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The recent advance in our knowledge of the Permocarbon-
iferous Foraminifera is largely due to the works of Prof. I
SCHELLWIEN. He studied, among other forms, those in the Carnic
Alps, found the long accepted separation of the genera, Husulina
and Schwagerina, to be of only a subgeneric value, and accord-
ingly united them under the one genus ZFusuline, which he
proposed to divide into three subgenera. To me, however, 1t
seems more natural to subdivide it into four. '

In the following descriptions of these four subgenera, 1 pro-
pose the use of the designations, primary-, auxiliary- and trans-
verze septa. By primary septa, I mean those longitudinal partitions
marked on the surface as deep sutures,” and commonly called
‘septa.” The auxiliary septa are those parallel to the former, but

showing no suture on the outside; for they are mere stalactitic
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1) The origin of the suture on tne surface is evident from the explanation of SCHELLWIEN
on the formation of the septa.
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outgrowths of the wall; they are usually shorter, and always
without a median lamella,” which is invariably present in the
primary septa. The transverse septa (the ¢ Nebensepten’ of ('
SCHWAGER) are those at right angles to the other two, extending
from the roof of a volution to its floor, when completely de-
veloped.  When only the basal portion of the transverse septa is
developed, they appear as spiral ridges, and form what are general-
Iy called the basal skeleton (¢ Basalskelet’). Although all the
septa, like the wall itself, are often perforate throughout their
cutire length, yet it frequently happens that they are imperforate
in their lower portion which then appears as a quite dense cal-
careous mass. The basal skeleton 1s also never perforated, the

pores b@il]g evident]y not Physiologicu'“y 11(‘0085{11‘}'.9]

Svnopsis of the Four Subgenera.
1. FUSULINA s s. Type: I cylindrica FiscHER.

Shell fusiform or ecylindrical, sometimes ellipsoidal, rarvely
acicular.  Only the primary septa developed; these are much
folded, especially ncar the umbilical ends.

2. SCHWAGERINA.  Tvpe: S princeps IKHRENBERG.
(etr. Pl 11, fig. 1).

Shell spherieal in the typical species, fusiform 1n those ap-
proaching Fusulina s. 5. With only the primary septa, which are

slightly or not at all folded, except near the umbilical ends.
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1) The term may be mappropriate; but T mean by it a boundary line between two
siecessive walls, which sometimes runs mto the middle of the septa. See the remarks by
SCHELLWIEN on the structure of the septin. ‘

2) 1 agree with SeneniwieN in the view that the greater transparency of the wall and
of the upper part of the septais due to the intercealation of commonly transparent culeite,
infiltrated in the vores; otherwise we have no reason to maintain the greater turhidity of

the dense ¢dearcous matter 1in the hasal portion of the septa.
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3. DOLIOLINA. Type: 7. lepida Scenwacer (Pl IT,
igs=. 2, 5).

Shell eyhindrieal in the typical speeies, but spherieal in those
approaching Sehwagerina. Septa of two kinds;  primary  septa
being straight and basal skeletons more or less developed.

L NEOSCHWAGLERINA. n. subg. Type : N eraticulifera
SCHUWAGER (PPl 1., figs. 3, 1),

Shell fusiform to spherical.  Septa of three kinds : transverse
s¢pta numerous, and 1 to 4 auxiliarv septa are found between
each pair of primary septa.”

The above lines are with but slieht modification,” an almost
complete recapitulation of the passages in my former paper * On
a Lusulina-limestone with Zlelicoprion in Japan.”  Nince then two
nnportant papers treating this group of Iforaminifera have bheen
published, one by Prot. W. Vorz and the other by Dr. G. H.
(1IRTY.

In a recent work on the geology of Sumatra,” Vorz de-
scribed a Carboniferous Foraminifera of the family IFusulinidae
under the new name of Sumalrina Annce.  "T'his greatly interested
me, as I had once tound an unquestionably identical form 1n
limestones from the province Ditehti in Japan, and from Ta-gai-
tung, IEn-ngan-hsien, prov. Yun-nan, m China, and had taken
it to be an undeseribed species belonging to my Neoschwagerina.
The reason why I describe the subgenus as sometimes fusiform 1s
because I believe the Ioraminifera 1s surcly a form which should

be 1eluded 1n 1t.

1) C. Scuwacenr, one of the most excellent observers of the fossils of this group the
world ever scen, seems< U have already been disposed by a simiilar consideration to separate
S eratienlifera from the other aliiesc Carbom, Forany ans China we Japan., I 2.

2) I here substitute *auxiliary -epta’ for my older term *=econdary septa.’

o) W. YoLz: Zur Geolozie von Suwmatra. Geolo we Paleont, Abhandl
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Vorz defines his genus Swmalrinag as  follows : “ Spimdelfor-
mige Ifusuliniden mit einem aus 2-14 lings- and querreifen beste-
henden Dachskelet.”  From this and the illustrations 1 his
paper, it is beyond doubt that Swmalrinae and Neoschwagerina
refer to the same group of Foraminifera. The only point in which
Vorz differs from me 18 in regarding Schwagerina craticulifera
SCHWAGER as a LDoliolina” and henee making a generie distinetion
between this species and Swumalrina Annae.  On the contrary, 1
am inclined to treat Sumalrina Annac and Schwagerina craticuli-
fera together as onc group, quite distinet from Doliolina whose
tvpe 18 D. lepda.

There 18 a species of  Neoschaweageriine—N. globosw sp. nov.-
in the upper complex of the limestones at Akasaka, possibly a
varicty of .\, crabiculifera ; 1t possesses more numerous transverse
septa than the type form in the lower complex, the longer and
shorter septa being alternate; the same can be said of the auxi-
liary septa (Pl L, fig. 5). Such being the case, 1 cannot help
thinkine that the ¢ Dachskelet’ of Swmatrine Annae 15 but a
shortencd structure of the auxiliary and the transverse septa. 1f
[ am nght, 1t 1s clear that Monatrine 15 @ synonyvm of LVeo-
schwagering. It 18 much to be regretted that Vorz made no refer-
cnee to S eraticulifera in deseribing Ins Nwmnalrina.

According to Dr. G. H. Girty, his new genus Zriticites 13
distinguished from ZFusuline by having the septa ‘“ for the most
part straight and not fluted except in the mmmediate vieinity of
the axig, so that the greater portion of cach chamber 1s not
divided into chamberlets”  The genotype 15 70 secalicus Day sp.

from the Coal Measure of the Mississippt vallev. 1 “would here

1, Ditto, p. 24
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express my great obligation to Dr. Girry who was kind enough
to send me some specimens of the  Foraminifera, thus enabling
me to verify his deseription of them.  As 1 examined their sce-
tions under the microscope, T was fully convineed of the correet-
ness of his remarks on the peculiar structure of the torm; yet |
am still in doubt whether it is possible to separate satistactorily
the American form from the group of Schwagerina with a fusi-
form shell, such as N fusulinoides ScueLLwieN and N, fusiformas
Krotow. The former, according {o ScHELLWIEN, has ““die grosse
Centralkammer, die Hin- und Herbiegung der Septen, die in der
median Ebene nie den Boden  erreichen, Merkmale welehe den
Fusulinen zukommen,” while Zriticites secalicus possesses, beside
these characters, the thick septa of a Fusulina s. s. Theretore,
until more important differences trom Fusuline s, s, and Schwa-
gerine are found, it scems to me unnecessary to keep Liriticiles
as o distinet genus, or even as a new subgenus.”

In addition to the above, let me remark briefly on some of
the characters of Fusuling, which have been treated in detail by
MoLLer, Scnwacer and ScHeLLwiIeN.  The first thing to be
noticed among these characters is the presence of connecting
lamellae, which are found between the septa or between the septa
and the wall.  They are somewhat different in nature from the
ramification of the primary septa, common in Fusulina. The
occurrence of these connecting lamellac is very inconstant, and
probably of no great signilicance. I once or twice met with
Lunellae of thiz kind in the transverse and longitudinal sections

of 17 japonica GueMBeL var. from Tomuro, Asogori, prov. Shimo-

D) IHowever, T oam inelined o Lelicve that a <imilar nawe will be needed 1 future for
the prototype of sl ina and Selrege fne, and s direct descendants, 1t such really oceur.

~ee D 1.
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tsuke, Japan (Pl II., fig.1). Under the microscope, they appear
as dark compact lines quite distinct from the septa. They may
perform the same function as the ramifications or infoldings of
the primary septa, or the intercalations of auxillary and trans-
verse septa, subdividing the chambers or chamberlets.

Secondly, T am in doubt about the following remark of I’rof.
SCHELLWIEN."

“ Es tritt sehr hiufie emne Verdickung der zum Septum
umgebogenen Kammerwand ein, indem sich auf einer oder beiden
Seiten der Septallamelle Kalksubstanz absetzt, welche i der Regel
dunkler gefarbt............ Sie wird 1n der Regel erst nach der
Bildung der neuen Kammerwand ausgeschieden zuweilen aber auch
schon, ehe die Bildung der spiteren Dachwand erfolet 1st, wie
eine Beobachtung bei Fusulina japonica lehrt.” In all my slices
of Fusuline 1 can find nothing which coincides with the above
description ; nor does the figure in his work to which he refers
show anything of the kind. In all cases, the Dboundary between
the calcareous substance of the primary séptu and what he regarded
as produced by a secondary acretion 1s not distinet and under
the microscope they always seem to fade away on both sides.

Thirdly, the true nature of the median lamella, which 1s the
direct continuation of the thin covering on the whole surface of
the wall, 1s also doubtful. Dr. Girty has already objected to the
long accepted view of the poriferous nature of the wall.¥ Though
[ am not 1 position to express anything definite here in reeard
to this matter, I give m fig. 3, pl. 111, an mteresting case ot a
natural staining of the wall.  The f{igure shows « longitudinal,

shghtly oblique seetion, ot Neoschwagerina  craticulifera n a

1) ScHELTLWIEN . Die Fauna des Karnischen Fusulinenkalks, I 240,
2) Girty: Ll
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limestone block found in a Shiwon-catting near Sakawa, province
of Tosu.  In microscopie =ections, 1t almost always happens that
the thin upper layver of the wall toecether with the median lamellae
15 stained deep brown, while those parts of the walls and the
septa whieh appear to he thoroughly perforate, remain almost
unstained.  This fact scems to be in favour of the view that the
median lamellae of the septa and the covering laver of the wall
are of a different nature from the rest of the shell; but from this,

I would not directly conclude the non-porosity of the shell.

SCHELLWIEN made mention of a particular case of the for-
mation of septa in Nelwagerina of the group of Schwagerina
Perbeel:d, saving *“ I tritt niimlich  hiufie eine Verdickung des
Septums ein, che die neue Kammerwand gebildet wird, wodurch
ber der geringeren Stirke des Septums leicht der Anschein erweckt
werden kann, dags die Scheidewand eingekeilt wire.  Diese Ver-
dickung legt sich als ein diinner Belez iiber das Septum.””

Taking these points 1n consideration, it appears to me that
the whole external surtuce of the shell and of the septa of some,
1t not all Fusulina, 1s covered with a thin exogenous shell layer
as 1 some other highly organized Toraminifera (for example,
some species of the Grenus LRotalia).

IFourthly, the mmtolding of the septa seems sometimes, though
probably seldom, to occur also in the middle portion of the shell
of Schwagerina as in Fusulina s. s. Such a case is seen in the
outermost whorl of Sclieagerina princeps, in a transverse section,
from east of Yang-chao-shan, Wei-nung-hsien, prov. Kwei-tschou
i China, as shown m fig. 1, pl. L.

Fatthly, “ Nwmatroer ™ Anne 13 saad to possess, an extremely

— Sl

1) SCHELLWIEN: Le, p. 208,
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large chamber, and indeed that of Fusulina s. s. uzsually attains
a large size; but in other subgenera the large chamber 1s of rare
occurrence. Thus, Schwagerina is generally taken as including
those forms which have a minute first chamber. Now, 1 go so
far as to question whether the size of the first chamber 1s 1n any
measure constant, for T have an example of a Neoschwagerina
with a large first chamber, but quite similar to .N. eraticulifera
in other respects (Pl. 1., fig. 4).

The genus Fusulina has a very wide geographical distribution ;
consequently there is a considerable number of works relating to
1ts occurrence in various parts of the world, many of which are
not accessible to me. Moreover, it secems that not muech reliance
can be placed upon the statements of its occurrence, as we do not
know whether in all cases the specific names are used in the sense
taken by us.  These and other circumstances render an exhaustive
treatment of its distribution impossible ; still we can get @ general
survey of the genus from the following summary of the more

important literature of the subject.

American Border of the Pacific.

North America :—The distribution of Fusulena-lhimestone
i North America i1s very extensive. Though Fusulina s. s.
seems to be common in the above region, singularly, Doliolina
and Neoschwagerina are at present very little known. Of Fusu-
lina, especially the name of /. eylindrica FiscHrEr 1n its varieties
15 most frequently met with in the literature of the American
Carboniferous ; thus we find them reported trom the Subcearboni-
ferous limestones of Colérado, Kansas, Ohio, Nebraska, lowa,

Indiana, California, Wyoming, Utah, Illinois, Arizona and British



A CONTRIDUTION TO TITE GENUS FPUSULIN A, ‘)

}

Columbia.”  Untortunately, none of them arve fully illustrated, and
it 15 by no means certain that they all belong to the =ame species.
Schellwien? is of the opinion that some of the specimens of the
so-called [ cylindrica trom lTowa, lllinols, Indiana and Nebhrask:
are distinet from the well known Russian species.  Triticites
scealiens SAY =p. from the Missourl region 1s one which was
usually aceepted as Lrusuline eylindrica, but it has lately been
sopurated from 1t by Girry and even made the type of a new
cenus,  Beside these forms, Sttoatarp™ deseribed U elongala from
New Mexieco and Texas, and ScHELLWIENY and Spaxper” found
I cfr. reqularis SCHELLWIEN In Kansas, Nebraska and Indiana.
According to  Girry” I elongale ScHUM.  oceurs associated
with Productus semireticulatus var., Derbya, Meekella, Leptodus’
and  Lichthofenia in an upper Permian limestone of Western
Texas.  The last two genera of Drachiopoda beine almost
exclusively asiatic  tvpe, their record from the American
Permian 1s specially noteworthy. Of Schwagerina, we know only
N robuste Mrex™ from California found together with I eylin-

drice and 1ts variety gracilis (Me Cland limestone, Boss™ ranch).

- =

1) There 15, indeed, a multitude of articles relating to the North American Iusulina.
Those published before 1x07 are tfound in S, WrRLLER's “ .\ Dibliographic Index of Norti
American Carboniferous Invertebrates” (Bull. U, N0 Geologieal Survey, No. 153, 180%).
“ Manual ¢f Geology’ of J. D Daxa (dth Ldition), amongst others, gave me a fualr under-
standing of the distribution of the fossiliferous deposits and their kinds, The later publications
at mv disposal are: (v. 1. Givry: The Carboniferous Formations and Fauna of Colorado.
L. N, Geol. Surv. Prof. paper, No. 16, 1903, Do: The Relation of Some Carboniferous
Fauna. Proe. Washington Acad. Neic 1905, . L. RaxsoME: The Geology and Ore-deposits
of the Bisbee Quadrangle, Arizona. U. S Geol. Surv. Prof. p. No. 21. 190,

2) SCHELLWIEN: Die Fauna des Karunischen IFusulinenkalks, p. 280,

S3) B. F.oSauyMARD @ Notice of New Fosstls from the Permian Strata of New Mexico and
Texas, Trans, St Louis Acad. =ein Vol To 185N,

1) SCHELLWIEN © Le. p. 201,

o) kK. Spaxpren: Die Foramniferen des Permocarbon von Hooser, Kansis, Novrdamerika

6) Grry s The Upper Permian i Western Texas,  Amer. Jonm. Sei. 1902,

‘) Lf?p!nffrmr L'u/fum'fr.

=y LB Meek: De<erintion of the Carboniterons Fossilse Pal, Calif, Vol 1, 1864
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Joncerning Neoschwagerina craticulifera SCHWAGER from DBritish
Columbia, very recently communicated by SCHELLWIEN,” no detail
have yet been published.

Guatemala :—1In the departments of (Quiche, Huehuetenango,
Alta-and Baba-Verapaz there exist thick limestone and dolomite-
deposits probably of the uppermost Carboniferous. The fauna 1n
addition to Fusulina granum avene ¥. Romer which 1s a form
first described from near Padang, Sumatra, consists of Athyris,
ambigua  David., Synocladia, Productus semireticulatus Mart. and

Lonsdaleia floriformis Flem. sp.”

Asilatic Border of the Pacific.

Vladivostock :— Fusulina-limestone occurs along the coast of
the Ussuri bay between the mouth of the river Mai-cha and Zymn-
cha.  According to Th. Tscuer~yscuew,” the /Fusulina shows a
peculiar form, being very long and having numerous (17-20) close
volutions. Assoclated fossils are Crunarophoria Margarilowt TscH-
BERN., (. sp., Relicularia rostrala Kut., Productus irgine STUCK.,
and I’ cora p’OrB. The author belicves that the Iimestone
corresponds to the Sehwagerina-zone of lastern Russia.

Korea :—In this peninsula, /Fusulina-limestone 1s  exposed
near Phyong-yang. Tt will be described at some length later on.

Japan :—We encounter Fusulina-limestone 1n various. parts

of Japan: in the main island (Honsha), in Shikoku, and 1n

1) SceHELLWIEN @ Trias, Perm n. Carbon 1n China. 1902,

2) . Sareer: Grundziize der Physikalischen Geographie von Guatemala.  Petermans
Mittheilungen. Iorgiinzaneshefte No. 1150 18094, No. 127, 1889, Fusulincis said to bhe also
found in a graywacke in this place:

o

3) Tsenernyscnew: Die Oberkarbonischen Brachiopoden des Ural u. des Timan.
Mcmoires du Comité Géologique. Vol XV, No. 201902, p, Val.
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Kiushta ; but thus fir there 15 no evidence of its occurrence in
Hokkaido (Yesso) and the Kurils (Chishima) in the north, or in
Formoesa (Taiwan) and the loo-choo (Riukiu) in the south.
Nothing 1s known at present of its occurrence in the southern
halt of Saghalien (Karafuto).  Almost invarviably the species of
Lusulnne are tound in limestone, but there is a single instance of
1ts occurrence in a slate, (as in ¢ Aucernigeschichten ” of the Carnic
Alps), at Maava, prov. Rikuzen, where the slate underlies the
Fuswlina-limestone,

The poverty of other fossils in Fusul/ina-limestones excepting
crinold remains seems to be a character not only peculiar to Japan
and China, but also to the rest of the world. The limestones
contain a rich fauna of Brachiopoda, with which Cephalopoda are
rarely associated, only when ZFusulina is present in very small
numbers. They, no doubt, are a littoral formation, and this is
the reason why Cephalopoda are also almost always lacking in the

Japanese Aunthracolitic fauna.”

1) The Japanese Anthracolitic Cepha-
lopeda which are now known me are only / \
three. Of these two lbLeing (uite imper- (/ /‘4

fect in preservation but one deserves some \

notice. This 1s moreover very Incomplete \

being 1n the state of a cast. The shell 1s - /
' ' & ' ‘l 5)“ . \ ’
small, diameter measuring 25 mm., with | -

a large umbilicus and broad whorls, deeply

covering the inner ones. The ventral side

is broadly rounded, the wherls being

lunular in cross section.  No periodic

S,

suture lines are beantitully shown ; they ave rather distant, simple and very characteristie,

: .
grooves are impreszed on the cast.  The

composed of two saddles and two Jobes on one side of the shell. They may better e nnder-
stood from the annexed woodeat 1 four thmes the natural <ize. I'rom this and other eharacters,
I eonsider it to I'Q]!’JI]}_{ to :-ll]({'iE'H af (lastrioee e,

The specimen, menticned above, is from Omi, Nishi-kubiki-eori, prov. Fchigo, and
comes moassociation wiath Freaductos ctee sppeddis WaAe, Spocdrers ofre 00 heogienns WA A,

_1{ L'f['. lu'(-'/l'f{);.& J)]-"]- .]':-, jftu'f:.,“'u' .? ':-ll. Lllill 1%}_;'1?*:';_{,;!H-HH' l:: fr?'r;r .‘f;!‘ CVTUENTLZ.
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It is not my intention in this place to enter into a detailed
description of the stratigraphy of our upper Palwcozoic strata and
faunal contents; a very condensed account of them 1s found in

late Dr. T. Harapa’s work ¢Japanischen Inseln’, and ¢ The

£l

Outlines of the Geology of Japan’ 1ssued by our Imperial (eo-
logical Rurvey. Some authors are accustomed to regard our
Fusulina-lhmestones as belonging to one and the same horizon,
but such an assumption i1s at present without foundation in fact
and can only be scttled by a caretul investigation, both strati-
oraphical and paliweontological, of the limestones 1 question.

The only well known flusulina-limestones of Japan are those
of Kinsho-zan behind the small town of Akasaka, near the city
of Ogaki in the province of Mino. In this locality RicHTHOFEN
oot his fossils which Scowacer afterward studied. (seological
studies of the district were subsequently undertaken by Professors
GorrscHe,” Kord” and Wakivnizu.”  All these investigators agree
in accepting two grand divisions of the limestone deposits, which
have been designated, (as in the Carnic .\lps, and Russia), as the
Fusulina-and the Scliuragerina-limestone series respectively.  DBoth
series are again subdivided into a number of zones in which,
however, thev do not quite agree. I examined more than a
hundred microscopic sections of the limestones brought from all of
these zoncg, mostly by Mr. Waknnzu, and came to the cou-
clusion that the distribution of /Jfwsuline among them quite
justifies the two grand divisions of the strata. The distribution of
the Foraminifera m the respective divisions 1s as follows :V'—

-

) CLCeorr=cne: Ueher Japanische Carbon. Ziett. d. deutsch. geol. Gesell, Bd XXX V1L 18841,

2) B Koro: Classification of the Carboniferous Limestones of Akasaka (in Japanesc).
Journ. Creol, Soces Tokyva, Volo Vo ISOS, |

) Lo Waknuzu: Limestone Deds of Kinsho-zan, \kasaka (i Japanese). Ditto. Vol. TX. 190.

1) Yape: A Trip to Kinsho-zan (in Japanese).  Ditto. Vol, NI1. 1904, The Second
Trip. G Japanc o) Iittos Volo XTVLD 1006,
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[Tpper division—Nehacagerima-hmestone series.
Ncelhacagerina Verbeeki. Very rich m oa certain zone,
alone or in association with the next species.
Neoschwagerina globosa sp. nov. (Pl. 1., fig. 5; Pl
ITI., fig. 1). Present in almost all the zones.

Lower division— Fusulina-limestone series.

.l._\'('/azz'(ry(j)'iurl Ierbeckn. RRare. ¢
Doliolinw lepida. ] These species are very
Neosclueagerina cralienlifera. I abundant 1 a certain

\ # 3)
)

zone called ““Samdé ”’, together with the next species.

Lusuling yaponica.

Fusulina sp.

Neoschwagerina globosa. Verv rare, it really present
at all; I have once seen a doubtful trace of 1t 1n one
of my slices. ‘

The preponderance ot Neoschuwagerina globosa in the upper,
and of [Fusuline 1in the lower series makes the contrast very
striking, and in this connection, there are two important facts to
be mentioned :—(1) Helicoprion Bessonowr I ARPINSKI, which was
first found 1n the .\rtinskian of the Ural occurs at Hanawa, prov.
Shimotsuke, in a limestone with abundant ZFHusulinae japonica
var.” (1I) Neoschwagerina globosa seems more closely allied to ..
craticultfera of ScHELLWIEN found in the ¢ Doliolina’-limestone
lying immediately beneath a limestone with Nenodiscus tanglicus
SCHELLWIEN of the lower Triassic in Semenow mountains of north-
castern Tibet,” than to the typical N eraticulifera trom Japan

and China.

1) YABE: On a Lusvline-limestone with Ihlicoprion in Japan.  Ditto. Vol X. 1905,

2) I, Scuerrwiex: Trias, Perm o Carbon in China. Sehriften d. Physaikalokonom.
Gezell. 2u Koenigsterg. 109020 Palecioiche u. Triadizche Fo-stlien au- China. FUrrLier's
Durch Asien TI1. Tuoo.
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China :— Fusulina-limestones are extensively developed in
-arious parts of China, in the provinces of Yun-nan,” Se-tschuan,”
Kan-su,” Kiang-si,¥ Kiang-su,” Hu-pe1,” Kwel-schou,” and
Tibet.Y According to SCHWAGER,” LORENTHEY," DouviLg,’” and
SCHELLWIEN,” they contain Ffusulina brevicule SCHWAGER, F.
gJaponica GUMBEL, K. Richthofent SCHWAGER, K. cylindrica
Fiscuer, var. gracilis MEEK., F. allernans ScCHELLW. Schwager-
i princeps KHRENBERG, S, Perbeekr GeiNtrz, Doliolina lepda
SCHWAGER, Neoschwagerina craticulifere SCHWAGER, and a few
other allied, but undeterminable forms. The limestones are
referred to several distinet zones of different ages i the upper
Carboniferous and Permian. Several specimens of them from
China also have come into my hands through the courtesy of
Messers JimBo, Yamapna, Ocawa, and HiraBAYAsHI; some of
them are from places probably new to science, therefore 1t may
be better to mention the localities of my samples, with the names
of Foraminifera contained in them.

1) Ta-gai-tung, En-nang-hsien, prov. Yun-nan.” (YAMADA'S

coll. No. 51).
Fusulbina sp.
Schwagerina  Verbeek:
Neoschwagerina craticulifera
N. (Sumatrine) Adnner

Besides, Fusulinelle and Dbigenerina.

—

1) &7 2) pun| 3) H# 4) {174 V) (L &k
) Ak 7) EOM S) Ptk

9) Scnwacrr: Carh, oram. aus China u. Japan.  RicarnorFeN's China TV,

10) E. LoreNtHiey: Microskopiseche  Untersuchungen der  Paleczoischen  (iestemne
SzEcHENY s Ostasiere 1. 1899.

11) 1. Douvinni: Examin des Fosso raporte de Ia Chine par Ia mission Lrerene.
Comptes Rendu. CNXN XL 1900,
) ScHELLwiks @ e

) i BV RE R

‘)

]
1
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2) Uchay, Ta-kuan, prov. Yun-nan." (Y.ayapa's eoll. No. 35).
Schwagerina  Verbeck:
3) Ho-chang, between ITo-tung and Tsu-chung, Wei-nune-
chou, prov. Kwei-schou.” (Yaywana's eoll. No. 16,
Iusulina sp.
Doliolina lepida
Besides, Fusulinelle (the same species as the above).
bBigenerina, Tetratazis.
4) Between Ho-tang and Hsia-ma-kwan, Wei-nung-chou, prov.
IKwel-schou.” (Y axabpa's coll. No. 13).
Fusulina cylindrica
n) kast ot Yang-chao-shan, Wei-nung-chon, prov. Kivei-
schou”  (Yaxapna's eoll. No. 17).
Schwagerina princeps
() last of Ho-tang, Wel-nung-chou, prov. Kwei-schou.
(Y adapa’s coll. No. 15).
Schwagerina sp.? not exaectly determinable.
/) Che-hai, Hui-tso-hsien, Tong-chuan-tu, prov. Yun-nan.”
(Yaxapa's coll. No. 26).
Sehieagerina ! not exactly determinable.
S) West of Man-kan-shan, Tien-chien-hsien, prov. Se-tschuan,”
(Yamana's coll. No. 37).
Fusulinella, the same form as found in the rocks No. 1
and 2.
9) Pong-tsze, prov. Kiang-si.”"  (coll. by Jiyro).
Fusulina sp. indet.

Besides, Fndothyra and Bigenerina.

_— —_ r—— — =
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10) Northwest of ILong-cha-chong, Ping-shing-hsien, prov.
Kiang-si.” (coll. by HiraBayasHI).
Schwagerina Verbeeli
Neoschwagerina sp. nov. aff. eraticulifera.
11) Liu-yiian-kang, Shin-ngan-hsien, prov. Kiang-si.” (coll.

by HIrABAYASHI).
Scharagerina sp, indet. (S, princeps) ?
Fusulina sp.
12) Kwan-choang, Fu-liang-hsien, Kiane-si.”? (eoll. hy Hira-
BAY ASHI). '
Fusulina sp. indet.
13) Temple of Lei-vin-ko, Yen-shen-chen, suburb of Po-schan-
hsien, prov. Schan-tung.” (coll. by Ocawa).
Fusulina sp. indet.

14) Colliery of Nan-chao-ching, South-east of Po-shan-hsien,
prov. Schan-tung.”  (coll. by Ocaawa).

Fusulina sp. indet.

Indo-australian-continental Border
of the Pacific.

Luan-prabang, Indochina :—Near the base of the Tras, there
i a limestone with Lonsdaleia and Schwagerina.”

Tenasserim :—In a dark limestone are found, beside Se/i-
wagerina Oldhame NaEruiNg, Lonsdaleia salinerie WAAGeEN and
WrexrzeL, Productus swmatrensis ReMER, Plevrotomaria aff. durga

WaAcEN, and a few other fossils.”

—— — —

D) YT 09 NS R R PP AL 2) (L9 B2 BRI

) TN P IRRRT B F 1 2 L AL S AT
0) WA FHERR T PR

e )

) LarraneNT: Traitéd de Géologie TTT. edition, p. 2.
7) F.o Noprrnixa: Carboniferous Fossils from Tenasserim. Jlee. Geol. Sury, ITndia. XX VT 1890,
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Padang, Sumatra :(—The lower  Fusulina-limestone  contains
Io granum avenwe, I% sp., 5 ospecies of Digenerina,  Productus
siumatrensis Rovst, Sparifer Damesi Frieaen, bellerophon convolutus
v. Bueen, Plevrotomaric Nikitine VYnivcen, Nalicopsis sumatrensis
Rowew., ete., while the upper Doliolina-limestone contains Doliolinie
Verbeelt, Ncosclawagerina  craticulifera, N. (Numatrina) o
Vorz, and also ravely Fusulina granum avenwe. Frecn, Frecer

and Vorz" believe the age ot the Doliolina-limestone to he the

1} ‘,

nppermost (‘arboniterons.

Coasts along the Mediterranean Sea.

Persia :—According to MOLLER,” the Z[Fusulina-limestone of
the eastern Albours-range contains fusiuline Vernewi/t MOLLER
and Schwagerina princeps ISHRENBERG ; these are assoclated with
Brachiopoda such as Orthotetes crenistria Prinn. and Productus
seinireliculalus MART.

Turkestan :—In the Charat of Bokhara, close to the Turk-
estan frontier, there are two horizons of [Fuswlina-limestone,

according to A. Krarer.Y The Fusulina-limestone of the upper

JR— —

—_— — - = -
- - . —_—

1) IF. RorMER: Ueber eine Kohlenkalkfiuna der Westkueste von Sumatra. Paleontographica
XXVII 1880. F. Frrcu: Die Steinkohlenformation, 1899, I'nircrn: Die Verbreitung des
Marinen Obercarbon in S{id-und Ostasien.  Zeits. d. deutsch. geol. Gresel. Bd. L, Isus. W
VoLz: Zur (reologle v. Sumatra.

2 Fusulina-limestone of Dorneo is frequently mentioned in the literature ol Fusulina,
evidently copied from a note in the Cicological Magazine of 1875, Dut according to FLINGEL'S
comment in the Zeitschrift der deutschen geologischen Gesellsehaft, the note 1n the (reo-
lovical Magazine being an abbreviated translation of Stacie's paper which appeared 1n Ver-
handlungen der k. k. geol. Reichsanstalt, Dorneo was originally an unfortunate missprint
for ‘Sumatra.

Kavsenr also made mention of oceurrence of a I"Tu.*-:!b,iurf-]'r(’{ll'il]ﬂ; roclc 1n Timor (('i(‘n]nj.
Formationskunde 1T cdition 1902), but nothing is known at present abont its details

3y Monner: Ueher Einige Foraminiferen-fuhrende Ciesteine Persiens. (Jahrb. . k. k.
ceonl. Reichsanstalt. Dd. XXX, 1880,

4) A, KrRAFFT: Geologische Ergebniswe einer Reise des Charat Dokhara. Denksehirift.
d. k. AxaDp. Wisss Mat. Nat, Klasse, Bl LXXL 1001
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C'arboniferous attaing a thickness of almost 300 m. and contains
Fusulina sp., a characteristic short and swollen form with irregular
spirals.  This limestone is followed above by a younger complex
of tuff, tuff-sandstones and black Fusulina-limestone. The last rock
contains two different forms of Fusulina, one of which 1s an ally
of F. japonica and probably identical with K. Miller: described
by Romavowsky in the third part of his * Materialien zur
' Geologie des Turkestans’’, while the other resembles /. brevicula
and F. multiseptata. The above determination of the fossils was
made by ScHELLWIEN who, however, found no trace of Schwagerina
and  Doliolina in these limestones.  According to BoGDANOWICH
and Suznss,” a limestone with Fusulina occurs also at Jatantschi-
tag and on the southern flank of Tekelik-tag, eastern Turkestan.
The latter regarded it of Moskow stage.

Qalt-range :—The rich fauna of the lower Productus-limestone
of the Salt-range also contains many forms of Fusulina s. s. The
total absence of Doliolina and Neoschwagerina in this and other
divisions of the Anthracolitic deposits and the corresponding
deposits of the Himalayas gives to them an aspect very different
from those of China. The species of Fusulina have been described
by Scuwacer,” who distinguished the following species: F. Lat-
laensls SCHWAGER, I pailensis SCUWAGER, I7. longissima MOLLER,
I sp. indet. The occurrence of F. longissima MOLLER (this
specific identification is sometimes disputed), formerly restricted to
Russia, is very important. The fauna accompanying the fusulina
of the Salt-range is too well known to be repeated 1n this
place.

Jalia. Maaden and Cilician Tarsus, Asia Minor :(—According

1) 15, Svess: Beitrige z Geol. n. Paleont.  Centralasiens.
2) SCHWAGER : Protozoa in Salt-range Fossilse Pal. Indiea. Sero XTI, T 7. 1887,
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to Experue” and Sceniniwiey, many forms of Fuswling occurs in
1 complex ot hhmestones of Hadr Vel Oglou and Aktehal Dagh
near Balia Maaden.  FFrom IHadi Veli Oglou, Schellwien mentions
Doliolina  oaAt. lepida,  Neoschwagerina  craliculifera, Schwagerina
princeps,  Fusuline: joponica and [0 tenwissima which are in as-
sociation with Droductus ctv. swmatrensis, Notecopsis, Dellerophon,
Llcurotomarie, Murchisonia  ete. while from Aktechal Dagh AV,
craticulifera and N. princeps are recorded.

Also 1 Cilictan Tarsus, a limestone with Fusulina cylindrica
seems to occur.

Island of Chios :—We owe much to TELLER™ tor our knowledge
of the existence of a Fusulina-limestone 1 this island. StAcuHE,”
who made a study of the collection made by Teller, mentions the
existence ot Fo SNwessi Sracue and £ clongata Scuey. in the
limestone.

Palermo, Siwcily :—In 1872, Permian limestones with a rich
fauna were found 1n the Sosio valley in the Province of Palermo in
Sicily.  The fauna has been deseribed 1n detail by Geanverrnaro
and 1s remarkable for the numerous Cephalopoda that 1t contains
(fitty nine species of Ammonites and eighteen species of Nautilus),
showing an affinity on one side to the Artinskian forms, and in
the other, to some of the Productus-limestones. The two cenera
of Drachiopoda, Lichthofenia and Leptodus, characteristic of the
Asiatic Permocarboniferous deposits, are also known from this
place. At Rocca di B Denedetto, the Fusulina-limestone is

described as covered by a loose ¢Calcare Grossalono.” To my

— —_—_— . — - —_ —_— . —_ - —_ e ———— -
- — — - ——

1) J. ExprErLE: Ueber eine Anthracolithische IFauna von Balia Mawden in Kleinasien.
Deitr. z. Geol. u. Paleont. Osterr.-Unes a. Orients. Bdo XTHE. 1900,

2) Denkschrift do ko Nkade do Wi-<o Mt Nat. Classe. Bd. XT.o pe S

.y \'t_'rhanf_]hm;(_'n . T.E. ool Borchaan<atalts 1279, - e |,

“1__’ (' (?'r- (+EMMELLALO I..:.l l‘ﬂ;tllnal 1It'l (.'Lllt‘.ui COI11 }.“llﬁlllill:l- ]-‘*«-‘w‘[hﬁh.
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regret, details about the speeles of Fusulina are unknown to me
as in the case of the Island of Chios, Brazil and North America.

Carnic Alps :—The Fusulbina-limestones and the fauna contain-
ed therein have lately been treated 1n details by FrRECH, SCHELLWIEN
and GorTANL.”  SCHELLWIEN distinguished the tollowing four
horizons of the limestones according to the distribution of the
species of [Lusulina :—

1) Highest zone (Trogkofelschichten).
Fusulina alpina SCHELLW. var. communis ?
Tusulima regularits SCHELLW.

Schwagering fusulinoides SCHELLW.
Schwagerina princeps 1SHRENB.

Beside the above forms, there ave also Stecnmannia, a genus
of calcareous sponge also found in the Salt-range and in Japan,”
Productus  cancrint VERN., Scachinelle variabilis GEMM., Sporifer
Libetanus  DILNER, Spirifer  Wynner Waacrn, Thalassoceras
merodiscus GEMM., Popanoceras sp. ete.

3) Zone ot a Schiragerina-limestone.
Iusulineg alpina var. communis
[usulena mulliseplata SCHELLW.
Tusulina tenwissime SCITELLW.
Schwagerina princeps.

2) The principal zone ot Fusulina.

lusuline alpina var. fragules

—_— s —

i

1) k.o Suess: Ueber das Vorkonmmmen von Fusulinen in den Alpen. Verh. d. k. k. geol.
Rerchsanstalt. IS70. 14 Frecn: Die Steinkohlenformation. 1899. kK. ScnernLwieEN: Die
Favnn des Karnisehen IFusulinenkalks 11 Theil. Paleontographica Bd. XLIV. 1898. M.

GorTANL: Fossitht rinvennti in un primo sageio del ealeare a Fusuline di Forni-Avoltri (alta
Carnia occrdentale). 1905, (by review). Do: Sul rinvenimento del Calcare a flusulina presse
Forni-Avoltrt nell alta Carnia occidentale. 1902, (hy review).

2) Yapr: Matertals {or o Knowledge of the Anthracolitic IFauna of Japan.  Journ.
Cieol. Sues Tokvo, Volo TX. 1002, F



A CONTRIBUTION TO THE GENUS FUSULINA. 21

Fusulina alpina communis
Fusulina multiseptala
lusulina reqularis
Fusulina 1neisit SCHELLW.

1) The lowest zone of Fusulina.
Fusuling alpina var. antiquo
Fusuline alpina var. communas.
Fusulina tenwissime

In the lowest zone therc arve also Amblysiphonclla sp.,
Lonsdalevc floriformes Fres., Spirifer fasciger Keys., S. {rigonalis
MART., var. lata ScHELLW., Reticularia lineatus Marr., Productus
semereliculats Marr.

Asturia, Spam :—N\ Lusulina-limestone  forms the base of
the upper Carboniferous cxposed in the district : it contains,
beside  Fusulina  cylindrica and some other forms of the same
cenus, an important leading fossitl Npirifer mosquensis.”

Para, Brazil :—The Carboniferous fauna ot Tapajos 1s very
rich in Corals, Crinoids, Brvozoa, Brachiopoda, lamellibranchiata,
and Gasteropoda, while Fusulina 1s very rave. The last 1s reported

to occur at Itartuba.”

Russian Sea.

wissia :—1In central Russia, the upper Carboniferous series
15 divided into two well known groups :(—the lower or Moscovian
stage (horizon of Npirifer mosquensis) and the upper or (shelian
stage (horizon of Choneles wraliea).

In the upper Carboniterous rocks ot the Ural mountains, two

1) MEUNIER reported the occurrence of a limestone containing  Llusuline at Morvan,
central France, but sccording to F.o Frecir, it 1~ not a true Fusuline but a Fusulonello.

2y Karzer: Grundauze der Geeologie des unteren Amazonas Gebretes, 1900,
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faunistically difterent horizons may be likewise distinguished :—
the lower (C.) (horizon of Spurifer mosquensis) and the upper (G;)
(horizon of Productus cora). The latter 1s a Fusulina-limestone
and 1s covered by that of Schwagerina.

In the Oka-Kljasma and Oka-Wolga basins, the horizon of
Chonetes wralica 1s overlaid by Scluicagerime Dolomite.

As may be seen from the above, the Schiragerina-limestone
of the Ural mountains, must be placed on a somewhat higher
level than the Gshelian stage. The Artinskian marls and sand-
stones (Cpg) conformably overlie the Schwagerina horizon.

The species of Fusulina which is a genus very widely
distributed in the Russian Carboniferous and Permian, was fully
worked out by MorLer a quarter of a century ago. According
to the works of Morprr, and those of KKRroTOW, STUCKENBERG,

SiBirizEW, and TscHERNYscHEW! which subsequently appeared, I

R Moskau I (01 - Neheagerina I’ermo-
staze | ~tage . stage carboniferous

Fusulina Boekt —_— | — | ¢ | _
cyltndrica ¢ ¢ _ .
var, gracelis 7 - 7 — -
longissimne ? X | X X
mon!ipard X X l X X
Priscrr X X I X —
wraliea — | X X —
venlricos 7 X X -
Vernewih X X X | X
Schugerima fusiformis — ,' — \¢ _
17NN CEPS — !! e % e
rohust — { X X _-

—

1) KureNBrRrG: Mikrogeologie. Brapy: Notes on a Group of Russian Irusulinie.  Ann.
Mag. Nat. ITist. 1876, Frecu: Die Steinkohlenformation. TratTscHOLD: Die Kalkbriiche
von Mjatschkowo. Nouv. Mem. de la Soc. Tmp. d. Naturalistes de Moscou. 1874-76,
TSCHERNYSCHEW : Note sur le rapport des dépots carboniféres russes avee ceux de l'europe ce-
cidentale. .\nn. de la géol. du Nord. Bd. 17. 1890. (by review). Do: Die Obercarb. Brachiopoden
des Ural a. des Timan. Krorow : Geologische Forschungen am westl. Ural-Abhiinge in den
Ciebieten von Tscherdyn v, Ssolikanxk. 18880 SrvereNpera @ Allgemeine Geologische Karte
von Russlind. Ménm. comité Geéol XVIL, 1s0s. Sieiezew: Allecemeine Geol. Karte vo Ruse
Land. Ibid. XV., 1a06. Guide des Fxcursions du VI Congres Géologique International.
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have made the above mentioned table of the vertical range of
the most 1mportant species ot Russian Fusulina.

(. v. Voight has found a limestone with abundant Selorager-
gue princeps near Symperopol in the Crimean peninsula, this s
an mmportant dixcovery, for it indicates the existence of an open
connection between the Russian and the Mediterrancan sea m the

(Carboniferous time."

Arctic Ocean.

Spitzbergen:—J. (i, AxpErsox and GGEs™ observed a hhmestone
with Fusulina eylindriea and Npirvifer mosquensis in Spitzbergen ;
but Tscreryysciew doubts the correctness of the determination
of the Fusulina. 'The limestone overlies the Culm deposit and the
Devonian.

Bear Island :—We owe to AxDERsON our knowledege of the
existence of a [Fusulina-limestone of the middle Carboniterous age
in this Island. .\ccording to this author, the fauna consists of
Fusulina  cylindrica  Fi1scieR. (emarophoria soryncha M'Coy,
Syringopora ramulose Gorpr.? and a (yathophylloid coral.

Prince Albert Land :—Salter deseribed a Fusulina from the
Carboniferous limestone of this island under the name of /. Ay-

perborea, a torm closgelv allied to /. longissima according to Morrrr,

The next table, imperfeet as it 18, owing to the want of

uniformity in the limit of species among various authors, clearly

- —_—
——

-_— - o ——.— e = . e e = — A

1) Tsenersy=cirw: Die Obecarbonizchen Brachiopoden des Ural no desFiman. p. 651
2) ANxprrsoN. Uecber die Stratigraphic u. Tectonie der Baren-insel.  Buoll, Geol Tnst,
Upsala, 1900, Gok<s Qefvers. Vet Akade Forhuandl, 1885,
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shows that Neoschiragerina and Doliolina (including Swumatrina)
have their distribution almost entirely confined to the Pacific
ocean, which seems to be their proper habitat.

Studying the Fusulina of the Carnic Alps, SCHELLWIEN ar-
rived at an important conclusion.” According to this author,
species of Fusuline s. s. bear a local nature in striking contrast
to Schwagerina princeps and many other allied forms, which show
a wide distribution. TscHERNYScHEW,” however, considered this
view as direct contradiction to the theory of derivation of Sehicagerina
from Fusulina s. s. and pointed ont the ocecurence of some (‘arnie
species and a variety of Salt-range species 1n the Russian Car-
boniferous. De that as it may, 1t seems to me that the derivation ot
Selicagerina from Fusulina has no relation to the view maintained

by SCHELLWIEN.

Table showing the Distribution of the Important
Species of the Genus Fusulina.”

——

Pacitic O Mediterranean Arctic
acitic Oceau.

: Ocean. Ocean.

_ | i o . _

l | | =
| * | 3 e .
S - f ,_.: 2 . Y 1. 7. -
= 0 5 - = - ol & —~ " -
= [ - =y = ST = — = - L
=2 22 zIlSollbE o 217l e o
S| 2 F F E4 S N BB - S T =S e~
™ 1 —— * -~ ,-: o '_.'.- : — ey a -t At
R e - B -1 I B
- : Z o -~y 1 . .:_‘: =,
| — — f.
|
FUSULINAL X X | X X X ]IX X |>X'x|X]x/|X
|
(f prua var. antique e = = = = - =] - X ~— | - —
Var. cominuiets - = = | = =] = - — X — | — | —
var. froagilis U U VS ) RS B
|
cfteriet s —_ - — X — | - — _ ) =] - | =
Doclt S R e N
hrevicia _ - = = - === =] -] -
NI i |

com plicale - - -, == == x{-=1--

1} SenreLniweN: Karnischen IFusnlinenkalk. p. 280,
2) TSCHERNYsCHEW @ Leo p. 2800

) There are many other speeies of LFusuling, not entmerated below; for they have not heen
tully illostrated by the authors themselves; such arve IV Lhefert Sracnn, I Suessi NTACHE-
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Table showing the Distribution of the Important
Species of the Genus Fuswlina—(Contrnned )

—_— —_— —_ - —
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| X

|
|
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|
|
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proecops - - X X | X | — X  — | X X —
robsta — e — — — —_ - — — ¢ —_ | —
secalicus (Tricitifes) - % == == =1 =1l=01=1=1 -
Verbeel:r — = x| x I x |l - — =] =-1=1=1 -
DOLIOLINA - - X | X —l—=-|x2=1—=1=1-=1-
lepteli e - X = - % =~ == = —
NEOSCHWAGERIN A o oxix x| =i === = -
.l?imff:: (;SFI.L?HHQ'I.HHJ — — P4 X< X — — | _— — _— — —
r‘!‘f!'frfu/::]'ff;‘fr — — X X X — X7 - — | — _ —
(lobuse - - X | X? —| ==/ =]=01=1—-1—=

1) After MoLLER.
2) After TscHFNYRCTIRW.
o) Specttie identity of the Salt-range and Rus<ian forms was donhted by SCHELLWIEN.
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The consideration of the vertical range of the genus Fusu-
l[in is also very difficult to summarize at present; for the
ceological age of the Fusulina-limestones of various parts of the
world, 1s for most cases, still in dispute. For instance, there
are two different views about the age of the lower Produectus-
limestone of the Salt-range” and of the ¢ Doliolina "-limestone of
the old Pacific coast; some regard them as of the uppermost
(‘arboniferous, while others consider them as Permian.

It is evidently misleading to consider a species of Fusulina
to have a much restricted vertical range : to give only one
instance, /. montipara 1s common 1n all deposits from the zone
of Spirifer mosquensis up to the Artinskian formation in Russia.
But as is usually the case, there 1s of course a possibility of
less longevity in the case of the more lately evolved forms
which have attained a higher complication of structure.

The distribution of the four subgenera ot /Fusuline 1n time
is fundamentally different tfrom that of Orbifoides of the later
(‘retaceons and Tertiary. In this latter genus, we can count
at  present four principal subgenera, namely Orditoudes  s.s.,
Orthoplragmina, Lepidocycline and Miogypsina, which appeared
in almost regular succession, each confining 1its distribution to a
certain  geological age, for example, Orbitoides ss. to the Cre-
taceous, Orlhophragmine to the Iocene, Lepidocyclina to the
Oligocene and  Miogypsina to the Miocene.”  In the case of
[usuling, such a replacement of an older type by a vounger

ccems  never to  have happened ; the species belonging to a

1) Waaaney: Salt-ranee IFossils, Geologieal Tlesnlt., Pal. Indica.  LappariNTt: Note =ur
les calcares o Productus die Salt-rance. Dull, Soe. Geol. Franece 1903, TSCHERNYSCHEW :
Die Oberearb. Brachiopoden.  NorTLinG: Ucher des Verhaltniss zw. Productuskalk und
Ceratitenschichten,  There are many other works by the last named author on this subjeet.

2y Nome [talian authors deny to aceept this view ot Douvillé and Schlumberger on the

ceolocical range of the Foraminifera,
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structurally lower tvpe, retained for ages its characters rigid and
unshifting, the times and cireumstances produced highly structur-
al tvpes, but hardly  imtluenced the survival ot the aneestral
formes.

The derivation ot Neosclragerina  ceither from Doliolina or
diveetly from Sedoeagering 15 a point still undetermined ; how-
ever, 1t 1s almost certain when  tracing the development of
Neoschwagerine eraliculifera from the initial chamber onward,
that the first numerous chambers are already with transversc
septa though not with auxihary ones. Therefore 1t 1s not im-
possible that Neoschwagerina 1s but an 1mproved form of Dolio-
[ina, unless the basal skeletons are transverse septa much
shortened by degeneration, contrary to my present belief.

The subgenus Doliolina 1s  Schwagerina, only one  step
higher in structure, and their relationship is so close that the
form known as N Verdeeli may likewise be called D. Terbeel

Triticites secalicus and some other forms, included 1m Sel-
wagerino by Krortow and Scnprowiey, undoubtedly show vestiges
of a common ancestral group from which the tyvpical Fusulina
and Schwagerima sprang.  The prototype, we have many good
reasons to believe, might have been an elongate form, either
fusiform or ecylindrical, composed of some number of closely
coiled volutions and divided into chambers more or less com-
pletely formed by numerous streched septa. Therefore 1f many
of the lower Carboniferous forms of Fusuline could be found
and their structural details made known, the mutual relations

between AS’c/wwgc-ri-na and fusulina s.s. would be cleared up.
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NOTES ON A FUSULINA-LIMESTONE
FROM KOREA.

The discovery of a Fusulina-limestone 1n Korea is especially
noteworthy, as 1t proves the existence of Anthracolitic deposits
in more or less extension in a land geologically little known."

When I examined a slice of Korean limestone brought back
by Mr. N. Fuxuchi, my attention was immediately attracted to
small foraminiferal remains which I took for a Fusuline in a
state of very bad preservation ; but unfortunately other sections
of the same rock, since prepared, did not reveal any more reliable
forms. At my request, Mr. T. Ikt of the Imperial Geological
Survey, very kindly paid a good deal of attention to the subject,
while 1nspecting mines in the peninsula, and brought back many
specimens of limestones which he placed at my disposal for ex-
amination. These limestones are all from the neichbourhood of
Phyong-yang.”

Our knowledge of the Fusulina-limestone and its associated
rocks 1 Korea 1s at present very imperfect; an arca along the
Tal-dong-gang” below Phyong-yang is coloured by GoTrscHE in

his geological map as Tertiary, while the surrounding region is

——— r . o am—

— — _— — — = -_—ee . e o —— - - = - —— —_—— = . o — J— J—_— - - - N

1) In one of my former papers, Mesozoic Plants from Korea (Journ. Sci. Coll. Imp.
Univ. Tokyo, Vol. XX, No. 8, 1903), 1 proved the Mesozoic age of a thick complex, on
the evidence of a fossil llora, widely spread in a region including the greater part of the
Kyong-syang-Do and a part of the Chhung-chhyong-Do and Chol-la-Do. The plants found
in the slate which Gorr:ciie referred to the Carboniferous, on account of the occurrence
ol his supposed Newropteris in it, though not yet studied in detail, so far as my own
opinlon is concerned, is probably of a Triassic age. Also there is some doubt about the oc-
currence of fiusulena-limestone in Korea mentioned by 1. Crrpyer (IKlemente d. Geologie.
1897, p. 467) and G Frniecen (Zeitschrift d. deutsch geol. Gesell. Bd. 1.); the original
paper 1f there be one, 15 not aceessible to me.

2) JK. 5) KRIENL (Tai-dong-river).
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entirely meluded 1 the ervstalline schists. In po 869 ot his
text, he gives the following accounts of the younger complex:—

“? Tertiar.  Die Higel, anf denen Phyong-vang  steht,
zeigen theils am Ufer des Tatung, theils an ihrem nordlichen

Hiange tolgendes I’rofil von unten nach oben :

1. Feimnkormger Sandstein it undeutlichen Pflan-
zenresten und bis 4 cm. grossen Kohlensehmitzen,
durch eme 2 m. starke Conglomeratbank getrennt

VOl oot e e e .. /0m.

1S

celblichen, auch schwiarzlichen Mergeln, obne Ver-
steInerungen ... 40 m.

5. test,  graue Mergelschiefer,  ohine  Versteinerun-

4. leicht zerreibliche Sandsteine mit einzelnen Ge-

rollen . ......... ..., e e O 1.

140 m.

In I. funden sich sowohl 1m unteren Theil, als in der C'on-
clomerat-bank wohl erhaltene Kieselholzer, welche Herr. Dr. J.
FELix in Leipzig als neue Arten der Gattungen Arawcarioxiylon
und  Cedroxylon erkannt hat. Die erstere Gattung ist nach
seiner Mittheilung von Carbon bis in’s Tertiir, die letztere vom
Rhwet bis in die (Gegenwart nachgewiesen. Die Schichten von
Phyong-yang, welche sich auch auf dem linken Ufer noch 15 hi
oecen Sidost, im Ganzen auf 40 L verfolgen lassen, sind also
rhietisch  oder jinger. Das Liegende derselben bilden theils
krvstallinische Schiefer, theils (zwischen Phyong-vang und Sam-
deung) Kalke von unbekannten Alter.”

Phyong-yang hus long been known for some coal scams

exposed In 1ts environs, partly workable and of wide reputation
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in the peninsula; Fuxkutcui, in a report (in Japanese) of the
coal-survey, briefly refers to the geology of the district as
follows:

‘““ Near P’hyong-yang, there are three different rock series
exposed :— (1) the Palweozoic composed of slate and limestone,
(2) the Phyong-yang series consisting of three parts, the upper
composed of sandstones, the middle of alternations of sandstones
and of at least three coal seams and the lower of shales, and
(3) alluvial along the Tal-dong-gang. At three spots (one near
Mun-syu-bong" and two at Mu-no-san¥) a limestone with Fusulina
was seen beneath the lower shale of the Phyong-yang series,
but the exact relation between them is unknown.”

In one of his reports, Mr. T. Ik1r’ also gives the similar
result of his observation on this coal bearing series; he could
not, as I am informed, make out a distinct stratigraphical break
between the shale with the coal-seams and the same with the
limestone-lenses.  Besides, there 1s another series of sandstonc
exposed ut the north of the Tai-dong-gang near Phyongyang
which often contains impertfect impressions of plants and sometimes
makes an approach to a conglomerate, with numerous inclusions
of pebbles. The latter he doubtfully reterred to mesozoic.

Although it is impossible at present to correlate the respec-
tive layers of the profile made by Gorrscue with those of the
one made by Ik and Fukuvcur, this much is certain, that the
so-called Tertiary of the former corresponds, at least partly, to
the coal-bearing series of the latter; for Gorrscur had pointed
out the occurrence of his Tertiary (?) deposit also at a place 19

Korcan i (=6 km.) south of Phyong-vang, where there are no

- —_— - _-————————— ———  ——

1) #r/k % (Mt Mun-syu). - 2y L@ (Mt Mu-no).
3 Journ. Geol, Sces Tokya. Volo XTI, pe 1700 1906 (in Japauese).
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other rocks than those of the coal-bearine series of Tk und
IFrkvoent.

Admittine the correetness of IFFrnix and Gorrscnnr’s view,
there must be at least two divisions of rock series; one post-
Rhetie and the other Anthracolitiec. That there 1s a gradual
transition between them is hardly conceivable ; hut the locality
from which Gorrscue colleeted Arawvecarioxylon and Cedroxylon
not being exactly known, the boundary between these two for-
mations 1s at present also unknown.”

I tound Fusuling in specimens of hmestone trom the follow-
ing places near Phyong-vang :—

I  Irom a small exposure along the railway catting near Kai-
ka-dong” on the southern side of Mu-no-san (coll. by Fuxuctr).

The limestone 1s compact and dark-grey, traversed by numer-
ous irregular fine caleite veins: microscopically no other organic
remains than small circular sections of crinoid stems and

Fusulina sp. indet. aft. LRichthofent ScnwaGrn
are found. The latter 1z verv seldom in the rock.

IT) Ko-pan-san,” in a valley of (coll. by Ikr).

The limestone 1s black 1n colour and 1s carbonacecus, also
with numerous fine caleite veins.  Under microscope, we find

Fusuline <p. indet. aft. Richthofenr SCHWAGER.
Stacheia sp.
Digenerina Dradyr MOLLER sp.

Lagena sp.

_— J— —— - —_—

1) At about 1) ri (=6 km.) west of Phyvong-yang appears a thick complex of sand-
stone and shales of a nature similar te those to the east and south, but lackine lmestone-
lenses, and accompanying thick conglomerate beds.  What i< especially important in 1ir's
observation is the oceurrence of limestone-pebbles in the above conglomerate.  TKr took
this formation as of decidedly vounger age than the coal-bearing one, and therefore, 1l
stands without relation to the present problem,

2) ﬁﬁﬂ(rﬁ] ﬂ) 'Lffi}j[]_l [.\[t. I{'n-];:m“.
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ITT) Kotch-yang-kol,” west of the Sam-deung” coal-field
(coll. by Iki).

The limestone 1s extremely light coloured, with numerous
small pullets of rather irregular form and size. Among the
pullets are found numerous minute shells of Foraminifera, some
of which probably belong to the young of Fusulina.

A similar rock 1s also reported by Ixk1 and FvkucHI as
exposed near Mun-syu-bong. There is a limestone kilne, situated
at the northern foot of Mu-no-san.

The geological age of this limestone 1s surely Anthracolitic,

but to what part of it the rock belongs, 15 1mpossible to say.

DESCRIPTION.

FUSULINA sp. indet.

Pl. 1I1., figs. 4 and 5.

Fig. 5, Pl III. shows a transverse (slightly oblique) section
of a Fusulina through its first chamber; 1t 1s the best I have
ever seen in the thin slices of Korean limestone. "This Fusulina
1s very small in size, with about four volutions, and attaining
only 1.0 mm. in diam.; the volutions increase regularly and at
the same time gradually in height, though thev are not =o
closcly coiled as 1n I, japonica (GUEMBEL. The rate of growth
of cach volution i1s to be estimated as follows,-x-, x, x, 7, 9, 12,
14, 138, 20,...... , the first three figures showing dimensions not
capable of being measured with any accuracy. The walls are

1) sl %) =2
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thin (nearly 0.05 mm. in the outermost volution) while the septa
are still thinner.  As was seen from one of the transverse sections,
the latter become especially  thin near the umbilical end.  The
<hell has numerous =epta which number about 50 1 the fourth
volution ; infoldings of the septa are numerous and similar to those
of I, Richthofent ScuwaGeRr, except near the umbilical end.
Fig.

O

4 shows a longitudinal section, very excentrically made,
of a Fusulina, whose specific identity with the above 1s rendercd
probable by its small size, the similarity in the relative thickness
of the wall and septa, and above all by the absence of any
other forms belonging to a clearly distinet species 1n manv
slices of the same rock. The areolar ramification of the septa
at the umbilical end 1s not so conspicuous as i /. Richthofenu,
a species which otherwise very much resembles our form In
structure.  This section, though taken verv excentrically, also
affords us some idea of the general aspect of the species; it
may be called cvlindrical rather than fusiform. ‘T'he canals of
the pores are simple, and have a breadth somewhat less than
0. 01 mm.

In several respects, this Korean torm 1s also not unlike /.
cylindrica  Fischer, though provided with many distinguishing
features ; for instance /. cylindrica has first chamber excessively
large 1n comparison with our form; the ramification of the septa
near the umbilical end 1s also not quite alike in these two.

From the above explanation of the accompanying figures, it
will be seen that there 1s a peculiar small form of Fusulina s.s.
in Korea, probably distinet from any of the deseribed forms. 1
once took it for a local, dwart variety of F. Richthofent, a torm
hitherto found in China, but this needs verification from the

examination of more numerous and hetter materials,
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LAGENA sp. indet.

Pi. 1., fig. 6.

With some hesitation, I refer a form known from a single
longitudinal section to the genus Lagenn. 1t appears to be pear-
shaped, somewhat produced at one end, and has a thin calcare-
ous and finely poriferous shell. 1 once met with quite a similar
form while examining a slice of a ‘Kuro’ limestone of Akasaka,
prov. Mino, which agrees with the Korean not only in outline
and structure, but also in dimensions.

It attains 1.1 mm. in length and 0.6 mm. in breadth.

BIGENERINA BRADYI MOLLER s).

Pl I1., fig. &.

(‘ompare :

1876, Textularia exvmain Drapy: Monograph of Carb.
and Perm. Foram. . 132, pl. X., figs. 27-29.
1897.  Cribrostomum Dradyr Monter: FForam. d. Russ,
IKohlenkalk. p. 53, pl. 1IL, figs. la-e; pl. VI,

fie. 1, text figures 18, 19.

[ compare the form represented in the above figure to
Digenerina DBrady: from the Russian and Dritish  limestones ;
the shell 1s small, attaining only 1.1 mm. in length and 0.5 mm.
in breadth, composed of two rows of 4 and 5 alternating cham-
hers whieh are then followed by a uniserial one. It appears in
the seetion, more parallel sided than the typical form figured
in the ahove cited works; this is probably due {o the slight

nh]iquit.}* of the section from the median plune.
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[ts resemblance to the Russian and Dritishh species 15 very
striking, and so that they at least show a close relationship to

each other, if they are not really identical.

STACHEIA sp. indet.

Pl 111, fig. 6.

Fig. 6 shows a peculiar form. In a thin shice of a lime-
stone, there is a peculiar form not hitherto met with in the
Fusulina-limestones of Japan and China. In spite of its great
imperfection, however, 1t seems to me to be a fragmentary
specimen of a species of the genus Stacheia. It possesses only
/-8 concavo-convex chambers m succession cach embracing pre-
vious ones except at 1its peripheral margin.  These chambers
are subdivided 1nto numerous chamberlets by more or less radial
partitions which are almost complete.  The chamberlets arc
radiallv elongated and of a varying breadth. The wall and
partitions are rather thin, uniform and i1mperforate; they appear
cranular, being preserved 1 quite a different manner trom those
of Fusulina and Lagena which occur in association.

It 1ts determination as the genus Nlacleia 18 correct, 1its
occurrence 1n the Iworean limestone 1s of some 1nterest; for it
1s by no means a common genus, though not rare i some Car-
honiferous limestones of Iingland,” the Cwrnie Alps,® and IHuro-

pean Russia.”  Nacheiw  Grewinke: MOLLER" from  Persia may

e - S

1) H. B. Brapy: A Monog. of Carb. and Perm. IForam. p. 107,

2) SCHELLWIEN : Die Founa d. Karnischen Fusulinenkalks. p. 265,

) MOLLER: Die l'oram. d. Huss. Kohlenkalks, p. 78,

4) MoLLrr : Ueber Finige Dorawmterentuhrende Ceesteine DPersiens. Jalirb, do KUk,

ve.]. Relchsan~t. Fd, XXX, Ias0.
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probably belong to anotlier genus. Stachere has a range from

Silurian to Lias.

In conclusion, 1 desire to express my obligations to the
centlemen who have had the kindness to allow me to use
materials collected by them. To Prof. M. Yokoyama, I also
tender my best thanks for his courtesy in looking over this

paper while 1n manuscript.

1) CrarMAN counted s1x species of the genus in the Rhaetic rock of Somerset; some
of them are indeed specifically identical with those of Carboniferous (CrmaprMAN: Rhaetic
Foraminifera from Somereset. Ann. Mag. Nat. Hist. XVI. 1895). Also a Devonian species
found by SCHUBERT in a limestone of Bohemia is very like S. polytrematoides BrRADY from
Carboniferous. (R. J. Scaunert u. Ad. Liegpus: Vorliufige Mittheilung ii. Foraminiferen
aus dem DBohmischen Devon, Verh. d. k. k. geol. Reichsanstalt 1902. p. 66). Therefore,
the IForaminifera though interesting in itself, has no value for geological correlation.

Postscript.

Very recently, DProf. Yoxkovama ftound LPodozamites (unceolatus and
(ladophlebis 1V hitbyensis In a collection of plant-remains from Kam-peuk-
uon near Phyong-yang. 'This comfirms Mr. Ikr’s view, mentioned above;
but without further knowledge on the geological relation extisting between
the plant bed and the coal bearing formation, the problem on the geo-
locical age of the latter above alluded to, 1s left unsettled for ever.

The remarkable occurrence of a peculiar, elongate species of Fusulina
in o calcarcous sandstone of Tsukitate, near Kesennuwa, prov. Rikuzen,
was accidentally omntted 1 the note on Japanese [fusulina (p. 11).
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Reference to Plate I.

g, 1. Sclwayerine princeps EHRENBERG, from the east of Yang-chao-shan,
China. 'Transverse section. x 20.

g, 2. Scluvagerine Verbeekr GriNirz, from Tochikubo, prov. Iwaki, Japan.
Longitudinal section. x 20, a, septa; b, basal skeleton.

Fig. 3. Neoscluwagyering craticulifer« SCHWAGER, trom Akasaka, prov.
Mino, Japan. Longitudinal section. x 20.

Fig, 4. Neosclucagerina ervaticulifera. SCHWAGER, with a large first chamber,
from Okubo, prov. Bitchii, Japan. Cross section. x 18.

Ifig. 3. Neoschwaygerina globosa YABE, from Akasaka, prov. Mino, Japan.
Longitudinal section. x 48. a, long transverse septa; b, short
transverse septa; c, primary septa in a parallel section. Notice
the tine poriferous nature of the wall and the upper portion ol
the septa,

Fie. 6. Lagena sp. indet., from Phyoug-yany, Korea. Longitudinal section.

O
X 8.
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Fig,
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Reference to Plate II.

1. Fusulina japonica (UMBEL var., from Asogori, prov. Shimotsuke,
Japan. Longitudinal section. x 20. a, connecting lamella.

2. Doliolina lepida ScAwAGER, from Akasaka, prov. Mino, Japan.
Cross section, taken somewhat excentric. x 48, a, basal skeleton,
in a parallel section. _

3. Ditto. Longitudinal section, taken somewhat excentric. x 48. a,
basal skeleton; b, primary septa.

4. Neosclacagerinag Awnae Vouz, from Okubo, prov. Bitchii Cross
section, x 20,

D. Bigenerina Bradyi MOLLER? from Phyong-vang, Korea. Longi-

tudinal section., x 48.
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Reference to Plate III.

Fie. 1. Neosclacayering globose YABE, from Akasaka, prov. Mino. Tan-

IFie,

e,
ko,

4.

),

L

O.

gentia,l section. x 20. a and d, transverse septa ; b, primary septa ;

¢, auxiliary septa.

Sclhwagerina Verbeekr GeINITZ var., from U-chal, prov. Yun-nau,

China.

Cross section. x <20.

Neoschwagering craticulifera SCHWAGER, from Sakawa, prov. Tosa.

Japan.

Tangential section. x 48, Drawn from a photograph.

Notice the outer layer of the shell and median lamellae of septa

stained to yellowish brown.

Fusuling aft.  Lichthofeny Senwacrr, from Phyong-yang, Korea.

Tangential-section. x 48,

Ihtto.

Cross section. x 48,

Steecle 1 SP.

<eetloll.

X 45,

imdet., from Phyong-yavg,

Drawn from a photograph,

IKorea.,

Longitudina



i Ely L,

)

Art.

. §.§ i




KRAmEBEARABRILE
£3: 3] Ft

=2 BN B = M
THE

JOURNAL

OF THE

COLLEGH OF SCIHENCHE,
[MPERIAL UNIVERSITY OF TOKYO

J A P AN.

VoL. XXI.

oM O BOK 2 H 17

PUBLISHED BY THE UNIVERSITY.

TOKYO, JAPAN.

1906—190Y.

MEIJI XXXIX—XL.



Art.

Art.

Art.

Art.

Art.

Art.

Art.

Art.

CONTENTS.

e e

1.—Frequency of After-Shocks and Space-Distribution of
Seismic Waves. Dy S. Kusakape.—Publ. March 25th, 1906.

2.—Fossils from the Environs of Tokyo. (//'ith ¢ plates). by
N, Tokunaca.—DPubl. July 13th, 1906.

3.—Theory of the Rainbow due to a Circular Source of Light.
(WVtile 5 plates). By K. Awenr and I, TaNAKDATE.—Publ. May
22nd, 19060.

. 4.—0n the Change of Elastic Constants of Ferromagnetic

Substances by Magnetization. (/Vith 7 plates). Dy K. Howba

and T. Terapa,.—Publ. Oct, 4th, 1906.

. 9.—A Contribution to the Genus Fusulina, with Notes on

a Fusulina-Limestone from Korea. (l/7th 3 plates). DBy H.

Yape.—Publ. Nept. 15th, 1506,

. 6.—Hydroxylamine-«7-Disulphonates (Structural Isomerides

of Hydroximinosulphates or Hydroxylamine-33-Disulpho-
nates). Dv 1. Haca.—Publ. Sept. 18th, 1906.

7.—0n the Effect of Stress on Magnetization and its Re-
ciprocal Relations to the Change of Elastic Constants by
Magnetization. (/Vith & plates). DBy K. Honpa and T. TEraDps.
—Publ. Dec. 15th, 1906.

. 8 —0n Three New and Remarkable Species of Echiuroids.

(With 4 plates). By 1. Ikepa.—Publ. Nov. 12th, 1907.
9.—Mesozoic Plants from China. (/Vith 12 plates).
Yorovama.—Publ. Dec. 18th, 1906.
10.—Acoustical Investigation of the Japanese Bamboo Pipe,
Syakuhati. (WWith 3 plates). By I'. TErADA.—Publ., March 20th,
1907.

11.—On the Gastrulation in Petromyzon. (//":ith 3 plates). By
S. Harra.—Publ. Oct. 15th, 1907.

12.—The Fucacez of Japan. (/Vitl 18 plates).
—Publ. Oct. 15th, 1907.

By M.

By K. Yzexbo.

N L e

N ——————

PRINTED AT THE “ TOKYO TSUKIJI TYPE FOUNDRY.”



