonica var. hayasakai (904), a and /S being Schwagcr's originai
specimens
imens.
[To f<ic? pa.gr.
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differences however do not appear to be of persistent nature, for, Schwager himself
mentions the fact that many individuals occur in his material that are of considerably
smaller size than those shown in his figure. Deprat and Hayasaka have also brought
forward examples to illustrate this point. Nevertheless, the fact seems fairly evident,
that the majority of the Japanese and Indochinese forms as recently described by Mile
Colani are of larger dimension, and a slightly more compact type of coiling than our
specimens. Among the recent finds there are two examples that represent the nearest
approach to our specimens. The first one was collected by Deprat from the Cam-man
district, Indochina. The widths of this form measure, according to Deprat, as follows: —
I, 0.60;
II, 0.95;
III, 1.36;
IV, 1.98;
V, 2.45. mm
The second one was found and described by Dr. Hayasaka, occurring in the limestone of
Omi-mura, Echigo, Japan. Dr. Hayasaka's material, though unfortunately somewhat
incomplete, recalls strongly in point of its size, shape and type of folds, one of our
specimens from the Shanching Limestone of Taichai (PL VIII, Fig. 9) which I have
described below as var. hayasakai.
Under these circumstances, it may appear desirable to distinguish several varie
ties in this species, especially when it is known that this species has a considerable
vertical range. On examining our material closely as well as those dealt with by the
above mentioned authors, the minor variations seem to have taken place in all directions
that it is difficult to set apart one group of variations without overlapping another. Even
in those two varieties distinguished by Deprat, namely var. akasakensis and var. constricta,
it is doubtful whether both of them possess varietal characteristics of persistent nature.
Without a more extensive survey of this species it seems useless to consider the problem
of its manifold variation.
HORIZON AND LOCALITY: In North China Schellwienia japonica has been
found in the Fuching, Shanching and Yehching Limestones east of the Taihang Range,
and also in the Houshi Limestone of the Pinting Basin, N. E. Shansi. Elsewhere it is
reported to occur in association with Verbeekina verbeeki and other Permian species.
Vertically it probably ranges from Upper Uralian to later Permian.
Schellwienia japonica var. hayasakai
PI. XIII, Figs. 9, 10

1924. Fusulina cfr. japonica Hayasaka, On the fauna of the Anthracolithic Limestone of Omimura. The
Science report of the Tohoku Imperial University, II Ser. Vol. VIII, No. I, pp. 16-17, PI- HI, fig. 5.

This variety is only distinguished from Shell, japonica s. str. by its smaller
size, fewer whorls, less compressed type of folding of the antethecae and a somewhat
broader coiling of the whorls but unaccompained by a more vaulted form.
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The average widths of the successive volutions and the diameter of initial
chamber are indicated by the following two series of measurements: —
Widths of successive volution in mm.

Dia. of initial chamber
in mm

Specimen
. I

II

Ill

o-39

0.727

1.24

1.94

0.41

0.41

1.2

1.7°

VI
(904)

2.5

(611)

Always associated with Schellwienia japonica s. str.
Schellwienia complicata (Schellwien)
PI. XIII, Figs. 11-13, and PL XIV, Figs. 1-13
1898. Fusulina complicata Schellwien, Palaeontographica, Vol. XLIV, p. 249, PI. XX, figs. 1-7.

1910. Fusulina complicata Staff. Anatomie und Physiologic der Fusulinen, Zoologica, Heft 58, p. 23, fig. n.
1912. Fusulina complicata Deprat, Mem. Serv. Geol. Indochine, Vol. I, Fasc. Ill, pp. 17-19 PI- VII,
figs. 3-6.
1913. Fusulina complicata Deprat, Mem. Serv. Geol. Indochine, Vol. II, Fasc. I, p. 19, PI. Ill, figs. 8-10.
1914. Fusulina complicata Deprat, Mem. Serv. Geol. Indochine, Vol. Ill, Fasc. I, p, 19, PI. I, figs. 10-11.

Test stout and stumpy in the young, but becomes highly elongated in the adult
stage. Thus in the second and and third volution the axial ratio rarely exceeds 1:2.2,
while for the complete test this value generally rises to 1:3.2, sometimes 1:3.6. The
largest individual in our collection is 9.1 mm long and 3 mm broad. The average
specimen has a length and width of 8.4 mm : 2.7 mm respectively.
Number of whorls usually 4^, rarely 5-0-.
Whorls as a whole broadly coiled in the normal specimens. Only in those
which develop 5^ volutions, the last part of the outermost whorl becomes decidedly
closer owing to the senility of growth. It is therefore evident that 5^ is the highest
attainable number of whorls of this species.
Alveolar structure of the osseum moderately coarse, spirotheca fairly thin in the
inner volutions, but grows to be thicker towards the outer ones, in the fourth volution its
thickness varies between 0.06 mm and 0.08 mm.
Antethecae relatively thin, so intensely and so irregularly are they folded that it
is seldom to find in the axial section a uniserial arrangement of arcs even along the
median portion of the test. On the contrary, the truncated folds often appear as

2 not

1mm.

ffi
Fig-15
Width-graphs of Schellwienia complicata, a being Schellwien's original specimen.
[To face page 86}
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aggregating loops which are rapidly transformed into a confused mass of network
towards the umbilical ends. No other species of Schellwienia can rival the present one
in the intensity of antethecal folding.
Numbers of antethecae are counted from the first to the fourth volution in three
typical specimens: They are 10, 23, 34, 42, in one individual, 15, 24, 36, 44, in another
and 17, 25, 33, 43 in the third. These figures essentially agree with those given by
Schellwien except in the last example which are slightly higher than in the Alpine form.
Buccal aperture very narrow and rather high in the first volution, and broadens
out slightly toward the last. In the second volution it occupies about i of the length of
that whorl, and f of the height of the chamber. Similar proportion seems to be main
tained from the second volution onward.
Anuli without trace.
Initial chamber spherical having a diameter usually varying from 0.27 mm to
0.3 mm.
Results of measurement:—
Volution

1

Initial Chamber

Specimen
I

II

III

IV

.22

.42

.98

1.72

2.44

(4007)

.24

•57

1.05

1.66

2-33

(4010)

•3

•53

I.O

1.56

2.3

(4017)

Width

.28

•52

I.O

1.58

2.3

(4008)

in mm

.28

•52

.94

i-5

2.08

(4020)

•27

•56

i. ii

1.9

2.66

(4016)

•32

•5

1.44

2.2

•35

.6

1.6

2.4

.867
I.O

3

Schellwien's
(4007)

2.1

Axial ratio

V

2.2

2.25

3-2

(4008)

2

2

2.6

(4016)

2

4

Schellwien s

REMARKS: This large Schellwienia is characterized by broad coiling, relatively
few whorls, stumpy form in the young and highly elongated in the adult, and intense
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and extraordinarily irregular folding of antetheae. Even the last named feature alone
makes it sufficiently distinctive from any of its allied species. Of the several species from
Hsinho, there is only one, namely Schellwienia richihofeni, that seems to have some
remote relation with our species; for the former is also of a large size, and develops a
complicated network of folds in the umbilical regions. It can however be distinguished
at once from our species by its closer coiling, more whorls and more regular type of
antethecal folds in the median portion of the test.
Among our specimens there are a few closely resembling certain varieties of
Schellwienia alpina from Indochina as described Mile. Colani (Op. cit. p. 139, PI. XI,
fig. 13). This raises the question whether certain varieties of alpina, for instance,
alpina var. antiqua of the Alpine region may not be, after all, the microspheric type of
Schellwienia complicata; for, according to Schellwien's measurements, the widths of the
successive volutions for each of these forms are nearly equal, and they are both character
ized by complicated folding of the antethecae. Their sizes are also not incomparable.
Without a thorough investigation of the respective materials, I would not however attach
much importance to this suggestion.
It should also be noted that none of our specimens reaches such a gigantic size
as that of the Akasaka district, Japan. There is only one axial section obtained from the
Yaoku Limestone of the Pinting Basin that bears a strong resemblance to the Japanese
form (see PL XIV, fig. 5), though they differ from each other in size.
HORIZON AND LOCALITY: So far, Schellweenia complicata is only known in
three different localities within North China. It occurs fairly abundantly in the lower
layer of "Fusulina Limestone" of Hsinho, Kansu, more rarely in the Yaoku Limestone of
the Pinting Basin, N. E. Shansi, and rather frequently in the Miaokou Limestone of
Central Shansi. As in the Carnic Alpine region its stratigraphical position is assigned to
the Upper Carboniferous.
Schellwenia richthofeni (Schellwien)
PI. XI, Figs. 6-10; XII, Figs, i, 2, 4. 5, 7

1883. Fusulina richihofeni Schwager, China Vol. IV; p. 124, PI. XV, figs. 11-17.
1912. Fusulina richthofeni Deprat, fitude Geol. du Yunnan Oriental, III partie, pp. 30-31, PI. VIII, figs.
15, 16.
1925. Fusulina richthofeni Ozawa, Journ. Coll. Scien. Tokyo, Vol. XLV, Art. 6, p. 35, pi. V, fig. I.

This rather large and highly elongated Schellwienia is, as a whole, of a spindlelike shape. The median part is seldom vaulted to any extent, but is often cylindrical or
even depressed on one side and more or less inflated on the opposite. Towards the
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umbilical ends the test gradually tapers to a point assuming the form of a sharp cone
with an apical angle from 28° to 34°.
The smallest specimen in our prepared material has an. axial length and median
width of 7.27 mm : 2.51 mm and the largest 12.1 mm : 2.94 mm. The commonest
form usually exceeds 8 mm in length and 2.7 mm in width. The axial ratio therefore
may be taken as varying from 1:3 to 1:4.
Number of whorls usually 6, sometimes 5 and rarely 7.
Whorls rather compactly coiled evolving with a slow and uniform rate. This is
not only seen in the median sections but may be deduced from the following measurements
which represent the widths (in mm) of the successive volutions: —

I
•4
.467
333
.42
•333
•367
.424
•44
.36
-545
-394
-364
.622

II
-59
.667
•511
•7

•5"
.61 '
.88
-79
=7
•97
.636
.727
1.04

III

IV

1.056
1.028
.81

1.667
1.52
1.22

1.833

1. 12

1-7

2.4

.8
.944
1.46
1-303
1.18
1.58
•985
1.242
i-57

1. 12
1.42

V

VI

2.378

3.00

2.067

2.72

1.51
1.9

2.44

3.06

1.9
2.4

2.03
2.03
I. 7 6

2.4

2.21

2.91

I-5I5

2.152

1.89
2.262

3.022*

VII

3.03
2.73

2.366

Specimen
( 865)
( 864)
(1052)
( 866)
( 861)
( 860)
( 270)
(2079)
(3111)
(2081)
(2078)
Sch wager's

Two of these specimens, namely (270) and (2079), seem to show a tendency to
approach Schellwienia expansa, and probably represent an intermediate variety between
that species and Schellwienia richthofeni s. str.
The figures for Schwager's type specimen are obtained by adding his measure
ments of what he terms "Windungsabstande" and "Semisso-distante Reihe der Schalendurchamesser". All these figures taken in a serial succession, are practically comparable,
although in some forms the whorls are a little more closely coiled than others. Here again
the phenomenon of "accerlation" or "retardation" is to be observed as in many other
* This value is obtained by assuming the thickness of the spirotheca in the fifth volution to be of the same order
as the fourth.
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species. Schwager's type specimen, for instance, is obviously one volution advanced as
compared with the majority of our forms.
Axial ratio varies from 1:1.7 to 1:2.7 in the first three or four volutions. A
sudden increase takes place in the fourth or the fifth. Measurements made on a few
selected specimens as indicated below serve to illustrate this remarkable feature, and also
define the range of variation: —

I
2.5

II
2.65

2-3

2.56

III
2.43

1.67

1.91

2.14

2.74

IV
4
3.42
2-3

V

Specimen

2.83

(2081)
( 865)
( 863)

Spirotheca consists of a rather coarsely alveolar osseum and a thin tectum with
its aggregate thickness gradually increasing towards the outer whorls. In the fifth
volution the thickness varies from 0.056 mm to 0.077 mm- This value does not seem to
decrease in the outermost whorl as is usually the case with those forms which show a
definite senile stage of development.
Antethecae are barely supported by inward projection of the osseum at the top.
This mechanical weakness is apparently compensated by the thichness of the antetheca
itself which usually reaches half the thickness of the adjoining spirotheca.
Each whorl carries a large number of antethecae which augments enormously
especially in the later whorls. The numbers which I have counted in three typical
specimens are tabulated below.
I

II

III

IV

V

VI

Specimen

16
18
15

28
28
28

32
33
35

41
42
45

51
53
51

60

(2080)
(1052)
( 864)

Schwager writes that in the fifth volution, Fusulina richthofeni possesses 25 to
30 antethccae. This statement however does not seem to agree with his figure (China,
Vol. IV, PI. XV, Fig. 4) in which I have counted from the fifth volution inward: 41, 32,
26, 17, —. These figures practically agree with the values tabulated above, except for
the fact that our form is one volution more advanced either through acceleration of
development or through its being a macrospheric type which naturally begins with a
larger initial chamber and consequently more antethecae. Otherwise Schwager's section
presents exactly the same appearance as ours.
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In the median part of the test the antethecae are intensely and regularly folded.
But towards the terminal regions the folding becomes so intricate that a mass of extremely
fine network extends to the very umbilical ends. This feature is particularly striking in
the last one or two volutions which are always grossly elongated towards the poles.
Buccal aperture extremely small and narrow in the inner volutions, unobservable
in the outer ones.
Anuli entirely absent.
Initial chamber spheroidal with an external diameter varying from 0.2 to 0.37
mm, wall of initial chamber fairly thick, usually as thick as, or even thicker than, the
spirotheca in the first volution.
REMARK : It is beyond doubt that Schellwienia richthofeni is the closest ally
of Schellwienia expansa, so much so that, at a sight, the one may be regarded as a
variety of the other. More careful comparison however reveals that the present species is
not only more compactly coiled, but is distinguished by a much more elongated shape
•
and often more whorls. As there is evidence to show that both of these species belong
to a group of stable forms (for instance by their long vertical range) these difference
ought to be considered as constituting a decisive step of variation which may therefore
amount to specific value.
Through gradual vaulting in the median part and the disappearance of the
network of folds in the terminal portions, this species is linked, by transitional forms, to
Schellwienia japanica with which it is no doubt genetically related. Several of the
Taichai forms, for instance specimen (866), that are here included in this species are in
fact representatives of such intermediate types.
As regards Deprat's Fusulina richthofeni from Yunnan I cannot readily identify
it either with Schwager's original specimen or with ours, because neither in Deprat's
description nor in his microphotographs can we find that characteristic alar prolongation
and the network of antethecal folds on which Schwager has rightly laid much emphasis.
Ozawa's identification of a Nagato form with Schell. richthofeni is evidently
based on limited material. On the single median section published by the said author I
am unable to make any definite remark. It may however be noticed that bis measure
ment do not seem to agree either with those given by Schwager or with mine. His
figure, too, appears to differ from typical Fusulina richthofeni. The doubt is therefore
not absent as to whether these Yunnan and Nagato forms actually belong to Fusulina
richthofeni Schwager.
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HORIZON AND LOCALITY: Representatives of this species have been obtained
from the Hsiaoching, Filching and Shanching Limestones in S. Chihli and N. Honan,
from the second layer of Fusulina Limestones (counting from below) of the Changchu
coalfield, W. Shantung, from Wuhutsui, S. Manchuria, and from the Houshi Limestone
in the Pinting Basin, N. E. Shansi. In all these localities it is often associated with
Schellwienia expansa, Schellwienia japonica, Schellwienia nathorsti etc. Again it occurs
in the Chientaokou Limestone together with Schellwienia vulgaris var. minor and in the
Hsinho fauna of N. W. Kansu. While these associated occurrences prove its Uralian age
the possibility is not excluded that it may have survived to the Middle Permian period.
Schellwienia richthofeni var. speciosa
PL XII, Figs. 3, 6. 8

This variety is represented by several individuals among our material. It
always associates with the type-species richthofeni, and agrees in all its essential proper
ties with that specks. In the terminal parts of the test the antethecse are likewise
intricately folded exhibiting the characteristic network. The umbilical prolongation is
however more or less of a cylindrical shape instead of being an acute cone. The median
portion is slightly more inflated than in Schellwienia richtnsfeni s. str. Antethecae intensely
folded; widths of the successive whorls are as follows:
I, 0.41;
These figures are
the average. As
whorls probably
diameter of 0.28
absent as in the

II, 0.72;

III, 1.244;

IV, 1.933;

V, 2.644;

VI, 3.64

obtained from a typical specimen, and are therefore believed to represent
a senile stage is indicated in this specimen, the maximum number of
does not exceed 6. Initial chamber rather small with an external
mm. Buccal aperture small and narrow, often unobservable. Anuli

As to its vertical distribution, the present variety is probably co-extensive with
Schellwienia richthofeni s. str.

Schellwienia plicata Lee (sp. nov.)
PL XV, Figs. 12-16

Of all the sections of this species that I have obtained, none is strictly axial.
We can therefore only arrive at some idea of its shape and size by interpreting the several
oblique sections. Externally, the test appears to be thick and stout with its median part
appreciably vaulted, and umbilical ends usually stumpy, occasionally acute. The width
of the complete test varies, in the normal case, from 2.5 mm to 3 mm, and the length of
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the larger ones exceeds 6 mm. There is only one section which does not seem to depart
to any extent from the axial position. Itjias a length of 2.6 [mm and width 1.2 mm.
This extraordinarily small size is obviously due to the immature development as is shown
by the absence o a senile stage.
Number of whorls 6 to 7; the first three whorls are highly compact, thence
they abruptly become much broader. The last whorl is again distinctly more compactly
coiled as compared with the preceeding one. The widths of the successive volutions are
as follows:—
I

II

III

IV

V

VI

[VII

.156
.156

.24
.24

.39
.38

.58
.61

1.06
1.16

1.58

2.46

.18

.29

.44

.69

1.22

.2

.3

.43

.69

1.19

. Specimen
( 715)
(4020)
( 713)

2.22

2.83

( 714)

Spirotheca very thin in the inner, the compacter volutions, reaching about 0.04
mm in the fifth, and 0.09 mm in the last whorl.
Antethecae extraordinarily thin, intricately folded throughout their length and
breadth. In the umbilical regions, they appear as a mass of aggregating loops when
seen in the axial section. They are rather crowded in the inner volutions, but less so in
the outer ones, numbering 10, 16, 20, 24, 24, 33, from the first to the sixth volution in a
typical example.
Buccal aperture exceedingly minute in the inner volutions, altogether disappears
in the outer ones. A pair of insignificant anuli is represented in the inner whorls,
unobserved in the later stage of development.
Initial chamber extremely small, spherical, having a diameter varying from
0.08 mm to Q.I mm.
REMARKS : The external form and the type of folding of the antethese of this
species strongly remind us of Schellwienia alpina Schellwien as it occurs in the
Alpine region. They are possibly related. The fact that it occurs in the Hsinho fauna
accompanied by Schellwienia complicates, Schwagerina fusulinoides, etc, is also in favour
of this suggestion. A remarkable difference is, however, observed in the development of
the whorls. The Alpine forms possess, as a rule, only four or five volutions, and they
are broadly coiled throughout; while our species often attains seven volutions, and the
inner ones are very compact. The complicated type of folding of the antethecae may
suggest some relation with Schellwienia complicata, but other features entirely disprove
their genetic affinity.
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HORIZON AND LOCALITY: This species occurs in the highest layer of the "Fusulina Limestones" of the Shimiao district, S. Chihli, and also in the Hsinho fauna of Kansu.
If the latter is equivalent to the Yaoku Limestone of the Pinting Basin as probably is the
case, its vertical range must cover the whole of the Taiyuan Formation, for there is reason
to correlate the higher layers of the Fusulina Limestone of the Pinting Basin with
certain lower layers of Fusulina Limestone of S. Chihli. We cannot however be too
dogmatic in this assumption. So far, I have only found a single representative of this
species in the Hsinho fauna, and it is decidedly smaller and has fewer whorls than those
of the Shimiao district. The possibility cannot therefore be absolutely excluded that
this small form may represent a distinct variety. If that be actually the case, we would
be quite justified to consider the Hsinho form as a forerunner of Schellwienia plicata s. str.
and therefore geologically the older, as compared with the Shimiao form.
Schellwienia alpina (Schellwien)
PI, XV, Figs, i-n

1898. Fusulina alpina Schellwien, Palaeontographica, Vol. XLIV, pp. 243-246, PI. XVII.
1908. Fusulina alpina var. vetusta Schellwien, Palaeontographica, Vol. LV.'pp. 170-171, PI. XV, figs. 1-4.
1912. Fusulina alpina var. antiqua Deprat, fitude Geol. du Yunnan Oriental, Mem. Serv. Geol. Indochine.
Vol. I, Fasc. Ill, pp. 27-28, PI. VIII, figs. i-?.
1925. Fusulina alpina var. vetusta (?) Colani, Nouvelle contribution a 1'fitude des Fusulinides etc, Mem.
Serv. Geol. Indochine, Vol. XI, Fasc. I, pp. 139-140, PI. XI.

This sickly looking form of Schellwienia always appears to have been deformed
before it was embedded in the rock. Its variously recurved shape probably does not
represent its original form during its life time. Those which seem to have undergone the
least morphological changes during or after the process of fossilization are generally cylin
drical with the median part sometimes slightly vaulted, and ends always stumpy. The
axial length is usually 8 to 9 mm, and median width about 2.5 mm. Individuals
having a length of 6.7 mm and width 1.6 mm are also known.
Number of whorls usually 4 to 4^, rarely 5. They are broadly coiled except
for the first volution. Sometimes the last whorl is also slightly narrower than the
,
preceeding one.
Spirotheca rather thin, with a finely alveolar osseum, the individual dark lines
being often indistinguishable. When seen in the axial section, the spirotheca presents a
sinuating outline, and its thickness is rarely uniform for any distance in the lateral
direction. Whether this is a characteristic feature of the living organism or one due to
subsequent solution of the calcareous material after its death is not known. In the
median section it is always to be observed that the spirotheca sets in rather deeply

2mm. (•

/ /

1mm.

/

/ /
/ /

X

I

I
Fig.16

Width-graphs of Schellwienia alpina (1320, 1327, 1332, a) and Schell. plicata (713, 715); a Schellwien's
specimen of SchelL alpina var. antiqua.
[To fucc page 94]
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to meet the antethecae of the preceding chamber leaving an angular space on the external
side of the test so that there appears a sharp groove or furrow along the length of each
antetheca.
Antethecae exceedingly thin, relatively long, and contorted in all sorts of
irregular manner in the lateral parts of the test, but become fairly straight in the median
region. In the umbilical ends they are sometimes entangled with one another so as to
form a complicated network. They are as a whole, rather widely spaced, but never even.
Anuli absent, buccal aperture relatively wide and broad. In the third and
fourth volutions it occupies about -J- of the length of the respective whorl, and | of the
height of the respective chamber.
Initial chamber sometimes spherical, and sometimes irregular in shape. Its
diameter usually varies from 0.26 to 0.3 mm, but individuals with an initial chamber as
large as 0.46 mm occur in association with the normal type.
Result of measurements:
Volutions

Initial ,
chamber 1

Widths
in mm

II

•33
.24
.29

-So
.38
.5

.21

.42

•27
•29

-50
-5

.31
.23
.26
.29

-5
.42
-44
-45

.2
.26

-31
-5

.25
.25

-5
•5
.56
i-9

Thickness of
Spirotheca
in mm

.68
•83
•73

I.O

.81
.89
.67
.78
•73
•5
•9
.8
•9
•99

2.6

3
2.7

Axial ratio

No. of antethecae

.96

18

20
21
20

16

•03
.02
.02

IV

1.67
1.28

2.46
2.03
2.18
2.II
2.41
2.2
2.28

1-44
1-33
1.72
1.44
1.61
1.22

i.5<>
1.38
.84

1.6
i-4
1.8
1.61
2.7
3-2

21
25
25
23
25
22
20

23

•03

III

25

20
20

10
10
10
10
12
13
12
12

•05
.044
.04
•03
.022

Specimen

.078
.056
•05
•055
.044

2.33

3-17

1-53
2.4

3-i

2.45

3.20

2. II

2.1
2.7

(1320)
d3i7)
var. antiqua
var. communis (Schell.)

2.8

3-6

32
3i

(1332)
(I33i)
(1330) •
(1328)
(1326)
var. antiqua (Schell.)
var. fraglis (Schell.)
var. antiqua (Deprat)

30
3°
29
.09
.056
.067
.056

(1332)
(I33i)
(1330)
(1329)
(1328)
(1320)
(1319)
(1326)
(1327)
(1318)
(1317)
var. antiqua (Schell.)
var. fraglis (Schell.)
var. communis (Schell.)
var. antiqua (Schell.)

.045
.09
.50

(i3i9)
(1326)
(1327)
(1318)
(1317)
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REMARKS: The above figures are obtained from a series of selected specimens,
and therefore they ought not to deviate to any extent from the normal values. If our
figures be compared with those given by Schellwien and Deprat it will be found that
they agree fairly well except in the number of antethecae. This is, however, to be
expected when the fact is taken into consideration that their arrangement is usually
uneven. As a whole our specimens are practically identical with the Alpine, Yunnan and
Indo-Chinese forms. No doubt can possibly exist as to their specific identity.
When we examine closely Schellwien's description and figures of the Alpine
species, it will be noticed that there are very few, if any : characteristics in the fossils
themselves to justify his establishment of the varieties, antiqua, fraglis and communis.
His principal reason is based on the fact that these slightly different forms occur at
different horizons; but nothing is said as to whether they are restricted to the several
horizons, In the fauna of Yatzetsi, Honan, we have forms occurring side by side that
approach severally all of these varieties. I am, therefore, inclined to believe it unnecessary
to distinguish the said varieties.
Certain types of the Russian variety rossica (e.g. Palaeontographica, Bd. LV,
Taf, XV, fig. 5) are almost indistinguishable from certain specimens in our material, but
the majority of the Russian representatives as described and figured by Schellwien are
*more or less distinct both from the Alpine type and from our specimens. The Russian
varieties are, as a whole, of a stouter shape, and their antethecae are far more regularly
folded. So remarkable are these differences that it appears not unjustifiable to refer them
to an independent species.
HORIZON AND LOCALITY: This species has been found in North China only in
a single locality, Yatzetsi, Shanhsien, Honan. Associated with it there are Schwagerina
(? princeps), Schellwienia longissima var. tenuis and Schell. anderssoni. Thus it is evident
that the fauna of which it constitutes an important element, is practically identical with
that of the Carnic Alps. Without any hesitation, I would therefore assign it, with
Schellwien, to the Upper Carboniferous.
Schellwienia oblonga Ozawa
PI. XVI. Figs. 1-3.
1925. Schellwienia oblonga Ozawa, Journ. Coll. Science Tokyo, Vol. XLV, Art, 6, p. 45, PI. VIII, figs. 7, .9

This is the largest Schellwienia ever found in North China. Its full length is
estimated at no less than n mm and width 5 mm. Seldom, however, does it attain the
full size.

2mm

1mm.

I

I

ff

BL

I

Iff

Stt

Fig-17
Width-graphs of Schellwienia oblonga; (a) a specimen from the Hsinho Limestone, (0) Ozawa's original specimen.
[To face page 96}
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Test regularly fusiform, highly vaulted in its median portion, tapering rapidly
towards the poles which are usually pointed.
In the fully developed individuals there are 9 whorls. These are exceedingly
compact from the first to the fourth or fifth volution, then suddenly become much
broader. Unfortunately the only axial section which I have obtained is more or less
shattered, and therefore admits of no accurate measurement. In one of the median sections
the width of the successive whorls measures 0.17, 0.3, 0.44, 0.83, 1.5, 2.33, 2.26 mm
from the first to the seventh volution. These figures apparently do not agree with those
given by Ozawa, but when they are plotted on a diagram (see Fig. ?) the resulting
graphs are essentially of the same type.
The inner whorls are distinctly more elongated than the outer ones. For
instance, in the fifth volution the whorl is about 3.16 long and i.i mm broad. These
give an axial ratio of 112.8, while in the fully grown specimens this ratio is only 1:2.2.
Spirotheca relatively thin considering the size of the test. Antethecae are still
thinner. They are rather regularly folded in the inner whorls, but become much more
irregular in the outer ones. In one median section I have counted 10 of them in the first
volution, 14 in the second, 20 in the third, 25 in the fourth 31 in the fifth, 56 in the
sixth. They are as a whole unevenly distributed. It will be noticed that these figures
taken in succession are not incomparable with those given by Ozawa.
Initial chamber exceedingly small, spherical, with a diameter varying from 0.09
to i.ii mm.
A pair of insignificant anuli or pseudo-anuli is developed up to the third or the
fourth volution, thence they completely disappear.
Buccal aperture small and narrow in those inner volutions in which anuli are
developed. With the disappearance of anuli the aperture also becomes ill-defined or
even unobservable.
REMARKS: Although there are several species of Schellwienia found in North
China that reach the length of the present one, yet, none attains the same width at the
same time. From the point of size alone we may compare this species with certain
varieties of Schellwienia japonica. But the internal structure is thoroughly different.
In japonica the whorls are more closely and uniformly coiled throughout the successive
volutions; initial chamber always much larger; and antethecae far more regularly folded.
Our species is not only characterized by its shape, so stout and grotesque, but
also by its peculiar mode of growth which obviously consists of two stages: In the first,
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or the young stage, the whorls are exceedingly compact and the test more or less
elongated, whereas in the second, or the adult stage, the whorls are much wider with
their antethecae far more irregularly folded. These features are so striking that they
cannot fail to impress the observer with their peculiarity even at a glance. Before
Ozawa's paper came into my possession I had founded a new species, Schellwienia 6besa t
for the specimens under consideration. But in looking through Ozawa's microphotographs
I had at once recognized this species, and consequently have abandoned my former
nomenclature.
HORIZON AND LOCALITY: Schellwienia oblonga occurs only sparcely in the
Hsinho fauna of Kansu being associated with Schellwienia complicata, Schwagerina
fusulinoides and other Alpine representatives. With these species it may also be safely
assigned to the Uralian.
Schellwienia nathorsti Staff et Wedekind
PL XVIII, Figs. 14-19, PI. XIX, Fig. 6

1910. Schellwienia nathorsti (Schellwien) Staft-Wedekind, Bull. Geol. Inst. Upsala, Vol. X, No. 19-20,
pp. 120-121, PL IV, Figs. 1-3.

Test strongly vaulted in the median part tapering at first rapidly then gently
towards the umbilical ends which latter are sometimes pointed and sometimes more or
less rounded. Between the vaulted median part and each end there often occurs a zone of
depression. Size of the test varies over a wide range; one of the slender forms reaches a
length of 7.27 mm with a median width of 2.27 mm, while the smallest individual
represented in our material is only 4.7 mm long and 1.9 mm broad. The former gives
an axial ratio of 1:3.2, and the latter 1:2.5. Again there is a stout variety which has an
axial length and median width of 5.3 to 6 mm and 2.3 to 2.7 mm respectively. In these
cases the axial ratio only ranges between 1:2.2 and i: 2.3.
Number of whorls usually 6, sometimes 7. The inner whorls are compactly
coiled, while the outer ones are relatively broader. Very characteristic is the structure
of its spirotheca: In the first two or three volutions the spirotheca is unusually thick
and apparently solid showing no trace whatsoever of the alveolar structure. From the
third volution a short alveolar osseum begins to make its appearance. The thickness of
the osseum increases steadily as the spiral grows, accompanied at the same time by the
reduction of the thickness of the tectum. In the third and sometimes the fourth volution
these two layers are almost equally thick in the region of the buccal aperture, but the
tectum thins down towards the umbilical ends. From the fifth volution onward the
tectum becomes very thin, and alveolar osseum distinctly coarser as in the common type
of Schellwienia.

Vol. IV

Lee—Fusulinidce of North China

(i)99

Antethecae relatively thick, always crowded, folded rather intensely and more or
less irregularly, particularly so in the umbilical regions. Even in the neighbourhood of
the buccal aperture the folding seems to affect the entire height of the antethecae.
Anuli very prominent in the inner whorls. They often appear to be replaced by
pseudo-anuli in the outer whorls. In any case, they form a striking feature in this species.
Buccal aperture extremely narrow and minute in the inner volutions, becoming,
as a rule, broader and rectangular in cross-section from the fourth volution onward.
Initial chamber thick-walled, usually spherical, rarely deformed probably
through an accidental cause. Its diameter ranges from 0.13 to 0.16 mm.
Results of measurement:
(Those marked with * possibly belong to var. laxa, t measured from the microphotographs given by Staff).

Volution

Initial
chamber

Width in mm

I

.156
•13
•15
-15
.144
.167
•13
.14

.28
.267
.24

•25
.31

.256

.24

•155
.14
•17

.29

.2

-45

•3

•3

.22
•31

Axial ratio

Thickness of
Spirotheca in mm
———————.——

.456
.42

•39
456
•44

.267

.267

No. of Antethecse

II

•49
.41
.41
•44
•52
•356
.49
.72
•54
1-7
2.3
1.9
1.9

17
23

13
ii
ii
ii

19

12

19

19

32

15

26

21

.044

.056

.02

.04

.04

.044

III

IV

•74
.67
.58
.78
.69
•73
.656
.62
.69
.84
.56
•72
i.i

.99
.92
.98
1.19

.8

1.8
i-7
2.7
1-7
1.9
25
28
28
25
25
35
34
•05
.044
•05

1.02
I.I2

•93
.91
.96
1.07

.8
i. ii
1.62
1-25
2.2

V

1-39
i-3
1-47
1.67
1-52
1.71
i.3i
1.38
1-33
1.72
1.23
1.61
2.4
1.65
3-2

VI
1.83?
1.91

(1925)
(1878)
(1272)
(1271)
(1273)

2-33
1.78
1.88

(2212)*

2-5
1.7
1.61

3-3

2.0

2.0

2.2

1.9

2.1

2.2

32

32

35
30
29
34
46

38

44
.056
.056
.044

36

37
38

.06
.056
.044

2.44
2.42
2.28

2-5

1.8
2.7

2.2

VII

Specimen

2.3

(I88 3)
(I884)

(195*)*
(i«74)
(1877)
(1882)
Bear Islandf
t
(1925)
(1878)
(1271)
(1874)
(i877)
(1273)

44
44
44
42

.07
.056
.044

(2212)*

44
43

.056
.056

(1883)
(1885)
(1884)
Bear Island
,,
(2212)
(1883)
(1884)
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REMARK: Of all the Fusulince so far described by different authors there is
only one species, Fusulina naihorsti, comparable with the species under consideration,
and they may be compared in several respects: for instance, they are both characterized
by a peculiarly sharp vaulting in the median region followed by a zone of depression in
the lateral parts; by an unusually thick spirotheca in the inner volutions; by a pair of
prominent anuli or pseudo-anuli and exceedingly small buccal aperture in the earlier
whorls; and by crowded antethecse. Even the widths of the successive volutions almost
completely agree in some cases. The numbers of antethecae are also of the same order if
we take into account the possibility of accelerated development on the part of the Arctic
forms.
The apparent difference between naihorsti of the Bear Island and our specimens
may be noticed in the fact that the former is seemingly less elongated, and that it has a
larger initial chamber consequently fewer whorls. Regarding the shape of the test we
must note that Staff's only longitudinal section is not axial but distinctly oblique. In a
form like the present species which tapers so rapidly towards the poles, a small degree of
obliquity would naturally make a great difference to the length of the section. If Staff's
longitudinal section were strictly axial, the length would be undoubtedly much greater.
Even we assume that the apparent size (4.5 : 2.5 mm) of Staff's prepared specimen does
not differ appreciably from the real one, it is not incomparable with some of our stouter
varieties whose axial length and median width are 6 mm and 2.7 mm respectively.
Regarding the average size of the initial chamber, the difference is certainly
noteworthy. But the type of coiling of the succeeding whorls together with other
peculiar features points irresistably to the conclusion that the Arctic forms described by
Staff and Wedekind represent the macrospheric and our material the microspheric type of
one and the same species, though it is admittedly a strange fact that among the numerous
specimens from different parts of North China there is not a single individual possessing
so large an initial chamber as that of the average Arctic form.
If, in future, more exhaustive search disproves them to be the macrospheric and
microspheric types of the same species, I would still hold that the difference between
them amounts no more than a varietal value. Indeed it is already possible to distinguish
several varieties among our material. For instance, those which occur in the Hsinan
district are generally characterized by smaller size and greater axial elongation; and
among the typical forms that occur in the Pinting Basin, N. E. Shansi, there are short
and highly inflated ones. It is on account of their intimate association and the presence
of numerous transitional types that it is considered useless at present to establish more
varieties than is absolutely necessary.

2mm

1m in

3Q[

I

Fig.18
w
Width-graphs of Schellwienia nathorsti and its related species. (1271, 1272, 1882, 1884, a) Schellwienia nathorsti; (652,
823) Schell. subnathorsti; (2216) Schell. nathorsti var. laxa; a a macrospheric specimen from the Bear Island.
[To face page 100}
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with Schelhvienia acuta the present species suggests some remote affinity by the
general shape of the whorls, the nature of the spirotheca and the form of the anuli and
buccal aperture. The former, however, is generally of a smaller size, more compactly
coiled, and its antethecae are folded in a different type.
The present species has undoubtedly arisen from its closely-associated species,
Schellwienia subnathorsti, on the one hand, and gave rise to its var. laxa on the other.
HORIZON AND LOCALITY: This species is widely distributed in the central part
of North China. It occurs in association with Schellwienia erucaria, Schell. pailensis in
the Hsinan district, and abounds in the Suchieh and Kushi Limestones of the Pinting
Basin and in the Miaokou Limestone of Central Shansi. In the Chienshi Limestone, namely
the fourth layer of Fusulina Limestone above the main coal-seam in the Pinting Basin,
scattered individuals of this species appear to occur. But it is not altogether certain
whether they are representatives of Schell. nathorsti var. laxa of immature growth.
Everywhere this species seems to range in the middle part of the series of the
"Fusulina Limestones". It undoubtedly represents the Uralian age, probably the middle
part of that epoch.
Schellwienia nathorsti var. laxa (var. nov.)
PI. XIX, Figs. i-5. 7-i°

This variety differs from the type-species only in having a larger size (8:2.24
mm) more volutions—usually 7 instead of 6, greater axial elongation, broader coiling of
the last two whorls and subcylindrical shape. The structure of its inner whorls perfectly
agrees with that of Schellwienia nathorsti s. str. It occurs sparcely in the Suchieh
Limestone of the Pinting Basin, but abounds in the Chienshi Limestone of the same
district. It is also found in the second seam of limestone (counting from below) exposed
in Yuehmenkou, west of Taiyuan. The following measurements will show how closely
is this variety connected with its type-species:—
Initial
Chamber

Width in mm

.14
•13
.167
.167
.18
.127
.12

Volution
I

II

III

.256

•44
• 37
.48
.42
.49
•4
•32

•71
.6
.72
.67
•71
.67
•567

•23

.31
.256
.29
.24

.22

1.8
i-5

Axial ratio

1.9
Thickness of
spirotheca in mm

•°33
•03

•033
•03

Specimen

V

VI

1.04
.86
1.05
.956
i 07
•93 .
.856

i-34
1.29
1-49
1-37
i-5
1.32
1.28

1.71
i-75

1.8

2.1

2
2
1.9

2-5
2-3

3-i
3

•05
.044

IV

2.4

.067

.044

3-2
2.8

.04

.04

VII
2.24

2.0

1.9

2.1
1.92
193

2-59
2.58

3-3

3-6

3-3
3-8
.044
•05

.056
.056

(1870)
(1960)
(1962)
(1961)
(1963)
(2216)
(1957)
(1870)
(1960)
(1962)
(1961)
(2216)
(1952)
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20

27

31

22

28

21

29

33
29
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42
38

45

44
46
49

48
58

(2216)
(1871)
(1957)

Schellwienia subnathorsti Lee (sp. nov.)
PI. XVIII, Figs, i-10, 11?

Test rather small, highly vaulted in the median part, tapering rapidly towards
the poles. The axial section is almost rhomboid in outline. Sometimes the flanks are
slightly depressed as in Schellwienia naihorsti. The axial length and median width vary
from 4 to 5 mm and 1.85 to 2.1 mm respectively, 4.4 mm: 1.9 mm being the commonest
size. Axial ratio of the complete test ranges from 1:2.1 to 1:2.4.
Number of whorls 5 to 6. Inner whorls are rather compactly coiled, from the
fourth volution onward the whorls become more broadly wound.
Spirotheca relatively thick in the inner whorls with but a slow increase in
thickness towards the outermost one. At any given stage of the spiral growth, the
spirotheca is always appreciably thinner in the umbilical region, thickening steadily
towards the median part. In the inner whorls it is apparently solid without any visible
trace of alveolar structure even in the thinnest section of exceedingly well preserved
specimens. A thin layer of distinctly alveolar osseum however begins to appear in the
third volution, being no thicker than the tectum in the median region. Thence the
tectum becomes thinner, and at the same time the osseum becomes thicker and coarser.
In these respects the present species completely agrees with Schellwienia naihorsti.
Antethecae relatively thick and fairly numerous. They are folded throughout
their entire length and almost entire height. Even in the median region folds are not
absent, though not so compressed and irregular as in the umbilical parts.
Highly characteristic of this species is the fact that the axial ratio for the
successive volutions reaches a minimum in the third or the fourth whorls, and this
minimum value varies between 1:1.5 and 1:1.8.
Buccal aperture very narrow and rather low at first, becoming broader and higher
but ill-defined as the spiral grows. In the fourth and fifth volutions it occupies about TV
of the length of the preceding whorl.
Pseudo-anuli always prominent in the inner volutions, but become less significant
and sometimes even disappear in the outer ones.
Initial chamber small, thick-walled, usually spherical with a diameter varying
from o.i to 0.16 mm..

(i) 103

Lee—Fusulinidce of North China

Vol. IV

Result of measurements:
(Those marked with * may be young forms of Schell. nathorsti).

Volution

Initial
chamber

Width in mm

II
.41

I

.1
.144
•13
.11
.156
.156
.11
.1
.144

•47
.42
•3
•44
•49
.38
.29
•39

.64
•73
.68
•47
•7
.76
.61
•47
.61

i.7
1-7
1.8
2.4
2.15
1.8
1.9

1.9
i.5
1.6
2.4
2-3
1.74
1,8

.22
.28
.27
.19
.28

•3
.22
.18
•23

1.6
1.8
Axial ratio

•03
.022

IT

19
19

TO

21

ir

22

10

18

10

19

II

18

TO

No. of antethecse

IV

V

1.07
1.09
i-oi

1.6

.78

23
25
23
28
23
24
25

VI

1.53
1.22

1.74

1.02
I. II

1.67

.92
• 73

L02

i. oo

1.48

1.77

1.9

1-7

1.8

2.4

2.1

2.2

J

O*

2-4

1.8
1.8
.066
.05
.06

.06
.044
.044

.06
.04
.04

•05
•033
•03

.022

Thickness of
?pirotheca in mm

III

Specimen

27
29
28
40

34
35
38

27
27
29

33
36
32

(823)
( 819)
(1887)
( 652)
( 817)
(1888)
( 818)
(1275)*
(1274)*
( 823)
( 819)
(1887)
( 652)
(7275)*
( 817)
( 818)

.078

( 823)
(1274)*

.097

( 653)
(
(
(
(

34

827)^
828)
821)
820)

( 653)
( 824)
(1274)*

REMARKS: The general appearance of the sections of the present species and
the measurements tabulated above show conclusively that we are dealing here with a
form closely related to Schellwienia nathorsti. In fact the present species not only occurs
side by'side with nathorsti, but is linked to it by numerous intermediate forms. So close
is the relationship that when the varying series is arranged in the proper order, it does
not seem unjustifiable to regard the form under consideration as a variety of nathorsti.
Nevertheless, the majority of them adhere to a definite type being characterized by a set
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of peculiar features of their own, such as smaller size, lower axial ratio, rhomboid shape
etc. For this reason, I have referred it to an independent species under the name
subnathorsti from which nathorsti had undoubtedly sprung.
Of those which I have made detailed measurements, the several features are not
alway true to the typical form. Those from the Hsinan district, Honan, for instance, are
distinctly more elongated, and the axial ratios vary in an ascending order without
reaching any minimum value. They may be young representatives of nathorsti. Again,
the only axial section of an individual from the Shanching Limestone of the Shimiao
district, S. Chihli, shows a much more regular type of antethecal folds, and closer
winding of the inner whorls. It probably belongs to a different variety. But without
more material, it cannot as yet be ascertained whether it represents a type. It appears
undesirable to establish a variety on account of a single specimen, however such a
proposition may appear highly suggestive.
HORIZON AND LOCALITY: This species abounds in the Hsiaoching Limestone
of S. Chihli and N- Honan, Suchieh Limestone of N. E. Shansi, and probably also occurs
in the Shanching Limestone of the Shimiao district as well as in the Hsinan district,
N. Honan. Both in Shansi and Honan it associates with Schellwienia nathorsti. The
latter species however rises to a higher horizon. In future, a more exhaustive survey
may prove this species to be an excellent zoning fossil for the Taiyuan Series as developed
in the central part of North China. The fact that its progeny, Schellwienia nathorsti,
was found in the Bear Island suggests an even higher stratigraphical value.
Schellwienia pusilla (Schellwien)
PL XVI, Figs. 4-1 1
1898. Fusulina pusilla Schellwien, Palaeontographica, Vol. XLIV, pp. 253-255, PI. XX, figs. 8-14.

Test cylindrical, or forms a highly elongated ellipsoid. The median portion
is in the usual case quite straight, but sometimes gently and broadly depressed.
The terminal parts are generally of a hemi-ellipsoidal shape; occasionally, they tend to
become somewhat pointed towards the umbilical ends, then they conform more closely
with a paraboloid. Length of the complete test varies from 4.4 to 6.7 mm and width
from 1.2 to 1.7 mm. The axial ratio ranges between 1:3.3 an<i I: 4- In one extreme
case, the length and width are 7.78 mm and 1.67 mm respectively. These give an axial
ratio of about 1:4.7.

Number of whorls usually 5 to 6, sometimes 6J; whorls exceedingly compact
throughout.
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Antethecae very thin, widely spaced, particularly so in the outer volutions. Very
remarkable is the fact that the antethecae are all regularly folded even in the terminal
parts. The individual folds are rather widely spaced. In the inner volutions the folds
reach more than two thirds of the height of the respective chamber. In the outer
volutions, however, only the lower rim of th^ antethecae are plicated, the upper part—the
greater part—being quite straight.
Spirotheca fairly thin in the first three volutions, thence it thickens rapidly This increase of the thickness of the spirotheca is accompanied by the development of
a distinctly coarser osseum and widening of the whorls.
Buccal aperture moderately broad, always low, reaching at most, a little more
than one third of the height of the chamber, and one tenth the width of the preceding
whorl. Form of the aperture is exceedingly regular, having invariably a flat, bow-shaped
cross-section, and its position is always strictly median.
Anuli highly distinct, though not very massive in the specimens from Paoteh,
less sharply developed in those from the Hsinan district. They can nevertheless be traced
in the inner volutions.
Initial chamber rather small, sometimes spherical and sometimes ellipsoidal.
In the latter case, the major axis points towards the poles. Although the diameter of the
initial chamber varies from 0.09 to 0.144 mm in the numerous specimens we have
obtained, there is no clear evidence to show that they may be attributed severally to the
microspheric and macrospheric generations.

Result of measurements:
Volution

Initial
chamber
.12

.144
.09
.144
.11
•13
.1
•13
.11

Width in mm

r

.17
.18— .2

;

I

II

III

IV

V

VI

.18
.27
.144

.98

1.36

.22

.72
i. ii
.65
.84
•63

1.33

.14
•255

.42

I.O

1.33

.18

.26
•32

.22

•32

-3
•35

•5
•54

.69
.8
•73
i. 08

I.O

.21

•49
.78
•78
•52
.38
.655
•41
•52
.48
•75
.81

i. oi

.21

•3
•49
•23
•32

1. 12

1. 21
.98

I.O

1.42
i.49

1.69

Specimen
(2854)
(2852)
(2853)
(2855)
(1257)
(1269)
(1261)
(1262)
(1265)
(1264)
Schellwien's
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Axial ratio
2.2

3

3-3

2.2

3-3

3
2-5

34
4
3

2.5

Thickness

.02

.OI

of

.028
•

spirotheca
No. of antethecae

II

Ser.B

3-3

3-4

3-3

(2854)
(2852)

3-7
4
2.8

.026
.04
.04

(1262)

4-3
3-5
.044
.056
.06

15

16

19

19

15

17

20

21

(1257)
(1269)

.6
.056

(2857)
(1269)*

Schellwien's

23

(2853)
Schellwien's

*A transitional form between Schellwienia pusilla and SchelL"pailensis.

REMARKS: From the results of extensive measurements as tabulated above, and
from Schellwien's careful description, no doubt can possibly exist as to the specific
identity of our form with Fusulina pusilla Schellwien of the Carnic Alps. It is true
that most of our specimens have a smaller initial chamber, consequently the earlier
volutions are comparatively narrower. But individual cases are known in the Hsinan
fauna, which possess initial chambers nearly equal to that of Schellwien's typical
specimen. Numbers of antethecae in the several volutions of the Alpine and Hsinan
specimens are also in striking agreement.
A difficult problem however arises from the close affinity of the present species
with;,the Salt Range forms, namely Schellwienia kattaensis and Schell. pailensis Schwager.
Both of these Indian species and the present one are characterized by highly compressed
type of coiling, enormous axial elongation and extremely regular folding in the lowest
part of the antethecae. These Indian species also occur in the Hsinan fauna together
with innumerable intermediate forms between them and the species under consideration.
There seems little doubt that the latter is the forerunner of the former. Our problem is
thus rendered still more difficult.
The only distinction is found in the fact that the Indian species are, as a whole,
more extensively stretched, particularly so in the outer volutions; and attain a larger size.
Their outer whorls are slightly broader. Only by means of graphs these differences can
be detected. A glance at Figure 19 will show that the lower group of curves represents
Schellwienia pusilla, while the higher ones characterize the Indian species, namely
Schellwienia pailensis and Schell. erucaria. Nevertheless, we must admit that the specific
boundary, so to speak, is still an arbitrary one.
differences become distinct,

It is only in the extreme types that the
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HORIZON AND LOCALITY: Schellwienia pusilla is abundantly found in the
Hsinan district.- N. Honan, and in the upper layer of "Fusulina Limestone" of Paoteh,
Shansi. In the former case it is associated with Schell. pailensis and Schell. erucaria.
Both of these species are characteristic of the upper part of the Lower Productus Limestone
of the Salt Range. In the latter case it occurs alone. Somewhat disconcerting is the
fact that in the Alpine region it associates with Schwagerina fusulinoides which is the
dominant form in the Hsinho fauna in which no trace of this species has yet been
detected. From the available data we cannot state beyond the fact that this species
belongs to a certain stage of the Uralian.
Schellwienia pailensis (Schwager)
PI. XVI, Figs. 12, 13; PI. XVII, Figs. 1-3

1887. Fusulina pailensis Schwager, Salt Range Fossils (Productus-Limestone Fossils), Pala?ontologia Indica,
Ser. XIII, p. 987, PL CXXVII, figs. 1-7.

Test highly elongated, very broadly and gently vaulted in the median part
which slowly tapers towards the paraboloid ends. Now and then the whole body of the
test is recurved towards one side, and the points of inflexion often occur at some distance
from the median position. Axial length and median width usually about 8.2 mm : 1.8
mm, axial ratio 1:4.6. Among our unprepared material there are individuals which
reach even a greater length.
Whorls usually 6, sometimes 7. They are exceedingly compact in the inner
volutions, relatively broader in the last two. Spirotheca fairly thin in the inner whorls,
but becomes rather thick in the outer ones. Osseum finely alveolar.
Antethecae very regularly and evenly folded even in the terminal regions. In
the inner volutions the folding affects nearly two thirds of their height, but in the outer
ones only the lowest rim of the antethecae is alternately up-turned. The truncated folds
therefore appear as a regular series of extremely low arcs in the axial section. In the
median region even such diminutive plication often altogether disappears.
Anuli unobservable, they are probably absent.
Buccal aperture relatively narrow, but fairly high. It occupies about TV of the
length of the respective whorl and more than half the height of the respective chamber in
the inner whorls, and less than half the height of the chambers in the outer ones.
Initial chamber small, usually spherical, sometimes more or less deformed,
having a diameter varying from o.n to 0.17 mm,
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Result of measurements:
Initial
chamber

Width in mm

Volution

.14

I
•23

.11

.21

•17

.29

Axial

2.4

ratio

2-5

Specimen

II

III

IV

V

VI

•4

.62
•56

.956
.8
i. 08

i-37
1.16
1-5

1-83
1.67

(1270)
(1258)
(1268)

4.6
4.8

4-7
4.6

4-5

(1270)
(1268)

-34
.42
3
3-2

•71
3-2

3-9

Thickness of
spirotbeca
in mm

.02

.022

•033

.056

.06

(1270)

REMARKS: Although none of our specimens of this species reaches such a
length as mentioned by Schwager (13 mm), the general shape of the test, the type of
coiling and the small initial chamber make it quite certain that^we are dealing here with
a form practically identical with Schwager's species, pailensis, from the Salt Range. In
this connection it seems necessary to consider Schwager's guarded remarks that "the
species (pailensis) cannot as yet be considered as fully established as long as the
geological relations to Fusulina Jcattaensis on the one hand and Fusulina longissima
(erucaria) on the other are not quite distinctly made out". The Hsinan fauna supplies
us with some data which seem to throw some light on Schwager's long-stood problem.
In the material collected by Dr. J. G. Andersson from the Hsinan district, we find
that the species under consideration occurs side by side with Schellwienia erucaria
(— longissima Schwager^ as is also the case in the Pail district. Their intimate
association in these distantly separated localities and their close resemblance in form and
size would seem to suggest that these forms might be, after all, but the macrospheric
and microspheric types of one and the same species. One further wonders whether the
distinction between kattaensis and pailensis is really so sharp and definite as is maintained
by Schwager. I should not be surprised if the Indian material will ultimately show that
the three species described by Schwager belong, in reality, to a single species, though
they may cover a considerable vertical range. Before the final settlement of this
problem, it appears, however, safer to follow Schwager's original determination.
There is no question that the species under consideration is intimately related
to Schellwienia pusilla,. In fact the two are only separable through the comparison between
their size, axial elongation and the type of coiling of the outer whorls. The present

2mm

1mm

I

I

H

Fig-19
Width-graphs of Schellwienia erucaria (1266, 1267, 1927, 1929), ScfteZL pailtnsis (1258, 1270) and
1264, 2855, 2854, 2853, 1261, 1265).

pusilla (2852,

Vol. IV

Lee—Fusulinidce of North China

(i) 109

species is, as a whole, larger, more extensively elongated and slightly broader in the last
one or two volutions. For instance, in the fourth whorl the axial ratio for pusilla ranges
between 1:3 to 1:4, while for pailensis it is over 114.6.
In a preliminary examination I have compared certain representatives of this
species with Schellwienia verneuiU var. sapperi of North America. The two are certainly
alike as regards their general shape, type of coiling, type of folding of the antethecae
etc. More material has however convinced me that there is none in the Hsinho fauna
that reaches such an enormous size as that of the American form. Moreover, there are no
other American forms found in association. On the other hand, we have splendid
examples showing all the peculiarities of the Indian species. If it had any connection
with the American fauna, the relationship must be rather remote.
HORIZON AND LOCALITY: This species is crowded in the only layer of "Fusulina
Limestone" of the Hsinan district, N. Honan. Whether it also occurs in the Paoteh
district, Shansi, is yet uncertain. The limestone carrying this species is undoubtedly
equivalent to the Lower Productus Limestone of the Salt Range.
Schellwienia erucaria (Schwager)
PI. XVII, Figs. 4-8

1887. Fusulina longissima Schwager, Salt Range Fossils (Prcductus Limestone Fossils), Palaecntologia
Indica, Ser. XIII, P. 988, PI. CXXVII, figs. 7-12, PL CXXVIII, figs. 1-3.

Test almost cylindrical, sometimes variously recurved, enormously elongated as
in Schellwienia pailensis but to a still greater extent; median portion sometimes slightly
inflated, more often straight with but a very gentle taper towards the umbilical ends
which are, as a rule, blunt or more or less paraboloid. The lateral extension is more
striking in the outer volutions than in the inner ones. The largest individual among our
material is measured 11=3 mm long and 2.24 mm broad. The average specimen is not
much under this dimension.
Number of whorls from 5 to 6. They are exceedingly compact except for the
outermost volution. Thickness of spirotheca increases steadily from the first to the last
but one whorl. Thus, in a typical specimen it measures 0.023, °-°33> 0.056, 0.07, 0.06
mm from the first to the fifth volution.
Antethecse evenly folded throughout. In the inner volutions the folding is
more intense, affecting more than two thirds of their height, and in the outer volutions
only the lowest part of them is plicated. Even in the terminal regions the entangling
folds so often present in many other elongated species, are not observed here.
Number of antethecae from the first to the fifth volution are n, 25, 28, 35, 42.
These appear to represent a typical case.
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Anuli unobservable.
Buccal aperture very narrow, considering the axial length of the whorls. It
occupies from TV to y- of the length of the respective whorl; the height of the aperture
usually reaches more than * of the height of the respective chamber.
Initial chamber perfectly spherical, usually rather large with a diameter varying
from 0.25 to 0.28 mm, sometimes only 0.14 mm.
Width of the successive whorls (in mm) and their axial ratios are as follows:—

Width

II

III

IV

V

. 48

•79

1.16

1.67

2.24

(1927)

-39

.68

1.13

1.67

2.24

(1928)

•38

.66

I.O

i-39

•4

.68

•99

1.37

1.8

2.4

(1266)

.28

•47

•73

i. 06

1.44

1.93

(1267)

\j

3-8

4-3

5-4

5-2

(1267)

4

4-5

5

Axial ratio
•

VI

Specimen

(1929)

(1927)

REMARKS: Because of its gross elongation, Schwager guardedly identified this
species with Schellwienia longissima Moller. But apart from the external shape there is
nothing whatsoever to justify this identification. In Schell. longissima the spirotheca
is much thinner, the antethecae much more intensely folded, and the initial chamber
generally larger and irregular in shape. To quote Schwager's own words: "The
various curving of the shell, a character peculiar to the Indian specimen, gives to these
bodies somewhat the appearance of a caterpillar, and if in time, perhaps, a specific
distinction of the Indian form should be necessary, the name of Fusulina erucaria would
be a very appropriate one". And he continues to write: "By far more difficult is the
distinction of the not yet full-grown specimens, as a considerable portion of these
approaches Fusulina pailensis rather nearly". All these remarks are borne out by our
material. I have therefore adopted, with Schwager, the name, erucaria, instead of
longissima which latter must in all cases be abandoned. His second remark touches upon
the possibility of its being a macrospheric type of Schellwienia pailensis. As the fact of
dimorphism of fusulinoid Foraminifera was not definitely known in Schwager's time, it
is reidtly uizhrstaniable that this eminent palaeontologist attached much importance to
the size of the initial chamber. Therefore he concluded in saying "this latter organ
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(inital chamber) is always considerably larger in Fusulina longissima (
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erucaria) than

it is in Fus. pailensis, and thus there is no difficulty in distinguishing them".
While every thing is in favour of the theory that Schellwienia erucaria and
Schell. pailensis are the macrospheric and microspheric types of one and the same species,
I have refrained from uniting them at present because I have not yet had the opportunity
of examining the Indian materials. Moreover in the Kushi Limestone of the Pinting
Basin I have so far only found, after a fairly exhaustive search, the species under
consideration but no trace of pailensis. Thus it appears still premature to consider them
as a single species.
HORIZON AND LOCALITY: In the Hsinan fauna of N. Honan, this species is a
common element, though perhaps not so dominant as its associated species such as
Schellwienia pailensis and Schell. pusilla. Further north, in the Kushi Limestone of
the Pinting Basin, isolated occurrences of this species are again recorded. As our speci
mens are unmistakably identical with the peculiar Salt Range form, there cannot be any
doubt of its containing rock being equivalent to the Lower Productus-Limestone of India.
Schellwienia longissima (Moiler)
PL XIX, Figs. "-14; PI- XX, Figs. 1-14

1877. Fusulina longissima Moller, Die spiral-gewundenen Foraminiferen des russischen Kohlenkalks, pp.
59-61, PI. I, fig. 4, PI. II, figs, i a-c, and PI. VII, figs. T a-c.
1908. Fusulina longissima Schellwicn, Monographic der Fusulinen, Palseontographica, Vol. LV, pp. 163165, PI. XIII, figs. 14-20.
1924. Fusulina tenuissima Colani, NouvelJe Contribution a 1'Etude des Fusulinides etc., Mem. Serv. Geol.
Indochine, Vol. XI, Fasc. I, p. 136, PI. VI, figs. 1-6, and figs. 13-14.

Form of the test generally cylindrical to sub-cylindrical, but individual cases
vary over a wide range. In some varieties the test is relatively short and stumpy with
rounded ends, and in others it is grotesquely elongated with its ends more or less pointed.
Again there are those which show a distinct contraction instead of vaulting in the median
part in contrast to the usual form of other species of Schellwienia, and also those which
are broad and recurved to some extent in the median part rendering the test more or
less reniform.
The largest specimens in our collection are 10 mm long and 2 mm wide. That
is, they are I mm shorter than the longest one observed by Moller, and 2 mm longer
than the maximum length mentioned by Schellwien. The average size is, however, much
smaller, being 5 to 6 mm long and 1.3 to 1.8 mm broad.
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Spirotheca exceedingly thin, measuring about 0.023 mm in the first volution,
and gradually increasing to about 0.038 mm in the last. Only in rare cases does it ever
reach 0.05 mm in the thickest part.
Osseum distinctly, though rather finely, alveolar, often indistinguishable in the
inner volutions.
Number of whorls usually 5 sometimes 6 rarely
Whorls moderately compact throughout. In some forms the spirotheca evolves
with such a slow rate that the heights of the chamber in the successive volutions vary
very little from the second volution onward. In others, they show a little more marked
increase. From a large number of thin sections, I have selected a relatively few for
measuring the widths of their successive volutions. The results of measurement are
tabulated below: —
Dia. of initial
chamber in mm
0-3
0.24
0.29
0.266
0.28
o.34

Width of successive volutions
I

0.355
0.44
0.4
0-37
0.4!

0.22

0-455
0-355
0.32

0.3

0.58

0.59

0.72

0.23

0-355
0.367

O.'22

0.20

II

III

VI

V

0.51
0.68
0-53
0.566
0.60
0.63
0.6
0-54
0.82
0.92
0.58
0.54

0.79
0.99
0.76
0.866
0.80
0.966
0.855
0-77
1-13
1.24
0.866
0.74

1-05
i-33

1-35
1.66

Specimen
VI
(37°2)
(3706)
(3723)
(37")
(37 11 )

1. 01
1.22

1.6

I.I4

1.50

2.0

( 714)
( 715)
( 971)

I. 30

( 505)

1-5
1-53

1-93
;

1.0

( 7X 7)
( 720)
( 455)

It may be observed in these figures that the widths of the successive volutions
of different individuals are always of the same order, and arrange themselves in a definite
succession, though the real value for a particular volution in one individual may not
correspond to that of the same volution in another, but may be "accelerated" or
"retarded" or even altogether suppressed. As a rule, the first one or two volutions of
the normal type are lost in those provided with an extraordinarily large initial chamber.
Antethecae nearly as thin as the spirotheca. They are intensely and regularly
folded even in the median region. The folds reach more than f of the height of chamber,
and generally of the shape of an inverted U as seen in the axial or para-axial sections.

Lee—Fusulinidce of North China

JV

(i) 113

Number of antethecas for each volution variable to some extent from individual
to individual as shown in the following table:—
Volution
Specimen

II

III

IV

V

II

27

33

32

31 (partially preserved)

10

27

32

36

( 969)

38

(37o6)

II

21

3°

37

II

26

10

22

32
28

VI

!

(37°7)
( 97°)

3i

38

(3713)

Judging from the numbers in the second volution, these specimens seem to fall
into two groups: The one possesses 26 to 27 antethecae in the second volution, and the
other 21 to 22. No further regularity is to be observed. These figures also fail to agree
with those given by Moller, which are 12, 24, 27 for I, II, III volutions respectively.
The fluctuation of the number of antethecae may be partly interpreted as a
necessary consequence of the | fragile nature of the test. For, evidence is not lacking
that the test of the present species is often liable to damage, and whenever the test suffers
some damage the animal is compelled to go through the complicated process of shellrepair. As a result, the antethecae tend to crowd in one part, and set distantly apart in
another.
A feature of some specific importance regarding the internal structure of this
species is the low and broad chamber which is set almost flatly against the initial
chamber on the one hand, and marks the beginning of the spiral chambers on the other.
Buccal aperture low, generally less than half the height of the chamber, narrow
in the inner volutions, but becomes broader towards the last stage of growth. No trace
of anuli has been detected in any of the whorls.
Initial chamber fairly large as may be seen in the foregoing table, sometimes
spheroidal, but more often elongated or irregular in shape. When elongated, the direction
of elongation generally follows the axis of convolution. Occasionally two initial chambers
arrange themselves side by side in one and the same individual.
A thick mass of calcareous matter is always deposited at both ends and along
the axis of each volution. In the axial section, this deposit often appears as two lobes
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spreading from both ends of the first whorl and terminating in a more or less elliptical
shape as the final stage of growth is approached. Sometimes faint, lighter lines are
observable interweaving in the black mass. They obviously indicate the intricate folding
of the antethecae in the umbilical regions.
REMARKS: The unusually thin spirotheca and the elongated test of the present
species have led Schellwien to assume a close relation between this species and Girtyina
cylindrica. The latter is however distinguished from the true Schellwienia by the
presence of a tectorium, and the absence of distinctly alveolar osseum. This, together with
the presence of pseudo-anuli and a perfectly round initial chamber in cylindrica renders the
difference between the two species quite obvious. Their types of coiling also differ from
each other: In cylindrica and quasicylindrica the spiral expands more slowly in the
early stage of its growth. When plotted on a suitable base, the width-graphs for
cylindrica and quasicylindrica are more of a logarithmic type, while in kmgissima, this
graph is nearly rectilinear.
It must, however, be admitted that the apparent resemblance between Schelkcienia
longissima and Girtyina cylindrica and G. quasicylindrica is often perplexing. So much
so that after a preliminary examination of the material brought back by Mr. Y. T. Chao
from the Tzechou and the Liuhokou coalfields, I had tentatively referred a large number
of small or young individuals of longissima to cylindrica. In the same fauna I also
labeled several forms of longissima as longissima var. fascicula, longissima var. grandis,
etc. But a more exhaustive survey of the material at my disposal shows that there are
among them only two forms, namely var. compacta and var. phaselus, that may be
regarded as more or less distinct varieties, the others being linked to the normal type of
longissima by numerous intermediate forms.
The apparent resemblance between Schellwienia longissima and Girtyina pankouensis is even more confusing; for, the latter also carries a thick mass of calcareous
deposit in the axial region. Examination with high-powered microscope reveals, however,
at once, the presence of an impressive layer of tectorium on the internal side of the
spirotheca and a pair of pseudo-anuli in Girtyina pankouensis. These features suffice to
prove its subgeneric position.
The Indian species designated by Schwager under the name, longissima, has in
fact nothing to do with longissima Holler. I have fortunately found this particular
Indian form in North China. The sections show, as do also Schwager's original figures,
that this Indian species has fewer whorls, a much thicker spirotheca, coarser alveolar
structure of the osseum and even a greater axial elongation as compared with longissima
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Holler. I feel therefore fully justified to name the Indian species, erucaria as was
suggested by Schwager himself. •
Finally we come to Fusulina lenuitsima Schellwien. There are few characters
that may serve to distinguish tenuiwiMft from longissima except for the fact that the
former possesses 7 to ^\ volutions, greater width and relatively smaller axial ratio.
Even these few distinctive characters are by no means definite and absolute. Numerous
transitional forms are known which occur side by side in our material. I am therefore
inclined to hold that these differences can be no more than of varietal value, and have
consequently assigned Fusulina tenuissima Schellwien to a variety of Fus. longissima
Moller under the designation of Schellwienia longissima var. tennis.
HORIZON AND LOCALITY: Probably no other species of Fusulina is so widely
distributed in North China as the present one. Vertically, it appears to range from the
lowest to the highest stage of the Taiyuan Series, but is entirely unkown in the Penchi
Series. Thus it seems to represent the whole of the upper Carboniferous, and may range
into the Permian. Below is a list of names of localities and limestones in which
Schellwienia longissima has been found:—
Localities

Limestones

Tzechou, Taichai, Liuhokou, S. Chihli and
N. Honan.

Abundant in Taching and Shanching Lime
stones, rare in Hsiaoching, Fuching and
Yehching Limestones.

Yaopo, 50 li west of Shahohsien, S. Chihli.

Hsiuwuhsien
Hsinanhsien

N. Honan

Shenhsien
Chienchenghsien
Linfenhsien
Kaihsiuhsien
Yichenghsien

Abundant in one of the Fusulina Lime
stones, probably equivalent to the Tacbing Limestone.

Common in the only layer of Fusulina
Limestone developed in these localities.

S. Shansi

Yuehmenkou, west of Taiyuan, Central
Shansi

Miaokou Limestone and Maoerhkou Lime

Chientaokou, south-eaet of Taiyuan, Central
Shansi.

Chientaokou Limestone.

stone
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Yangchien, Pinting Basin, N. E. Shansi.
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Yaoku Limestone, Kushi Limestone, Szechieh Limestone.

Chiangchiu, W. Shantung.

Second and third seams of Fusulina Lime
stone from below.

Yihsien, S. W. Shantung.

•Exact stratigraphical position unknown.

Hungshanyao, N. W. Kansu.

Hungshanyao Limestone, abundant.

Schellwienia longissima var. compacta Lee (var. nov.)
PI. XXI, Figs. 8-11, 13, 14, (5-7, 12, 15)?

This variety is distinguished from Schett. longissima s. str. by a closer winding
of the whorls, intensely but extraordinarily regular folding of the antethecse, and sharply
pointed umbilical ends. Its mode of coiling suggests some 'resemblance to Fusulinu.
cayeuxi Deprat; the latter differs, however, from this variety in having a smaller axial
ratio and stumpy ends.
Schellwienia longissima var. compacta is generally associated with Schell. longis
sima s. str. Those impoverished forms with an unusually large and often flattened initial
chamber (PL XXI, Figs. 5-7, 12, 15.) only appear in the higher horizons of the Taiyuan
Series.
Result of Measurements (in mm):—
Dia. of initial
chamber

Widths of successive volutions
I

0.31
0.24

0.41

0.255
—

0.44
0.3

0-355
0.266

0.53
0.42

0-34

II

III

0-53
0.51

0.72
0.72

0-577
0.48
0.74
0.66

0.8
o-744
1.04
0-93

IV
0.99

Specimen
V

VI

1.28

(3701)

•99
1.04
1.055
1.38
1.23

(37°5)
1.34
1.4

i 67
1.68

( 501 )
( 710)
( 7°3)
( 502)

Number of antethecae
ii

21

3i

33

(37°5)

Schellwienia longissima var. phaselus Lee (var. nov.)
PL XXI, Figs. 1-4

In contradistinction to var. compacta, this variety is characterized by a marked
increase of the height of the chambers in the successive volutions as may be seen in the
following table: —

2mm.

1mm.

I

I

1

Fig. 20
Width-graphs of Schellwienia longissimi (505, 3712), Schell. longissima var. compacta (501, 703), Schell longissima var.
phaselus (3704) and Schell. longissima var. tenuis (1308).
[To face page 116]
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Widths of the successive volutions

Dia. of initial chamber
in mm

Specimen
I

II

III

IV

V

0.3

0.52

0.755

1.03

1.04

1.89

—

0.44

0.72

i. ii

1.5

VI
(3704)
( 457)

The test is as a whole rather short, broad, and recurved in the median part, so
that it assumes the form of a kidney bean, hence its varietal name.
This variety is likewise extensively distributed. Its vertical range is probably
co-extensive with Schell. longissima s. str.
Schellwienia longissima var. tenuis Schellwien em. Lee
PI. XX. Fig. 15; PL XXII, Figs. 1-5
1898. Fusulina tenuissima SchelJwien, Pakeontographica, Vol. XLIV, p. 255, Pi. XIX, Figs. 7-9.

As already remarked, this variety differs from longissima s. str. only in possess
ing one or two more whorls, a comparatively broader test and consequently smaller axial
ratio—about 1:3 on the average. The median portion is also somewhat vaulted and
often slightly recurved. In this respect, it seems to approach the variety phaselus.
It should be noted that the original figure of tenuissima given by Schellwien is
not exactly axial, but somewhat oblique. Therefore the form of the test appears shorter
and more stumpy at the ends than it should appear if a true axial section were made.
The largest specimen among our material measures 7 mm long and 3.2 mm
broad.
Number of whorls usually 6 to 7, sometimes as many as 8. The whorls are
rather compactly coiled except in the fifth and sixth volutions which are relatively
broader. The same phenomenon is observed in the median section given by Schellwien.
A few typical specimens have been measured with the following results:—
Dia. of initial chamber
in mm

Width of successive volutions
Specimen
V

VI

1-355

1.766

2.33

(1150)

0.97

1.34

1.73

2.2

( 504)

0.92

1.17

1.49

1.8

I

11

III

IV

0.277

0.466

0.71

1-055

0.277

0.466

0.67

0.26

0.43

0.67

VII

2.2

(1308)
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In a median section of a typical specimen from the Taching Limestone of the
Liuhokou coalfield, the antethecae are counted 10, 25, 28, 34, 39, 39 (partially pre
served) from I to VI volution.
Associated with these typical forms, there always occur intermediate types that
merge gradually into Schell. longissima s. str. on the one hand, and to Schell. longissima
var. phaselus on the other.

Subgenus SCHWAGERINA (Holler)
Schwagerina fusulinoides Schellwien
PI XXII, Figs. 6-17
1898. Schwagerina fusulinoides Schellwien, Palaeontographica, Vol. XLIV, pp. 259-260, PI. XXI, figs. 1-4,8..

Test usually fusiform, moderately vaulted in the median region and slightly
rounded at the poles. Sometimes one side of the test is flatter than the opposite;
consequently the external appearance of the whole test becomes more kidney-shaped than
fusiform, The normal axial length and median width are about 5.4 mm and 2.4 mm
respectively, but extreme types vary in size, ranging from 5 mm : 2.3 to 6 mm : 3 mm.
Number of whorls usually 6, sometimes 7. The first two or three whorls are
closely coiled; then the coiling rapidly becomes broader. In the last volution the whorl
is again closer as compared with the preceding one. Thus the three stages of growth—
young, adult and senile—are clearly observable in the axial and median sections as well
as in the graphs (see Fig. 21) by the change of the gradient of the curves.
Spirotheca at first very thin; alveolar structure of the osseum hardly observable;
but in the later development it steadily grows thicker, at the same time, the osseum
becomes coarser. In the thickest part which usually occurs in the last but one volution,
its thickness is often no less than 0.09 mm.
Antethecse short and relatively thin in the young, long and thin in the adult
and short and thick in the senile stage. They are gently fluted as a whole, but more
intensely folded along the lower edge. Only in the very umbilical ends, the loops and
anastomosis usually observed in Schellwienia, begins to make their appearance.
Anuli very small and rudimentary in the first two or three volutions, dis
appearing from the third volution onward. Buccal aperture small and narrow in the inner
volutions, becomes broader and larger but ill-defined in the outer ones.

2mm.

1mm.

I

I

E
Fig. 21

Width-graphs of Schwagerina fusulinoides.
[To face page 118]
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Initial chamber very small, spherical, having a diameter varying from 0.08 to
0.13 mm.
_

i

Result of measurements:
Volution

Initial
chamber
.1
.1
.1

Width
in mm

.08
.08
.08

|

III

IV

V

.167
.19
.18
.167
.13
.13

.356
•3i

•7
•52
.44
•39
•33
•36
.56
.48
•33
•38
.6
•7

1.25
•94
•9
.61
.6
.63
i. 06
.84
•57
•7i
i. ii
1.29

2.25

.267
.256
.21
.21

•35
.28
.21
•23
•32

•39
2.4
2-3
2-3

Axial ratio
No. of
antethecae ;

II

.19
.167
•13
.156
.19
.26

12

i
.077
•9
.11
•13

I

10

12

8

12

2.6

2.7

2-5
2.46

2-43

17
15

VI

Specimen

VII

(4028)

1.58

;

(4020)

1-35

——

1.16

—

•99
1-05
1.6

(4038)
(4039)
(4034)
(4040)

1.07
1.22
1.8
2.16

1.56

1.86?
1.85
2.44

(40 T 9)
(4029)
—
(4032)

2.46

(4040)
(4029)
(4032)

2-3

20

30

3i

17

2O

28

:

——

REMARKS: It is beyond dispute that our form is absolutely identical with the
Alpine species described and figured by Schellwien under the name Schwagerina fusu±
linoides, and there is no other species that can be possibly confused with this peculiar
one. Highly significant is the fact that it has the dual character of Schellwienia and
Schwagerina. Its form, and to some extent, its antethecal folds, partain the common
properties of Schellwienia, while its mode of coiling and its shape and size of the inner
volutions largely conform with Schwagerina. Probably during a certain stage of its
development the animal adapted a planktonic habit. Hence it attained a vast extent of
distribution without appreciable modification.
We are here undoubtedly dealing with an inter mediate form between Schellwienia
and Schwagerina, but to prove that it is a transitional form from Schellwienia to
Schwagerina more evidence is required; namely we must establish the fact that either in
itself or in its allied forms, the early stage manifests the essential characters of a common
Schellwienia, for instance, the presence of a distinctly alveolar osseum, development of
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fluted antethecae etc. before we can admit that view. Such evidence is fortunately forth
coming in the species described below.
HORIZON AND LOCALITY: Schwagerina fusulinoides occurs abundantly in the
Hsinho fauna, Kansu, and sparcely in the Yaoku Limestone of the Pinting Basin, N. E.
Shansi. It probably represents :the lowest stage'.of Uralian, being rapidly replaced in the
higher horizons by Schw. princeps.
Schwagerina moungthensis Deprat
PI. XXIII, Figs. 3, 4, 2?
1915. Fusulina moungthensis Deprat, Mem. Serv. geol. Indochine, Vol. IV, Fasc. I, pp. 5-6, PI. II, Figs. 1-6.
1925. Schwagerina moungthensis Ozawa, Journ. Coll. Scien. Tokyo, Vol. XLV, Art. 6, pp. 47-48, PL VIII,
Figs. 1-2.

Test subglobular to ellipsoidal; average size 5.2 mm long and 3.4 mm broad;
number of volutions 5^; first three volutions closely coiled, considerably broader in the
fourth and fifth, again becoming closer in the last stage; spirotheca rather thick being
0.04, 0.056, 0.078, 0.09 mm, from the second to the fifth volutions; width of the first
whorl 0.41 mm, second whorl 0.72 mm, third whorl 1.28 mm, fourth whorl 1.97 mm, and
fifth whorl 2.8 mm; antethecse fairly thin, only plicated in their lower part, and the folds
usually arranged more or less in a regular manner; number of antethese about 10 in the
first volution, 17 in the second, 25 in the third, 20 in the fourth, 23 in the fifth; buccal
aperture rather low and narrow in the first three volutions, thence it becomes broader
and ill-defined.
There is not much doubt that this species is specifically identical with Fusuliwi
moungthensis Deprat of the Chamchit district, Tonkin, and Schwagerina moungthensis
Ozawa of the Tombstone region, Akiyoshi, Japan. It is however rather difficult to fix its
subgeneric position. Structurally it certainly conforms, in all its essential features, with
Schellwienia, but morphologically it exhibits all the salient properties of Schwagerina.
Taking all the properties together, this species seems to bear a closer affinity with
Schwagerina princeps than with Schwagerina fusulinoides. If the latter is to be classed
in Schwagerina as we have done, then obviously we must also refer this species to that
subgenus.
This species was procured by Mr. Y. T. Chao from the Wuhutsui coalfield, South
Manchuria. He is of the opinion that its containing rock is probably intercalated in the
highest part of the coal-bearing series of that district. At all events, the stratigraphical
position of this species cannot be lower than Upper Carboniferous, for in Indochina it
occurs in association with ScJiellwienia alpina, and in Japan it is again associated with an
Alpine species, Schell. incisa.
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Schwagerina wongwenhaoi Lee (sp. nov.)
PI. XXIII, Fig. r; PI. XXIV, Figs. 1-2

This species is represented in our material only by two incomplete median sections
obtained from the Hsiaoching Limestone of Taichai on the Chihli-Honan border and one
submedian section from the Hsiaoching Limestone of Heishankou, N. Honan. The fullgrown test possesses 7 whorls of which the first four are compactly coiled with relatively
thick spirotheca and a large number of antethecae which are also rather thick and more or
less intensely folded. Up to the end of the fourth whorl there is nothing to distinguish
it from an ordinary Schellwienia. At the commencement of the fifth whorl the spirotheca
suddenly broadens out, at the same time, both the spirotheca and the antethecae become
much thinner, and the latter are less crowded, and hardly plicated. In the last volution
the spirotheca again becomes thicker and more closely coiled. Thus the development of
test is clearly divided into two stages: In the first stage it reveals all the common
properties of a Schellwienia, and in the second stage it is constructed after the type of a
true Schwagerina.
Measurement of the width of the successive whorls at the end of each volution
gave the following results (in mm.) : —
I, 0.32;

II, 0.455;

III, 0.72;

IV, 1-22;

V, 2.36;

VI, 4.2;

VII, 5.45

Number of antethecae is only counted in the first five volutions. They are : 10,
21, 26, 30, 25. It is to be noted that in spite of a sudden radial expansion of the spiral
from the fifth volution, the number of antethecae in that volution is, on the contrary,
much lower, proving that at that stage of its development the animal no longer main
tains the character ^of a Schellwienia.
Initial chamber thick-walled, spherical, having a diameter of 0.17 mm.
This species differs from Schwagerina moungthensis in that its schwagerinoid
(of the princeps type) character becomes far more pronounced in its later stage of
development. But when compared with Schwagerina yabei* Staff, obtained from the
Sosio Limestone, our form is decidedly more primitive in the sense that it differs more
markedly from Schwagerina princeps.

Schwagerina tinvenkiangi Lee (sp. nov.)
PI. XXIII, Figs, 5, 6

Test globular with a subquadrilateral outline in the axial section, length about
6 mm, width 4.1 mm, number of whorls 6| to 7, spirotheca very thin at the beginning,
*Staff, H. Beitragc zur Kenntnis der Fusuliniden, N. J. F. M. G. P., XXVII, Beilage-Band, p. 463, PI. VII, figs. 1-3.
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thickening gradually outwards: the thickness is measured 0.03 mm in the third volution,
0.033 mm in the fourth, 0.056 mm in the fifth and 0.09 mm in the sixth, becoming again
slightly thinner in the very last stage.
In the first two or three volutions the whorls are rather closely coiled and
laterally elongated, then the whorls rapidly widen out, and at the same time, the axial
ratio continues to decrease: In the third volution the axial ratio is about 1:2.3, 1:1.5 in
the fourth, i: 1.5 in fifth and 1:1.24 in the sixth.
A pair of insignificant anuli is present up to the third volution, thence they
completely disappear.
Initial chamber exceedingly small, spherical, with a diameter of about o.i mm.
All these features practically agree with those of Schwagerina princeps. The
only difference which serves to distinguish princeps from the species in question is the
fact that in princeps the antethecae are never folded to any extent, while in tinvenJciangi
they are all gently and irregularly plicated, so that in the axial section there are always to
be observed loops and sinuating lines running through the entire height of all the whorls.
This species stands still nearer to Schwagerina princeps than does Schw. yabei.
It occurs sparcely in Yatzetsi, Shenhsien, N. Honan. Associated with this
species are Schellwienia alpina, Schell. longissima var. tennis, Schwagerina princeps, etc.
In all probability it represents a higher, if not the highest, stage of Upper Carboniferous.
Schwagerina princeps Ehrenberg
PL XXIV, Figs. 4-6

1877. Schwagerina princeps Holier. Die Spiral-gewundenen Foraminiferen etc. pp. 71-74 PI. V, figs, i a-b,
et PI. IX, figs, i a-b.
1883. Schwagerina princeps Schwager, China, Vol. IV, pp. 132-135, PI. XVII, figs. 1-8.
1897. Schwagerina princeps Schellwien, Palaentographica, Vol. 44, p. 258, PI. XI, figs. 5-7, 9, et PI. XXII,
figs. 4-7.
1906. Schwagerina princeps Yabe, Journ. Coll, Scien. Tokyo, Vol. XXI, Art. 3, pi. I, fig. 2.
1910. ? Schwagerina cf. princeps Staff-Wedekind, Bull. Geol. Inst. Upsala, Vol. X, No. 19-20, p. 122.
1912. Schwagerina princeps Deprat, Mem. Serv. Geol. Indochine, Vol. I, Fasc. Ill, p. 37, PL I, figs. 1-3.
1923. Schwagerina princeps Ozawa, Jap. Journ. Geol. Geogr. Vol. II, p. 38.
1725. Schwagerina princeps Ozawa, Journ. Coll. Scien. Tokyo, Vol. XIV, Art. 6, p. 47.

This is probably the most widely known and most easily recognizable form
among all the species of Fusulinidae. It is characterized by a globular shape, minute
initial chamber, thin and almost straight antethecae, broad coiling, and a pair of
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insignificant anuli which are always present up to the third or fourth volution, and
sometimes throughout all the whorls.
Our specimens possess 8 whorls. The first three volutions are uniformly and
rather compactly coiled, roughly conforming the Archemedian spiral. But at the com
mencement of the fourth volution, the spiral abruptly departs from its previous course,
and assumes the form of a high exponential type. When measured at the end of each
volution, the widths of the successive whorls are as follows (in mm.): —
I, 0.144;

II, 0.244;

IH» 0-4T '

IV, 0 -956;

V, 2.0;

VI, 3.3;

VII, 4.5; VIII, 5.3

In a specimen from Yihsien, Shantung, the antethecae are counted 10, 16, 18,
19, 14, 17, 23, 37, from the first to the eighth volution. These figures are not incompar
able with those given by Moller, but somewhat higher than those shown by Schwager's
specimen. Although one cannot be absolutely certain, in the absence of adequate axial
sections, of the specific determination of the materials under consideration, yet, the features
presented by the available median sections seem sufficient to warrant the conclusion that
they either belong to Schwagerina princeps s. str. or to its closely related variety. More
over, it should be remembered that this planktonic form attains a world-wide distribution
and therefore it may be subject to minor variation according to local conditions. Con
sequently it appears desirable to place its specific characters on the more outstanding
features.
Initial chamber minute, spherical with a diameter of no more than 0.08 mm.
In the Yihsien coalfield, Shantung, Schwagerina princeps occurs sparcely in
association with Schellwienia vulgaris, and in Yatzetsi, Shenhsien, Honan, it associates
with Schell. alpina, Schell. longissima var. tennis and Schwagerina tinvenkiangi. It
probably ranges throughout the whole of the Uralian epoch, and possibly survived to the
Middle Permian time.

EXPLANATION OF
PLATE I.
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PLATE I.
All figures magnified 55 diameters.
Fig. i.

An axial section of Fusulinella ( Staffella) sphceroidea M oiler, showing its internal
structure. Osseum: a whitish layer forming the middle part of the spirotheca;
Tectum: a dark lamella indicated by a fine, black line visible here and there on
the external side of the osseum; Tectorium: two dark layers, one on each side of
the osseum, particularly well exhibited in the lateral part of the test; Anuli:
massive, crescentic patches embracing the corners of each whorl. Penchihu, S.
Manchuria. ^t,#$l$J.

Fig. 2.

An axial section of Fusulinella (Neofusulinella) bocki Holler, showing the
presence of the osseum, a whitish layer; the tectum, a thin, opaque lamella
visible in the middle part of the spirotheca; two darkish layers of tectorium
forming the outermost and innermost layer of the spirotheca; the anuli, a pair of
black masses symmetrically arranged with reference to the median plane; and
the buccal aperture, a clear space between each pair of anuli. Penchihu. &1@%M.

Fig. 3.

An axial section of Fusulina (Girtyina) cylindrica Fischer, showing the tripartite
structure of the spirotheca; alveolar structure of the osseum almost invisible.
Tangshan, Kaiping Basin. 1?UJ.

Fig. 4.

A tangential section of the antetheca of Schellwienia nathorsti Staff- Wedekind,
showing the punctures in the lower part of the antethecae. Pinting Basin,
Shansi.

Fig. 5.

An axial section of Schellwienia secalis (=Tricites secalicus Girty) , showing the
lamellose or alveolar structure of its anuli. From Mrs. E. R. Applin's collection,
Texas, U.S.A.

Fig. 6.

A para-axial section of Neofusulinella bocki showing clearly the tripartite struc
ture of its theca and faint traces of the alveolar structure of the osseum.
Penchihu. *$$).

Fig. 7.

Axial section of Girtyinz konnoi (Ozawa) with its outer layer of tectorium con
siderably reduced in the outer whorls. Penchihu. ;£$£$!.

— 126 —

PAL/EONTOLOGIA SINICA SER. B. VOL. IV, FASC. I.
J. S. Lee:

Fusulinidse of North China

2

PI. I.

EXPLANATION OF
PLATE II

d) 127

PLATE II.
Figs. 1-4. Boultonia willsi Lee
p. I0
Fig. T. Axial section of all the whorls except the first one which is submedian;
Fig. 2.

Wuhutsui, S. Manchuria. *35,3EL«W. X 53 .
Median section of the first whorl, axial section of the rest of the whorls;

Wuhutsui, S. Manchuria. SttW. X 53 .
Fig. 3.
Fig. 4.
Fig. 5.

Submedian section of outer whorls. Wuhutsui. 3iM^. *53Para-axial section of the innermost whorl and submedian section of the
outer whorls; Wuhutsui. 2W)t. X^.

Boultonia rawi Lee

p. n

Axial section, showing the endothyroid shape and the oblique arrangement of the
inner whorls; Penchihu, S. Manchuria. ^fc&^M. X 53-

Figs. 6, 7. Neofusulinella ckaoi Lee
Fig. 6. Axial section, X 53 . }
Fig. 7.
do
x I5 .

p. 12
,

Wuhutsui.

Figs. 8-1 1. Staffella sphceroidea Moller
p. 13
Figs. 8, ii. Axial sections, Penchi Lemestone, Penchihu. &%$$. X i5.
Fig. 9. Median section, Pankou Limestone, Yuehmenkou, west of Taiyuan, Shansi.
Fig. 10. Axial section, Tangshan Limestone, Tangshan. Wllj.
Figs. 12-17. Neofusulinella bocki Moller
Figs. 12-14, 16. Specimens from a point 200 km north of Kalgan.

p. 16

Fig. 15. A rather conspicuously vaulted and loosely coiled form showing affinity
with Neofusulinella schwagerinoides from the Hsiaoyu Limestone, Penchihu.
Fig. 17.

Axial section from Podolsk, near Moscow; for comparison.

Fig. 18.

Neofusulinella schwagerinoides Deprat.
A para-axial section, Yentai, S. Manchuria. ^t/M

Fig. 19.

? Neofusulinella obsoleta Schellwien
A specimen from a point 200 km north of Kalgan.

Figs. 20-22.

Neofusulinella prcesimplex Lee

Figs. 20, 21. Specimens from Yentai. 'JMcJ. X 15.
Fig. 22. A type-specimen from Yanghukou, Kansu.
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PLATE III
All figures magnified about 15 diameters.
Figs, i-io, 12. Girtyina konnoi Ozawa.
Fig. i. Axial section, slightly oblique, Penchihu, S. Manchuria.
Fig. 2. Median section, Penchihu. ^Mffl.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3. Axial section, Tangshan Limestone, Tangshan. IfUj.
4. A large variety from Yentai, S. Manchuria. ^c,@n?.
5. Median section, Tangshan. Will.
6. Axial section, Pankou Limestone, Central Shansi. lllffifflf
7. Median section, slightly deformed, Tangshan. ifllj.
8. An individual with an unusually large initial chamber, Penchihu. ;£M®i.
9. A variety roundishly vaulted in the median part, from a point 200 km
north of Kalgan. SSS"&W.
Fig. 10. An unusualy cylindrical form from a point 200 km north of Kalgan. ^"frflf.
Fig. 12. A large variety from the same locality. ^^W.

Figs, n, 13, IA. Girtyina Schellwieni Staff
p. 27
Figs, n, 13. Median section, Mayi Limestone, Penchihu. &%%M&%HffiM%.
Fig. 14. An intermediate form between G. Schellwieni and 0. Tconnoi, Pankou Lime
stone, Shansi. liJlWM^-.
Figs. 15-21.

Girtyina leilhardi Lee

Figs. 15, 17-19, 21. Axial sections.
Figs. 16, 20. Median sections.

p. 28
j
j
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PLATE IV.
All figures magnified about 15 diameters.
Figs. 1-9. Girtyina cylindrica (Fischer) .
Figs, i, 5. Axial sections, Penchi Limestone, Penchihu, S. Manchuria.

p. 32

Fig. 2. A form having more whorls than the usual type. Tangshan. Will.
Fig. 3. Median section of a normal form, Tangshan. WUJ.
Figs. 4, 9. A variety approaching G. quasicylindrica. Fig. 4. a specimen from
the Penchi Limestone, Fig. g^'from the Yanghukou Limestone.
Figs. 6, 7. Typical specimens from the Tangshan Limestone, Tangshan Basin. Ifilj.
Fig. 8. A specimen from the Miatschkovo Limestone, Environs of Moscow.
Figs. 10-19.

Girtyina quasicylindrica Lee

p. 35.

Figs. 10, 12, 13, 15-19, specimens from the Yanghukou Limestone, Kansu.
Fig. 18.
Fig. ii.

An abnormal individual.
A form more vaulted than the usual type, from the Pankou Limestone,

Shansi. UlWffcfctffc*.
Fig. 14. A highly elongated variety from the Hsiikiachuan Limestone, Chiangchiu, Shantung.
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PLATE V.
All figures magnified about 15 diameters.
Figs. 1-2.

Girtyina quasicylindrica var. brevis Lee

Fig. i.
Fig. 2.

Figs. 3-5.

p. 30.

A typical form from the Yanghukou Limestone. 3WP.
A stumpy form from a point 200 km north of Kalgan.

Girtyina pankouensis Lee

p. 30.

Figs. 3, 4, two axial sections showing the heavy calcareous deposit; Fig. 3 from the
Hsiaoyii Limestone, Penchihu, (^}M^l^^M^) , Fig. 4 from the Pankou
Limestone, Central Shansi. (UiWWfr
Fig. 5. Median section, Hsiaoyii Limestone.
Figs. 6-1 1. Schellwienia simplex Schellwien
From the Yaokou Limestone, 60 li south of Kaotaihsien, Kansu.
Fig. 13.

p. 40.

Showing the crowded occurrence of Schellwienia simplex in the Yaokou Lime
stone in association with its variety minuta. 3f?§.

Figs. 12, 14-19. Schellwienia simplex var. minuta Lee
p. 42
Fig. 12. A form approaching Schellwienia simplex s. str. Yaokou Limestone,
Kansu. %ffi.
'. Figs. 14, 16, from Yaoku Limestone, Pinting Basin, Shansi, lljffi.P^^JC^^I,^®^.
Figs. 15, 17-19. From Yaokou Limestone, Kansu. H$l.
Figs. 20, 21. Schellwienia incisa Schellwien.
Hsinho, Kansu,

p. 46
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PLATE VI.
All figures magnified about 15 diameters.
p. 43
Figs. 1-4, 6, 9? Schellwienia parvula Schellwien
Figs, i, 6. Axial sections from Hsinho, Kansu. ttl^Uj^ling-f-mffftr.
Figs. 2-4, 9. Specimens from the Yaoku Limestone, Pinting Basin, Shansi.
UjWjP^JUjUl^i. Fig. 9 possibly belongs to Schellwienia prisca.
p. 47.
Figs. 5, 7, 8, 10-23. Schellwienia prisca (Ehrenberg).
Figs. 5, 7. Possibly belong to Schellwienia parvula, from the Yaoku Limestone,
Pinting Basin, Shansi. UjffiP^i?®^.
Fig. 8. Median section of a young individual from the Yaoku Limestone, Pinting
Basin. Uj]5fil&JK@tf.
Figs. 10-18, 20, 22. Typical specimens from the Yaoku Limestone, Pinting Basin,
Shansi. Umf fiMl,JtK@3r.
Fig. 19. A variety approaching Schellwienia complicata, Yaoku Limestone, Pinting

Basin, m&mm^.

Fig. 21. A specimen from the Hsinho Limestone, Hsinho, Kansu. "fr^fffM.
Fig. 23. A variety approaching Schellwienia regularis, Yaoku Limestone, Pinting
Basin.
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PLATE VII.
All figures magnified about 15 diameters.
Figs. 1-7.

Schellwienia arctica Schellwien.

Figs. 1-3.

p. 53.

Typical specimens from the Kushi Limestone, Pinting Basin, Shansi.

Fig. 4. A form possibly represents the microspheric type of Schellwienia arctica,
from the Yaoku Limestone, Shansi. Ujffi,liMl J^O^.
Fig. 5. Tentatively referred to Schellwienia arctica, Kushi Limestone. iMJC.fiW.
Figs. 6, 7. Specimens from Spitsbergen for comparison.
Figs. 8-10.

Schellwienia regularis Schellwien

Figs. 8, 9.
Fig. 10.

p. 50

Typical specimens from the Hsinho Limestone, Hsinho, Kansu.
A young individual from the Yaoku Limestone, Pinting Basin, Shansi.

Figs. 11-13. Schellwienia anderssoni Schellwien
p. 57.
Figs. 11-12. Individuals of fully-grown size. Yatzetsi, Shenhsien, Honan. f»
Fig. 13.

A young individual.

Yatzetsi, Shenhsien, Honan. i

Figs. 14-18. Schellwienia nobilis Lee
Figs. 14, 15. From Wuhutsui, S. Manchuria. ^^,5itS9^.
Figs. 16-18. From the Yehching Limestone, Taichai, S. Chihli.
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PLATE VIII.
•

Figs. 1-3, 10.

Schellwienia valida Lee.

p. 6q

Figs, i, 2, 10. Macrospheric type, Yihsien, Shantung. Uj^,*J^i£. Magnification:
Fig. i, X i5.8; Fig. 2, ^16.7; Fig. 10, ^16.5 dia.
*
_
Fig. 3. Microspheric type, Yihsien, Shantung, dj3C,^$S, Xi6.
Figs. 4, 5.

Schellwienia valida var. exigua (Schellwien)
p. 70.
Fig. 4. Axial section, from Yihsien, Shantung. ill $,*!$$$. ^16.4.
Fig. 5. A form showing some affinity with Schellwienia prisca, from Hsinho,
Kansu. UrM Mffi . Xi 5 .

Figs. 6-9, n, 12.
Figs. 6, 7.

Schellwienia vulgaris Schellwien
p. 59.
Typical specimens from the Taching Limestone, Taichai, S. Chihli.

Fig. 8. Microspheric type from Yaopo, Shahohsien, S. Chihli. it
Fig. 9. A microspheric form, almost completely shattered, from the Taching Lime
stone, Shimiao, S. Chihli. i§Liltayii^«3SClS-p3iM5Jft*l¥5^^. ^15.
Fig. ii. A young individual of the macrospheric type, from Yihsien, Shantung.
Fig. 12.

A microspheric specimen from the Taching Limestone, Taichai, S Chihli.
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PLATE IX.
Figs, i, 2.

Schellwienia verneuili var obtusa Lee (var. nov.)
p. 71,
From Yuehmenkou, ^^30 li west of Taiyuan.
Uj®^!^KUj^P^J^;^?i/^;cj. Xm.
*/
^j

Figs. 3, 5. Schellwienia vulgaris var. fusiformis Schallwien em. Lee
Fig. 3, a specimen from Yihsien, Shantung. Uj^^i^. X16.
Fig. 5, a specimen from Yaopo, Shahohsien, Chihli. jf^$3?ftng4&. Xj;cj.

p. 67.

Figs. 4, 8.

p. 64.

Figs. 6, 7= 10. Schellwienia vulgaris var. (cf. kozui)
Yihsien, Shantung. OJ^*?i^ X I5 .

p. 68.

Fig. li.

p. 66.

Fig. 12. Schellwienia vulgaris var. globosa Schellwien.
Yihsien,' Shantung.
UjJ^*iMI$. X16.
o

p. 67.

Fig. 9. Schellwienia vulgaris Schellwien
A microspheric individual from Yihsien, Shantung, lll^^l^. Xj6

p. 59.

*—'

vX

i.

'

t_7

Schellwienia vulgaris var. watanabei Lee
Hunershanyao,
Kansu. ~H*^,^ll!&ffi:£-r'JlJnUj^. Xi*^y
u
•/

Schellwienia vulgaris var. minor Lee (var. nov.)
Hunershanyao,
Kansu. ~H^,IIlill?.
Xi*»^
<_/
»/
"
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PLATE X.
All figures magnified about 15 diameters.
Figs. 1-4. Schellwienia verneuili var. levidensis Lee (var. nov.)
Fuching Limestone, Liuhokou, Honan., fffi/^^tlW}?^^.

pt y2

Figs. 5, 6. Schellwienia cf. lutugini Schellwien
Yaoku Limestone, Pinting Basin, Shansi. UjffiilMMIH??.

p. 75.

p. 70.
Figs. 7-12. Schellwienia acuta Lee
Fig. 7, a diagonal section, Fig. 8, an axial section of specimens from the Fuching
Limestone, Taichai, S. Chihli. iS^lftft^H^W^^^.
Figs. 9, 10, 11. Specimens from the Fuching Limestone, Liuhokou, Honan.
Fig. 12.

A young individual from the Fuching Limestone, Liuhokou. /^

p. 77.
Figs. 13-17 Schellwienia cervicalis Lee
Fig. 13. Axial section of a typical specimen (macrospheric type?) from the Shanching Limestone, Liuhokou, Honan. A\H$!MJjW?J^;r».
Figs. 14, 15, an axial and a diagonal section of Pmicrospheric individuals from the
Shimiao. fi^^H^^J^^-f-SM^^mWW^^.
Fuching Limestone,
*
Fig. 16. A median section, slightly oblique, Fuching Limestone, Shimiao.
Fig. 17. A submedian section showing deeply furrowed spirotheca, Shanching Lime
stone, Liuhokou, Honan.
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PLATE XL
All figures magnified about 15 diameters.
Figs. 1-5.
Fig. i.

Schellwienia expansa Lee

p. 80

Axial section of a typical specimen from the Taching Limestone, Taichai,

s. chihii. £f*^£3fe*wff;K£.

Fig. 2. An individual with a slight median depression, Houshi Limestone, Pinting
Basin, Shansi. lllffil^^.^^.
Fig. 3. An elongated and recurved form showing a close affinity with Schellwienia
richthofeni. Miaokou Limestone, Shansi. lllOT^S^^*?.
Figs. 4, 5. Two median section; Fig. 4, a specimen from the Houshi Limestone
, and Fig. 5, from the Hsiaoching Limestone, Liuhokou. (?
Figs. 6-10. Schellwienia richthofeni Schwager
p- 88.
Fig. 6. A form closely related to Schellwienia expansa Yangshukou Limestone,
Wuhutsui, S. Manchuria. ^ ,£»*i*^TO<J£ .
Fig. 7. A young individual from the Houshi Limestone, Pinting Basin, Shansi.
Fig. 8.

A slender form from the Hsinho Limestone, Hsinho, Kansu.

Fig. 9.

A form approaching Schellwienia complicata, Chientaokou Limestone, east
of Taiyuan. lUB:fc«JinS+EmPa*ff;fcS .
Fig. 10. A specimen with its outermost whorl removed, Shanching Limestone,
Taichai, S. Chihii. \SM~n%£
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PLATE XII.
All figures magnified about 15 diameters.
Fig. i, 2, 4, 5, 7.

Schellwienia richthofeni Schwager

p. 88.

Fig. i. Axial section of a typical specimen showing the conical shape of the um
bilical ends and the complicated folds of the antethecae in the umbilical regions.
Fuching Limestone, Taichai, S. Chihli. SSIl^^ll^W^^.
Fig. 2, 7- Two typical median sections; Fig. 2, a specimen from the Houshi Lime
stone, Pinting Basin, Shansi, (mmjW), Fig. 7, from the Fuching Limestone,
Taichai. (£HmWTO^).
Fig. 4. Para-axial section of a young individual, Yaoku Limestone, Pinting Basin,
Shansi. OjMP^JHEl^.
Fig. 5. A form approaching Schellwienia complicate, Chientaokou Limestone,
Eastern Hills of Taiyuan. uW±>!gmilr/fra?iTOK;£.
Figs. 3, 6, 8. Schellwienia richthofeni var. speciosa Lee (var. nov.)
p. 92.
Fig. 3. Hsiaoching Limestone, Liuhokou. isj^^VSJ^/hW^^^.
Fig. 6, 8. Two axial sections showing the median vaulting and stumpy ends, from
the Fuching Limestone, Taichai, Chihli. SCHn^^

— 148

PAL/EONTOLOGIA SINICA SER. B. VOL. IV, FASC. I.

J. S. Lee:

Fusulinidae of North China

PI. XII.

EXPLANATION OF
PLATE XIII

d) 149

PLATE XIII.
All figures magnified about 15 diameters,

Figs. 1-8. Schellwienia japonica Gumbel
p. 82.
Figs, i, 2. Highly vaulted forms from the Fuching Limestone, Shimiao, S. Chihli.
Fig. 3. A typical specimen from the Fuching Limestone, Taichai, S. Chihli. £3$$
Fig. 4. A specimen from the Shanching Limestone, Taichai. o'lfllU
Figs. 5, 6. Axial sections, Fuching Limestone, Shimiao, Chihli.
Figs. 7, 8.

Axial sections, Shanching Limestone, Taichai, Chihli. "a^mj

Figs. 9, 10. Schellwienia japonica var. hayasakai Lee (var. nov.)
Shanching Limestone, Taichai. ^^UjW^^c^.

p. 85.

Figs. 11-13. Schellwienia complicata Schellwien
p. 86.
Fig. ii. A young individual from Hsinho, Kansu. "ffltiW.
Fig. 12. Axial section of a fairly common form in the Hsinho fauna, Hsinho, Kansu.
Fig. 13. Median section of an individual showing some Affinity with Schellwienia
prisca and Schell. regularis, Hsinho, Kansu.
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PLATE XIV.
All figures magnified ajtont 15 diameters,

Figs. 1-12.
Fig. i.

Schellwienia complicate! Schellwien

p t 86.

A typical median section from the Houshi Limestone, Pinting Basin, Shansi.

Figs. 2-4, 10-12.

Typical specimens from the Hsinho Limestone, Hsinho, Kansu.

Fig. 7- A specimen singularly recalling Schellwien's type-form figured in Palaeonotographica Bd. XLIV, Taf. XX, Fig. 3. Yaoku Limestone, Pinting Basin, Shansi.
Fig. 5.

A fairly common form in the Yaoku Limestone, Pinting Basin, Shansi.

Fig. 6. A variety showing some affinity with Schellwienia prisca, Hsinho Lime
stone, Kansu. U"HJ$?<SJ.
Fig. 8. A variety showing some affinity with Schellwienia alpina, Hsinho Lime
stone, Kansu. "Mff^J.
Fig. 9. A young individual from the Hsinho Limestone, Kansu.
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PLATE XV.
All figures magnified about 15 diameters,
Figs. i-n.

Schellwienia alpina Schellwien

p. 94.

Typical specimens showing the extraordinarily irregular folding of the antethecae
and variously contorted and deeply furrowed test. Yatzetsi, Shenhsien, Honan.
Figs. 12-16.

Schellwienia plicata Lee

Figs. 12, 13.

p. 92.

Diagonal sections from the Yehching Limestone, Shimiao, S. Chihli.

Figs. 15, 16. Median sections of specimens from the same limestone and the same
locality as indicated above.
Fig. 14. A nearly axial section of a small (young?) individual from the Hsinho
Limestone, Kansu, found in association with Schellwienia alpina.
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PLATE XVI.
All figures magnified ahoitf 7-7 diameters.
Fig. 1-3.

Schellirienia oblonga Ozawa

Fig. i. A nearly axial section.
J
6
\
Figs. 2, 3. Median sections.
Figs. 4-11.

Schellwienia pusilla Schellwien

Figs. 4, 7, 8.

p. 104

Specimens from a point 60 li north of Hsinanhsien, N. Honan. '/«!

Figs. 5, 6, 9-11.
Figs. 12, 13.

...
^r
Hsinho, Kansu. -WtfffJ.

Specimens from the Paoteh Limestone, Paotehchou, Shansi.

Schellwienia pailensis Schwager

p. 107.

Forms showing a strong affinity with Schellwienia pusilla, Hsinanhsien, N. Honan.
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PLATE XVII.
All figures magnified about 15 diameters.
Figs. 1-3.

Schellwienia pailensis Sch wager.

p. 107.

Typical specimens from a point 60 li north of Hsinanhsien, N. Honan. faJ$J$rf§:.
Figs. 4-8.

Schellwienia erucaria Schwager.

Figs 4, 7.
Fig. 5.

p. 109.

Typical specimens from the Kushi Limestone, Pinting Basin, Shansi.

An axial section parallel to the plane of axial curvature. Hsinan, N. Honan.

Fig. 6. An axial section perpendicular to the plane of axial curvature. Hsinan, N.
Honan. *ffiff£.
Fig. 8. An abnormal specimen with a large and irregularly shaped initial chamber.
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PLATE XVIII.
All figures magnified about Id diameters,
Figs. I-IQ.

p. 102.

Schellwienin subnathorsti Lee

Figs. i. 5, 7, 8, 10. Typical specimens from the Hsiaoching Limestone, Taichai,
Chihli. Mt£^*WWA^-.
Figs. 2, 9. Axial and median sections of slightly elongated and compactly coiled
forms from the Shanching Limestone, Shimiao, S. Chihli. ltJMpH$^JiBlUW^^,rf.
Fig. 3. Axial section of a rather loosely coiled variety from the Miaokou Limestone,
Western Hills of Taiyuan, Shansi. UjffiiclBOTl^fjITO^.
Fig. 4. An elongated variety from Hsinan, N. Honan. i5J$)$f5&:.
Fig. 6. A large variety showing a close relation to Schellwienia nathorsti, Suchieh
Limestone, Pinting Basin, Shansi. lIJlSRi&raijftJ^.
An intermediate form between Schellwienia subnathorsti and Schell. nathorsti,
Chienshi Limestone, Pinting Basin, Shansi. lllMP^.^^.

Fig. ii.

Figs. 12, 13. Schellwienia subnathorsti var. From Hsinan, Honan, closely related to
another undetermined variety figured in this plate (see Fig. 4) MiS^f^.
p. 98.
Figs. 14-19. Schellwienia nathorsti Staff -Wedekind
Figs. 14, 15. Axial sections of typical specimens from the Suchieh Limestone,
Pinting Basin, Shansi. UjffiRi&raitfJ.
Fig. 16. A fairly common form in the Suchieh Limestone. Pinting Basin.
Fig. 17. Median section, Miaokou Limestone, Western Hills of Taiyuan.
Fig. 18, 19.

Median sections. Suchieh Limestone, Pinting Basin, Shansi
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PLATE XIX.
All figures magnified about 15 diameters.
Fig. 6.

p. 98.

Schellwienia nathorsti Staff- Wedekind.

Diagonal section of a representative from the Miaokou Limestone, Western Hills of
Taiyuan, Shansi. \kW$lWfifc%.
Figs. 1-5, 7-10.

Schellwienia nathorsti var. laxa Lee (var. nov.)

p. 101.

Figs. 1-3. Axial sections of typical specimens from the Suchieh Limestone, Pinting
Basin, Shansi. OjfiRI&iatiW.
Figs. 4, 8. An axial and a median section of typical specimens from the Chienshi
Limestone, Pinting Basin, Shansi. UJ®^^.^^.
Figs. 5, 7. An axial and a median section of typical specimens from the Miaokou
Limestone, Western Hills of Taiyuan, Shansi. uW^OTlMtW^-.
Figs. 9, 10. Two median sections of individuals from the Suchieh Limestone,
Pinting Basin, possibly belonging to Schellwienia nathorsti s. str. H^Kf)^,^-.
Figs. 11-14.

Figs, il, 12.
Fig. 13.
Fig. 14.

p. in.

Schellwienia longissima Moller.
Axial sections of typical specimens trom Hungshanyao, Kansu.

A typical specimen from Yaopo, Shahohsien, Chihli.
A young individual or primitive form from Yaokou, Kansu. "Mlitj p'
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PLATE XX.
All figures magnified about 15 diameters.
Figs. 1-14.

Schellwienia longissima Holier.

p. in.

Fig. i. A typical, cylindrical form with a broad median depression. Taching
Limestone, Shimiao, S. Chihli. ^MMWi^^^^^SM^'.
Fig. 2. A relatively stumpy form from Yichenhsien, S. Shansi. UjffiUfcW.
Fig. 3. A form slightly inflated in the median part and pointed in the umbilical
ends. Yehching Limestone, Taichi, S. Chihli. \Hx&lfaa'!>'n%£%?:^3iMxi.
Figs. 4, 6. Axial sections of two typical representatives from the Yihsien coalfield,
Shantung. UUOTiE.
Figs. 5, 7, 12, 13. Specimens from Hungshanyao, Kansu. ~tt*J&&tlj&. Fig. 5 almost
indistinguishable from Fig. i.
Fig. 8. An individual with an abnormally large initial chamber, Shanching Lime
stone, Shimiao, S. Chihli. g&fli3l$?JjfHUjWW**K
Fig. 9. A form with an unusually sharp median depression. Suchieh Limestone,
Pinting, Shansi. Ujj5li&P9flW.
Fig. 10. A typical specimen from the Shanching Limestone, Shimiao, S. Chihli.
Fig. ii. A typical specimen from the Yaoku Limestone, Pinting Basin, Shansi.
UJMIP^^®^.
Fig. 14. A typical median section, Yehching Limestone, Taichai, S. Chihli. $L*&
Fig. 15. Schellwienia longissima var. tennis Lee (nom. nov.)
Median section, Yatzetsi, Shenhsien, N. Honan. $
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PLATE XXI.
All figures magnified about 15 diameters.
Figs. 1-4.

Schellwienia longissima var. phaselus Lee

p. 116.

Figs, i, 2. Typical specimens from Yaopo, Shahohsien, S. Chihli. i
Fig. 3. A specimen from the Taching Limestone, Shimiao, S. Chihli
Fig. 4. A median section showing an irregularly shaped initial chamber and confused
arrangement of the inner spiral chambers, doubtfully referred to this variety.
Shanching Limestone, Shimiao, S. Chihli. filfcCTtilJjH^^^.
Figs. 8-n, 13, 14. Schellwienia longissima var. compacta Lee (var. nov.)
p. 116.
Fig. 8. A fully-grown, typical specimen, Taching Limestone Shimiao, S. Chihli.
Figs. 9-11, 13. Individuals of premature growth. 9, 13, from Hungshanyao, Kansu;
10, from Yatzetsi, Shenhsien, Honan; n, from Taching Limestone, Shimiao, S.
Chihli. TO^WTO^-.
Fig. 14- A median section from Hungshanyao, Kansu. ~W,l!lij^.
Figs. 5-7, 12, 15, 17. Schellwienia longissima var. ?compacta. This group of Schell.
longissima is characterized by their generally impoverished appearance and peculiar
shape of initial chamber. They possibly belong to a distinct variety. 5 and 17,
from Yehching Limestone, Taichai; 6, Shanching Limestone, Liuhokou; 7, 12, and
15, Shanching Limestone, Shimiao.
Fig. 1 6.

A young individual of Schellwienia longissima in a boulder of limestone found
at Tungtayao, West of Taiyuan, Shansi.

Fig. 18.

A diagonal section of a rare specimen of Schellwienia longissima var. with
double initial chamber; Taching Limestone, Shimiao, S. Chihli.

— 166 —

PAL/EONTOLOGIA SINICA SER. B. VOL. IV, FASC. I.
J. S. Lee:

Ftisulinidse of North China

PI. XXI.

EXPLANATION OF
PLATE XXII

d) 167

PLATE XXII.
All figures magnified about 15 diameters.
Figs. 1-5.

Schellwienia longissima var. tenuis Schellwien em. Lee

Fig. i.
Fig. 2.
Fig. 3
Figs. 4,

p. 117

A typical specimen from the Taching Limestone, Shimiao.
A typical specimen from the Taching Limestone, Taichai. "p
A more elongated form from Hungshanyao, Kansu. "H'A'IifJlUJif.
5. Median sections, Shanching Limestone, Liuhokou, N. Honan.

Figs. 6-17. Schwagerina fusulinoides Schellwien
Figs. 6-15. Fully.grown individuals from Hsinho, Kansu.
Figs. 16, 17. Young individuals from the same locality.

p. 118.

PAL/EONTOLOGIA SINICA SER. B. VOL. IV, FASC. I.
J. S. Lee:

Fusulinidse of North China

PI. XXII.

17

EXPLANATION OF
PLATE XXIII

d) 169

PLATE XXIII.
All figures magnified about 15 diameters.
Fig. i. Schwagerina wongwenhaoi Lee.
p. 121.
A slightly oblique, submedian section of a specimen from the Hsiaoching Limestone,
Liuhokou, N. Honan. fffi^sni'hpfWt*?.
Fig. 2. ^Schwagerina moungthensis Deprat
p. 120.
Oblique section of a specimen from Yichen, S. Shansi. UJMfl&Sc'H.
Fig. 3, 4. Schwagerina moungthensis Deprat.
p. 120.
Fie. 3.
5 *
Fig. 4.

Figs. 5, 6.

Para-axial section
Submedian section

I
V
\

.*,-r--^ M*™*
Wuhutsui, S. Manchuria. *;£3£P«.

Schwagerina tinvenkiangi Lee

p. 121.

Showing appreciable folding of the antethecae throughout the successive volutions
and the otherwise schwagerinoid characters. Yatzetsi, Shenhsien, Honan.
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PLATE XXIV.
All figure* magnified about Jo diameter*.
Figs, i, 2.

tfchwagerina wotigwenhaoi Lee.

p. 121.

Two median sections of typical specimens from the Hsiaoching Limestone, Taichai,
vS. Chihli, (ffm/hW^i^c^i) showing two distinct stages of development: Inner
volutions possess all the common characters of a Schelhvienia, while the outer
volutions are decidedly schwagerinoid.
Fig. 3.

A diagonal section of an intermediate form between Schellwienia and Schwageritw,

Houshi Limestone, Pinting Basin, Shansi. lllMl^M^ff.
Figs. 4-6.
Fig. 4.
Fig. 5.
Fig. 6.

Schwagerina princep.s Ehrenberg.
Median section, Yihsien, Shantung. Llj^li|£.
Median section, Yatzetsi, Shenhsien, Honan. fC&'l^t^ffil-P^.
A submedian section of a specimen from Shenhsien, Honan. ipJ^
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Palaeontologia Sinica
Preliminary announcement of Volumes and Fascicles designed to cover the material at
present in the collections of the Survey. Where not definitely arranged for, the authorship of the
fascicle is not given. Except in published fascicles, the number of pages and plates is approximate.
The arrangement of the fascicles within the volumes is subject to change.

SERIES A.
Fossil Plants of China
VOL. I.
Fascicle 1.
Fascicle 2.

Fascicle 3.

Tertiary Plants, and Miscellaneous Collections
R. Florin: Zur Alttartiaren Flora der siidlichen Mandschurei. (published Aug. 1922) pp.
46 German, 8 Chinese, 3 plates. Price. $3.00 Chinese Currency; 9s; or $2.05 Gold.
T. G. Halle: Fossil Plants from South-Western China collected by Dr. V. K. Ting. (Pub
lished Oct. 1927) pp. (abt) 26 Engl., 4 Chinese, 5 plates. Price $3.00 Chinese Currency; 9s.
or $2.05 Gold.
R. Florin: Tertiare Pflanzenreste aus Nord China.
plates. (Other fascicles to follow).

Abt. 45 pp. German, 8 Chinese, 5

VOL. II.
Fascicle 1."

Palceozoic Plants of China
T. G. Halle: Plants from the Tai-Yuan-Fu area of Shansi, collected by Dr. E. Norin.
Abt. 400 pages English text, 20 Chinese, 40 plates. Volume title-page and index. (Com
plete in 1 fascicle).
VOL. III.

Palaeozoic Plants of China
Fascicle 1.

T. G. Halle. Plant remains from Western and South-Eastern Shansi.
English text, 15 Chinese, 40 plates. (Other fascicles to follow).

Abt. 250 pages

VOL. IV.
Mesozoic Plants of China
(Arrangements for the description of the Mesozoic plants have not yet been made).

SERIES B.
Fossil Invertebrates of China
VOL. I.
Older Palaeozoic Invertebrates.

Fascicle 1.

A. W. Gnbau: Ordovician Fossils from North China. (Published April 28,1922), 127 pp.
English, 4 pp. Chinese, 9 plates. Price $5.00 Chinese Currency; 15sJ or $3.40 Gold.

Fascicle 2.
Fascicle 3.
Fascicle 4.

A. W. Grabau. Ordovician Fossils from China Pt. 2.
F. AT. Kolarova. Fauna of the Neichia Formation of Central China. (In preparation).
Y. C. Sun: Contribution to the Cambrian Fauna of North China. (Published Dec. 1, 1924)
110 pp. English, 24 pp. Chinese text. 5 plates. Price 84.00 Chinese Currency; 12s; $2.70
Gold. (Volume title-page and index).
VOL. II.
Palaozoic Corals of China. Part I. The Tetraseptata

Fascicle 1.

Fascicle 2.

A. IV. Grabau.

Introduction.

Petraiidae, Streptelasmaidae and Cyathaxonidae (Published
Sept. 1, 1922) 76 pp. English, 28 pp. Chinese text, 1 plate. Price $3.00 Chinese Currency;
9s; or $2.05 Gold.
A. W. Grabau : Zaphrentidae and Cyathophyllidse of China. (In preparation).
(Other fascicles to follow).
VOL. III.

Palaosoic Faunas of Yunnan
Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.
Fascicle 5.

Y. C. Sun: Cambrian Fauna of Eastern Yunnan. (In preparation).
A. W. Grabau: Silurian Fauna of Eastern Yunaan. (Published March 2o, 1923) 100pp.
Engl., 4 Chinese, 4 plates. Price: $4.00 Chinese Currency, 10s. 6d; $2.40 Gold.
A. IV. Grabau : Devonian Brachiopoda of Yunnan and Neighboring Provinces(nearing com
pletion). About 15) pp. Engl., 15 pp. Chinese, 10 plates.
........................ : Devonian Corals and MolJusca from Eastern Yunnan. Abt. 40 pp. Engl.,
4 Chinese, 2 plates.
........................ ' Carboniferous and Permian Fossils from Eastern Yunnan. About 60 pp.
Engl., 6 Chinese, 4 plates. (Volume title-page and index).
VOL. IV.

The Fusulinida of China
Fascicle 1.

/. S. Lee: Fusulinidae of North China. Part 1. (In Press). Abt. 130 pp. Engl., 10 Chinese,
25 plates. (Other fascicles to follow).
VOL. V.

Fascicle 1.
Fascicle 2.
Fascicle 3.

Later Paleozoic Faunas of China
C. C. Tien: CarboniferousCrinoidsof China.(Published April 1926). 58pp. Engl., 6 Chinese,
3 plates. Price: $2.00 Chinese Currency.
Y. T. Chao. Productidae of China, Part 1. 244 pp. Engl., 23 Chinese, 16 plates.(Published
Sept. 1 1927). Price $8.0J Chinese Currency.
Y. T. Chao. Productidae of China. Pt. 2. Abt. 75 pp. Engl., 5 pp. Chinese, 5 plates.
VOL. VI.

Fascicle 1.
Fascicle 2.

Tertiary and Quaternary Mollusca of China
N. H. Odhner: Fossil Shells of the Sanmen Series. (Published Dec. 1925) 20 pp. English,
4 pp. Chinese, 5 plates. Price: $2.00 Chinese Currency.
N. H. Odhner: Fossil Shells of the Ertemte Formation of Mongolia. (In preparation) Abt.
10 pp. English text, 2 pp. Chinese, 2 plates.
ii

Fascicle 3.
Fascicle 4.

Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.
Fascicle 5.
Fascicle 6.

Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.

A. W. Grabau and Sohtsu G. King: Contributions to the Fauna of the Sanmen Formation
of North China. (In preparation). Abt. 75 pp. Engl., 5 pp. Chinese, 10 plates.
N. H. Odhner: Eocene Mollusca of China. About 20 pp. Engl., 5 pp. Chinese, 3 plates.
(Other fascicle to follow).
VOL. VII.
Palaozoic Faunas of China
Y. C. Sun: Graptolites of China (Ready for Publication). Abt, 30 pp. Engl., 6 Chinese,
2 plates.
A. W'. Grabau and K. C. Hsu : Graptolites of China, Pt. 2.
A. W. Grabau: Silurian Faunas of Central China. About 150 pp. Engl., 10 pp. Chinese,
8 plates.
.................. ..... : Contributions to the Devonian Palaeontology of China. Abt. 60 pp.
Engl., 4 Chinese, 5 plates.
S. S. Yoh : Coral Fauna of the Chihsia limestone of Central China. Abt. 50 pp. Engl.,
4 Chinese, 4 plates.
....................... : Fossils of the Sinian Formations of China. About 30 pp. Engl., 4 Chinese,
6 plates. (Other fascicles to follow).
VOL. VIII.
Permian Faunas of China
....................... : Fauna of the Talapai Formation of Kansu. Abt. 35 pp. Engl., 5 pp.
Chinese, 3 plates.
........................ : Permian Faunas of
pp. Engl., 6 Chinese, 5 plates.
....................... : Permian Faunas of
Abt. 60 pp. Engl., 6 pp. Chinese, 6
............ ..... ..... : The Loping Fauna.

Central China.

Part \. The Brachiopoda. Abt. 60

Central China. Part 2. Corals, Mollusca and Trilobita.
plates.
Abt. 5D pp. Engl., 6 Chinese, 5 plates.

(Other fascicles to follow).

Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.

Fascicle 5.
Fascicle 1.

VOL. IX.
Carboniferous Faunas of North China
A. W. Grabau and Y. T. Chao: Viseen Fauna of the Choniukou Formation of Kansu.
Abt. 60 pp. Engl., 5 Chinese, 4 plates. (In preparation).
A. W. Grabau and Y. T. Chao: Fauna of the Taiyuan Formation of North China,
Brachiopoda. Abt. 100 pp. Engl, 10 Chinese, 10 plates. (In preparation).
Y. T. Chao: Fauna of the Taiyuan Formation of North China, Pelecypoda. Abt, 60 pp.
Engl., 4 Chinese, 4 plates. (Ready for publication).
........................ I Fauna of the Taiyuan Formation of North China, Gastropoda.

........................ ' Fauna of the Taiyuan Formation of North China, Cephalopoda and Trilobita.
VOL. X.
A. W. Grabau: Permian of Mangolia. (In press) Abt. 400 pp. English text, 20 Chinese,
36 plates (Complete in one fascicle)
iii

VOL. XI.
Mesozoic Invertebrates of China
Triassic Invertebrates of China. Abt. 30 pp. Engl., 4 pp. Chinese, 3 plates.

Fascicle 1.

........................ :

Fascicle 2.
Fascicle 3.

........................ : Jurassic Invertebrates of China. Abt. 20 pp. Engl., 2 pp. Chinese, 2 plates.
....................... : Cretaceous Invertebrates of China. Part 1. Fauna of the Kueichou

Fascicle 4.

Formation. Abt. 50 pp. Engl., 8 pp. Chinese, 6 plates.
........................ : Cretaceous Invertebrates of China. Part 2. Abt. 40 pp. Engl., 6 pp.
Chinese, 5 plates. (Other fascicles to follow).

SERIES C.
Fossil Vertebrates of China
VOL. I.
Tertiary Vertebrates of China
Fascicle 1.
Fascicle 2.
Fascicle 3.

Fascicle 4.

(COMPLETED)
Max Schlosser: Tertiary Vertebrates from Mongolia. (Published May 1924) pp. 119 Engl.,
3 Chinese, 6 plates. Price $4.50 Chinese Currency; 13s, 6d; or 3.05 Gold.
Max Schlosser: Fossil Primates from China. (Published Dec. 1924) pp. 14 Engl., 2 Chinese,
1 plate. Price $1.00 Chinese Currency; 3s; or $0.70 Gold.
Einar LSnnberg: On a New Fossil Porcupine from Honan with some Remarks about the
Development of the Hystricidae. (Published Dec. 1924) pp. 15 Engl., 2 Chinese, 1 plate
Price $1.00 Chinese Cuirency; 3s; or $0.70 Gold.
7*. /. Ringstrom: Nashorner des Hipparion-Fauna Nord-Chinas (Published Oct. 1924) 156
pp. German, 4 Chinese, 12 plates. Price $3.00 Chinese Currency; 18s; or $4.10 Gold.
(Volume title-page and index.)
VOL. II.

Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.
Fascicle 5.

Tertiary and Quaternary Vertebrates of China
0. Zdansky: Jungtartiare Carnivoren Chinas. (Published Dec. 1924) 150 pp. German, 6
pp. Chinese, ]5 Plates. Price 66.00 Chinese Currency; 18s; or $4.10 Gold.
O. Zdansky: Quatare Carnivoren aus Nord China. 30+8 pp. German, 2 Chinese, 4 plates.
(Published Sept. 1925) Price : $2.00 Chinese Currency.
0. Zdansky: Fossile Hirsche Chinas. 94-4-32 pp. German, 2 Chinese, 16 plates. (Published
Dec. 1925) Price : $3.00 Chinese Currency.
O. Zdansky: Paracamelus gigas Schlosser'. 444-8 pp. German, 1 Chinese, 4 plates.
Price: $2.50 Chinese Currency.
O. Zdansky: Vertebrate Fauna of Chou Kou Tien Caver. Abt. 20 pp. German, 2 Chinese,

15 plates. (Volume titJe-page and index).
VOL. Ill
Fascicle 1.

Fossil Fishes of China
Erik Stens'di: Fossil Fishes from Shantung. (Ready for publication). Abt. 30 pp. Engl..
5 Chinese, 5 plates.

Fascicle 2.
Fascicle 3.
Fascicle 4.

A. W. Grabau : The Genus Lycoptera in North China and Mongolia. (Ready for publication).
Abt. 150 pp. Engl., 10 pp. Chinese, 15 plates.
^
A. Smith-Woodward'. Jurassic Fishes of North Shansi. Abt. 40 pp. Engl., 4 Chinese, 3
plates.
........................ : Cenozoic Fishes from China. Abt. 10 pp. Engl., 2 pp. Chinese, 1 pi.
(Other fascicle to follow).
VOL. IV.

Fascicle 1.
Fascicle 2.
Fascicle 3.
Fascicle 4.
Fascicle 5.
Fascicle 6.

Tertiary and Quaternary Mammals from China
B. Bohlin: Die Familie Giraffidae Mit besonder beriicksichtigung der fossiler Formen
aus China. 180-1-24 pp. German, 4 Chinese, 2 plates. (Published Sept. 1926) Price.
/. Sefve : Fossil Equidae of China. (In preparation) Abt. 110 pp. Engl., 5 Chinese, 8 plates.
/. Sefve: Tapirus of the Hipparian Fauna of China. Abt. 10 pp. Engl., 2 Chinese,. 1 pi.
T. Ringstrom: Pleistocene Rhinocerids of China. (In preparation) Abt. 16 pp. German, 2
Chinese, 2 pis.
H. Pearson : Fossil Suidae of China. (In preparation). Abt. 30 pp. Engl., 2 Chinese. 4 pis.
B. Bohlin: Fossil Cavicornia of China. Abt. 110 pp. Engl., 5 Chinese, 20 pis.
(Volume title-page and index)
VOL. V.

Fascicle 1.
Fascicle
Fascicle
Fascicle
Fascicle

2.
3.
4.
5.

Tertiary and Quaternary Vertebrates of China
P. Teilhard de Chardin: The Hipparian Fauna of East Kansu(In preparation) Abt. 50 pp.
French, 4 Chinese, 6 plates.
..... .................. : Fossil Proboscidea of China. Abt. 30 pp. Engl,, 3 Chinese, 5 plates.
........................ : Fossil Rodents of China. Abt. 20 pp. Engl., 2 Chinese, 2 places.
L. Faxen : Fossil Birds of China. (In preparation) Abt. 10 pp. Engl., 2 Chinese, 2 plates.
........................ : Tertiary Chelonia of China. Abt. 15 pp. Engl., 2 Chinese, 3 plates.
(Other fascicles to follow).
VOL. VI.

Fascicle 1.

Mesozoic Vertebrates of China
..................;.;... : Dinosaurs of China. Pt. 1. Abt. 50 pp. Engl., 10pp. Chinese, 10 plates.
(Other fascicle to follow).

SERIES D.
Ancient Man in China
VOL. I.
(COMPLETED)

Fascicle 1. 7. G. Andersson : The Cave Deposits of Sha-KoiipT'un in Fengtien. (Published April 1923) ;
pp. 58 Engl., 24 Chinese, 12 pis. (1 in color). Price $3.50 Chinese Currency; 10s. 6d; or
$2.40 Gold.

Fascicle 2.
Fascicle 3.

T. S. Arne: Painted Chinese Pottery from the Stone Age (Published Jan. 1925); pp, 40
Engl., 15 Chinese, 13 plates (6 in color) Price. $.600 Chinese Currency; 18s; or $4.10 Gold.
.Davidson Black: Human Skeletal Remains from Sha-Kuo-T'un cave deposits in comparison
with those from Yang-Shao-Tsun, and with Recent North China Skeletal Material.
(Published June 1925); 148 pp. Engl., 16 Chinese, 14 plates. Price $6.00 Chinese Currency;
18s; or $4.10 Gold. (Volume title-page and index).
VOL. II.

Prehistoric Sites of North China
Fascicle 1.
Fascicle 2.

7. G. Andersson: Topographic Description of Prehistoric Sites of North China. (In prepara
tion) Abt. 150 pp. Engl., 60 pp. Chinese, 31 maps., 28 plates of landscapes.
/. G. Andersson : General Review of the Furniture of the Different Prehistoric Sites and
Periods of North China. (In preparation) Abt. 100 pp. Engl., 30 pp. Chinese, 30 plates
(4, colored) of artifacts and pottery. (Volume title-page and index).

VOLS. Ill, IV & V.
Prehistoric Ceramics and other Artifacts of North China
The detailed description of the large collection of prehistoric ceramics and other artifacts
will be entrusted to a number of specialists. Details about the names of the different authors and the
titles of their contributions can not be given at present. The various fascicles of Vols. Ill to V. are
calculated to camprise 850 pages English and 300 pages Chinese text, with 124 plates (15 in color).

VOL. VI.
Anthropological Studies on Early Man in China
Fascicle 1.
Fascicle 2.

Davidson Black: The Human Skeletal Remains from the Kansu ^Eneolithic and Early
Historic Sites. Abt. pp. 150 Engl., 30 Chinese, 15 plates.
Davidson Black : A Comparative Study of the Sha-Kuo-T'un, Yang Shao and Kansu
^neolithic crania. Abt. pp. 150 Engl., 30 Chinese, 15 plates.
(Volume title-page and index).

Note:
The Fascicles of the Palaontologia Sinica, and the other publications of the Geological Sur
vey of China, and the Bulletin of the Geological Society of China, are for sale at the following offices:
Peking :
Geol. Surv. Office, 9 Ping Ma Sze, West City; China Booksellers Co., Grand Hotel de Pekin,
E. City.
Shanghai:
Kelly & Walsh, Ltd. 12 Nanking Road.
London :
Edward Goldston, 25 Museum St. (W. C. 1)
Paris:
Masson & Cie, 120 Boulevard St. Germain.
Leipzig:
Max Wag, Konigstrasse 3.
New York: A. G. Setter & Co., 1224 Amsterdam Ave.
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