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Introduction 

Over most of the Japanese Islands the 
first major transgression occurred in 
early Miocene time. This transgression 
cluminated in middle Miocene time sub
merging most of the Islands and deposit
ing as much as 5,000 meters of sediment 
in some basins. The Neogene formations 
have been studied intensively not only 
because they are widely distributed but 
also because of their being reservoirs of 
important minerals·· such as petroleum, 

* Received March 10, 1973; read January 
17, 1973 at Sendai. 

113 

copper and zinc. On the other hand, 
Paleogene sediments are locally distri
buted in the Japanese Islands, along the 
southwestern coast and on the northern
most island of Hokkaido. 

A sequence of Neogene strata exposed 
along the coast of the Oga Peninsula, 
Akita Prefecture, has been the focus of 
particular attention since this sequence 
is widely recognized as a standard for 
the correlation of Japanese Neogene 
formations. There the following eight 
" stages" have been established in order 
of decreasing age (HUZIOKA, 1956; MINA
TO et at., 1965): Nishioga, Daijima, Nishi
kurosawa, Onnagawa, Funakawa, Kita-
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ura, Wakimoto and Shibikawa Stages. 
The Nishioga and Daijima Stages com
prise largely terrestrial and deltaic 
facies deposited prior to the marine 
transgression. The other six stages 
include typical marine facies, represent
ing sediments and faunas accumulated 
in the Neogene sea. Thus, the Nishi
kurosawa Stage represents an important 
period in the geologic development of 
the japanese Islands marking the first 
stage of the extensive Neogene marine 
transgression. 

The name Nishikurosawa was first 
introduced by OHASHI (MS) in 1918 (fide 
CHITANI, 1925) as the Nishikurosawa 
beds. Its type locality was chosen on 
the northern coast of the Oga Peninsula, 
at Nishikurosawa, Oga City, Akita Pre
fecture, where it unconfor~ably overlies 
volcanic rocks of the Nishioga Stage 
and consists largely of bluish-grey cal
careous sandstone. The type Nishikuro
sawa Formation contains abundant ma
rine faunas such as the foraminifera 
Amphistegina radiata (FICHTEL and 
MOLL), Miogypsina kotoi HANZA W A and 
Opereulina eomplanata japoniea HANZA
W A; the molluscs Chlamys kaneharai 
(YOKOY AMA) and Anadara makiyamai 
(YOKOYAMA); and the echinoids Eehino
lampus yoshiwarai LORIAL and Astricly
pelts manni ambigenus NISHIYAMA, all 
indicative of a shallow marine environ
ment. The Nishikurosawa Formation 
crops out in the western part of the 
Oga Peninsula, across a distance of about 
15 km, along hill-sides, brook and stream 
banks, road cuts and sea coast, in a trend 
striking northwest-southeastward. It is 
only 20 m thick at the type locality but 
thickens considerably southward attain
ing a thickness of about 250 m on the 
southern coast of the Peninsula. The 
change in thickness is also accompanied 
by facies changes and, on the southern 

coast, the formation is largely composed 
of a grey, thinly-bedded siltstone, under
lain by a thin basal conglomerate bed 
(HUZIOKA, 1959). These two sections of 
the Nishikurosawa Formation have been 
regarded as the type section of the Ni
shikurosawa Stage, the northern section 
representing shallow-water facies and 
the southern section characterized by 
shallow to moderately deep water facies 
(see MINA TO et al., 1965). 

The faunas of the Nishikurosawa For
mation have received considerable atten
tion. Molluscan fossils have been des
cribed by HATAI (1938), NOMURA and 
HATAI (1938) and KOTAKA (1957). Larger 
benthonic foraminifera have been stud
ied by YABE (1927,1933), HANZAWA (1935, 
1964), U]IlE (1966) and MATSUMARU (1971). 
Occurrences of benthonic smaller forami
nifera have been listed by HUZIOKA (1959) 
and IKEBE (1962). 

The age of the Nishikurosawa Forma
tion has so far been discussed largely 
in the light of the two larger benthonic 
foraminifera Miogypsina kotoi HANZA W A 
and Opereulina eomplanata japoniea HAN
ZA W A. Y ABE (1927), in recognizing a 
similarity of these two larger foraminif
era with those from the Tertiary of 
Europe, assigned a Burdigalian (middle 
Miocene) age to the Nishikurosawa For
mation. However, in proposing the ex
istence of two separate stratigraphic 
horizons characterized by distinct larger 
benthonic foraminiferal assemblages in 
japan, HANZAWA (1950) reassigned a 
Helvetian age to those strata containing 
Miogypsina kotoi and Opereulina eompla
nata japoniea assemblage and a Burdi
galian age to those strata having Lepido
eyclina assemblage. However, no single 
stratigraphic sequence bearing the two 
faunas superposed one upon the other 
has been found in japan. 
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Field and laboratory procedures 

Although the type section of the Ni
shikurosawa Formation has been inten
sively searched for planktonic forami
nifera, no planktonic species have so far 
been reported. The shallow marine 
facies of the type Nishikurosawa For
mation (indicated by the occurrence of 
benthonic foraminifera Operculina com
planata japonica, Miogypsina lwtoi, Flo
rius kidoharensis (FUKUDA), Ammonia 
tochigiensis (UeHIo), Elphidium sp., and 
Cibicides refulgens MONTFORT) is likely 
to be the deciding factor for the absence 
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OF 

of planktonic foraminifera. A well pre
served planktonic foraminiferal assem
blage described here was recovered from 
an exposure of the Nishikurosawa For
mation on the beach of Daijima at the 
confluence of a small stream with the 
sea near the eastern edge of Daijima 
Village, Oga City, Akita Prefecture, Ja
pan (Text-fig. 1). This sample was taken 
approximately 40 m below a glauconitic 
sandstone bed of the basal Onnagawa 
Formation and lies within the upper 
part of the Nishikurosawa Formation, 
which has a total thickness of about 250 
m in this area. 

FUNAKAWA 

HARBOR 

N 
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Text-fig. 1. Location of sample used in this study. 

Most of the species recovered from 
this locality possess a fragile, thin, 
coarsely perforate wall, whereas the 
rock sample consisting of greenish-grey 
sandy siltstone was highly indurated. 

Therefore, a special rock maceration 
technique was needed to extract foram
inifera. Crushed rocks of nut-size were 
placed in a beaker and then oven-dried 
for two hours at a temperature of about 
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100·C. Then boiling water saturated 
with sodium sulphate (Na2S0,1) was pour
ed over the rocks until all rock-pieces 
were soaked with the liquid. After al
lowing about 30 minutes for the solution 
to completely saturate the rocks, the 
excess solution was drained off and the 
beaker was placed in a cool, dry place 
for about one week. By then the rock 
specimens were completely disintegrated 
due to the growth of sodium sulphate 
crystals inside the pore space. The dis
integrated rocks were then boiled in 
water with the addition of 1-2% volume 
of sodium hexametaphosphate. The sam
ple was finally wet-sieved with a stand
ard 200 mesh sieve. 

Planktonic foraminifera 

Since BERGGREN (1972) proposed a 
refined Cenozoic radiometric time-scale 
to which planktonic microfossil zonal 
schemes can be related, the planktonic 
foraminiferal assemblage of the Nishi
kurosawa Formation offers an excellent 
opportunity to document its precise po
sition within the world-wide chrono
stratigraphic framework and to date the 
time of Neogene transgression over the 
Japanese Islands. Three species make 
up the majority of the fauna: Globoro
talia peripheroronda BLOW and BANNER, 
G. denseconnexa SUBBOTINA and Globi
gerina praebulloides praebulloides BLOW. 
The other species identified are: Globi
gerina woodi JENKINS, G. praebulloides 
pseudociperoensis BLOW, G. a ngu stiu 1Il

bilicata BOLLI, Globorotalia birnageae 
BLOW, G. quini/alcata SAITO and MAIY A 
n. sp., Globigerinita glutinata (EGGER), 
Globoquadrina obesa AKERS and Globi
gerinoides japonicus SAITO and MAIY A 
n. sp. Text-fig. 2 shows the ranges 
of these species as presently understood 
in terms of the zonation of BLOW (1969). 

Because the Nishikurosawa Formation 
was deposited in a rather shallow-water 
environment in a high northerly latitude 
(40·N), the fauna like those of European 
type sections, is characterized by a small 
number of species, precluding a full 
representation of those species living 
contemporaneously in deeper-tropical 
waters. Thus, species diversity is low, 
and the lack of certain species cannot 
positively be taken as evidence for a 
specific zonal assignment. Therefore, a 
correlation can best be achieved by those 
species that are present. On the pre
sence of G. birnageae, G. peripheroronda 
and Globoquadrina obesa, the Nishikuro
sawa can be assigned to the interval 
encompassing zones N.B and N.9 of 
BLOW (1969). G. denseconnexa has not 
been recorded previously from the Far 
East Neogene sequences but has been 
reported by PARKER (1964) from the Ex
perimental Mohole section near Guada
lupe Island, Mexico. SUBBOTINA et al. 
(1960) reported it as ranging from the 
Oligocene to the Helvetian-Tortonian. 

Although this is the first report of 
planktonic foraminifera from the Nishi
kurosawa Formation, the planktonic fo
raminifera from other formations assig
nable to the Nishikurosawa Stage have 
been reported. These are the Higashi
innai Formation of the Noto Peninsula 
(ASANO, 1962; SAITO, 1963), Uyashinai 
Formation of Akita Prefecture (SAITO, 
1963) and the Nanatani Formation of 
Niigata Prefecture (SHINBO and MAIYA, 
1971), and represent marine facies deeper 
than that of the type Nishikurosawa 
Formation. In the upper part of these 
formations, the extinction point of Glo
borotalia peripheroronda was observed to 
occur near the first appearance of C. 
praemenardii CUSHMAN and STAINFORTH, 
both species thus ranging concurrently 
for a short stratigraphic interval. BLOW 
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N:IO 
Globorotalia 
peripheroocuta 
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Text-fig. 2. Comparison of zonations and boundaries, ranges of planktonic foraminifera, 
and stratigraphic position of various formations in the northeast Honshu, Japan. 

(1969) showed a similar overlapping range 
of the two species occurring at the N.9j 
N.10 boundary. As a result, the upper 
limit of the Nishikurosawa Stage as 
previously understood by Japanese geo
logists extends to within Zone N.10, a 
horizon somewhat higher than that indi
cated by the fauna from the Nishikuro
sawa Formation of the Oga Peninsula. 
SHINBO and MAIY A (op. cit.) indicated 
that in the Japanese Neogene G. periph
eroronda abounds only in strata equiva
lent to Zone N.9 of BLOW. Therefore, 
the common occurrence of this species 
in the present Nishikurosawa fauna may 
also indicate its correlation with Zone 
N.9, although its exclusion from Zone 
N.8 cannot be ruled out on this evidence 
alone. 

In conclusion, our correlation of the 
upper Nishikurosawa Formation with 
Zone N.9 would date the beginning of 
the Neogene innundation of the greater 
part of the Japanese Islands roughly 
about 17 million years B. P. based upon 
the time-scale of BERGGREN (op. cit.). 

Systematic paleontology 

At least 11 species of planktonic fo
raminifera, of which two are new, are 
present in the Nishikurosawa Formation. 
All are described and illustrated here 
with the aid of a scanning electron mi
croscope. The synonymy is not intended 
to be complete; special emphasis is given 
to cross-reference those reports dealing 
with the western Pacific region. Most 
of the illustrated specimens are deposit
ed in the micropaleontology collection 
of the National Science Museum, Tokyo, 
Japan. Duplicate paratypes of two new 
species are deposited in the micropale
ontology collection, U. S. National Muse
um of Natural History, Washington, D.C. 

Family Globigerinidae CARPENTER; 

PARKER and JONES, 1862 

Genus Glohigerina I)'ORBIGNY, 1826 

Globigerina praebulloides praebulloides 

BLOW, 1962 
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PI. 17, fig. 1a-c 

Globigerina praebulloides BLOW, 1959, pp. 180, 
181, pI. 8, fig. 47a-c ; JENKINS, 1960, p. 352, 
pI. 2, fig. 1a-c; SAITO, 1963, p. 187; HUANG, 

1969, pI. 2, figs. 48, 49; BANDY and INGLE, 

1970, figs. 7, 18, 19. 
Globigerina praebulloides praebulloides BLOW. 

BLOW, 1962, pp. 92, 93, pI. 9, figs. 1, 2. 

Remarks :-This species is distinguish
ed from G. bulloides by its elongate 
equatorial profile, the final chamber 
which increases rapidly in size, and a 
rather low-arched aperture with a lip. 
It has a smoother chamber wall than 
G. woodi. Maximum diameter of figured 
specimen: 0.46 mm. 

Globigerina praebulloides 

pselldociperoensis BLOW, 1969 

PI. 17, fig. 4a-c 

Globigerina praebulloides pseudociperoensis 
BLOW, 1969, pp.381-382, pI. 17, figs. 8, 9. 

Remarks:-This subspecies is distin
guished from the Oligocene G. cipero
ensis ciperoensis BOLLI by the more 
rapidly opening and higher spire. Also 
in this subspecies, chambers increase 
in size more gradually than those of G. 
ciperoensis. It also differs from Globi
gerina concinna REUSS in its much small
er umbilicus and a low-arched aperture. 
Maximum diameter of figured specimen: 
0.22mm. 

Globigerina woodi JENKINS, 1960 

PI. 17, figs. 2a, b, 3 

Globigerina woodi JENKINS, 1960, p. 352, pI. 2, 
fig. 2a-c; TAKAYANAGI and SAITO, 1962, 
p. 91, pI. 25, fig. 6a-c; SAITO, 1963, p. 188; 
JENKINS, 1965b, p. 117, pI. 17; JENKINS 

and ORR, 1972, p. 1090, pI. 111, figs. 10-12. 
Globigerina woodi woodi JENKINS. JENKINS, 

1971, pp. 159, 160, pI. 18, figs. 548-550. 

Remarks:-This species is character
ized by having a coarsely perforate wall, 
a high-arched aperture with rim, and 
U-shaped sutures. Maximum diameter 
of figured specimens: 0.32 mm. 

Globigerina angustiumbilicata BOLLI, 1957 

PI. 17, figs. 5, 6a, b 

Globigerina ciperoensis angustiumbilicata 
BOLLI, 1957, p. 109, pI. 22, figs. 12, 13. 

Globigerina angustiumbilicata BOLLI. BLOW, 

1959, p. 172, pI. 7, figs. 2a-c ; T AKAY ANAGI 

and SAITO, 1962, pp. 82, 83, pI. 28, figs. 
3-9; SAITO, 1963, p. 183. 

Remarks:-This species has been re
garded as the ancestor of G. pachyderma 
by SAITO (op. cit.) and of G. qllinqlleloba 
by ASANO et al. (1968). It is character
ized by a very small interiomarginal 
aperture, which is often concealed under
neath a distinct lip. 

Family Globorotaliidae CUSHMAN, 1927 

Genus Globorotalia CUSHMAN, 1927 

Globorotalia birnageae BLOW, 1959 

PI. 18, figs. la, b, 2 

Globorotalia birnageae BLOW, 1959, pp. 210, 
211, pI. 17, fig. 108a-c; SAITO, 1963, p. 174, 
pI. 56, fig. 3a-c; BLOW, 1969, p. 346, pI. 34, 
figs. 7, 8. 

Remarks:-This short-ranging species 
has been reported sporadically only from 
the Caribbean region and Japan. This 
species has five to six chambers in the 
last whorl, most of the Nishikurosawa 
specimens being five-chambered. It dif
fers from G. siakensis in being consist
ently much smaller in size and in having 
an almost closed umbilicus. It is also 
distinguished from G. peripheroronda in 
having more circular outline and rather 
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tangentially elongated chambers as view
ed from the spiral side. Maximum di
ameter of figured specimens: 0.20-0.24 
mm. 

Globorotalia peripheroronda BLOW 

and BANNER, 1966 

PI. 17, figs. 7a, b, 8 

Globorotalia barisanensis (sic) LERoy. STAIN· 
FORTH, 1948, p. 120, pI. 26, figs. 24-26. 

Globorotalia fohsi barisanensis LERoy. BOLLI, 
1957, p. 119, pI. 28, fig. 8a-c; CHANG, 1959 
(part), pp. 68, 69, pI. 5, figs. 6, 7 (not figs. 
8, 9) ; SAITO, 1963, p. 176, pI. 53, figs. 3, 
4; HUANG, 1963 (part), p. 165, pI. 5, fig. 
2a-c (not fig. la-c) ; JENKINS, 1972, pI. 29, 
figs. 9-1l. 

Globorotalia fohsi barisanensis (LERoy). 
BLOW, 1959, p. 212, pI. 17, figs. 110, 
ll1a-c. 

Globorotalia (Turborotalia) peripheroronda 
BLOW and BANNER, 1966, p. 294, pI. 1, 
fig. 1a-c, pI. 2, figs. 1-3. 

Globorotalia fohsi peripheroronda BLOW and 
BANNER. OLSSON, 1972, pp. 170-172, figs. 
4-6. 

Not Globorotalia barisanensis LERoy, 1939. 

Remarks :-This is probably one of the 
most widely recorded Miocene planktonic 
foraminifera (JENKINS, 1965a, p. 266). It 
is characterized by a generally lobate 
equatorial periphery, fairly deeply in
cised sutures on the spiral side, and a 
particularly distinct sinuous suture be
tween the last and penultimate chambers 
on the spiral side. Maximum diameter 
of figured specimens: 0.27-0.31 mm. 

Globorotalia denseconnexa 

SUBBOTINA, 1960 

PI. 18, figs. 3, 4a, b 

Globorotalia denseconnexa SUBBOTINA, 1960, 
pp. 67-69, pI. 13, figs. 4-6; PARKER, 1964, 
p. 631, pI. 102, figs. 10-12. 

Remarks:-As PARKER (op. cit.), the 
Nishikurosawa forms were unable to be 
compared with topotypes or plesiotypes 
of SUBBOTINA's species. Our specimens 
are closely comparable with those des
cribed from the Experimental Mohole 
cores by PARKER in that they are coarse
ly perforate for their size and have five 
to six chambers which are bound by 
short, gently-curving sutures on the 
spiral side. Maximum diameter of 
figured specimens: 0.24-0.26 mm. 

Globorotalia quinifalcata SAITO 

and MAIY A. n. sp. 

PI. 18, figs. 5a-c, 6a-c 

Globorotalia scitula (BRADY) subsp. praesci· 
tuta BLOW. JENKINS, 1960, p. 366, pI. 5, 
fig. 62a-c. 

Globorotalia scitula praescitula BLOW. SAITO, 
1963, p. 181, pI. 53, fig. 6a-c. 

Description:-Test low trochospiral, 
umbilico-convex, spiral side slightly con
vex, umbilical side vaulted; spire open
ing fairly rapidly, with four to five 
chambers in the last whorl; equatorial 
periphery weakly lobulate, Uniformly 
perforate, without carina or pseudo
carina; axial periphery rounded; sutures 
of the spiral side depressed and strongly 
curved; sutures of the umbilical side 
depressed, slightly sinuous to radial; 
chambers almost crescent-shaped as seen 
from the spiral side; aperture interio
marginal, umbilical-extraumbilical, a low 
arch with a distinct lip; wall calcareous, 
perforate. Maximum diameter of holo
type 0.24 mm; para type (fig. 6a-c) 0.25 
mm. 

Remarks:-This species differs from 
G. peripheroronda in having chambers 
more tangentially elongate, a more 
strongly vaulted umbilical side, and 
gently curving sutures on the spiral 
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side. This form has frequ.ently been 
misidentified as G. praescitula BLOW by 
previous authors. Our examination of 
BLOW'S holotype indicates that G. prae
scitula is a rather unique form having 
four strongly lobulate chambers in the 
last whorl (pI. 18, fig. 7a-c). It differs 
from G. quinifalcata, n. sp. in having 
more strongly lobulate chambers on the 
spiral side, a distinctly lobate equatorial 
periphery and more strongly curved 
sutures on the spiral side, and a much 
deeper umbilicus. The specimen des
cribed as G. scitula praescitula by PARKER 
(1964) from the Experimental Mohole 
core is, in our opinion, not G. praescitula 
BLOW but synonymous with G. quinifal
cata because of its distinctly umbilico
convex test and the last whorl consist
ing of five, rather than four, less lobu
late chambers. This new species is 
widely distributed over the Japanese Is
lands and occurs commonly in associa
tion with G. peripheroronda BLOW and 
BANNER. G. quinifalcata closely resem
bles Globorotalia canariensis (O'ORBIGNY) 
var. minima AKERS, the holotype of 
which is here re-illustrated (pI. 18, fig. 
8a-c)_ However, G. minima can be dis
tinguished by having a distinctly com
pressed periphery, and a pseudocarina 

in the earlier chambers of the last whorl. 
Since the specimens of this species are 
poorly preserved in the Nishikurosawa 
Formation, the types of G. quinifalcata 
are chosen from the Hojuji Formation 
of the Noto Peninsula, Japan. The fo
raminiferal assemblage of the Hojuji 
Formation is closely comparable with 
the present Nishikurosawa fauna in spe
cies composition. 

The specific name is from the Latin 
quini, five and falcata, sickle-shaped, re
ferring to the five tangentially elongate 
chambers of the last whorl as seen from 
the spiral side. 

Type locality:-Sample N-H-13, middle 
part of the Hojuji Formation, from a 
small road-side cliff in the village of Go, 
on the north side of the road, about 3 
km west of the Ukai railroad station, 
Ukai City, Kanazawa Prefecture, Japan; 
in a dark grey diatomaceous mudstone. 

Genus Globigerinita BRONNIMANN, 1951 

Globigerinita glutinata (EGGER), 1893 

PI. 19, fig. 1a-c 

Globigerilla glutinata EGGER, 1893, p. 371, pI. 
13, figs. 19-21; TAKAYANAGI and SAITO, 
1962, pp. 86-88, pI. 27, figs. 13-17; SAITO, 

Explanation of Plate 17 

Fig. la-c. Globigerina praebulloides praebulloides BLOW. 
la, Spiral view.of hypotype (NSMT 660). 1b, Side view. 1c, Umbilical view. x102. 

Figs. 2a-c, 3. Globigerina woodi JENKINS. 
2a, Spiral view of hypotype (NSMT 662). 2b, Side view. 2c, 3, Umbilical view of hypo
type (NSMT 663). x 128. 

Fig 4a-c. Globigerina praebulloides pseudociperoensis BLOW. 
4a, Spiral view of hypotype (NSMT 661). 4b, Side view. 4c, Umbilical view. x 145. 

Figs. 5, 6a-b. Globigerina angustiumbilicata BOLLI. 
5, Spiral view of hypotype (NSMT 664). 6a, Side view of hypotype (NSMT 665). 6b, 
Umbilical view. x 145. 

Figs. '{a-b, 8. Globorotalia peripheroronda BANNER and BLOW. 
7a, Spiral view of hypo type (NSMT 668). 7b, Side view. 8, Umbilical view of hypotype 
(NSMT 669). x 145. 
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1963, p. 185, pI. 56, fig. 4. 
Globigerinita glutinata (EGGER). PARKER, 

1962, pp. 246-249, pJ 9, figs. 1-16; HUANG, 

1967, p. 187, pI. 16, fig. 6a, b. 

Remarks:-This species usually has 
three and a half inflated chambers in 
the last whorl, a small umbilicus, a low
arched elongate umbilical aperture with 
a thin lip, and an irregular-shaped um
bilical bulla with numerous infralaminal 
apertures. It also has a thin but very 
finely perforated wall. The umbilical 
bulla of the figured specimen broke off 
during the sample preparation process, 
and only a fraction of it can now be 
seen as a faint raised ring on the aper
tural face. The maximum diameter of 
figured specimen: 0.28 mm. 

Genus Cloboquadrina FINLAY, 1947 

Cloboquadrina obesa AKERS, 1955 

PI. 19, figs. 2a-c, 3a-c 

Globoquadrina obesa AKERS, 1955, p. 661, pI. 
65, fig. 5a-c. 

Not Globoquadrina larmeui obesa AKEHs. 

BLOW, 1969, p. 342, pI. 28, figs. 7, 9. 

Remarks:-The holotype of Cloboqua
drina obesa AKERS (USNM P 4758) in the 
collections of the U. S. National Museum 
of Natural History, Washington, D. C. 
has been examined. The type figure of 
AKERS (op. cit.) is a fairly good repre
sentation of the specimen, portraying 
three inflated chambers in the last whorl. 
In the umbilical view, this species closely 
resembles Clobigerina tripartita KOCH of 
BANNER and BLOW (1962, pI. 10, figs. D
F), but differs in having a broader aper
tural face which slopes more gently 
towards the umbilicus. The specimen 
identified by BLOW (1969, op. cit.) as C. 
larmeui obesa AKERS is considered to be 
different from C. obesa AKERS because 

of its final whorl consisting of four, 
rather than three, distinct chambers. 
The Nishikurosawa specimens are close
ly comparable with the holotype in that 
all have three inflated chambers in the 
final whorl and a distinct apertural face 
of the last chamber on the umbilical side. 
Maximum diameter of figured speci
mens: 0.31-0.42 mm. 

Genus Globigerinoides CUSHMAN, 1927 

Globigerinoides japonicus SAITO 

and MAIYA, n. sp. 

PI. 19, figs. 4a-b, 5a-b, 6a-b 

DescrijJtion:-Test free, medium in size 
for the genus, moderately high trocho
spire, equatorial profile ovoid, equatorial 
periphery slightly lobulate; axial profile 
suboval, axial periphery broadly round
cd; chambers rounded, inflated, fairly 
rapidly and almost uniformly increasing 
in size, four chambers making up each 
whorl, in all three whorls visible; inter
cameral sutures depressed, increasingly 
so during the ontogeny, becoming almost 
incised between the last few chambers; 
only two apertures present on the test 
exterior; primary aperture interiomar
ginal, a low intraumbilical arch, often 
with a narrow rim; single spiral supple
mentary sutural aperture, small hole or 
crescent-shaped opening with no rim, 
situated at the junction of the last inter
cameral suture and spiral sutures; wall 
calcareous, thick, markedly cancellate 
and punctate. Maximum diameter of 
holotype 0.32 mm; paratype (fig. 4a-b) 
0.28 mm; para type (fig. 6a-b) 0.32 mm. 

Remarks:-This species is closely re
lated to forms referred by workers to 
Globigerinoides trilobus (REUSS), G. qua
drilobatus (D'ORBIGNY) and C. sacculifer 
(BRADY), together with various combi-
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nations of these names and so-called 
subspecies. It is distinguished as a sepa
rate species because of its single spiral 
supplementary aperture and a rather 
high trochospiral test for the genus. 
There is considerable morphological re
semblance between this species and Gio
bigerina woodi JENKINS, although the 
former has a distinct supplementary 
aperture and, therefore, belongs to the 
genus Giobigerinoides. This species has 
so far been found only in the Nishi
kurosawa Formation and very little is 
known about its stratigraphic range and 
geographic distribution. 
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Explanation of Plate 18 

Figs. 1a-b, 2. Globorotalia birnageae BLOW. 
la, Spiral view of hypotype (NSMT 666). 1b, Side view. 2, Umbilical view of hypotype 
(NSMT 667). x 145. 

Figs. 3, 4a-b. Globorotalia denseconnexa SUBBOTlNA. 
3, Spiral view of hypotype (NSMT 670). 4a, Side view of hypotype (NSMT 671). 4b, 

Umbilical view. x 145. 
Figs. 5a-c, 6a-c. Globorotalia quinifalcata SAITO and MAry A, new species. 

5a, Spiral view of holotype (NSMT 672). 5b, Side view. 5c, Umbilical view. 6a, Spiral 
view of para type (NSMT 673). 6b, Side view. 6c, Umbilical view. x145. 

Fig. 7a-c. Globorotalia scitula (BRADY) subsp. praescitula BLOW, 1959 [= Globorotalia praescitula 
BLOW], holotype (USNM 625713) reillustrated. 
7a, Spiral view. 7b, Side view. 7c, Umbilical view. x149. 

Fig. 83.-c. Globorotalia canariensis (D'ORBIGNY) var. minima AKERS, 1955 [= Globorotalia minima 
AKERS], holotype (USNM P4754) reillustrated. 
8a, Spiral view. 8b, Side view. 8c, Umbilical view. x 145. 
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Explanation of Plate 19 

Fig. la-c. Clobigerinita glutinata (EGGER). 
la, Spiral view of hypotype with umbilical bulla removed (NSMT 674). Ib, Side view. 
lc, Umbilical view. x 145. 

Figs. 2a-c, 3a-c. Cloboquadrina obesa AKERS. 
2a, Spiral view of hypotype with aberrant last chamber removed (NSMT 675). 2b, Side 
view. 2c, Umbilical view. x 102. 3a, Spiral view of hypotype (NSMT 676). 3b, Side 
view. 3c, Umbilical view showing a characteristic umbilical tooth. x 102. 

Figs. 4a-6b. Clobigerinoides japonicus SAITO and MAIYA, new species. 
4a, Spiral view of small paratype (NSMT 677). 4b, Umbilical view. 5a, Side view of 
holotype (NSMT 678). 5b, Umbilical view. 6a, Spiral view of paratype (NSMT 679). 
6b, Side view. x 128. 



SAITO and !lIAIY A : Planktonic Fora?ninifera of Nishiku?"osawa Plate 19 



620. Planktonic Foraminifera of Nishiku1'osawa 125 

Cloborotalia fohsi lineage. Eclogae geol. 
Helv., vol. 65, no. 1, pp. 165-184, text-figs. 
1-12. 

PARKER, F.L. (1962): Planktonic foraminif
eral species in Pacific sediments. Micro
paleontology, vol. 8, no. 2, pp. 219-254, pIs. 
1-10. 

- (1964): Foraminifera from the Experi
mental Mohole drilling near Guadalupe 
Island, Mexico. Jour. Paleont., vol. 38, 
no. 4, pp. 617-636, pIs. 97-102, tables 1-3. 

SAITO, T. (1963) : Miocene planktonic forami
nifera from Honshu, Japan. Tohoku Univ. 
Sci_ Rept., 2nd ser. (Ceol.), vol. 35, no. 
2, pp. 123-209, pIs. 53-56, text-figs. 1-15, 
tables 1-6. 

SHINBO, K. and MAIYA, S. (1971): Neogene 
Tertiary planktonic foraminiferal zona
tion in the oil-producing provinces of 
Japan. In: Stratigraphic correlation be
tween sedimentary basins of the ECAFE 
region (Second volume). United Nations, 
Mineral Resources Development Series, 
no. 36 (1970), pt. B, pp. 135-142, text-figs. 
B12, 1-2, tables B12, 1-2. 

STAINFORTH, R.M. (1948): Applied micro
paleontology in coastal Ecuador. Jour. 
Paleont., vol. 22, no. 2, pp. 113-151, pis. 
24-26. 

SUBBOTINA, N.N., PISHVANOVA, L.S. and 
IVANOV A, L.V. (1960): Stratigraphy of 
the Oligocene and Miocene deposits of 
the Fore-Carpathians on the basis of fo
raminifera. Leningrad,' V ses. Neft. Nau
chno-Issled. Ceol.-Razved. Inst.(VNICRI), 
Microfauna of the U.S.S.R., Trudy, N.S., 
vupusk 153, sbornik 11, pp. 5-127, pis. 1-
14 (in Russian]. 

TAKAYANAGI, Y. and SAITO, T. (1962): Plank
tonic foraminifera from the Nobori For
mation, Shikoku, Japan. Tohoku Univ. 
Sci. Rep!., 2nd ser. (Ceol.) , Spec. Vol., 
no. 5, pp. 67-106, pIs. 24-28, text-figs. 1-2, 
table 1. 

U]llE, H. (1966): "Evolutionary line" of 
Miocene miogypsinid populations: Re
study of the Japanese miogypsinids Part 
2. Nat. Sci. Mus. Tokyo, Bull., vol. 9, no. 
3, pp. 413-430, pis. 1-6. 

Y ABE, H. (1927): Marine Tertiary of the 
Kwanto Mountainland and of the Echigo 
and Akita oil-fields. Jap. Jour. Ceol. 
Ceogr., vol. 5, no. 3, pp. 95-105, text-figs. 
1, 2. 

-- (1933): Geological age of the Miogyp
sina and Operculina bed of Nishikurosawa. 
Ibid., vol. 11, nos. 1-2, pp. 25-26. 



Trans. Proc. Palaeont. Soc. Japan, N. S., No. 79, pp. 126-136, pis. 20, September 20, 1973 

621. MARINE DIATOM FLORA OF THE PLIOCENE TATSUNOKUCHI 

FORMATION IN MIYAGI PREFECTURE': 
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Introduction 

In a previous paper (KorZUMI, 1972) 
Pliocene marine diatoms from the Tatsu
nokuchi Formation in Fukushima Prefec
ture was described and analysed. The 
present paper is to report the results of 
the study extended further north to deal 
with the diatoms assemblages from the 
same formation developed in Miyagi 
Prefecture including that exposed in the 
Tatsunokuchi Gorge in Sendai, the type 
locality of the Tatsunokuchi Formation. 

In the lowland terrain located between 
the Kitakami massif and the Ou range 
of Miyagi Prefecture, the Pliocene Sen
dai Group (IWAI, 1949) is extensively 
distributed. The group, about 200m in 
total thickness, is predominated by non
marine deposits of sand, mud, gravel 

* Received March 20, 1973; read January 
16, 1973, at Sendai. 
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and lignite seams accummulated during 
the upward movement of the Ou Range 
started in the Miocene and continued 
through the Pliocene time. The Tatsu
nokuchi Formation, composed mainly of 
g"rey siltstone and about 50 m in thick
ness, represents the lower part of the 
group and is known to be the only unit 
exclusively of marine origin among the 
Sendai Group. 

Stratigraphic note 

Table 1 shows the stratigraphic re
lationship and terminologies of the rock 
units of the Sendai Group developed 
in Miyagi Prefecture. The time-strati
graphic correlation of the Kameoka and 
Tatsunokuchi formations as defined at 
type area with those correlatives in such 
areas of the northern part of Miyagi 
Prefecture as Sanbongi, Wakuya and 
Wakayanagi have been sufficiently borne 
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Ta~le 1. Stratigraphic sequence and correlation of the formations of the Sendai Group 
in the areas of Sendai, Sanbongi, Wakuya and Wakayanagi. 

Q. sENDAI sANBONGI 

~I~ shi bata.1962 Shibata. 1962 

Dainenj i Formation 
( 30 ) OJojigahara Formation 

Yagiyama Formation ( 50 ) 
11JD. ( 20 ) z::l 
11J~ Hi rosegawa Tuff Ojikakura Tuff 
u~ ( 10 ) 
o·~ Kitayama Format ion sanbongi Formation(16) 
-III 
-'"t! _( 1-10 l (=Kit~ama Formation) 
a.C 

Tatsunokuchi Formation Omori Formation (30) Go 
III ( 50 - 60 ) (= Tatsunokuchi Formation) 

Kameoka Formation Okuda Formation (30) 
( 10 - 20 ) (=Kameoka formation) 

out by previous studies made independ
ently of diatoms in various disciplines 
of stratigraphy (e. g. HANZA W A et al., 
1953; HANZA w A et at., 1962; KITAMURA 
and SHIBATA, 1963; MATSUNO, 1967; 
ISHIDA et al., 1969; TAKAHASHI and MA· 
TSUNO, 1969); at those localities given 
in Fig. 1 the Tatsunokuchi Formation 
is conformable or partially interfingers 
with under lied Kameoka Formation and 
is covered unconformably with the Kita· 
yam a Formation and the correlative for
mations. 

Kameoka Formation: The main part of 
the formation consists of conglomerate, 
sandstone, siltstone and mudstone inter
calating tuff and lignite seams. Such 
plant fossils as Glyptostrobus europaeus, 
Sequoia sempervirens, Fagus crenata, 
Quercus crispula and Cinnamomum scheu
chzeri (OKUTSU, 1955) found from the 
formation indicate its age to be early 
Pliocene (SHIBATA, 1962). There is no 
paleontological evidence indicating posi
tively the formation is marine origin; 
from the lithology and by the occurrence 
of plant fossils, it seems reasonable to 
judge that this unit is lagoonal and part
ly terrestrial in origin. 

Tatsunokuchi Formation: The forma
tion consists mainly of tuffaceous bluish 
gray or bluish green siltstone or mud-

WAKUYA WAKAYANAGI 
Takahashi & Matsuno.1969 Matsuno.1967 

Takashimizu Format ion Takashimizu Formation 
( 30) ( 35) 

Tsukidate Formation 

Onuki Formation ( 0 - 50 ) 

( 50-80) 
Kazawa Formation 

( 5 - 55 ) 

Tatsunokuchi Formation Tatsunokuchi Flrmation 
( 40) ( 0 - 85 

Kameoka Formation Kameoka Format i on 
(40 ) ( 0 - 65 ) 

stone intercalated with sandstone and 
tuff layers. The silt and mudstones con
taining diatoms are massive and show 
no stratification. The geologic structure 
of the formation is rather simple; it lies 
almost horizontally throughout the dis
tributed area. Within the Sendai Group 
the formation is characteristic by the 
yield of many kinds of fossil marine 
animals. Especially well known is its 
molluscan fauna, that by containing such 
species as Anadara tatunokutiensis, Dosi
nia tatunokutiensis, Fortipecten takahasii 
together with many other thick-shelled 
shallow water forms, represent "the 
Tatsunokuchi Fauna" of Pliocene (No
MURA, 1938). Mainly by the molluscan 
fauna, it belongs to the lower part of 
the Miyagian by HAT AI (1962) and HAT AI 
and MASUDA (1966); its age being early 
Pliocene according to NODA (1966). 

Kitayama Formation and its correla
tives: The formation and its correla
tives consist mainly of basal conglom
erate and sandstone intercalating partly 
siltstone and lignite beds as well as car
bonaceous siltstone. The formation in 
the Sendai area is known to contain 
such plant fossils as Alnus, Fagus and 
Sequoia. From its lignites pollen as
semblages dominated by those of Alnus, 
Sequoia-type and Sciadopitys have been 
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Text-fig. 1. Partial geologic map showing the locations of the samples studied. Legend; 
K. Kitayama Formation and the correlative formations; T. Tatsunokuchi Formation; Ka 
Kameoka Formation; M. s. Miocene strata; Loc. Locality of the samples; M. magnification 
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Text·fig. 2. Columnar sections showing the stratigraphic position of the samples 
studied. Legend: a, siltstone; b, sandstone; c, sand-pipe; d, tuffaceous sandstone; e, 
molluscan fossils; f, conglomerate; g, position of samples studied. Abbreviation: K., 
Kitayama Formation and the correlative formations; Ka., Kameoka Formation. 

reported (HANZAWA et al., 1953). The 
formation may be terrestrial, possibly 
brackish water in part, in origin. 

The geographic and stratigraphic 
positions of the samples examined are 
shown in the geologic map (Text-fig. 1) 
and the columnar sections (Text-fig. 2), 
respecti vely. 

Diatom flora in the Tatsunokuchi 

Formation 

The method of study once de~cribed 
by KOIZUMI (1968) is followed in the 
present study. 

Among the 21 samples from the Ta
tsunokuchi Formation. the distribution 
of the 80 diatom taxa distinguished is 
shown in Table 2. The ecology of each 
taxon is based upon the information 
mainly from the literatures of HUSTEDT 
(1927 et seq., 1930). JOUSE (1962). SIMONSEN 
(1962) and HENDEY (1964). 

As shown by Table 2. the diatom as
semblage in the present study is com
mon in having, in considerable number, 
the neritic, tychopelagic and benthonic 
spe'cies. The feature has been pointed 
out as one of the characteristics of the 

Pliocene marine diatom assemblages 
found from the land based sequences 
of the circum-Pacific regions (e. g. LOH
MAN, 1937; JOUSE, 1962; MERTZ, 1966; 
SHESHUKOVA-PORENTZKAYA, 1967; KOI
ZUMI, 1968). The composition of diatom 
assemblage in the formation reflects 
largely the environmental changes 
throughout the depositional time, with 
chronological changes playing a minor 
role. The general tendency read from 
a glance of the distribution table (Table 
2) is that marine tychopelagic and ben
thonic diatoms are dominant in the 
southern half of the area, while plank
tonic diatoms in the northern half. How
ever. the relative stratigraphic positions 
within the Tatsunokuchi Formation of 
the diatom-bearing samples vary with 
local sections (Text-fig. 2). Accordingly 
the relative stratigraphic levels of each 
set of samples have to be taken into the 
consideration for the analysis of the 
assemblage as a whole. Text-fig. 3 is to 
show the proportions in each sample of 
the association of fresh-water, brackish
water, marine benthonic, marine tycho
pelagic and marine planktonic diatoms, 
that varies geographically and strati
graphically. 
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Table 2. Distribution of the diatoms from the Tatsunokuchi Formation 
in Miyagi Prefecture. 

Abbreviation: B. s., Brackish-water species; b., benthonic form. 

Species Samples A B 
1 2 3 4 5 6 7 8 9 10 11 1 lJ 14 5 16 7 118 

1. Achnanthes lanceo/ata 2 1 1 1 
2. Cocconr;s dim;nuta 1 
3. C. disculus 1 1 
4. C. placMtula 1 
5. eye/oletla chaefoceros 2 1 3 1 1 
6. c. kiirtzingiana 1 1 
7. C. ocellatus 2 1 
8. c. stf'lIigera 2 3 
9. Epithemia zt'bra 1 

10. Fragilaria harrisson,,' 1 
11. F. tappan;ca 1 1 
1 2. Gomphon ('ma augur 1 
13. Melosira granulata 1 4 3 2 1 1 1 
14. M. varians 1 2 
t 5. Pinnularia alpina 1 1 
16. Mastogloria sp.1 1 
1 7. Na~;cula hunga,;ca 1 
lB. N. lanceolala 2 3 
19. Acfinocyclus ehrenberg; 4 2 3 3 65 4 2 5 4 2 2 1 13 42 11 3 4 
20. A. ehrpnbergi v. 1 1 4 6 1 1 1 2 1 3 
21. Actinopfychus splendens 2 
22. A. undulafus 62 3B 4B 15 26 33 32 22 16 32 18 8 13 17 10 27 14 
23. A. undulatu5 Y. 3 18 11 21 24 16 9 2 10 21 14 10 9 4 10 11 9 
24. Biddulphia aurila 1 2 1 
25. Coccone;s californica b 1 1 2 
26. C. costata b 3 1 3 2 1 2 1 1 1 3 
27. C. pseudomarginafd b 1 1 
28. C. scutellum b 1 1 2 3 1 1 1 3 3 3 1 
29. Cosc;nodiscus laeustr;s 1 
30. Cydohlla slriata 1 1 4 6 5 12 1 
31. Dip/oneis smithii b 1 1 1 1 1 
32. Grammatophoril angulosa b 1 1 1 1 
3 3. Hyalodiscus scoticus 3 4 
34. Melosira albicans 1 2 
35. M. sulcata 2 5 1 6 3 24 
36. Navicula distans b 6 2 3 
37. Nitzschia granulata 1 1 
38. Plagiogramma 'esse/ata b 2 1 1 1 2 
39. Pleusigma affine b 
40. Podosira matima b 1 
41. Rhaphoneis angustata b 16 14 22 14 36 31 6 6 31 5 
42. R. margarialimba,a b 25 21 9 12 5 7 10 3 2 
43. R. surirella b 19 14 19 30 6 13 7 16 1 4 5 2 5 6 4 2 5 
44. R. tatsunokuchiensis b 2 2 22 1 1 1 1 2 1 1 1 
45. Surirella fastuosa b 7 
46. Trachyneis asoera b 1 4 1 1 
47. Ac'inocyc/us curva'ulus 1 1 1 1 3 1 3 
48. A. divisus 1 1 2 1 
49. As'eromphalus hyalina 1 
SO. Bacteriastrium spp. (2 forms) 2 1 1 2 2 
51. Chaetoceros cinctus 1 3 1 2 3 3 4 2 1 1 5 
52. C. coronata 1 2 1 1 1 1 
53. C. (urceHatus 1 4 1 1 2 1 4 
54. C. lorenzianu.s 1 
55. C. subsecundus 1 
56. Coscinodiscus etcenfricus 1 4 4 3 1 2 2 3 5 4 1 2 5 1 5 
57. C. marginatus 2 3 1 
58. C. oculus iridis 2 1 3 1 2 2 1 1 1 1 1 3 
59. C. radia,us 2 1 1 
60. C. stellaris v. 2 2 2 2 1 1 1 4 4 1 
61. C. 'emper," 2 5 25 17 15 11 18 13 15 11 
62. Denticula kamtschatica 3 1 5 2 6 3 1 1 2 6 
63. D. seminae 1 1 2 1 1 1 1 1 2 5 
64. Hemldiscus weissflogi 1 4 6 1 2 
65. Nitzschia f.>ttincta 1 1 20 10 11 17 15 24 27 23 19 14 18 40 10 
66. N. reinholdii 2 3 2 
67. N. sicula 3 1 2 3 5 1 3 1 2 
68. Rhizosolenia spp. (5 forms) 2 2 2 2 5 4 2 1 4 2 3 
69. Stephanopy1tis furris 4 2 3 3 1 1 
70. Tha,assionema nifzschtoides 18 10 10 30 5 32 33 38 37 33 26 33 23 21 23 9 39 39 
71. T. nitzschioides Y. 4 4 4 3 13 12 6 1 12 10 9 7 4 14 
72. Thalassiosira antiqua 12 18 16 13 14 16 14 19 47 36 54 65 64 53 54 55 24 24 
73. T. dec;p;ens 4 6 4 4 1 1 11 1 4 5 2 4 5 2 3 5 8 2 
74: T. kryophila 1 3 
75. T. linea'a 5 3 3 1 6 2 5 3 6 8 1 4 5 13 3 8 9 
76. T. nidulus 1 1 1 1 4 1 
77. T. n6rdenski61dii 1 5 1 1 1 5 3 1 
78. T. zabelinae 2 2 
79. T. spp. (4 forms) 5 9 3 1 1 4 4 5 
80. Thalass;ofhnX 10nfJissima 1 1 2 1 1 1 2 3 1 

19 

3 
1 

14 
4 

1 

1 

45 

1 

12 
1 

15 

1 

34 
8 

42 
3 

2 

4 

3 
5 

Diatom number (xl06/1a.) 1.3 0.6 0.4 0.7 32.0 2.6 2.4 3.5 B.O 16.0 5.3 3.5 9.2 5.4 B.O 16.0 

12C 2 

1 

3 

1 
2 
2 
4 

19 28 
4 2 

1 

1 1 

1 2 

5 

2 
1 

4 

1 1 
4 

1 

1 
2 

2 
1 

2 

2 2 

2 
1 
2 1 

24 40 

7 39 . 

3 
2 

43 28 
7 5 

46 7 
3 2 

4 9 
2 

4 4 

4 2 
3 2 

6.4 4.6 



621. Diatom of the Tatsunokuchi Formation 131 

Legend gu .. ".,,, 
m~m'I' ~b. 
f. Niddl. pari 

b. 

~O'" 
5'1. Low.rpa,1 

10". 35'10 

Text-fig. 3. Figure showing geo
graphically and stratigraphically the pro
portions in an association of f., fresh
water species; b., brackish-water species; 
m. b., marine benthonic species; m. t., 
marine tychopelagic species and m. p., 
marine planktonic species in number of 
specimens. 

Cluster analysis and explanation 

The Q-mode (sample by sample com
parison) cluster analysis is applied in 
order to group the aggregate of the 
samples that have similar associations 
of species among different localities and 
horizons. In similarity coefficient there 
are two kinds of qualitative and quanti
tative coefficients, and the comparison 
between two coefficients was once dis-

cussed by UJIIt and KUSUKAWA (1969). 
In the present study the correlation 
coefficient as one of the quantitative 
coefficient is used. 

Correlation Coefficient 

where: Xi is the relative frequency of 
a certain taxon in one sample X, and Yi 

that of the equivalent taxon in another 
sample Y, to be compared with each 
other; i and yare means by Xi and Yi, 

respectively; n is the total number of 
taxa found in all samples under com
parison (n = 80). 

The result is shown in the dendrogram 
of Text-fig. 4-B. Seven clusters from I 
to VII could be distinguished, if any 
level within the interval between 0.70 
and 0.75 was chosen based upon a break 
in the frequency of the fusing and flat 
in the cumulative distributions of the 
frequency as indicated in Text-fig. 4-A. 

As recognized in Text-fig. 3, the seven 
clusters at the 0.70 to 0.75 level are 
more ciosely related to stratigraphic 
horizons than to geographic distribu
tions of samples. 

Cluster I is represented only by the 
upper part of the formation. Clusters 
II, III, IV and VII are restricted to the 
lower part. Cluster VI which consists 
of single sample joins the large Cluster 
V at a little lower level than the chosen 
level. And these clusters are represent
ed by the middle part of the formation. 

This division of the clusters is quite 
reasonable also from the viewpoint of 
the ecologic analyses of diatom assem
blage as summarized in Text-figs. 4-C 
and -D. From the comparisons of the 
occurrences of fresh-water, brackish-
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of fus ing in the dendrog ram (B) . B: Dend rogram of sample si milar ities based upon 
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Rank s of dominance of diatom species . D : Propor t ions of an associat ion in te rms of the 
sa lini t y of water and t he mode of livin g of t he cons titu ting spec ies in number of species. 
E : Number of to ta l species. 

water and marine species in the assem
blages, fresh-water species are consid 
ered to be a llochtonous s pecies that 
were transported by rivers and then by 
normal wave currents into the marin e 
sedimentary basin. OSHITE (1959) shows 
that fresh-water diatoms occur, to a 
great extent in comparison with the 
present fi g ures, abnormal marine fine 
grained clastic sediments. The propor 
tions of brackish-water species are very 
weak; namely, the diatom assemblage 
is mostly composed of marine species. 
Each cluster is eoologically explained by 
the ratio in number of species and speci-

mens . among benthonic, tychopelagic 
and planktonic species. The ratio is 
related to the depth of the sedimentary 
basin in general, and the ratio increases 
wi th the decreasing depth of the normal 
marine sedimentary basin (jOUSE, 1962). 

Summary and discussion 

As the result of the Q-mode cluster 
ana lysis using the correlat ion coefficient, 
th ree aggregates of samples were dis
tinguished. They represen t the lower, 
middle and upper parts of the Tatsuno
kuchi Fo rmation, respectively, among 
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different localities and horizons. The 
diatom assemblage was ecologically ana
lyzed based upon the rank of dominance 
of species and the proportions in the 
association of fresh-water, marine ben
thonic-tychopelagic and marine plank· 
tonic species in number of species and 
of specimens. The result of this ana
lysis explains well these three aggre
gates of the samples in the viewpoint 
of geological history of the formation. 

By the nature of diatoms being auto
trophic algae, marine benthonic species 
can not vegetate on the sea bottom be
yond the reach of sufficient light. This 
depends on the transparency of sea 
water in the basin, but in turbid coastal 
water 50 m in water depth would be a 
reasonable guess for the maximum 
depth. From the predominant occur
rences of benthonic species, constant 
occurrences of fresh-water species, and 
further by the presence of lignite seams 
and sand-pipes immediately below the 
sampling horizon for the lower part, 
and by the presence of unconformity 
with basal conglomerate immediately 
above the sampling horizon for the up
per part, the diatom assemblages of the 
lower and upper part of the formation 
can be concluded to have been accum
mulated in shallower sea water of the 
depth less than 50 m. 

The foraminiferal assemblages from 
the formation in the western border of 
Sendai consist mainly of the eulittoral 
and littoral species (T AKAY ANAGI, 1950). 

CHINZEI and IWASAKI (1967), in dis
cussing the paleoecology of Neogene 
shallow sea molluscan faunae of North
east Japan, distinguished two types of 
the molluscan assemblages, the shallow 
sea or near-shore type and the off-shore 
type, and explained the two types in 
the Tatsunokuchi Formation as of geo
graphical control. From the present 

study, stratigraphic control of the as
semblage has been revealed. 
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Explanation of Plate 20 

15 taxa occupied the 1st to 5th ranks of dominance in each assemblage, 
as shown in Text-fig. 4-C, are illustrated. 

(All figures, x 1000) 

Figs. la, lb. Actinoptychus undulatus (BAIL.) RALFS var., slide no. 7254, G39-0S*, 17p in 
diameter, from A-4. 

Figs. 2a,2b. Actinoptychus undulatus (BAIL.) RALFS var., slide no. 7210, L44-3E, 29 p in 
diameter, from D-15. 

Figs. 3a, 3b. Actinoptychus undulatus (BAIL.) RALFS, slide no. 7214, H42-1SW, 38p in diameter, 
from D-17. 

Fig. 4. Melosira sulcata (EIII~.) KUTZ., slide no. 7207, Q47-0N, 16/1 in diameter, from E-19. 
Fig. 5. Melosira sulcata (EHR.) KUTZ., slide no. 7207, K43-2E, 19 p in diameter, from E-19. 
Fig. 6. Thalassiosira decipiens (GRUN.) JOERG., slide no. 7238, T39-2NW, 15 p in diameter, 

from B-7. 
Fig. 7. Thalassiosira llneata JousE, slide no. 7224, L47-0N, 21 p in diameter, from C-l1. 
Fig. 8. Thalassiosira lineata JousE, slide no. 7224, E49-4NW, 50 p in diameter, from C-l1. 
Figs. 9a,9b. Coscinodiscus temperi BRUN, slide no. 7210, U43-0N, 39 p in length of apical axis, 

from D-17. 
Fig. 10. Actinocyclus ehrenbergi RALFS, slide no. 7214, S48-0N, 34/1 in diameter, from D-I5. 
Fig. 11. Actinocyclus ehrenbergi RALFS, slide no. 7252, R42-IE, 60 p in diameter, from B-5. 
Fig. 12. Thalassiosira antiqua (GRUN.) A. CL., slide no., 7252, H42-0NE, 36 p in diameter, 

from B-5. 
Fig. 13. Thalassiosira antiqua (GRUN.) A. CL., slide no., 6031, M44-0, 54p in diameter, from 

D-17. 
Fig. 14. Rhaphoneis tatsunokuchiensis KOIZUMI, slide no., 7216, S45-4W, 26 f1 in length of apical 

axis, from C-l1. 
Fig. 15. Rhaphoneis tatsunokuchiensis KOIZUMI, slide no., 7224, N49-0E, 23 f1 in length of apical 

axis, from C-9. 
Fig. 16. Nitzschia extincta Koz. and SHESIIUK., slide no., 7210, D44-4W, 23 {I in length of apical 

axis, from D-17. 
Fig. 17. Nitzschia extincta Koz. and SHESHUK., slide no., 7210, M44-0NW, 31/1 iri length of 

apical axis, from D-17. 
Fig. 18. Rhaphoneis margaritalimbata MERTZ., slide no., 7254, M40-0W, 17/1 in length of apical 

axis, from A-4. 
Fig. 19. Rhaphoneis surirella (EI-IR.) GRUN., slide no., 7254, 03I-4N, 19 f1 in length of apical 

axis, from A-4. 
Fig. 20. Rhaphoneis surirella (EHR.) GRUN., slide no., 7252, W42-0N, 26 f1 in length of apical 

axis, from B-5. 
Fig. 21. Rhaphoneis angustata PANT., slide no., 7210, Q44-3SE, 56 f1 in length of apical axis, 

from D-17. 
Fig. 22. Rhaphoneis angustata PANT., slide no. 7254, K29-0N, 38 f1 in length of apical axis, 

from A-4. 
Fig. 23. Thalassionema nitzschioides GRUN. var., slide no. 7249, N43-0S, 23 p in length of 

apical axis, from B-8. 
Fig. 24. Thalassionema nitzschioides GRUN., slide no., 7208, P39-0NW, 49 P. in length of apical 

axis, from E-18. 
Fig. 25. Thalassionema nitzschioides GRUN., slide no., 7202, K29-0N, 56 P. in length of apical 

axis, from G-21. 

* The position of a specimen in a strewn slide read by the England Finder. 
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KOIZUMI, 1., Marine Diatoms Flora of the Pliocene Tatsunokuchi Formation in Fukushima 
Prefecture. Trans. Proc. Palaeont. Soc. Japan, N. S., No. 86, pp. 340-359, 1972. 

The dendrogram in Text-fig. 3 of page 345 is corrected as foIlows: The group consists 
of Ok. 3, Ok. 1-2 and T. 34 is 'fused together with the group consists of Tomioka 33 and 
Okuma 2~2, and two samples of Ok. 2-3 and T. 36 at the 0.61 level of the Jaccard Coefficient. 
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Introduction and acknowledgements 

In the course of study on fourty 
piston cores from the Sea of Japan, we 
found an interesting core which was 
taken from just north off Tottori City, 
San'in district of southwestern Honshu. 
Unlike the other cores that are mostly 
devoid of foraminiferal shells, the core, 
V28-265, contains abundant planktonic 
foraminifers throughout the length and 
indicates a definite Holocene-Pleistocene 
boundary at a level between 107 cm and 
135 cm below the top. Besides, the 

* Received March 23, 1973; read January 
16, 1973 at Sendai. 
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biofacies including other kinds of micro
fossils and the lithofacies of this core 
provide us with some evidence of signi
ficant environmental change of the Sea 
from the latest Pleistocene to Recent. 

The origin and development of the 
Sea of Japan have interested many 
authors because the Sea has the oceanic 
type crust transfered from the continent 
type crust during the Neogene Tertiary 
period; the area was a part of the 
Asiatic continent at least until a certain 
time of the Paleogene. Thenceforth the 
area, particularly its eastern half, has 
changed to the oceanic type sea, de
spite of its shape indicating a marginal 
sea, through the process of the oceani-
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zation (e. g., BELOUSSOV and RUDITCH. 
1961) or through the splitting-off of the 
Japanese Islands toward the Pacific 
Ocean (e. g., MURAUCHI, 1966) ; the latter 
idea is related to the ocean-floor spread
ing theory. Therefore, the previous 
investigations have been focused upon 
the judgement which one of the above 
two ideas is correct, mainly on the basis 
of comprehensive geophysical measur
ments. On the other hand, there are 
rather few studies of the sediment 
samples. especially of long cores, that 
should inform the geologic age of the 
measured physical properties and the 
historic change of paleoenvironment of 
the Sea. Along with the prospecting of 
the earliest marine sediments under the 
sea bottom, the researches on the deri
vation of oceanic condition into the area 
would offer critical answers to the origin 
of the Sea of Japan as an ocean. 

The core V28-265 treated here may 
give only the information about the 
latest history of the Sea but may suggest 
its essential characters during the glacial 
and post-glacial periods; the assumptions 
presented in this paper may be applicable 
not only to every glacial or inter-glacial 
period but also to the pre-glacial period 
including the earliest age of the Sea of 
Japan. 

This study was worked out as a part 
of the project entitled "Study of sedi
mentary deposits of the Sea of Japan 
and surrounding terrains" under the 
Japan-U. S. Cooperative Science Pro
gram (4R006). We express our sincene 
thanks to all the participants from the 
Lamont-Doherty Geological Observatory 
of Columbia University for their kind 
cooperation, and also to the Japanese 
participants for their discussion on the 
resul ts. Weare also indebted to Dr. 
William N. ORR, University of Oregon, 
Eugene, Oregon and to Dr. James C. 

INGLE, Jr., Stanford University, Cali
fornia, for furnishing us the topotypes 
and hypotypes of Globigerina umbilicata 
ORR and ZAITZEFF from the Rio Dell 
Formation, along Centerville Beach south 
of Eureka, California. The manuscript 
was reviewed by Miss Reiko FUSEJIMA 
of the National Science Museum of 
Tokyo. 

Outline of the present environment 

of the Sea of Japan 

The Sea of Japan is a typical marginal 
sea separated from the Pacific Ocean 
by the Japanese Islands Arc. The four 
outlets to the Pacific are shallower 
than 130 m, but the northern half of the 
Sea where the bottom is rather flat 
measures more than 3,000 m in water 
depth with the oceanic type of crust 
underneath. On the other hand, the 
southern half has a continental rise east 
of Korea and the Yamato and Kita
Yamato banks at the middle, thus being 
characterised by the complicated relief 
implying different origins of the bed 
rocks. 

Warm currents called the Tsushima 
Current and the East Korea Current, 
enter through the Tsushima Straits into 
the Sea of Japan where they seem to 
diminish so quickly that their influence 
on the microfaunal or microfloral as
semblages on the sea bottom appears to 
be very small except for the narrow 
areas along the coast of Japan. 

In contrast with the warm currents, 
the cold water mass has much greater 
influence on the sea bottom throughout 
the whole area of the Sea. A part of 
this mass persists as a descent of the 
Liman Cold Current, a portion of which 
flows into the Sea through the strait 
between Sakhalin and the Asiatic main
land and, to a greater extent, it is 
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Text-fig. 1. Location map of the studied piston cores. 
Bathymetry is shown in meters. 

generated off the Asiatic continent 
particularly in winter season. The 
oxygen-rich surface water chilled by 
the Siberian Air Mass that is developed 
well in winter becomes heavier, sinks 
down to the deep, and moves toward 
the south. Since every southern outlet 
is shallow, this cold water mass cannot 
get out of the Sea of Japan and remains 
there, producing a powerful effect on 
the biotic and lithologic aspects of the 
sea bottom. 

The present cold and oxygen-rich 
water is recognized in the hydrologic 

observations cited by NUNO et al. (1969). 
NUNO et al. emphasized the effect of 
oxygenation on the sea bottom sedi
ments, in which the content of organic 
carbon is very low and the color of the 
sediments changes from olive to brown
ish at a very shallow depth, differing 
from the case of other normal oceans. 

As fars as the top samples of 25 piston 
cores treated by us are concerned, a 
similar change of color from olive to 
brown or yellowish brown was recog
nized between ca. 2,338 m and 2,226 m 
of water depth; that is much shallower 
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Table 1. 25 piston cores showing the approximate depths of the color change in the top 
portions, of the lysocline, and of the calcium carbonate compensation. 

Water 
Core No. Depth 

(m) 
Foraminiferal Shells Color in General Aspect 

V28-281 3588 Absent Top 36 em: yellowish brown to brown; 
the other: olive, partly grey 

V28-273 3533 Absent Top 34 em: yellowish brown to brown: 
the other: olive, partly grey 

RC12-385 3469 Absent Top 11 em: brown; the other: olive, 
partly grey 

RC12-386 3497 Absent Top 25 em: yellowish brown to brown; 
the other: olive, partly grey 

V28-271 3382 Absent Top 35 em: yellowish brown to brown; 
the other: olive, partly grey 

RC12-382 3027 Absent Top 30 em: yellowish brown to brown; 
the other: oliye, partly grey 

RC12-393 3010 Absent Top 64 em: yellowish brown to brown; 
the other: olive, partly grey 

V28-267 2831 Absent Top 30 em: yellowish brown; 
the other: olive, partly grey 

V28-268 2692 Absent Top 20 em: yellowish brown to brown; 
the other: olive 

V28-274 2677 Absent Top 47 em : yellowish brown to brown; 
the other: olive, partly grey 

RC12-384 2635 Absent Top 34 em : yellowish brown; 
the other: olive 

RC12-389 2650 Absent Top 22 em: yellowish brown; 
the other: olive, partly grey 

RC12-388 2459 Absent Top 38 em: brown; 
the other: olive 

RC12-394 2338 Absent Top 2 em : yellowish brown; 
the other: olive partly grey 

RC12-377 2226 Absent Olive throughout 

RC12-383 2113 Absent Olive, partly grer 

RC12-374 2111 Absent Olive throughout 

RC12-380 1596 Partly dissolved 

RC12-381 1437 Bartly dissolved Olive throughout 

RC12-376 1426 Partly dissolved Olive throughout 

RC12-378 1401 Partly dissolved Olive throughout 

V28-265 1218 Present throughout Olive, partly grey 

RC12-390 1103 Present throughout Olive throughout 

RC12-379 1010 Present throughout Olive throughout 

RC12-387 838 Present throughout Olive throughout 
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than the averaged depth (4,000 to 5,000 m) 
of the oceans. 

The oxidizing effect seems to be more 
distinct in the calcium carbonate com
pensation. As shown in Table 1 the 
surface samples of the 25 cores suggest 
a very shallow depth of the compensa
tion, at a level between 1,596 m and 
1,437 m, and also that of the lysocline 
somewhere between 1,401 m and 1,218 m. 
Generally the calcium carbonate com
pensation depth . is regarded as the 
function of the water depth accompanied 
by higher solubility owing to increasing 
pressure, of the carbon dioxide pressure 
in water, and of the sinking rate of 
calcium carbonate shells or skeltons. In 
the case of the Sea of Japan, however, 
it appears that the rich dissolved oxygen 
in water affects most effectively the 
compensation, different from ordinary 
instances such as summarized by BERGER 
(1971). 

We would like to conclude that the 
present day hydrology of the Sea of 
Japan is characterized by extraordinarily 
oxygenated condition of water. This 
may be supported by NIINO et al. (1969) 
who measured very low organic carbon 
content mostly less than 1% in the 
surface sediments of the deep floor of 
the Sea. 

Core V28-265 and materials 

for this study 

V28-265, a piston core, was taken at 
Lat. 36°17'N., Long. 134°34'E, from the 
water depth of 1,218 m so that the cal
careous shells of planktonic foraminifers 
remain unaffected by leaching out almost 
throughout the whole length of 920 cm. 
Lithology of the core on a half-cut face 
was described by N. FUJI of Kanazawa 
University at the Lamont-Doherty Geo-

logical Observatory of Columbia Univer
sity as his task of the Japan-U. S. Co
operative Project and, at the same time, 
described and photographed by J. RIGAUD 
of the Observatory as a routine work 
there. The three kinds of document
ation compiled by us are summarized in 
the columnar section of Text-figure 2. 
The core is olive-colored throughout, 
with a slight variation, and is composed 
of silty clay to clayey silt, intercalated 
with rare seams of sand, one of which 
consists of foraminiferal shells. Two 
acidic ash layers 1 cm thick each occur 
at 183-184 cm and 511-512 cm below the 
top. Upper one-third of the core is 
completely homogeneous, whereas lower 
two-thirds are predominated with very 
thinly laminated clay frequently accom
panying homogeneous or burrowed 
layers. Among the laminated, burrowed, 
and homogeneous types of layers there 
seems to be no definite relationship but, 
in the interval ranging from about 590 
cm to 740cm below the top, the burrowed 
layer grades upward into the homogene
ous one and lies on the laminated one. 
This relation might imply the origin of 
the homogeneous clay that may have 
been produced through the mixing of 
laminated clay by some burrowing 
worms. Concerning the preservation 
of foraminiferal shells, however, we 
could not find any evidence supporting 
this process, although BERGER and 
SOUTAR (1970) recognized some of the 
evidences. 

All cores from the Sea of Japan were 
vertically cut into four portions, and a 
quarter of every core was presented to 
the participants from Japan for study. 
For the foraminiferal study 2 cm thick 
portions of this quarter of core were 
taken at stratigraphic intervals of 10 cm 
between 5-7 cm and 215-217 cm, and at 
intervals of 20 cm between 225-227 cm 
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and the bottom (see Text-figure 2, for 
the exact pO(:,ition of samples). After 
weighed in dry condition, all samples 
were washed through a 200 mesh screen. 
From the dried residue on the screen, 
the 200-odd specimens of planktonic 
foraminifers were picked out at random 
under the binocular microscope (see 
UJIIE, 1962, for the method of random 
sampling of individuals and for the 
statistical meaning of the 200-odd total 
number of specimens). 

Foraminiferal assemblages 

The core V28-265 contains many 
foraminifers sufficient for analysis, ex
cept for the part between ca. 145 cm and 
ca. 200 cm below the top. The absence 
of foraminifers in this part may be as
cribed to the fact that pyroclastics are 
developed there, particularly in the part 
around an ash layer at 183-184 cm, as 
indicated by a considerable amount of 
volcanic glass fragments found in the 
residue of washed samples. Also, an en
vironmental condition might be another 
explanation of this particular part. As 
will be mentioned in the next section, 
this part seems to have been deposited 
in an anoxic condition of the bottom 
water where calcite shells of foram
inifers may have been dissolved by the 
presumably high content of carbon 
dioxide. 

From 45 samples we identified 7,733 
specimens belonging to 11 species of 
planktonic foraminifers as recorded in 
Table 2. The faunal composition of all 
but one samples is quite similar and 
simple, with predominance of very few 
cold water tolerant taxa. An exception 
is the top sample where common occur
rence of "Globoquadrina" dutertrei and 
rare Globigerinoides ruber and Globoqua
drina sp. A suggests a slightly warmer 

condition. These general aspects present 
a contrast with the faunas in the Tsu
shima Straits where the subtropical ele
ments are dominant (UJIIE, 1973). Since 
such subtropical faunas were found all 
over the length (500 cm) of the core 
RC12-373 from on the shelf off Yama
guchi Prefecture, the Tsushima Warm 
Current may diminish quickly between 
the localities of RC12-373 and V28-265. 
According to the preliminary check of 
the 25 cores mentioned above, the cold 
water mass appears to affect on plank
tonic foraminifers of the Sea of Japan 
as a whole in much greater extent than 
the warm water currents do; this view 
agrees with that from the hydrologic 
observation as mentioned already. 

It is noticeable that the "cold water 
fauna" is predominated only by two 
species, i. e., "Globigerina" pachyderma 
and Globigerina umbilicata. The" G." 
pachyderma dominant fauna has been 
recognized in the Recent Arctic (GREEN, 

1960; BE, 1960) and Antarctic Oceans 
(e. g., BE, 1969). In these seas, moreover, 
they are predominantly left coiling shells 
(more than 90%). The species is also 
common in the subarctic and sub
antarctic regions and in some upwelling 
areas in middle latitudes, although the 
right coiling shells predominate there. 

The change in the coiling direction of 
" Globigerina" pachydenna as a paleo
climatic indication was observed first in 
the deep sea cores of the Atlantic 
Ocean (ERICSON, 1969) and in 12 cores 
from off California and 2 land sections 
in southern California (BANDY, 1960). 
Particularly using the sea bottom cores 
from off California, BANDY revealed a 
distinct change from the sinistral
dominant population to the dextral
dominant one at about 11,000 yrs B. P. 
based on the carbon-14 dating, and he 
regarded it as an index of the Holocene-
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Table 2. Occurrence chart of planktonic 

1 2 3 6 8 9 11 13 14 15 21 22 24 26 28 30 34 3638 

Globigerina pachyderma 36 8 5 11 11 18 2 1 18 1 3 44 55 26 218 183 120 76 1 (EHRENBERG) left 

Globigerina pachydenna 109 24 48 17 57 26 41 2 5 22 12 4 (EHRENBERG) right 

Globigerina umbilicata 6 1 2 4 3 3 7 177 154 82 7 9 60 127 6 ORR & ZAITZEFF 

Globigerina cf. bulloides l? O'ORBIGl\Y 

Globigerina quinqueloba 10 1 1 2 2 26 3 14 6 NATLANO 

Globigerina cf. anguis- 16 2 1 1 15 4 15 5 10 tiumbilicata BOLLI 

Globigerina sp. 2 
Globigerinita glutinata 

(EGGER) 2 1? 9 

Globigerinita uvula 5 1 1 1 7 70 2 11 1 (EHRENBERG) 

Globigerinoides ruber 1 (O'ORBIGNY) 

" Globoquadrina" dutertrei 26 2 2 1 2? 4? (O'ORBIGNY) 

Globoquadrina sp. A 2 1 1 I? 

Total 216 34 59 35 68 50 47 2 26 2 12 223 218 220 230 225 241 218 25 

Benthonic total 243 161 62 167 223 219 184 2 3 0 3 10 53 82 13 0 0 0 4 

Pleistocene boundary. We noticed a 
quite similar change of coiling ratios 
between Samples 11 and 14 of V28-265 
(Sample 12 is devoid of the species and 
13 contains only one sinistral specimen), 
namely, between 107 cm and 135 cm 
below the top of the core. The ratios 
calculated here are warranted by the 
statistically sufficient number of speci
mens per sample as shown in Text
figure 2 and Table 2. Exceptionally in 
Samples 21, 38, and 50, the 100% left 
coiling is represented by 3, 1, and 1 
individuals, respectively. 

Along with the coiling variation, some 
morphological variations are recognized 
between sinistral and dextral "Clo
bigel'ina" pachydama of V28-265. While 

the sinistral forms are dominantly pro
vided with less lobulate four chambers 
per whorl (see example, in Plate 21, 
fiig. 1), many dextral ones have four 
and a half, or rarely five, chambers 
which are so lobulate in general shape 
that they somewhat resemble "Clobo
quadl'ina" dutertrei (Plate 21, fig. 3). 
The former type of variation was also 
found· in the Antarctic Ocean (BANDY 
and THEYER, 1971), especially in the 
region south of the Antarctic Conver
gence (KENNETT, 1968). On the other 
hand, the latter variation with a greater 
number of more lobulate chambers have 
been found in the "sinistral-dominant" 
populations of the subantarctic region 
and the Arctic Ocean (KENNETT, 1968, 
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foraminifers in the core V28-265. 
._---- --------------_._-

40 42 44 46 48 50 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 

61 142 67 87 243 1 46 74 179 31 132 18 156 178 77 154 164 145 112 230 123 155 40 129 102 129 

1 4 4 2 7 4 4. 1 3 5 1 1 1 2 2 7 1 6 4 

141 23 113 10 15 5 155 128 38 3 41 6 18 16 165 92 47 39 119 41 72 51 9 56 38 63 

1 1 2 1 I? I? 1? 1? 

1 12 23 21 19 15 11 65 50 82 20 

13 22 10 74 1 2 1 13 11 8 4 8 1 6 165 29 71 11 

1 I? 1 

I? I? 1? 2? 

5 41 9 42 2 12 1 15 2 2 5 15 1 2 49 11 23 3 

2? I? I? 4? I? 

223 233 208 218 266 9 217 250 221 36 225 28 206 202 246 247 237 221 233 280 196 219 330 279 322 230 

o 0 0 17 0 4 8 147 16 37 10 6 29 16 

1970). With regard to the grade of the 
encrusting process of shells, there is no 
difference between the two types of 
variation in the case of V28-265, both 
types being rather thinly encrusted, 
notwithstanding BANDY'S (1972) opinion. 
BANDY was inclined to conclude that 
the variants with highly thickened walls 
have been developed in the glacial Pleis
tocene and are present-day daignostic 
of deep polar waters. However, we 
agree with BANDY's view that "Globi
gerina" pachyderma [his Globorotalia 
(Turborotalia) pachydermaJ includes 
Globigerina bulloides borealis BRADY, 
Globigerina incompta CIFELLI, and Glo
borotalia pseudopachyde.rma CIT A, PRE
MOLI SILVA and ROSSI as its younger 

2 33 0 0 28 28 3 97 5 15 0 

synonyms. 
Apart from the morphologic variations 

mentioned hitherto, the predominancy 
of coiling direction seems to be an ex
pressivity of the phenotypes reflecting 
different water temperatures. There
fore, the quick change from the sinistral
dominant population to the dextral
dominant one at about 120 cm below the 
top of V28-265 is thought to show a 
paleoclimatic change from the glacial 
Peistocene to post-glacial Holocene. At 
the same time, constant occurrence of 
the sinistral population from. the bounda
ry down to the bottom of the core may' 
imply absence of any interglacial or 
interstadial warm stage. When ca. 1 cm 
per 1,000 years of the sedimentation rate 
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estimated for the Holocene part* of 
V28-265 is applied to the lower part, the 
bottom will be of about 92,000 yrs B. P. 
If this would be true, there should be 
the Riss-Wlirm interglacial stage. 
though we do not intend to employ such 
a short chronology as was maintained 
by EMILIANI (1966, 1970) who copressed 
the four glaciations from the Glinz to 
the Wlirm stages within the last 0.4 
million years and placed the upper limit 
of the Riss-Wlirm interglacial stage at 
ca. 60,000 yrs B. P. Many authors (see 
BERGGREN, 1972), however, considered 
that the four events occurred within the 
last 0.7 million years. In the same way 
as EMILIANI but on the basis of new 
data and different interpretation of the 
insolution change and the 180 record of 
the deep sea cores, BROECKER (1966; 
BROECKER and VAN DONK, 1970) ascribed 
the high stands of sea to the retreat of 
glacier at about 80,000 yrs B. P. In 28 
piston cores from the western Gulf of 
Mexico, KENNETT and HUDDLESTUN 
(1972) recognized planktonic foram
iniferal faunas indicating an abrupt cli
matic change which corresponds to that 
from the interglacial to the glacial 
around 90,000 yrs B. P. In the case of 
V28-265, therefore, the age about 92,000 
yrs B. P. for the bottom might be an 
overestimation; this is quite reasonable 
because the estimated rate of sediment
ation must be higher during the glacial 
stage accompanied by lowering of sea 
level, particularly in a marginal sea 
such as the Sea of Japan. 

Another dominant taxon of planktonic 

* The top of the core may represent the 
present day, because the stratigraphical 
changes of diatom floras, of pollen-assem
blages and of the uranium content of the core 
well correspond with those of the other cores 
from the Sea, respectively (after unpublished 
data by the participants of this project). 

foraminifer in V28-265 is Clobigerina 
umbilicata ORR and ZAITZEFF that was 
recently (1971) described from the Upper 
Pliocene in the northernmost part of 
California. Fortunately we were able 
to compare our specimens with topotype 
specimens from the upper Rio Dell For
mation on CenterviIIe Beach near Eureka 
through the courtesy of W.N. ORR and 
with many specimens in a washed 
sediment sample from the middle Rio 
Dell Formation, about 1,900 feet strati
graphically below the type locality, by 
kindness of J.C. INGLE, Jr. INGLE (personal 
communication dated December 4, 1972) 
also found this taxon in the 'Pliocene 
and Pleistocene cores which were taken 
from the northeastern Pacific by Leg 18 
cruise of the Deep Sea Drilling Project. 
As shown in Plates 21 and 22, these 
specimens from the northeastern Pacific 
region are identical with our specimens 
from V28-265. Our materials, however, 
are seldom accompanied by Clobigerina 
bulloides, whereas in the northeastern 
Pacific C. umbilicata never predominates 
over the always associated C. bulloides 
so that INGLE thought the former taxon 
to be a phenotypic variant of the latter 
and to be called Clobigerina bulloides 
umbilicata. Nevertheless, so far as our 
specimens are concerned, we are inclined 
to treat C. umbilicata as an independent 
taxon, especially becuase of the number 
of its chambers per whorl ranging from 
three or four in juvenile stage to five 
or six in full grown stage, as stated in 
the original description, different from 
C. bulloides which is provided with three 
and a half to four chambers per whorl 
throughout the ontogeny. Moreover, the 
heavily thickened shell of C. umbilicata 
may be one of the most important 
specific characters. ORR and ZAITZEFF 
(1971) considered this thickening to be of 
secondary [after the death ?], but we 



622. Foraminifera from the Sea of Japan 147 

think differently since other associated 
taxa, particularly "C." pachyderma, 
never have such heavily thickened shells. 

A stratigraphically interesting thing 
is that the occurrence of C. umbilicata 
is limited almost to the Pleistocene 
portion which yielded a considerable 
number of specimens (Table 2, Text
figure 2); in the Holocene portion of the 
core, only a few and probably juvenile 
small specimens are found. Re-exami
nation may be required for the occur
rence of so-called Clobigerina bulloides 
previously reported in the Pliocene and 
Pleistocene faunas of the Sea of japan 
region including the land sections. 
Later, this species will be an index 
fossil of the probably upper Pliocene to 
Pleistocene beds in the mid-to high
latitude areas. 

In this paper, we do not intend to 
report or discuss the details of the 
benthonic foraminifers. Howeve, we 
would like to point out an interesting 
fact that the benthonic faunas become 
suddenly dominant over the planktonics 
after the Pleistocene as seen in the 
change of "planktonic ratio" of Text
figure 2. The ratio is a ratio of the 
total number of planktonics to all speci
mens including benthonics which were 
encountered during the picking-out of 
the 200-odd planktonic specimens per 
sample. The distinct change of the ratio 
at about 120 cm below the top of the 
core may reflect the environmental 
change toward the present-day oxyge
nated condition from the Pleistocene, in 
which an anoxic condition is supposed 
as shown in the next section. 

The Holocene benthonic fauna is char
acterized by the common occurrence of 
Israndiella, Cassidulina, Trifarina and 
Epistominella levicula RESIG and by the 
absence of Elphidiidae. This general 
aspect of faunal composition well agrees 

with that of " A province" classified by 
TROITSKA]A (1970). She treated 74 sur
face samples from the greater part of 
the Sea of japan and divided the faunal 
provinces of benthonic foraminifer into 
three; A province characteristic in the 
continental shelf off the Asiatic main
land, B in the continental slope and cen
tral basin, and C in the Yamato and 
Kita-Yamato Banks. The Pleistocene 
benthonic fauna of V28-265 is very poor 
in numbers of taxa and specimens in 
comparison with the Holocene one, but 
its composition is not different essenti
ally from the latter, except for the char
acteristic occurrence of some bolivine 
forms. 

Environment suggested by the 

core V28-265 

As stated in the second section of this 
paper, the Recent Sea of japan is not 
affected largely by the warm current as 
a whole, different from some previous 
opinions, most of which were dependent 
on the data obtained from the region 
near the coasts of the japanese Islands. 
Planktonic foraminifers in the Holocene 
portion of V28-265 also do not indicate a 
warm environment. Such a cool tem
perate condition seems to be supported 
by other microfossils in the core, such 
as radiolarians, diatoms, coccoliths, and 
pollens, according to the japanese par
ticipants in the same project. 

Thus, no contrastive difference can be 
expected between the Holocene and 
PI.eistocene parts of the core so far as 
the paleoclimatic interpretation of these 
microfossils is concerned, except for the 
coiling direction of " Clobigerina " pachy
derma. However, the detailed analyses 
of diatoms and pollens revealed the floral 
change around 138 cm and 123 cm below 
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the top, respectively, due to increasing 
temperature since the latest Pleistocene. 

More remarkable and interesting en
vironment would be inferred for the 
latest Pleistocene part. One of the 
greatest glaciations appeared to have 
occurred in the latest Pleistocene (e. g., 
FLINT, 1971); it resulted in a marked 
lowering of the sea level so that the 
shallow (less than ca. 130 cm) outlets of 
the Sea of Japan toward the open oceans 
rose almost above the sea level, and so 
they might have made the obstruction 
against the incoming surface water from 
the open ocean. This obstructive effect 
seems to be reflected in the fact that 
radiolarians, most typical pelagic micro
organisms, are scarce or absent in the 
Pleistocene part. This situation might 
have affected the ratio of pelagic diatoms 
to benthonic ones; namely, the ratio is 
lower in the Pleistocene part than in the 
Holocene in general. 

The Sea of Japan turned into an en
closed sea like a huge lagoon or lake 
may have been provided with anoxic 
condition, which would be accentuated 
by decreased chilling effect of the Sibe
rian Air Mass on the surface water 
during the glacial stage. Such a phe
nomenon was first suggested by MIYAKE 

et al. (1968) who recorded an extremely 
high content of uranium in the" Pleis
tocene" part of a short core from the 
northern part of the Sea. In an anoxic 
condition, uranium in sea water is' re
duced from hexavalent to tetravalent 
state, to be readily precipitated to the 
sea bottom. In V28-265, Y. SUGIMURA 
found very high values of the uranium 
content such as 9.8 and 9.6 ppm at 150-
160 em and 200-210 cm below the top. 

The reduced environment may be re
presented by the scarcity of benthonic 
foraminifers and the common occurrence 
of framboidal pyrite in the Pleistocene 
portion of the core. Absence of foram
inifers in the uppermost Pleistocene of 
the core also reflects a large-scale re
duction that should produce high pres
sure of carbon dioxide in the bottom 
water and calcareous shells would be 
dissolved. Similar effect of dissolution 
seems to have acted on the probably 
Pleistocene part of the other cores which 
came from the water deeper than the 
compensation depth of the Sea of Japan. 
Unless the dissolution took place, the 
part should contain foraminiferal shells 
because the highly oxygenated condition 
like the existing state could not be ex
pected in the Pleistocene portion. The 

Explanation of Plate 21 

Figs. 1-3. "Globigerina" pachyderma (EHREl'BERG). 

1: Umbilical side of a sinistral form (NSMT-Micropal. ColI. 580), from Sample 40,395-
397 cm below the top of the core V28-265; 2: Umbilical side of a dextral form with less 
lobulate chambers (NSMT-MC 606) ; 3: Spiral side of a dextral form with lobulate 
chambers (NSMT -MC 605), both from Sample 8, 75-77 cm below the top of the core; 

all x 200. 
Figs. 4-7. Globigerina umbilicata ORR and ZAITZEFF from the middle Rio Dell Formation, 

1,570 feet south of Guthrie Creek, Humbolt County, California. 4: Spiral side of a full 
grown specimen (NSMT -MC 592), x 180; 5: Umbilical side of adult specimen (NSMT
MC 593), x 180; 6: Spiral side of juvenile specimen, already with thickened wall 
(NSMT-MC 596), x200; 7: Lateral and apertural side of young specimen (NSMT-MC 
594), x 150. 
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situation is different from the case of 
an anaerobic basin off California report· 
ed by BERGER and SOUTAR (1970) who 
recognized that the plankton shells are 
preserved better there than in the ad
jacent areas under the normal condition. 
Anoxic influence may be the color of 
the probably Pleistocene parts of the 
cores deeper than ca. 2,500 m of the Sea 
of Japan; namely, the color of the parts 
turns olive from brown or yellowish 
brown of the probably Holocene parts 
(Table 1). However, it may be difficult 
to locate the Holocene base by this color 
change alone, since the change is partly 
due to post-burial reaction with pore 
solution. 

The explanation of the presumed en
vironment for the core V28-265 given in 
this paper is largely dependent upon the 
unpublished data obtained by the parti
cipants of the project. Somewhat more 
detailed data and discussion will be pub
lished as a short synthesized paper in 
the near future (UJIIE et al., 1973). 
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Explanation of Plate 22 

Figs. 1-6. Clobigerina umbilicata ORR and ZAITZEFF from the core V28-265, x 200 excluding 
fig. 6. 1: Spiral side of juvenile specimen (NSMT -MC 586), from Sample 40, 395-397 
cm below the top; 2: Lateral and apertural side of juvenile specimen (NSMT-MC 587), 
from Sample 40; 3: Umbilical side of young specimen (NSMT -MC 585), from Sample 
40; 4: Umbilical side of adult (NSMT -MC 582), from Sample 56, 555-557 cm below the 
top; 5: Lateral and apertural side of adult (NSMT -MC 583), from Sample 40; 6: 
Umbilical side of adult (NSMT -MC 584), from Sample 56, x 180. 
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Introduction 

The primitive fusuline Eostaft'ella oc
curs in organoclastic limestones of the 
Coffee Creek Formation and in an un
named oolitic limestone in the Suplee 
area, Crook County, central Oregon. 
Two species of Eostaft"ella are associated 
with Hexaphyllia, an index coral of 
Visean (Late Mississippian) age known 
in Europe and Asia but previously un
reported from North America. (We 
have also collected a different species 
of Hexaphyllia from a limestone body in 
the Cache Creek Group near the com
munity of Rayleigh north of Kamloops, 

* Received April 3, 1973; read Oct. 28, 1972 
at Matsuyama. 
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British Columbia, Canada, but it will 
be described in a later paper when its 
associated fauna has been studied in 
detail.) 

The Coffee Creek Formation has been 
studied by PACKARD (1928, 1929, 1932), 
MERRIAM and BERTHIAUME (1940, 1943), 
MERRIAM (1942), DANNER (1965) and by 
BUDDENHAGEN (1967). It was named by 
MERRIAM and BERTHIAUME (1940, 1943). 
MERRIAM (1942) described rugose corals 
from the Formation having a close 
affinity to species from the Eurasian 
Lower Carboniferous and concluded that 
the Formation belonged to the Lower 
Carboniferous (Mississippian). In 1962 
DANNER collected organoclastic lime
stone consisting of coarse brachiopod 
shells and shell fragments in a finer 
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grained matrix from MERRIAM's type 
locality (S2) of the coral fauna in the 
Coffee Creek 'Formai:io~.'· This li~estone 
contains numerous ~alcateous forami· 
nifera including two species of Eastal· 
leila and species of Endothyra. Oolitic 
limestone cropping out 3t miles to the 
northeast, north of the South Fork of 
Trout Creek and just east of the north
ernmost of the Suplee area Devonian 
limestones was collected in 1966. It 
also contains Endothyra and Eostaffella. 
DANNER'S material was studied by SADA 
during his stay as a post-doctoral Fellow 
(1967-1969) at the University of British 
Columbia. 

This paper contains the description 
of the species of Eostafleila as Eostal
leila oreganensis SADA and DANNER, n. 
sp., E. sp. A and Hexaphyllia from MER
RIAM's type locality (S2) of the coral 
fauna in the Coffee Creek Formation 
north of Grindstone Creek. 

The slides used as figured specimens 
for this paper have been deposited with 
the Division of Paleontology, U. S. Na
tional Museum, Washington, D. C. lime
stone specimens containing the faunas 
will be kept in the stratigraphic-paleon
tologic reference collections of the Uni
versityof British Columbia Department 
of Geological Sciences. 

Field work in the Suplee area by DAN
NER and laboratory work by SADA were 
financially supported by the National 
Research Council of Canada and the 
Committee oil Research of the Univer
sityof British Columbia as part of a 
long term study of western Cordilleran 
Late Paleozoic faunas~ DANNER wishes 
to acknowledge assistance in the field 
from Professor Glenn ROUSE of the 
UnIversity of British Columbia, student 
Kurt Nielsen and Boy Scouts Lyall 
Bailey and Vladimir Krajina. Permis
sion to c'ollect in the area was gra-

ciously granted by the Hudspeth Ranch 
Company. We also want to express our 
appreciation to Dr. Dorothy HILL of the 
University of Queensland for her infor
mation on Hexaphyllia. Further work 
on this project was carried out while 
DANNER was visiting Professor at Hiro
shima University under the auspices of 
the Japan Society for the Promotion of 
Science. 

Geology 

The Coffee Creek Formation in the 
Suplee area consists of scattered out
crops of complexly' folded and faulted 
marine limestone and sandstone forming 
ridges and knobs in the semi-arid sage 
brush landscape. It is part of a se
quence of Devonian, Mississippian, Penn
sylvanian, Permian and Triassic rocks 
forming an inlier overlain by later Meso
zoic and Cenozoic rocks. MERRIAM and 
BERTHIAUME (1940, 1943) described the 
Coffee Creek Formation as a sequence 
274 to 304 meters thick composed of: 
" well-bedded fairly pure limestone, car
bonaceous limestone, argillaceous to 
sandy limesto~e and calcareous sand
stone." They gave the following de
tailed description of 23 meters of lime
stone at the type locality: 

"Within the upper 40 feet very dark gray 
to black argillaceous and carbonaceous 
limestones are in places rather thin-bedded. 
These deposits are locally packed with the 
brachiopod Striatifera. Forty-five feet from 
the top of the limestone section is a bed 
of very sandy limestone with Striatifera 
immediately below which lies the main 
Gigantella horizon. The usually large pro
ductid Gigantella is very profuse here in a 
fine-grained and rather pure limestone of 
deep neutral gray; the large brachiopod is 
apparently restricted at this point to a bed 
varying in thickness from one to two feet. 
Within and below the Gigantella bed soli-
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tary and compound rugose corals areabun· 
dant; these are embedded in the gray lime· 
stone or immediately below in argillaceous 
limestones weathering to a light grayish 
brown. In the lower 30 feet of this section 
these argillaceous layers are interbedded 
with the purer gray limestones, while to
ward the base sandy limestones and cal
careous sandstone predominate." 

DANNER (1965) noted that part of the 
limestone is oolitic, contains encrusting 
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algae, Endothyra, echinoid spines and 
that some of the fossils are silicified. 
BUDDENHAGEN's geologic map (1967) of 
the central Oregon inlier shows the areal 
distribution of the Coffee Creek For
mation in detail. 

The second locality (DS2) in the un
named limestone lies about 3t miles 
northeast of the Coffee Creek type lo
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of oolitic and organoclastic limestone 
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about 31 meters downslope from an out
crop of Devonian reef limestone. The 
oolitic limestone contains Eostaffella and 
Endothyra and the orga~oclastic lime
stone contains unidentified fragments of 
bryozoa and brachiopods. The age is 
either Late Mississippian or Early Penn
sylvanian. The oolitic limestone is over
lain by chert grit. 

Discussion of the EostaO'ella fauna 

in the Coffee Creek Formation 

MERRIAM (1942) described four species 
of rugose corals from the Coffee Creek 
Formation. The described species are 
Dibunophyllum oregonensis MERRIAM, 
Lithostrotion (Lithostrotion) pac1wrdi 
MERRIAM, Lithostrotion (Siplwnodendron) 
ol'egonensis MERRIAM and Campophyllum 
readi MERRIAM. Brachiopods were also 
listed, namely, Gigantella sp., Striati/era 
sp. and Spiri/er d. striatus (MARTIN). 
Based on these species MERRIAM (1942; 
MERRIAM and BERTHIAUME, 1943) 
thought the age of the fauna to be 
roughly Visean in terms of British suc
cession. MERRIAM also listed Tetrataxis 
sp., small loxonemoid gastropods, and 
lithistid sponge spicules in the limestone. 
Our species of Eostaffella are found in 
the limestone associated with the corals 
at Loc. DS1 (MERRIAM'S type locality 
"S2 "). 

Eostaffella oregonensis SADA and DAN
NER, n. sp. shows a certain similarity 
in general outline and some internal 
character of the shell to Eostaffella 
thompsoni (ANISGARD and CAMPAU) from 
Upper Mississippian in Michigan, E. 
mosquensis ROZOVSKA Y A from Upper 
Visean in Russia, E. hohsienica CHANG 
from the uppermost of Lower Carbon
iferous in China and E. kannzerai (IGo) 
ranging from Late Chesterian to Mor-

rowan in Japan. Eostaffella oregonensis 
seems to be nearly equivalent to these 
species in its evolutional stage of the 
shell. Eostaffella sp. A, now being held 
off from final identification' because of 
lack of well preserved material, resem
bles E. cooperi (D. ZELLER) from Upper
most Chesterian in Illinois. 

Eostaffella oregonensis and E. sp. A 
are found in association with Hexaphyl
lia sp. in the Coffee Creek Formation. 
This is worth noting as Hexaphyllia, one 
of the more important coral fossils for 
the determination of geologic age is, as 
far as we can determine, known only 
in Lower Carboniferous sequences in 
Europe and Asia. All of the known 
species of Hexaphyllia have been de
scribed from Lower Carboniferous of 
Scotland (DUNCAN, 1867), Lower Car
boniferous of Central Russia (STUCKEN
BERG, 1904) and Lower Carboniferous of 
Japan (Y ABE and SUGIYAMA, 1939; KAN
MERA, 1952; MINA TO, 1955). 

Concerning the range of Hexaphyllia, 
Dr. D. HILL states (personal communi
cation) :" I think I can safely say that 
there is no proven evidence that it 
existed beyond the Visean into the 
Namurian. My view would be, until it 
can be shown otherwise, that it is a 
very good indication of Visean age." 

From all of these considerations, it 
would seem that the Eostaffella fauna 
(Loc. DS1) in the Coffee Creek For
mation of Oregon is of Late Mississip
pian (Visean) (Chesterian) age. 

Localities 

DS! : MERRIAM'S locality" S2" in the Coffee 
Creek Formation north of Grindstone 
Creek. On limestone ridge! mile east of 
Mills' Sheep Camp 1~ miles S. 47 degrees 
E. of Wade Butte in the NW t of section 
3D, T. 18 S., R. 25 E. and north of the 
road. 
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DS2: Small limestone outcrop about 31 me
ters downslope and east of northernmost 
outcrop of Devonian reef limestone. On 
hillside north side of South Fork of Trout 
Creek. SE t section 9, T. 18 S., R. 25 E. 
(See DANNER, 1968, Fig. 16, p. 840.) 

Systematic Paleontology 

Family Ozawainellidae THOMPSON 

and FOSTER, 1937 

Genus Eostaffella RAUSER

CHERNOUSSOVA, 1948 

Type species: - Eostaffella parastruvei 
RAUSER, 1948. 

Synonym: - Paramillerella THOMPSON, 
1951. 

Eoslaffella oregonensis SADA 

and DANNER, n. sp. 

PI. 23, figs. 1-10, 14-16 

Description :-The shell of Eostaffella 
oregonensis SADA and DANNER, n. sp. is 
large for the genus and discoidal in 
shape, having a broadly rounded peri
phery. The lateral slopes are convex. 
The mature specimens of five volutions 
are 213 to 275 microns in length and 492 
to 709 microns in width, giving the form 
ratios of 0.36 to 0.43. The immature 
specimens of three and one half to four 
volutions are 174 to 215 microns long 
and 367 to 437 microns wide, showing 
the form ratios of 0.47 to 0.49. The holo
type of five and one half volutions (pI. 
23, fig. 1, Rg. No. CF-C-46c) measures 
268 microns in length and 700 microns 
in width. Its form ratio is 0.38. The 
inner and outer volutions are generally 
involute but the last volution is rarely 
and partly evolute. 

The outside diameter of the proloculus 

ranges from 29 to 54 microns. The 
diameters of the whorls of the 1st to 
the 5th volution of nine specimens are 
66-108,113-199,190-298,318-461 and 492-
709 microns, respectively. The radius 
vectors of the 1st to the 5th volution 
are 27-54,53-95,89-143,159-280 and 254-
389 microns, respectively, for nine speci
mens. The spirotheca is composed of 
a distinct tectum and inner and outer 
dense layers. The thickness of the 
spiro theca of the 1st to the 5th vol uti on 
of nine specimens is 4-9, 4-14, 7-20, 19-
30 and 14-31 microns, respectively. The 
thickness of the proloculus wall varies 
from 2 to 9 microns. The septa are 
fairly thick and slightly bend anteriorly. 
The septal counts of the 1st to the first 
half of the 5th volution of the specimen 
(CF-C-15a) illustrated as fig. 16 on PI. 
23 are 6, 10, 11, 16 and 7, respectively. 
The chomata are distinct. 

Remarl2s :-Eoslaffella oregonensis re
sembles E. lhomj)soni (ANISGARD and 
CAMPAU) (1963, pI. 9, figs. 7-8, 11-12, 15, 
pI. 10, figs. 3-5, 7) described from Upper 
Mississippian in Arenac County, Michi
gan. However, E. thompsoni has a 
larger shell at maturity and larger pro
loculus. Eoslaffella oregonensis is some
what similar to E. 11losquensis (Rozovs
KA Y A 1963, pp. 93-94, pI. 16, figs. 16-17, 
figs. 1-5) in shell shape. These two 
forms, however, can be easily distin
guished by the smaller shell of the 
mature specimens of E. oregonensis, its 
shorter length of the shell and smaller 
form ratio. In general outline and de
velopment of the shell, Eostaffella ore
gonensis resembles E. hohsienica CHANG 
(1962, pp. 440-441, pI. 1, figs. 4-6, 12, 13, 
18-21) from the Hochow Limestone, the 
uppermost of Lower Carboniferous, near 
the town of Xiangquan, Hohsien, Anhui 
Province in China. However, E. oregon
ensis differs from E. hohsienica, for it 
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Table 1. Table of Measurements of Eostaffella oregonensis SADA and DANNER, n. sp. 

Diameter of whorl 
Specimen Rg. No. Pl. fig. L. W. R. Prol. 

2 3 31 4 4~· 5 5! 

1 CF-C-46c 23 1 0.268 O. 700 0.38 0.029 0.070 0.120 0.204 0.370 0.581 O. 700 
2 CF-C-34a 23 4 0.275 O. 709 0.38 0.029 0.076 O. 156 0.285 o 401 O. 709 ~ 
3 CF-C-20a 23 2 0.228 0.624 0.36 0.044 O. 085 O. 167 0.275 0.427 0.624 ~ 
4 CF-C-11a 23 3 0.218 0.577 0.37 0.042 0.085 0.167 0.285 0.461 0.577 .,.. 

~ 

5 CF-C-18a 23 8 0.256 0.587 0.43 0.046 0.066 0.133 0.228 0.368 0.587 0 
<:t.> 

6 CF-C-29b 23 5 0.209 0.501 0.41 0.038 0.076 0.153 0.251 0.394 0.501 
;;:s-.,.. 

7 CF-C-5a 23 7 0.213 0.492 0.43 0.035 0.066 0.113 O. 190 0.318 0.492 ~ 8 CF-C-17b 23 10 0.174 0.367 0.47 0.047 O. 108 0.199 0.298 0.367 t:::J 
9 CF-C-46a 23 9 0.215 0.437 0.49 0.054 0.085 0.166 0.285 0.437 ~ 

~ 
<2 
R.. 

~ 
Radius vector Thickness of spirotheca s: 

Specimen {I:> 

"'l 
1 2 3 4 5 6 0 1 2 3 4 5 6 <:"'to 

1 0.027 0.053· 0.089 O. 159 0.254 0.370 0.009 0.006 0.007 0.014 0.024 0.031 0.023 
~ 

2 0.044 0.085 0.147 0.280 0.389 0.002 0.004 0.012 0.009 0.020 0.023 b 
3 0.048 0.089 O. 146 0.237 0.337 0.008 0.008 0.013 0.014 0.030 0.028 ::t:.. 

!<: 
4 0.038 0.074 0.129 0.21p 0.334 0.004 0.009 0.013 0.013 0.024 0.022 ~ 5 0.038 0.077 0.131 0.209 0.330 0.004 0.003 0.010 0.016 0.021 0.014 ~ 

6 0.038 0.061 0.102 0.184 0.285 0.005 0.004 0.004 0.007 -0.021 0.009 
7 0.033 0.066 O. 104 O. 183 0.292 0.007 0.006 0.009 0.013 0.019 0.016 
8 0.054 0.095 0.126 O. 190 0.009 0.007 0.011 0.010 0.011 
9 0.040 0.080 0.143 0.239 0.008 0.009 0.014 0.020 0.019 

(Measurements in millimetres) 
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has shorter length of the shell, smaller 
form ratio at maturity, more arcuate 
periphery and more primitive chomata. 
In some respects EostaffeLLa oregonensis 
is somewhat similar to E. kanmerai (IGo, 
1957, pp. 175-177, pI. 1, figs. 20-26, pI. 2, 
fig. 14; SADA, 1964, pp. 230-231, pI. 21, 
figs. 8, 16, 17; SADA, 1967, pp. 144-145, 
pI. 12, figs. 1-10; SADA, 1969, pp. 120-
121, pI. 12, figs. 1-13, pI. 13, figs. 1-2) 
from Japan. However, E. kanmerai has 
a smaller shell at maturity, shorter axis 
of coiling and thinner spirotheca. 

Occurrence: - EostaffeLLa oregonensis 
SADA and DANNER, n. sp. is abundant 
in thin sections and associated with E. 
sp. A, Endothyra sp., other foraminifera, 
HexaphyLLia sp. and DibunophyLLum ore
gonensis MERRIAM. Fossil locality DSl. 

Geological age: -Late Mississippian 
(Chesterian). 

EostaffeLLa sp. A 

PI. 23, figs. 11-13 

Description:-The shell of Eostaffella 
sp. A is small and discoidal, and pos
sesses a short axis of coiling and round
ed periphery. The inner two or three 
volutions are endothyroid coiling but 
the quter ones are involute. The spe
cimen (Rg. No. CF -C-50b) illustrated as 
fig. 11 on PI. 23 is 142 microns in length 
and 308 microns in width. Its form 
ratio is 0.46. The pro loculus is very 
small and its outside diameter is 28 mi
crons. The diameters of the whorls of 
the 1st to the 4th volution of a speci
men are 61, 95, 174 and 247 microns, 
respectively. The radius vectors of the 
1st to the 5th volution are 26, 49, 76, 123 
and 190 microns, respectively. The spiro
theca consists of a tectum and inner and 
outer dense layers and its thickness of 
the 1st to the 4th volution is 5 to 17 

microns. The chomata are very small. 
Remarlls :-Eostaffella sp. A differs 

from Eostaffella oregonensis SADA and 
DANNER, n. sp. in several respects. The 
former species has a smaller shell, fewer 
number of volutions, slower expansion 
of the shell for the corresponding volu
tion, smaller proloculus, thinner spiro
theca and endothyroid coiling in its in
ner volutions. In general shell shape 
and some internal character Eostaffella 
sp. A resembles Eostaffella cooperi (D. 
ZELLER) (1953, pp. 194-195, pI. 27, figs. 
1-11) from the Kinkaid limestone of 
Uppermost Chesterian in Illinois. How
ever, we put off the final identification 
until we can obtain better preserved 
material. 

Occurrence:-Eostaffella sp. A is rare 
and associated with E. oregonensis SADA 
and DANNER, n. sp., Endothyra sp., other 
foraminifera, Hexaphyllia sp. and Dibuno
phyLLum oregonensis MERRIAM. Fossil 
locality DSl. 

Geological age: - Late Mississippian 
(Chesterian). 

Order Heterocorallia SCHINDEWOLF, 1941 

Family Heterophylliidae DYBOWSKI, 1873 

Genus Hexaphyllia STUCKENBERG, 1904 

Type species:-Hexaphyllia prismatica 
STUCKENBERG, 1904. 

Hexaphyllia sp. 

PI. 24, figs. 1-2 

Description:-The coraUum is hexago
nal in transverse section and has six 
prominent longitudinal ridges in posi
tion corresponding to the outer borders 
of the septa. The corallum is small in 
transverse section. The specimens illus-
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trated as fig. 1 (Rg. No. CF -C-2) and fig. 
2 (Rg. No. CF -C-101) on PI. 24 are 0.50 
mm. and 0.75 mm. in diameter, respec· 
tively. The calice is not preserved. The 
wall consists of the thin primary wall 
and thick stereozone lining the inner 
surface of the former. The corallum is 
divided by six septa in subequal inter
vals in transverse section. Two opposite 
septa meet at the center of the corallum 
and each of four septa forms Y shape 
in both sides of the two opposite septa. 

Remarks: -We collected only four 
transverse sections of Hexaphyllia from 
the Coffee Creek Formation. Two of 
them are illustrated herein. They have 
striking similarities in the form of the 
corallite and the arrangement of the 
septa. The present species is somewhat 
similar to Hexaphyllia 7Ilirabilis (DUNCAN) 
(1867, p. 646, pI. 31, figs. 5a-5h) from the 
Lower Carboniferous in Scotland. How
ever, H. mirabilis can be distinguished 
from the present species by having six 
distinct longitudinal ridges with spine
like processes. Hexaphyllia sp. differs 
from H. prismatica STUCK ENBERG (1904, 
pp. 72-73, Taf. 3, figs. 5a-5d) from the 
Lower Carboniferous in Central Russia 
in its septal arrangement. In the gen
eral outline of the corallum and the 
septal arrangement, Hexaphyllia sp. 
somewhat resembles H. elegans Y ABE 

~~~~---~~--~~-

and SUGIYAMA (1939, pp. 500-501, pI. 26. 
figs. 1-3) from the Lower Carboniferous 
of Kitakami Mountainland. However, 
the former species differs from the lat
ter in having more prominent ridges and 
smaller diameter of the corallum. The 
present species seems to be a new spe
cies belonging to genus Hexaphyllia. The 
final determination of the present spe
cies, however, must be postponed until 
more material is obtained. 

Occurrence.-Hexaphyllia sp. is rare in 
thin section and the species associated 
with it are Eostaffella oregonensis SADA 
and DANNER, n. sp., E. sp. A, Endothyra 
sp., other foraminifera and Dibunophyl
lum oregonensis MERRIAM. Fossil local
ity DSl. 

Geological age: -Late Mississippian 
(Chesterian). 
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Explanation of Plate 24 

Figs. 1-2. Hexaphyllia sp. 
1-2. Transverse sections: Rg. No. CF -C-2 (x 82) and CF -C-101 (x 67), respectively 
Section (Fig. 2) includes a small bubble at the center of corallum. 

Fig. 3. Photomicrograph of oolitic limestone. 
Locality DS2 in Suplee area, central Oregon. 
Eostaffella, Endothyra and other foraminifera. x 20. 

Fig. 4. Photomicrograph of organoclastic limestone. 
Locality DS1 in Suplee area, central Oregon. 
Eostaffella, Endothyra, other foraminifera and shell fragments. x 20. 
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