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CONTRIBUTIONS TO PALEONTOLOGY 

PERMIAN TETHYAN FUSULINIDS FROM CALIFORNIA 

BY RAYMOND C. DouGLASS 

ABSTRACT 

The Calaveras Formation of the California gold belt near 
Jackson, in Amador and Calaveras Counties, includes lenticu
lar limestones, some of which contain fusulinid Foraminifera. 
The genera Schubertella, Nagatoella, Parafusulina, and Misel

lina have been recognized. Nagatoella had been described from 
Japan, but had not been found elsewhere until recently when it 
was recognized in California and Oregon. llfisellina had been 
described from southeast Asia, the U.S.S.R., and Japan, and is 
now found in California, Oregon, and possibly in Washington. 
The other genera have a worldwide distribution. 

The Nagatoella from California is similar to the type species 
from Akiyoshi, Japan. At Akiyoshi, Nagatoella is associated with 
JJlisellina claudiae near the top of the zone of PseudofusuUna 

or near the base of the zone of Parafusulina kaerltnizensis. 

It is probably equivalent in age to late Wolfcamp or early Leon
ard. The llfisellina from California is smaller in all dimen
sions than llf. claudiae from Akiyoshi and more closely resembles 
forms reported from the Pseudoschwagerina zone in Japan. The 
species of Schttbertella and ParafusuUna from the California 
samples are more similar to forms described from Japan than 
they are to any reported from the Western Hemisphere. 

W. R. Danner in 1965 suggested a eugeosynclinal origin for 
many of the deposits in Washington, Oregon, and British Colum
bia where limestones containing fusulinid faunas with Asiatic 
affinities commonly occur as isolated lenses in volcanic rocks, 
ribbon cherts, argillites, and graywacke. He also suggested that 
the Permian Tethyan seaway extending from the Mediterranean 
region tl).rough Japan continued to Yukon Territory, British 
Columbia, Washington, and Oregon. The California occurrence 
of Tethyan fusulinids in a similar lithic setting suggests that 
the seaway extended on to the south, at least as far as the 
Jackson area. 

INTRODUCTION 

PREVIOUS WORK AND GEOLOGIC SETTING 

The Calaveras Formation in the western foothills of 
the Sierra Nevada contains many lentieular bodies of 
limestone, a few of which yield recognizable fossils. 
Turner (1894) mapped the Calaveras in the area near 
Jackson and noted many of the limestone outcrops. He 

did not indicate where fossils were found, but stated 
(p. 3) that 

at numerous points in this western belt of the Calaveras for
mation fossils have been found in the limestone lenses. These 
have been referred by Mr. C. D. Walcott to the Carboniferous, 
and are as follows: Fusulina cylindrica, Zaphrentis ( ?) , Litho
strotion ( ?) , and crinoid stems. According .to Mr. Walcott, 
genus Fusulina does not occur lower than the Carboniferous or 
higher than the upper division of that system, usually called the 
Permian. 

Clark (1964) remapped and redescribed the Cala
veras Formation of this area and collected some Foram
inifera which Henbest and Douglass reported to in
clude the genera Tetrataxi.s, Parafru-suJina, N agatoella, 
and J.fi.sellilw of Permian age (Clark, 1964, p. 14). 

The preservation of the material on which the report 
by Henbest and Douglass for Clark was based left some 
doubt about the identifieations. The presence of the 
genera N agatoella and "JJ isellina had never been re
ported in the Western Hemisphere, and none of the 
Asiatie fusulinid faunas were known to oceur south of 
Oregon in North America. A search of some of the lime
store lenses for additional material was made by 
Douglass and Morikawa in September 1965, and two 
additional fossiliferous lenses were found in Amador 
County, Calif. This report is based primarily on the 
fauna found in one of these lenses. 

The limestone lenses occur in a sequence of rocks that 
includes quartzose slate and chert, with rninor amounts 
of volcanic rock in places. Black chert is interbedded 
with blaek phyllite in other places, and fine-grained 
volcanic breeeia and some conglomerates are found. The 
limestone itself is variable in texture. Much of it is 
fragmental, with pieees of other limestone and pieces 
of fusulinids cemented in a mierogranular to sparry 
groundmass. Many of the fusulinids show abrasion be
fore deposition, and some show abrasion after having 
been imbedded in a micro granular matrix. Postdeposi
tional fracturing and reeementation is common. 

Al 



A2 CONTRIBUTIONS TO PALE:ONTOLOGY 

Danner (1965, p. 120) has suggested a eugeosyn
clinal origin for many of the deposits in Washington, 
Oregon, and British Columbia where limestones com
monly occur as isolated lenses in volcanic rocks, ribbon 
cherts, argillites, and graywacke. He also suggested that 
the Permian Tethyan seaway which extended from the 
Mediterranean region through Japan continued to the 
Yukon Territory, British Columbia, Washington, and 
Oregon. The California occurrence of Asiatic fusulinids 
in a similar lithic setting suggests that the seaway 
extended on to the south. 

SIGNIFICANCE OF THE FUSULINID ASSEMBLAGE 

Fusulinids have been known from California for many 
years, and Meek ( 1864) , Staff ( 1912), Thompson and 
Wheeler (1946), Coogan (1960), and Skinner and Wilde 
(1965) have described many species from northern Cal
ifornia. Thompson and Hazzard (1946) and Ross and 
Sabins (1966) have described species from southern 
California. In most of these studies, a similarity be
tween the western American fusulinids and those of 
Asia has been noted. The similarities have not been, 
however, nearly so close as those between the faunas of 
Washington State and British Columbia and those of 
Japan. Neither lJf isellina nor N agatoella had been found 
in northern or southern California. 

The genus Nagatoella was described from the Per
mian of the Akiyoshi Plateau in southwest Japan where 
it occurs with lJfisellina claudiae above the zone of 
Pseudofusulina vulgaris and below the zone of Parafu
~:miina kaerhnizensis. It has also been described or re
corded from the Atetsu Plateau, from the area near Gifu 
in central Japan, from the Kanto Mountainland, from 
Kozaki on Kyushu, and from Onogahara on Shikoku. 
The California occurrence was the first reported outside 
Japan. The close similarity, even at the specific level, 
between the specimens from Japan and the United 
States suggests a connecting environment between the 
two areas which would permit rapid migration. 

The genus lJfiselUna was described frmn southeast 
Asia in the area formerly called Indo-China. It has also 
been reported from the U.S.S.R. and from several 
places in Japan, including Kozaki on Kyushu, Onaga
hara and Kochi on Shikoku, the Akiyoshi Plateau and 
the Atetsu Plateau in southwest Honshu, near Gifu in 
central Japan, and in the Kanto Mountainland. The 
geologic range of Misellina appears to be greater than 

· that of N agatoella, as it is described fron1 several hori
zons extending from the Pseudoschtoagerina, zone to 
the Neoschwagerina zone (Morikawa, 1965, p. 17-18). 
The California occurrence was the first reported in the 
Western Hemisphere. A recent discovery of N a.gaioella 
and Aiisellina in Oregon was described by Bostwick 
and N estell (oral commun. Geol. Soc. America Ann. 
Mtg., November, 1966). 

The genus Parafusulina has a wide distribution 
around the world. The species in the California assem
blage, however, is not similar to other species described 
from North America. It is most similar to Parafusulina 
edoensis (Ozawa) which was described from the Aki
yoshi Plateau in Japan. The genus Schubertella is also 
known from many areas around the world. The species 
represented in California was first described from 
southeast Asia and is also known from several places 
in Japan. The entire assemblage, then, suggests a close 
affinity to the faunas of southeast Asia and Japan. 

CORRELATION 

There remains the problem of the relationship be
tween the Calaveras Formation and the Permian de
posits to the north and south in California. The age 
suggested is within the range of zones G to H of the 
McCloud Limestone (Skinner and Wilde, 1965, pl. 4), 
and yet the assemblage is completely different. The Cal
averas Formation would also seem to correlate with the 
middle part of the Owens Valley Formation from 
which fusulinids were cited but not described (Merriam 
and Hall, 1957, p. 11-12). Again, the fusulinid faunas 
cannot be compared directly as they have no species in 
common. The faunas reported by Ross and Sabins 
(1966, p. 155-157) from the El Paso Mountains, Calif., 
are of approximately the same time interval yet do not 
contain overlapping taxa. For the first two areas men
tioned above, one might assume that the depositional 
environment might have been the controlling influence, 
as the Owens Valley Formation and the McCloud Lime
stone may represent a shelf environment. Skinner and 
Wilde (1965, p. 15) have suggested the shelf environ
ment for the McCloud Limestone. The com1non occur
rene~ of the crossbedding in the sandy limestones of the 
Owens Valley Formation and the interbeds of brick
red, greenish-gray, and yellowish-brown shales and 
siltstones suggest a fluctuating marginal environment. 
The sequence in the El Paso Mountains, however, is 
1nore similar to that of the Calaveras Fonnation and 
contains metasedimentary rocks including chloritic 
shale and siltstone, chert, chert conglomerates, various 
kinds of basaltic rocks, and some recrystallized lime
stone and conglomeratic limestone (Ross and Sabins, 
1966, p. 155). I would expect that, if the seaway was 
continuous this far south, Asiatic faunas may yet be 
found in some of the limestone bodies. 

LOCALITIES 

The fossil localities are indicated in figure 1. 

f9594 Calaveras County, Calif. Block of limestone about 5 ft 
in diameter exposed in the north wall of a railroad 
cut in sec. 10, T. 4 N., R. 11 E., at the west boundary 
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of the San Andreas quad. The limestone block is sur
rounded by conglomerate, tuff, and slate belonging to 
the Mariposa Formation of Jurassic age and is inter
preted as a boulder derived from the Calaveras For
mation of the western belt (Clark, 1964, p.14). L. D. 
Clark and D. B. Tatlock colin. LC-5<2-256. 

f23617 Amador County, Calif. Lens in Calaveras Formation in 
NE1A, sec. 36, T. 6 N., R. 10 E. Sutter Creek quad. 
The limestone forms a low hill with fair-to-good ex
posure through a light cover of grass. Douglass and 
Morikawa colin. MC-1, Sept. 5, 1965. 

f23619 Amador County, Calif. Lens in Calaveras Formation in 
NW1,4,NE1A, sec. 12, T. 5 N., R. 10 E. Sutter Creek 
quad. The limestone is exposed through a light cover 
of poison oak, grass, and small bushes on the north 
side of a small ranch road. Douglass and Morikawa 
colin. MC-3, Sept. 5, 1965. 

DISPOSITION OF MATERIAL 

The speci1nens used in this study are deposited in the 
collections of the U.S. National Museum and are en
tered in catalog 130 under the numbers 643466 through 
643509. 
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SYSTEMATIC DESCRIPTIONS 

Genus TETRATAXIS Ehrenberg, 1854 

Tetra taxis sp. 
Plate 1, figures 7-9' 

A rather high -coned form of this genus is present in 
several of the samples from the Calaveras Formation. 
The larger specimens are about 1 mm high with a diam
eter near 2 mm at the base. 

Genus SCHUB:ERTELLA Staff and Wedekind, 1910 

Schubertella giraudi (Deprat) 
Plate 1, figures 1-6 

Neojusulinelln giraudi Deprat, 1915, p. 11-12, pl. 1, figs. 6-11, 
text fig. 5. 

Ozawa, 1927, p. 150-151, pl. 38, figs. 3-6, 9, 16e: pl. 39, 
figs. 4-6. 

8chubertelln giraudi (Deprat) Kobayashi, 1957, p. 263-264, pl. 1, 
figs. 1-5. 

Kanmera, 1963, p. 88-89, pl. 12, figs. 8-12. 

Description.-Shell minute, fusiform about 1.2 mm 
long by 0.8 mm wide at five volutions. The juvenarium 
of approximately one and a half volutions is generally 
coiled at a large angle to the axis of the adult. One 
specimen (pl. 1, fig. 6) was found with an unusually 
large proloculus (about 106 microns) and with regular 
coiling throughout. The adult chambers have an almost 
constant height from center to pole with only a slight 
poleward increase. The proloculus is generally close to 
40 microns in maximum outer diameter. The spirotheca 
is thin and shows little structure (pl. 1, figs. 1b, 2b). 
Where the chomata are in contact with the wall, an im
pression of layering is given (pl. 1, fig. 1b, next to last 
volution), but in equatorial section only a thin tectum 
and lighter inner layer could be recognized (pl. 1, fig. 
2b). The septa are plane throughout and closely spaced, 
numbering 18-20 in the outer volutions. The chomata 
are well developed in the middle volutions but variable 
in size and -shape, extending one-fourth to one-half the 
chamber height. The tunnel is about 30° in the outer 
volutions. 

Comparison and re1nark8.-The specimens from Cali
fornia agree closely with those described by Deprat, 
Ozawa, and Kanmera listed above. They appear to be 
similar to those of Kobayashi, hut his specimens seem 
to be consistently more ellipsoidal in shape and less 
regular in their coiling. 

8peci1nens 8tud~~ed.-The specimens illustrated are 
frmn locality f23617 in the Calaveras Formation of 
Amador County, Calif., where they are associated with 
JJ/isellina.1 N a.gatoella, and Parafusulina. 

Genus NAGATOELLA Thompson, 1936 

Nagatoella orientis (Ozawa) 
Plate 2, figures 1-5; plate 3, figures 1-10; plate 4, figures 1-3 

Schellwienia ellipsoidalis Staff var. orientis Ozawa, 192·5, p. 
22-23, pl. 6, fig. la ; pl. 8, figs. 3, 5. 

Nagatoelln odentis (Ozawa) Thompson, 1936, p. 19'8-200, pl. 
12, figs. 1, 2. 

Ishizaki, 1962, p. 159, 160, pl. 9, figs. 9-11. 
Nagatoella kobayashii Thompson, 1936, p. 200-202, pl. 12, figs. 

4-6. 
Toriyama, 1958, p. 162-163, pl. 20, figs. 6-9. 
N ogami, 1961, p. 205, 206, pl. 10, figs. 9-11. 

Description.-The shell is ellipsoidal, mature speci
mens being about 7 mm in length and about 4 1nm in 
width at about 11 volutions. Form ratios vary between 
1.4 and 3.1 but are generally about 2. (See fig. 2 and 
table 1.) The shell tends to elongate less rapidly in the 
outer volut.ions, becoming a little more inflated. Slightly 
oblique axial sections, such as that of the holotype and 
the specimens figured as plate 2, figure 4, and plate 3, 
figure 9, appear to have rounded ends and heavy axial 
filling. The proloculus is variable in size, ranging from 
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a low of about 90 microns, measured by Toriyama on 
one of Ozawa's specimens, to 270 microns in specimens 
from California and Akiyoshi, Japan. The proloculus 
of most specin1ens is not round, and the measurements 
recorded in the table are all maximum outer diameters. 
The spirotheca is relatively thin in the inner volutions 
but thickens gradually through about the first six volu
tions and then more rapidly in the outer volutions. (See 
table 1 and fig. 2.) The inner volutions show little struc
ture (pl. 4, fig. 2), but coarse keriotheca can be seen 
in the outer volutions (pl. 4, figs. 1, 3). The keriotheca 
generally extends down along the septa, giving them 
a wedge shape in places in the inner volutions and 
thickening them throughout most of the shell. Second
ary deposits related to the chomata tend to coat both 
forward and trailing edges of the septa, especially in 
the vicinity of the tunnel (pl. 3, fig. 2b; pl. 4, fig. 3), the 
coating commonly extending all the way to the roof 
of the cha1nber. The septa are tightly fluted at their 
base, with cuniculi formed in parts of some specimens. 
The upper parts of the septa are nearly plane. The nuin
ber of septa per volution increases from about eight in 
the first volution to about 30 in the outer volutions. The 
tunnel is well developed, the angle averaging in the 
thirties throughout most of the shell. In the inner volu
tions it is bordered by small asymmetrical chomata. In 
the outer volutions the chomata become discontinuous 
or absent. The tunnel increases in height in the outer 
volutions, commonly attaining half the chamber height. 
Axial filling is developed in the early volutions but is 
generally lacking beyond the sixth or seventh volution. 

Comparison and renwrks.-Thompson (1936, p. 196) 
established the genus N agatoella based on specimens 
originally described by Ozawa ( 1925, p. 22-23). He 
pointed out that Ozawa's three specimens were from 
three localities. He selected the specimen prepared as an 
oblique axial section to be the holotype of N. orientis 
(Ozawa) and assigned the parallel and oblique equa
torial sections to a new species N. J.~obaya1shii Thomp
son. N. orientis was designated the type species" (geno
type)" for N agatoella. The holotype (only specimen) 
was from the 11/i.sellina claudiae bed at l{aerimizu do
line (sinkhole) on the Akiyoshi Plateau. In the vicinity 
of the sinkhole the 11Iisellina bed is a continuous zone 
10-100 em thick. Other specimens from this bed were 
later (Toriyama, 1958, p. 163) assigned to N agatoella 
kobayashii Thompson. I have studied samples from this 
bed and found that the specimens cover a range of vari
ability which includes N. or'ientis and N. kobayashii 
and intermediate forms (pl. 3). They are all, therefore, 
assigned toN. orienti.s. The specimens described by No
gami (1961, p. 205) from the Atetsu Plateau and from 
Ibukiyama also fall within this range and are here in-

eluded in N. orient-is. The specimens from California 
are poorly preserved, but they show many features in 
common with those from l{aerimizu at the type locality. 
The measurable features follow each other closely (fig. 
2). The distribution of axial filling, the tunnel and cho
mata, the development of septal fluting, and the wall 
structure all seem to be similar. 

Distribution-N agatoella orientis is now known from 
soutlnvest and central Honshu and central Shikoku in 
Japan and from central California. In California it has 
been found at three localities: f9594 in Calaveras 
County where it was reported by Henbest and Doug
lass (in Clark, 1964, p. 14); f23617 in Amador County, 
from which the specimens illustrated in this report were 
derived; and f23619 in Amador County. In Japan, N. 
orient-is is generally associated with 11N.sellina claudiae 
near the top of the zone of Pseudoftts'Ltlina or near the 
base of the zone of Parafutndina. In California it is in 
'the Calaveras Formation associated with 11/isellina, 
Pa.rafrn:sul:ina., and 8ch1tbertella in isolated limestones 
which are not in a well-dated sequence. Neither Naga
toella nor 11/isellina has been found in the more contin
uous fossiliferous sections of the Permian to the north 
and south in California. 

Genus PARAFUSULINA Dunbar and Skinner, 1931 

Dismtssion.-The description of this genus was based 
on the type species P. wordensis, described at the same 
time, which is now considered to be an advanced rep
resentative of the genus. Many forms have since been 
assigned to Parafu:s·ulina, and there has been a tendency, 
at least in America, to assign any large schwagerinid 
with a single tunnel and cuniculi to this genus. More 
recently, the genera Jftf onodiewod,ina, Eoparaj1tsulina, 
and O'tt.nimtlinella have been recognized with cuniculi. 
The genus Paraj1tsulina has thus been restricted to some 
extent, but a problem still remains in the assignment of 
forms apparently intermediate between Schwagerina 
and Paraf'lt8'ltlina. Several forms develop low or beaded 
cuniculi, especially in their outer volutions, while re
taining otherwise the characters of 8chwagerina,. For 
many advanced forms described as 8ch'lvagerina, no 
tangential sections are illustrated that would show the 
intensity of the fluting and possible development of 
cuniculi. The form hereunder assigned to Paraj1tsulina 
is one of these intermediate forms. It has definite cunic
uli, but they are not developed throughout, and they 
are not straight sided as in the type species. The pres
ence of phrenothecae may be considered unusual in a 
Parafusulina also. They are more common in this 
species than in others that I have seen, but they do occur 
in P. rothi Dunbar and Skinner, 1937, P. bosei Dunbar 
and Skinner, 1937, and its variety attenuata Dunbar 
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and Skinner, 1937, P. sappe1·i (Staff) of Dunbar, 1939, 
P. delto~ides Ross, 1960, P. -vidrien8i8 Ross, 1960, and P. 
lau/doni Skinner and Wilde, 1966. 

Parafusulina impensa n. sp. 

Plate 4, figure 4; plate 5, figures 1-10 

Description.-The shell is large and subcylindrical 
to elongate fusiform attaining a length of as much as 
15 mm in seven to eight volutions. The early volutions 
are generally fusiform, but the chamber height in
creases rapidly toward the poles of the outer volutions, 
developing a more cylindrical shape. The proloculus is 
large, with a range from about 300 to more than 500 
microns and a mean of about 430 microns. (See fig. 3 
and table 2). It tends to be spherical, but is eommonly 
flattened on one side. The spirotheca is eomposed of a 
teetum and well-defined keriotheea (pl. 4, fig. 4) which 
have finer divisions near the teetun1 in the outer volu
tions. The wall thickens rapidly from about 30 microns 
in the inner volution to about 150 microns in the outer 
volution (fig. 3). Phrenothecae are irregularly devel
oped (pl. 5, figs. 7, 10). The septa are tightly fluted 
throughout the shell, with narrow beaded cuniculi at 
the base of the chambers (pl. 5, figs. 5, 10). There are 
more than 20 septa in the second volution and as many 
as 30 in the outer volutions. The tunnel is slightly ir
regular, and its width is diffieult to observe in places. 
It averages 30°-36° in the inner volutions. Chomata 
were detected on the proloc.ulus, but they do not seem 
to be developed elsewhere, though the base of the septa 
appear thickened where they touch the floor of the 
chamber in some places (pl. 5, figs. 1, 2). Axial filling 
is developed from an early stage and tends to spread 
a way from the axis to some extent (pl. 5, figs. 7-9) . 

Oompari./Wn8 and rernark.rs.-Parafu8~tlina impen.rsa 
bears a slight resemblance to P. diabloen.rsi8 Dunbar and 
Skinner (1937, p. 674), but it is larger, has fewer cham
bers in eaeh volution, and has a larger form ratio 
throughout. It more closely resembles P. endoen.rsi.s 
( 0 zawa) , as redeseribed fron1 topotypes by Toriyama 
(1958, p. 197), but P. impen8a has a consist,ently thieker 
spirotheca, a smaller proloel us, and the shell elongates 
In ore rapidly in the outer volutions (fig. 3). 

JJJ aterial 8tudied.-The description and illustrations 
are based on samples from locality f23617 in Amador 
County, Calif., where the Parafu.sulina is associated 
with JJ[i8ellina, N agatoella, and Schubertella. Twenty
one oriented and many oblique sections were studied in 
addition to etched and lacquered slices of the limestone. 

De8ignation of type8.-The specimen illustrated on 
plate 5, as figure 8, is designated the holotype. The 
other specimens studied are paratypes. 

Genus MISELLINA Schenck and Thompson, 1940 

Misellina californica n. sp. 

Plate 1, figures 10-12; plate 6, figures 1-16 

The shell is small and variable in shape from elongate 
ellipsoidal (pl. 6, fig. 1) to nearly rounded (pl. 6, ~gs. 
6-8). The juvenarium is endothyroid, and the earliest 
subsequent volutions tend to be spherical. Later volu
tions tend to elongate along the axis, attaining form 
ratios of about 1.4 (See fig. 4 and table 3.) The axis of 
eoiling in the juvenarium is not precisely at 90° to the 
later coiling, and eoiling in the adult form is not neces
sarily regular (pl. 6, figs. 5, 6, 8). Mature specimens de
velop six to seven volutions, and some reach nearly 1..5 
mm in length, but most are smaller. The proloculus IS 
small and nearly spherical, with an outer diameter 
commonly about 60 microns. One was found to measure 
as mueh as 75 mierons in maximum outer diameter. 
The spirotheea is eomposed of a tectum and well-defined 
keriotheca. The thickness of the wall varies greatly 
from place to place in a volution. It t~ickens in . the 
Yieinity of each septum to eight or 1nore tunes the thick
ness between septa (pl. 1, figs. 10, 11). In places the 
wall seems to be represented only by tectum at the high
est part of the ehamber, between septa as in figure 11, 
next to last volution on right. Measurements of the wall, 
therefore are difficult to interpret. The wall seems to 
increase in thickness from about 6 microns in the early 
volutions to about 20 microns in the outer volution. The 
Keriotheca tends to extend the entire length of the septa, 
and the septa are commonly covered at their lower ends 
with the paraehomatal deposits. 

The septa increase in number gradually from about 
10 in the second volution to about 16 in the outer volu
tion. The septa are nearly straight along their length 
and have a tendency to be pitched forward. The para
chomata are low, rarely reaching half the chamber 
height. Between septa they tend to be rounded to slight
ly pyra1nidal (pl. 6, figs. 3, 7). At the septa they tend 
to spread out, sometimes extending along the lower 
edge of the keriotheca for some distance betwe.en septa 
and generally extending along the septa, leaving only 
low openings between ehambers (pl. 6, fig. 9; pl. 1, fig. 
10). About 10 parachmnata are developed in the outer 
volutions. . 

Oompari8on8 and rmnark8.-ll/i8ellina californ_ic~ IS 
one of possibly several species that are c!osely similar 
1norphologically. It is difficult to deter~Ine how close 
a taxonomic relationship exists between It and the fol
lowing forms : 

Misellina aliciae (Deprat), 1912 
M. termieri (Deprat), 1915 
M. minor ( Depra t) , 1915 
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TABLE 2.-Measurements of Parafusulina impensa n. sp. from Zoe. f23617 

s~~- Shownon-~ ~r~J! I Vt I V2 I Va I V4 I Vs I VG I V1 Vt I V2 I Va I V4 I Vs I VG I V1 

men! 1 culus Half length Radius vector 
Pl. Fig. (microns) (millimeters) (millimeters) 

Vt I V2 I Va I V4 I Vs I V6 I V1 I v~ I V2 I Va I V4 I v. I V6 

Form ratio Septa per volution 
(millimeters) 

1 5 7 500 0.56 0.93 1. 77 2.80 3.81 5.12 6.32 0.30 0.46 0. 79 1.12 1. 45 1.82 2.21 1.9 2.0 2.2 2.5 2.6 2.8 2.9 
2 5 8 476 . 50 .99 1. 91 3.04 4.37 6.23 7.44 .30 .43 .66 .92 1. 29 ------ ------ 1.7 2.3 2.9 3.3 3.4 ------- -------
3 ------ ------ 519 . 69 1. 05 1. 85 2.81 ------ ------ ------ .33 .49 .69 1.00 ------ ------ ------ 2.1 2.1 2.5 2.8 ------- ------- -------

4 ------ ------ 357 .59 .99 1. 72 2.81 4.10 5.30 ------ .26 .46 . 73 1. 06 1. 45 ------ ------ 2.3 2.2 2.4 2. 7 2.8 ------- -------
5 ------ ------ 407 .83 1.55 2.21 3.14 ------ ------ ------ .43 .63 .92 1. 25 ------ ------ ------ 2.5 2.5 2.4 2.5 ------- ------- -------
6 ------ ------ 438 .66 .89 1. 49 2.18 3.30 4.93 ------ .36 .53 .83 1. 06 1.45 ------ ------ 1.8 1. 7 1.8 2.1 2.3 ------- -------
7 5 9 519 .49 .99 1. 85 3.17 4.65 6.23 ------ .36 .59 .92 1. 25 1. 68 2.15 2.64 1.4 1. 7 2.0 2.5 2.8 2.9 -------
8 5 3 369 .43 . 79 1. 25 2.28 4.25 5.67 ------ .30 .40 .59 .83 1.13 1. 55 1. 82 1.4 2.0 2.1 2. 7 3.8 3. 7 -------
9 5 4 288 .41 .81 1.30 1. 63 ------ ------ ------ .26 .41 .57 . 75 ------ ------ ------ 1.6 2.0 2.3 2.2 ------- ------- -------

10 5 6 413 .36 . 73 1. 25 2.08 ------ ------ ------ .30 .46 . 73 1.00 ------ ------ ------ 1.2 1.6 1.7 2.1 ------- ------- -------
11 ------ ------ 438 .43 1.19 1. 58 3.14 3.91 6.05 ------ .30 .43 .63 .99 1. 25 1. 55 ------ 1. 4 2.8 2.5 3. 2 3.1 3.9 -------
12 5 1 482 ------ ------ ------ ------ ------ ------ ------ .46 .65 .90 1. 22 1. 65 1. 98 ------ ------- ------- ------- ------- ------- ------- -------
13 5 2 407 ------ ------ ------ ------ ------ ------ ------ .36 .56 .86 1. 22 1. 58 20.1 ------ ------- ------- ------- ------- ------- ------- -------
14 ------ ------ 438 ------ ------ ·------ ------ ------ ------ ------ .33 .52 .80 1.11 ------ ------ ------ ------- ------- ------- ------- ------- ------- ----------------------------------------------------

Mean ________ 429 .42 .90 1. 45 2.46 4.27 5.98 6.88 .33 .50 . 75 1. 05 1.44 1. 85 2. 23 1.8 2.1 2.3 2.6 3.0 3.3 
Standard 
deviation ____ 62 .05 .19 . 26 .68 .37 .29 ------ .06 .08 .12 .15 .19 .25 .41 .4 .4 .3 .4 .5 . 6 ·-------

Tunnel angle Thickness of spiro theca I Height or volution 
(degrees) (microns) (millimeters) 

0.3321 0.3751 0.451 ~------~------~------~------~------1------
. 407 . 381 ------- ------ ------ ------ ------ ------ ------

1 5 7 ---------- 38 45 34 34 30 48 ------ ------ ------ 65 80 81 94 94 ------- 0.188 0.270 0.340 
2 5 8 ---------- 40 30 32 39 ------ ------ ------ 19 33 81 88 125 125 ------ .113 .125 .250 . 282 
3 ------ ------ ---------- 26 30 ------ ------ ------ ------ ------ 19 63 69 81 ------ ------ ------ .113 .175 .238 .345 
4 ------ ------ ---------- 25 36 36 36 ------ ------ ------ 38 63 69 100 131 131 ------ .113 .200 .306 .357 .438 I .616 , _______ , ______ , ______ , ______ , ______ , ______ , _____ _ 

5 ------ ------ ---------- 37 29 28 ------ ------ ------ ------ 35 65 78 106 ------ ------ ------ .219 .238 .313 .313 
6 ------ ------ ---------- ------ ------ ------ ------ ------ ------ ------ 38 44 69 78 125 125 ------ .168 .263 .300 .294 
7 5 9 ---------- 22 44 25 30 ------ ------ ------ 53 75 94 144 153 188 ------ .131 .234 .332 .375 
8 5 3 ---------- ------ ------ ------ ------ ------ ------ ------ 27 32 63 81 95 169 ------ .188 .125 .194 .282 

. 400 I . 438

1 

_______ 

1 

______ 

1 

______ 

1 

______ 

1 

______ 

1 

______ 

1 

_____ _ 

. 425 . 482 . 470 ------ ------ ------ ------ ------ ------

.319 . 438 ------- ------ ------ ------ ------ ------ ------
9 5 4 ---------- ------ ------ ------ ------ ------ ------ ------ 35 46 53 77 ------ ------ ------ .125 .156 .181 . 213 

10 5 6 ---------- 32 35 45 ------ ------ ------ ------ 44 38 75 88 ------ ------ ------ .131 .181 .263 .313 
11 ------ ------ ---------- ------ ------ ------ ------ ------ ------ ------ 25 50 106 81 81 ------ .106 .163 . 250 .363 
12 5 1 ---------- ------ ------ ------ ------ ------ ------ ------ 28 52 75 113 156 156 ------ .156 .181 .269 .375 
13 5 2 ---------- ------ ------ ------ ------ ------ ------ ------ 40 70 70 106 106 156 ------ .188 .238 .313 .375 
14 ------ - ----~ ---------- ------ ------ ------ ------ ------ ------ ------ 38 63 88 94 ------ ------ ------ .144 .206 .282 .338 

: ~~g j J~~ 1 === ==== ~----s-~---2i-~---2i-~---22_1 ___ 25_1 ____ ao 
. 394 . 500 ------- 9 20 26 29 37 ------

------- ------- ------- 12 25 22 ------ ------ ------

M~~(Iai<i----~---- ------1 3: I 3~ I 3~ I 35~------~------~------1 341 541 711 961 117 I 1361 ______ 1 .1461 .191 I . 269l .3261 .3751 .4351 . 460 '--- ---' ------' ------'- -----' ------.------

deviation ______________ 17 ------ ------ ------ 10 15 12 19 28 35 ------ .036 . 042 .044 .047 .046 .090 . 013 '------ '--- -- - '------ '------ '------ '------
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TABLE 3.-Measurements of Misellina californica n. sp. from Zoe. f23617 

Shown on- Diameter VJ I v2 I v3 I V4 I v5 I Vo Speci- ____ of pro-
men loculus 

V1 I V2 I V3 I V4 I Vs I Vo 

Pl. Fig. (microns) Half length (millimeters) Radius vector (millimeters) Form ratio 
--------------_---;-----:---;----;--- ----,------,--,----,---.---1---,-------;----;---.---

1 6 1 56 0. 088 0.125 0. 206 0. 275 0. 431 0. 563 0. 063 0. 088 0.131 0.175 0. 250 0. 340 1.4 1. 4 1.6 1.6 1.7 1.7 
2 6 3 . 063 .125 .188 . 313 .438 . 594 . 063 .113 .163 . 225 .300 . 413 1.0 1.1 1. 2 1.4 1.5 1.4 
3 6 6 

-------35-
. 069 .144 .225 .338 .463 . 601 . 075 .119 .175 .244 .338 . 431 .9 1. 2 1.3 1.4 1.4 1.4 

4 6 7 ---------- . 050 .125 . 200 .326 .444 . 594 . 069 .144 . 219 .288 . 388 . 525 . 7 .9 .9 1.1 1.1 1.1 
5 ------ -------- 63 . 081 .144 . 231 .345 .470 ------- . 075 .113 .169 . 244 . 326 1.1 1.3 1.4 1.4 1.4 
6 6 2 ---------- ------- ------- ------- ------- ------- ------- . 081 . 138 . 200 . 282 . 381 ------- ------- ------- ------- ------- ------- -------7 6 11 ---------- ------- ------- ------- ------- ------- ------- . 081 .144 . 219 . 288 . 375 . 500 ------- ------- ------- ------- ------- -------8 -------- ---------- ------- ------- ------- ------- ------- ------- . 081 .150 . 231 . 319 .419 . 532 ------- ------- ------- ------- ------- -------
9 6 13 75 ------- __ ,.. ____ 

------- ------- ------- ------- . 077 .119 .194 . 282 .375 .482 ------- ------- ------- ------- ------- -----
Mean _____________ --5-7 ~---:Ia3~~~~~~--:Is9~~-:46QL()---u1.31.41.4---;4 
Standard devia-

tion ___________ _ 13 .015 .010 .018 .028 .017 .017 .007 .020 .032 .043 .052 .070 .3 .2 .3 .2 . 2 .2 

Speci
men 

Shown on-

Pl. Fig. 

Thickness of spiro theca (microns) Height of volution (microns) Septa per volution 

----- --------1-------------~---~------- ---------~---~---;---- ---------------
1 6 !_________________ 8 
2 6 a_________________ 7 
3 6 6_________________ 5 
4 6 7 _________________ -------
5 ------------------- 10 
6 6 2_________________ 4 
7 6 11________________ 4 
8 ------ ------------------- 8 9 6 13 _______________ _ 

5 5 6 
9 10 13 
7 8 8 

13 ------- -------
7 9 9 

10 7 13 
5 6 6 
1~ -----9- ~ 

13 
18 
13 
22 
32 
14 
5 
6 

10 

25 
19 
11 
25 

9 
10 

44 
38 
32 
44 
44 
32 
44 
44 
38 

25 
56 
44 

32 
56 
53 
63 
44 

50 
53 
50 
63 
56 
63 
69 
75 
70 

38 
63 
72 
81 
75 
81 
69 
81 
78 

80 
85 
91 

103 

88 ------- ------- ------- ------- ------- -------
113 ------- ------- ------- ------- ------- -----
100 ------- ------- ------- ------- ------- -------
131 ------- ------- ------- ------- ------- -------

~~~ ------- -----6- ----io- ----ia- ----is- ----i4- -------
100 119 8 10 13 14 14 14 
106 106 5 8 10 15 18 18 
106 106 ------- 11 12 13 14 15 

Mean ________________________ --7 ___ 9 ___ 8 ___ 9 ___ 15 ___ 17-~~--61---n !)6109--6--w--12 ___ 14 ___ 15 ___ 1_6 

Standard deviation__________ 3 2 2 3 8 8 5 13 9 14 10 14 2 1 1 1 2 -------

M. minor (Deprat) of Fujimoto, 1936 
M. ibukiensis Kobayashi, 1957 
M. ibu.kiensis Kobayashi of Morikawa and Isomi, 1961 
M. iisikai (Toriyama) of Suyari, 1962 
M. cf. termieri (Deprat) of Suyari, 1962 
M. aliciae (Deprat) of Ishizaki, 1963 
M. subelliptica (Deprat) of Ishizaki, 1963 
M. aff. ibukiensis Kobayashi of Ishizaki, 1963 
M. cylindrica Ishizaki, 1963 

All the above are small thin-walled forms of the genus 
and occur in the early part of the age range. They have 
been distinguished from each other by differences in 
shape, rate of expansion of the shell, and development 
of parachomata. The samples from California contain 
a variety of shapes, rates of expansion, and shapes of 
parachomata; yet they are all so closely similar, I be
lieve that they represent a single population. The speci
mens described by Suyari (listed above) are both from 
the same sample, and although they are identified with 
named species, Suyari points out that the identification 
of lJf. iisak2: is tentative and that the identification of 
M. cf. terrnieri is based on a single equatorial section and 
is also tentative. He points out that M. terrnieri and M. 
s~tbelliptica cannot be distinguished. ', 

Ishizaki (1963, p. 55-62) studied a single sample con
taining lJf isellina and noted many similarities between 
the specimens, but he assigned them to three previously 
described and one new species. It is a little difficult to 
compare the specimens, as the sections are not cut in the 
standard orientations. His counts on number of para
chomata are about double the number illustrated in any 
one vol uti on. 

The specimens from California could be assigned to 
several of the named forms in this group, and perhaps 
they should ail, then, be assigned toM. aliciae (Deprat) 
which has priority. The nature of the wall, however, 
has led me to recognize these as a new species. None 
of the early forms described show the thickening of the 
wall toward and along the septa as in lJf. californica. 
Deprat's illustration (Deprat, 1912, p. 42, fig. 25, 1b) is 
diagrammatic, but shows no thickening at the septa. The 
photographs of specimens in this group show that there 
is some thickening at the septa, but it is more restricted. 
The thickening in the California forms tends to be more 
like that in Misellina claudiae (Deprat) which occurs 
in younger beds in Japan (pl. 6, figs. 17-20). 

Distrib,ntion.-Specimens of this species were found 
at localities f9594 and f23617, where they are associated 
with the genera Olim.acarnrnina~ Tetratawis, Schuber
tella N ag.atoella~ and Parafus,nlina. The rock is a lime
ston~ composed of fragments of fossils and pieces of 
other limestones cemented in a silty microcrystalline 
groundmass. The rock has been microfractured after 
solidification, and recemented with crystalline calcite 
(pl. 6, fig. 16). The description is based principally on 
specimens from f23617 which has the best preserved 
material. The specimens in f9594 appear to be identical, 
brut they have been distorted to some extent by 
compression. 

Designation of types.-The specimen illustrated as 
figures la, b on plate 6 is designated the holotype. The 
other specimens studied are paratypes. 
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PLATE 1 

FIGURES 1-6. Schubertella giraudi (Deprat) (p. A4) from loc. f23617 in the Calaveras Formation of 
Amador County, Calif. 
la. Fractured axial section showing juvenarium coiled at a high angle to the outer volu-

tions, USNM 643466, X 20. 
lb. Part of same specimen enlarged to show juvenarium and wall structure, X 150. 
2a. Equatorial section, USNM 643467, X 20. 
2b. Part of same specimen enlarged to show wall structure, X 150. 
3. Incomplete axial section showing juvenarium coiled at a less than 90° angle, USNM 

643468, X 20. 
4. Near equatorial section, USNM 643469, X 20). 
5. Tangential section showing chomata and straight septa, USNM 643470, X 20. 
6. Equatorial section of a specimen with uniform coiling, USNM 643471, X 20. 

7-9. Tetrataxis sp. (p. A4) from the same locality. 
7, 8. Axial sections, X 20. 
9. Near basal section, X 20. 

10-12. Misellina californica Douglass, n. sp. (p. A8) from the same locality. 
10. Same specimen as fig. 9 on pl. 6, enlarged to show wall structure and the spreading of 

secondary deposits along the base of the keriotheca leaving low openings between the 
parachomata, X 150. 

11. Same specimen as fig. 2 on pl. 6 enlarged to show keriotheca, X 150. 
12. Part of same specimen as fig. 14 on pl. 6 enlarged to show coarse keriotheca on the septa, 

X 150. 
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PLATE 2 

FIGURES 1-5. Nagatoella orientis (Ozawa), 1925 (p. A4) from Joe. f23617 in the Calaveras 
Formation, Amador County, Calif. 
la. Part of an axial section, USNM 643472, X 10. 
lb . Same specimen, X 20. 
2a. Eroded eq uatorial section, USNM 643473, X 10. 
2b. Same specimen enlarged to show wall structure, X 20. 

3. Deep tangential section, USNM 643474, X 10. 
4a. Slightly oblique axial section, USN:M 643475, X 10. 
4b. Same specimen enlarged to show changes in shape through the early 

ontogeny and the distribution of axial filling, X 20. Compare with 
pl. 3, fig. 9b. 

5a. Fractured axial section, USNM 643476, X 10. 
5b. Same specimen enlarged to show distribution of axial filling as it 

appears in the axial plane, X 20 . 
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PLATE 3 

FIGURES 1- 10. Nagatoella orientis (Ozawa), 1925 (p. A4) from the type locality at 
Kaerimizu doline on the Akiyoshi Plateau, Japan. 

1- 4. Equatorial sections showing variation in septa shape and tightness 
of coiling, USNM 643497- 643500, X 10. 
2b. Same specimen as 2a enlarged to show some wall structure and the 

spreading of the secondary deposits onto the septa, X 20. 
5, 6, 8, 10. Axial sections 5, 6, USNM 643501; 8, USNM 643503; 10, 

USNM 643505, X 10. 
7. Tangential section, USNM 643502, X 10. 
9a, b. Oblique axial section showing very rounded appearance of poles, 

USN.M 643504, X 10 and X 20. 
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PLATE 4 

[All figures X 150] 

FIGURES 1-3. Nagatoella orientis (Ozawa) (p. A4) from Joe. f23617 in t he Calaveras 
Formation, Amador County, Calif. 

1. Outer volutions of the specimen illustrated on pl. 2, as fig. 2a, b, showing 
coarse keriothecal structure continuing down the inner face of the 
septa. 

2. Inner volutions of the same specimen showing the thin wall and 
subtriangular septa. 

3. M iddle volutions of the same specimen showing heavy secondary 
coating on the septa in the vicinity of the chomata. 

4. Parajusulina impensa n. sp. (p. AS) from the same locality showing the 
coarse keriothecal structure in the outer volutions, and phrenothecae 
USNM 643477. 
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PLATE 5 

[All figures X 10] 

FIGURES 1-10. Parajusulina impensa Douglass, n. sp. (p. A8) from loc. f23617 in the 
Calaveras Formation of Amador County, Calif. 
1, 2. Equatorial sections, USNM 643468 and 643478. 
3. Axial section of one of the most elongate specimens, USNM 643479. 
4. Immature specimen with r elatively small proloculus, showing axial 

filling developed in early stages, USNM 643480. 
5. Part of a tangential section showing tightly fluted septa, USNM 

643481. 
6. Immature specimen showing only partial deposition of filling along t he 

axis, USNM 643482. 
7. Axial section showing phrenothecae developed in several outer volut ions, 

USNM 643483. 
8. Axial section of the holo type, USNM 643484. 
9. Oblique axial section of a specimen with rapidly expanding shell , 

USNM 643485. 
10. Tangent ial section showing cuniculi and phrenothecae, USNM 

643486. 
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PLATE 6 

F IGURES 1- 15. Misellina ca/ifornica Douglass, n. sp. (p. AS) from Joe. f23617 in the Calaveras Formation, 
Amador County, Calif. 
1a. Axial section of holotype, USNM 643487, X 20. 
lb. Same specimen, X 50. Note low passages through the septa in upper left and lower 

right. 
2a. Near equatorial section of a pa ratype, USNM 643488, X 20. 
2b. Same specimen, X 50. Note thicken ing of the keriotheca a t the septa. (See also pl. 1, 

fig. 11.) 
3-8. Axial and near axial sections showing variation in shape an d irregula rities in coiling, 

USNM 643489, -490, - 467, - 491, - 467, and - 492, X 20. 
9-10. T angential sections showing nearly stra ight septa and the thickening of the kerio th cca 

a t t he septa, USNM 643493 and - 494, X 20. (See also pl. 1, fig. 10.) 
11-14. Equatorial and near eq uatorial sections showing variability of coiling, USN M 

643495, -466, - 496, and - 490, X 20. (See also pl. 1, fig. 12.) 
15. Tangential section with unusually well developed parachomata, USNM 643467, X 20. 

16. R ock section showing association an d li t hology . Note Schubertella, Misellina, and fragmental 
schwagerinids . 

N ote a lso the postlithification fracturing, X 10. 
17-20. M1:sellina claudiae (Deprat) from Kaerimizu doline, Akiyoshi Plateau, J apan, USNM 643506-

643509, X 20. 
17-19. Axial and near axial S(~ctions showing regular and endothyroid juvenaria. Note the 

variation in shape of the parachomata and the thi ckening of the k eriotheca a long 
the septa. 

20. Equatorial section showing the parachomata joining t he septa. 
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