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238. THE GENUS BIREOPHAX, A SYNONYM OF THOMASINELLA
Hans M. Boiir
Cia. Shell de Venezuela, Maracaibo, Venezuela

ABSTRACT
Evidence is given to show that Bireophax is a junior
synonym of Thomasinella. The latter genus is a bifur-
cating, arenaceous form in contrast to the uniserial
genus, Reophax., The five described species of Thomasi-
nella are probably synonymous.

C. H. Squyres of the Oasis Oil Company of Libya
has kindly drawn the author’s attention to the fact
that Bireophax Bolli, 1960, appears to be synonymous
with Thomasinella Schlumberger, 1893. Mr. Squyres
indicated further that Bireophax guaricoensis described
from Venezuela is probably a synonym of Thomasi-
nella aegyptia described by Omara in 1956. A specimen
of Thomasinella aegyptia subsequently received con-
firmed that the two species are, in fact, synonymous.

The genus Thomasinella is omitted from most text-
books, and can not be found in Cushman’s (1948)
Foraminifera, in Glaessner’s (1945) Principles of Mic-
ropalaeontology or in Pokorny’s (1958) Grundziige der
zoologischen Mikropaldeontologie. Galloway (1933),in
his Manual of Foraminifera, lists Thomasinella as a
nomen nudum, which it was, in fact, as first published
by Schlumberger (1889). No species was at that time
described under the generic name Thomasinella, nor
was any other species designated as type species. Only
in 1893 did Schlumberger (42 Thomas, 1893) describe
the two species Thomasinella puwica and T. rugosa, but
again he did not designate a type species for the genus.

Dr. A. R Loeblich, Jr., has supplied the writer with
additional information on the status of the genus
Thomasinella. This information was prepared for pub-
lication in the forthcoming volume on Foraminifera in
the Treatise of Invertebrate Paleontology. The writer
is most grateful to Dr. Loeblich for giving him the
opportunity to make use of it in this note. According
to this information, Thomasinella became a valid
genus with the description of the species Thomasinella
punica and T. rugosa, even though neither of the two
was designated as type species. In the same year,
however, Thomasinella punica was subsequently desig-
nated as type species by Schlumberger (in Peron,
1893) on the explanation to plate 14.

Omara, in 1956, emended the, original generic defi-
nition of Thomasinella by including unbranched uni-
serial, linear or slightly curved arenaceous Foraminif-
era, distinguished by simple terminal apertures. He
attempted to demonstrate the ontogenetic relation-
ship from uniserial to bifurcating forms on his text fig-
ure 1. From the illustrations given by Omara and
from direct observations on Venezuelan material, it
appears, however, that the unbranched uniserial forms

belong, in fact, to Reophdx and can clearly be sep-
arated from the bifurcating Thomasinella.

Because of the fragile, multiple branching most col-
lected specimens of Thomasinella are broken and the
initial stages are, therefore, comparatively scarce. Not
one of Omara’s twenty figures of bifurcating forms
shows the initial chambers, whereas of the seven uni-
serial forms figured only one shows the initial portion
missing. Of the several hundred specimens examined
in Venezuela, the author encountered only a few that
contained. the initial chambers; most of them were
figured in Bolli (1960, pl. 1, figs. 1, 2, 4, 5, 9).

The uniserial Reophax specimens that apparently
are often associated with Thomasinella can be further
separated from the latter by their chamber shape. The
chambers in the Reophax specimens are as a rule more
globular and higher in relation to their width than is
the case in comparable Thomasinella chambers. Es-
pecially, the final chambers of the uniserial forms (see
Omara 1956, text fig. 1, figs. 1-4; pl. 101, fig. 3) are
elevated, while in the branching forms, the chambers
just before the onset of bifurcation (see Omara 1956,
text fig. 1, figs. 7-10; pl. 101, figs. 1, 6) become re-
duced in height compared with their width and, in
addition, are arched. The author, therefore, never had
any difficulty in distinguishing these two genera in
the Venezuelan material studied. In Omara’s text
figure 1, the line between Reophax (figs. 1-4) and
Thomasinella (figs. 5-10) also can be clearly drawn.
Another criterion that assists in the distinction of
Reophax and Thomasinella can be a difference in the
composition of mineral grains forming the wall. Com-
pared with the Thomasinella specimens from Guarico,
Venezuela, the associated Reophax specimens are often
made up of larger mineral grains with glauconite
fairly dominant and with the cement either non-
calcareous or only slightly calcareous.

On this evidence, it is proposed that Thomasinella
should be restricted to include only the bifurcating
arenaceous forms as defined by Schlumberger and
later by the author under the synonym Bireophax.

To the author’s knowledge the following five species
of Thomasinella have been described so far: T. punica
Schlumberger, T'. rugosa Schlumberger, T. aegyptia
Omara, 7. fragmentaria Omara and T. guaricoensis
(Bolli). By direct comparison Thomasinella aegyptia
and T. guaricoensis are obviously synonymous. It ap-
pears that great variation exists in each described
species. It is, therefore, the author’s contention and
also Dr. Loeblich’s (personal communication) that a
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careful comparative study of the five species will prob-
ably show that they are, in fact, inseparable. This
assumption is supported by the apparently short and
probably identical stratigraphic occurrence of all five
species.
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239. THE STATUS AND TYPE SPECIES OF CALCARINA,
TINOPORUS AND EPONIDES (FORAMINIFERIDA)

AvLrrep R. LoesricH, Jr. and HELEN TappAN
California Research Corporation, La Habra, California
and University of California at Los Angeles, California

ABSTRACT

Calcarina d’'Orbigny, 1826, is recognized as a valid
s=nus, with Nautilus spengleri Gmelin, 1788, as type
species. Tinoporus Montfort, 1808, is regarded as unrec-
enizable, as the original specimens of the type species,
T. baculatus, are not preserved, the type locality is am-
yizuous and the original figure and description could
=gqually well represent the type species of at least three
we=ll-defined genera occurring in the localities mentioned.
Eponides is recognized as valid, and a neotype designated
‘or its type species, Nautilus repandus Fichtel and Moll,

1798.

Some authors have questioned the validity of the
zenus Calcarina d’Orbigny, 1826, largely because of
question as to the type species and how and by whom
r was first legally designated. Tinoporus has vari-
wusly been regarded as equivalent to or as replacing
:nv one of three or more other generic names, as its
=vpe species is also doubtful. Eponides has been rec-
gnized by some authors, but regarded as a nomen
tubium by others, with new names unnecessarily pro-
gesed for the same group of species.

The status of all three genera is fully discussed
selow and the usage being followed by the writers in
greparation of the 7T'reatise on Invertebrate Paleontol-
gv 1s explained.

Genus Calcarina d’Orbigny, 1826

Csicarina D’OrBioNY, 1826, Ann. Sci. Nat., vol. 7,
p. 276.

The type species of Calcarina has been variously
srzted to be Nautilus spengleri Gmelin, 1788, or Cal-
wrina calcar d’Orbigny, 1826, and the genus has been
mrognized by some authors and has been considered
¢ munior synonym of T'inoporus Montfort, 1808, by
WINETS.

DOrbigny originally included in Calcarina the fol-
ww ng species: 1. calcar (new species, included in the
Wadeles, but neither described nor figured, hence a
women nudum, and in spite of the tautonymous name

cannot be the type species), 2. gaimardii (new spe-
cies, not described or figured, hence a nomen nudum),
3. defrancii (illustrated on pl. 13, figs. 5-7"), 4. spen-
gleri (Gmelin, 1788, p. 3371, sp. 10) (a valid pre-
viously described species, with references given in
the synonymy listed by d’Orbigny), 5. gaudichaudii
(new species, not described or figured, hence a nomen
nudum) and 6. quoy: (new species, not described or
figured, hence a nomen nudum).

Parker and Jones (1863) discussed the species given
by d’Orbigny in the 1826 Annales des Sciences Natu-
relles article and (on p. 431) listed species adopted by
d’Orbigny from earlier authors. They state under the
discussion of Calcarina spengleri (Gmelin) that “among
the synonyms of this species, D’Orbigny has “Tino-
porus baculatus, Montf.”; this, however, according to
Montfort’s figure, has more of Orbitolina than of Cal-
carina in it; and Dr. Carpenter proposes to use the
term “Tinoporus” instead of “Orbitolina” (Introd.
Foram. p. 224).” Parker and Jones (1863, p. 439)
state of Calcarina defrancii d’Orbigny (the only species
illustrated by d’Orbigny), “This is a variety of C.
Spengleri.”

Parker and Jones (1859, p. 482) gave a “Tabular
List of the Foraminifera enumerated by Linné and
Gmelin,” with two columns, one giving “Linnaean
names’” and the other “typical species and subspecies.”
In each case the second column cited species they
recognized as the type species: Cristellaria calcar,
Nodosaria raphanus, Polystomella crispa, Rotalia bec-
carii, Peneroplis planatus, Quinqueloculina seminulum,
etc. Under Linnaean names they list “Nautilus Spen-
glert Gm.” and opposite it in the column citing types
they list “Rotalia (Calcarina) Spengleri”

In the later publication by Parker, Jones and Brady
(1865, p. 36) in discussing d’Orbigny’s models they
list the following species of Calcarina, in columns as
below.

Models
Type Corrected name Pl. | Fig. D’Orbigny’s name Livr. No.
Calcarina Calcarina Spengleri, Linn. 1| 87 Calcarina Calcar 2 34
. e S ar.mata, D0. IIT] 88 Rotalia armata 3 70
.,pcr.lg ert, ——— bisaculeata, D’0. 111 89 bisaculeata 1 15
. laevigata, D'0. IIL [ 90 | Siderolina laevigata 4 |89
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Under a discussion of one of these species, Rotalia
bisaculeata, Parker, Jones and Brady (1865, p. 21)
comment, “This is rather a subvariety of the Rotaline
genus Calcarina, of which Model no. 34 may be taken
as type.” Galloway (1933, p. 312) regarded the “geno-
type (by absolute tautonomy, and designated by
Parker, Jones and Brady, 1865)” to be Calcarina
calcar, considering the last given quotation of Parker,
Jones and Brady to be a type citation. This was fol-
lowed by Finlay (1939, p. 525). Cushman (1948, p.
302) also quoted the above sentence of Parker, Jones
and Brady and stated, “This is very ambiguous and
may have two interpretations, and the species as al-
ready noted may be a Rotalia.” He added that “The
reference of Parker and Jones (sic), as to the type, is
very obscure when their whole sentence is considered,
and Nautilus spengleri 1s here considered as the
genotype.”

Of the six species originally included, four were
nomina nuda in the original publication, defrancei
was illustrated but not described (according to the
Rules of Nomenclature this was a valid “indication”
prior to 1930), and spengleri was a valid and previ-
ously described species. Even if validated later, Cal-
carina calcar could not become the type species of
Calcarina, for as noted by Smout (1955, p. 206), it
was a nomen nudwm in the original publication, and
other valid species were then included. The question
of tautonomy has no bearing in this case. When the
genus was described, only Nautilus spengleri and Cal-
carina defranceis were valid species and therefore
available for original or subsequent designation as
type species. Both the tabular references by Parker
and Jones (1859, p. 482) and Parker, Jones and Brady
(1865, p. 36) refer to Calcarina spengleri as “type,”
and their erroneous inclusion of other forms as syno-
nyms can have no bearing on its status (Parker and
Jones, 1860, p. 341, also included Siderolites calci-
trapoides Lamarck as a synonym of Calcarina spen-
gleri and Smout (1955, p. 206) considered Calcarina
a synonym of Siderolites).

Thus the type species of Calcarina is Nautilus spen-
gleri Gmelin, 1788, fixed by subsequent designation
by Parker and Jones (1859, p. 482).

Genus Tinoporus Montfort, 1808

Tinoporus MonTrorT, 1808, Conch. Systém., v. 1,
p. 146.

Tinoporus Montfort was monotypic, hence the type
species is 7. baculatus. The validity of the genus rests
on the status of the type species. Generic and specific
limits were then more broadly understood, and all
later workers have agreed that Montfort’s figure and
description were composites. D’Orbigny (1826, p.
276) described Calcarina and under the generic head-
ing included “Siderolite, Lam., Blainv.; Tinopore ? et
Cortale ? Montf.,” indicating that he questioned
whether Montfort’s Tinoporus (or part of it) might

be equivalent to Calcarina, but did consider Siderolites
as synonymous. In the synonymy listed for Calcarina
spengleri, d’Orbigny listed Tinoporus baculatus Mont-
fort, and Siderolites calcitrapoides both as synonyms
of Nautilus spengleri.

Parker and Jones (1860, p. 341) discussed Mont-
fort’s description of Tinoporus as follows “Modified
from the figure of Calcarina Spengleri, var. a, F. &
M.; or, rather this is apparently a curious hybrid pic-
ture, consisting of a three-spined Orbitolina, accord-
ing to its surface-ornament and its vertical section,
but outlined after a three-spined Calcarina Spengleri
(such as fig. e. pl. 15, in Fichtel and Moll’s ‘Test.
microsc.’). The indication of an aperture (the broken
newest chamber in Calcarina) is also after Fichtel and
Moll’s figure. The sectional aspects in Montfort’s
woodcut appear to have been taken, the vertical (Or-
bitoline) from nature, the korizontal (Calcarine) from
Fichtel and Moll’s fig. .. with the sectional feature of
the spine (also Calcarine) added from some other
source. Some stellate variety of Orbitolina sphaerulata
may perhaps claim the name of 0. baculata, Montf.;
but Montfort’s indefiniteness may well lead us to drop
the name altogether.”

Sacco (1893, p. 206) stated that Tinoporus bacu-
latus was a “variety” of Calcarina (Siderolites) spen-
gleri (L.), as indicated by the irregular spines, large
and regularly arranged chambers (although these
characters were exaggerated and idealized in Mont-
fort’s illustration), an externally visible aperture, and
the occurrence of the species in the Adriatic Sea. This
interpretation was followed by Galloway (1933) and
by Finlay (1939). Because Nautilus spengleri is the
type species of Calcarina, this would apparently place
Calcarina as a synonym of Tinoporus.

The Pacific species referred to Tinoporus baculatus
by Carpenter (1862), Brady (1884), etc., were stated
by Sacco to be distinct from 7. bacculatus of Mont-
fort, and Sacco placed the Pacific species (under the
specific name sphaerulata Parker and Jones) in a new
genus, Baculogypsina, even though Parker and Jones
had themselves earlier regarded 7. baculatus Montfon
as equivalent to Orbitolina sphaerulata. Hofker (1927
p. 12) also regarded O. sphaerulata as a synonym of
Tinoporus baculatus, but Galloway (1933, p. 312)
followed Sacco’s interpretation stating that Tinoporw
of Carpenter, Brady, Chapman, Cushman (up o
1919) and others is Baculogypsina, and recognizes
Tinoporus, considering the type species to be a syno
nym of Nautilus spengleri.

Cushman (1948, p. 302) followed Parker and Jones
(1860) and stated that Montfort included two genera
in Tinoporus, “both in the composite figure and the
description, and as such is entirely invalid.” Kiipper
(1954, p. 28) stated “Since it is difficult to recognize
Montfort’s type on account of inadequate descriptiom
and poor illustration the use of this genus is not rec
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ymmended. Although Tinoporus has priority over
Calcarina, it is advisable to maintain the name Cal-
-arina because of its clear definition and better illus-
tration.”  Smout (1955, p. 205, 206) regarded both
Calcarina and Tinoporus as synonyms of Siderolites.
The figures given by Montfort have thus been vari-
usly interpreted to represent either that form now
regarded as Calcarina spengleri (as it was considered
by Sacco, Galloway and Finlay) or that now con-
sidered to be Baculogypsina sphaerulata (as was done
ov Parker and Jones, Carpenter, Brady, etc.). The
“Adriatic occurrence” is not a valid reasoning by
<acco, as Montfort gave the Adriatic occurrence last,
stating (1808, p. 148) “L’individu qui a servi de sujet
. notre description venoit de la mer des Indes orien-
cales; on le trouva dans le sable dont étoit remplie
:ne coquille du genre casque: on rencontre encore les
=nopores parmi d’autres coquilles microscopiques, sur

les plages du golfe arabique, ainsi que dans quelques
éponges de la mer Adriatique.” Thus the “individual”
used by Montfort was from the East Indies and not
the Adriatic, and Montfort stated only that the spe-
cies occurred also in the Gulf of Arabia and Adriatic
Sea. This leaves considerable doubt as to whether
Montfort’s specimen was actually the same as Nau-
tilus spengleri (= Calcarina), Orbitolina sphaerulata
(= Baculogypsina) or possibly Baculogypsina flores-
iana (= Schlumbergerella), each species the type of
In the interest of stability of
nomenclature, Timoporus is therefore here suppressed
as unrecognizable on the basis of the type species,
which might be conspecific with the type species of
any of the three other genera cited. Calcarina (type,
Nautilus spengleri), Baculogypsina (type, Orbitolina
sphaerulata) and Schiumbergerella (type, Baculogyp-
sina floresiana) are all recognized as valid.

its respective genus.

TEXT FIGURES a-c

Eponides repandus (Fichtel and Moll).

Recent, Bay of Naples, Italy. a)

spiral, b) umbilical and c¢) edge views of neotype, here designated, X 50.

Genus Eponides Montfort, 1808

-onides MonTtrorT, 1808, Conch. Systém., v. 1, p.
126, type species: Nautilus repandus Fichtel &
Moll, 1798, fixed by original designation.
~inulus LamAarck, 1816, Tab. Encycl. Method.,
pt. 23, v. 3, p. 14, type species: Nautilus repandus
Fichtel & Moll, 1798, fixed by subsequent desig-
nation by Galloway (1933, p. 281).

-sntula LaAMARCK, 1822, Hist. Anim. s. Vert., v. 7,
p. 620, type species: P. pulvinata Lamarck, 1822,
— Nautilus repandus Fichtel & Moll, 1798, fixed
by subsequent designation by Children (1823, p.
157).
~inulina PARKER & JoNEs in CARPENTER, 1862, In-
rrod. Study Foram., p. 200, 210, type species:
Vautilus repandus Fichtel & Moll, 1798, fixed by
rriginal designation.

Eponidopsis Reiss, 1960, Israel Geol. Survey, Bull. 29,
p. 16, type species: Eponides lornensis Finlay,
1939, fixed by original designation.

A number of articles in recent years have discussed
the status of Eponides. Originally described over a
century and a half ago, the generic name was not in
common use for about two-thirds of that time. The
type species of Eponides (Nautilus repandus) was
later given as the type for a later genus Pulvinulina
Parker and Jones in Carpenter (1862, p. 200, 210),
and the specimen figured by Jones, Parker and Brady
(1866, pl. 2, figs. 22-24) from the English Pliocene
was not like that of Montfort (but is congeneric with
Sestronophora Loeblich and Tappan, 1957). Similarly,
the form illustrated by Brady (1884, pl. 104, fig. 18)
is not conspecific (or congeneric) with either of the
earlier mentioned forms, but has been regarded as Ala-
bamina by Hofker (1950, p. 15) and as probably
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Poroeponides by Barker (1960, expl. pl. 104). The
junior. objective synonym Pulvinulina was in general
use by the English school for half a century. These
early British workers were extremely conservative as
to both generic and specific limits even including as
varieties of a single species, forms now generally rec-
ognized as genotype species of five or more genera,
but these erroneous later assignments can have no
bearing on the validity of the type species (repandus)
or that of the genus Eponides.

Cushman (1927a, p. 76; 1927b, p. 170) recognized
Eponides for Pulvinulina of later authors and for Pul-
vinulus of Lamarck because the latter two were iso-
genotypic synonyms. Cushman reillustrated Fichtel
and Moll’s figures and stated (1946, p. 6) that, “From
the appearance of the type figure given by Fichtel
and Moll, it is evidently incorrectly drawn . . . . If
the type specimen is still in existence, a study of it
should be made to determine the true characters of
the species. It is from Recent material from the Medi-
terranean.” As to the preservation of the types, Cush-
man stated (1946, p. 3), “I had hoped that the origi-
nal types might have been preserved in the Museum
at Vienna where I found many of the earlier types in
1932, but they were not available at that time.”

Redmond (1949, p. 20) again copied the original
figures and translated the original description for
Nautilus repandus and Eponides. Because figures and
descriptions given by the two original publications
agreed closely, he regarded Eponides as probably un-
recognizable, as these did not agree with Eponides
repandus as understood by later workers. Hofker
(1950, p. 16) gave a redefinition of the genus, which
agrees with the general usage of the present time, but
added, “The genotype may be Eponides repandus
from the coast of Chile or Eponides frigidus from the
North Atlantic.” Fichtel and Moll stated that they
had a single specimen, and Montfort’s figure and de-
scription were both apparently modified from those of
Fichtel and Moll. The species was stated by Mont-
fort to be rare in algae in the Mediterranean, but
there is no indication that he actually had access to
specimen(s). Eponides frigidus is a cold water spe-
cies, and belongs to Buccella Andersen, and neither
specimens from the coast of Chile nor the North At-
lantic can be considered as typical since Montfort
stated only that the genus occurs in the Mediterra-
nean Sea, as was also noted by Cushman (1946). Re-
cently Hofker (1960, fig. 146) illustrated a character-
istic example as Eponides repandus from the Recent
of the Bay of Naples at about 100 meters in depth.

Reiss (1960, p. 2) reviewed the above-mentioned
discussions of Redmond, Hofker, and others, rejected
Eponides as a nomen dubium and proposed a new
generic name FEponidopsis for the group of species
that has been commonly referred to Eponides, with-
out commenting on the other available generic names,
Pulvinulus Lamarck, 1816, Placentula Lamarck, 1822,

and Pulvinulina Parker and Jones, 1862. All of these
clearly have priority over Eponidopsis, for the argu-
ment could well be proposed that these later workers
were not concerned with the same species as that of
Fichtel and Moll and the Zoological Rules allow for
such cases of misidentified genotype species.

It seems both unnecessary and unwise to suppress
a name in common use for 35 years merely to resur-
rect an unused synonym or to propose additional
taxa, when the type species can be recognized, as it
was by Hofker (1960), in the type area of the Medi-
terranean, and the later included non-congeneric forms
were from other strata or regions. The present in-
stance seems to be one in which selection of a neotype
would further stability of nomenclature. Inasmuch as
Fichtel and Moll’s types were not found by Cushman
in 1932 and have not been reported as in existence
for the past 164 years, in spite of the numerous arti-
cles questioning the status of this and other genera,
they must be presumed lost. The proposed neotype
of Nautilus repandus (= Eponides) is deposited in
the U. S. National Museum, Washington, D. C. and
here illustrated (see text figs. a-c). It is from the
Bay of Naples and is similar to the specimen
illustrated and described by Fichtel and Moll,
allowing for the generalized original figures. No areal
pores occur in the apertural face as they do in the
Pulvinulina repanda of Brady (= Poroeponides) from
the Atlantic. The umbilical side is somewhat rough-
ened in appearance due to the thick wall and granules
of secondary calcite. Both the descriptions given by
Fichtel and Moll and by Montfort state the original
specimen to be !5 line (approximately 1 mm.) in di-
ameter, as is the present specimen. The test propor-
tions, convexity and apertural characters also agree.
The greater number of chambers shown in Fichtel and
Moll’s illustration of the side view is due to the sharp
angle of the apertural face, which suggests at low
magnification that a septum might occur at that posi-
tion. Reference to the marginal lobulation of Fichtel
and Moll’s figure suggests strongly that additional
“sutures” were erroneously drawn in by the artist.
The illustration given by Montfort is apparently re-
drawn from the edge view of Fichtel and Moll.

Recognition of this specimen as a neotype validates
a commonly used generic name, which has been cited
in all major texts and treatises on the Foraminifera
for nearly a third of a century (Colom, 1946, p. 251;
Glaessner, 1945, p. 146; Cushman, 1948, p. 291; Ber-
mudez, 1952, p. 48; Sigal in Piveteau, 1952, p. 226:
Le Calvez in Grassé, 1953, p. 246, 247; Pokorny, 1954,
p. 217 and 1958, p. 319; Matthes, 1956, p. 81; Rauzer-
Chernousova and Fursenko, 1959, p. 269, etc., to citz
a few in a half dozen languages) and has served as
the basis for both family (Hofker, 1951, p. 321) and
subfamily (Subbotina in Rauzer-Chernousova and
Fursenko, 1959, p. 269) names. Thus, the resurrection
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of previously suppressed objective synonyms or adop-
tion of still additional new names will not be required.
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C. W. DrooGer
State University, Utrecht, Netherlands

Two articles by Cole (1961) and Cole and Applin
1961) in these Contributions, both dealing with
nomenclature and taxonomy of larger Foraminifera,
provoke the important question: Is it useful that
every specialist have his own concept of specific and
zeneric units? There certainly is no possibility of pre-
scribing uniform concepts but there is no necessity
zither that they should become a set of labels for the
zuthor’s convenience. If everyone had his own set of
izbels, which moreover changed repeatedly, in the end
zach person would be able to read only his own papers.
This article certainly is not meant as a special criti-
=sm of Cole’s work; it merely offers the opportunity
# putting the question and I can well imagine that
sthers read my papers with similar questions,

Some points may be raised:

Many authors have emphasized the fact that the
wsually adopted subgeneric classification of Lepido-
~vclina is far from ideal because of the frequently
wserved intergradation in populations. As a conse-
mzence, it is certainly not advisable to give too much
weight to these subgenera. Nevertheless, they have
seen used for a long time, especially because of their
srratigraphic value, and there has been general agree-
ment about the way these subgenera are to be used.
‘part from whether the lumping together is correct,
w:th which I do not necessarily disagree, the ques-
=mon may be raised as to whether it is practical to
gwe to the subgenus Eulepidina a completely new,
suder meaning (Cole, 1961, p. 143). For example, a
szure of a European L. tournoueri is said to show
“mwpical eulepidine kind of embryonic chambers” (p.
23 pl. 16, fig. 1), although the author of the sub-
gnera, H. Douvillé, considered L. tournoueri to be
e typical representative of the European Nephro-
wmdina. Cole’s figure is a good illustration of Dou-
mile’s Nephrolepidina type but certainly not of the
fuzpidina type of this French author. Nobody, unless
mew carefully read Cole’s paper, will appreciate, or
wwe=n notice, the different concepts of Eulepidina now
wm existence. If, moreover, the intergradation of
wub ) generic features in one population condemns
w death their separate existence in nomenclature,
¢ = to be feared that the four still existing subgenera
Wi Lepidocycling recognized by Cole (p. 143) will
wwm become united, following the example of the
wmerinids  (p. 144).

This latter group furnishes another example of very
wmwzte 1deas. One must admire Cole for his valiant
lwemse of the name Camerina against the decision of

the International Commission of Zoological Nomen-
clature but it is not sensible since it causes confusion
to those who do not know Cole’s papers thoroughly.
Moreover, it sets a bad example by neglecting the
discipline without which nomenclature would become
a tremendous mess.

Cole (1961, p. 142): lays much weight, in generic
distinctions, on interbreeding populations, whatever
that term may mean in paleontology, but it is strange
to note that this concept cannot be applied for species
limits. His classification of the Miogypsinidae (1957)
recognizes but few species, of very wide concept, but
still their limits cut across what to me could be sam-
ples of single populations. An example is illustrated
(1961, pl. 7) on this plate where a number of mio-
gypsinids from a single level of one boring are figured.
Regarding the nepionic features, I see no criteria for
the distinguishing of representatives of two separate
populations. The individuals used for figures 7 and
11, apart from being photographed from different
sides, are to me hardly different. Nevertheless, they
are placed in two different species. Moreover, the
topotypes of one of these species, Miogypsina antillea,
do not resemble Cole’s specimens at all. In my
opinion, there is no reason to recognize more than one
species, probably M. tani, for these figured individuals.

Although our species concepts differ, I understand,
though sometimes with difficulty, Cole’s papers on the
Miogypsinidae but I believe that it will be difficult
for others less interested in this group to do so.

If we wish to base our species on what are thought
to be remnants of populations, which is the method
certainly closest to the neontological species concept,
we must accept their variation in all cases and not
only when it falls within the limits of our imaginary
species. We cannot give the species a typological
basis, because we refuse to apply statistical methods.
Cole’s (1957, p. 318) reasons for not using such
methods do not appear to me to be sufficiently good
when he says that they are too troublesome for the
industrial paleontologist, cause “undue confusion,” and
give a terminology that is more confusing and seem-
ingly expresses species relationships in a less natural
manner. These statements are seriously doubted but
this, of course, is a matter of opinion and is not ad-
vanced as necessarily the correct one.

Once more, it should be emphasized that these re-
marks are not intended as a special criticism of Cole’s
papers, since for that a personal letter would be more
convenient. It is necessary that we should all con-
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sider, at least once in a while, the basis of systematics
and the resulting nomenclature. In so doing, we must
question ourselves to see whether or not a proposed
change, however correct we may think it is, will lead
to greater confusion. This is certainly the case if we
frequently change our ideas and publish them with-
out considering whether or not the changes are really
worthwhile. .

Another example of causing nomenclatural confu-
sion, of a different type, is clearly criticized in the
same issue of the Cushman Contributions in the article
by Ruth Todd (1961) on lectotypes and neotypes. In
my opinion, she correctly condemns the practice of
reviving forgotten specific names to replace widely
used ones simply because there is a Law of Priority.
Such a practice is indeed jut another way of adding
to the confusion.
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PERMIAN FOSSILS OF THE KETTLE FALLS AREA,

STEVENS COUNTY, WASHINGTON

Josepr W. MitLs and James R. Davis
Washington State University

ABSTRACT

The Mission Argillite at Kettle Falls, Washington, is
w-mposed of metavolcanic rocks, argillite, graywacke,
+hert-pebble conglomerate, siltstone, and limestone bio-
merms. The siltstone contains numerous brachiopods
Muirwoodia sp., Anidanthus minor, Rhyncopora sp.,
Chonetes sp., Orthotetes sp.), gastropods (Pleurotomaria
suglyphea, Euphemites urii), pelecypods (Pleurophorus?
tropidophorus), scaphopods (Dentalium sp.), crinoid stems
znd plant fragments. The bioherms, which are found
within the siltstone unit, contain fusulines of three spe-
‘es (Parafusulina antimonioensis, and two new species,
Pseudofusulinella stevensi and Schwagerina missionensis)
previously unknown in Washington. Specimens of these
species are described in detail. On the basis of the kinds
znd distribution of the fossils, especially the fusulines, it
= concluded that the deposition of the siltstone unit of
«me Mission Argillite began in late Leonardian time and
ontinued into early Guadalupian time.

INTRODUCTION

The purpose of this paper is 1) to establish, on the
sasis of a study of a variety of fossils, the age of the
~ocks of the Kettle Falls area and 2) to describe in
fetail three species of fusulines hitherto unreported
from Washington.

Kettle Falls is located on U. S. Highway 395 (State
Highway 3) about 90 miles north of Spokane, north-
=zstern Washington. It is in the valley of the Colville
Rrver about two miles northeast of its confluence with
e Columbia River.

Preliminary geologic mapping in the Kettle Falls
ar=a (text fig. 1) was done by the senior author while
meducting a Washington State University geology
2eld methods course in 1957. Additional work was
fome in 1959 and 1960 while making a study of the
imestone resources of eastern Washington for the
tezte Division of Mines and Geology. During the
murse of the mapping, abundant and well preserved
usulines, brachiopods, bryozoa, gastropods, pelecy-
is, and tetracorals were collected from the Permian
mcks. The fusulines and brachiopods, especially the
sulines, received most of our attention in this report.
W:Laughlin and Simons (1951) have described a
gmgle mid-Permian fusuline species, P. dunbari Need-
wam. from the locality MS, text figure 1. A few of the
mlecvpods and gastropods have been described by
Mimon (1958) and are referred to later in this paper.
The tetracorals will be described in a later publication.

GEOLOGY

The geology of the Kettle Falls area is described by
Wezver (1920) in his report on the geology of Stevens

County. He includes all of the sedimentary rocks of
the area illustrated in text figure 1 under the forma-
tion name Mission Argillite. He describes (1920, p.
73) the Mission Argillite as follows:

“The formation comprises banded and massive ar-
gillites, calcareous argillites, quartz-mica schists,
and narrow intercalated bands of quartzite and
limestone. Argillites and quartz-mica schists pre-
dominate as constituents of the formation. In
places the argillites are only very slightly metamor-
phosed and are in composition not far removed
from indurated clay-shales. They grade into as well
as alternate with black, slaty, carbonaceous argil-
lites. In some places they become very calcareous
and approach in composition argillaceous limestones.
Bands of pure white limestone varying in thickness
from two to over one hundred feet occur interbedded
with the argillites. In places these limestone bands
are so persistent that they can be traced for several
miles and have been mapped as undifferentiated
limestones but are to be regarded as constituent
parts of the Mission argillite formation.”

There are five distinctive rock units that compose
the Mission Argillite in the area illustrated by text
figure 1. Two units—quartzite and metavolcanics
(andesites, tuffs, agglomerate)—comprise the south-
eastern part of the map area and are separated from
three other units—siltstone, argillite, and graywacke—
in the northwestern part of the map area by a north-
east trending fault zone of unknown displacement.
The quartzite appears to underlie the metavolcanics,
and the relation of both of these units to the units
northwest of the fault zone is as yet undetermined.
The conformable siltstone, argillite, and graywacke
are folded into a north plunging syncline, the east
limb of which is overturned towards the west. A dike
(Tertiary?) of diabase has been intruded along and
close to the contact of the argillite and siltstone.

Of the five units, the most important is the siltstone
because all of the fossils were collected from the silt-
stone or from the limestone bioherms within that
unit. The siltstone unit is estimated to be approxi-
mately 4000 feet thick. It is composed principally of
gray to dark gray, very fine-grained (.01-25 mm.)
siltstone, argillite, calcisiltite and calcilutite. Wide-
spread very fine-grained disseminated pyrite causes
the unit to weather to a distinctive brown color in
contrast to the gray-weathering argillite unit to the
west,
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Scattered within the siltstone unit are at least forty
pods, lenses and irregular masses of limestone, which
we consider to be bioherms. Their contacts with the
enclosing rock are usually covered by alluvium, al-
though the covered interval is often only a few feet
wide indicating that the change from limestone to
siltstone is an abrupt one. However, toward the ends
of some of the limestone masses there is interfingering
»f limestone and siltstone-argillite. These bioherms
range in size from masses 50 feet long and a few feet
wide to 1,500 feet long and 100 feet wide. Toward
the north end of the siltstone belt the larger masses
of limestone are approximately 800 feet long and 600
ieet to 700 feet wide. The majority of them stand out
m relief above the siltstone, with one side very steep
ro overhanging and as high as 75 feet. The rock is
massive and structureless except for a weak parallel
jointing in some outcrops. It is light gray to gray on
iresh and weathered surfaces, fine to medium grained,
and approximately equigranular. Thin sections show
the rock to be composed of fragments of fossils ce-
mented by clear calcite.

Fossils have been found both in the brown-weather-
mng siltstone and in the limestone bioherms. Brachio-
pelecypods, gastropods, scaphopods, crinoid
stems and plant twigs have been collected from the
sitstone. Fusulines, tetracorals, bryozoa, gastropods,
znd crinoid stems were collected from the bioherms.

FOSSIL COLLECTIONS AND
IDENTIFICATIONS

Fusuline collections were made from five localities
flustrated in text figure 1. Three fusuline species were
wentified; two are new species, the other species was
greviously unknown! in Washington. The three spe-
~es and their localities are:

P-rudofusulinella stevensi n. sp. ... KFM 698
fokwagering missionensis N. SP. .............. KFM 698
P orafusuling antimonioensis Dunbar

KFM 774, 198, 652, 502

McLaughlin and Simons (1951) described a fusu-
ime. that they identified as Parafusulina dunbari
Wesdham, from localities MS of text figure 1.

pods,

Collections of brachiopods were made by the senior
surhor at localities 1, 2, 3, 4, and 5 (text fig. 1); and
s oollection of gastropods, pelecypods, scaphopods, and
wrechiopods from locality 6 was made and described
ww Dixon (1958). The identification of these non-
iesuline fossils is discussed below under the heading
“TRATIGRAPHIC CORRELATION. All fossil col-
wemons are filed in the Department of Geology, Wash-
mgmon State University.

W_ R. Danner (1957, A stratigraphic reconnaissance in

ir= northwestern Cascade Mountains and San Juan Is-

amd of Washington State: Ph.D. Thesis, Univ. of Wash-
mezon) mentions finding the fusulinid Pseudofusulinella
weeidentalis in limestone of the Black Mountain Forma-

=. at the northern end of Black Mountain, northern

:tcom County. He concludes that the formation is
‘v Permian.

STRATIGRAPHIC CORRELATION

The value of the fusulines for stratigraphic correla-
tion is widely recognized. The structural complexity
and rapid evolution of these large Foraminifera make
them excellent zone fossils. In a recent paper, Bissell
(1961) lists the significant species of Foraminifera
that appear to have stratigraphic value in the Cordil-
leran area, including those species characteristic of the
subdivisions of the Permian. According to the report
(Adams et al., 1939) of the committee, organized by
the American Association of Petroleum Geologists to
select a standard section of the American Permian
and to recommend a scheme of major subdivisions,
the four subdivisions (series) of the Permian are as
follows, in descending order: Ochoan, Guadalupian,
Leonardian, and Wolfcampian. ;

Rocks ranging in age from upper Wolfcampian to
lower Guadalupian have been reported to contain
fusulines of the genus Pseudofusulinella Thompson.
Thompson and Wheeler (1946, p. 23) report that the
lower part (Wolfcampian) of the McCloud Limestone
of California contains Neofusulinella occidentalis
Thompson and Wheeler and the upper part (Leon-
ardian) contains Neofusulinella montis Thompson and
Wheeler. Later, Thompson (1951, p. 117, 118) re-
ferred both of these species to the genus Pseudofusu-
linella. Pseudofusulinella occidentalis (Thompson and
Wheeler) Thompson was recognized by Henbest (com-
munication to Dunbar, #» Dunbar et al., 1960, p. 1781)
in collections of fusulines from the Coyote Butte For-
mation of central Oregon. On the basis of his study of
these collections, Henbest concluded that the Coyote
Butte Formation is no younger than Leonardian.
Cooper (1957), following a study of the brachiopod
fauna of the Coyote Butte Formation, concluded that
(in the United States) correlation is with the fauna
of the basal Word (lower Guadalupian). This corre-
lation is based principally on the presence of certain
brachiopods (e.g., Muirwoodia) that are not found in
North America in rocks older than lower Guadalupian.
Thompson and Verville (1950, p. 68) consider fusu-
linid forms found about 150 feet below the top of
the Kamloops section of the Cache Creek Group
(British Columbia) to be congeneric with Pseudo-
fusulinella occidentalis. They regard this part of the
Cache Creek Group to be of Leonardian or lower
Guadalupian age. Thompson (1951, p. 118) writes
that, “Pseudofusulinella is very widespread in Lower
and Middle Permian rocks of Utah, Nevada, Idaho,
California, and British Columbia.”

Rocks ranging in age from early Wolfcampian to
late Leonardian are known (Dunbar, et al., 1960) to
contain members of the genus Schwagerina Moller.
The new species, S. missionensis, found in the Kettle
Falls area, bears a closer resemblance to S. guembeli
Dunbar and Skinner than to any other species. S.
guembeli 1s listed on a Permian correlation chart
(Dunbar et al., 1960) as an important zone fossil for
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the lower Leonardian Series. Bissel (1961) lists spe-
cies of Foraminifera that appear to have stratigraphic
index value in the Cordilleran area. He lists S. guem-
beli as an index fossil of the “Medial Leonardian.”

Rocks considered to be of lower Guadalupian age
have been reported to contain Parafusulina antimonio-
ensis Dunbar. P. antimonioensis was first identified
by Dunbar (1953) in collections from the Middle
Permian, northwestern Sonora, Mexico. L. G. Hen-
best, in a personal communication to Dunbar (Dun-
bar et al., 1960, p. 1781) reports the presence of P.
antimonioensis in abundance in collections of fusu-
lines from interbedded sediments 1,200 feet above the
base of the Dekkas Andesite of the Klamath Moun-
tains, northern California. Henbest concludes that a
Word age (lower Guadalupian) is indicated.

In the Kettle Falls area the fusulines Pseudo-
fusulinella stevensi and Schwagerina missionensis were
found in only one bioherm (locality KFM 698). No
Parafusulina antimonioensis specimens were found in
this bioherm but they were found in abundance in all
other bioherms sampled (KFM 774, KFM 198, KFM
652, and KFM 502). We conclude, on the basis of
the kinds and distribution of the fusulines in the
Kettle Falls area, that the deposition of the siltstone
unit of the Mission Argillite began in late Leonardian
time and continued into early Guadalupian time.

The assignment of a Leonardian-Guadalupian age
to the siltstone unit on the basis of the fusuline study
is supported further by studies made on collections of
other kinds of fossils from the same unit. Collections
of brachiopods were taken by the senior author from
the siltstone at five different localities shown in text
figure 1. These fossils were identified by G. Arthur
Cooper as follows:

Identification Locality (text fig. 1)

Muirwoodia sp. 2, 4
Anidanthus minor Cooper 2,3, 4
Rhyncopora sp. cf. R. taylori Girty 2, 3, 4, 5
Chonetes sp. 1, 3, 4

Cooper concluded (written communication) that “they
are about late Leonard or early Word in age.”

Dixon (1958) studied a collection of fossils from the
siltstone one mile north of Kettle Falls (locality 6,
text fig. 1). Table 1 summarizes his fossil identifi-
cations.

TABLE 1.
Phylum Class Genus Species
Gastropoda Pleurotomaria euglyphea
Mollusca Euphemites wrii
Pelecypoda Pleurophorus? tropidophorus
Scaphopoda Dentalium (Plagioglypta)
sp.

Brachiopoda Articulata Orthotetes sp.

Though Dixon “favors a lower or middle Permian
age” for the collection he points out that “the Den-

talium (Plagioglypta) sp. and Pleurotomaria are very
suggestive of the same fauna that Girty (1908) col-
lected from lower Guadalupian deposits of Texas.”

SYSTEMATIC PALEONTOLOGY

Family FUSULINIDAE Moller, 1878
Subfamily FUSULININAE Rhumbler, 1895
Genus Pseudofusulinella Thompson, 1951
Pseudofusulinella stevensi Mills and Davis, n. sp.

Plate 7, figures 1-5

The following description is based upon specimens
collected from the Mission Argillite at locality KFM
698, Kettle Falls, Washington.

Description.—The shell is inflated to elongate fusi-
form, with narrowly rounded to pointed polar ends,
straight axis of coiling, and concave lateral slopes.
Mature shells have at least seven volutions, a maxi-
mum length of 4.7 mm., a maximum width of 2.7 to
3.0 mm., and a form ratio of 1.7 to 1.9. The general
shape of the shell is closely similar throughout all volu-
tions, as is illustrated in Table 2 by the narrow range
of variation in the form ratio from youth to maturity.
The proloculus is small; its average inside diameter is
95 microns and its outside diameter is 145 microns.

The early volutions are very tightly coiled and quad-
rate in outline (Pl. 7, figs. 1, 3). Polar regions in the
outer volutions are greatly extended. The increase in
height of the chambers is quite uniform but rather
rapid. The spirotheca is thin, averaging 60 microns in
the outer volutions, composed of a tectum and a less
dense lower layer; alveoli are entirely lacking.

Septa are thin, numerous and broadly wavy. As
shown by figures 1 and 2, plate 7, fluting increases in
intensity toward the poles and forms chamberlets in
the basal parts of the chambers in the polar regions.
Massive chomata and axial fillings (Pl. 7, fig. 1) form
thick layers on top of the spirotheca. The chomata
are asymmetrical with steep to overhanging tunnel
sides and lower poleward slopes. The tunnel is singu-
lar, straight, and has an angle of from 7 degrees to 9
degrees in the seventh volution.

Table 2 lists the pertinent measurements for a num-
ber of specimens of Pseudofusulinella stevensi from
locality KFM 698 (text figure 1).

Remarks—The specimens of P. stevensi bear a very
strong resemblance to P. occidentalis Thompson and
Wheeler in size, shape, form ratio, the quadrate form
of their tightly coiled inner volutions, kind of wall
structure, and kind and degree of axial filling. The
new species differs from P. occidentalis in the follow-
ing ways:

1) the septal loops in P. stevensi are very much
more numerous, more regular, and narrower tham
in P. occidentalis;

2) the volutions of P. stevensi are from 2 times to
3 times higher than those of P. occidentalis;
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TABLE 2
MEASUREMENTS OF KETTLE FALLS SPECIMENS OF
PSEUDOFUSULINELLA STEVENSI N. SP.
Proloculus Diameter Tunnel
Specimen Length Width Form mm. Angle
Number mm. mm. Ratio Outer Inner 7th Volution
KFM 698-7 ... 42 2.2 19 .080
KFM 698-8 ......... 3.6 24 1.5 5°
. . KFM 698-13a ........ 39 3.0 1.3
Axial Sections: KFM 698-13b ........ 39 2.7 1.4
KFM 698-13c ........ 4.7 2.7 1.7 110 .072 9°
KFM 698-14a ... 43 29 1.5 155 100 7°
KFM 698-14b ... 4.5 24 1.9
KFM 698-2 ... 2.1 110
KFM 698-7 ... .080
sagittal Sections: KFM 698-12a ........ 1.8 090
KFM 698-12b ........ 2.0 .090
KFM 698-15 ... 1.9 170 130
KFM 698-17 ... 2.1 .105
specimen Number Volution Height (microns) Form Ratio
Volution 1 2 3 4 5 (i i 1 2 3 4 5 6 ki
KFM 698-7 ..., 120 130 180 200 19 19 19 19
KFM 698-8 ... 120 130 150 200 200 1.7 18 1.7 1.7 15
AFM 698-13a ..o, 60 90 180 300 240 330 1.1 12 14 14 15 13
KFM 698-13b ......cocooiiii, 120 120 210 300 240 1.0 1.1 10 14
KFM 698-13¢c ...cccooviviieiee, 70 180 190 230 250 14 15 19 19 17
KFM 698-14a .........c..cocvvee 150 90 190 220 300 14 11 12 13 16 1.5
KFM 698-14b .......ccooovieie 130 150 200 200 250 20 20 22 20 19
KFM 698-2 ..o, 60 120 190 200 280
KFM 698-12a ..o, 40 50 60 150 180 210
KFM 698-12b ...ccooovevieie, 63 70 120 150 210
KFM 698-15 ..o 100 110 150 180
<pecimen Number Wall Thickness (microns)
Velution 1 2 3 4 5 6 ki 8
KFEM 698-7 oo 30 30 50 80
KFM 698-8 ...........ccconemsenncesnssnns 50 30 20
LFM 698-13a ..o, 40 60 60 60 60
KFM 698-13b .......cocoevererecrenns 40 50 60 80 80
KFM 698-13C oo 30 60 50 50
KFM 698-14a ... 90 100 &0
KFM 698-14b ......cccocvevveieenee 40 70 50
KFEM 698-2 ..o 60 60 60 60 -40
KFM 698-12a ..o 20 20 30 50 40
KFEM 698-12b ... 20 20 30 40 60 60

3) the outer diameter of the proloculus of P. stev-
ensi is much greater (145 microns) than that of
P. occidentalis (89 microns);

%) the tunnel angle of mature specimens of P.
stevensi is approximately half as large as the
tunnel angle of P. occidentalis.

It is very unlikely that P. stevensi would ever be
mszaken for P. montis Thompson and Wheeler. The
wrrer has from 10 to 12 volutions, an exceedingly
ymall proloculus (49 microns outside diameter), and
many less and more irregular septa than P. stevensi.

P_stevensi was named after the county in which the
specimens are found, Stevens County, Washington.

Occurrence—This species is found in a limestone
lems within the siltstone unit of the Mission Argillite,
m zssociation with Schwagerina missionensis Mills and

Davis, n. sp. The location is the NE% SEY% sec. 34,
T. 37 N., R. 38 E. of Willamette meridian, Stevens
County, Washington.

Types—Washington State Univ. Paleo. Coll.,, KFM
698-13¢ (Holotype, pl. 7, fig. 1), KFM 698-14b (Par-
atype, pl. 7, fig. 2), KFM 698-14a (Paratype, pl. 7,
fig. 3), KFM 698-15a (Paratype, pl. 7, fig. 4).

Subfamily SCHWAGERININAE 1930
Genus Schwagerina Moller, 1877
emend. Dunbar and Skinner, 1936
Schwagerina missionensis Mills and Davis, n. sp.
Plate 8, figures 1-5

The pertinent statistical data for specimens of this
species are summarized in Table 3.
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TABLE 3
MEASUREMENTS OF THE KETTLE FALLS SPECIMENS OF
SCHWAGERINA MISSIONENSIS N. SP.

Proloculus Diameter Tunnel
Specimen Length Width Form mm. Angle
Number mm. mm. Ratio Outer Inner 6th Volution
KFM 698-13 ... 9.2 42 2.2 310 250 34°
KFM 698-14 ... 10.5 3.7 2.8 38°
KFM 698-15 ... 9.7 4.1 24 200 120 30°
KFM 698-17a ........ 9.2 44 2.1 220x .315 .160 x .255
KFM 698-17b ....... 7.1 3.7 19 170x 230 .120x.170
KFM 698-2a ... 310 250
KFM 698-2b ........ 360 .300
KFM 698-6 ............ 300 240
KFM 698-12 ... 250 180
KFM 698-17¢ ........ 270 210
Averages: ... 9.1 40 2.3 266 34°
Specimen Number Volution Height (microns) Form Ratio
Volution 1 2 3 4 5 6 g} 1 2 3 4 5 6 7
KFM 698-13 ......ccoovii. 120 140 170 200 250 24 23 22
KFM 698-14 .........ccoocvov. 200 220 290 360 28 2.8
KFM 698-15 ........cccoovvv 120 160 200 270 310 410 27 2.5 24
KFM 698-17a ......ccccoevee.. 120 170 270 300 300 360
KFM 698-2a ......cccoovee, 150 180 200 300 300 300
KFM 698-6 .......c.coovevvv. 120 180 210 240
KFM 698-12 ..o 150 210 300 360 450
KFM 698-17¢ .....coocvovev 90 180 210 270
Specimen Number Wall Thickness (microns)
Volution 1 2 3 4 5 6 ki
KFM 698-13 .......ccovve. 50 70 80 90 100 120
KFM 698-14 ............ccoocvei. 80 80 100
KFM 698-15 .....cocooovivv 30 50 60 80 90 100
KFM 698-17a ........c..cccooo..... 30 40 60 80 90 90
KFM 698-17b ......cccccvvvveea 40 60 90 100
KFM 698-2a ....c..ccovvvvvve 30 50 70 90
KFM 698-2b ......cccoocvvvn 30 60 60 70 60 70
KFM 698-6 ..........cccovev. 20 30 40
KFM 698-12 ........c.coovvv 40 60 60 70 100 130
KFM 698-17¢ .......coovvvee. 30 60 60 60

Description.—Adult specimens of 7 volutions, from elliptical; and in the specimens examined, they range
locality KFM 698 (text fig. 1), Kettle Falls, Wash- between 170 microns and 360 microns outside diam-
ington, have lengths that range from 7.1 mm. to 10.5 eter. The average outside diameter of the proloculi of
mm. and average 9.1 mm. The diameter ranges from 10 specimens is 266 microns.

3.7 mm. to 44 mm. and averages 4.0 mm. The aver- The initial volution is high (Pl. 8, figs. 1, 3) and
age form ratio for the seventh volution is 2.3. The succeeding volutions continue to increase in height.
middle part commonly has the shape of a cylinder The wall is rather thin, increasing gradually from a
from which there is a rather uniform slope to the thickness of 30 microns in the first whorl to 100
subacute to subrounded poles (PI. 8, figs. 1, 2). microns in the sixth whorl. It consists of a tectum
The proloculi are large and spherical to slightly and a well-developed keriotheca.

EXPLANATION OF PLATE 7

All figures X 20
Figs. Pace

1-5.  Pseudofusulinella stevensi Mills and Davis, N. SP. .o S
1. Axial section of holotype, specimen KFM 698-13c
2. Axial section of paratype, specimen KFM 698-14b
3. Axial section of paratype, specimen KFM 698-14a
4. Sagittal section, paratype, specimen KFM 698-15a
5. Sagittal section, paratype, specimen KFM 698-12a
and KFM 698-12b
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The septal folds are strong and high so that in axial
sections the septal loops are high, narrow, and slightly
flattened (Pl 8, figs. 1, 2, 4). In tangential slices (PL
8, figs. 3, 5) the meridional chambers are divided
basally into regular, cell-like chamberlets. Cuniculi
are lacking. A well-developed tunnel has a tunnel
angle in the sixth volution that ranges (three speci-
mens) from 30 degrees to 38 degrees.

Remarks—In most respects the specimens of S.
missionensis are very similar to S. guembeli Dunbar
and Skinner. The test of S. missionensis is larger, the
septa more numerous and more regular, and the walls
are somewhat thicker than in S. guembeli. The great-
est dissimilarity, however, is the amount of axial fill-
ing, which is much larger than in S. guembeli. Professor
Carl O. Dunbar, Peabody Museum of Natural History,
Yale University, examined the illustrations of S. mis-
sionensis and reports (1961, written communication),

' . in many axial sections of this species (S.

guembeli Dunbar and Skinner) studied I have never

seen one with such massive fillings as represented in
vour illustrations.”

S. missionensis was named after the Mission Argil-
lite in which it is found.

Occurrence—This species is found in a limestone
lens within the siltstone unit of the Mission Argillite
formation, in association with Pseudofusulinella stev-
#nsi. The location is the NE% SEY% sec. 34, T. 37 N.,
R. 38 E. of Willamette meridian, Stevens County,
Washington.

Types—Washington State Univ. Paleo. Coll., KFM
=38-13 (Holotype, pl. 8, fig. 1), KFM 698-14 (Para-
wvpe, pl. 8, fig. 2), KFM 698-12 (Paratype, pl. 8, fig.
%), KFM 698-15 (Paratype, pl. 8, fig. 4), KFM 698-
1°b (Paratype, pl. 8, fig. 5).

Genus Parafusulina Dunbar and Skinner, 1931
Parafusulina antimonioensis Dunbar, 1953
Plate 9, figures 1-5; plate 10, figures 1-6;
plate 11, figures 1-3
Perafusulina antimonioensis DUNBAR, 1953, Smithso-
nian Inst.; Misc. Coll.,, Washington, D. C.; vol.
119, no. 2, (Publ. 4108), p. 15.
The following description is based upon the study
# twenty-nine specimens from the four localities

LFM 198, KFM 502, KFM 652 and KFM 774)

shown on text figure 1. Although this species is re-
ported to display marked dimorphism (Dunbar, 1953),
only megalospheric forms were found at Kettle Falls.
Table 4 summarizes the pertinent statistical data for
the twenty-nine specimens.

Description.—Adult megalospheric shells commonly
have eight volutions. Average lengths range (table 4)
from 19.3 mm. to 25.6 mm., although they occasion-
ally reach 30.0 mm. Average widths of specimens
from the four localities range from 2.25 mm. to 3.3
mm.; the maximum width measured was 3.6 mm. The
form ratio commonly ranges from 7.9 to 11.1 and has
a maximum of 12.5; it increases rapidly throughout
the shell’s growth, as is well shown by text figure 2.

Commonly the axis is strongly arched or even rather
sharply bent at the middle. As a result of this bend-
ing, thin sections of a single specimen may be axial
for one half of the specimen and oblique for the other
half (Pl. 9, figs. 1, 2, 3).

The proloculi are large, averaging from 376 microns
to 502 microns in outside diameter. Most are spheri-
cal (Pl 9, figs. 1, 2, 3; pl. 10, fig. 4), although many
are elliptical or strongly flattened (Pl. 10, fig. 3; pl.
11, fig. 2) or highly irregular (Pl 9, figs. 4, 5; pl. 10,
fig. 2).

The volutions are low and tightly coiled across the
middle of the shell, rising more rapidly near the poles
(PL. 9, fig. 3; pl. 10, fig. 4). The spiral wall 1s thin,
as indicated in the table of measurements (table 4),
seldom exceeding 80 microns in the outer volutions. It
is distinctly alveolar, which is normal for the genus.
The septa are intensely and regularly folded from pole
to pole and number 15 in the first volution, 39 in the
sixth and seventh volutions. Cuniculi are well devel-
oped throughout the shell (PL 9, fig. 2).

The tunnel is fairly well marked in all volutions
except for the outer one where septal loops remain
(Pl. 10, figs. 4, 6). The tunnel angle in the outer
volutions ranges between 48 and 60 degrees. Chomata
are completely lacking at all stages of growth.

A slender and somewhat irregular zone of axial fill-
ing (PL 10, fig. 5) is normal for the species (Dunbar,
1953). When the longitudinal section is not quite
axial (Pl. 9, fig. 2) or is axial for only one-half of the
length of an arched test (Pl. 9, fig. 3), the axial fill-
ing is partially missed.

EXPLANATION OF PLATE 8
All figures X 10

B3 Schwagerina missionensis Mills and Davis, N, SP. oo et ssnseens 45
1. Axial section of holotype showing characteristic cylindrical middle part and pronounced sec-

ondary deposits, specimen KFM 698-13.

a9

specimen KFM 698-12.

Axial section of paratype, specimen KFM 698-14.
Tangential and sagittal sections of paratypes showing chamberlets and high initial volution,

4. Axial section of paratype, half specimen, showing tunnel and lack of chomata, specimen

KFM 698-15.

oy

Oblique section of paratype showing chamberlets, specimen KFM 698-15b.
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TABLE 4

MEASUREMENTS OF KETTLE FALLS SPECIMENS OF
PARAFUSULINA ANTIMONIOENSIS DUNBAR

Proloculus
Length Width Form Outer
Specimen Number mm. mm. Ratio Diameter

KFM 198 (average of 11 specimens) 19.3 2.54 7.86 376

KFM 652 (average of 9 specimens) 25.6 3.3 7.9 502

KFM 502 (average of 7 specimens) 240 2.25 11.1 435

KFM 774 (average of 2 specimens) 24.0 3.0 8.1 420

Maximum of all KFM specimens 300 3.6 12.5 .900
Specimen Number Volution Height (microns) Form Ratio
Volution 1 2 3 4 5 6 v 8 1 2 3 4 5 6 ki 8
KFM 198 (11 specimens) .. 106 118 160 186 206 243 246 300 2.7 48 59 59 63 79 85
KFM 652 (9 specimens) ..... 127 177 192 214 260 320 335 210 33 47 53 68 70 84 8.1
KFM 502 (7 specimens) ..... 90 110 140 180 240 270 330 300 40 53 53 62 72 74 90
KFM 774 (2 specimens) ..... 100 100 190 200 200 270 300 240 26 41 43 56 72 77 83 82
Specimen Number Septal Count Wall Thickness (microns)
Volution 1 2 3 4 5 6 ki 8 1 2 3 4 5 6 v 8
KFM 198 (11 specimens) ... 14 26 29 30 32 37 36 30 44 56 72 80 93 120
KFM 652 (9 specimens) ..... 16 25 31 34 38 42 39 36 43 53 61 70 70 78 70
KFM 502 (7 specimens) ..... 30 40 40 60 60 60 60
KFM 774 (2 specimens) ..... 45 45 65 70 75 70 50

Sagittal sections (Pl. 9, figs. 4, 5; pl. 10, figs. 1, 2,
3) are commonly subcircular to elliptical with low
tightly coiled whorls and slender chambers.

Remarks—The identification of our specimens as
the genus Parafusulina is based principally on the wall
structure, the well-developed cuniculi, and the single
tunnel. The identification of the species is based on
the length of test, form ratio, size of proloculus, and
other characteristics. The length of the test is prob-
ably the most striking single characteristic for specific
identification. Lengths commonly in excess of 18 mm.,
for the genus Parafusulina, are known to be character-
istic of only five species—P. antimonioensis Dunbar,
P. californica (Staff), P. dunbari Needham, P. kingo-
rum Dunbar and Skinner, and P. wordensis Dunbar
and Skinner. In order to determine to which of these
five species our specimens belong, the form ratio for
each volution of each of these species and for the
Kettle Falls specimens has been plotted in text figure
2. This figure shows that the Kettle Falls specimens
have form ratios that correspond only to those of P.
antimonioensis. Furthermore, other characteristics of
the Kettle Falls specimens, such as proloculus diam-

eter and axial filling, conform to P. antimonioensis
and to no other giant species.

The Kettle Falls specimens differ, however, from
the holotype and paratypes of P. antimonioensis in
having a smaller diameter and a larger tunnel angle.
Dunbar (1953) reports that the adult megalospheric
shells “attain a diameter of 4.5 to 5.0.,” about 1.5 to
2 times larger than the Kettle Falls specimens. Some-
what contrary to this statement is the fact that the
diameters that he records (Dunbar, 1953) in his table
of measurements do not exceed 3.8 mm. This diam-
eter (3.8 mm.), although still somewhat larger than
that of our widest specimen (3.6 mm.), does not differ
sufficiently from ours to jeopardize the validity of the
identification of the Kettle Falls specimens as P. anti-
momnioensis. Similarly, although Dunbar reports tunnel
angles only about half as large as those found in the
Kettle Falls fossils, he emphasizes the generally in-
adequate record of the tunnel angle in his specimens
and says that “the actual margins of the tunnel could
only be recognized in a few whorls.” We believe that
there is a significant difference in the tunnel angles of
Dunbar’s specimens and ours but that this difference

EXPLANATION OF PLATE 9

Figures 1, 2, 4 and 5 X 10
Figure 3 X 5

Fics.
1-5. Parafusulina antimonioensis Dunbar

Pace

1. Axial section showing arched test, axial filling, polar expansion of volutions, tunnel, and spher-

ical proloculus, collection KFM 652-3.

S NRVAR S

Sagittal section, collection KFM 652-7.

Oblique section showing cuniculi, collection KFM 652-3.
Axial-oblique section, collection KFM 652-3.
Sagittal section showing flattened proloculus, collection KFM 652-2.
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alone is not prejudicial to our identification of the
Kettle Falls specimens as P. antimonioensis.

Parafusulina dunbari Needham, 1937

Parafusulina dunbari NeepuaMm, 1937, New Mexico
Bur. Mines and Min. Res. Bull. 14, p. 56, pl. 11,
figs. 5-11, pl. 12, figs. 1, 2, Middle Permian
(Word), Delaware Mountain Sandstone and Dog
Canyon Limestone.

We found no specimens of this species in our collec-
tions. However, McLaughlin and Simons (1951, p.
314-519) illustrate specimens, which they collected
from the Kettle Falls area, that they identify as P.
dunbari Needham. We believe that their specific iden-
tification is in error.

The McLaughlin and Simons’ collection came from
an impure siliceous limestone in the SW %, sec. 10
and NE %, sec. 16, T. 36 N., R. 38 E., northeast of
Kettle Falls. The approximate positions of their col-
lection localities are shown as MS on text figure 1 of
this paper. We did not collect any specimens from
these collection localities and their collection is not
available for restudy; the doubt that we express as to
the validity of their specific identification is based
principally upon a study of their illustrations and, to
2 lesser degree, upon their descriptions.

The McLaughlin and Simons’ specimens meet the
specifications of P. dunbari Needham so far as their
range of length, width, height of volutions, and thick-
ness of spirotheca are concerned, but they differ mark-
edly from P. dunbari Needham in possessing axial fill-
ng and large proloculi. It appears that McLaughlin
znd Simons were not entirely satisfied with their spe-
ofic identification for they write that “the only ap-
parent discrepancy is the large proloculum diameters
 some of the Washington specimens. These appear
=0 be megalospheric (see plate 76, fig. 5).” We inter-
pret this statement to mean that they consider the
specimens with unusually large proloculi to be mega-
wspheric forms. That these are not microspheric, but
zre normal megalospheric forms, is proven by the
gresence of a distinct tunnel, a feature never possessed
»v microspheric - dimorphs (Dunbar, Skinner, and
$ing, 1935, p. 177). Furthermore, even the smallest
groloculi in the McLaughlin and Simons’ specimens
zr= much too large to belong to microspheric forms
snd the number of volutions is normal for megalo-

spheric forms. All of their specimens are megalo-
spheric. The “discrepancy” in their identification is
real, not “apparent.” In addition to possessing larger
proloculi than are typical of P. dunbari Needham,
McLaughlin and Simons’ specimens have a slender
axial filling (McLaughlin and Simons, 1951, pl. 76,
fig. 1), a feature not possessed by P. dunbari. The
axial filling is not well displayed by plate 76 because
the section is not quite axial. Nevertheless, its pres-
ence is quite unmistakable.

The question remains, if the specimens described
and illustrated by McLaughlin and Simons are not
P. dunbari, what are they? We believe them to be
the same species as ours—P. antimonioensis. Al-
though they have, on the average, larger proloculi
(593 microns in diameter) than our specimens (435
microns in diameter), their range in size of proloculi
is well within the range of size (376-900 microns in
diameter) of proloculi in our specimens. The speci-
mens described by McLaughlin and Simons differ from
our specimens of P. antimonioensis in having a smaller
form ratio. However, the specimens ilustrated by
McLaughlin and Simons (1951, pl. 76, figs. 1, 3) have
form ratios, according to measurements made by us
on their illustrations, of about 5.8 in the fourth volu-
tion. This is greater than any form ratio given by
them in their table and is comparable to that of P.
antimonioensis Dunbar from our collections (Table
4, text fig. 2) and from the species type locality. Had
the sections illustrated by McLaughlin and Simons
been truly axial, rather than slightly oblique, the
measured form ratios of their specimens would be
still higher.

Because the specimens #lustrated by McLaughlin
and Simons have sizes of proloculi and form ratios
within the range of our specimens of P. antimonioensis
and because they are quite similar to ours in other
characteristics, we believe that their illustrated speci-
mens are P. antimonioensis.
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EXPLANATION OF PLATE 10
Figures 1, 2, 3, 4 and 6 X 10
Figure 5 X 5

* BGS

1. Parafusulina antimonioensis Dunbar ...
Sagittal sections showing irregular proloculi, collections KFM 198-16, KFM 198-20

1, 2 and 3.
and KFM 198-4, respectively.

4. Axial section showing axial filling, polar expansion and spherical proloculus, collection KFM

198-12.

5 and 6. Axial sections showing axial filling, tunnel, and spherical proloculus, collection KFM

198-1.
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area and make the collections. We are indebted to
each of these organizations for their support. We are
also very grateful to Professor Carl O. Dunbar, Pea-
body Museum of Natural History, Yale University,
for his helpful suggestions relative to the establish-
ment of the two new species.
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242. NOTE ON A SUPPOSED “ALGAL-FORAMINIFERAL
CONSORTIUM” FROM THE PERMIAN OF WEST TEXAS

Donarp F. Toomey
Shell Development Company, Houston, Texas (Publication no. 272)

ABSTRACT

A previously described ‘‘algal-foraminiferal consortium’’
from so-called ‘‘algal balls’’ in the Permian Hueco lime-
stone of west Texas was re-examined. Results from a
study of the insoluble residues, petrology, and microfaunal
elements indicate: (1) the reported ‘‘algal balls’’ are not
primarily of algal origin but, instead, represent a gre-
garious colony of the marine polychaete Spirorbis and en-
crusting Foraminifera that were ripved up from the ocean
floor during storm action and rolled around to form a
spherical mass which was later incorporated into what is
believed to be a representative intertidal deposit, (2) the
foraminifer encrusting the spirorbid colony cannot be re-
ferred to the Jurassic?-Recent foraminiferal genus Nu-
becularia but more correctly is referred to the Late Paleo-
zoic tubular encrusting genus Calcitornella, and (3) the so-
called ‘‘algal balls’’ cannot be considered as an algal-
foraminiferal consortium.

INTRODUCTION

Johnson (1950) described an algal-foraminiferal
consortium from so-called “algal balls” in the Permian
(Wolfcampian) Hueco Limestone of west Texas. Re-
examination of the “algal balls” from the same locality
at Vinton Canyon, northern Franklin Mountains, El
Paso County, Texas, has caused the writer to ques-
tion some of Johnson’s basic conclusions, namely, (1)
whether the so-called “algal balls” are primarily of
algal origin, (2) whether the foraminifer referred by
Johnson to the Jurassic?-Recent genus Nubecularia is
a valid identification, and (3) whether the “algal
balls” are really illustrative of an algal-foraminiferal
consortium,

Late in 1957, the writer visited the locality and col-
lected many of the “algal balls”; subsequent collec-
tions, plus a measured sequence of more than 200 feet
from the base of the Permian through the “algal ball”
horizon, have aided in making paleoecologic observa-
tions and in outlining the origin of the “algal balls.”
In addition, 78 large (2-inch by 3-inch) thin sections
and 50 insoluble residues were prepared and examined.

DESCRIPTION OF “BALLS” .
The forms referred to by Johnson as “algal balls”
are subspherical to spherical calcareous masses ranging
in size from 1% to almost 3% inches in diameter.

They are very abundant in one bed of the Vinton
Canyon sequence (however, a small reverse fault has
repeated the “algal ball” bed) where they weather out
and are strewn over the surface. The masses are ir-
regularly covered by round protuberances. When
they are cracked open they appear as a jumbled mass
of tubelike organisms set in a clear calcite matrix and
possessing a narrow, dark, concentric band along the
outer edge.

Thin section examination of the “algal balls” reveals
that the dominant tubelike form can be assigned to
the marine polychaete Spirorbis. Most of the worm
tubes are silicified and can be obtained in toto from
dilute acid insoluble residues. The average size of
Spirobis so obtained is just under 1 mm. in diameter.
The tubes show one complete whorl with the charac-
teristic upswing in the end portion of the whorl. Two
and three whorl forms were also noted but were not
common. All specimens show the distinctive flattened
ventral-attachment side so diagnostic of the spirorbids.

Johnson (1950) reported that the dark concentric
band along the outer edge of the “algal balls” could
be referred to the encrusting plumose foraminiferal
genus Nubecularia. In this same paper, he described
and illustrated the new species N. permiana and re-
ferred all of the “algal ball” encrusting foraminiferal
forms to this species. His basis for identifying the
encrusting foraminifer as Nubecularia dates from an
earlier paper (Johnson, 1947), in which he claims
that Howchin (1893) had described and illustrated
the same material from the Permo-Carboniferous of
Tasmania. Howchin had compared his form to the
Recent species N. lucifuga DeFrance, but he believed
that the Late Paleozoic form was sufficiently different
to warrant assigning it to a new variety stephensi.
Johnson was apparently unaware that Chapman,
Howchin, & Parr (1934, p. 183), after careful revision
of the earlier works, had transferred this Late Paleo-
zoic Nubecularia to the genus Calcitornella. Still later,
Crespin (1958) restudied the original collections and
concluded that the form in question was definitely re-
ferable to Calcitornella stephensi (Howchin) and not

EXPLANATION OF PLATE 11
Figure 1 X 5
Figure 2 and 3 X 10

Fics.
1-3.

Parafusulina antimonioensis Dunbar ...................

Pace

All figures are illustration of same specimen showing axial filling, polar expansion of volution and

irregular proloculus, collection KFM 502-4.



PLATE 11

CoNTRIB. CUSHMAN FOUND. FORAM. RESEARCH, VOL. 13

Mills and Davis: Permian fossils, Washington



CoNTRIB. CUSHMAN FoUND. FORAM. RESEARCH, VOL. 13 PLATE 12

Toomey: ““Algal-foraminiferal consortium,” Permian, Texas



CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION FOR FORAMINIFERAL RESEARCH 53

to Nubecularia. To add further complexities, Reit-
linger (1950) described a new genus Palaconubecu-
laria from the Middle Carboniferous of the Russian
Platform which appears to be a similar form to that
which Johnson had previously described under the
genus Nubecularia. Reitlinger’s original description
leaves much to be desired and in addition is ambig-
uous. The reasons for the separation of the two forms
are given as follows:

“The Paleozoic forms have a wall that is dark,
dense, and of a different degree of granularity, while
among the Tertiary Nubecularia the wall is homog-
enous and a yellowish-brown color. It is true that
sometimes certain Paleozoic forms also have walls
with a brownish cast.”

It is very probable that Reitlinger’s Palaconubecu-
laria is also a synonym of Calcitornella and that she
was unaware of the revision of Howchin’s earlier iden-
tfication of a “Late Paleozoic Nubecularia.” Accord-
mngly, the Vinton Canyon colonial, plumose calcitor-
nellids should be referred to Calcitornella permiana

Johnson). It is unfortunate that no whole specimens
are available so that the gross morphology can be
more closely studied.

Agglutinated encrusting Foraminifera were abun-
dantly represented in the insoluble residues. The fol-
lowing species were identified:

Ammovertella inclusa

(Cushman & Waters) - abundant

A. labyrintha Ireland - rare

Ammodiscella sp. cf. A. virgilensis Ireland - common

Serpulopsis sp. - rare

Although Johnson (1950) reported that the thin
sections of the “algal balls” he examined consisted of
zn “Iintimate intergrowth of Foraminifera and algae,”
this writer has been unable to verify this in any of
the thin sections that he examined. In fact, with the
exception of a few very small threads of Girvanella

found along the outer edge of one thin section), no
zlzal remains were observed. Hence, it is believed
that algae are not responsible for the binding together
it the “balls” and, therefore, the “balls” should not
2 referred to as “algal balls.”

DEPOSITIONAL ENVIRONMENT

According to Carson (1959, p. 75), modern-day
sprrorbids are inhabitants of the intertidal zone. How-
ewer, it may be added that Spirorbis also occurs abun-
fantly within the very shallow neritic zone. Within
s zone, in more tropical regions, the common spe-
ces of turtle grass (Thalassia testudinum) supports

a varied epifauna of which Spirorbis makes up a con-
siderable portion. This raises the question to what
organism or plant did the Permian spirorbids attach
themselves. In thin section, algae or shell fragments,
both of which would form ideal attachment surfaces,
are decidedly lacking. Possibly these were destroyed
during diagenesis or it may be that the spirorbids ad-
hered to one another by some form of mucilaginous
secretion. The fact remains that there definitely had
to be an attachment surface for the worm tubes. As a
working hypothesis, it is suggested that the spirorbids
were clumped together, probably on seaweed, and that
they in turn were encrusted by calcitornellid Forami-
nifera which further tended to bind the colonies to-
gether. During heavy wave and storm action, the
plants were ripped up from the ocean floor and rolled
around and ultimately moulded into a somewhat co-
hesive spherical mass. At this stage, most of the
spirorbids were probably killed off. However, the
well-developed concentric bands of plumose Forami-
nifera continued to grow as the “ball” was gently
rolled back and forth along the ocean bottom, indicat-
ing that the Foraminifera were unaffected by. vigorous
uprooting. Indeed, they seemed to have thrived and
to have taken over the colony altogether, thus, further
binding the mass together more effectively. The sparry
calcite that is so conspicuous in thin section seems to
fill either primary voids or those left by boring organ-
isms, or both.

The host rock in which the spirorbid colonies are
embedded is petrologically and faunally distinct from
the “balls.” The host bed is composed wholly of small
pelecypods within a sparry calcite matrix. The occur-
rence of abundant very small pelecypods might pos-
sibly be analogous to the modern-day vast accumula-
tions of the small pelecypod Donax living along the
edge of the intertidal zone. It also is very probable
that once the balls were formed, and at the mercy of
the waves and currents, they would eventually come
to rest within the intertidal zone. Here, with con-
tinued transgression they would be buried and become
mixed with the indigenous fauna of this harsh en-
vironmental realm. The lack of any mud matrix
strongly suggests the effective winnowing away of
sediment in this environment where substrate mobil-
ity was continual.

Briefly outlined, the genesis of the “balls” may be
given as follows:

1. Gregarious colonies of Spirorbis commensally at-

tached to seaweed at relatively shallow water
depths.

EXPLANATION OF PLATE 12

Fics. Pace
I-3. Plumose, encrusting, colonial foraminifer Calcitornella permiana (Johnson); shell fragments are re-

mains of marine polychaete Spirorbis. 1, 3 X 31; 2, X 16, oo 52

t  Calcitornella permiana (Johnson); acetate peel, taken with plane polarized light, X 125. ... 52

3. “Balls” weathering-out from host TOCK. ..o 52

= Surface strewn with weathered-out “balls.”
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2. Spirorbids encrusted with calcitornellid Forami-
nifera (possibly a symbiotic relationship).

3. Seaweed meadows ripped up by wave and storm
action; flora and fauna incorporated into com-
pact mass as it is rolled along the ocean’s floor.

4. Spirorbids killed by vigorous wave action, but
encrusting Foraminifera take over and continue

to grow around entire colony as it is continually’

agitated.

5. Mass “thrown up” at water’s edge; at this point
the “ball” probably is bored by other benthonic
organisms and the seaweed probably rots.

6. With continued transgression of the sea, the

“balls” are incorporated with the intertidal fauna
as a distinctive sediment.
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Fies. Pace
1,3,4. Ammovertella inclusa (Cushman & Waters); ventral attachment surface; X 44. ... 53
2. Ammodiscella sp. cf. A. virgilensis Ireland; ventral attachment surface; X 44. ... 53
5. Ammovertella labyrintha Ireland; ventral attachment surface; X 22. ..., 53
6,7. Serpulopsis sp.; dorsal surface; X 44. . .o s 53
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THE MORPHOLOGICAL DEVELOPMENT

OF EPONIDES REPANDUS (FICHTEL AND MOLL), 17981

Jouanna M. REesic
Allan Hancock Foundation
University of Southern California

ABSTRACT

Morphological stages in the development of the test of
Eponides repandus (Fichtel and Moll) are illustrated in a
sequence of specimens obtained from a southern California
offshore sample. Intermediate stages in the sequence have
been commonly assigned to Poroeponides cribrorepandus
Asano and Uchio and the final stage has been described as
Sestranophora arnoldi by Loeblich and Tappan. It is
proposed that the latter species are synonymous with
Eponides repandus.

Representatives of the final stage were absent from a
number of samples bearing the species. The degree of
development of the test is probably the result of environ-
mental factors and should not be regarded as a generic
distinction.

INTRODUCTION

Specimens of Eponides repandus showing changes
m the morphology of the test were obtained from a
residual Pleistocene deposit in 294 feet of water south-
west of Point Dume, California (AHF 5506, 34° 00’
40" N. Latitude, 118° 56’ 00” W. Longitude). A tax-
snomic problem arises in that early stages of develop-
ment have been referred to Eponides repandus by
many workers; intermediate stages to Poroeponides
cribrorepandus by Asano and Uchio (4# Asano, 1951);
znd the end product to Sestranophora arnoldi by
Loeblich and Tappan (1957). If it is accepted that
the original figure of Eponides repandus by Fichtel
and Moll (= Nautilus repandus) is the Eponides
~=pandus of authors and the type species of Eponides
zs designated by Montfort (1808), then this name
should be valid for all growth stages of the species.
In support of this line of reasoning is the original de-
scription of Eponides repandus in which Fichtel and
Woll mention a small hole on the face of the ultimate
chamber. Although they express some uncertainty as
m» the nature of this hole, it may possibly have been
@he forerunner of greater pore development on the
septal face in later growth stages.

All specimens illustrated in this report were ob-
mined from a single sediment sample. Tests exhibiting
mese growth stages were noted in additional samples
‘rom the southern California shelf and from the Pleis-
I This investigation is part of a foraminiferal study sup-

ported by a research grant (RG—5508) from the Division
»f Medical Sciences, Public Health Service.

tocene Santa Barbara Formation as exposed at Bath-
house Beach. In several samples obtained from the
shelf, however, the specimens did not show test growth
to the final stage. The incomplete development of the
animal in certain localities has probably been respon-
sible for the variety of nomenclature assigned to the
species.

The writer is indebted to Dr. Orville Bandy for
consultation during the course of the study.

TEST MORPHOLOGY

In a sequence of tests which represent the growth
of the animal to the final stage (Plate 14), a gradation
may be noted between forms typically assigned to the
species Eponides repandus, Poroeponides cribrorepan-
dus, and Sestranophora arnoldi. The morphological
changes are most notable on the ventral side of the
test, in the umbilical region and on the septa.

Juvenile forms of the species, representing types
which have been called Eponides repandus (pl. 14,
figs. 1, 2), are characterized by being involute ven-
trally, having curved, flush, limbate sutures, and an
aperture which is a slit at the base of the last septal
face. The aperture tends to broaden slightly toward
the center of the test and is surmounted by a slight
lip. The smallest forms (0.31 mm.) have no accessory
openings on the face of the ultimate chamber, whereas
slightly larger forms (0.56 mm.) have 3 or 4 acces-
sory openings in this position.

A transitional form between the early stages and
those which have been considered the adult stages of
Poroeponides cribrorepandus shows the development
of a small depression in the umbilical region (pl. 14,
fig. 3). In this form, the aperture retains its earlier
characteristics and 4 or 5 accessory openings are
present on the face of the ultimate chamber. The
curved, limbate sutures tend to become slightly de-
pressed in the later portion of the test, which has in-
creased in size to 0.78 mm. ‘

In the stage of development which has been de-
scribed as Poroeponides cribrorepandus (pl. 14, figs.
4,5, 6), the umbilicus has become a dominant feature
and in the larger specimens may be approximately 1/5

EXPLANATION OF PLATE 14

' BCS

1% Eponides repandus (Fichtel and Moll). X 32.

Pace
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Pleistocene; S. W. of Point Dume, California; 291 feet.
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the width of the test. Also in larger specimens, the
test tends to become depressed about the umbilicus.
As before, the aperture is a slit at the base of the last
septal face, extending into the umbilicus. Ten or more
accessory openings are present on the face of the ulti-
mate chamber. The sutures are limbate and curved
in the early portion, tending to become straight and
slightly depressed in the later portion of the test. The
diameters of the specimens representing this stage are

0.84, 0.87, and 1.20 mm.

In a specimen representing a form transitional to
the end product (pl. 14, fig. 7), the aperture remains
a slit at the base of the last chamber, extending from
near the periphery into the umbilicus. Numerous
openings are visible on the second latest chamber, on
the face of the ultimate chamber, and on a portion of
the last chamber which has become extended over the
umbilicus. Ventrally the test is more depressed than
in the specimens previously described and there is a
tendency for the last chamber to decrease in height.
Sutural lines are fine, straighter than in the previous
specimens, and strongly depressed. The size of the
individual representing this stage is 1.00 mm.

The largest specimens of the growth series are 1.50
and 2.30 mm. in diameter and represent forms which
have been described as Sestranophora arnoldi (pl. 14,
figs. 8, 9). In these specimens the umbilicus has been
completely covered by perforated plates arising from
the extensions of the inner portions of the chambers.
In the largest specimen, the covered umbilical region
composes %5 of the diameter of the test. Numerous
openings are present on the lower portion of the ulti-
mate chamber, which has been greatly flattened and
widened to compose about !5 of the area of the ex-
posed chambers. Because of a decreasing radius vec-
tor, the flattened later chambers make the test circular
in plan view.

DISCUSSION

Morphological changes noted in the sequence of fo-

raminiferal specimens are in order of their appearance:

1. General increase in individual size from 0.31 to
2.03 mm. in diameter.

2. Development of accessory openings on the face
of the ultimate chamber.

3. Development of an umbilicus.

4. Straightening and depression of sutures and loss
of limbations.

5. Development of a circular test outline through
depression and widening of the ultimate chamber.

6. Development of a series of umbilical plates aris-
ing from the inner portions of the chambers and per-
forated by openings.

Because of the gradation exhibited in the appearance
of these characteristics within the specimens, which
were obtained from a single sediment sample, it is con-
cluded that the individuals represent growth stages of

a single species of Foraminifera. A single specific name
should be assigned to all members of the sequence.

The earliest name available for the species is Epo-
nides repandus (Fichtel and Moll), described in 1798.
As illustrated by the authors, the ventral side of the
type resembles that of the younger forms of the se-
quence of this report. In their description, a small
opening was noted on the face of the last chamber.
The German text states: “Opposite the aperture, in
the outer angle of the apertural face, there is located
a very small round hole which can only be seen with
the highest magnification; whether this is accidental
or the opening of a nerve-tube cannot be decided with
certainty, partly because of extreme smallness and
also partly because we have only one specimen to ob-
serve at the time.” The dorsal side of the holotype,
however, appears to be involute and the resulting test
form bears little resemblance to any genera of the type
region (Mediterranean), or to any other foraminifers
of the world. This led Cushman (1927) to conclude
that the dorsal side had been misdrawn and was in
fact evolute. His conclusion is partly substantiated
by the fact that the authors refer to the “outermost
coil” of the type specimen, using terminology gener-
ally applied to rotaloid forms. A further discussion of
the nature of Eponides repandus has been presented
by Redmond (1949) and Hofker (1950), the former
expressing belief that the original type figure was ac-
curate. The problem involves not only the nature of
the identity of Eponides repandus but the nature of
the genus Eponides, as this species was designated as
the type species by Montfort (1808).

In 1944, Cushman erected the genus Poroeponides
to represent rotaloid forms having an open umbilicus,
a slit-like aperture at the base of the last-formed
chamber near the umbilicus, and numerous rounded
openings scattered over the ventral face in the adult.
Asano and Uchio (4 Asano, 1951) described the spe-
cies Poroeponides cribrorepandus and noted the simi-
larity of its form to Eponides repandus with the ex-
ception of the numerous openings on the apertural
face. If the “hole” mentioned by Fichtel and Moll on
the apertural face of Eponides repandus is accepted as
the initial phase of development of the accessory open-
ings, it would appear that there is no valid distinction
between Poroeponides cribrorepandus and Eponides
repandus.

The most recent genus connected with the problem
is Sestranophora, with the type species Sestranophora
arnoldi Loeblich and Tappan (1957) described from
the Santa Barbara Formation. This species was noted
by the authors to differ from Eponides repandus in
being twice as large, having less limbate sutures, am
umbilicus with complicated sieve plates, and supple-
mentary apertures on the face of the ultimate cham-
ber. It was described as differing from the type species
of Poroeponides in being twice as large, having a less
enlarged final chamber, a wider umbilicus with an um-



CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION FOR FORAMINIFERAL RESEARCH 57

bilical sieve plate, and a more restricted series of sup-
plementary apertural pores. From the sequence of tests
figured herein, it may be noted that the morphological
differences mentioned by Loeblich and Tappan appear

as growth stages rather than as generic differences.

It is the writer’s opinion that the name Eponides
repandus has priority over other names applied to the
zrowth stages of the species under discussion. Reiss

1960) has proposed the genus Eponidopsis to include
those species resembling the early specimens of the
sequence presented here without development of ac-
cessory structures in the adult chambers. He noted
the similarity of Eponidopsis spp. and Eponides repan-
Zus in such internal properties as a finely perforate
wall composed of radially fibrous calcite, double-lay-
ered septa, and primary intraseptal and peristomal
passages. As an alternative, the possession of accessory
spenings on the septal face and further development
»f an umbilical sieve plate could be considered a char-
zcteristic of the particular species rather than of all
representatives of the genus Eponides. It is quite
probable that ecological factors control the degree of
development of the species as the individuals bearing
sieve plates occur less commonly than the more sim-
ple forms having only accessory openings.

In Pleistocene deposits of southern California, the
species has been recorded as: Eponides repandus
Fichtel and Moll) by Cushman and Gray (1946)
from Timms Point, Pulvinulina repanda (Fichtel and
Woll) and Pulvinulina puncticulata (d’Orbigny) by
Bagg (1912) from Timms Point, and Globorotalia
grandis Galloway and Wissler by Galloway and Wiss-
er (1927) from deposits at Lomita Quarry. Eponides
mepandus 1s of world-wide occurrence (Cushman,
1931). Tests showing the complete sequence of devel-
wment were observed by the writer in recent sedi-
ment from the seafloor east of Tierra del Fuego, indi-
=tng the widespread nature of this development.
Iz the fossil record, McLean (1956), studying Mio-
=ne Foraminifera of the Yorktown Formation of Vir-
pma, noted a series of specimens gradational between
Paroeponides lateralis and the type of test figured by
3rady in the “Challenger Report.” He concluded that

#l variants were the same species.
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244, THE ORIGIN OF GLOBIGERINA PSEUDOBULLOIDES PLUMMER
Jan Horker
The Hague, Holland

ABSTRACT
Globigerina pseudobulloides Plummer has developed from
true Globigerina (Globigerinella) and is not related to
Globorotalia.

Topotype specimens of Globigerina pseudobulloides
Plummer (1926, p. 133, pl. 8, fig. 9), described for the
first time from the Midway of Texas, have a wall
structure typical of the latest known forms (marked
honeycomb structure in all chambers up to the last-
formed one, text fig. d). It has been possible to trace
the species downward through the Paleocene and
Danian of Denmark into the white chalk below (up-
permost Cretaceous, Hofker, 1960c, p. 120, pl. 2)
where it is very small, with a thin test wall, having
fine pores with small pustules between them. Here,
the species is found with the latest forms of G. aspera
(Ehrenberg) which show the same structure of the
test wall and a more or less peripheral, small, rounded
aperture. On the other hand, the aperture of G. pseu-
dobulloides is distinctly ventral though also small and
rounded, with a covering lip which in this first stage
of development is rather narrow.

Bukowa (1960, p. 319, pl. 6) believes that the first
stages of G. pseudobulloides developed from G. (Glo-
bigerinella) aspera and that during the Paleocene and
Eocene the species developed into a more and more
typical Globigerina, ending up once more in forms
which show the “Globigerinella” structure.

The author (Hofker, 1957, p. 415, text fig. 470, G.
aspera f. trochoidea), on the other hand, has shown
that G. (G.) aspera descended from a trochoid form
occurring in the Cenomanian. It gradually changed
this structure into a planispiral form during the Upper
Cretaceous (G. aspera f. plana, op. cit. p. 417, text
fig. 475). In the lower Maestrichtian, a descendant
of this form is G. biforaminata Hofker but even in the
uppermost layers of the Cretaceous (the Cr 4 in Hol-
land and the Pseudotextularia zone in Denmark and
Germany), the planispiral form with a small rounded
aperture is found with G. biforaminata.

In order to test Bukowa’s theory, the author studied
many specimens of the typical aspera form which is
found in the white chalk as well as in the overlying
lower Maestrichtian Tuff Chalk and in the Lower
Danian of Denmark. The early and later forms of
typical G. pseudobulloides were also studied from the
above formations and the Lower Paleocene of Den-
mark. These were compared with the topotype spec:-
mens from the Midway.

These studies confirm Bukowa’s ideas. The wall

structure of the latest forms of G. aspera is identical
with that of the first stages of G. pseudobulloides
(thin wall with fine pores and pustules between the
pores, text figs. a, b). Moreover, the first stages of
G. pseudobulloides from the Lower Danian and the
Lower Maestrichtian Tuff Chalk (believed by the
author to be contemporaneous, Hofker, 1959b, 1960c)
have a nearly planispiral arrangement of chambers
throughout the test (text fig. b). Gradually through-
out these formations, the tests become more and more
trochoidal (text fig. ¢) until in the Paleocene they
reach a typically trochoidal structure in transverse
section (text fig. d). During this time the walls be-
come thicker and thicker and the outer texture in-
creasingly honeycomb in structure. In addition, as
already stated (Hofker, 1960c, pl. 2), the successive
individuals increase in size, thus, reaching a stage
which tends towards G. varianta Subbotina, as is also
stated by Bukowa.

This development, which can be traced from the
white chalk through the Maestrichtian Tuff Chalk
into the overlying Paleocene in Holland (Hofker,
1959¢) and from the white chalk through the type
Danian into the overlying Paleocene in Denmark
(Hofker, 1960b, text figs. 17-20, 22, 36-38), suggests
that a gens of Globigerina (the aspera gens) developed
from a trochoidal form in the Lower Cretaceous into
a planispiral form in the Upper Cretaceous. It did not
disappear at the Cretaceous-Tertiary boundary, but
suddenly once again developed a ventral aperture with
a covering lip such as was found in its first stages (in
f. trochoidea where the lips covering the ventral aper-
tures also are distinct; see Hofker, 1957, text figs. 470
471). This form gradually changed from a planispira:
to a trochoidal form during the Danian, becoming
typically trochoidal in the Upper Danian and Palee-
cene. Whether or not the forms of the G. variants
group gave rise to more and more globular forms can-
not be decided here, but it is true that, in the Upper
Paleocene of Trinidad, typical descendants of the
pseudobulloides group become increasingly globular
while the number of chambers in the last-formed
whorl decreases from 5 to 4. A similar reduction of
the number of chambers together with a change from
a trochoidal into a globular form was described for G.
triloculinoides during the Danian (Hofker, 1960c, pp.
120, 121, pl. 3). We do not yet know the ancestral
form of G. daubjergensis Bronnimann which suddenly
appears as very small globular specimens in the upper
white chalk and lowest Danian in Denmark and Hol-
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land. It may be that this ancestor was some small,
trochoidal form in the upper white chalk which up to
now has been overlooked.

Once again it is obvious that a genus like “Globi-
gerinella” cannot have any biologic meaning. A single
biologic unit, the gens G. aspera, gradually changes
from Globigerina (Bolli, 1959, pp. 266, 267, pl. 22,
fig. 2, called these first stages Praeglobotruncana but
did not give a background for that generic name)

into “Globigerinella” which in turn changes back
gradually into a trochoid Globigerina . (see
Hofker, 1959a, p. 4).

Bolli et al. (1957) place G. pseudobulloides in the
genus Globorotalia. They consider that the lips over
the aperture are fundamental structures and do not
realize that such lips also are found in “Praeglobo-
truncana” as well as in many species which they refer
to Globigerina and Globoquadrina. Moreover, the
type species of Globorotalia, G. tumida Brady, has
quite a different aperture for here the lip separates a
protoforamen from a deuteroforamen, so that this
form has a foramen compositum. In addition, G.
tumida, together with many other true species of
Globorotalia, has a poreless keel at the periphery,
which Globigerina pseudobulloides never does. The
descent of G. pseudobulloides from a true Globigerina
(“Globigerinella”) clearly shows that the characteris-
tics given by Bolli et al. (1957) for Globorotalia, viz.
the apertural features, not only have been incom-
pletely described but also are not typical for Globo-
rotalia. Globigerina pseudobulloides is a true Globi-
gerina with a single aperture covered by a thin lip
which very probably does not separate a protoforami-
nal part from a deuteroforaminal part. In true Globo-
rotalia, on the other hand, we find such a separating
lip. In addition, Bolli et al. (1957) did not consider
the poreless periphery which as has been shown pre-
viously (Hofker, 1961) is related to quite a different
method of floating than is developed in the globiger-
ines, where the floating apparatus consists of thin
spines. True Globorotalia never develops spines when
living.

also
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TEXT FIGURES a-d

For each specimen, the apertural face, surface struc-
ture, and a transverse section are given, X 125; an en-
larged portion of the wall shown in the transverse
section also is given, showing the change in structure
and the increase in thickness, X 165.

Fig. a, Globigerina aspera (Ehrenberg), 3 m. below
the boundary of the White Chalk and the Danian;
Stevns Klint, Sealand, Denmark.

Figs. b-d, Globigerina pseudobulloides Plummer. b,
Hofker sample 1053, lowest Danian, same locality
as a; ¢, Hofker sample 868, Mygind, Jutland, Den-
mark, Upper Danian, small specimen; d, sample
collected by Plummer, Midway Formation, Texas.
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245. WHAT IS PSEUDOVALVULINERIA BROTZEN, 1942}
Jan Horker
The Hague, Holland

ABSTRACT
A study of the type species of Pseudovalvulineria Brot-
zen and Gavelinella Brotzen shows that both are referable
o Gavelinella.

D’Orbigny (1840, p. 36, pl. 3, figs. 20-22) first de-
scribed Rosalina lorneiana from Montereau in the
Paris Basin, France. His somewhat schematic figure
shows a slightly oval test having a flat dorsal side and
an umbilical ventral side. The sutures on the dorsal
side, which shows 7 chambers in the last-formed whorl,
are strongly oblique; on the ventral side, the sutures
are rounded and end in distinct umbilical plates which
cover the umbilical hollow. The periphery is rounded,
lobulate, especially in the last-formed part of the test.

Later the species was described, again from Mon-
rereau, by Marie (1941, p. 216, pl. 33, fig. 314), as
follows:

“Test a coOté spiral dénué d’ornamentation et a

c6té ombilical orné, a la surface des loges, de grosses

cotes larges, imperforées, a sommet arrondi, occu-
pant toutes leurs extrémités ombilicales et disparais-
sant brusquement avant les trois derniéres, mais
dont le relief, notable vers le centre du test, diminue
rapidement a la périférie. Loges a face aperturale
bombée. Ombilic profond a bords inclinés.”

Marie called the species Discorbis lorneiana (d’Orbigny) .

In the meantime, Brotzen (1936, p. 178-181, pl. 12,
fgs. 1, 2; text fig. 64) described a quite different spe-
mes which he referred to Anomalina lorneiana d’Or-
mgny. This species, found in the Coniacian-Santonian
i southern Sweden, was later renamed Gavelinella
-wmida Brotzen (1942, p. 47, fig. 15). In the same
saper, Brotzen (1942, p. 20) designated Rosalina lor-
sriana d’Orbigny as the type species of his genus
Preudovalvulineria, as follows:

“Genotyp Rosalina lorneiana D’Orbigny 1840 S. 36

Taf. IIT Fig. 20-22. Schale auf beiden Seiten ge-

wolbt, mit zugeschirftem oder gerundetem Rand.

Nabel flach, nie bis in die dlteren Windungen reich-

end, bei evoluten Formen oft durch einen Nabel-

tnopf geschlossen. Septalmiindung interiormarginal,
sich in eine Umbilicalmiindung fortsetzend. Umbil-
wcalmiindung nur bei den letzten Kammern vor-
handen oft auf die letzte reduziert. Uber der Um-
bilicalmiindung stets starke Lippen, die bei ilteren

Kammern Leisten oder Rippen werden und im

Zentrum der Nabelseite einen Kranz bilden. Einige

Formen haben in der Jugend eine Nabelbildung wie

bei Gavelinella. Pseudovalvulineria unterscheidet

sch von Valvulineria durch den Nabel und von

Gavelinella durch den nie durchgehenden Nabel und

durch den Nabelknopf. Zur Gattung Pseudovalvuli-
neria gehoren unter anderen Anomalina pseudopa-
pillosa Carsey 1926 und Rosalina clementiana D’Or-
bigny 1840. Sehr typische Vertreter der Gattung
finden sich schon im Gault und zahlreich im unteren
Cenoman, sind aber bisher noch nicht beschreiben.”
In a sample from Montereau, kindly sent to me by
Dr. Hay who collected it (Hay, B-13, Montereau,
Monte surville above quai du Seine), the species is
the most abundant of the rotaliids.

Description of “Rosalina” lorneiana d’Orbigny:

Test rounded to slightly oval. Dorsal side somewhat
flattened; the sutures of the last-formed whorl slightly
depressed and oblique, in earlier chambers somewhat
raised to form slight ridges; wall poreless. The periph-
ery is rounded. The inflated last-formed chamber
shows an open to slit-like aperture which extends
under the umbilical lip towards the umbilical hollow
on the ventral side; thus, the aperture is marginal-
umbilical.

On the ventral side, the chambers are more inflated,
with distinctly depressed radial sutures between the
last-formed chambers. Each chamber forms, over a
part of the umbilical cavity, a flat, distinct umbilical
lip which is rounded and distinctly bent backward
and which also covers a part of the previous lip. In
older chambers, these lips are slightly thickened and
fuse, more or less, with ridges and chalk knobs cover-
ing the greater part of the ventral side. Distinct pores
are seen in the walls of the ventral side but not in
the lips.

In transverse section, the umbilicus is shallow and
is covered from the beginning by the thickened lips;
no chalk knob, such as is found in all species of Gaveli-
nopsis, is formed in the umbilical hollow. Horizontal
sections reveal double septal walls, such as are found
in the Gavelinellidae.

There are no differences between the type species of
Pseudovalvulineria and that of Gavelinella, Discorbis
pertusa Marsson, 1878. I (Hofker, 1957, pp. 281-316)
have given a detailed analysis of Gavelinella. The
characteristics of that very homogenous genus are:
flat, trochoidal tests; dorsal side without pores (only
some very advanced species may develop pores on the
dorsal side of the last-formed chambers); ventral side
with pores; umbilicus open but may be partly covered
by umbilical lips over the umbilical apertures; umbili-
cus never filled by a chalk knob; septal walls always
double; aperture marginal and umbilical, the umbili-
cal part covered by the umbilical lips; on the dorsal
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5

Gavelinella lorneiana (d’Orbigny); from the type locality, Montereau, Upper Campanian, France;

3 57

TEXT FIGURES 1

4, transverse section of this individual,

3, apertural face.

2, ventral side.
5, horizontal section of another test, showing the double septa.

dorsal side.

b

1
showing the deep umbilicus, the umbilical lips covering the umbilical hollow, and the marginal-

umbilical apertures.

characteristic of Pseudovalvulineria, as postulated by

partly involute, or

b

side, the chambers may be evolute

completely involute.

Brotzen, since the type species lacks such a knob.
This is why Vasilenko (1954) refers so many species

A transverse section of Gavelinella lorneiana shows

without doubt that, just as in the case of G. pertusa

(see Hofker, 1957, p. 292, fig. 346)

(Pseudovalvulineria), with or withou

a ventral knob. Brotzen (194

to Anomalina

p. 20) mentions as ad-

2
’

, the umbilicus is

ditional typical species of Pseudovalvulineria: Anom-

alina pseudopapillosa Carsey, 1926 (a species withow

shallow and extends down to the ventral wall of the

proloculus.

For this reason, Brotzen’s theory that the

-

b

a ventral chalk knob) and Rosalina clementiana d

difference between Gavelinella and Pseudovalvulineria

bigny, 1840 (also lacking the ventral chalk knob and

referable [see Hofker, 1957, pp. 294

is found in the deeper umbilical hollow of the former
genus is not justified. Nor is a ventral umbilical knob

297] to Gavels-
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nella; Gavelinella lorneiana appears to be a descend-
ant of this species).

Thus, the type species of Pseudovalvulineria is a
true Gavelinella. It is fortunate that Brotzen (1942,
pp. 19, 20) mentions Gavelinella nov. gen. first for
otherwise all its species would have to be referred to
Pseudovalvulineria.

I have mentioned Gavelinella lorneiana on several
occasions: Hofker (1956b, p. 224, fig. 53), the Mae-
strichtian form of the species; (1956b, p. 210), where
G. lorneiana is mentioned as a descendant of G. clemen-
riana; (1956a), the latest form of the species, from the
Pseudotextularia-zone. In all these publications I had
the true form in mind and referred it to Gavelinella.

The conclusion is that Pseudovalvulineria has no
generic status. Some of its species should be referred
to Gavelinella, others mentioned by authors should be
referred to Gavelinopsis.
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RECENT LITERATURE ON THE FORAMINIFERA

Below are given some of the more recent works on
the Foraminifera that have come to hand.

vyp. 29, tom 3, 1961, p. 207-221, pls. 1, 2.—De-
scriptions and illustrations of 9 species and sub-

ALEXANDROWICZ, STEFAN. Stratigraphy of Chodenice species, all new, from the Middle Jurassic.

and Grabowiec beds at Chelm on the Raba River  Bonpareva, T. P., Nemxkov, G. I., and Samopurov,
(English summary of Polish text) —Kwart. Geol., V.I. The age of the Tasaran series of the North-

BercguisT, HarLAN R.

Poland Instyt. Geol., Warsaw, tom 5, No. 3, 1961,
p. 646-667, pls. 1, 2 (assemblages), text figs. 1-3
(section, diagrams), tables 1-3 (distrib. tables,
correl. chart) —Lists and photographs of assem-
blages of Tortonian age.

Microfauna of ceritic clays from Nowosielica near

Kolomyja (English summary of Russian text).—
Bull. Acad. Polonaise Sci., ser. sci. geol. et geogr.,
v. 9, No. 3, 1961, p. 177-182, text figs. 1, 2 (map,
outline drawings).—A monotonous assemblage of
Streblus beccarii (2 forms) in upper Tortonian
clays.

BerGGren, W. A, and KurTEn, B. Notes on the biom-

etry of Globigerina yeguaensis—Stockholm Con-
trib. in Geol., v. 8:1, Aug. 25, 1961, p. 1-16, text
figs. 1-6 (drawings, graphs) —Statistical analysis
of 5 morphologic variant groups (probably infra-
specific variants) in G. yeguaensis from the lower
Eocene of Denmark confirms the existence of
groups recognized by subjective observation.

Early Cretaceous (middle
Neocomian) microfossils in south-central Alaska.
—U. S. Geol. Survey Prof. Paper 424-D, Nov. 6,
1961, art. 374, p. D236-D237, 1 fig. (map), 1
table—Included are 19 species (11 indeterminate)
of smaller Foraminifera.

Foraminiferal zonation in Matanuska Formation,
Squaw Creek-Nelchina River area, south-central
Alaska.—Am. Assoc. Petroleum Geologists Bull.,
v. 45, No. 12, Dec. 1961, p. 1994-2011, text figs.
1-3 (maps, correl. chart), table 1.—Five tentative
zones are set up in a sequence possibly ranging
from late Turonian to Maestrichtian. Occurrence
and abundance in the zones are indicated for
about 75 species.

BrAIcHER, JADWIGA. Microfauna of Globigerina marls

from region of Podzamcze fold (Carpathians)
(English summary of Polish text) —Kwart. Geol.,
Poland Instyt. Geol., Warsaw, tom 5, No. 3, 1961,
p. 602-612, pls. 1-3 (assemblages), text figs. 1-3
(charts) —Of late Eocene age.

Brank, M. I. Opisanie Novykh Vidov Foraminifer iz

Srednejurskikh Otlozhenij Severo-Zapadnoj Ok-
rainy Donethkogo Krjazha i Vostochnoj Chasti
Dneprovsko-Donethkoj Vpadiny.—Russia Vses.
Nauchno-issl. Geol. Neft. Inst. (VNIGRI), Trudy,

ern Near-Aralian (in Russian) . —Doklady Akad.
Nauk SSSR, tom 140, No. 4, 1961, p. 892-894,
text fig. 1 (pl.), figs. 1-14—Several nummulites
are illustrated.

BroNNIMANN, P., and StraDpNER, H. Die Foramini-

feren- und Discoasteridenzonen von Kuba und
thre interkontinentale Korrelation.—Erdoel-Zeit-
schrift, Wien-Hamburg, Heft 10, Oct. 1960, p.
364-369, 1 pl., 2 text figs., correl. chart.

Bro1zen, F.  Correlation problems of the Danian.—

Congreso Geol. Internat.,, XX Ses.,, Ciudad de
Mexico, 1956, El Sistema Cretacico, un sympo-
sium, primer tomo, 1959, p. 1-8, 1 correl. chart,
1 distrib. chart.—A few species characteristic of
the Danian are listed. Ranges between Paleocene
and Maestrichtian of certain species, both exclu-
sive and inclusive in their ranges, are shown from
various regions.

Bykova, N. K. K Voprosu o Thiklichnosti Filogenet:-

cheskogo Razvitija u Foraminifer—Geol. Sbornik
5, Russia Vses. neft. nauchno-issl. geol. instit
(VNIGRI), Trudy, vyp. 163, 1960, p. 309-327,
pls. 1-7.—Includes illustrated evolution diagrams
showing relationships (a) between Caucasina and
Pseudoparrella, (b) between species of Uvigering
in evolutionary lines from middle Eocene to lowes
Oligocene, (c) between species of Globigerina in
evolutionary lines from Maestrichtian to upper Ece
cene, and (d) between species of Globigerina m
Oligocene lineages.

CanEeva, P., and Vapcarova, Ja. Stratigraphy of the

Upper Cretaceous and Paleogens near Dalgodela
village, district of Lom, according to microfaunis-
tic data (English summary of Bulgarian text) —
Review of the Bulgarian Geol. Soc., v. 22, pt. 2,
1961, p. 117-124, pls. 1-4—Nine horizons are rec-
ognized, mostly by planktonic Foraminifera, be-
tween Cenomanian and middle Eocene. Typica
assemblages are illustrated.

Cuatterji, A. K. The occurrence of Lepidocyclina

in India.—Micropaleontology, v. 7, No. 4, Oct
18, 1961, p. 421-434, pls. 1-4, tables 1-16 (distrn-
bution and measurements) —Five species (2 new
and 1 having a new variety) described from the
Burdigalian of Kathiawar.
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Cicua, Ivan.

CoLe, W. STORRS.

Die Mikrobiostratigraphie des Miozins
des Gebietes von Ostrava (German summary of
Czech text) —Sbornik Ustred. ustavu geol., v. 26,
ser. paleo., 1959 (1961), p. 193-239, pls. 1-8 (as-
semblages, distrib. and abund. chart), text figs. 1-
7 (charts showing range and abundance, correl.
chart), correl. table—Recognition of 3 zones
within the lower Tortonian is based on quantita-
tive analysis of species. Typical assemblages are
illustrated.

An analysis of certain taxonomic
problems in the larger Foraminifera.—Bull. Amer.
Pal., v. 43, No. 197, Nov. 10, 1961, p. 373-407, pls.
28-39, tables 1, 2.—Certain characters used in
separating camerinid genera are shown to be not
valid as generic distinctions. Four formerly recog-
nized species are included as synonyms (probably
ecologic variants) of Lepidocyclina (L.) canellei
Lemoine and R. Douvillé.

CummMings, R. H. The foraminiferal zones of the

DaiN, L. G.

Carboniferous sequence of the Archerbeck Bore-
hole, Canonbie, Dumfriesshire.—Bull. Great Britain
Geol. Survey, No. 18, 1961, p. 107-128, pl. 4 (dis-
trib. and abund. chart), text figs. 1, 2 (range
chart, graph) —Based on smaller Foraminifera
present in thin sections.

Znachenie Foraminifer dlja stratigrafu
Vostochnoj Polosy Russkoj Platformy.—Russia
Vses. Nauchno-issl. Geol. Neft. Inst. (VNIGRI),
Trudy, vyp. 29, tom 3, 1961, p. 168-176, 1 table.
—Lists Foraminifera assemblages characteristic
of ammonite zones between Bajocian and Upper
Jurassic.

DrooGer, C. W. Die biostratigraphischen Grundlagen

Gwrr1aNT, CESARE.

der Gliederung des marinen Neogens an den Typ-
lokalitaiten—Mitteil. Geol. Gesellschaft Wien,
Band 52, 1959 (1960), p. 105-114, text fig. 1
(range chart).—Includes range chart showing
stratigraphic distribution of Miogypsina, Nephro-
lepidina, and the most important planktonics in
the Mediterranean region between Chattian and
Plaisancian.

Miogypsina in Hungary—Proc. Kon. Nederl. Akad.

Wetenschappen, ser. B, Phys. Sci., v. 64, No. 3,
1961, p. 417-427, text figs. 1-10 (map, geol. sec-
tion, drawings).—Supporting correlation with
Chattian deposits of Germany.

Cenozoic climatic changes as in-
dicated by the stratigraphy and chronology of
deep-sea cores of Globigerina-ooze facies.—Ann.
New York Acad. Sci., v. 95, Art. 1, Oct. 5, 1961,
p. 521-536, text figs. 1-10 (graphs).

srmoto, Haruvosui, and Ico, Hisavosur. The

fusulinid zones in the Japanese Carboniferous.—
Quatrieme Congrés pour I'avancement des études
ie stratigraphie et de Géologie du Carbonifere,

Furrer, Max A.

GIreELLI, MAURIZIO.

Heerlen, Sept. 15-20, 1958, Compte Rendu, tome
1, 1960, p. 201-205, text fig. 1 (correl. chart).

Siphogenerita, new genus, and a
revision of California Cretaceous “Siphogeneri-
noides” (Foraminiferida).—Proc. Biol. Soc. Wash-
ington, v. 74, Dec. 8, 1961, p. 267-274, figs. 1-11
(pl.), text fig. A.—Siphogenerita is initially tri-
serial and has a discontinuous internal siphon.
All the California species are placed in the new
genus, type species Siphogenerinoides clarki Cush-
man and Campbell.

Considerazioni stratigrafiche e
micropaleontologiche preliminari sui banchi rossi
nel’Appennino Tortonese-Pavese (English sum-
mary of Italian text).—Boll. Soc. Geol. Ital., v.
79, fasc. 3, 1960, p. 181-193, pls. 1, 2.—Lists of
Foraminifera and photographs of assemblages
from the Eocene.

GirerLL1, M., and Pizzocuero, M. L. La serie medio-

miocenica di Pomaro Monferrato.—Boll. Soc. Geol.
Ital., v. 79, fasc. 3, 1960, p. 203-230, pls. 1-5, map,
range chart, distrib. table—The section is divided
into 3 planktonic zones (one subdivided into 2
subzones) and typical examples of the 4 assem-
blages are photographed. Occurrence and abun-
dance of about 140 species are plotted for 9 samples.

GrazuNova, A. E., BatakamaTova, V. T., Lipman, R.

KH., Romanova, V. I, and Cuocurova, I. A.
Stratigrafiia i1 fauna melovykh otlozhenii Zapadno-
Sibirskoi nizmennosti—Russia Vses. nauchno-issl.
geol. instit., Trudy, n. ser., tom 29, 1960, p. 1-347,
pls. 1-52, figs. 1-13 (map, line drawings), tables 1,
2.—Illustrated catalog includes, in the Foraminif-
era section (p. 45-123, pls. 1-25), 99 species (39
new), 11 subspecies (10 new), and 17 varieties
(11 new) from the Lower and Upper Cretaceous
of western Siberia.

GorboN, W. A. Planktonic Foraminifera and the cor-

relation of the middle Tertiary rocks of Puerto
Rico.—Micropaleontology, v. 7, No. 4, Oct. 18,
1961, p. 451-460, pls. 1, 2, text-figs. 1-3 (map,
range chart, correl. diagram) —Sequences from
northern and southern parts of the island are cor-
related by means of 15 planktonic species and sub-
species (none described as new) of early to mid-
dle Miocene age (Aquitanian to Helvetian).

GrigeLis, A. A., LuBimova, P. S., and Rycina, P. T.

Opisanija Novykh Vidov Jurskikh i Melovykh
Foraminifer i Ostrakod.—Russia Vses. Nauchno-
issl. Geol. Neft. Inst. (VNIGRI), Trudy, vyp. 29,
tom 3, 1961, p. 193-201, pls. 1, 2.—Describes 8
new Foraminifera from the Jurassic and Creta-
ceous, all but one by Rycina.

Gurscuick, Raymonp C., WEINER, Joun L., and

Youneg, LeicatoN. Lower Mississippian arena-
ceous Foraminifera from Oklahoma, Texas, and
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Montana.—Jour. Paleontology, v. 35, No. 6, Nov.
1961, p. 1193-1221, pls. 147-150, text figs. 1-5 (cor-
rel. chart, columnar sections, drawings of fossils).
—Descriptions and illustrations of 34 species (12
new) from the Welden, Chappel, and Lodgepole
limestones in Oklahoma, central Texas, and south-
western Montana respectively. The combined
faunas, included with the closely related one of
the Rockford limestone of Indiana, previously de-
scribed, total 49 species in the Lower Mississip-
pian of the United States.

Havicki, B., and BroonNiewicz, I. La stratigraphie

du Pleistocéne supérieur dans la région péribal-
tique méridionale—Bull. Acad. Polonaise Sci., ser.
sci. geol. et geogr., v. 9, No. 3, 1961, p. 163-169,
text figs. 1-3 (graphs).—The fluctuating abun-
dance of 7 foraminifers in a section is shown
graphically.

Herrick, S. M. A stratigraphically significant asso-

ciation of smaller Foraminifera from western Flor-
ida.—U. S. Geol. Survey Prof. Paper 424-D, Nov.
6, 1961, art. 376, p. D239.—An association of 4

lagenid species indicating late middle Eocene.

Hivtermann, H.  Biostratigraphie der NW-Deutschen

Oberkreide mittels Foraminiferen.—Congreso Geol.
Internat.,, XX Ses., Ciudad de Mexico, 1956, El
Sistema Cretacico, un symposium, primer tomo,
1959, p. 135-148, text figs. 1-4 (charts showing
variation, evolution, and ranges).—Graphic illus-
tration of evolutionary connections between spe-
cies of Bolivinoides and Neoflabellina and zonation
of the German Upper Cretaceous chiefly by spe-
cies of these two genera.

Isuir, Ken-1cur.  Fusulinids from the Middle Upper

Carboniferous Itadorigawa Group in western Shi-
koku, Japan, Part III. Stratigraphy and Conclud-
ing Remarks—Jour. Inst. Polytechnics, Osaka
City Univ., ser. G, Geoscience, v. 5, No. 1, March
1961, p. 31-52, text figs. 1-3 (maps, range chart),
table 1 (correl. table).

JacosseN, Joan M. Vertical distribution of Foraminif-

era in the lower chalk member of Austin Formation,
southern Dallas County, Texas: Jour. Graduate
Research Center, Dallas, v. 29, No. 3, Dec. 1961,
p. 179-187, pl. 1 (correl. chart), fig. 1 (diagram),
table 1.—Quantitative analysis of some 40 sam-
ples reveals a dominantly planktonic assemblage,
a composite fauna of about 50 species.

Jastonowicz, JaAN. Globigerina marls from region of

Podzamcze fold (Middle Carpathians) (English
summary of Polish text).—Kwart. Geol., Poland
Instyt. Geol., Warsaw, tom 5, No. 3, 1961, p. 631-
645, text figs. 1-3 (map, columnar sections).—
Constituting an important znd widespread corre-
lative horizon in the middle of the Bartonian.

Jurius, CHARLES. La microfaune de Foraminiféres de

quelques gisements classiques d’ige burdigalien
dans le Bordelais.—Bull. Soc. Géol. France, sér. 7,
tome 2, No. 7, Oct. 6, 1961, p. 942-946, distrib.
table.—Species recorded quantitatively from 3
localities.

Kaever, Matuias. Morphologie, Taxionomie und

Biostratigraphie von Globorotalites und Conoro-
talites (Kreide-Foram.) .—Geol. Jahrb., Band 78,
Sept. 1961, p. 387-438, pls. 18-21, text figs. 1-8
(distrib. and abund. chart, range chart, graphs,
phylogenetic diagram, drawings), tables 1-3.—
Monographic treatment including discussion of
ecology. Description and illustration of 4 species
of Conorotalites and 9 of Globorotalites (2 new
and 1 indeterminate).

LeE, Jonn J., Pierce, STANLEY, TENTCHOFF, MARILYN,

and McLavucHLIN, JouN J. A. Growth and phys-
iclogy of Foraminifera in the laboratory: Part 1
—Collection and maintenance.—Micropaleontol-
ogy, v. 7, No. 4, Oct. 18, 1961, p. 461-466, text-
figs. 1, 2 (cultures), graph.—Describes techniques
for establishing axenic (without other organisms)
and synxenic cultures (where all associated organ-
isms are known). Discusses favorable and un-
favorable reactions to various {ood organisms and
substances.

Lipman, R. Ku.,, BurtmaNn, E. S., and KHokHLOVA,

I. A. Stratigrafija i fauna Paleogenovykh Ot-
lozhenij Zapadno-Sibirskoj Nizmennosti—Russia
Vses. nauchno-issl. geol. instit., Trudy, n. ser., tom
28, 1960, p. 1-230, pls. 1-23, text figs. 1-7 (map,
columnar sections, correl. table), tables 1-4—In-
cludes a section by Lipman (p. 40-69, pls. 1-9) of
formal descriptions and illustrations of 44 smaller
Foraminifera from the Paleogene of western Siberia,
7 new and 6 indeterminate. Six microfossil zones
are recognized between lower Paleocene and lower
Oligocene.

MacGiLravry, H. J. Danger of world-wide correla-

tions based on evolving features.—Congreso Geol.
Internat., XX Ses., Ciudad de Mexico, 1956, El
Sistema Cretacico, un symposium, primer tomao,
1959, p. 77-83, text figs. 1-4 (graphs) —Two fea-
tures (size of the two initial chambers and num-
ber of adauxiliary chambers), as occurring in two
species of Lepidorbitoides, are used to illustrate
the author’s thesis.

Maync, W. Foraminiferal key biozones in the Lower

Cretaceous of the western hemisphere and the
Tethys province—Congreso Geol. Internat., XX
Ses., Ciudad de Mexico, 1956, El Sistema Creta-
cico, un symposium, primer tomo, 1959, p. 85-111,
text figs. 1-3 (maps).—Worldwide distributions
are plotted for Spirocyclammina, Choffatella,
Pseudocyclammina, Orbitolina, Dictyoconus, and
Coskinolina.
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Mines, KaLman, A new Nummulites species from
the Eocene of Dorog, North Hungary (English
summary of Hungarian text) —Foldtani Kézlony,
Budapest, Kot. 91, Fiiz. 3, Aug.-Sept. 1961, p. 328-
331, pl. 14, text fig. 1 (graph) . —N. rozlozsniki, a
new small striated species.

Mikrukno-MacLAy, A. D. Stratigraphy of Permian
deposits of Middle Asia (in Russian with English
summary) —Vestnik Leningrad Univ., Ser. Geol.
Geog., No. 12, vyp. 2, 1961, p. 18-41, tables 1, 2.—

Zonation by fusulinids.

Minarp, James P., Owens, James P., and Toop, RuTh.
Redefinition of the Mount Laurel sand (Upper
Cretaceous) in New Jersey.—U. S. Geol. Survey
Prof. Paper 424-C, Nov. 6, 1961, art. 173, p. C64-
C67, 2 figs. (columnar section, graph), 2 tables.—
Foraminifera from the Ostrea bed at the base of
the Mount Laurel show mixed Taylor and Navarro
affinities while Foraminifera from the Exogyra beds
near the top have dominantly Navarro affinities.

MjatLiuk, E. V. Opisanie Novyke Vidov Foramini-
fer Verkhnejurskikh i1 Nizhnemelovykh Otlozhenij
Russkoj Platformy.—Russia Vses. Nauchno-issl.
Geol. Neft. Inst. (VNIGRI), Trudy, vyp. 29, tom
3, 1961, p. 142-157, pls. 1-3.—Describes 17 new
species from Upper Jurassic and Lower Cretaceous.

Mounp, MicHaeL C. Arenaceous Foraminifera from
the Brassfield Limestone (Albion) of southeastern
Indiana.—Indiana Geol. Survey Bull. No. 23,
Sept. 1961, p. 1-38, pls. 1-3, text figs. 1-5 (map,
graph, drawings), tables 1-3.—Illustrated system-
atic catalog includes 26 species, 3 new. Two new
genera are erected and included in the Saccam-
minidae: Stomasphaera (type species S. brass-
fieldensis n. sp.) and Amphicervicis (type species
A. elliptica n. sp.). Study based on insoluble
residues from 8 localities.

“rreckl, Matteew H. Catalogue of type specimens
of Foraminifera in the Walker Museum of Paleon-
tology.—Fieldiana (Chicago Nat. Hist. Mus.):
Geology, v. 13, No. 2, Sept. 28, 1961, p. 109-160.

WorvaNG, AKSEL. Schizamminidae, a new family of
Foraminifera.—Atlantide Rept. No. 6, Sci. Results
Danish Exped. Coasts of Tropical West Africa
1945-46, Copenhagen, 1961, p. 169-201, pls. 6-9,
text figs. 1, 2 (maps).—Descriptions and illustra-
tions of 7 species (3 new) of Schizammina and 2
(1 new) of Jullienella, taken by the “Galathea”
and the “Atlantide” mostly from off Tropical West
Africa. This important and interesting paper dis-
cusses basis for classification of these peculiar and
localized forms of large agglutinated unilocular
foraminifers having no interior lining but an outer
rectine covering.

Wemorm, KarrL-Geore.  Morphogenesis and biology
of the foraminifer Cibicides lobatulus.—Zool. Bid-

rag frin Uppsala, Band 33, 1961, p. 157-196, pls.
1-5, text figs. 1-21.—Study based on a 4-year
series of monthly collections from ascidians in the
Gullmar Fjord. The species exists in 3 forms: (a)
zygotes in an agglutinated Webbina-like chamber,
(b) an attached chambered test in the form of any
of the many Cibicides-related genera, such as Dyo-
cibicides, Annulocibicides, Cyclocibicides, Stichoci-
bicides, or Rectocibicides, depending on growth
conditions, and (c) a planorbulinoid test (a rest-
ing schizont) resulting from the dissolution of the
calcareous wall of the Cibicides test and subse-
quent reforming of chamber walls.

OprzywoLskA-BiENkowA, Ewa. Zechstein microfauna
from Mielnik bore-hole (English summary of Pol-
ish text) —Kwart. Geol.,, Poland Instyt. Geol.,
Warsaw, tom 5, No. 3, 1961, p. 539-549, pls. 1-5,
tables 1, 2.—Includes 4 species of Foraminifera.

PEeTROVIC, MIODRAG, and Zivkovic, MiLuTIN. Beitrag
zur Kenntnis der Eozinen Foraminiferen aus der
Umgebung von Cipjan, Buj und Nova Vas (Is-
trien) (German summary of Jugoslavian text) —
Ann. Geol. de la Penin. Balkan., Instit. Geol.
Univ. Beograd, tome 27, 1960, p. 285-294, pls. 1-3,
text figs. 1-3 (map, photos) . —Alveolines and
nummulites.

ReicueLT, RupoLr. Die bayerische Flyschzone im
Ammergau.—Geologica Bavarica, No. 41, 1960, p.
55-98, pls. 1-3 (thin sections), text figs. 1-12
(maps, columnar sections, geol. sections, photos).
—PForaminifera assemblages illustrated in thin
section.

REe1ss, Z., and Issar, A. Subsurface Quaternary cor-
relations in the Tel Aviv region.—Israel Geol. Sur-
vey Bull. No. 32, April 1961, p. 10-26, map, range
chart, 8 well logs and frequency graphs.—Six dis-
tinct foraminiferal assemblages are recognized be-
tween Calabrian and post-Tyrrhenian. With the
well logs are included graphs to show (a) fre-
quency of Quaternary and redeposited Foraminif-
era, (b) frequency of 5 groups of Quaternary
Foraminifera: (1) Ammonia, (2) Elphidiidae and
Nonionidae, (3) porcellaneous forms, (4) plank-
tonic forms, and (5) all other forms.

Reiss, Z., Krug, K., and MEerLING, P. Recent Foram-
inifera from the Mediterranean and Red Sea coasts
of Israel.—Israel Geol. Survey Bull. No. 32, April
1961, p. 27, 28, text figs. 1, 2 (distrib. charts).—
The plotted occurrences of 76 species in 11 sam-
ples from the Mediterranean coast and of 98 spe-
cies in 29 samples from the Gulf of Eilat.

ReyMmenT, R. A.  Quadrivariate principal component
analysis of Globigerina yeguaensis.—Stockholm
Contrib. in Geol., v. 8:2, Oct. 1, 1961, p. 17-26.—
The four dimensions are maximum breadth of test,
maximum height of test, length of aperture, and
maximum inflation of test. The study is based on
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60 specimens from a single sample of Eocene clay
from Denmark.

Ricu, Mark. Stratigraphic section and fusulinids of

the Bird Spring formation near Lee Canyon, Clark
County, Nevada.—Jour. Paleontology, v. 35, No.
6, Nov. 1961, p. 1159-1180, pls. 142-146, text figs.
1-4 (maps, columnar sections).—Presence of all
major fusulinid zones indicate continuous deposi-
tion from Late Mississippian through Pennsylva-
nian and into the Leonardian part of the Permian.

Rico, ManueL, and BArsieri, FrRaNcEsco. Strati-

grafia pratica applicata in Sicilia.—Boll. Serv.
Geol. Ital., v. 80, Anno 1958, fasc. 2-3, 1959, p.
351-385, pls. 1-14, text figs. 1-10 (maps, colum-
nar sections, geol. sections, correl. chart).—Illus-
trations of assemblages and lists of species from
zones and subzones based on smaller and larger
Foraminifera and other organisms between Tor-
tonian and Middle Triassic.

Rosnorrt, J. N., EmiLiang, C.,, Gesss, J., Koczy, F. F.,

and WaNGersky, P. J. Absolute dating of deep-
sea cores by the Pa231/Th230 method.—Jour. Ge-
ology, v. 69, No. 2, March 1961, p. 162-185, text
figs. 1-8 (graphs), tables 1-10.—A method based
on the clay component of the sediment, exceeding
by twice the C4 chronology. Synchronism be-
tween the foraminiferal component and the clay
component is exceptional because of reworked
material in the clay component. Two deep-sea
cores from the Caribbean, about 600 km. apart,
give results consistent with each other and with
the C14 chronology, and identical at stratigraphi-
cally equivalent levels in the two cores.

Scuaus, Hans. Acerca de algunos Nummulites y

Assilinas de la monografia y coleccion de d’Archiac
(with English abstract).—Notas y Communic.
Inst. Geol. y Minero de Espafia, Madrid, No. 62,
1961, p. 171-193, pls. 1-4, text fig. 1 (line draw-
ings), 1 range chart with drawings.—Restudy of
original and other material. Redescription of
Nummulites cousisensis D’Archiac, 1886, and
Assilina leymeriei (D’Archiac and Haime), 1853.

SkINNER, HuBerT C. Revision of “Proteonina dif-
b

flugiformis””—Jour. Paleontology, v. 35, No. 6,
Nov. 1961, p. 1238-1240.—This species, previously
shown to belong in Reophax, is restricted to the
form having a fine-grained test. Three subspecies
(2 of them new) are recognized on the basis of
the composition and grain size of the test wall.

Skrpp, BTty A. L. Stratigraphic distribution of en-

dothyrid Foraminifera in Carboniferous rocks of
the Mackay quadrangle, Idaho.—U. S. Geol. Sur-
vey Prof. Paper 424-C, Nov. 6, 1961, art. 236, p.
C239-C244, 3 figs. (map, columnar sections, draw-
ings of thin sections).—Illustrations of generi-
cally-determined forms useful for distinction of
beds between Osage and Morrow.

Sonn, I. G, Herrick, S. M., and Lamsert, T. W.
Replaced Paleocene Foraminifera in the Jackson
Purchase area, Kentucky.—U. S. Geol. Survey
Prof. Paper 424-B, Oct. 13, 1961, art. 94, p. B227-
B228.

v. STACKELBERG, ULRICH. Oberkreide und Alttertiir
des Helvetikums am bayerischen Alpenrand im
Westen von Tolz.—Geologica Bavarica, No. 41,
1960, p. 3-54, geol. map, text figs. 1-20 (map, geol.
sections, correl. chart, thin section photos, mollusk
photos) —Foraminifera assemblages are listed and
illustrated in thin section.

Tuompson, M. L. Pennsylvanian fusulinids from
Ward Hunt Island.—Jour. Paleontology, v. 33,
No. 6, Nov. 1961, p. 1130-1136, pls. 135, 136, text
fig. 1 (map) —Five new species from the south-
ern margin of the Arctic Ocean.

Toop, RutH. Foraminifera from Onotoa Atoll, Gil-
bert Islands.—U. S. Geol. Survey Prof. Paper
354-H, 1961 (Jan. 19, 1962), p. 171-191, pls. 22-
25, text figs. 40, 41 (map, diagram), tables 1, 2
—CQuantitative analysis of Recent Foraminiferz
from beaches, reefs and the shallow lagoon floor
with some preserved and stained samples permit:
ting recognition of living places of species.

Ucnio, Takavasu. Foraminiferal assemblage of Se
mata-no-seki Shell Bed (Pleistocene) and its stra
tigraphical significance (in Japanese with Englisl
abstract) —Prof. Jiro Makiyama Mem. Vol., Jul
1961, p. 239-247, text fig. 1 (map), tables 1, 2.—
Warm-water fauna intercalated between cold
water faunas below and above.

VeLra, Paur. Upper Oligocene and Miocene uviger-
inid Foraminifera from Raukumara Peninsula.
New Zealand.—Micropaleontology, v. 7, No. 4.
Oct. 18, 1961, p. 467-482, pls. 1, 2, text-figs. 1-3
(correl. and range charts, drawings).—Describes
and illustrates 29 species (19 new) and 3 new
subspecies of uvigerinids classified in 8 genera, 3
of which are new: Hofkeruva (type species H.
mata n. sp.); Norcottia (type species Hopkinsing
mioindex Finlay, 1947); Miniuva (type species
M. minima n. sp.); Ruatoria (type species R.
ruatoria n. sp.); Ciperozea (type species Sipho-
generina ongleyi Finlay, 1939). Hofkeruva is fur-
ther subdivided into 4 subgenera: Hofkeruva,
Laminiuva, Tereuva, and Trigonouva.

VencLinsky, I. V.  Significance of Globigerinidae for
the stratification of the Transcarpathian Mioceme
deposits (English summary of Ukrainian text) —
Dopovidi Akad. Nauk Ukrain. RSR, Kiev, No. 7
1961, p. 946-950, text figs. 1, 2 (chart, columnas
section) . —Use of the West Indian globigerinau
zonation.

Vyarov, O. S., Pisuvanova, L. S., PETrRAsHKEVICH, M
I., and GrisukevicH, G. N. Scheme of the stra
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tigraphy of the Transcarpathian Miocene (English text) . —Dopovidi Akad. Nauk Ukrain. RSR, Kiev,
summary of Ukrainian text).—Dopovidi Akad. No. 7, 1961, p. 938-940.
Nauk Ukrain. RSR, Kiev, No. 10, 1961, p. 1338- New finds of the genus Pseudosiderolites in the south

of the USSR and their signifiance for stratigraphy

1341, tables 1, 2.—Includes horizons of smaller
(English summary of Ukrainian text) —Dopovidi

F inifera.
P Akad. Nauk Ukrain. RSR, Kiev, No. 10, 1961, p.
ZerneTsky, B. F.  New data on the occurrence of 1367.—Resulting in the reassignment of the en-
middle Eocene Nummulitidae in the Black Sea closing rocks to the lower Maestrichtian,

area depression (English summary of Ukrainian Rute Tobp
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