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SPECIES OF THE GENUS SCHWAGERINA AND 
THEIR STRATIGRAPH IC SIGNIFICANCE' 

J. W. BEEDE AND H EDWIG T. KNTKER~ 

INTRODUCTION 

Species. of the genus Schwogerina occur in mo~t of the 
outcropping limestones formed in the open, connected, epi~ 
continental Rea~ ex igti ng at the time of the initiation of 
t he Pel'lnian fauna ann flora. 

They arc highly organ ized foraminife l'a, of large Rize, 
and they occupy a limited thicknes!i of rock!'.. They thus 
form nlitHlble hol'izon-mal'kers wherever they occur. 

The Schlc(lgerinm were differentiated from FU8l1linfl in 
a definite horizon in Amel'ic!\ and Europe, and existed for 
longet' 01' shOL'tcl' pel'iods. depending upon the stability of 
conditions in any particl1lar region. This differentiation 
of the simpler forms of Fw:mlina into Schu;ugainu in one 
linc; into Dnliolin({, followed b,\' NeosclwJUgeriua and 
SI/JJWfl'illa in nllothel' line; and t he giant Fusulinre as a 
continuation of the mai n stem of the genus, if; symbolic of 
changes initil1tl.!(\ contempol'aneously in the Brachiopoda, 
Pelec,\'po<la, Ammonoidea, Vertebrata, plant:::. and othe r 
fOl'ms of li fe which came Jater to characte ri ze the fauna and 
flol':!. of the Pel'mhm period, 

It is the purpose of this papel' to describe the known 
f.:pccics of the genus Sc!twa-gel'ina; to discuss their relation­
ships with the other Flisulinm; theil' distribution throughout 
the l\orthern Hemi~phel'e, and the analysis and cOl'relation 
of the faunas with which they are associated, 

lManuseript submitted fol' publication SC'pt., 1923, 
"The ~eniol' author I!' I'l'Sllonsible fOJ" aU conclusi.ons expr essed in 

this paper, Had it not been for the careful ~cholarly work of Miss 
Kniker, which made readily available the unwieldly mass of foreign 
litet'atul'e on th(' subject, this paper would not h:lYe been written. 

J, W, B. 
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No attempt will be made to revie\v all of the enormous 
mass of literature pertaining to the Questions that are here 
involved. In fact, the mere bibliography of it would require 
many closely printed pages, and only a brief critical review 
of i t would require much more space than this papcl' occu­
pies. Hence, the intention is merely to analyze and correlate 
as briefly as possible a few typical, but critical faunas, with­
in which all t he others of similar age fall; and, in the main, 
agree. 

If one wishes an introduction to the controversic:'I on the 
subject, a good idea of its nature may be obtained from a 
paper entitled "The Anthracolithic or Upper Palczoic 
Rocks of Kansas and Related Regions," by Prosser.3 

We wish to express our obligations to Dr. J. A. Udclen 
for his encouragement, his kindness in furnishing the 
facilities , and the time for the preparation of this paper; 
and to expre:;s our appreciation La Dr. Chnrles D. Walcott, 
sect:'etary of the Smithsoni:m Institution of Washington, 
D.C., and to Dr. David White, chief geologist of the United 
States Geological Survey, for data otherwise not available to 
us. We are also under obligation to :Professor James Perrin 
Smith of Leland Stanford Jnnior University, and to D,·. 
Bruce L. Clark of the Unive,'sity of California, fol' 
specimens from Shasta County, California. 

ANATOMICAL NOMENCLATURE 

Before proceeding with the description of species, it is 
necessary to define the anatomical terms necessaril~' llsed 
in differentiating the various parts of the test. While this 
anatomical nomenclature has been growing up in other 
languages, there has been no fuJI development of it in 
English. The following terms have been selected with a 
view to making them as simple as possible. For illustra­
t ions, see Plates I and II. 

SProsser, Chal'ies S., JO !/I"1W/ of Ce%.qy, XVIII. pp. 125- IGI, I!JIG. 
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Initial cllumba.-The ~phreroidal chamber, practically 
the ccnter of the orgRlligm, and inclosed in the tirst test of the 
individual, whether consisting of the sexual gencnttion, in 
which case it is small; or the divided form, in which case 
it is large.- Primoidea l ch:tmbel', proloculum, embryonic 
chamber, etc.; Cent'J"allw mmel', of the GermanR; loge init-iule, 
of the French. 

Tnnnel.-A \'elath-el.\· widc, low opening extending from 
the opening in the initial chamber to lhe outside of the 
last chamber of the test, in the equatol'iui zone where the 
septa fail to reach to the outer 'vall of the preceding whorl, 
uut do reach it on either Ride=MulId8pfl!te of Van Staff and 
others. 

Bnsat .c:keldon.-A dcposit of test material along the out­
sine of the innel' whorlR bOI"dering the tunnel. Nearly 
abRent in the Schwagerinas. Bas(tiskelett, of the Germans. 

Outer platc.-Th e more opaque outer layer of the teRt, 
Rometimes very th in. This plate iR bent inward to form 
the septum (meridional septum) which ~eparate~ the ~uc­
ceeding chambers us seen in cross-sect ion. The lame .<rpil'O.le 
imptl"/ol'ce of Deprat; DachlJl(ttt of the Germans. 

Accessory .~kdeton.-RevoI\'ing ribs like the basill skele­
ton but situated between it and the poles. Thi:. does not 
imply that the "basal skeleton" i:. "basal" in the sf:dct 
meaning of the term, ~incc it is nhsent in ROme fo)-ms, 
notably Sclllc(lfjel'hw,' nor does it imply that the othel' 
~pil'al rib:. are "acces!'\or.v," though they do Hppel~l- late .' 
in the hh:;tory of the Fw;ttlinill:E than rioes the basal skeleton. 

I I/lit/' pial e.-The inner wall of Fusulina, and ScJw.;U.U­
el'll/(I, etc., but llol of (;It·tyin(l. nor Pu;wlillclla. This plate, 
sometime); rC(C1Tt!d to as the pCI"/l)l"atc 1)iate, since it has 
the appe;-H";lllce of being pCl'forah~, lies against thti! lower 
side of the outer wall and forms the roof of the chambers. 
In some Asiatic Fltsulin.:.e, it also extends along the whole 
inner s ide of the septum ..... J/USchtit- u.;ak, 01' Wcben-werk 
of thc German,.;; )'h;t>lIu (lit"(:olai1't;, or hone 8pirule per/odie, 
of the French. 
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Septum.-The incurved purt of the outer wall which 
forms the anterior Bide wa ll of the chambers, and when 
first fOl'med is a cu r tain or w~li l ru nni ng the length of t he 
test, protecting the sarcode of the last chamber. In each 
succeeding chamber t he outer plate is united to the outer 
plate of the preceding one at the point where i t tu rned 
in to form the last septum. This ullion forms a slight 
depression lengthwise of the test. Cloiso1t of the French; 
Septen of the Gel'nutns . 

. 4.x-ial zonp-.-A region occu pying a smalle r 01' lal'gel' PUl't 
of the test extending to either pole from the initial chamber. 
This zone is composed of anm;tomosing folded !;cpta, form­
ing <l more or less complicated mass of cavit ies and walls 
of varying complexity and form in different specie~. (W~tllt­

ing in the Doliolina-Sumnll"ina success ion.) Filet c/oi.wJlI8 
of the French. 

A xial uction.-A section cut ting both poles and the 
initial chambel'. Longitudinal section; meridional !'iection 
of the French; A."dalsclllliU, 1ue<l.ianel' Lwngsschnitt, etc. , 
of the Germans. 

C1·o'<'".'I-Section.-Section in the p1<lI1e of the equatol'iat 
diameLer passing through the initial chamber . TnlnS\'erse 
section ; sagitta l f-:f.>ction, etc. Met/ianer QUC1'.<;c/lJlltt, 1IIe­
(Hale)' Sagittfllsclmitt. d c., of the Gel'mnns : sectioJl. l/'{l.lIs­
'/,'('1'8([/f~ Clm(1'ec Qf the French . 

E:t:c€1/tl'ic scctiml.-Sect ion parallel to the cI'oss-section, 
but lying between it and the poleR. 

Tan.qential sectioll.-A section parallel to the axial sec­
tion, usually near t he Ollte!" marg in of the test. 

Dia(Jonal sectio'll.-Any section not an axial, cross-, or 
tangential section. 

CRITICAL DISCUSSION OF THE GENUS 
SCHWAGERINA S. S. 

ORDER, FORAMINIFERA 
Family: N ummuliticlre 

Sub-family : Fusulininre 
Genus: SCHWAGERI N A Mreller 

BQl'elis Ehrenberg. Mierogeoiogie, Leipzig. Tab. XXXVII, Xc, 
fi gs. 1-4, 1854. 
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S('h1('fty{'l'illII lIfrellcr. Nl.!ues .Jah .-b., 1877, pp. 143- 1-14, Mem. 
!'Acau. imp. de~ Scien. (Ie S L Petcd}()ul"g, 
VIl ser., tome XXV, P[l. 6!l-'i l , IB7B. 

SChWKgt'l". ClI.rboniferischl! FOl"llminiferen 
aUli China \lnu .Japan. Richthofcn'l' China, 
IV, rp. 12!.l- 1:12, 1883. 

Schell wien, I·'uuna des KUl"nischcn Fusu linen­
kalks. Palul'ontogrHjlhica, XXXIX. p. 257, 
18!l2. 

Staff und We(]ekin(l, Del' oberkarbone Fora­
minifCl"cnsapl'ojlelit SI)it7.bm·.R"l!nS, rp. 82-
n~:I, PI. II- IV, I!JI.)!l. 

JlfJ!/Icr'R ricIlCriptil))l.-Tcst caiCllt'eoll~ , frec, equilateral. ~Jlhedcal 

Or !;lightl~· clongatcll tralls\"cr~d~', anti eonlSisting of a Ilumb!!t· of 
spirni::; nncl compietuiy involutc volutions, of whith only the III~t <till' is 
visible f!"OJIl the outside. In~iclp divided into thin lamella wh ich ;Ire 
simpl!:' without ~howin.R" thl! wrinkling- peculiar to the preceding- .R"('nus 
O'ww/il!fI) ; only when ther f1Plll'oaeh the axis of the volutionll they 
~uddcn[y lIPI)ellt· wUlie_like and ~ U"unA:I~' b-ent, hrandL and ana:<t"mo,;e 
at the same time in the most "iniet! nlfltltWr, ~o that often SOlllC of 
tbe cell~' originate alung the IIxis. In height the sellta at'e sLrfliJ;ht 
0)" J<()m('witat eut"ved a nt! usually mlLke an acute IIngl!' wi t h the nuter 
shell Willi . TI)('h' un ion with the .«hell wall talws place in a I>imilal" 
fashion a~ in the ]lrcce,iing- ~enl1l;; Ihut j~ . caeh Se]ltuLll h \wdgcd 
in betwcen the outCl" walls of two adjoining chfllllbel"~ and unites 
with the lIute!" la~'I'I' of the shell WILli. At theil" lowet' mlH"J..:in~ the 
septa an! suppliell with s{'"m i-lltnal', low. lIlt'Li illn oj)l!ni ng;; whcreas 
t l;ere is U~lIu1J~' a siLnilar opening in t}lI~ \1'1111 of Ih(' test. Chllillhel"s 
~i!l\llle without secondary divisi,)lls , and I\~ II result of the s nlall 
thickness of the septa, rullLe l' room}'; hut the elliptical ee\lb',,1 chanl_ 
bet" i!' \I .~lIn n}, I'Llwl1. The inrulling of the ~ hell cunow:> a cycloccrttric 
and lit the ~ame titlle entocentric pliospinli. The shell wall is thill 
and Jlunct ured b~' pure canals which have a rcry small c!inmctel' and 
nre sel'at";\led from (Oach othel" by evcn smnl1t>\· il1t(>t·\'al~. The :'Iurface 
is covered with re.c;uhu· longitudinal fUl"l"ow~ which at'e !'.olnctimes bent 
s[ i.R"htl~·, and each COITe~]londs to UII interior septum. In AT')WIl forms 
the :o;hell is closed a~ a result of till' tl"nn~iti\lli fr'nln the ~[l h'al to 
n cenlric 1"011. 

The genus has been revised hy the authors cited above in 
each instance, and it has finally been restricted so that the 
following br ief diagnosis will distingu ish it from all other 
Foraminifera. 

"'Cel l is used in the common sense of the te r m, an enclosed ~pace. 
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GeneJ'ic diagnosis .-Tests imperforate, like those of 
Fusulina, but with four much more distinct growth stages 
which are as follows: 

1. The lIepionic stage, represented by the initial cham­
ber. 

2. The neanic, or F '/./,sufina stage, the youthful portion of 
the test exhibiting phylogenetic characters. It may he 
subdivided into two sub-stages, the first three ot' fOUl' 

rather irregular chambers constituting the fir,.t part o( 
this stage. 

3. The ephebic, or adult stage, characterized by the in­
flated portion of the test which is very loose ly wound with 
high septal chamber», septa very thin, long, and remotely 
spaced, while the walls of these volutions are thin. 

4. The gerontic, or senile stage, where the whorls I'evert 
to the characteristics of the earlier part of the shell, in 
which it is more closely wound with cyclic volutions, thicker 
walls and septa, lower and narrower septal chambers, 

These growth stages were described as such by Schellwien, 
phylogentic characters assigned to them, and the second 
stage was referred to preyiously by Mrellel' as the "Fu::;ulina 
stage," 

The individuals are much more highly inflated thRn the 
FusuJinas. though a few species of the latter genus are more 
rotund in outer appearance than the longer species of 
Sclnvagcrina., but lack the inflated ephebic stage and thin 
walls, Transitional forms connecting the species of the two 
genera are found, notably F. j U8ulinohlcs Schellwien from 
the Cal'nic Alps, and also found in the Hueco Mountains of 
West Texas, 

Occu./Tcncc.-Schwagel'i na limestone of the Urals and 
its equivalents in Eurasia and North Amel'ica. In some 
instances persists well up into the Artinskian (above the 
Artinskian ammonoid horizon) as indiCated by its occur­
rence in the Sicilian and Yun Nan Permian deposits. 

Two groups of species belonging to the genus Schwag­
edna. as nOW understood, possess different types of fusulini . 
form growth stages, and it is possible that the genus as it 
is at present defined, is (liphyletic in the sense that each 
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group may have been derived from a different ancestral 
type of FI("~I/Ii1i«, though the final conclU!'lion of the matler 
awa its the deta iled cietel'minntion of the actual anccst ral 
species of one of the groups. 

A number of groups of closely related foraminifel'a have 
been rcferred to Sch1vagcrina, but have since been sepa· 
rated from it. Ther are: DoliQH'IIa , Vabeckina, Yalleinfl, 
Nc()·Schll;a[1C1·i1la. and Su/)/a.h·iu(I. The fil'st men tioned 
genllS is the oldest known form. The:.' OCCllr near the close 
of the Pennsylvanian and the hasal Permian and the other 
genera follo\ .... in regu lnl' succession to t he U)lper Permian. 

Lately Deprat again refe r red the genus V er/'cekinct to 
Sc/w:a.{/(,l·illa, first as n subgenus and later the species of 
Vcrbeckhut were referred to SCh1IXlf/e1'ina s. 51." 

Tn the light of the work which had preceded him, it is 
very difficult to !'\ee why this should be done. That he 
clearly recognized the fllnd<lmental difference between the 
two groups of shells is ~hown in his description of 
S. ((1//cu/nei, in which he li !'\ts the cha racters of the two 
groups, naming the five specie!'\ of Scitwagc"iuct s. s. then 
known to him as "fOl'ms elongated in youth"; t hat is. \\lith 
axially elongated neanic stages ; and the three known :;pecies 
of Ve/'bcckinu as "forms transverse in youth," or having 
the axial diameter of the neanic stage shorter than the 
equatorial, or transverse, diameter. 

In addition to these characters, the inflated ephebic !'\tage 
is wanting and the septal graph s hows a very different 
cun·e. 

While these differences, wh ich hold for a ll the species 
of each of the two groups, <Ire not all that can be pointed 
out. they are !'\ufficicnt to show that the two groups ,al'C 

different enough both ontogenetically and s lructurally, to 
constitute two disti nct genera. These differences m<ly be 
recognized by comparing the figure!'\ of Sc/t-wogcrina with 
that of F a('cekhw on the plutes. 

Moreove r, in his diagrammatic figures, showing thc 

'·Depl'nt. In fout· mCtllOil'g in !'.I(,m. de S~rv. Gcolog-ique de l'ImJo­
Chine. Vol~. I- IV , 191'2-H115. 
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chal'acteristic shell structure of the different genera, or 
sub-genera as they are classed, Deprat ~hows Schwagedna 
as having the inner plate extending down the septum. His 
figure is here reproduced (Plate V, Fig. 6). As a matter 
of fact , no such structu re is known from European 0 1' 

American species of Schwage1"ina s. s. If the Asiatic species 
have stich charactcl"S-they are not c1ead y shown in 
Deprat's plates-they must be referred to a stl'ucturally 
dHrerent sub-genus. 

However, it is true that in the geron tic stage near the 
end of the last whorl, the outer plate sometimes bends in­
ward very feebly and uncertainly to form one of the last 
septa, and in this feeble bending the inner plate j ::. continued 
out f<llther than usual. Sometimes, in a last mlly of the 
vitali ty of the individual, another chamber or two is added 
to the test. In this case the outer plate of the added wall 
may uni te with that of the preced ing chumoer neal' where 
the first sligh t inflexion occurred, with the resu lt that an ex­
tens ion of the inner plate of this antecedent chamber 
projects along t he ~eptum beyond the junction of the outer 
pla te of the succeeding cham ber. 

Still another instance in \\'hich this phenomenon may 
be seen is in the c'lse of accic\ental injury of the test of 
an individua l, in which the inner plate is developed a little 
distance down the septum. However, in no knowll case of all 
the specimens sectioned, nor ill any of the figures that ha\'e 
been used in their reproduction. is there any basis in fact 
warrantillg Depl'at's interpretation of the :;eptal st ructure 
of Schwage1'inn s. s., un less it be his Asiatic species. This 
is illustrated in the plates of Ollr species as we!! as in the 
reproduction of the figures of the European species. 

Another confus ing thing in Depl'at's work was the de­
scription of "Sc/zwage'l'ina 1l1'isca." fl'om the lower Mos­
covian, far below any p l'ev iollsly known horizon containing 
species of Scl/wagel"ina s. s. Th is species has few, if any, 
of the characteristics of Schwagel'ina. s. s ., aside from its 
external fo rm, which comports well with the typical species 
of the genus, hav ing the rat io of diameter to length of 1 :1.3. 
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However, its simila rity to Schwage1'ina stops with this 
character, if we a l'e to judge f rom Depra t'~ diagrammatic 
figure (Fig. 4, p. 10, 1912) and the photographs of ;;;ections 
of it ;;;hown on the plate, as well as by hi~ de;;;cl"iption. The 
septa are thick and straight rather t han th in and slight ly 
flexuou s. The inner plate extends two~thirds the distance 
to the ext l'emity of each septum instead of being confined 
to the top of t he chamber. There are not more than three 
instead of fonr stages of gl'owth disccmable; the form of 
the nean ic stage i~ not typical. as it is mnch more nea rly 
globu lar than in IIny known ;;;pecies of SchwarJ1win(t. Fig~ 

ures 10 and 11 show n well defined basal skeleton on either 
side of an e<lually well defined t unnel, which agrees with 
Fwmlinn, but not with Schwage1'ina, 

In other wordR, "Schwar/e1'ina pl'i:'lCa" Deprat possesses 
the critical chm'ucter of a Fu.<;uUna instead of a Sckwafl~ 
erilw. Two of Dcprut's figures are reproduced to show the 
characters of this remarkable species. As he sugge:-;ts, this 
species may he the ancestor of the whole group of Doliolina;;; . 
but he is probably in error in ('onc)uding that it i!~ the an~ 
cestol" of SCh1Va[l(wi1ut s, ~., for t he latter is already fa il'ly 
well known, Hnrl is of very different character. Since th is 
species is very different f rom Fwmlina 1wisca Schellwien, 
the name F 1t8Ulina depmti n. n. is proposed fOl' "SCh1V(/!/~ 
erina pri!?ca .. " 

The elimination of thil-; species from the Schwagerinas 
leaves the latter beginning with No. 13 of Deprat's Yun~Nan 
section, which he refers to the Uralian. and which Frech 
referred to th ~ lower Dyas. 

DESCRIPTION OF SPECIES 

SCHWAGERIN A PRINCEPS (Eh1·enberg) Mrelle1· 

P lates 1:111: V. Figs, 5- 8:5- 7, £1 :6, 
B(lrt'i i~ jJl'illCfp.q Ehrenberg, Bcr ichte tier Kll'nigl. Preuss. Akail. del' 

Wissen zu Berlin . p, 274, 1842, 
Mikrugeologie Tau, XXXV II, X, C, figs. 1-4. 

1854. 
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Sr.hwagerilza pl'jllCe,J8 Medler, Die spiral gewundenen 
des russichcn Kohlcnknlk!>. 

F omminifel'en 
Mem. l' Akad. 

des Sciences, Sl. Petc l"sboul'g, XXV, No.9, 
p. 71, PI. IX, la, b. 1878. 

Sehwagu , Carboniferische FOl'nminifel'en aus 
China und Jupan, Richthofen's China, 1\", 
p. 132, tnf. XVII , figs. 1- 8, 1883. 

Sche!lwicn, Fauna de!> Kal'nischen Fusulinen­
kalks, Palaeontographica, pp. 258- 259, taf. 
XX I , figs 5-7,!l; XXII , figs. 4-7,1892. 

S taff, Die Anatomic und Physiologic del' 
Fusulinen. Zoologies, XXII ( p. 56, 1910. 
Beitrage lUI' Kenntnis5 del' FU5uiiniden, 
Jahl'llUch fUI' ilfin. GL'QI. und Pal., Beilage 
Band XXVII , pp . 466, 467, 473, HI09. 

Deprat, Fusulinidc5 du J al)On, dc Chine et 
l' l ndo-Chille, et clasliif\cution des calcaires 
a F Uliulines, MI!Jn. I, p. 38, f. 22; PI. I. 
fr. 1, 3; 1).40, f. 1, la, 1912. 

Medler's des("ri}ltion~-She!l not completelr spherical but d rawn 
oul slightly tl"ansversely, pointed distinctly at both ends. In itial 
chamber ~lHpsoiu al but very small, so that the diameter of its median 
c ross-section is oll ly a fortieth or even smaller fraction of that of 
the whole test. T he form of lhis chamber ill young individuals calls 
for an elongated spindle-shaped shell which assumes only gJ"aduaUy 
a more nearly globui::Jr form. The opening of thl! in itia l chambct· is 
l'cintivciy large and its diametet· represents about one-thi rd the 
diameter of the chamber. The development of the \'olut iolls takes 
place after a cycloccntric- diplo- (if not t riJ)lo-) centl'jc spiral whose 
inner part, embr acing nbuut live voiutiollS, l'e]ll'csents a logarithmic 
spiral with quotients equal to 2, but the outer par t which consists 
of only two 01' three vulutillflS, l'l;!IJl'esents Ii conchospiral with quo­
tients of l.35. It is closed by 1\ cyclic volut ion. Therefore, in older 
indiviuuab the nUlllber of spiral wtllls amounts to seven 01' eight , of 
which the outcr one contains thirty to thirty-five SCllta. The septa 
are straight or somewhat bent and ar e suppl ied with a low median 
opening whose breadth amounts to :! twelfth to a fifth purt of the 
whole bt'chdth of the volution5, but the height hu~ ... smaller 
dimensions. The axial zone is well rCjJn~sentcd. The shell walh 
range up to 0.125 i1l1ll. in thickness, but the septa are not more 
t han 0.05 mm. thick. The porc canals in the outcl'most whorls attain 
a diameter of 0.012 a nd arc sepa l'a ted by distances of approximately 
0.01 mm . The surface is covcrcd with longitudinal fUlTows uistantly 
separ ated which are bent somewhat antel'iody in the lllidule of the 
shell. 1t reaches a size of G mm. in length and 5 mill. in uiameter. 
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?lHELLER'S STATI~TlCS 

NUll1hcr o! Diameter L en li::th Ratio Numher of Diull1del' 
volu.tion \'olulion volutioll chambcl's of initial 

chamber 
1 1. mm. 2 mm . 1:2 " 2 ,. , 1: 1.~3 " 3 4.5 5 1 : 1.22 16 
4 r). 6 1 :1.2 22 0.1 mm. 
5 26 

The section is slightly excentric; and the data corre-
1'1)ondingiy inaccurate. Schellwien's figures show the 
following statistic!'; f O I" specimens desc ribed it'om the Carnic 
Alps : 

Volution Chambera Length Diameter initial 
Chamber 

1 10 .1 .025 111m . 
2 14 . 17;' 
3 15 .55 
4 14 1.55 
5 10 3.D7 

" whorl 6 11 

Stn ff gives the cri tical ratios fOI" S. 1)/' i1LCe l)15 a, 1 :1.2 
to 1 :1.3. 

It appears t hat Schellwien's Rection is not quite truly 
axial which shortens the polar diameter to a Riiglit extent. 
Th is is quite apparent if Figure 9 is compared with Figure 
6 of hi s plate (XXI). 

Staff's cross-section of "S. 'In-incel)s" on page 56 of his 
A llatmnje und Physinfogie de?' Fusulinen is in all probability 
taken from a specimen belonging to a different species from 
that figul"ed by Schellwien, or t he ones used as ty pes by 
Mrellel'. There appea r to be three 01' four closely wound 
volutions with t he whole test much more closely knit than 
the other figures of specimens 1'efel'l'ed to this species . 

The diameters of the whorls as shown in Schwager 's 
cross-sectionr. are as follows : 

G0 1). cit., TaL XVII, f. 2, 3. 
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Whol"! 1 .082 mm . 
2 . 16 
3 . 28 
4 2.85 
5 3.78 
G 4.43 
7 5.78 
8 3.15 

I nflation begins gradually with volution 2% . 
MeuSllrement,; frOIll who!"! ,I takcn. fl'()n1 

Fig. 2. 

(G.3') 

It is clearly shown by Schwager's drawings that the axial 
section ::.hown in Figures 1 and 3 of the Rame pi<lte arc not 
through the center of the test and that the initial chamber 
is not shown. As a COnSC(IUenCe the :;tatistics of this tan ­
gential section s how nearly the reven;e of what the actual 
conditions must be. It would be impossible to get any s uch 
cro~s-sections as shown in Figures 2 and 4 from an organ­
ism constructed in any such manner as illustrated in Figures 
1 and 3. Figure 1 has been l'eproduced by Fl'ech and by 
Staff.~ 

The section shown by Staffu as a slide from Mreller from 
the limestone of Bjelaja is not a typical S. princel)S. It may 
possibly be either S. y((bei or an allied species. 

One is, perhaps wrongly, led to the conclusion that the 
subspherical Schwuger inas have been !'ather inoiscrimi­
nately referred to S. 1J1·inceps. WhHt seems to be needed is 
to make careful collections of the European representatives 
of these fossils, bed by bed, from accurately measured sec­
tions, and to have large numbers of them sectioned and 
carefully compared; those from distant regions being 
t reated similarly. Schellwien did this in the Carnic Alps. 
Deprat has done this to a ve!'y great extent for the 
South China and Indo-China depo::;its, with very remarkable 
and valuable results. HI 

' Laethlle Paleozoica, n , p. 288. 
"Die Anatomie u. Phy.!doiogie d. Fusuiinl!n, p. GO, f. 4!J. 
"Beitl'iigc 7.UI' Keuntni~s der Fusulincn, p. 466; Di Anatulllie u. 

Ph~'si()log i e del' Fusulinen, p. 56. 
' ~ Dcprat. J., Etude eUlllpal'utive des Fusulini<ies d'Akasaku (J a pon) 

et des Fusulinides de Ch ine et d'lndo-Chine. Mem. uu Serv. G':'{II. de 
l'lndu-Chinej and othel' s imilar titles found in Voh;. I II and IV, 1912-

1915. 
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Hm'i;:(m a.nd localitil's.- l\1ccller'" !'\ectioncd Rpecimens 
which shou ld he comddercd the types, came from "dem 
oheren Kohlenkalk von del' Muenduog des Bjehl jCl-FI., 
zlifluss dCl' Indign im Timengebirge" (Russia). It is the 
char:lcterist ic f ORsii of the Schwagerina limel'itone of eastern 
E uropean Russia, whel'C it also occurs in the lowe r Artinsk. 
It is l'epol'ted from bed" of t he same horizon in t he Doncz 
Basin, po:;sibly f!"Om Crimea. hom the Carnic Alps, in the 
upper Trogkofel bcd.:;" fl'om the "C:u'boniferous" in See­
Tai-hu. Tchc-Mo, Mi-Leu, and Yun-Nan in China, and from 
Bali Mannen in P ers ia, etc . These occurrence!> will be 
I'edewed in the di sc1l5s ion of the di stribution of the 
Schwagerina beds. 

SCHWAGERINA ROBUSTA (Meek) Mreller 

Plate!; I V, VIII. Fig.~. 1-5:2. 

FZl811Iin(~ rob/Isla Meek, Geol. S UI·V. Cal., Ptll., J. pp. :I, 4, PI. II, 
fr. 3, 3a-e, 1RG 4. 

Bardot de Manry, Goologisehe Reise in den 
niirrllichen Provin;\~n /les cUl"Opiii ~chcn 

Russiands, K. Ru ss. Mineral. Gt's('ll . 2te 
sel'. , III Band, S. 239, 1868. 

Bl"a/I~·. Fossil fo ram inife ra from S umatra. 
Geo!. Mag., Dccade II, Vol. II, p. 5a8, 1875. 

Stuckcnbc!'g, Be richt ueber eine Itci1'.c in 
dl"'~ l)ctshnraiaml u. dus Timanj!"('hir·gc. 
Beitriig e zur Geologie Russlands, K. Russ. 
Minera l. Gesell., VI , p. lOa, 1875. 

Sclll11(~yeril!/' princeps? l\Iedlcl", Die spir uIgewunocnen Foruminiferen 
des russisehen Knhlenkalks, Mem. I' Aknd. 
dc.~ Scienccs, St. l'ctcrsuollrg, ith lier., Tome 
XXV, No. !), p . 71 , "PI. IX, fig. la-h, 18i8. 

Schwag('I", Carbonifl:!r'ische FOl"lIminifcren tlUS 
China und J apan, I). 1:12, PI. XV I, figs. Hi, 
16 ; PI. XVII , figs. l - R, l R83. 

Stulf, Ui e Jo'usulincn (Schc\lwitmen ) Nord­
II mc !'i kas, Plrlacoutogruphicn, LTX, p. 185, 
I!JI2. 

No free specimens of this spccie~ are at hand, and speci­
mens have to be sectioned in the matrix which makes 
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carefully orient<lted sect ions difficult to obtain. Meek's 
description of the cxtemal fcalm'es of the shell is : 

"Shell oval-slI uglobose, the l Ongel' diamete r being to the 
shorter as 26 to 20. Surface with longitudinal, linea l', 
slightly impressed flll'l'ows, plhced at regular intel'\'al", one 
ove r each septum and extend big from end to end,-becom. 
ing a little twisted as they approach the exU'cm it ies. 
Volutions five or s ix, the last or Ollter one being usually less 
conspicuous than one or two of those immedhitcly within . 
. . . . Greatest lengt h of one of the largest ~pecimens, 0.4 
inch; breadth of same, 0.32 inch. AverHge s ize, about one­
four th less. 

Whorl No. 

STAT ISTICS OF TWO CROSS· SECTIONS 

2 
3 
4 
5 

Number of 
Septal chamber s of 2 speci mens 

11 12? 
20 
23+ 
15 loose 
20 

12 loose 
12 loose 
21 
31 

6 broken away 

Diameter of 
initial 

chamber 

.3 Ill]\} . 

No section was obtained su fficientl ~' close to the axis to 
affol·d statistics of value. Sections at hand show it to be 
somewhat more elongate than S. /n'iJ1cep.s, and wh ile t here 
is very cOll siderable variation in the size of the ini tial cham· 
bel', yet the smallest one seen is very much larger than that 
of S . 1winccps ; and the largest still very much larger. The 
one figu red by Staff has a ]'elatively small chamber, but t he 
entire first whorl of S. 1l1'incep8 could easily be placed within 
il. " The difference:; between the species are sufficient to 
prevent confusion in dealing with them. 

There are probably two species, 01' even three of them, 
p resent in the rocks at Bass'~ Ranch, California, onc of 
which is apparently quite different from the other . The 
more elongate fo rm appears more like S. kansasellsis, but 
OU I' materia l is too li mited to permit of fina l determination 

II Beitriigc ZUI' Kcnntnis~ del' F'ulluliniden. N~ues JuJu'ouch, Beilage 
Band XXVII , PI. VII. f. 4, ]!)O!J. 
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of the species. The initia l ch<lmber~ of t he two spec iefl are 
too diffcrent-without heing dimorphic fom1!~ of the same 
species-to permit of their reference to one species. 

HO'rizon and locality.-SchwRgerina limcstone, Bass's 
Ranch, Shasta Coun ty, California. Specimens were fur­
ni shed by Dr. Jame~ Penin Smith and Dr. Bruce L. Clark. 

S(:HWAGPsRINA FUSULINOJDES Schellwie-n 

Plates l:ll1 :V II. Figs, 4:1-4, 8: 1- 3. 

Srhl(l(I!}CI';IW /IfMfiiw>idt'K Schellw ien, Die Fnuml Jes karni!lchen 
Fusulin(ll1 ku l k~, Palneontogl'aphica, XXXIX, 
pp. 2;,!'I- 2GO, Tal. XXI , fig~. 1-4,8. 1892. 

StafT, BeitruJ!'e 7,UI' Kenntniss del' Fusulinidcn, 
Jahrb. f. Min. Geo\. u. PaL, Beilage Band 
XXV II , p. 467. PI. VIII, figs. 11 , 12, 1909. 

Scll ellwiell'S de~criJltil>lI.-The fo r m in hand is most closely related 
to the Fu su lina~ of all the Schwagcrinas now known. 

F'H·m.-Spiudle-shaped ; from the infi atl'n middle it slopes sym­
metrically to t he distinctly pointed end~, which are moderately 
twisted. The su rface is covered with shallow longitudinal fur rows 
which are bent towa rd the front in the middle of the shell. Tht) 
dilllem;ions of the differcnt individuals vRry considerably in thc ~ame 
growth s tage. Most sJlecimens are aoout :1 111111. in diameter and 
(i 111111. bl·O[l(.l, bu t I;ome shells occur which have u height of nearly 
4 m ln. oml 0 length of \l.5 111m. The n!ialion of height to lenJ!'th is, 
us u rule, 1:2, bu t vories with thl! individ\lllls measured fro111 1 :1.8 to 
1 :2.8. The ~]Jir111 of Oll l" forlll vories <ll.';() in thl! hcight~ of t hl! 
\'OIU tiO ll!; ill ditfcl"eut shells, ;<0 thal it is not {le~ll1ed necessary to stute 
the heiJ!'ht of the middle whods. As in Sc/iw(!ucl"ina In'il/ce/)>!, it is 
also characterized by the close winding of the first few \'olutions, 
the abl'ujlt inflation of the middle whorls, and the small increasc in 
the last whorls; howl',"!:!", not in the ~ame dl!gree as the Cal'n ic S. 
1)riHcl'IM shows thelll. The initial ehumber is regularly spherical ami 
l'e l flth'el~' larJ!'e. It reaches a Jiumetel' of 0.25 111m. The scpta , whose 
formation hikes place in the sume way as in F IIKllliJw, AI'e ... hol't and 
thick in the first whol'is, then t hey become as thin as in S. 1J)'i llcc p ><, 

so that they are SOOlething like 0.02 mill. in thickness, while in the 
last whorls they ;lg'ain show a thickncss of 0.07. T hcy a l'e always 
more 01' le~s bent antf'riol'1y. In thc middle part of thc shell thcy 
nH'el' ex~e\1I1 tu the flOo'I·. Not rlI1"l' !Y thickenings of t he septa are 
found , eSllecinlly in the last \·olutions. The number of the scpta is, 
on the average, in the sec,md to thc !<ixth \'oiutions: 14,14,16, l!1 , 25. 
The scpta lire bent bac\; nnd forth cons iderably more than in a ll 
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other Schwu/!,crinfls; however, this flutin/!, does not reach the slime 
dc~n'l) as in the t ru lJ Fusulinas nncl it especially docs not reach ."0 

hi/!,h ur on the septum. The II€velopmen t of the structure in the 
axial 7.one is qllite 8tl'Oll/!,. The lurgcst number of \'olut ion5 Obscl'ved 
was G.G. The thicknt's~ of thE' w./\l1s \'ftl'i('~ I c~s thnll in S. lJ!'i"('(',,.~. 

It reached in the thinl \'olution aoout 0.05 1ll1ll .: in the ~ixth. on the 
OthCl' hand, 0.11 und 0.12 mm. The pores arc developed as in S. 
princcp.~. The tunnel CRn be easily recognized, especially in the 
younger volutions, while in the Illle)' whorls it is a t times not clear. 
Whe!'(> i t is clear in thii< region, it takes lip elM;c to h:1if the chamber 
height. 

OCCII 'rl'cl1ce.-Up;p;owcitz<, breccins in the red and grayish-black 
pieces with Fmmlin« I'II1<illa Iilling' thc rock completely. 

Affi,ll itil's.- Schl(lI1gCrillu, fllxltlin"id(!~ stand~ in c10scst J'e lationship 
to S, fusiform,if'. Krotow. It i~ too bad that the illustr ations given by 
Krotow are not very plain and do nol represent any ll'ansverse sec­
tion !iO that a comparison of both fonn!i does not al'l'ive at precisely 
the sallIe results, Likewise, it is quite pos!<ible that examples will 
soon to be found which will prove that the Ural type possesses a great 
<leg-I'e{! of vllriation, and that it includes forms thnt do not justify the 
erect ion of a separate species for the CUI'nle Schwaflc,·iJla, According 
to the material at hand, which is very rich in so !al' as the Cal'nic 
form is concerned, there exists a decisive diffel'ence in the dimensions 
of the shell, In the examples of S, iu~ifwlni.~ measured by Kt"ot()w the 
ratio of the height to the length varies between 1 :1.4 and 1: 1.17; 
in S. f UBlilinoides, on the other hand, between 1:1.1 8 and 1:2.8, The 
latter is therefore very much longer, A second diffen::mce l'cst~ 011 the 
diffcrent conditions of the growth stages in S. fUfJiformis, According 
to Krotow, the youthful specimens appear more druwn oul lengthwise 
than the older on!!s. In S, illfJlIlhwidcl< then! cxisl~, us in Lhe true 
FU5ulinas a reversed relaion of the you thfu l volutions, However, we 
have in S, ill8ulinoi(leR u form which appears as R typical transition 
fO l'm between th(l FU5ulinas lind t ile Schwagerinus, and stands even in 
a closer relationship to the Fusulinns thnll the Urulic S. iI!8ifonl!i~, 
which is closer to the group of t ~"pieul S, In'illcepl<, One cun debate 
with respect. to the Carnic form whether one should rdel' it to the 
Fusulinus or the Sehwagerinus, The long-druwn.out forlll, the large 
central chamber, the fluting of the septa which ne\'e l· reach the floor 
in the median zOlle of these, arc characteristics which belong to the 
Fusu lin as, while the grelltly changing mode of im'olling, the partly 
very thin sepla, and the mode of septlil fluting do not reach th!! 
degree found in the true Fusulinas, and demonstrate a connection 
with the sub-genus Scl!waycrina . 

Our specimens agree very well in most re:>I)ects with 
those de!;criiJed by Schell wi en, except thl.lt OUl'!; .show the 
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dimorphism of alternate generations. On the whole, the 
initial chambers of all OUt' specimen~ are about the !\ame 
size as those from the Carnic Alps. fn size, ou r specimens 
reach as high as 4.6 mm. by 9.9 mm., and t he ratio val'ies 
f rom 1 :2.15 to 1 :2.8, the same as the external dimens ions 
of the Carnic Alps specimens. 

Statistics of specimens from the H ueco Mountains follow: 

Whorl 

No. 1 
No.2 
No.3 
No.4 
No. 5 

WhOI'1 
No.1 

No.2 

No.3 

No. " 
No.5 

INTERSEPTAL SP ACES P ER WHORL 

- --- Specimen'----

No. 1 
11 
17 
21 
23 
28 

.051 

.24 

.47 

.20 

No.2 No.3 Average 
11.5 l' 12 
l' 17 17 
2. 10 19 
2' 27 23 
28 ± :l2 ± " 

HEIGHT OF CHAMBERS 

. 027mm. 

.lI5 

.6:1 

•• .32 

.057mm . 

.057 

.288 

.288 

.22 

Thickness 
;0 mill. 

test 
.()(i;j 

.082 

.082 

.01:12 

.11 

inflation be­
gins at 2.5 

uncertain 
i n flalion 
begins at 
2.25 

Another specimen furnishes the following data : 

SPECIME N NO. 20 

Whorl Chambers per whorl Height of chumbers in mm. 
No.1 15 ± .058 
No.2 2. .087 
No.3 24 .35 to .S!) 
No. 4 21 .02 
No.5 " .35 
No. G 41)+ .35 
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Specimen 

No. 1 
No. 2 
No. 3 
No. , 
No. S 
No. S 

University of Texas Bulletin 

Diameter 
of initial 
chamber in mm. 

.147 

.23 

.23 
1.92 
.27 Range, fl'0l11 .147, 1l1icl'osph~dc fOl'lIl, to 1.92, 

the megalospheric form. 

MEASUREMENTS OF AXIAL SECTIONS IN MM. 

Diameter ini tial 
Whorl Diameter Length Ratio chamber 
No.1 .58 1.66 1 :2 .27 
No. 2 .97 2.69 1 :2.66 Wall thicknf:!ss .085 
No.3 3.23 6.92 1:2.14 
No. 4 3.42 tI.G1 1 :2.81 

Tot..allength 10 :84; rat io approuches 1 :3. 

SPECIMEN NO. 17 

Whorl Diameter Length Ratio Diametel' initial cham-
No.1 .1' 1 :0.38 bel' .fl::! 
No.2 .85 1: 1.71 Thickness of wall .089 
No.3 1.62 1:1.31 Inflation begins at 
No.4 2.44 1 :1.03 who)'1 3 
No.5 3.07 1 :0.87 
No.6 4.90 1 :2. 58 
No. 6.5 4.60 1 :2.5!:/ 

The variability of t he accompanying figure!:\ is to be 
accounted for by the fact that the species grades into the 
Fusulinafi on the one hand and into Schwag erilta on the 
other. 

In many cases when the more slender specimens of almm;t 
precisely the same external appearance are selected to be 
sectioned, one transversely and the other axially, to be 
mounted on the Rame slide for comparison, one proves to 
be a Schwagerina and the other a Fusulina. However, once 
sectioned, there is usually little difficulty in detcrmining to 
which genus each belongs, though occasionall~' they run 
vcry closely together. In this respect the relation is no closer 
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to F usufilla than iR the caRe in the specimens f rom the 
Carnic AlpR. It is ~ protean species. Some of our sections 
[u'e 11lmost perfect duplicates of Schell w i en's sections from 
the beds of the CHmic, or Eastem Alps. 

It is not improbable that Figure 8 on Plnte XXI of Schell­
wien's illust rations represents an immature spec imen of 
S. ~aldeni n. sp. 

Hnrizon and locflHty.-Beds above the unconfo r mity 
between the Magda lena and Manzano stages, in the H ueco 
Mountains east and southeast of Hueco Tanh, Tex., they 
probahly extend as high :;tratigl"Hphitally as the beds at the 
top of J ua n Peale 

SCHWAGERINA FUSIFORMIS K 1'oto1O 

Plate VIII. Figs. 1, 7, R. 

Schwnflel"iJln 1!I~;IM·lHi." Kl'otow, 1\16111 . Com . Geoloj!.' iqm.' , St. Peter~ ­

b{llll'l;, II. <I:If), VI. PI. I f. IB BB. 
Sta ff, Beih'age wr Kenntnis~ de r Fusu­

Iiniden, N. Jahr b. , Beilage Band XXVU, 
pp. 503-505, Hl09. 

Palaeontographiea , LIX. Monograph Fusu­
linen, fl. 178, fig. 8, 1!112. 

l(rl)iQW'" d csl':l'i/diml.-A spi ndle· ... hallt:d ~ hl! ll pointed a t the ends, 
gradually becoming thicker toward the mill<l le, which i ~ regularly 
arched. The youn!;' ~pcci]1l en!l ure mOl'e e[ongatei [ than t he adu lt 
onell. The ends of the s hell are coiled. The sU I'face is covered by 
eurved longitudinal ful'l'ows, which nr e separated by ra ther wide, 
somewhat llI 'chcd S P lICt'S. The rentral chamber is rather large fmd 
ha~ an e lliptical outline; the roiling forms a complicated Slli l'al. The 
shell of grown individualll cOIl!Sists of six volutioll );; in the last 
one there are 27 to 28 septa ; in th(l fi fth, 22; in the fourth, 
15 to 16. 'rhe partition walls are much thinner than the ~hel1 and 
al'e either strllight or cur ved in vari()u s manners and connected with 
the walls of the shell at d ifferen t undes. At tillles t hc septa hecome 
thicket" in theh lower I)Ol'tion. The llli(hlle opening (tunnel) is 
rather high. The walls of th(l s hell Ul'llI"lIlch 0.1 mill. in t hick ness 
and the septa approach 0.03 mill. The pohu' zone is not complex. 
Tllc lurgest ~lIccinwn is 6.25 111 m. loug <11)(1 :'l .75 mm. in <Iiamctel'. 
The f\Venlge ra tio is 1 : 1.7. This f orm il; distingui shell hom S. robust" 
Meek uy its fOI'm and its smaller numbel' of sept a in the last 
volutions. 
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Krotow's ligures are reproduced but a re of such a nature 
that they are ha l"d ly dist inguishable from a FU.'Julina, to 
say noth ing of t heir specific value. According to Staff's 
figure of the cross-section supposed to h;LVe been taken f rom 
Krotow's original s lide, t he number of chambers for each 
of the succeeding whorls is 8, 13, H , 16, 22 -+- . The diameters 
of these whorls are .35 mm., .57 mm., 1.32 mm., 2.67 mm., 
and 3.3 mm., respectively. The whorls loosen near t he end 
of the second volut ion. Staff gives t he ratio of the diameter 
to the length as 1: 1.5 to 1 : 1.34 . 

There are probably other undescribed spec ies of 
Schwagerina f rom the Russian deposits, but there is little 
to be ga ined by discussIng this one further until more is 
known of the whole fauna. 

l.Jocalily.-"Uppel' Bergkalk of the Beresowaja." 

SCH WAGERINA YABEI Staff 

Plates IV. VII. Figs. 11 :4, 5. 

Sehwu{j(·)"j,!U yabd Staff, BeitJ'jig-e ZU1' Kcnntni~~ del' Fusuliniden, 
Neucs Juh )·b. , Beilage Band XXV II. pp. 
463- 468. Taf. VII, figs. 1-3, H/OV. Anato­
mic u. Physiologic del' Fusulincn, Zoologica, 
XX II , PII. 5!!, 67, fig. 48, I!HO. 

Slltjf·.~ de/icril'fiol!.- BefoJ"c us al'l! foul' ~pccinll'ns. Thc state of 
preservation !>s, us in alll\ost all fossils of the Socio limestones, an 
eXl!elll!nt une. The whi te l in1l!slone, whkh tills the chambers, can be 
made almost transparent in thin sectiuns and pcrmits, therefOJ'C, the 
use of stl'Ong magnification under the micl"oScolle. The rdations of 
thc dimensions are the fo llowing: 

Spedmen 1 2 3 4 
Diameter 8.' IIlnl. V.3 1111ll. '.2 mm. 8.8mm. 
Lcngth .... I J.2 10.7 12 . :~ 1l.H± 
Ratio 1 : 1.27 1:1.15 1 : 1.34 1:1.2V± 

In No.3 the length is most accuI'atc, since in Nos. 1 and 2 the points 
of thl.l ends (01" lloles) arc slightly broken off. Consequently thc 
value of the ratio in No.3 is the most accurate, even if J)ossibly this 
spl'Cimen is somewhat more elongated than the others. Nos. 1 and 4 
have been used fOI" sectioning since their measurelllent~ almost coin_ 
citled and therefor the two sect ions al'e splemlidly adapted for 
~omparisoJ\. The ilI uStl"RtiUll is baseJ un No. :3 (Tafel VII . fig. 1) . 
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F O)'nl .-Almost :spherical, with the ends of the axis of the volutions 
Jll ainly marked . from pol€: to pole there exte:td fai nt fun'oll's which 
mark the Ol"i~in of the .o;cl'ta. The widt h between the f utTuWS in 
the middle varies h om 0.<1 to 0.8 mill . Their course is not exactly in 
a straight line, but \"er~' weakly and rather regulal'l~' waved . An 
inrolling tOll'l'.rd t he poll'S is uccasionally found to a SIlHlll extent. 
Occas ion lilly a septal fu t'mw !'<eelllS t o bu s lightly hent fut'I~'al"d in t he 
middle; thut is. towanl the .'Jlcning flf the lust fot"tlleri chantbct·. 

The cros~-~cction (Tafel \' 11, fig". 2) shows the pictu re characteristic 
of Schwagerinus fronl the grOlll} of S . 1l!·t11CCJ/II. The ini tia l chamber 
io; (in the two !';cctions at hatlll) minutely s mall; likewise the first two 
Ot· three I"olutions are coiled cxtrentely tightly. The tnmsition to a 
mure loose winding takes place sudden ly. The scptu nre shown ve t·y 
clendy lu be f()l'med by the inturning uf the chambe r wall. They 
often \"(·nch t he base, and in the cases wher~ t h is does not happen. 
t he distance is a I'c t· y small one. Their ex tent is no wise always in a 
!ltrail!"ht line; IlI0rCUI·et·. t lte lltlljOt"ity of the ~el} tn on the inn!.'!" end, 
that is, the one lurned toward the axi s, make a ~hat·p angle toward the 
[ront (lj" hllCk, which anlUunts to llholll l/G to 1/'1 of the whole length. 
P0 1'O~it y of the se]l ta is 1I0t distillgu ish llbl('. T his wOllhl be, jmlging by 
ana logies, \'err s mall, con espund ing to the extremely thin septa. 
The chamber lI"al]:'>, lik('w isc. have on ly n very fine alveolar ~ t l"uclurc . 

The thickness ef the wnll increa~es g"J'cutlr towanl thc outside. I II 
the la ~t, seventh, nud eighth volutions, it exceeds the fou rth and fifth 
thn:e-follL The illc rca!l~ itt !leptal thickncss is nut quite so g"l"cat. 

On the whole, the e l"oss-st:ctiun ~hows th"ee e ntit-ely ditfe l'cnt fOt'IIIS 
of shell structure, just ns the axial sccti'.n$ (Tafel VII , fi g-. ;!) . Both 
ure listed side b~' sidQ 1"01' comparison : 

A . \'olutiol). 2IJ~, I'ery clusely 
wuund; scpta und lI'alls relath·ely 
thick; sell tal fo lding considerable; 
sept n l"elutin'ly \'er )" llumerous. 

e. \'olutions. 2'h - G%j \\"hod~ 
H ! I'Y much inflated j scpta very 
thin; w:ill thick ness small; septa! 
folding exceedingly weak, at most 
per taining to the lowest fourth; 
~ept<i not "er~' numerous. 

A xial seelloll 

II. Volut ions, 1-3, wound very 
closely; sep ta and wulls relatively 
t hiel;; septal fol.\i ng r ath!'r im­
portant; mtio about I :;1, s hupe 
quite fu~ u]jniform . 

e. Volution s. 3....{j; whorls \'er~' 
intlaterl; septa «!i~tinct <it the 
poles ) extremely thi n; wall thick­
ness small; septal folding rather 
weak, only affecting the very low­
e~t purt; ratio in the fifth \'olut ion 
only 1 :1; forlll correspondi ng to 
the group of S. princeps. 
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C. Vol utioll!!-. 6%-8; whorls 
rather clo ~f'ly wound: septa father 
thin; wall thkkn<'ss con!lidcrnble, 
septa fold ing stl'on~ find affecting 
a l lllo~t the whole height; septa 
proportionate. not very numerous. 

C. Volutiom. 7-8; whorls 
rathl'T dll.5t'iy wOlind; septal 
thickness 'Slllnll ; wull thkkn('ss 
considcrahll!; St-ptHt folding l'nthel' 
stl'on,l!:'. at tilncs affectinj!' SlIlU(,­

what more than the \0\\'(']' half. 
consequen tly the)'c is at the po l ('~ :/t ' 
a (tense P",lIrlinn-like network ;' 
ratio in the ci~hth volutinn 1 :1 .:1. 

A C(lll1pari.c;on of t hese stalClll('nh obtained indep*:!fHhmtiy from th ... 
two sections !'\hows clfi'udy the ('xcE'l1l'nt n,l!:'rccrncnt of the two section!'. 
A youthfu l section and a ~tagc with illdkntivns of old aK(' can hI' 
clearly dell1~rkawd frum the reaJJ~' tYl'ic[l\ l<hell str ucture. The fac t 
is of interest that old alte anilcal'li~st rou th pussess l'llti relr F'wmlillfl­
like t'ha I"Heteristics, and the conclusion !;eems j\!stified sufficil'nUy th at 
we have in this lin indication as to the ol·i.'!:in of the S('hW;lltt'I'inn;;, 
Th is assumption thnt Sdt1t"ltyerillft has been t\n'l'iopNI fl'mn Fllllltliml 

has already been made by Schellwicn. In S, f"~' ''Ii1Hlid{'1< a nd S. 
11l~i/fI/' lItiR he has Hlrc~dy discOYl'rrd connecting fnrnlR which a re 
somewhat more closcl~' rcluted to F'ltRl,/iIW, I t is l'nth,,)' hm'<I, as far 
as S . f1li"'1I1iJ!lIirl("f~ is COnl"(, I'n~t\, to d~tel'mine which .l!"cnel"ic name is the 
)' ight one for it. 

The form described hcre is espccially of grcat interest Ri nce it is 
wi thout qucst ion a true Sr;h'!)f1f/t'l"i1l(1, cxceedingly closel~' l"(:~latt>J to 
S . /Jril!CC}I!!, which hns, hO\lle\'cr, pre~(,I"\'ed in the ('arlit'st vo\utiol\S uf 
ycuth, F' 1I~I!IiJl(l--like marks which 111'(' rcpeated in the .~cni[c condition, 
evt'n if it scems to cxtend heyond its j;!"!"UUp it) cc),tuin )'('!<]J{'ct.'l. Th~ 

hItler St'cm!< to be en th'e l ~' in accord with its high tit ratig-l"ll.phic 
po"itioll, 

T hc relations of S. VI~bd to the "roup of S. /JriUl'CpN arc \"er~' dose, 
If it i ~ here detcrmincd :IS a new S l)ecie~, this i!< done nomi nally 
because it occupies an intermediate pMition between the !;"roup Jl\('U ­
tioned and S, fU!!I/linoid"8 . Tht' cross-s()ction i!'> almost cx~eUy like the 
one of S, 111 'i)ICC/IS, The sect ion (Fig. 1) )'epmduced f)'om !\[celler from 
the Kohlenkalk of the njelnju (t)'ibut:H'y of thc In.lig:l) of the Timan 
Ranl!c is differCllt almo~t sulelY in its g"!"clltC)' thicknc~s from Plate VlI, 
Fig. 2. The differt!IlCCii uf the longitudinul ~cdiollii arc most IH'O­
nounced . C, SchwHger hilS already ~cparlltcd a \"ll riety gIOlllftl'OHU 
from S,')l ' iIlCt'JI~ (ch)',) s . s ., whil'h is ~aid to b~ dist inguished from the 
type by a mun' S]J hl'rical [')t·m. With rl'.~ ped to the relation of the 
length to thc diall )C\cr, tlifrncnt forlll~ of the group of S . lJrillCt'1111 CUll 
b(· grouped as followii: 
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I. Schwagt!l'inu jll'incc[).o; Ehr. glomcl'osu Schellw. 
2.. Schwng"erinu princeps s . s. 
3. Schwagerin8 yahci 
4. Schwagel'ina fusiformis 

(External form) 
5. Sehwagerina fusulinoidt's 

Ratio, diameter 
to length 

1: 1.05 
1:1.2 to 1:1.3 
1:1.16 to 1:1.34 
1 :1.4 to 1:1.7 

1:1.8 to ] :2.8 

The pronounced pointings of the ends in the otherwisc pronoun<;ed 
s pheri<;!l.1 [(>1'111 hring'~ S. !Jullei in relation lo i\hel1er's type uf S. 
1)I'iIlC('P~, il'Um which it is s<cpurllted by it~ pronOl1n('ed size (5.0 as 
complll'ed with \:1.12). The sizc approaches closest Schel1wicn's type 
from tht! Bumbaschgrabcn; however, the pointing: a t the polell is 
missing. 

The morc important characteristics of thc whole ~J'oup are some­
thing like the fol\(>wing : T he inclination to extreme microspheric 
form, the exceedingly dose wir\(ling: of the first two ur thr ee volutions 
whieh Ul'C alwa~'~ elong-ated Fmml.in(f-like, the surprisingiy rapid in­
(,1'ellse of thl' height of the chnmbers and in the lnst volutions 01;;0 the 
th icknes~ of waUs in conneeiion with decreasing height of the volu­
tions, the l'ather s mullnUlllbel' of sparsely folded, very thin, long septa, 
which in long section often ~how t.he chur actcri;;tic shadow, warrant 
placing' this g'I'Otip wi th other so-called Schwa!!,crinas. 

The grOUJI of SrhlU(I.,,('riJ!(~ (V('/"[,eeki'lta) vel'beel.:i is distinguished 
fl'om it uboVl:' all by the r('guiul' (Ieve!oplllcnt of the llluch lower and 
mo1'C numCfnUS volutions, as wen as by the greatcr constancy of the 
(lesser) \\',,11 thiekn;:-ss , by the absellce or the SelltU! porcs nnd thc 
stl'Ongcl', excecdil1~ly reguiar, ~cpt lll folding:;; affect ing oniy the 
lowcst part of tht' septa . A very important charucteristic of Ve l'­
bt"c/dllu '1! er/}(:C/;i is thut its initial voiutions already approach thtl 
sallie sphedcal forlll liS the g'l'own an inllll shows, whereas the gl'ouJl of 
S. IJI'ill(:e!,s always begins with io '/t!lulhw-Jikc elongated volutions. 

The exceHent state of IHe~C I'\lation permittt!d the making of thin 
section)! which l 't'li lly (lc"l.']'ve this name. The el'yst nHi ne calcite tilling 
the chumbers ut most time:; coulu bc I'enwveu almost cOIll]lletely 01' 
cOl1ld he made Jig-hter b)' a light etching with phosphoric ncid. 

SCHAWAGERINA UDDENI n. Sp. 

Piates I, IV, VI. Figs. 1, 2:10:1, 2, 4-7. 

Test reaching a fairly large size fOI' species of this genu:;, 
sub-spherical with di sti nctly elongated poles, wall:; in volu ­
tions of the neanic shlge closely wound. Chamhel'S inc l'ellse 
abru ptly in height in the beginning of the ephebic stage in 
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the latcr part of the second or the beginning of the third 
convolution. In the outer. gerontic, stage the number of 
cham bers increases and the volution decreases in height. 
The septa in the neanie slage are relatively numerous, heavy 
and short, while in the ephebic zone they are very long and 
thin, as seen in transverse sections. They become shorter, 
stouter, and more closely spaced in the gerontic stage. They 
are nearly straight in the last two growth stages, except in 
the axial zone which is well developed. The septa are per· 
forated with rather frequent, fairly large pores. 

STATI STI CS OF THE CROSS-SECTION 

Whorl Number of specimen!> Average 
I 2 3 4 , G 7 8 

No.1 10 13 II I' 12 13 15 " 12\1 
No.2 17 17 .17 20 l7 18 2. 18 18 
No. a 14 17 . 18 18 IG " 18 17 lG\I 
Kn. 4 2. lG 18 21 15 18 IG 23 18\1 
No.5 32± " 2G 2G 31 25 ± 29+ 

Occasiona!ly a specimen is seen in which there is no sag 
in the curve as plotted by actual successive complete whorls, 
though they al'e rare. One, 12, 16, 17, 18, 25. 

MEASUREMENT OF SEVEN UNSECTIONED SPEC IMENS, 
SHOWI NG DIAMETER, LE NGTH, AND RATIO 

Spccimen Diamete r Lf!ngth Ratio 
1 6.5mm. 12.5 mill. 1: 1.92 
2 6.5 8.5 1 :1.31 
3 6. 8. 1: 1.33 Range 1:1.3 mm. 
4 G.' ,., 1: 1.46 1: 1.92 
5 7. J 1.5 1 : 1.04 Average 1:1.00 to 1.70 
6 6.5 1 •. 1; 1.54 
7 6.5 K5 1 : 1.92 

Statistics from axial sections follow: 

No. 1 
Whorl No. Diameter Length Rati{l 

1 .46 mm. .6 mm. I: 1.33 
2 .8 l.7 l::U 
3 1.32 2.6 1 : 1.97 
4 2.9 5.4 1: 1.77 
5 ,. 8. 1 :1.68 

' 6 1O.± 

· l ncomplete. 



No.2 
Whorl No. 

1 
2 
3 
4 

No. :1 
Whorl No. 

1 
2 
3 
4 
5 

'6 

No. if 
Whorl No. 

1 
2 
3 
4 
5 
5'h 
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., 1.4 1 :1.75 
1.25 2.0 J :2.08 
2.3 4.' 1: 1.16 
5.3 7.3 ] :1.36 

.51 ., 1 :1.57 ., 1.7 1 :2.12 
2.0 3.7 1 : 1.85 
4.9 5.33 I :1.0fl 
5.3 '.0 1 : 1.62 

.32 .2D 1 :0.89 

.57 1.43 1:2.5 
1.21 3.11 1 :2.57 
3.25 4.19 L l.37 
3.64. 7.35 1 :2.2 
4.71 8.54 1 :1.8+ 

The average data, not including No.4, which is quite 
abnormal, are: 

Whorl No. 

1 .52 nm. 1. mm. 1: 1.!)2 
2 .!)5 2. 1 :2.1 
3 1.52 2.!)6 1: 1.95 
4 4.1 5.6 1 : 1.31 
5 4.6 6.1 1 :1.30 to ] :1.77 

The average ratio of width to length in adult forms is 
about 1 :1.6, ranging from about ] :1.3 to 1 :1.92. 

The diameter of the initial chamberli of ten specimens follows: 
.14 
.144 
.17 
.128 
.255x.29 
.231 
.195 
A23x.346 
.18 
.29 
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Dimorphism is cielnIy shown in the measurements of the 
initial chambers of th is spec ies. The micl"ospheric forms 
have a diameter 'of 0.14 mm. to 0.18 mm. and the megalo­
sphel'ic forms from about 0.2 to 0.42 mm. 

Wall thickness 
uf each volut ion --Hl:!ight of chambers in ,"uch \'ulution- -

1 . 04 .08mm. .0581111l1. .121l11ll . , .06 .12 .135 .1 f! , .0' .48 .346--1.38 .52- 0.B , .14 1.2,1-1.36 1.31 .77- 1.0 , .16 .R4 .54 .46 

The thinning of the walls in the gerontic zone of inflation 
is made plain by these measurements, while the sha rp de­
crease in height recorded in the last whorl shows the 
characteristics of the ephebic stage of the Schwagerinas. 

There are gl'adational fOl'ms between this species and 
S. /usulinoides. However, thel'e is li ttle difficulty in recog­
nizing the species. 

This species differs from S. /,wmlinoidex Schellwien in 
its thinner and more distant walls in the ephebic st.:"lge, 
larger initial chamber, more highly inflated form, and the 
longer and thinner septa. It differs from S. princeps 
(Ehrenberg) 'M.ceeller in its more elongate form, especially 
the elongated tips of the axes, and more complicated struc­
ture in the axial zone of the test. It is most closely related 
to S . tusitonnis described from Russia. 

Horizon and locality.-Section I and the lower part of 
Section J in the lower "Manzano beds as represented in the 
Hueco Escarpment east and southeast of the Hueco Tanks, 
El Paso County, Texas; from the basal Wolfcamp forma­
tion of the Glass Mountains of the Marathon n~gion, 
Brewster County, Texas. 

SCHWAGER/lilA J{ANSASENS/S -no sp. 

Plutes V:VIl:VIII. Figs. 1~5:6:4. 

Shell subspherical, of medium size and form for species 
of this genus; the ends of the axis somewhat extended; 
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tht! fUlTowing of the l:>urface, where the outer plate tUl'ns in 
to form the septum, usually inconspicuous. The initial 
chamher is minute. The "olutions of the neanic stage are 
vt:'l"y closely wound, quitc elongate, with numerous septal 
chambers . The ephebic stage sets in late, at the beginning 
of the fourth \"olution. Its volutions heighten rather grad­
ually and c\'enly, the walls arc thin, the septa quife thin Hnd 
deeply folded Jor a SCh1IJagen·na. Thc volutions of the 
gerontic stage are monO! nearly tyelic, with more massive 
\Yalls and septa; lower, anci more numerous septa l chambers. 
The number of volutions in this spec ie~ is large. Sections of 
fou l' l:ipecimens are.as follows: 

Chal110eri ll('r Whorl 
Whorl Slll!c imcn 

No. J No.2 No. :l No.4 
No. " " )0 = 10 DiamclcL' of initial chumbel" of 
Nn. , " 17 1:1 ± " No. 1 is 0.05. 
No. 3 26 " 18 17 
No.4 is 2:\ 22 22 Rntio of arlult spccimen ;, 1 :1.5. 
No. 5 22 22 19 I' 
No.6 ~1 " 21 " Ratio of third whorl is 1:2.85. 
Xu. 7 2. :~O+ 2' 17 
No.8 31 "' Ratio of fourth whorl is 1:1.7!). 

Thickn~.i.~ <If \\':111 of fifth whorl of No. ;l, 0.04; outel' whod, 0.08; 
"'. out(,l' plate, 0.01. 

Nos. 1 nnd 2 III'C from the Ncva lime.slolle at Hoose r , Kan., and 
:Kos.3 and oj arc fl'om the Wolfc:ll11p fOl'llmtilln neal' Guptank, Glass 
i\Io\l1l luins, BI'CWslCl" Counly, Tcxu !'; . 

The species is sharply distinguisheu f rom S . 1n-inceps in 
the following points: First, in our species, the septa a l'e 
much more highly folded; second, the volutions of the neanic 
stage in ollr species resembled more elongate type of 
Fusulinu; third, mature individuals of OUI" species are 
slightly more elongate; fourth, the ephebic stage of our 
species is more closely wound t hroughout. 

Its relation to S . yabei Staff, is much closer. Our speci­
mens seem to be quite a:'; closely wound and have a more 
elongate neanic test. The w.all of the te:;t in our specimens 
thickens more regularly from the center outward. The 
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outer whorls are less convel'gent and the septa are mo rc 
deeply folded , while t he Rpec imcns appear to be smaller. 

Staff's section, as shown in his il!ustration, seems to be 
slightl ,\' diagonal instead of tl'ltl r axial. t hough this cannot 
be slated with certa inty without the material in hand. If 
it is H true axial section, the form of the test in the neanic 
stage would c1eady make a d istinct species. Othe n vi se, the 
two are quite s imilar. 

Hm'izon and locaHty.- Neva limestone, Hooser, Kansas ; 
Wolfcamp fo rmation , nea l' Gaplank, Gl ass Motlntnins , 
Brewster County, Texas. 

SCHWAGERINA AMADAEI Depnl t 

Plate I X. Fif!;s. 3. 4. 

SckllJf1gedna ulllodaci Deprat, Etude comparative des Fusllli n id~s 

d'Akllsaka (Japon) ct des F usu linidCs de 
Chine ct d' Indo-Chinc; ~Him_ Servo G&ll. 
rl e I'Tndo-C hin~, IV, l\fi:m., pp. 8-10, PI. I, 
figs. 1, 2,5, 1915. 

D e1l1'ut'R deRcl' iplirm,-1 have d iscovered this SthWrlflfl"iu(t recently 
in a limestone at Laos, brought back by the commandant, Du ssault, 
At tint s ight r thought I n.'('ogniZl'd SCh"WIl!JC";lH~ l,riw:<!I'" Eh!" .. and 
f OI" that reason I abandoned the 8hell without subjeding it to a more 
thol'ough exam ination. Luter, resuming the ~tudy , I discovered in 
the limestones the new species descri hcd Rbove under the name 
Flllmlinn cl"w~Ri8e1)t (l. t(t n. 51). III the same prcpnration, I observed 
the oblique section of II. large Sck waye1"iJlII . It thl'lI appeared to me 
impossible that the latter could be Sch1v"yel';lIfJ1 l !1"inccps Ehr. , since 
it is rigorollsly chllracteristic of the Uralien. r then cut odented 
sections and was able to conv ince myself that this furm WRS new and 
entirely different from S, pl"incc pR Ehr. Thi s !:tct was of g reater 
interest, s ince only Sr:hw(~gc)"ill!'. ,wiltcCl)M Eh!". nnu the little S, pri"("(1 
D~pl"at W~l"e yet known. This showed th!:! uLsulute n!:!4: ('s~itr of 
having recourse tn seetiol}s through tIle center whl'll one wishes to 
establish a useful diagnosis. 

SchwllucI'i1!(~ nmadaci n. sp. is compietl'iy s !lh ~l"ica ! (fig-. 3a ). It 
shows nOl"llra!1y 3.5 to .1 mill, in polar diamet!:!!". 1"lIl"ely 5 mm . Th. 
ratio of the length to thc h('ight; is, of cou rse, I: 1. The number of 
whods is 5 to 6, with n coi ling V!:!}'y dilTcl'Cll t fl'um that of S . llI"iIICCI'i! 
Ehr. The vahles of the incremen ts m'e established thu!': 
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Whorl J .:.l2 mm. 
2 ,f)8 , 1.23 
4 2.14 
5 2.86 
6% 3.12 

Thl.' In~t whol'1 ~how!< ~(·nn(' rf'riuction (P hotoA"raph 1. P late 1) . 
Th e incl'('ment ill very much 1l101"C rapid than in S. lJrincel'" Ehr. ; 
the first whorl is very much hijzhcr , according to th e following dimen­
sion~, mort' considerable in the embryon ic structurei' , ami latel' the 
hrig-ht "r the whorls incl'ca!;cs, follow ing a more l'npirl fnnYluJa. 

compan' the figurcs of the two !<pccies, thus: 

\Vhol"l SChlNI!I(',.i1it7 /1,UfI(/al'i Sdtlt'{({j(!rhw. Ill'ir'Ct.1i.~ 

No. 1 . 32111111 . .21 nm' . 
No. 2 .i3!\ .30 
No. " 1.23 .35 
No. 4 2.14 1.07 
No. 5 2.1\(; 2. 17 
No. G .'t. t :'. 3.64 
No. 7 4 .!l7 

I t is Schwllflerill(j. It111(1I/lICi wh ich ha ::; the advantage. The fm'm "f 
the embryonic structure and the diameters appear wholly diffcn:mt 
if one comparCR them with Photogl'aph 1, P la te I , of t he IHesl'nt. 
Memoir, and PhotogTaph 3, Plate I, of my Memoit' of Hl12. In placE' 
of the li t tle, almost invis ible ehllmb~1' of S, 11/'incC1M and the numerO\IS 
Cl'Uwdcd whorls which env~ lop it, the lll r gc chamber of S, fWIJ!fifui 
n. Sf). is followed immediately by high whorls . The primary septa are 
pierced by snHlIJ, round, closely splIred openings; they a ,'e thin and 
fla t (Photol':"l'nph 2, Plate T) with a tendency to fold und to anll~tom('''l' 
somewhlL t at the pole~ (photograph tahn half-way between the Cl.!n­
tel" and the poles; Photogr aph :I, Pla~ n, Thl.! number or septa i~ 

a ~ follow!!: 10, 15, 15, 15, Iii pe L' whor i. The chamber s are a Jilt.! ... 
lower than in S, 1/l'incCl'8 Ehl' . 

The drawillg-s au and 3e show the embryonic structure and the 
firs t whorls magnified, My observation s suggest to me the following 
remark: It is in the tr ue Schwagel'inas (and this new species con· 
fh'rn s this observation) that the first whorls ure alwaYS llLo re I.! lollgated 
in the axial direction , whi le in the Verbeekinas the)' arc always flat .. 
tenelt followin;,:- this axis, I ~hal! c~tabli5h it ill the following t.lIble: 
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Form" ,'/,.,II(I((/eo ill wlIlth 
SchwuKl'rina fusffu\'mi~ Krot. 
Schw(lg"crinn fU !'Iulinoitics Schell­

wit-no 
~ch\\"ac:erina Ill'im:eps Ehr. 
~chwag(" I'inll nnll\!laE:'i DCllr. 

F''''IIP! t,rO!l"""I""1l h,. 1I() lI th 
S. verbeck ina verbecld 
S. \"erbcckinn pseu<!ovl'l'b('cki 
~ . \'erbeekinfl oouvillci 

This ScJW)Uflc rilllf is Pennian. and it is the only one that I 
know. All the rest show ~OlllC l, t 1tlillll'lItS of ha~Hl ribs in the adult 
age. (The ribs of the rest al'e totally ,\istinct; of these, the Dolio­
Jillas, as r have shown in my variou .~ wOI·k fl.) The true Schwagerinas 
have continued to exist outside the Ul'alicn during the Per mian. 

This species is llccolllllanicfl uy FII"W' illl} ""fls.~ i,,(ql ( nt(l n. sp. in a 
limc~tonc of Cam-Mon (Laos) with Nc')~cll'!j)"!Jcril!(1 e/tll/ffutl!. (Vcry 
free tran:<;lation,) 

Inflation begins in thi s species at the close of the first 
whorl. No other species cou ld be confounded with it. 

The increase of the septa in this species is of special 
interest, as is its remarkably simple neanic stage and 
axial zone. According to Deprat'::; statement, there is 
no increase in the number of septa pCI' whorl, aiter the fir~t 
whorl. The specimen from which the cross-section was 
prepared was evidently immatul'e and lacked the gerontic 
stage. Never theless, its featureg at once ge parate it from 
all other species of the genuf';, It is one of the youngest 
of the known species of Schwage1'ina. 

SCFlWAGERINA MUONGTFlENSlS ( Dep,..t) 

Plate IX. Figs, 5. 6, 

FWI7.lH,V!. 1It1!()lIgthc7IlIill Dept'at, Fusulinidcs du Japon, de Chine et 
I'tndo-Ch ine, et c\a~sification des calcait'es 
a }<~u~ulines, ?th~m, IV. 

Les Fusulinidt's des calcaires carbonifieur du 
Tonkin ct c1u nord Annam, pp, 5-7, figs , 
2 u--cl: PI. II , figs, 1- 6. J!H5, 

Oep1'at'~ dc:;cl'iptio)I,~Species very globose, polar extremities very 
rt'rnarkably twisted: the ordi nary dimensions are 5 mm, long by 3.5 
rum. wide, with Ii ratio of (It'ngth to diameter) 1.4:1. The number 
uf whorls is five to five and a half: the enlargement is prod igiously 
rapid, 
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Who1'l Diamet(! r 
.;lfl mill . 

2 . fi2 
3 .98 ., 1.8!) 
r, 2.!H.l 

'I' 3.48 

Such at·c the nurmal fi g-u rt$ or •. mlaI"I{Ctllell t from the third to the 
fcurth whol"l. r do not kn()\v of " l lccie~ with equally accelerated 
develop ment, but F . kl'lZiti and F_ ylobo.qa, Deprat, Uralien species , 
similar to F . mllollytllcnsil< n. ~p. The following table IIhows the 
comllariWtl between thc~e species rOi' the whorl!! and for the rapid 
increase: 

Whorl F. ntWJlIythc"ltlti" F . ~'l'Izui 1". n/ooosa, 
:lo. 1 . 3!)mm. . lOmm. .86mm . 
No. , .62 .f)!'j 1.14 
No. :l .OS 1.!'i0 1.80 
No. , 1.89 ~.!lS 4.20 

No. 0 2.flfl 5.88 
No. 6 3.4R 7.28 
No. 7 8.50 

The photographs of Plate II show cleady this I'apidity of accelera­
tion. Were a rati o supposerlly established from the point of view of 
proportion between F. 1I!1Iol!.qthew:;iS! and F. globosa, no confusion 
would exist frnm the diag-noslic point of view, for the dimensions are 
totally different. So with the s('pla and the emhryonic structure. 
The last whorl shows sharply senile regression. The thickness of 
the outer plate and the inner plate is not very considerable. 

Whorl 
1 , 
3 
4 
5 
6 

Thickness in mm . 
. 016 
.02r, 
.o:m 
.071) 
.104 
.110 

The increase ill slight enough f rom one whod to the next and this 
FU N1,lillr.t in section gives mostJ)' an impression of gracefulness, con­
trasting, for example, with the stout edifice of P. c1'as~i86ptata, n. sp. 
The poutrelJcs are fine and crowded. The inner plate only cll rpets 
t he outer plate, is confined to it, and is not prolonged with the septum. 
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t Vel'r fl't'e and bl'icf Il'unslntion.) Thill pla('!'); t ilL' l'])ttil'>' in 0\11' 
KJ'OUP 1 (Fig. 2 and P hotograph 5, P latt' II ). The initinl c1m,ntK'l' 
j", smllll for a Flls/llimr. Its diamctl'f is only i1.15 111111. Th l' !'t'ptn 
fll't! long, slender, ami f,'rmed only by the incurving" of the <Illt!:'\' pine; 
the~' arc also straight, {('('illy fluled, which hindcl'S its I'onfu!';illll wilh 
P ",,"li1Zft, ylobOlw Dcprnt; unUl;tulllo;; i s Iiot Ycry pronounced, in lan­
!!entiui sections. The septa fix the limits of a tunnel thnt is low ;0111 
narrnw a s seen in longitudinal st'ction. 

St'ptll ]leI' whorl : 
No. I 1:1 

No. 2 25 
No.3 .. 26 
No. 4 .. 27 
N,l, 6 2R 

There is a rnpid incr('use in the numbC'!' of septa of t,he liI'st ami 
second \Vhorl~. Following tht'm, the .~cpta aTt' !:I paced without milch 
further increase in numb~r per whorl. Th i!; fact complctl.'ly throws 
out rll~l!/i1!lI(' of the F, g/'Ibmla Dellrut l~'p(', in which the ~('pt:l ntUll­

bet' thirty in the first whorl and sixty in the fifth whorl. 
At first siRht, upon an exulllinution of t he exterior uppeul'anc(', 

it can be confound('d with F, ,qillbo~a DepI'nt, but M soon a s one 
exumines a longitudinal or tran~ver~e ~ect i on, this impression imme­
diately vanishe~, 1 invite the r~a!ler to compare fur his convenienc(' 
the photographs No~, 5-16 of Plate VI, and No . .1 nn Plate VII of 
my first memoir on th~ l<' u sili nn~, whE;'rE;' I have rrl'rest!nted FWllllitw 
fllobnsa , The n1:lmht,1' of septa, theit· \'ct'y fechlp folds, the smallness 
of the initial chamber, ineH'ment of the whorls of tht! spire, their 
smaller number, the dimensions of the shell, milch lnrger in F. y/obo~a, 
the equatorial elevation of th is lutte1', separate, tht'_111 completel~· . 

F 1("ulillQ. 1nwmythenxil! can be further eOnlpart!d in longitudinal ~ec­
tilln wi th F IIKlliina ,,"oz/!]' Dcpl'ut; it Jll'es('nts an inc1'ement almMt 
sim ilar in value to the height of the whorls in the s pil'e ; th(' same 
small initial chamber; the snme restricted numbel' of who1'ls; the 
same regula1'ly restricted ovoid form of the s heU; but the trans_ 
Vllr~t' section of F I!st!{it!(t ko::m' ncprat sho\\'!:! in th", median re,ll:'ion 
the meridional septa much more ~lrnight, \Jut on(' i~ nille to cut\vi:J('e 
himself in comparison with Photograph 4, Plate TIl of my third 
Memoir on the Fusulinidae. 

This very peautiful speci(':; has been collected b): me in the Uralien'~ 
Jimt'stu)lC from the r idge of Cham-Chit, neltl' t he col of Muong-The, 

I ~DcpI'at uses the te r m Uruliell thrOUl;hout hi ~ work for l11do­
Chinese and Asiatic IJl'd ~ wh ich he conclate(l with tnt· l 'I'i1 liU Il of 
Mstern Russia. 
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mllp 1)£ Yan-Yen (Tllnkin)_ It accolUpanics 1'. caycllxi Depl·llt, 
f'. oJp;)!" Scncliwit'll, and F. /0,,;;,,; DepraL 

It j " interesting tv note that the poin ts by which n eprllt 
distinguishes F ll!iulina 'I)~Ulmflthcn;;i.'; Deprat from FWlulilla 
globosa, wi th the exception of the Rizc of the teRt, are point:; 
in which the former agrees with SchWa!l(~1 'ina s . s. , to which 
it appears to belong. From his photograph which is r cp ro­
duced on Plate IX, it should be classed with Sch1lJ(tyel'ilta. 
The inflation begin" at the end of the third whorl, accord ing 
to his cross-section. On the whole, the ,vall,\; lire some­
what thicker in the ge rontic stage tha n i" the case with 
most of the species of Scll'wQgeri1w. (In this connection , 
it should be rema rked that th ick t ests, 01' excesRivc test 
secret ions in the enlargement of the test, development of 
secomhtry septa, and aCCCSS() l'Y skeleta l elements, are char­
acteristic of the F II.'1ltlin;)/{w of the whole southern A:·datic 
region.) This charm:tcl", taken in connection with the fact 
that itlflalioll begins at th e cnd of the thi rd whorl , places 
il tlr)se to the Fusulinus, but not within them. The fo rm of 
the axial region Hnd the clearlr defined fOllr stages of devel­
opment are likewise chu l"acteri stic of the b'ue Schwage1"inas. 
Thc;;e ch:uactc l' ''; of the walls and the: lute inflation of the 
whorls, together with the s ize a nd form of the test, separate 
this .'ilwcies from fh e Schwagel"inas already described. 

Thn Rllccimens were collected at Muong-The. 

SCHWAr.F.:/?INA OLDHAMI Nodliny 

S'·",r/lu,'r;lI/1. "Idllolili N,, :· tlill!l:'_ (:tlrh"tlir"I-"U~ r"ss ils fnull 1'''11a ~­
M·rinn. India (;col. SUI"\"PY Ht>('(lI"(I~, XXV I. 
P t. !l,I'I', 97-98, PI. III, fi!l:'s. ] - I b, 189!l. 

The :-;pecimens descriheil and figure;\ hc1"C~ by NoeUing 
do not ha ve thc intel'mli ChHl'llctel'S preserved, bu t t hey are 
not SChU,'{/[JC1-il/(l. s. s . 

Hayden Jltlblbhed <HI al·ticle in 1909 on the Fusu liniclae 
hom Afghanistan, dealing with Sclll(;agerina, which has not 
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come to hand, and its contents are unknown to us aside from 
remurks upon it nwde hy Staff'" 

EVOLUTION OF THE HIGHER FUSULININAE 

The Fusuli nin ae make their appearance promptly with 
the beginning of the Pennsylvanian deposits, or possibly 
even earlier. They occur as three genera, /<'wm!i»e/[(l 
Schwager, Gi1'tyina Staff, and Fusulina Fischer. 

It is uncertain which of these genera fir~t appear in 
Americlt, but Gi1'f.yin<t ii:l more prominent in the early 
Pennsylvanian rocks thun is F·usulina. Girt!Jina is unknown 
above the lowermost beds of the Missourian, or Upper Coal 
Measures, in the western Mississippi Valley, The species 
of F'u/;ulina rarely become comlpicuom; until rocks of the 
KanSHS CiLy stage are pas:.;ed, when they form the thief 
part of many th ick limestone beds and fill some mal'l beds. 

They continue as small fusiform spec ies until the horizon 
of the Emporia lirn('~tone of Kamms and the Foraker li me­
stone of Oklahoma are reached. A few oC these forms 
continue into the lower Perrnilln beds. Tn Texas they 
arc found up to the top of t he Ci1-;cO format ion of north 
Texas; the lower Wo!fcamp formntion of the Marathon 
region, and into the ba::;e of the Wichi ta stage (- Manzano) 
in the Hueco Mountains in West Texas. The American 
spec ies have not received the dbcriminating tre<ltment in 
print necessary to differentiate the various specie.'! and to 
determine their limiting horizons. The success ion of the 
Fwmli11ae in nOl·them Texas has not yet been worked out in 
detail, but it b, in a general way, pill-alld with the K.ansas­
Oklahoma succession, until t he top of the Cisco stage is 
reached, beyond which they al'e at present unknown. 

At the upper limiting horizon mentioned in Kansas Hnd 
Oklahoma, these obe:-;e forms set in. Among the Jir;.;t of 
these more obese form!; i~ Pusulina 1Jcni1'icusa. Meek. and 
fcllowing it is F. obesfI Beede. One or both of the:-;e forms 

"'MonQg"l"uph del" Fm;u!inen, Tei!. III die }o~ u !<uli\\cn N\)l"d~mel"ikal!. 
Pu!ueolltogl·uphicu L1X, p. I!JO, .1 !H It. 
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occur'i in northe rn Texas, f rom the Marathon l'egion, and 
from the rocks of the Wichita stnge in the Hueco Mountain:-. 
east of EI Paso, Texas, In these horizons another type of 
FU8ulina appears, which is quite elongated. One of thelle 
forms is /<'. long1'ssi-moideu Beede, from Kansas and Okla­
homa, and similar forms from West Texas. These specieR 
are not only more elongated, but the septa are also very 
much more highly fluted, and flome of them show a tcndcm'Y 
to till the axial zone wilh second;wy te:;t material. 

Returning to the Kansas-Oklahoma section, we find ill 
the Neva limestone, :lboul 150 feet above the lo\vest uedto' 
previously mentioned, a sl1ccies of Scil.W(tfle")·i-tm. Another 
specie~ occurs ill t he Florcnee Oint, 300 feet above the Neva 
limestone. Simi};u' species oCClIr in the Wolfeamp beds of 
the Glass Mountains and in the Ilueco l\1 ount<lim. of WeRt 
Texa:-: .. Tn the last region t hey are distributed through alwul 
600 feet of stnltu. In this West Texas region, the Schwag~r­
inas arc accompanied by s lendel' Fusu li na!> Rimilal" to the 
elongate forms found in lower horizons, alHi also ClR80tiated 
with Sch-wa.ge·rina in Kam'as. In fact, wherever spedes of 
Schwagerilla. occur, these elungutcd F'I/.<:ul·inac a l'e found. 
In Cali fornia, P . .fJ1·udlis Meek, and F. exten.\'({ c(lHjO'J7I.ic(I 
Staff a rc found. In the eaHtern Alps (Carnic Alp~ and the 
Karawa nken), we find Fu.'lulina ·rcglf.!al"is Schcl!w. (rollu.sl 
type), F. "multb;cptuta Schellw, and F. tcttuil:lsimu. SeheH\\". 
(elongated forms) preceding the Schw~\gerjna beds of the 
Bombaschgrabcn, the Jast species occurring in them. 

I n the Ul'alian, <lccording to TRchcrnyschew," the .same 
and s imilar species occur in the Schwageriml hori7,on or Iht! 
Urals and the Doncz bmdn regions. In the Asiatic hed~ the 
fauna is abundant and varied. According to Deprat. the 
following s pecic!'! preccde Schwa!Jf'"l"i11(L' J)(Jf ioNna· aTicira' 
Depl·., Fw;nl£na tchcnf/kiml.fl ensi.'I Oepr ., F. katiaC1I8iN 
Waag., J.'. '"cf/lt/arix Schellw., F . ·/Iul.lt.£septrftu. Schellw .. F. 

tenui.~Ni/)/a, Schell\\·., and F. a/oil/WI Depr. Tn the bc{i:o< 
carrying thc tr ue SelLlCofIC)'ina, we find S. jU8ulinnill('.~ 

Schell", .. S. prhl.cP-p,<; Ehl'., nod F U8ulhia " ipilla Schell\\,. 

'"'I)i(' O~'I·carhun isch ... Brachiop<)Jcn Fnuna, etc., p. 67J, H!02. 
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Some of the species are doubll es:-:i identical t hroughout 
the Northern Hemisphere, and Inc l!OnstCl ntly as~ociatt:!d 
with the Schwllgel'ina fau na . Thus we fin d the same tend­
ency toward differentiation of Flti;lIliJlu into two group~. 

both of which start neal', 01' c\'en uclo\\", t he base at' the 
Schwagerina wne. Through FU!~uUna 'l'(igu1fl./"i.'5 Schellw., 
Schwageri1w, perilaps followetl h~' Vel'lUlek~na , is at the end 
of one UmJlch. As llnothe r bnlnch, the m;lill .'Item of F wHt­
!1"'na persist s much highel" into the Pemlilill rocks nnd is of 
gigantic size. The~w forms <Ire typified by F. elrm{Jnta 
Shu m. Some of the:::;e species reach a length of about 60 
mm. :md have a d iameter of 5 mm. These <tI'C apparen tly 
closely akin to those repol·ted from ealltern Siberia by 
Tschernyschew '''· when he speaks of "abun(lant F II ... ';u!inu 
characterized by unusual lellg-th and number of volut ions 
(17,18, even 20)." 

Some of OLlr s pecimell :-l from \Vc:-: t Texas appeal· to have 
<\:-1 many vOIUtiOIlS as those from Siberia, though they have 
not all been coun ted . The [(xinl zone is filled with ~e(,o ll dH ry 

deposit so that the number of whorl s cannot be counted 
excellt in axial sectioll . 

The only othe t· region aside from West Texas where the 
F ',;;;uNnae occur above the Schwagerinlt hol"izon h; in Asia. 
Hel'e we find th e following species in beds succeeding the 
Schwagerina zone, ciS lis led by Deprat: F wmliJ/a. IIU/l/8//!Ji 

Depr., /I'. j·icllf.ho!e/li Schwa g., F'. frrleJloisi Depr., F'. 1'. I·;'i.'1 
Schellw., F. /liftl glu;ritti. DeDI·. 

Another branch of the FlI1::iulinas was given off in south­
eastern Asia. Th is slH:cession ill ,·ery different from eitk·: 
of those just treated, and comprises the most highly dif­
ie"entiated of Paleozoic foraminifera. This succc:-:sion is: 
Dof.iolina., Neo.'ichwagmirla, and Sumah·htU extending to the 
top of the marine Pe rmian ueds. Many of the."e forms also 
occur in Japan and the Indian Archipelago. 

'" Die Qbel"carbonische Brachiopoden Fauna des Urals und de.s 
Ti mnn . etc., p. 731 , 1902. 
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DISTRIBUTION 

The Verheekinas are generically dist inct fl 'om Scluvag­
erina, as ha::; heen pointed out in the earlier pages of this 
paper. The same ~tatemen t applies to Fusulina deprati 
n. n. ( - Schwuqe1"illa l))' iMco. Depntt). 

NumbCl' 13 of Depl'at's Yun-Nan section e\,jden tly l'epre­
sents the main Schwagm'i1w horizon of the Urals, Americn, 
:mrl Europe. I t is impossible to pallS Deprat's work in 
c l'itical review here wi thout the maled'll for actual com·· 
pari son and study. The presence of the true Schwagerina 
horizon is well demonstrated, but the Sllccei'ls ion from th e 
lowe]' heds or the l\'To;.;covian and lower Ul'alian is ex tremely 
different from the succession of Em'ope and Amer ica. Here 
i:> a separate and different sl1ccession of the Flls ulin inae 
giving rifle to the peculiar phylum of southeastern A::>ia, 
Asia Mino}', and the Tndinn Arc hipclngo_ 

It i:; li kewise intel'es. t ing to note t hat the cosmopoli tan 
SchwagCl"ina. is present. in th i:-: southen~tern Asiatic r egion. 
though it has not been r eported from J apan, where an 
otherwise similar fauna OCClII'fI, and especiaiJy the fact that 
none of the highcI' forms 01' t.he F usu lin inae discussed by 
Dem-at t rom Sou t h Ch ina, Indo-China, and the Indian 
Archipelago ever fOllnd t heiJ- wny ou t of Asia, s incc at the 
present time not a specie:; of Vm'{Jecki1la, floUolina , Neo­
uhwff,(Jl-:riult 01' Sllmatrina is known from Americ.a, Europe, 
01' even Siberi a_ St.atl" has exp l-essed the thought that they 
may yet appea r i1~ northwe;.; t Amel"icH, and the present 
wri ter has likewise helt! a similm- opin ion; bu t their ap­
pal'ent absence from the Californ ia-Nevadn and Idaho 
region:;, taken in con nection with the fact t hat the Russian 
geologis ts d id not pick t hem up in t hei r Siberian recon ­
llnissances while getting a varicty of other fOHSil fo rami ni­
fe ra, includ ing Fu!';u linas, from eastern Siberia, makes it 
probable that they nevel' reached the Atlantic nor cros!';ed 
the Pacific_ Moreove r, they are at present unknown in 
northern Korea_ 
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The fact that the pe rcentage of shell substance in the~c 
forms is very much greater than that of the lighter Fusu­
liolts, und espccinlly t he true Schwugerinas, ma~' account for 
the isolntion of this abundant and varied faUlli-1 since the 
weight of the test may have retarded mig-mtion. Bu t it is 
much mMe likely that there is an absence of the ... c deposits 
from the region to the northeastward in China or southern 
Siberia that ha" much morc to do with the absence of the 
Neoschwngerinas from the P'lcific Slope of t he United 
Stales. Why Dn/ioli?'Ia ltnd Neo.'1chwa,IJC11na are present in 
the extreme west end of Asia Minor and absent in c~\lropc 
and Sicily, is another in te1'esting question to which there 
is al present 110 satisfactory answer. It would seem that 
thi s AsiaLic busio was to 11 cuns idcJ"auie extent isolated 
from the re~t of the sens of the time. One more or less 
)'eusonahle poslulate that could be suggested at present 
would be that the wQstward spread oC the more highly 
spt!cialized foraminiferal fauna of southern Asia waH 
stopped by currents oC the peculiarly branched, rather 
nalTOw geosyncli nal seas connecting regions of great dif­
ferences of lutitude and longitude and of wate r temperature. 
The hardier forms of organii!ms from the ForaminiCera­
includ ing F'wsu(ina and ScluvafJeri1t/l~to the Ammonoid;.;, 
passed these rathe r feeble harriers. Similar conoiti on;; 
appear to have exiHted in the Jnp;mese geosynclinal sea at 
thii! lime. However, OUI' knowledge of k;ja Mino,· Hnd 

northeastern Asia is still too hazy to permi t of very reason­
able speculation concerning it. 

At the present time, specie . ..; of SchwagrTi1m. s. s. are 
known from Shasta County, Cali fornia; l!;1 Paso and Brew­
ster counti es, Texas; Cowley County, Kansas; Osage County, 
Oklahoma; Socio Valley, Sicily; the Carnic Alp.s, Crimea; 
Donez ,and Okla-Kljasma bas ins .:[" s ')uth-t lmL'ai n u:-::}a; 

Ural-Timan region of Russ ia; Spitzuergen; Balia Maaden 
in Asia Minor ; Persia ; 'fian Shan, South China, and Indo­
China. 

From the remarkable distribution of the few species of 
this genus, two concl usions suggest themselves : First, that 
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these animals were marine pelagic forms; and, second, that 
they spread very freely throughout the connected geosyn­
clinal basins then ex isting. The following map, modified 
after Haug, shows the distribution of the Schwagerinas. 

CHARACTERISTICS AND RELATIONSHIPS OF THE 
FAUNA AND FLORA OF THE 

SCHWAGERINA ZONE 

KANSAS· OKLAHOMA 

It has been pointed out that the differentiation of the 
fauna began at a hOrlzon quite as low as the base of the 
Schwagerina zone. As early as the beginning of Schwag­
el'ina time, the conditions wh:ich gave riRe to the Permian 
fauna and flora had been suffic:iently established to eliminate 
the great majority of the Pennsylvanian species which had 
existed in the older beds so t hat the remaining fauna is 
to be \'egarded as residual. In the lower Schwagerina bed~ 
of Kansas a nd llol'thern Oklahoma, fully 40 per cent of 
the species found are either cha l'aderistic of the horizon 
or contribute to the fauna of higheL' beds . Something 
like 50 per cent of t he f auna of the zone as a whole a)'(~ 

unknown in the older rocks, Moreover, this change of 
fauna seems to occur with re.latively little introduction of 
foreign forms, since only a few spec ies are known which 
may have come from t he 'Vest Texas region, 0 1' fl'om 
other regions . Theile species are: Schwagerina Ican­
sasensi.<; 11 . sp., M cekella "lII.exicnna Girty, Allo1'isHw C(l pa :c 

Newb.?, Otnl}hai() t1'Ochus? sp., and a species Ot' two of 
Nautiloid>;. The I'cmainder of t he new .fauna. is represented 
by such species as Fw;ulina emac-iata Beede, Schwag e1'i"/l(1. 
sp., N()do,'ja1'ia ]/()'<ltca1'7}onic(L Spand., M eekechinus elefJan.';; 
Jackson, Comi sp., D eitocrinu.<;? sp., Ophiu1"In'd, TJeitopectetl 
nebraskat!,<;is Beede, ilfyalina. bl4lata Beede, A viculop i11(t 
lmiyhtii Beede, Pte1 'ia s p., AlIm'j.<mHt sp" Chaenomya bm'­
bow'i Beede, C. sp., Nucula cf.be1J1·ichi Schau., Eucono.o~"1Jil"(l 
sp., Ph11/)utt ifc1' cf . p erltodisu,<; Meek, and other gastropod a 
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and Nau tiloid!). 
of the f auna:;; 
descr ibed. 

It is to be regretted that 
of the American region 

so large a pa l't 
rema in!> to be 

Dr. E. H. Sellards has ki nu ly prepared t he fo llowing 
paragraph on the fo,,~ il insects of the Kansas Pen n:'\~' l vaniaTl 
and P ermian bed:'!; 

The in!lcct life of tlw !Jet'lIlian, as inciicfltcll br that "r the 
\\'clJingtol1 shah.'s in Kan"t1~, jlresent,. notable diffet'enee~ from 
that of the I'cnnsylvlLninn. Th ... ~c di/Terences, alllong other 
thing,., inclune 11 very high percentage of nt~W fot'Ill>;. Of grl!utc r 
significance than new forms, how\.'vcr, hi the nHlic;d chlln"e in 
the rcllltivc prepunuerallce ()f th() dilflJrent groups. In the 
P ennsyivlIJlian format.ions from which inSl'ct~ huv ... been obtained, 
the cockr"uchc», as II l'ule, Iln:1H>llflc l'Illl'" In thl! Pe rmian tiedi­
ments, on th~ cOrltrm".\", iUsc(:ts of thl:! j{l"OUP make up but a ~midl 
pet"centage of thl] whole, b~" fal" the g"l"eal{!]" number "f fo rms 
bdonging to othcr ~roup~" A ful"thct" impot"(allt dilTerenee in 
the inti~d life n{ tl1() Welling-ton ~halcti of Kan~as Uti cOlllplIl"eil 
to thllt of tht' P'mnsyivanian fOl"lllati"II '; is in till' 1.I\"cra~1:! 

small sizc of thc insl!cts of thc Permian" While the Con i 
I\leilsut"c,; cont ain u reiaLiv!;' ly hig-h pct"ccllt ug-e <If lat"g-c forms, 
indudinl!: the htrj:!C dragon flies and cockroilches, the Wellington 
shales hllve yicld{~d only a f t:w 11t":!g"onflic,; of nt()dcl"nll: size, the 
faunil a~ H who! .. h;l\"ing- 11 11I"cp()ntlentnee nf SIlHI!l insects. 

So far we have discussed the evolut ion oC on ly the mar ine 
invertebt"ate a nimal life ill r eilltion to the geologic position 
of t he Schwagerina fauna" However , the evidence of the 
position of the 7"one of tntns ition from Pennsylvanian to 
Permian fau nas is excellently exhibited by the foss il air~ 

\u"eathi ng vertebrates" Only one region will be :<elected as 
typlcnl-the eastern half of North America; though similar 
conditions are met with elsewhere" 

This rcgion is ,'cga r ded tiS very l"riticCll, si nl"C the verte~ 

urate fos~i l s fou nd there are intcrstratilied with fossil 
plants and fossil ilwertebt'ates" 1 n ordel· to make dear the 
relation of these formations and faunas, a table showi ng 
the succession of fO"mat ion:l is introduced" 
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LOWER PERM I AN ANI) PENNSYLVANIAN FORMATIONS 

Tf'X8 l1 Knnsns-N. Oklahoma 

.~--C--C.----. 

P{'nn~)'I\'aninn-W_ Vu_ 
Ohio =----, .... - . _._. _ ..... 

'CI{'ar Fork 
Verlehrnt.('s 

thl-ou,lrhout 

·Wit-hita 
Vertebrates 

throUj!hout 

Wa!chia­
gigantoplHis 
flora 

i i Wellin,l!"ton stU,l!"f:' 
·Vertebrates, Okla. 

Marion stage 
Vertebrates in Okla.1 

Chase stage 
Winfield Jimc~tone 
Doyle shale!! 
Ft_ Riley li mestone 
Jo'lor enee fli nt 

(Schw(£fjel-i11a) 
Matfield ~hal ell 

Wrcford limestone 
(WIt/chilt fl"ra) 

Council Grove ~tage 
Neosho formatillll 

1----,- --
(S. Kan~as verte- Dunkard 

brates) ~ Pa. yertebratO!ll 
Florena shales 
Cottonwood lime-

stones 
Eshiclge shale 
Neva limestone 

(SchW(/fj(!ril1a) 

=---==?··===,========I.-__ ~.-.... 
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Lowe)' Permian and Penn!lylvanian Formations (Continued) 

.~~~----~ 

Texas Kansas-N. Oklahoma 
Pennsylvanian-W. Va . 

Ohio ---- -.~~ .- . -~- -~~~-~~~-

Wabaunscc stage 
Elmdale format ion 

(Onaga plants) 
· Louisville laby-

rinthodont) 
ArmeniU!I lime-

stone Monongahela 

Admiren shales 

Cisco 
Empor ia limestone 
Willard shales 
Tarkio limestone 
Scranton shales 

--~~~~-? 

Shawnee stage 

·v. Va.-Pa. verte_ 
Douglas stage bratcs 

Lansing stage Danville, lit. ?? , vertebrates 

Kansas City stage Conemaugh 

Pleasnnton stage - Linton, 0 .. and Nova 
Scotia? vcrtebt'ates 

H enr;etta stage Allegheny 

-
Cherokee stage Mazull CI'eek, III. ver-

tebrates 
• 

I Pottsville. 
-.~-
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In t his cha r t only tho~e fOI'maHon ::; are given in rletail 
which are of special importance, ::;ince they are the bcds 
from which \'ertebrate~ 01' cl'iticlli flora wcre collccted, 
Owing to it::; centra l position and faci li ty in correlation, the 
neces~ary pnrts of the Kansas section arc detailed for com­
parison with the other two regions, The position of the 
a"terisks (*) Hhuw~ the con-elated position in the Kansa~ 
section of (he \'el'teul'utc hori7,Ons of the eastern region, 
which are L1sed in compiling the fo llowing table, The data 
of this latter table were compiled from Case's paper on the 
"Permo-Cal'boniferolls redbed and their vertebr::l.te fallna"\~ 
and Moodie's "Coal r.-reasu l·es Amphibia of North Arnel'­
ica," ' ; It ilIustJ'atcs in a vely general way the constitution 
of thE;1 Pennsylvanian and Permian vertebrate faunas. 

Gcnc,'u Llml ~Jlecies 

of Amphihia 
G\!I\Cl'lI Sp~r.i~!\ 

17 
II 

:!f) 
15 

'!.8 Total 41 

I 

4 6 

1 

5 1 

10 17 

• 10 

47 Total " 

Genera and ~pecie~ 
of Reptilia 

GenC\'j\ Rrccic!; 
'!.7 -11 
23 3:; 

riO . Total 7n 

Penn>l/Jl t;a"i" 1/ 

Locnlity nIHi 
horizon 

Texn~ Clea,' Fork 
Okln.·Tcxa!; Wichita 

I? I! Kansa,;. Loui,willc. 

3 

, 

o 

o 

7 Tntnl 

Base Elmcia!e~ 
;{ Ill. Danville, Cone­

maugh~ 

2 W. Va .• P enn , Con~· 

maugh 
Linton, O. TOil Alle­

gheny 
o Nova Scntia.. TOil AI. 

l ('gheny~ 

o Mazon Creek, 111, Base 
Allcgheny~ 

7 

"'Carne):!ic Institution, Washington, publicalhlll No. 107, I~Ui, 

" Cal'ncgie Institution, Washington, [lublication :-.10, '!.38, ID16, 
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Of tl\(' g-tmera of PC'nnsrivanian Amphibia, four cout inul' into the 
Pel"mian, a~ flo three of lhe s('veo genera of Reptilia. 

The line used to ~eparate the two !,\y~temi; is the base of 
the Nenl limestone, though none of the fo.';s il i; referred to 
in the table occurs within 100 feel of this horizon. 

An inspection of this table shows a sharp difitinction 
between the Pennsylvanian and Permian faunas. In the 
Pennsy ivnnian beds there is H tol<d of 47 genera and 86 
species of amphibin, while there arc but 7 genenl and 7 
species of reptiles known from the same RlICccssion of 
rocks. On the other hand, passing into the lower Permian 
section, we art! presented wi th It total of 50 genera of 
I'eptiles represented by 76 species. and have bu t 28 genera 
of amphiiJia represented by only 41 Rpecie!:i. Thm:. there 
i:; <t strong amphibian fauna represented b.\' a great variet:.r 
of genera and species in the Pennsylvanian, followed by the 
reverse condition in the baRal Permian. which ig character~ 
ized by a strong reptilian fauna and a relatively milch 
wenker amphibian fauna, the Jntter being repl'eRenied by 
fewer genera and species than in the underlyi ng Penn!:iyl­
vanian beds. However, viewed from another angle, this 
difference assumes a vastly g]-eater imporlance than i" 
shown even by the supremacy of the reptiles in the lower 
Permian, for the earliest ]-epti le, EQS(tUm11u.~ Williston, was 
a small archaic form, while those of the Permian are rela­
tively large and extremely, not to say g]'otesquely, special­
ized; ag, for instance, Dimetnlclon and Cl(Jp'<;!ld1·Op~. 

Moreover , we Ree a relatively constant increa;:.e in num­
bers of the reptilia from their inception to the top of the 
Clear Fork beds; slow at fil'Rt, but ven' rapid after the 
initiation of Permian conditions; while, if they show any­
thing, the amphibia show a decline in their later history 
so far <is numbers are concerned, but sti ll a high degree of 
progressive speciali zation and increase in size. Attention 
should also be called to the fact that much of the develop­
ment of the reptiles occurred very early, in the very base 
of the Wichita beds, This significant fad tends to confirm 
the evidence alread~' shown b~' the im'ertebrates. and it will 
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no\\" be intel'es ting to check out the evidence of the \'erte­
urate:-; and invertebrate~ with the fm;sil plants, Much of 
thi:-; work has been clone uy Dnvid While and E. H, Selllt1'(h:, 
Sellards' important work was summarized in the reportl'l of 
the Kansas Survey, Vol. lX, where he also described t he 
ill f'lect falma of the Pcnns.dvanian and lower Permian bed~, 
a:; well as the fo~sil plants f l'om the same horizons, Sinte 
Sellards' work was completed, David White ha<; ad(lc~1 b it 
and given a val uable summary of the f101'as and theil' range 
and dif'ltribution. 

Fo!;!;il 1)lnnts.-In the central part of the United States, 
the evidence of the fossil plants is more intimate and c\ired 
regarding the age of the marine deposits than in the 
Ural ian )'egion, The same is true, so far as our present 
information goes, in South China and Indo-China, Thus, 
alternnte bedding of marine and tel'l'estial plant-bearing 
beds in Amel'ica furnishes the closest check upon the c\'o­
lution of these two types of life, ln the coal basinl'1 of 
France the Imleobotanic evidence is present but the marine 
faunas al'e wanting; and in the Urall'egion, the I'ocks under 
cr itical analysis, the Upper Ul'alian, lack the evidence (If 
the fossil plants, In Bohemil~, the foss il tel'1'estl'ial verte­
b!'ates and the fossil flont are both preserved but m3l'i!le 
invertebrates are lacking, However, the plant success ions 
in the two continents are very similar, and likewise the I'UC­

ces!;lions of marine life, :-0 that a comparison is possible, 
though the two types are separated, 

If we start with one of the best known piant sllccessions, 
the Stephanean, we may u::;e the words of Dav id White: 

The S lephan<,an is tll.lll'ked by the great dc\"doplllent of 
PcroldCI·i.~, C«iliptcrillil'm, and (lfio/lI.'l l'tc1·il< of the u 'ue typ<·. It 
wit nes~cd the neud~' COlllplt'lE~ di~a]ll'eanmcc of IIlt'//t"plf'l'il', 
Siyi/llEl"ilt, and /,eflir/mil' lIC/I'fm . NEl/ll"Ol,/./j,·il< !Of the long pinn ui('d 
form s , ("ntel's it~ peri,,(1 of dccudencc. I:I CfHl'C it~ dosc uppear 
the fil'.o.t I'Cp,'cscntntive.<; of CaJ/i!)tel'i.~, lVaft:hia, 1'aeniojJtel'is (or 
the .o-im plc tY[l<', J' trl'oj)hufl'flll, ZEUllitc:i, ami I'/u{Jio:audl e:< . all 
chnructcristic of the P~rlllinn (If Inter peri<'!!!;'" 

':<J u llrn. Geo!., XVJI , p. :>31, ] !J(I!I. 
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Regarding the American flora of s imilar age, he g:ty::; : 

The relatively few spt!C i e~ Ch!lrllcte l'i~tic of l h!:' EUI'OIll';U\ 
Pel"lIliun which occur ill the Dunkun j, a nti which wen' not :lbh! 
tt) cOn(luer the older fl ol'U under condit ivns thl'1l cx i"ti n).!, are 
clearly migrants f rom \\'c~tel'n EUrO[lc. I t must be noled, 
though, that boLl. Wcst ViI'gini:tl llnd Kan sa~ exhibit new )!"l'ncric 

t ype!:', thl! products ()f local cOl\diti"n~. that have 1I0t been round 
ouLside of the~e regions. On the othel' hand, Wnlchia, whkh ili 
present in Kansas !t nd New ~ l cx i c\), has nol yet been discuvercd 
in t h", Appalachian trough, though i t ilS present in t he Nova 
Scotia n basin, which SCl'm" to have been in c11~<;er touch with 
Europe at that timc. ' " 

A bed of fossi l pJantf'. wati found i;omewhat abO\'e the 
middle of the Schwagerina bed:.;, in the shale par ting of 
the Wreford limestone of Kan:.;us, from which David White 
identified the following speci e:.; : Calli1lte1'is julie/i, C, gO(jJl­
PIJl't£, Walchia. pinnifrJ1'mi:;, lV, cf. filicifol'lnis, and 
Schuelzi// ? anoma/a : while t he Pennsylvanian species are : 
Conlaites principaliH, and Rhabtlocarpn~ n, s p,"" This clearly 
places the middle of the Schwagcrilla horizon in the state 
of Kansas in the zone of Walchia. Callipteris, etc. Further 
light is thrown Oil the relationship of the bedt; below of the 
Schwagerina zone by the fos,:;il plants found in t he shales of 
the Elmdale formation which undel'lie the Neva limestone 
which latter forms the ba::;e of the Schwagerina zone, The 
following species a re listed from t he Elmdale formation 
from Onaga, Ran,: Pecupte ril:l newlJe/,/,yana F, anrl I. C, W. , 
PI!Co}Jtelis hemitelioides Brongn., p, U/'c01Jte'l'illia (Schloth.) 
Brongn" Odonto1)te ris beal'dii Bl'ongn" 0, 'lnIlO1"ii Bl'ongn., 
NeU1'optfJ1'is 1)licata Stern b .• N, aw'iculata Bl'ongn, 't, N, 
scheuchzel'i Hoffm. , Da.ulwee i(f sp" A stero11hyllites equi.scti­
lonnis (Schloth,) Brongn., A nltula-Tia stella (Sch loth.) 
Wood, and Radicite.<! capWa.ceIJ,q (L. and n,) Pot. 

Concel'n ing this flora , Whi te s tates : 

No specit!s in any way ciUII'uctt!I'is tic of the Lowe_I" Coal 
Measu l'es 01' Allegheny form ntiun rCll1ai t~~, On the olhel' hantl, 

I~Op , cit. 
"O White, David , P1"(x: , U, S. Nat, Museu m, XLI , 1111. ·18tl-5 !(i, 1:)12, 
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th" ferns, t'ithe r as irllJividuu! !'\pecie~ nr a~ pha~e.~ of "~ pecie ~ 

hav jng wjcll~ rangc, arc clearly in(lkaliv(! of a ~tage nt lea~t VC I"y 
hig h in tnl' Upper Carhoni fcr olls (Pe nnsylvanian)" NC!lr!~' IIll 
the Sil-Ccics have been reported f l',)IIl the Pel"minn of Europe 0 1" 
the Dunklin! forma tion of the l hrill 'rl Sla les, though, wi t h thH 
pOl\s il,IH f'xCl'lrtion of " r-c'17Itr'ril< "Clt:h.:rr!lllll (l, none i~ distinctl~' 

Chlll"actt' l"ist ic of the Per"mian, " " 
The evidC'nce pre~l'nted hy t hi~ sma ll OnHg"a 1I00"a may, t here­

fOI"I', Ill' r-or1.~ t l"u {'d , M fH I" HS it n'pn'~('nts the plant.~ uf its 
hol"izon, m; inllicatirrg n slagl' pn'hahly within the MonongHheia 
fOl'lllation of the Appalachian I"CI:!;ion, Ol" possibly as high as the 
lowest IHlrt (If the Dunkard fonm(tion, a lthough, with the excep­
tion of 1' ,;Cl)I//('l";S ?!('whc/'/"!I{f 1111, the collection in hHnd docs not 
contain any spccie~ chnructel'istic of the Permian of tho Old 
World , and does not ~ig" ni fy a PCI'mian age fOI" the Onaga 
(E lmdaiC') hells.~' 

Howeve r", in northern Texas a flora flimi la!" to t he 
Wrefol'd limestone flon. mentioned, but contain ing Giga1l. 
t OptCl'i8, is found in beds probably ::iomcwhat above the 
Schwagerina horizon and the same fossil plants occur in 
:::imilar hori7.0ns in Oklahoma, together with other Permian 
speciefi, }{c~ill'd ing t he origin of these plants , White makes 
some inte)'esting ohservations which include the planbi of 
somewhat higher bed::., He points out that "Ginant()lItc"ri"~, 
the peculiar A nnulu-ria., and a Tacniopteris form, to which 
should possibly be added the l'eprCflentatives of Amucal"ites 
and N i!u")"()ptc'rirlinm"," pl"Ohably together with Walchia and 
other form fl from the Ural::. , were "unm istakably derived 
from eastel"ll Asia," probahly "by WilY of the north 
rac ific,"~ " which accounts -for their a bsence in hedfl of the 
Dunkan] format ion of Pennsylvania and West Virginia" 

While, cIS stated above, no fO flflil plants have been found 
in West Texal-!, it s lands to real,on that shou ld they be found 
in bed>! contemporaneous with the Schwagerina zone, they 
would he of lowe!" Permian age as are those of Kansas, 
and wit h a somewhat stronger Asiatic affinity. The migru· 
tion routes of the kmci plan ts by the northern Pacific 

~' U . S. Geol. Sl1l"v., Bull" ill, ]l]J. 11;;;, 116.1903. 
"" White, Duvid, The Cha ructers o( the fos~ iI plant G iuanto /,eerill 

Schenck, and i t~ OCCUI"l"cnee in North Amcdca" ~r'oc" U. S, Nat" Mus., 
XLI , pp" 508-512, 1912" 
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connection are of interegt in connection with the previous 
remarks concerning the very pec ulia !' distribution of 
the species of Schwngerina. 

As for the age of thi;; t ran!;ition flora , the same ground 
is taken here as in t he cal'le of the lramdtion fauna: Thal 
it is to be classed with the new order which it introc\tlce~. 

Many eminent paleobotani st:-; I'ega rd the upper Stephanean 
as clearly of Permian age, and the re is reason to think that 
many others in referring to t he whole Stephanean as "Car­
boniferous" do SD with the mental reservation that the upper 
part is at least quite as closely related to the Permian flora 
as to the Pennsylvanhm. 

From the point of view of the flora associated wi th the 
Schwagerina hori,wn in America , it is apparent that the 
trans ition from Pennsylvnnian to Permian conditions began 
at a lmost ident ically the same level, and, as ha!> alrem1y been 
poin ted out, the same thing is a pPl'oximate iy true for the 
whole vertebrate and invertebrate f"lUnas, 

It will be seen that species peculiar to Penm;ylvan ian beds 
have been eliminated from th is small flora, leaving only the 
species which pass over into the basal Permian depos it s 
elsewhere. As ha& already been pointed ou t, the well de­
veloped basal Permian flora occu rs in the middle {,f the 
Schv"'agel'ina zone in Kansas, wh ile this hold-over flom 
occurs but .t short distance below its base, 

Hence the introduction of the Schwagerina fauna in 
the Neva limestone, with Schw(lgerina ka.nsm;en.'lis n. sp" 
at the top of the Elmdale formation, may well be rega rd ed 
as the base of the Permian beds of t his region. 

In the next reg ion where s pecies of Sc/t1vagel'inlL occur, 
no fossil plants have been brought to light, either in the 
Marathon region or in t he Hueco Mountain beds of EI Paso 
County, Texas. 

TEXAS 

Leaving the sout hern Kansas and northern Oklahoma 
basin fol' the north-cent ral Texas basin, we di scover other 
and very interesting conditions and phases of fnunas of 
this zone. In the Colorado River section and north of it in 
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c~ntl'al Texas, no specimens of Schwage1'ina have been 
found. Howe\,eJ', they al"e rather difficult to discover unless 
they happen to be ve ry abundant, and that part of the Rec­
lion most likely to contain them has not been carefully 
collected with the object of discovering them in mind. 
There is evidence of disconfol'mity neal' the horizon where 
they would he supposed to be found, at Baird, Texas. The 
nbese forms which immediately precede the Schwagerina 
horizon have been found at the surface near Baird, near the 
\\'est !ine of Kimble County, and from well samples in Nolan 
County. But no specimen belonging to a species of t he 
genus Schwagm'ina has been seen, though, un less they have 
heen remand by erosion, they probahly occur in the strata 
now covel"ed by late}' depos its in Cent ral tl nd West Texas. 

The 1'0cl{s of hath the Kamms-Oklahoma and the Central 
Texlls regions consi .. .;t of li mestones and shales, but there 
is a slightly different facie~ of sedimentation in the two 
regions which may account fol' the absence of Schwa.qel'ina 
from the rocks exposed in the Central 'r exHS region. But, 
what seems likely, it may be that the bed~ of the Schwag­
erina zone we re not deposited in Central Texas. It should 
be noted here that no Fmmlinas have been seen in the sur­
(ace rocks above thi" horizon, while in West Texa,,; they 
OCClIl' at horizons );evcral tholl.'mnd feet higher than the 
Schwagel'i na zone. There al::lo await ::lolu tion other pecu­
liarities of the Ccntntl Texas uasin that cannot be di::lcussed 
here, which, if understood, might throw much light on the 
proulem in hand. 

Perhaps because of an elis ion of the formations under 
di,i;clIssion, the fauna succeeding the rocks which should be 
expectcd to conhlin Scilwaf}e'J'inn contain an interesting 
fauna, much of which is new. The characteristic silecies 
a t'e confined to l-elatively narrow zones in which they are 
usually very abundant. Since it is possible that had con­
ditions been f~\Vorable, Schwagerinas might have ranged 
well up in these ueds, the charactel'istic!o\ of the fau na are 
mentioned. We find :1. g reat abundance of r eef-building 
worms, and reef-bu ilding Bryzoa, myriads of peculiar 
foraminifc ra , a camarated Aviculopinna nearly three f('let 
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long, Meelwlla mexicmlfl Gil'ty, n peculiar CUlJIl'osiio. a 
large, peculiar species of FJ'{Jil llci'lt.';, at least two genera of 
\'ery large gastropods and a large number of small :tnrl 
minute species. There are aJ:;o a llllmOer of nau tiloid:- de­
scdbed by Hyatt and referred to the "Carboniferous," 
including Pluwoceras llu11IlJIei H yatt. It is apparent from 
this mere sketch of the fauna that the new conditions 
initiated in the Schwagedna zone had a marked effect upon 
faunal developments in Central Texas . 

As we pass on farther to the southwest where the rock 
succession is more favontble, still more intere!-iting fallnas 
are ctlcountcl'ed. Thus, in the Huceo Mountains we find two 
species of Schwage'rina in rocks resting unconformably upon 
Pennsylvanian beds. The s pecies are Sc/twlt{JI?1'iuu urid(,lIi 
n. sp. and S. fusulinaides Schellw., Fw;ulin(w and other fora­
minifera. These fossils are f ound through abuut 600 feet 
of limestones wh ich contain 80me thin shale beds. They are 
ass:::ciatetl with two species of Omphalot1·uch:u.s. spec ies of 
Entelet es, and other brachipods charactel"istic of the 
Schwagerina horizon elsewhe re, but so far no Ammonoids 
have been found in these beds. 

However, it is farthe r east in the Marathon Basin that 
the conditions demonstrate the reHI age of the Schwagerinn 
beds by their associated fHun;"\ quite as well as elsewhere in 
America. 

The lowest horizon in which Schwa{Jerina occurs is the 
basal Wolfcamp forma lion, which ]·ests on the Pennsyi. 
vanian. The species as described are S. ulldem· n. sp. and 
S. kansasens-is n. i-ip. There m e associated with them the 
following species of fossils: MeekolJQ1·n? :; p., Enfelt' tcs 
o(!/ut.i Gemm. (Sicilian), r;e!Jen~II(f? sp., J1(' (>./(,,11(, sp .. 1' /"0-

ductu.s gultdltlupen"l~<; coma.nchp.(L1WS Girty, etc., including 
very many species characteristic of the PClln ~rlv:mill !l ]·ocks. 
In the next higher horizon of the Wolfcam p, we find ~pecieR 
of Schwage·rhw as~·;ociated with C/o.d(7)()1"O Rp?, TAq)f {l(/u.'l? 
Rp., A u/fmtefJcs aff. gu,(I(/rt/U1H'"fIsi.') Gi r ty, etc., tog-ethel' witf1 
D".,·d ·j/.es 11'.1" 'I1I1t.'-1 Boe.'le, UdrlenUes scl/U.che1·U Boege. U . 

minor Boese. Ga.'jtrioce1"a.'l 1II()(/e.'ltWI1 Boese, Pa·/"CI/I'{Jf!CI'1"fI8 



,','(';('/'1/1/11 Boese, A{fathic(i"(/,<'; /rech f. Boel'ie, Ma.1'athm/.'In; 
~·hlrir.lI;:;i,<.; Boese, M. s1J/ithi Boese, Vill riocf'!rals wldclIi Boese, 
and 1I, in'cgn/a.1'C Boese, which give it a ba:;al Permian 
fallna. Some of the:;e ammonoids an! oleier than any known 
European forms, uut younger than the typic<tl Pcnn:-..v l­
van ian forms, The brachipods mentione{l fall int.o the 
sam(~ caLego1'Y, though a conside1'alJle percentage of Penn­
sylvanian hold-oven~ are present. 

CALIFORNIA 

I n California the relation of the Pennsylvaninn and 
l'e,·mian section j:; still ullcertain because of the meagf'r­
ne:;!'; of the data av,aihthle due to the phy.s ica l conditon of the 
deposits, Howeve1', the associalion of Schwflym'hw miJU.'<fn 
Meek ancl S. sp., showll Oil some of our slides, together w ith 
Fusulill(l. .q1'(tcili,~ Meek, Fwwfinn "cylind1'i.ca" ano F, "fIX­

tettsa" var. caN/rwltic{I Stafr, is a normal associntion which 
may be expected Hnd is wmaJly found in the regular Schwag­
erimt horizons of other regions. F, gracili.<; Meek has the 
elongated form and the highly fluted septa characteri~t i (: 

of many F UNulhnw of the SchwfiKerina horizons the world 
over , and which are unknown in deposits much uelow the!'=e 
beds in Europe or America, 

In the T ram.,-Pecos region of Texa.s, :;pccies of Ompll./l­
loh'ochu.'i arc as:o;ociateo wit h Schwctgm'inct and elongated 
FWlUHnae, but t.he SCh!Va{WI'1:UfI. and the Omp'Ull(Jt '/'oclw,~ am 
different species f!'Om thoRe of California, A s ingle poorly 
preserved gpecimen of Ompliu/otnJch1/,'i has been found in 
the F'lorena shale of J(an:;as. within the SchwHKer inn 
horizon, 

This occurrence of Omplwl/)f1'flchv,~ and SchwfLgel':w/ in 
tht~ ~ame h01'izon in Amt!rica is somewhat confu!'ling to some 
on account. of the fo rmer foss il being absent from the , 
Sch"·ag(>r ina (ormation in Russhl, and chanlctel'istie of 
a mllch lower horizon named the Omphalotl'OchllS b(~ds. 
Rut it may Le borne in mind that lhe genu~ was first de­
:-:c1'ilJcc! h.'· l\11!ek from Califomia from the rock:-; cont.Jining 



56 U1t'i /) er.~it!! of T t.:.n!l; Bnllclin 

SchWQ,guilta-. Since then species have ueen rcfencd to this 
geuus in I'Ocks as old as the Silurian, and Eastman's trans­
lation of Zittel'!,! "Textbook of Paleontology" states that 
species of the genus are "especially abundant in t he Sflur­
ian." Consequently in na mi ug a horizon the "OmJlha­
lotrochus horizon," as was done in Ru:;sia, a certain species 
or related group of species of the genus must be infelTcd. 
Tn the case of the Russian Pennsylvanian , the group name 
is based on "Olnphalot1'ocJws whitne!li Meek," Whether 
Tschernyschew had specimens from California for com· 
p.arison with the Rus"ian fossih; is not known here. The 
ve ry different horizons f rom which the fossils are derived 
in the two countries would certainly seem to imply that 
the sllecies might be distinct. In the central part of the 
Uni ted SLate8 l>pccies of this genus arc known only from 
the lower Permian deposits, as at Shafter, in the Glass 
lI.'lountains; Diablo Plateall and Wylie Motlntaim;, in Trans­
Pecos, Texas ; ill the Wichitn stage (mainly in the Talpa 
beds) of Central Texas; and the Flonma sha le in Kansas. 
All, or nearly all, of thel>e species are apparently distinct 
from O. 'lohitnclIi lUeck, of Cali fornia. 

As the matter stands, the <.tge of the California Schwag­
edna beds is not as delinitely known as b to he des ired. 
but the balance of evidence seems to be that the beds are 
l·eferahlc to the base of the Pel·mian in the sense in which 
the American bMWI Permian heds are treated in thi s paper. 

SICILY 

Taking up next in ornel' the Medite rranelln region, we 
lind one of the two most striking occLlrrences of :-; pecie!'; of 
Schwuoe1'ina. known. It is in the Fusu ii na limestone of the 
Socio Valley, near Palermo, in Sicily. 

Gemmellat·o de>icribed two limestone horizons, a lowel' 
one wh ich he referred to as a compact gl·ay limestone, and 
an uppel· one which he refel·!'; to as a coal·se white lime­
.stone. Both are clearly of Permian age, bllt one would 
har _;ly expect to find SchwuOm·i1w, ill both of them, though 
FWiulinae are reported from each of them. Staff did not 
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state from which bed his :; pecimens of Schwagerina came, 
and t here :>eenl!,; to be little use of speculation regarding the 
matter. Howevel', a study of the distri bution of the Am­
monoid, Naut iloid, Brachipod, Gastropod, and Pelecypod 
faunas is of interest, 

Ammonoids 3re fOllnd in each ued (both of which are lime­
stone), There are 66 species of these fossilS! reported by 
Gemmellaro, 65 of which are found i n the lower ueds and 5 
in the uppe r, while 1 is peculhu' to the upper ued:;, This 
species is Po "alecaniles sp, The other fou r s pecies are 
Stacheocent..,; karpiusk/ti Gemm" MedliCflttiu. 'venwulU 
Gemm., Pn/'(lll"Q1w1'iles konincki Gemm" SicQnites 'lIwjsiso­
vic.~i Gemm" and Agatkicenl.<; ,<;UlJ88ii Gemm, Two of the 
genern .\re known f l'om the Pe llllsYI \'aman and the Permian 
deposits, Both these forms arc regarded as uSllally older 
tha n W<lagenOCel'llS or Hyattoce l'as, neither of which occurs 
in the upper beds, The other fOl'lIIS might be expedeu in 
either of t he fo r mations , The lower beds contain the most 
highly s l>ecia li%ed forms, hut th is may be due to <l slight 
difference in the phm;e of deposition, else it could not be 
explaint.,<J except through ,l local overturned fo ld in t he beds 
which rever!'.ed t heir order, 

A ll analysis of the remainder of the published fnulla gi \'e,~ 
the fo llowing results; 

Peculial' Pl.'Culiar 
Compact COlll':<C I " to compact to coal'~c 

bl'd~ bells Total "\lccie~ COIHmon he, l ~ beds 
B['lwnillOdu 

2!l (j~j ' I Hi " r,5 
PdecYlloda 

7 45 ,18 4 :1 4t 
GaJ:ltl'Oll'Hla 

20 fi,'J " 
, l' " Nautiloidea 

17 2 18 1 16 1 
Ammonoidea 

'" 6 Ii!) ;) r,r, 

The effect of the .::;omewhat different facies upon the fauna 
of the two bed::; is here strongly in evidence. The compact 
bed::; contain an unusually rich Cephalopod fauna, and the 
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coa r se ued~ a n impover ished one; while precisely tht! revcr~c 
is true of the Brachiopod and the remainder of the mollus­
can fauna . The total fauna worked Ollt by Gemmcl hll'O in 
the works at hand cons isted of 298 species , 

A com pari son of the relative antiquity of t he species of 
any c1ags within th emselve~ in the two beds, leads to no 
dech;ive I'esults regarding the relative age of th e beds. 

One cannot assume from the gencmi aspect of the fauna 
of the t wo beds that the uppe t'most dlUWS on t he whole less 
traces of g reater age than docs the lower one. 

In any case, Boese's discus:,; ion of the age of the rotks 
based upon their Ammonoid fauna "" shows them to be much 
the youngest of known rocks containing a Schwagerina 
fauna, except the South China ]·egion; and the n!maining 
invertebrate fann a is not inconsistent with th is view, which 
makes S. yabei Staff perhaps the youngest of the Schwug· 
el·inue. 

CARNIe AI.PS 

The next region to this one where Schwagel·ina is well 
developed is in the Curnic Alps nOl·theast of Italy. Here 
the Auernig beds-bed " ,~" of Schell wien::~-contai n t he 
highest Pennsy lvanian F w;ulina deposits of the Carnic or 
eastern Alps, It is !l black Fusulina limestone which hH r· 
bors a fauna of the "Cora" horizoll of the Ul'alian, and 
contains the large Fw:!uli na:;; which commonly precede 
Schwagel·ina. While species of the latter genus occur in 
the higher beds W5 represented in the BomlJachsgraben in 
dark gray limestones, Schwagmina 1)rincep .~ and S, 111151.1· 

linuide~ also cha raderi ze the lighter colored limestones of 
the T rogkofel beds of the Karawl:lnken. 
T~e differentiation of the Brachipoda is initi ated in the 

base of the Tl'oglwfel bedl"i • .a nd we nnd that the following 
brachiopoda with Permian affinities, 0\' cha ractel'j:;:,tics, a re 

~" Per1l1()·enrhon i fl't·,H.I ~ AmllIonoit ls of the GIHS~ Mountains, Univ. 
of Texa s Bull. 1762, pp . 2·1, 32, J nnu al ·Y , 1!)l!). 

~'Schelhvicn, F:tu !u:t dcs Karnisch.m Fusulinenkl.Jk",. P a hIL")ntU· 
gl"llphica, XXXIX , p. 16, 18!t2. 
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l'epresented by such fo rms 3!:1 Ent.eiete.'! ca1'lLicilS Schellw., 
E. 8Ufllj.<;i'i Schellw .• Stl'l~1Jt{l1"hync }m:.; afr. opercu[atu.<; Waag., 
M eckcllu. i1'1'e[/ula1 · i.~ Schell"", M. et.'anc.<;C(~II.<; Schelllw., M. 
p"oce)'a Schellw., Geye1'cll(l d·i.<; i 01'i ft Schellw. , all t he !'>pecie!:' 
of S(lcchbwlla Cemm., Teyltlifem deform £.., Schellw. , P1'o­
ductUH cun;i1'Ostt'is, Schellw., P. incisus Schellw. , P. fJm­
tios'U.'i Waag., P. canc1'ini/QTm'i.'l Tschern., Ma.1'g inifcnl 
pusillu.'; Schellw., K eysmHnoiana f acili8 Tschern., Spidle-I' 
wyunii Waag., S. ti lietmw8 occidcntali.<; Schellw., S. lSubtl'i­
anguiatus Schellw., S. afL lmUus Gemm., S. fJuadri)'(t,diatu.'i 
M. V. K., S.O) histrif:we Schellw., Ul~ticlf l{/ /'i(l .<;f(~chei 

Schellw., M a1'tinia macilentus Schellw., UncinuluJo! vclifc1' 
Gemm" Rlt ynclwnelltt, confinensis Schellw" Camaropho)'ill 
sella Kut., C. !Jlobula Phill., two species of Not()thY1-i,~, <md 
the figur~d species of H emi])ttlchina show clearly a sharp 
advance over the Penn:;ylvanian faunas, both in the :-; pecial­
i'7..ation of species and the in troduction of new types with 
Mesozoic affinities. 

The Ammonoids are very rare in the Trogkofel beds, but 
Thalassocem s and Po])(mocem.~ were found in t hese bed1' in 
the Karawnnken, which ~h()ws the Permian age of th'!:! 
fOl'mntion, 

WESTERN AS IA MINOR 

Enderle~ :' rlescribed a fauna from northwestern Af'lia 
Minor, Halia Maaden, which come:;, in pari, ( rom the 
Schwagerina zone. The Foraminifera were submitted to 
Schell wien who reported Sc/tw(£{Je1'ina p?'inccps Ehr. , F lIsu­
!ina, cf. juponica, F. tcnui,<:shna Schellw., D ofioli1ut iC11'iria 
Schwag" N(~o.<:Chwage/'inu c?'at iculifera Schwager. Thi f'l 
occulTcnce is of special importance in two re~pects : Fin"t. 
it Rhow~ the wClitward extcnsion of t he sotlthea~ter n A,datic 
Fusu liml fauml, to northwes t Asia Minor, while it i~ absent 
fl'om t he ra rnic Alps, tht! Kal"awankcn, and in the Umiian 

,;' Uthet' t,'i n(' Anthl'HC'oli t hischc Fau na n,n 1:l"lia .Mn:ulcn in 
K!ei nusien. Bdt, :l, l'al:H'ont. Ocstcr l'(·kh-l1njl." Il' tl!', XIIr, IJP, 4!)- 109, 
PI ~, l\'-V II I, 1!J1 1. 
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Elnd south-centl'al Russian region. In the light of this occur­
rence, it would seem impossible that FWiulina cf. japunica, 
Dolio[ina lepida and Neoschwa,fJaina could have occllrred 
in the same beds with F'wlIllina telllli,~.<:imo Schellw., and 
Sc!twagm'ina 1)1'ince}Js Ehr., without the former having 
spread over Europe with these latter species, unless cur­
rents in the seas then existing were such as to prevent it. 
as has already been mentioned. 

It s(!cms that Doliolina only of this fauna is m;sochlted 
in individual beds contain ing the true Schwagerina in 
suutheaRtern Asia. 

RUSSI A 

As mentioned elsewhere, Tschernyschew h<ls poinled out 
the relationship of this OCCUlTence to that of the Donez 
and Oka-Kl.iasma oasins and the Ural-Timan region; thus 
connecting the Ural <md Mediterrane:m regions us well as 
the southeastern Asiatic region, The discussion of the 
JHedi terranean-As ia Minor region now brings us to the most 
interesting and critical part of the broader phase of this 
study, the Russian Uralian section, The remarks regal'ding 
the Schwagerina zone of the Ura li an section apply with 
nearly the same force to the fauna of t he same fOl'mation 
in the Donez and Oka-Kljasma basins of Little Russia. 

Since the publicat ion of Tschernyschew's great work on 
"Die Obel'carbonischen HrachioJloden des Urals und des 
Timan,""" it seems thut paleontologists ha\'e taken his con­
clusions regarding the age of the Upper Uralian fauna with­
out question; in spite of the fact that many have had to 
differ radically with hif; correlat ion of the faunas of other 
l'egions, such as those of the Salt Range, Sicily, Trogkofel 
Beds, etc., which were based upon hi s Ural-Timan fauna . 

It was the study of the American faunas containing 
species of Sc1iwage'rina. s. s, and their relation to the Penn­
sy lvanian and Permian faunas that led to a close analysis 

"' l\le!l1. du Com. Gfol. St. Pdcr_~bourg, XVT, No.2, ct det'nier, 1902. 



Spt' cie,~ of the Ge1/118 Schll'a{/eri1w 61 

of the entil'e fauna of the Uralian section, so far a:-; it was 
possible, 

The Bruchiopod fauna of the Schwagerina formation of 
northeastern European Russia is made up of three ctistinet 
element::;: One consist ing of hold-ove)' :;pecie~ from the 
older rormatiom,; anothe,)' composed of new species, genera 
.md Sllb-familie~ which charactel'ize later formation:';; and 
a thil'(1 chanlcterized by fos!;i1s confined to the Schwagcrina 
Iime~tflnes, and which are unknown in the higher or lower 
formations , T:,;chernyschew'H list of the brachiopods for 
the whole "Upper Carboniferous" of the Uml-Timan region 
contains the names of 213 species, so divided ,among the 
three formations concel'lled that the lowest, "Omphalotro­
chus beus," ha::; 30 species, the middle or "Cora" horizon 
has 67, ami the highest 01' "Schwagerina limestone" has 194 
species, Of this 1 ~4 species known from the Schwager ina 
beds, 80 go over into the Artimik deposit!l;, while 60 of 
them are found in lower hol'izons; that is, approximately GH 
pe r cent of the entire Brachiopod fauna was introdl1ced in 
the Schwagerina beds and only 31 per cent came from lower 
hol'iwns; while 80 f'pecies 0)' 41 per cent go over into the 
Artinsk 01' e(luivnlenL deposits, or into other beds highe l' 
thjln the AJ'tinsk. Thi~ doeli not bIke into <lccount any ex­
tended comparison with the fauna of the Sicilian deposit~ 
()'om Socio Valley, OJ' that from the more lateb' discovered 
American Permian, which might increaf>e the percentage 
continuing into, 0 1' known fl"om, othe)' Pe l'mian depof'it~, 
ThiJ't:,;-one spec ies OCCUlTing in the l'ock~ below the 
Schwagel'ina beds go over into t he Al'tinsk or other 
formation~ higher thtln the Schwagel'ina lime~tones, 

The fact that 31 pel' cent of the Brachiopod (,wna of the 
Sch\vagcrina hol'izon of easte r n Russia is composed of com­
mall Pennsylvanian fossil!>. is freely admitted, and the fol­
lowing uiscussion is intended to bring clearly to mind the 
character and significance of the remaining 69 pel' cent, 
The same condition holds for the discussion of the P elecypod 
and other faunas of these rocks, 
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Thll :- it appear::; from men~ numlJer:-i alone that the fauna 
of the Schwngerina limestone b; more closely hound to the 
,\'ounger than to the older fOl'malions and that it if'; faunally 
\'ery :-:harply separated from the lower bed:-;, 

However , the pen:entage of introduced specie:-; j" at' 
lesse)' importance than its faunal charadeI', which I'll!' out­
weighs its numericHI relalionships, 

T:o;chel'lJY!;chew's review,"; which constitutes an elabOl'ate 
al1d extended discussion of the fauna Hnd its relationships, 
cannot be repeated here. but it is of /luch we ight that it is 
necessary to go into it in considerable detail, following him 
very closely, Some of its important features will he brought 
out, pulting the mllin emphusis upon the new and salient 
forms which tend to distinguish the Schwagerina limestone 
fauna from that of the two undcl'lying formations, 

Beginning with the Tel'cbl'atu lidac, the Dielasmas are 
chal'actel'ized by gigantic forms-a feature common to 
many Permian organisms, n, ,-;up)'((cal'bonicllm 'I'scht'rn., 
D, giganfeum Tschem., D. CUI'/'fltum Tsche l'n" D.1)!ica Kut" 
D, dubimn Tschern ., and D. jure!)aJwltNi:; Tschel'll. fall into 
the group of specialized form8 differing from those of the 
uppe l- Pennsylvanian. Acconling to Tschel'nyschew. li\'e of 
these species occur in the Salt Range, and only two are 
known below the Schwagel'ina beds, Regarding t he Dielas­
mas, he states : "The diver:'lity of their types, their abun­
dance of individuals, ami the dimensions which they attain 
re<lch theil' flourh,hing point in comparison with older de­
posits, espec ially of the Ural and the Timan, where the 
genus Diera·R11tO is chal'.'l.cterizcd quantativcly as well as 
in numuer of species by a deal-th of forms, 1n the same 
abundance and divendty, we again find the DI:elrt:'iII1(t forms 
in the Artinsk depol; it:; ." N()t()thyri,~ has itl'l nem'est relative 
in Juvenella Rittner, and Nlwleatura Bittner, from the 
Triasl;ic, It !'anges from the Schwagerina limestone to 
the Artinsk, and the Salt Range. It is the oldest representa. 
tive of this group, Three s pecies are described from the 

~'Die ObE>rcaJ'bonischcn Bwchitlp<xJcIl dcs Ul'uis lInu Jc~ T iman, 
Mem. de Comiti! Gcoligique, XVI, No, 2, ]lp. 656-67:1, 1902, 



Schwagcl'ina bed;.;, " In higher degree our repre~entath'e~ 
of the genus; AlIh~c{Jtliy/'i!i show IHesozoic characteri~tics;," 
Two of the specie-.; nmge from the Cora hot'izoll into t he 
Artinsk. I\f' !I.~e/'li.'I/!Jimlfl facili.-; Keys., is found in the 
Sehwagcl'ina and the 'T'rogkofel beds, and /{ . . ~chclldicl!i 
Tschern . is confined to the Schwagerina format ion. The 
."pecie!' of this geml!'; are rlistinctiy of Pc I'm ian type, 
TCI"I! f)")"utuf()idnt, represented by two species, is a Permian 
genus heretofore known only from India. Of l'ugnax 
there are two sjJecif!s, one of which i!-i la rge, inflated 
and r illles!;, differ ing hom P ennsylvanian forms. In the 
genus Cama.1"Ophm·ia., the spec ies C. mutaMlis Tschern., 
C. lJilJl ic(lta Stuck., C. globusa Tschel'll., C. ka1·pin.<;kyi 
Tschern., C. (Iplu.ufLtn Tschern., C. plicrita Kut., C . .'w­
Ilel".'ites Vern., and others, show distinct divergence from 
the Pennsy lvanian !l.pecies, while i-iuch spec ie!l. as C. 7UJ1Ita­
me1·ohlc.'i Tschern., of the Schwagerina hori zon, may be re­
garded HS a typical end product of one branch of the ~pecie!l. 
of the genll~ . With a single except ion, all these species 
start in the Schwagcl"ina horizon and two of them continue 
into the Artin:;k. 

Among the :;pecies of Spi1ife1iua the l'e are th ree rliverg­
ent types: (I, ::hort-hinged, rounded fo r mR, S. Ol"nat u.<; Waag" 
S. puudr,-j Moe/i., and S. hob.a1Jfefi 1'schern.; h, cxtremf'ly 
elongate hinge, S. expnn8U T!'chc l" ll.; C, high-hi nged, pyra­
midal t~l l)e!', s. 111I,·cwl.idata, Tschcrn., and S, stel'Wamnkcll­
.'1i.'l 'T'schel'n. 

Spiriferella is a specialized hranch of SpirifM'ina. FOllr 
species .are known from the Schwager ina bed!>, onc occllrs 
helow these bed:;, and three of them nmge into the Al'tin"k, 
while one is confined to the Schwagerina horizon. 

Compared to those of lowe I' hol"izons, the species of the 
genus S1Ii1'if(w contain mnny specializerl forms. They a l 'C 

r.haractcrized by S. 1'at'enna Diener , and S, dieneri Tschern., 
with long hi nge and regular striae. Another type is repre· 
sented hy S. tf!8tunCII.'Iis Tschel'n" with high, conical, pedicle 
\'81\'e, and nearly flat brachial valve, while a third type is 
represented by S. t ihetamt8 Diener, as figu red a nd de~cribed 
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by Tschernyschew from Russian specimens. S. lym Kut. and 
S. interplicatu-s Rothpl. vur. nikitini T:;chern. These are 
vel' \' short-hinged. inflated ghells, of which S. mexicanus 
Sht;m. , from the Amel"ican Permian, is a representative. 
Still ~mother branch is represented IJ~' S. cf. !n"tscM Schellw., 
S. encle1'lei Tschern., S. 1JlI1uht1'i!ol'mis Kut., and those with 
nearly plane su rfaces as S. ,~lok01li T!:Ichcl'n., a nd S. SUp1'U­

Clwbonicus Tschern. 
Among the l\iartinias desel"Ving s pecial mention with re­

spect to their form, are 11,1. gemmelln1'Oi Tl"-chern., M. 1u'ulica 
Tschern., and M. tl'i'luetnl Cemrn. 

StreptQrh1J1whus halfi Derby., Meelcella 11m/jelL Tschern., 
and Schizopllol'ia jU1'etlanensis Tschern., represented by the 
Russian specimens as figured, fa ll into the B..tme category a~ 
t he fossils discussed above. 

Likewise there are similar s pecialized forms in the Pro­
ductidae falling into different groups, as Productus trans­
'iuwsalis Tschern., P. tastubensis Tschern. , P. rne,dcanus 
Whitt!, P. pustui<ttus Keys., P. ilifJinne Stuck., P. ca,mu1'ini­
/ ormi.s Tschcrn., P. pseudomedllsa. Tschern., P. pon'ectlls, 
Kut., Mnrgini/ era. clct1'lrei Tschern., M. j1Ll'esctnensis 
Tschern., Tegufi /em ? uralica Tschern. 

Aside from all these, Tschernyschew finds the genera 
Aulacothyn's, and Magef/(!nea ( Wa/dheimia-~Maoe/lenia.) 

whose species have heretofore been known only from Meso­
zoic deposits. 

The following genera and s ub-gene i'a which occur in the 
Schwagerina horizon are otherwise restricted to the Per­
mian deposits: Nututll-]wis, A111acoth1Jl·is . KeJjsel'/ingiana, 
Terebmtucoidea . S1)i1'ifel'ellCl, IH 111·'.il1U]n;i.<i, A ulr;sleges ann 
Proboscidella. 

Tschemyschew's conclusion regard ing the affinities of 
the Brachiopod fauna was stated as follows : 

From n biological point of view then! can hanlly be a (IUestion 
that the Upper Carboniferous Bl'achio]Jod fauna il; of a younger 
type than the Pe l"mian, and in it;, whol t' extt'nl it ~how~ a mOI"(' 
clearly pl'onounced Mesozuic m;Jlect than the younger Permian , 
which, in comparison with the fDrlllel', shows nn utavistic trem!. 
(Pa!:"e 003.) 
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Yet he referred the Schwagerina fauna (in which nearly 
all the ~pecies referred to in the above discussion occur) 
to the "Carboniferous," 

The use of the term "Carboniferous" should be noted here, 
since most of the Brachiopoda of younger affinities belong 
to the Schwagerill<l zone ane1 not to the Omphalotrochus 
and Cora beds, 

In a similm' manner, T~chernyschew discu!o;ses the Pele­
cypoda of the Ural-Timan region, 

In the introduction to the di!;cussion or the Pelecypod 
faunn (page 666) Tscherny!;chew states tha t it has not 
been treated monogl'aphicaily, that the mai n contributors 
have been de Ve1'lleuil. Key~erling. Eichwald, Krotow, and 
Stuckenberg; and that "at prcl:Ient there is in my hands 
exten!o;ive material which embraces ovcr sixty specific forms 
and pu ts us in position to call attention , ... t.o some 
interesting peculiarities of this fauna." 

A very brief review of Tschernyschew's extended discus­
sion is necessarily introduced, and is followed in the !;<~me 

manner as was the treatment of the Brachipoda. 
In this disclls!';ion he mentioris ten species which occur in 

the Cora beds and twenty-seven from the Schwagerina 
limestones, ::;0 far a::; it is posilible to tie the species men­
tioned to the formations from which they came. Ther~ Hre 
twenty-seven spec ie!; in all, out of the ::;ixty; :;inee fi ve of 
them are common to both t he formations, leaving twenty­
two sl1ee ief' introduced in lhe Schwagerina beds, 1n other 
wordR, the number of pelecypod species mentioned in the 
Schwagel'ina beds i~ 2.2 time~ the number dif;CU~iled from 
the Cora bedR, The~e figures cannot be uRed with accuracy 
since it is only 11 pUl'tial clif'cusRion of the pelecypod fauna; 
but hel'e aga in, we find the natu l'e of the introduced fauna 
is qllite as important afo; the numeric:.l mlio. 

A!-lide from the common CHrbonifel'ouil species pre!-lent in 
the Sdlwagedna horizon, there are mllong the Limiclae, 
L. tint(mic(~. [1, kmtmci, L. luticoRtata 'fschel'n., "ancl Hiso 
Mytil1t8-like, greatly disarranged forms with the lig8ment 
pllsherl backwards, reduced anterior wing and wiciene(l 
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hinder portion of the hinge line. for which Salomon hag 
proposed the name My.~idiuptel'l·a. To th is genu!';, of which 
Bittner has described numerous representatives from the 
Alpine Trias, belong M. k1'Utowi Stuck., and .11. rf1t1liicoMflta 
Stuck., from the Schwagerina limestone." There are also 
large. coarselYMribbed form~ like species of Ctenmitreon from 
the Junlssic and Cretaceous. Among the Pectinidae may 
he mentioned especially Pecten key.'wl'lin!li Stud:., unO. one 
perhaps identical with P. p,'ototextm-iou::; Waag., with 
Triassic affinities. The species of Euchrnulria are closely 
related to those from the Salt Range, as is the case with 
several of the Stl'eb/opteriae, some closely resembli ng Per­
mian species. Some of the A viculafJ Rtrongly resemble A. 
chidruensi.~ Waug., form t he Upper Productus limestone, 
while others resemble European Permian forms. The 
species of Parallel()don ( _ Macl'odonJ in part belong to 
Pennsylvan ian fo rms, while othe)"fl resemble or are identica l 
with Indian forms. There is also a gre.atly elongated Pun/,­
dom()noti.~, apparen tly identical with P. !1i.Qantea Wang., 
from the Sa lt Range, along with P. 1}.'wudoraciialis Tschern., 
which is very similar to P. 1'a<liaN.~ Phill., from the Per­
mian of Russia and England, and is more closely related to 
P. 'radfalilo! Waag. (non Phill. ) from the Upper Produdus 
limestone. Moclioia simplicissinUls Tschern., is very close 
to LWwdomus atav u.~ from the Cephalopod layers of the 
Chideru beds. Some MlIoph01'ia are vcry closely related to 
M. ]Jmccox Waag., of the "uppermost of the Upper Pro­
ductus limestone" of the Salt Range, and there are species 
t hat resemble Pholadomya, grouped under Gonfomya, which 
reached their greatest development in the Mesozoic. 

In summing up the data f urnished by the Pelecypod!'!, 
Tschernyschew states: 

Our fauna has its greatest resemblance to the Coal Measures 
of Nor'th America. In a ~maller mea~ure, with the Prorillctus 
limestone of lhe Salt Range. The latter can be easily compre­
hended. {or the horizon of the Prorluctus Iimeston~, which I 
r egard as homotaxial with the Upper Carboniferous divisiun. is 
on tho whole pOOl' in pelecypod remains. However. it is to be 
noted that in an analysis of the fnuna f!"Om n biological IJoi nt of 
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view, we ca n in no wi.~e reach the conclu~ion that it represents 
an olde r type whcn COlll lllU'cd with thc Zechstcin of Hm;sill and 
wcstcrn Em·oJle. . Thcrefore, if w~ were to follow Waagcn 
and be led only by ils biolo.l;iel,l churllctl.' l' R, we havc> to assign it 
to a highcl' position than is yiddc(l by undeniable stratigraphic 
data, and would t hereby commit a great mi~take, which is in 
opposition to what (:an 11(1 actually noticcd in nature, 

More light is thrown upon the relation~hip (If this fauna 
to that of the overlying beds in his rema rks regardi ng other 
groups of fossils, Thus the discussion of the fauna of the 
Schwagcrina horizon ha~ shown that a large part of its 
fauna is common to the Al'tinRk hol'izon, In addition to this 
community of fauna already alluded to, the fact should be 
mentioned that Schwuf/(J1'inu 'P1'i1Wel)S Eh)'. is common to 
both stages, 

In a similar manner, in his discussion of the Cephalopod 
faunas, Tschernyschcw points out the fact that three Am­
monoids, two species, and a variety, are specifically and 
varietally held in common in the two formations, These 
species are: p.l'on01'itcl; postcu'rbQnicum Karp., P1'on01'ites 
cyclolubus U1'alensis Karp" and Agath-icems umlicum Karp, 
It should also oe remembered that these three Hpccies con­
stitute the known Ammonoid fauna of the Schwagerina 
horizon. 

This fact is of special intere!'lt in the light of Boese's dis­
cussion of the relation of t he American ammonoids to 
those of the Russian Permian, where he remarks: "Our 
fauna (Woifcamp, zone of Uddcnites; contains Schwag­
e1'ina) would thus range between the UraHan and the 
Artinsk; or, as we take this latter expression as the name 
of a stage, we might say that our fauna belongs to the 
Artinsk but is older than the Cephalopod-bearing sandstones 
of this age,"'~ 

It follows. from the very close relationship of the 
Schwagerina and Artinsk horizons already pointed out, in­
cluding the occurrence of identical species of Ammonoids 

:3PCrmO-C8I'boniferous Ammonoids of thc Glass Mountains, etc. 
Dniv, of TelC, Bull, 1762, p, 37, 1919. 
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and even a variety of species of them, together with the 
fact that, locally, no unconformity is known between the 
two formations, that if one were to look for beds "older than 
the Cephalopod-bearing sandstones of the Artinsk," it 
would seem necessary to look for them in the Schwagel'ina 
zone. 

It will be remembered that Tschernyschew positively 
places the Bl'achipod and Pelecypod fauna of the Schwager­
ina zone biologically far in advance of the Pennsylvanian 
fauna below it; but, paradoxically, refers them to the same 
stage as the underlying fauna. This advanced fauna of the 
Schwagerina horizon only occupies a maximum of 60 
mete rs of rocks in the Timan region and hence is not a 
thick formation compared to the same horizon in West 
Texas, which is twice that thickness; or to some of the 
other formations of that region. 

The close faunal relationship of the Schwagerina zone 
and the Artinsk, and the broken faunal relation of the for­
mer with the underlying Cora and Omphalotrochus beds, 
leaves but one logical conclusion-that the Schwagerina 
beds and the Artinsk both belong to the same system, the 
Permian, within which their closest faunal affinities are 
found. Consequently, Tschernyschew cOl'l'elates the 
Schwagerina fauna with nearly all the basal Permian 
faunas of the Northern Hemisphere, and, because the two 
lower formations of his "Upper Cl.lrbonifc!'ous group" were 
unmistakably older than the Permian, he was inclined to 
put all these faunas-the Salt Range, the Trogkofel, and the 
Socia beds-partially or questionably in the Carboniferous. 
Since then they have all come to be regarded as of Pel'mian 
age. 

The main difficulty with this correlation wa!\ Tschel'l1Y­
schew's attitude toward the age of the Schwagedna beds, 
regarding them as an integral part of the whole Upper 
Carboniferous of the Ural-Timan region and elsewhere; 
so that when he was discussing the Mesozoic characters of 
the fauna he was unconsciously dealing Inrge}y with the 
fauna of the Schwagerina horizon to the exclusion of the 
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fauna of the lower beds. However, it must be stated that 
the earliest suggestion of the higher fauna is the appearance 
some of the species in the Cora horizon. Likewise, when 
he discussed the Carboniferoufi facies of the fauna, he had 
largely in mind the fauna of the Omphalotrochus and Cora 
horizons and the ubiquitous hold-overs found in the 
Schwagerina zone. 

Had he clearly separated the distinctive characters of the 
Brachiopod and Pelecypod faunas of each of the three 
horizons in his mind, it would seem that he would have 
appreciated more clearly the distinction between them in 
spite of the lithologic similarity of the beds. 

As it stood, the Brachiopod fauna of two of the three 
members was clearly of Pennsylvanian age, and :n per cent 
of the third Brachipou fauna of the third member was .also 
Pennsylvanian, while the remaining 69 per cent of it was 
introduced. Yet, since he jnsisted on treating the three 
formations .as .a unit, he was forced to concede that the 
whole should be clasl'ed with the Pennsylvanian. 

Had he talm Lated his faunas in three succeKsive groups 
instead of mixing them indiscriminately, these factors 
would have stood out. As it was, they <lid not so stand out, 
Not infrequently this loo~e method of tabulation of charts 
of fossil faunas fnils to reveal the f.tunal characters of the 
individual formations; but on the contl'nry, tends to obscure 
them and may le.ld to confusion. 

Another point that may havc added to the tendency to 
separate thc Schwagcrina zone from the Al·tinsk is the 
difference of lithologic f",cies of the two deposits. Thus, 
from the very composition of the ucd.s of the two forma­
tions, with few exceptions, taken from the occurrence of the 
faunae of the other known basal Pf!rmian regions, olle would 
expect to find Ammonoid::; in the ArLinsk rather than in the 
Schwagerina limestone. This could readily be argued from 
the Texas Permian beds, and <11:;0 calls to mind the relation 
between the so-called Alb.my anrl Wichita beds, the latter 
carrying the Ammonoids which occur in the more sandy 
phasf!s of the rocks. Thus, sediments of the Artinsk stage 
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are composed of sandy limestones, dolomites. sandstones, 
chws and marls, while the Schwagerina beds are composed 
of limestone. 

The parallelism between the difference of lithologic facies 
of the Schwagerina berls and the Al'tinsk deposits with the 
difference of facies of the Albany-Wich ita beds of Texas, is 
sufficiently striking to warrant the review of the latler 
conditions. 

Originally the Wichita stage of northern Texas was de­
scribed as Permian (Artinskian) red beds, s ince they 
carried an ammonoid fauna resembling that of the Artinsk 
beds; and the Albany beds of limestones and shales carried 
a faun a resembling the Penn.sylvanian fauna in which the 
Ammonoids were largely wanling, and were described as 
Pennsylvanian and older than the Wichita beds. These beds 
were also supposed to lie stratigraphically above the Albany 
beds, since lithologically similar formations rested on the 
Albany strata. 

However, Cummins, who had previously deRcribed both 
formations,::u t raced a limestone near the top of the Albany 
beds northward into and through the Wichita beds and 
found that the same limestone also lay near the top of 
the Wichita format ion, and s ince both the Wichita and the 
Albany formations were found to rest upon t he same Cisco 
beds of the Pennsylvanian, they proved to be different facies 
of the same formation. 3D Other limestones of the Albany 
beds may be traced into the Wichita strata and be seen to 
gradually fade out into typical Wichita beds, and the te rm 
"Albany" has been dropped a s a formation name in Texas. 
Similar conditions obtain in the region of southern Kansas 
and northern Oklahoma31 in beds of the same age. In terms 
of eastern European geologyt these beds ·would be the 
Schwagerina and Artinsk deposits. 

In view of the fact that the American beds and those of 
the Ural region are of so nearly the same age, and physical 

20Texas Geol. Surv., 1st Ann . Rept., pp. 1R7- 188, I R90 . 
. ,oCummins, Texa~ Aend. Sci., II, p. 97, 1897. 
"'Beede, Bull. 21, Oklahoma Geol. Surv. , pp. 24-32, H114. 
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composition, and that the faunae of the two Uralian forma­
tions have so much in common, it may not be impossible 
that they too may be. in Plut. different facies of depm;its 
of the same age. A similar idea has been applied by some 
geologists in explaining the Gschel beds of the Russian 
Carboniferous. Thm; it may possibly be found that the 
lower Artinsk was locally in part equivalent to the upper 
part of the Schwagerina beds. 

To take this interpretaion and place the Schwagerina 
limeslone as the hase of the Permian. or as forming the base 
of the Artinskian stage instead of the lop of the Pennsyl­
vanian, eliminates the incongruities of the fauna of the 
Uralic section. 

CHINA AND INDO-CHI NA 

With these ideas in mind, it is interesting to note that in 
southern Asia there is a marine section differing greatly 
in detail from the sections and faunas previously discussed, 
and con taini ng a widely different ano more complex fora­
miniferal fauna. though still preserving the true Schwag­
erina fauna within it. 

Recently Deprat has completed .a lengthy and \'e,·.\· n tltz­
able sludy of the Pennsylvanian and Permian Fusulininae 
and shown how closely the various forms are confined to 
definite horizons. His studies included a bed by beel col­
lect ion from the section,'! of South China ano Indo-Chinn 
and were printed in four Memoirs of the Service Geologiquf' 
de l'Indo_Chine,32 

1n his cOlTelation, the entire Stephanean is classed in the 
"Carboniferou5." Frech uses a different classification in 
which part of the Upper Stephanean is placed in the Per­
mian. The folll/wing tabulation is so arranged as to show 
the intel·pl'etation of both Deprat and Frech.n 

'·~Etudc des Fusulinidl's rlu ,Tapon, de Chine, ct I'Inc\o-Chit1{', H 
cla~sif\Cution dcs calcaircs II Fusulinc.~, Bannoi, 1!)12- 191;,). 

s:<Richthofcn's China, V. pp, 9!J, l!J!J, 1!)11. 
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Del)J·(tI:~ c/os8ificatiotl 
Uppel' Permian 

F'ruh'B cllUIRification. 
Upper Dyas 

21. Th ick beds of sa ndstone, marl bed!;, gypsum and salt. Yun-Nan­
T schwan. 

20. Enormous mass of conglomcl"lIte of the basin of Tie-T>ichen-Ho. 
(Yun-Nlln). 

19. Limestone with NCOI<chwugc1"i7l.Q, (Sltm4trina) '1I11IitiR(1)/o t a De­
prat, from F ong-Wu-Cban. 

18. Limestone with N. (Swllatrirlfl ) amwe val'. Ririe/a Dcpr., N. 
gwbosa Yahc, J)oliolina 1I8CHdoielJida Dellf., SchwagI!Tina (not 
SChWtl.r;Cl'ina s. s.) dOllvillf'i Derl", F wm/il1a czilj,~ Schellw., 
F. ll1arghc)·;t.ii Ocpr., f.', gr(olltm_l'Ivennac Room., (rare). 

Middle Dyas-Uppcr zone 

17. L imestone with Sc/twaocI'imt t'cdJceki. Geln. (not SchwrtgCI'ina in 
true st'nse), Do/loUtla Icpida Schwng., both v('ry abundant; 
F mnllilla JIIM!~l!yi Depr., P. J'it:Mho/tHli Schwag-., F. itdcltoisi 
Depr. 

Lower Pe l'milln Middle Dya5;-Lowcl' zone 

16. VC1'Y thick hol"izon with Bl"achiIlOds, but without Ftl lmlinin.ae : 
SlJiri/IJ)" bla.~ii ue Vern., Spil'i!erclla umndis Wang., Martin­

op8is infiata Wnng., Product1!8 .~triatlls Fisch. 

Uppel' Uralian Lower D~'as 

15. Limestone hol'ir.on with Net)~c/tl!;agcl'i'lIa llmUic;rCUI!I1!/I/uta Dcpl'. 
N. cl ·((ticldifcl·U val'. U}'undi8' Depl· ., SchwugcriJ!a 1)C)'/)ee/d Gein., 
vcry rare. 

14. Limestone hOl"i~on with NeQ~chwaucl'ina cl'aticulift~ l'a val". ten"is 
Depl'., [' i1tgl,lilIU 1!allki11yel!.xi.~ LOI'., CUmacatnmi"a comll!!nti.~ 

Mooll. 
13. Yellow limestone horizon with Sch1lJa[Jerina Pl'hlCCPS Ehr., S. 

fl~~uliltnidC8 Schcllw., FU81tl-ina alpina Schellw. 
12. Limestone horizon with FIl ... ·mlillu incisu Schellw., RetiC/tI(! ,-ia 

li1t('at(~ Mart., Sl'i7"ifc)' tl"iY01!atill ScheUw. 
11. Limestone horizon with Doliolina ulicial! Dep!"., F1t8I!li1!a g/oboBa 

Velll'., F. tem!is>;imu Schellw., F. 111l1lti~ept{tta Schellw. 
10. Hol"i)lon with PJ"o{/uctU$ ~lIbct)l:<tutu~ 'Vaag. 

U. Limestone hOl"i7.on with Doliolillu claudinac Depe, F WH!tinellae. 
8 . H01'izOll with F 1!IIHlilla l;attaenis Waag. 



Specie.~ of the Gen'U!l Sckwagel'ina 73 

Lower Uralian True Upper Carboniferous 

7. Horizon with FII. ~l!li7ta tchc7lnki(J,llfJCI!~i8 DCllI·., F. n!gl!lal'i8 
Schellw. 

6. Horizon with FIt~uli1!a l'couluri~ Schcllw., F. du~~aulei Depr., 
F. hfWic!t/u Schwag. 

5. Horiwn of gastropods of Lo-A·Tien and of Chouei-Tang. 
3. Coal beds. (Tnlnsitiun oC i'\Io~ovian to Ural-

ian. Frech.) 

Muscovian Muscovian 

2. Hori1.on of Spirifcl' mORquel!«itl, ure; Fusuli'llG rcgularill Schellw. 
PU8ulil!a culindl'ica Auct., Scitwllycl'ina (not Sckwa!1C1'illa 
s. 1$.) p"illca Dcpl·., Fu~uli1wlia IItl'ltvii Mrecll., F. /ul,z/li Lor., 
Tetraxis concha Ehr., Sllil'ilina Ruhallmdata Mooll., etc. 

1. Stuge of sand::;tuncs (:!OO LO 500 m.) with limestone intercala­
tions with Schwaoerimt. (not S. s. s.) 111 'illca Depr., F l11Wlillcila 
~t1'lwii Mooll., E-ndothJJl'a pan'a Mooll ., b'ndotllyj'u bowmani 
Ph ill ., E, Cl'USIiIt Brady, C1·ib. }Ia/ute?'i Med!., 7'etl'a~is cOllica 
Ehr., Spi"iIIincs, ctc. 

JAPAN 

After this succession had been worked out, Deprat visited 
the locality at Akasaka, Island of Honshu, studied by Richt­
hofen, from whence came the material described by 
Schwager. LateI' Rtudies by Yahc formeu a part of the 
grollnd work for Depl'at's Fusulina study."' As in the ca!;:.e 
of Indo-China, Deprat used the more careful methodR by 
which he obtained his good result!> in southern China and 
Indo-China, and foun d the following section :"c, 

UIJPC]' Permian 

8. Rocks; oC N. (SluliatrillU) 1Il/tltil<('Jlfatu, with S, (Vc)'beeki1/a) 
dOltvilld and F . . ql·UIlHIIU1·Cllae. 

7. NCQsel!wf!gcl'i1/a (1' abci1/a) ill,m!!i lim,:,!'tone with N. y/obosrt, 

S, dOlivillei, F. !J/'UIIII))tU'cnue, U~cm. 

" 'Y~bc, H. A Contribution to the Genus F'usulina, with notes on 
the Fusulina limestones Crom KOl'ea, Jor. ColI. Sci., 1m]}. Univ. 
Tokyo, XXI, 5, 1908. 

s:;Etude compal'ative des Fusu linid\!s d'Akasaka (J apon) ct des 
Fusulinides de Chine ct d'Indo.ChinO!, pp. 3-G, 1914. 
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6. Black or gray-smoky limestone with F. ambigi1w Depr., F. eu/is, 
F. mfl./"gheritii, N. globo8a. 

Middle and Lower Permian 

5. Limestone with S. (V.) v(wbeekii, N. m.al'guritae, D. lepida, 
F. maruheritii, N, gl.obolla. 

4. Various linltlstoncs with F. jalJonica and var. CQ1l8tl"icta, D. (epida, 
S. (V.) vcrbeekii, N . C'faticulifcra. val'. 

3. Limestone calTying F. jU1Jonica, F. 1)TOjJinqllu n. sp., F. japonica 
al.:wlakensis n. v., n. lcpida S. (V.) vcrbcckii, N. cJ'aticulijeTa 
, ·ottmdn. 

UraHan 

2. Limestone with N. m«lticircumvoluw, S. (1'.) verbcekii, rare; 
limestone with N. eratictdifera. 

1. Limestone with F. tenuilll:limu, F. annamiti.::a, F. 1!tIIltiseptata. 
F. caycuxi, F. complicata. 

"All of this series, therefore, which I have shown to the 
end of this work, is absolutely parallel with the series 
described elsewhere from the extreme orient. 

Aside from the Akasaka locality, Fusulina limestones rae 
reported from the two large islands forming the southern 
end of the main Japanese islands, Shikoku and Kinshu, 
though little seem!.> to be known about the fauna. 

From Korea, Yabe reports the presence of Fusulina from 
near Phyong-Y:mg. The species are compared with F. 
1'ichthofeni Schwager. No figures are given of the sections 
made, since the material was very poorly preserved. Much 
of the surrounding country is said to be composed of 
crystalline schists.a. 

In the lowest beds of the Akasaka section, containing 
Fusulina complicata ScheJlw., F. tenuissima Schellw., F, 
anamitica Depr., F. multiseptata Schellw., and F. cayeuxi 
Depr., Deprat recognizes the Schwagerina zone. 

Regarding the fauna of this bed, he states: 

J~Yabe, OJ). cit., pp. 28, 29. 
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The first thr<,e arc three fOl'llls chal'aderistic of the Cal'nic 
Alps. The l u~t twu species which I de~cl'ibcd in I ndo-China and 
which are 3s.~ociates of the pr eced ing spec ies und Schwa.ql.J1'ino. 
Pl'il/cCI'" Ehl'. . . We have shown thnt thi!'; horizon is Urnlilln. 

It will be seen that Deprat correlates No.1 of the Akasaka 
section with No. 13 of the South China-Inoo-China section, 
the latter containing Schw(tge'ri1tU, and places them in the 
Upper Uralian; while Frech placed the same bed in the 
basal Permian or Dyas, with the statemen t in a footnote 
to the effect that the Uralian as used by the French con­
tained some basal Permian beds and the Dym; as used by 
the Germans conta ined some of the topmm;t Carboniferous 
sediments. According to Frech's table, it would ~eem that 
the Schwagerina zone in Yun-Nan should be regarded as 
belonging to the basal Permian (Dyas above the Carbo­
niferous) . 

Ir we accept DepraL'" correlation of the base of t he 
Akasaka section, which seems reasonable, we are presented 
with a distribution of SchuJaoe1·ina. in Southel'll Asia ex­
tending from the Straits of the Bo~phorus to eastem Indo­
China and wanti ng in ,Japan. On the other hand, we have 
the Doliolina-Neoschwagerina fauna extending from ,Iapall 
to the StJ'aits, but otherwise absent in Eurasia. 

CORR,:LAT10N 

From the data so far reviewed, it is eviden t t hat the 
changes which occurred dul'ing t he Pel'minn pcriod had 
their inception in the rocks of t he Schwagerina zone or 
their e(Juivalent. In terresti.al deposits the beds were 
marked by the in trod uction of fossil plants belonging to 
"Callipteris, Walchia, T aem:o])te?'is oC the simple ty pe. 
Zamitm; ane! [Jw,givza.mites,"7 Giflantol)tel·ts and other 
genera, in rocks of upper Stephanean age. 

In t hese same horizons, as correlated by their fauna and 
flora, the terrcstial animal li fe is marked by the intl'Orluc-

;" Whit<' , David, J our. Geol., XVII , II. 331. 1909. 
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tion in America of a rich and highly gpecialized reptilian 
fauna and the larger amphibia, In Bohemia it is marked 
by such forms as Paiaeosi1'uS, BmrtchiO!;uurus, and many 
other fo rms described by F ritsch, '" which CatTY Walchia 
amid an otherwise "Carbonifet'ous" flora, "" \vhich places the 
age of the Bohemian gas coa l at, or possibly Rlightly below, 
t he level of the Neva limestone of Kamms, 

With perhaps an exception, E1'YOp,<r and a Cri cotus-like 
form, the Bohemian and general European vet'tebrate fauna 
is quite different: f rom the Permian fauna of the American 
region, which carries in its lower part the amph ibian genera 
E,'Yops, r" im,c1'fwhachis, A1JsidosUU1'U,<r, C,'icotu,s; among 
the reptiles , Diadectes and Dimetrodon, 

The invertcbrate marine fnuna of the ba~al P ermian as 
here defined includes Schwage)'ina /u.<rulinoide,'1, S, pJ'incep,<r, 
S, kan,"la.<rcnsis, S, bakcri: M eekech'inus , f(eysc1'lingiana, 
Aulostcgcs, StJ'()1)/wlosia, P,'oboscidellu, Geycl'clla, Sacchi­
nella, Teguli/em (Carnic type), Spiriferella, Not()th1f1'is, 
AulacothY"is, Ma.gellenia, MU1'tinop>!i8, and many other 
Brachiopod genera, depending upon the region, 

Among the Ammonites are UcldeniteR, Darelites, Para.­
lellocem,s, Agathiccra,<r, Mm'a.thonites, Vi(!.J'iocet'(l s, P1'O-

1W1'itCS, and others, probably including most of the ArtinsK 
species of the Urals, 

The rcmaiJling classcH have not been .sufficiently de­
scribed to be reliably available, 01' 8g is the case with the 
Pelecypoda, the specialization is much :;;lowct' than in many 
othel' classes of animals, the Hpccies al'(~ distinct, as has been 
pointed out in the caRes of Russia and India, but new­
introduced genera are less frequent in the basal beds which 
arc under consideration, 

It is to be held in mind that the first evidences of the 
great change are sometimes reflected in fossil marine life, 
where the full mari ne success ion is uninterrupted, some 
ti me before the new fo rms appeal', For instance, the 

~8F'nuna del' Gaskohle und del' Knlksteine del' Pennionnation Boeh· 
mens, Prag" 1881. 

~DFiestemante1. Geo!. Mag .. Decade II, IV, p, 109, 1877, 
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Kansas fauna was marked by a great reduction of species 
of invertebrates duri ng the whole Wabaunsee stnge and 
even the Shawnee stnge. Second, new forms bcgan to 
appeal' on top of the Americus limestone. In a similar 
man ner the approach to the basal Permian beds showing 
a large percentage of new forms is marked by the gJ'eat 
reduction of species of foss il plants characteri zing lower 
horizons, as is exemplified in the Onaga flora . In the caM 
of both the inver tehrates and the plants, it was the hardy 
and pers istent elements that continued to exist until the 
new fauna and flora were established . 

Whether or not all the localities and beds at the bnxe of 
the Schwagerinn zone .are approximately contemporaneous, 
they may be considered as homotaxial equi valents within 
the usual meaning of t hat term, without doing violence to 
nny considerable mass of known data. 

Furthermore, the fact that the transit ions, both pelagic 
and subaerial, happen to be preserved and exposed on study 
in no way vitiates the necessity of drawing the line between 
the Pennsylvanian and the Permian, or Dyas, at the point 
where these changes actuall y set in, s ince thc!'e new forms 
gained a permanent foothold, were never displaced, and 
soon dominated t he fa una and Born. of the wol'id. The 
changed conditions were responsible for changed faunas 
and Borns, and likewise t hese forms are t he exprcssion of 
the already changed conditions. 

This specialization of forms initiated in Schwageri na 
time marks the beginning of t he greatest eph;ode in geologic 
history from Cambrian time to the close of the Cretaceous 
P eriod-the transition from the Pnleo'l.oic to the Mesozoic. 
The very fortunate fact that it so happcns that this whole 
transition is preserved fo r our study in outcropping rocks 
of various types, does not lessen its great importance, nor 
remove the necessity of limiting its boundal'ief'. precisely 
where thef'.e changes were initiated. 

From this sbmdpoint, one may eonsidcl' the base of the 
true Schwagel'ina zone and its equ ivalents throughout hte 
NOl'thel'n Hemisphere, a~ the baRe of the Permian system, 
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or the Dyas, O!' by whatever term may be applied to it. None 
of thm;e now in Uise is satisfactory, and it is hoped that a 
better designation may be found when our knowledge of the 
whole succession of rocks with its fauna and flora is known, 
so that it may be applied to the specific boundaries of the 
system. 

SUMMARY 

]. Schwage1'ina s. s. is a well-defined genus whose species 
are distributed over much of the Northern Hemi­
sphere. 

2. They were pelagic ,organisms of widest and nearly con­
temporaneous distribution over the seas of that time. 

3. Schwagerimls oeem' near the leve l at which the simpler 
Fusulinas broke up into diverse forms. 

4. At or near the base of this horizon , the older faunas and 
floras were greatly reduced and newly developed 
species and genera appear which come to dominate 
the later fauna and flora. 

5. Some species of SchwageYina persist well up into the 
Permian rocks, as is the case in the Sicilian and the 
:lOuthern Chinese regions. 

6. Schwagc?'ina forms a good index foss il and it.,:; earlier 
occurrences may safely be taken as the base of the 
Permian deposits. 

7. Th is interpretation (No.6) is not seriously out of 
harmony with similar correlation lines laid down on 
the basis of other organic remains. 



Species of the Genu..;; Schwagel'ina 7D 

PLATES 

Explanation of lettering uscd in plates: 

o. Outer piate t. Tunnel 

•• Inner plate ,. Chamber 
;. Initiaf chamber az. Axial zone ,. Septum p. Pseudopores ;n inner plate 
n. Neank stage (Poutrelles) 

•• Ephebic ~tage w. Wall of chamber 
g. Gerontic s tage. ". Accessory skeleton 
b. Basal f;keleton " . Communication aper tures 

• 
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PLATE I 

Figures 1, 2. Schwagcrillu flddeni n. sp . Hueco ]\fountains, West 
Texas. 

1. Cross- section, initial chamber of mict'ospheric form. Neanic 
stage, n; ephebic stage. e; gerontic stage, [I; !'!cptum, S; 
chamber, c; wall , 111. En larged. 

2. Same species showing the same detuils as seen in axial sec­
tion. Enlarged. 

Figure 3. FlI~lIlina 1Jentricosu Meek, sectioned and enlarged as 
above, showing typical Fusulina character s. X 38. 

Figerc 4. S(!hwagerinl~ /u8ulinaidcs Schcllw., iL'om tht: B ucco Moun. 
tains, West TCJ( HS; greatly enla rged to show initial chamber, 
septa, outer and inner plate. Note cSllcciaUy that t he inner plate 
docs not extend down the septum, but that the latter appear s to be 
solid and CQmposed of a singh, layer. 

Figures 5-8. Schwagerina princeps (Ehr.) J\oI(l!J!e r, after Schellwien. 
5. Part of shell shown in cross-section, greatly magnified to 

show nature of inner plate. Note that th('. dark lines (pseu­
dopores} are much coarser in the lower than in the upper 
part of the plate. 

7,8. Two sections taken through this inner plnte; Fig. 7 in the 
upper part ( x.), and Fig. 8 in t he lower part (y) . Tho 
dark li nes in Fig. 5 are the light spot s in Fig. 8; both 
equally magnified. 

6. Part of axial section highly enlarged. Shows part of septum 
with many small pores through it. 

F igure 9. F Ulmlina obesa. Beede, type. Axial SectiOll. Shows t hree 
growth stages and basal skeleton, and tunnel. X 7. 

Figure 10. F wmtina longissimoidea Beede, type. Elongated form of 
Fusltlina preceding and accompanying Schwagerina in the Kansas 
beds. x7+. 

• 



UNIVERSl l or TEXAS . BULLETIN No. 2433 
PLATE I 

. n 

2 

- c 
.hl;~~~~~'~?, -- s 

t 8 r 

az 

10 



82 Uni'V€1'sitll of Texas Bulletin 

PLATE II 

Figures 1, :l. \'e1'beeki1U/ -vcrb"('/. i (SChwugl!l'). After Dcprat. 
sceliol: Ilut quitc t hmuJ.:h t he tent..,,', Show~ axially I. Axial 

COmlH'es~ed Beanie s t agfl, the very ~ i lllp l t axial 7.UIlC with 
straight septa, lhe rq; ulnl'ly increasing: height of all the 
whods outside the nea uic 7.Olle. X ll!.5. 

2. Slightly eXccnll'ic <:l"o:<.~-s(;CLjon 

they appeal' in cross-sections. 
l"igures 3-5. Ou/iutinll. A ftel" l)cllrat. 

s howin)! 
X 12.5. 

t hese fcaturl!s as 

3. n. t';1"Inieri Depr. Oiug: l"tlllllnatic section of Jlol'tion of axial 
sectinll s howing two cha mbers with the rib~ of t he accessory 
skeleton. E nhll'j!e.l. 

4. Cross-section of D. c/(w(/i{(c DCP1' , ~h(lwS iatx(' initi a l cham­
oor anti regular incrca5~ of ~!,Tuwth !ike that of Vf!ubccf.:i1lu . 
X 12.:; 

5. D. i1/fljaf Depr. D!:!cp tangential s!:!c t ion ~howing accessory 
skdelon. X 8.5. 

Figu)'c ~ G, 7. Nc()scinvuycl'i1!CJ. . After Ik]lrat. Yun Nan. 
6. Shows p)'oje<:t ions fro))) inn!:!.' plat!:! tu form cUJ·ta in- liile 

s~ol1dary sc·" ta as seen in c rol'.-;-stoctiun, lind ~ommunication 
ape.·tur!:!s (ea) f"ol)1 (Jill! p:lrt of the ehumhcl' to the olh!:!r. 
The hcavy black line :It the base of the 1011'1:1' chamhct· is II 
revol ving I·ib of the aeee~so l'y ~kclcton. This diagram 
shows the revolving ]ll'oj ectioll t,( the IUWIT p late llniLing 
wi th this db to form :a revol ving" ~eplulll fori ned by the 
combination of the lower plate and t he w::ecssory .. ib. 
Dt·pn.Ll'S t\gun·. 

7. Diag"ullltnut ie (ii-awing of part of axial ~I!('ti()n shuwing )'ibs 
(,f aeee~sOl'y skeleton and Pl'ojt!Ctiull" of the inner plate 
joining them. Greilt!y enlarged. After Uepra \. . 

Figure 8. Ncol<c!lwuye ,'inu (}' ftbciml) ilWlt Jli D<:pr. Tangen t ial ~ee­
tion. Note ;JCCeS"()IT ~kcl ctoll and lJrojections ubnve. Greatly 
!:!nl[U'g!:!ci. 

F igu re Il. S,lmll 'r i1w. After Dcpl'nt, Uia g' r;llll lllillic inler]ll'!:!tutioll 
by Deprut. Sho\\,,.; ucce~sOly Hkeld al rib,; g l'ow ing UII to the 
enlan::'t'l l II S~Ut l o]lorcs unll fiuall y tt; the t .... l: of the cilu(lIbers, 
fonnillg revolving scpt,t composetJ of the accessol'y r i b~. Gl'eat1~' 

l:mlurgcu. 
lo'igul'c liJ, Soma/rhl/1. Sm;;c a", nbuve, C .. otls-section mad!' be­

tween Ih~ ,t{'cessu r~' db". shows cnlar~('t1 s~)fta and lJUuLrdlcs. 
[)C[Il'at'~ in terpretation . Greatly cn l:ll')!cd, 
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PLATE III 

Figures ]-4, 8. Schwul}GJ"il!fl flll;IJliltfJidf]~ Schcllwicn. Types. ~~l'om 

Carnic Alp!>. After Schellwien. 
1. Complete specimen, nutural size. 
l ao Same, cnhu·ged. X 6. 
~. Cross-section . X 18. 
!l. Enlargement of etched specimen in axial section. X H. 
4. Axial thin section showing initial chamber, axial zone, fluting 

of lower part uf SCllta, etc. x O. 
8. Axial scdion of immature sped men. X 9. 

F igures 5-7, lJ. SclW)(/.ge1'illa princqJ8 (Ehrenberg) MccUeI'. Camic 
Alps. After Schell wien. 

5, 6. Specimens. Natural size. 
5a,6a. !:)nme, enla rged 9 dialllatel" ~. 

7. Cross-sect ion. X 9. 
9. Axia l section showing axial zone and unftuted septa in the 

plane of the section . X9. 
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PLATE IV 

Figurc~ I - 'S. SChW"_Ur.1'il!<J /"fJb"Mn (Meek ) M~1I1·'·. Bas!\ Ranch, 
Cnlifvrniu. 

I. Ding-onnl section. Shows initial chamhel', and, in a vel,ticn! 
uir('ction, the rl'lath'c height of (':\ch chamber. Other fea­
tures s hown of little critical value. X7. 

2. Cr ushf.'d sr\~cimen more nt'arly uxiul, showing llICl!'a~flhel'ic 
form. X7.5. 

:1. U ingnnal c l'()ss-~ectioll Ufll' I' Starr. X J!J. 
4. Cros~-scction of specimen. The section pm'tee! on the slide. 

Shows all the chm'acter htics uf the typical Schwagclina. 
X8.!'i. 

:>, Complete !ljJccimcn, afh!l' ?rf'l.'k. Enla r ger! . 
Figures 6-!), F I!""li1lf.l. r/rp)"(Ili n . n. (S('.hwa.fJerilla ,))"i~('.a Deprat.) 

6. Axial section, showing basal skeleton well dcveJopctl, large 
well-d!'nncd tunnel, heavy walls, etc. X 19. 

9. Less enlarged s<!Ction showinK s"me of these features more 
clearly. X 6.5. 

7. Tangential section showing hl'avy basal like!cton. X6.5. 
8. Cross-licction showing h('uvy wa!!!;; and ~epta, which :ll'e 

~traight, and the l1iJ8ence of the infl:lt~rt ephebic stage. 
X HJ.5. After Deprnt. 

Figure 10. Scll1vau cl'i1 ,,~ mil/cui n. sp., Section n, rIueco Mountains, 
We~t Texas. CI'o~~-section for c0Il1!1:1ri~on with the oth",!, forllls, 
eSJlecially Fig. 8. x8. 

Fi~ul'e 11. SChllll.!ucl'inn yabci Stuff. Fu su lina limestone. ~oc io 

Valley, 8icily. Axial ~e(:tion showing fairly well-folded scpta. 
which are elosely foldl'd in basal part, and the very broad axial 
zone ncur the Imles. (Cl'o~s-~cctioll Oil P I. v a , Fig. 4.) X 13. 
After Staff. 
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PLATE V 

Figures 1-5. Schwayel"im! "(I118ftSet1.~i~ n. !lp. Neva limestone, Cow­
ley County, Kansas. 

1. Axial ~cction, type of species. Show~ evenly and deepl~'­

folded septa, minute initial chamber, and broad axial zon .... 
x 15. 

2. S lightly excentric s~ction. X 12.1 5. (The initial chamber 
of this species is so minute and the first volutions so closely 
wound that it is very diRicult to get a t rue axial section.) 

3. Slightly excentric !It'etion of SIH!cimcn from the Wol[camp 
formation, Brewster County, Texas. X 12.5. (Th('sc 
specim('ns arc heavily impregnated with iron.) 

4. Axial section of specimen f rom same locali ty. X I1. 
5. Part of 8xiHi section showing exceptionally well the very thin 

folded septa of the axial region. The septa of this species 
are nearly t.levoid of pores. One or two are shown in this 
figure. Neva limestone. 

Figure G. Schwaycl'ina princ('ps (Ehrenberg) Mreller? Depral's 
diagrammatic interpretation of the relation of the walls and septa 
of this genus. Note thnt the inller plate is shown IlS extending the 
whole length of the septum. Compare with PI. 1, Fig. 4; P l. III , 

Fig. 2, except last whorl; Figs. 2, 3, of this plate; Fig. 3 uf PI. VIlJ. 
Greatly enlarged. 
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PLAn; VI 

Figures 1-6. Schwugel"ina uddeni n. Sil. HueCQ Mou!ltains, We~t 
Texas. 

1. Axi al section of miCf()spheric form. Shows septal pores in 
wide part of septum in lower third of figure. X 10. 

2. Specimen of >;illlilaJ' form to that sectioned in Fig. 1. En­
larged. 

3. Schwagel"i7lu sp. Florence Flint, Marysville, Ka nsas. Some­
what diagonal I!xcentric section of specimen in Chel"t, 

x8±. 
4. 

5. 

6. 

F igure 
pJete. 

Specimen of ~imi Jar fo rm to ~ection shown in Fig. 3. En­
large<!. 

Cross-scction of megaspheric form, somewhat compressed. 
X 10. Section J. 

Cross-section of microsphel'ic Corm. The size of the initial 
chamber of this species is very variable. X 10. 

7. Axial section of megaspheric form, ends s lightly incom. 
x lO. 
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PLATE VII 

Figul"\~S 1-3. Schwagcrlna fusu ii7l.oides Sc hellwicn. Hucco !\Iou n~ 

taillS, West T ('xus. 
I. Axinl section, mic rosphcl'ic f OI'm. X 10. 
2. Axial section , meg-aspheric form. This fo r m has s t ronger 

Schwagerina characterist ic!; t han Fig.!. xtO. 
3. Cross-section. X 14 . 

F igures 4, 5. Scliwflgel"il!a yo,hei Staff. F usulina limestone. Sicily. 
4. Cross-s~ction. aftcl' Staff. X 13.5. 
5. Complete ~Ilccimen. X2 + . 

Sec PI. IV, Fig. 11. 

Figuru 6. Sckwageri1!u ka1!8a8cnlliB? n. sp.? Bass Ranch, California. 
Specimen on s lide from same piece a~ that containing S. I'obusla. 
Di agonal ~ccLion. a lmost a xial. X tl.3. 
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PLATE VIII 

F'igurc 1. Schwagerina "!8iformi~ Krotow, after Staff. Russia. 
Cross-section aftcl' Staff, showing enlarged ends of !lepta, l.arge 
initial chamber and gn'at inflation of ephebic stage. X 13. 

Figure 2. Schwagerina robwlta (Meek) Mreller. Cross-section of 
n specimen f rom Cnlifol'nia, showing similar Ch!lrl~cters. x6. 

Figure 3. Schwagc1'l71.u fmmii7UJidcs Schellw. For comparison with 
Fig.!. 

Figure 4. Schwage/-ina kan~a,;cnsi8 n. sp. Deep tangential s(.'Ction 
to flhow intense fluting of septn in ncanei stnge. X G. Only the 
black lines of this figure belong to the specimen. The more faint 
meshwork is not present in the specimen, rmd is somehow a r esult 
of engraving. 

Figures 5-8. Schwa,qe)'j7lu {usi/oT'mis Krotow, Krotow's figures. 
Russia. 

5, G. Complete form, two views. Enlarged. 
7. Cz·oss-seetion. X 2. 
8. Section nem' IIxis. X 2. 
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PLATE IX 

Figures 1, 2. Scluuuyc1'ill(! pl'i1(CCPS (EhrcnbcI'g) MedicI', After 
Dcprat. Tshu Mo, Mi-Lcu, South China. 

\. Axial section. X 12.5. 
2. Excentric section . X 12.5. COUlpare these figures with thoHe 

of PI. III, Figs. 5, G, 7,!) from the Carnic Alps. 
Figures 3,4. Sthwageri1!a amadaei Dl'pt'ut. Yun Nan, SOl1th China. 

Arter Dcprat. 
3. Axial section. X 12.5. 
-I. Cross-~cction. X12.5. 

Figures 5, G. Schlllagcril1a { = Fu:mlina} muon9thCll.~ix Deprat. 
After DCjlrat. 

5. Cross·~~cli()n. X 12.5. 
G. Axial seetion. x 12.5. 

other SchwUg'crilla ~, 

PI. L xlVi. 

Com pure with J<'ig. 2, above. 
Compare with Fig. 1, abov!:!, and 

and with the figures of Fu ,,«/iJla on 
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