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THE DISAPPEARANCE OF THE COS CIN ODIS CUS Y ABEl ZONE 
IN THE SUBARCTIC HOI{I{AIDO REGION 

by 

Itaru l{oizumi 

(with 4 text·figures, 1 table and 1 pl ate) 

Abstract 

The overlapped ranges of Denlicu/opsis praedimorpha and Den/ielliapsis dimorpho, which 
belong to the same evolutionary lineage, were firstly recognized in the subarctic section of Hok· 
kaido. The stratigraphic distribution of some diatom species around the boundary between the 
middle and late Miocene reveals diachronous distribution across the subarctic front by the effect 
of a "climat ic wedge." 

Introduction 

Both Denticulopsis pmedi1l101p/la and Denticulopsis dim01pha belong to the same 
evolutionary lineage (e. g. Maruyama, 1984) . These two cool- water diatoms have 
the overlapped ranges at DSDP's Site 468 (3Z'37.4 1'N) and Site 469 (3Z'37'N) off 
southern California, but their ranges a re separate at more southern Site 470 (Z8'54. 
46'N ) and Site 472 (Z3'OO.35'N ) off Baja Clifornia (Barron, 1981) . On the other 
hand, the stratigraphic levels of the last occurrence of D. praedimorpha and the 
first occurrence of D. dim01pha have been isolated in the northwestern Pacific 
region, and so Coscinodiscus yabei Zone is defined as the interval zone between 
these two datum levels (Koizumi, 1985) . 

It has been discussed that the strat igraphic distribution of some diatom da tum 
levels reveals diachronic distribution across the subarctic boundary by the effect of 
" climatic wedge " (Koizumi, 1985, 1990) . Critical examination of paleo-oceano' 
graphic history is also necessary for evaluation of biostratigraphic datum levels, 
because di atom provincialism is largely related to the distinct lati tudinal zonality of 
surface water masses (Koizumi, 1986b) . 

This paper presents some diachronic datum levels and overlapped ranges of D. 
praedimo,pha and D. dimorpha at the north- to-south transect of sections in the 
northwestern Pacific region. 

Materials and Methods 

Middle and late Miocene di atom assemblages have been quantitatively 
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Txct-fig.l Location of onshore Miocene sect ions and DSDP Site 438 mentioned in the text, and 
the present day current fronts. O. F. = Oyashio front. K. F. = Kuroshio front. 

examined in two land sections: Tajiri -lohban coal- field and Kuriyama-south Hok
kaido (Text-fig.D. 

Tajiri section 
The Tajiri section examined by this study is composed exclusively of the Ku

shigata Formation (Eguchi and Suzuki, 1953) in the road side cliff between Tajiri 
and Tajiri -hama. The Kushigata Formation consists mostly of massive, olive 
-green tuffaceous siltstone and mudstone, but intercalates some thin pumiceous tuff 
and sandstone. The mudstone in lower horizon includes some calcareous concre
tions and layers (Text-fig. 2) . 

Kuriyama section 
The Oiwake Formation (Sasa et a I. , 1964) , which crops out along the Kurioka 

-gawa east of Kurioka, Kuriyama-cho, was examined by this study_ The Oiwake 
Formation in the Kuriyama section consists mostly of massive, olive-green 



COSCINODISCUS YABEI ZONE 579 

diatomaceous mudstone, but intercalates some thin sandstone (Text-fig_ 3) . 

DSDP Site 438 
The stratigraphic distribution of middle- late Miocene diatoms in DSDP Site 

438 off northern Honshu, Japan is drawn from Maruyama (1984) . 

Original material was treated by hydrogen peroxide and hydro-chloric acid. 
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Text-fig. 2 Location and stra tigraphic position of samples from the Tajiri section, lohban coal 
-section. A part of the 1: 25,000 scale map of .. Hitachi " published from Geological Survey 
Institute of Japan. l =siltstone. 2= tuffaceous si ltstone. 3=mudstone including calcareous 
layer. 4 = tuffaceous mudstone including calcareous concretions. 
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Text-fig. 3 Location and stratigraphic position of samples from the Kuriyama section, South Hok
kaido. A part of the reduction of the 1 : 2,500 scale map published from the town office of 
Kuriyama-cho, Hokkaido. Lithologic symbol is shown in Text-fig. 2. 
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Pleura x was used as a mounting medium. All diatoms were identified and counted 
until the number of individual reached 200 in each count at 1250x (Table!). 

Results 

Tajiri section 
The Tajiri section is located in the southern part of the Johban coal- field fac · 

ing the mixed water region between the Kuroshio and Oyashio front (Text·fig.!). 
The rapidly decreased last occurrence of D. praedim01pha is recognized at the 

interval between samples 12 and 57 in the lower part of the Kushigata Formation. 
On the other hand, the first occurrence of D. dim01pha is in the upper part of this 
formation (Text·fig. 4 ) . As these two datum levels are separated, the interval is 
defined as the Coscinodiscus yabei Zone (Koizumi, 1985) , which is characterized by 
the presence of abundant Denliculopsis hustedtii, few to rare Actinocyclus ingens, 
Goniolhecium len"e and Ro1txia californica (Table 1). C. "yabei" occurs in few 
to rare abundances throughout the interval (Text·fig.4) 

DSDP Site 438 
DSDP Site 438 is located in the northern part of the mixed water region adja· 

cent to the Oyashio front off northern Japan (Text- fig.!). 
The rapid decrease datum of D. praedim01pha occurs between samples 64-3 

(l0-14cm) and 63-1 (l0-14cm) . The last occurrence of D. praedim01pha is recog· 
nized in the interval between samples 62-1 (20-24cm) and 60-3 (27- 29cm) . The 
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Text-fig . 4 Stratigraphic and latitudinal distribution of D. praedimorpha, D. dim01plta, and C. 
"yabei ': T :::: top. B= base. RD = rapid decrease. 
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D. pmedimorpha Zone occupies exclusively the occurrence of C. " yabei'~ As the 
first occurrence of D. dimorplza is recognized in samle 59-5 (17-21cm) , the interval 
between samples 60-3 (16-20cm) and 60-1 (34- 38cm) is assigned to the C. yabei 
Zone. This zone is characterized by the occurrences of abundant D. hustedtii, com
mon A. ingens and C. teulle, few to rare R. cali/ornica, and rare C. «yabei" by 
Barron (1980) . 

Kuriyama section 
The Kuri yama section is situated about 40km east of Sapporo, Hokkaido and 

located in the subarctic region north of the Oyashio front (Text-fig.!). 
The overlapped occurrences of D. praedimorplza and D. dimorpha are recog

nized in sample 116 of the Oiwake Formation (Table 1 and Text-fig. 4) . The last 
occurrence of D. praedimorpha is noticed with a rapid decrease level. Not only C. 
" yabei "but also such subtropic- temperate species as Actinocycius elliptic"s, 
Hemidiscus cunei/armis and Thalassiosira leptopus are not recogni zed throughout the 
section (T able!). Their abundances are gradually decreasing into northern areas. 
On the other hand, such cool -water species as A. ingens, Cosct'nodiscus mmginatus, 
D. hustedtii, D. praedimorpha and C. tenue occur abundantly throughout the Kuri
yam a section than southern sections. 

Summary and discussion 

The overlapped ranges of D. praedimorplza and D. dimorpha, which belong to a 
single evolutionary lineage (Maruyama, 1984) , are recognized in the subarctic 
Kuriyama section of Hokkaido as well as in the northern area of the northeastern 
Pacific region by Barron (1981). Therefore, the C. yabei Zone, defined by these 
two cool-water diatom datum levels; namely the last occurrence of D. pmedimor
pha at its base and the first occurrence D. dim01pha at its top, disappears because 
of a later occurrence than 9.6Ma of D. praedim01pha and/ or an earlier occurrence 
than 8.9Ma of D. dimorpJm in the subarctic region. C. "yabei" and other temper
ate diatom species are decreasing in abundances into northern areas and they 
finall y disappear throughout the Kuriyama section. 

The effect of a "climatic wedge" (Gladenkov, 1988) has resulted in their dia
chronic distribution across the subarctic boundary as well as a decl ine of 
Cnlcidenticula nicobmica and an earlier occurrence of D. praedimorpJza in the mid
dle Miocene of the northern areas (Koizumi , 1990) . 

The diachronous nature of microfossils have been recognized not only in 
diatoms but a lso in planktonic foraminifera (Ingle, 1973: Keller and Barron, 1981) 
and molluscs (Gladenkov, 1987) . 

During the interval between middle and late Miocene, corresponding to C. 
yabei Zone, the pronounced abundances in both the cool -water diatom D. hustedtii 
and the upwelling-related diatom Thalassionenza nitzschioides are recognized in the 
northeast Japan (Koizumi, 1990) . These increases are associated with the in-
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Table 1 Stratigraphic occurrences of the marine diatoms in the Tajiri section and Kuriyama 

section. 

Samples T AIJ RI KURIYAMA 
Kushigata Fm. Oiwake Fm, 

Species 11 12 57 55 14 48 15 17 16 85 86 114 115 116 117 11S 
Ac/illOCycllls Clirvatlilus 1 1 
A. c.llipticus 1 1 1 1 2 1 5 
A. Ingens 7 7 4 4 3 5 3 10 7 18 14 11 22 24 3 6 
A. octonarius 1 3 1 1 1 
Actilloptychus sel/anus 8 4 10 1 12 1 2 5 8 7 11 8 10 
Azpeitia endoi 1 2 1 2 1 1 6 2 3 1 
A. /lodulifer 1 1 1 1 3 2 1 9 3 2 
A . velustissima 1 2 3 4 1 2 1 1 
Cladogramma cali/onlicltm 1 1 1 1 
Cocconeis cosla/a 1 1 
C. discullts 1 
C. scutellum 1 1 1 
Coscillodisc/ls elegalls 2 2 2 1 4 1 3 2 1 13 10 6 2 1 
C. jlexuosus 2 1 1 4 1 2 
C. margillotus 2 9 2 3 4 3 1 3 10 9 3 12 26 15 1 3 
C. ObSC/lTUS 1 1 
c. plicaflls 2 1 1 3 2 2 1 4 2 
C. symbo{opllOTUS 1 1 1 1 1 1 2 2 1 1 
C. /emperei 1 2 1 1 
CTUcidenticula puncta/a 1 
Dellficu{oPsis dimorpha 1 3 3 4 17 
D. hustedtii 17 2 48 56 47 52 31 36 49 50 45 45 29 21 53 52 
D. llyali110 1 1 5 5 6 10 7 1 3 
D. ka~oyol1~ae 4 15 
D. miOCO/lca 1 2 2 
D. pmedimorpha 26 10 67 89 28 30 25 
D. sp. 1 6 3 
DiplOJ/cis smi/hii 1 
COlliofhccium tCIIIlC 4 9 2 8 7 5 2 3 1 13 7 8 10 6 19 4 
Gmmmalophom spp. 2 2 1 1 1 1 2 1 1 
Hcmia/llus po/ymorpll/(s 1 1 1 1 1 1 
Hcmidiscus cUll ei/onm's 1 1 1 1 2 2 
Hyolodiscus sco/iclIs 1 
J<isselcviella canlla 1 2 2 1 
Lilhodcsmium IIndll/alum 1 
Mediaria spiel/dido 1 1 1 4 1 1 
Nitzschia challengeri 1 1 1 1 
N. heteropo{j~a 1 
N. IImaOlOISIS 1 1 1 3 
Odolltella auri/a 1 
Paralia silIca/a 8 2 7 1 1 2 1 4 
Pseudodimerogrammo elegolls 1 1 2 
Pseudopodosim elegalls 1 
Rhizosolellia alata 1 
R. barboi 1 1 1 1 1 1 1 2 1 2 
R. hebetata f. 1 1 1 
R. miocenico 5 1 1 1 1 
R. s/yli/onnis 3 1 3 1 2 1 7 3 7 4 3 
R. spp, 2 1 2 8 7 5 
Rouxia cali/omiea 1 1 2 8 2 1 2 9 2 
R. diplollcis 3 1 6 3 
R. naviculoides 2 
R. yabei 2 1 1 1 1 3 
Slephollogollio II01/zowoe 3 1 1 1 4 2 1 
Stephallopyxis megapora 1 1 
S. sclle1/ckii 1 1 
S. turns 15 8 9 3 15 7 1 1 6 5 8 15 21 14 26 
S. spp, 1 2 1 4 1 
Synedra jO/lseo1/o 1 3 3 3 2 1 1 1 3 1 1 
TllOlassionema hirosakiensis 12 6 13 3 21 12 6 6 
T. nitzschioides 124 91 105 54 79 69 124 97 81 10 5 28 21 34 31 29 
Thalassiosira lep/opus 1 1 1 1 1 3 
T. manifesta 1 1 2 1 1 2 1 1 5 1 
T. manl}amlCa 1 1 1 4 1 
T. sp. l 1 
Tlw/assiofhn'x IOllgissima 1 5 1 3 1 3 3 1 1 1 1 1 1 2 
Tricera/illm cOlldeconon 1 1 1 2 1 1 1 
Total number of valves 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 
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creased oceanic circulation and upwelling which was caused by polar cooling. In 
the equatorial Pacific Ocean, however, D. hllstedtii disappeared by 1l.0Ma and Tn. 
nitzschioides replaced D. hllstedtii after 9.0Ma (Barron, 1985, 1986) . These events 
coincide with a spike of climatic optimum; a rising of sea- level in the interval 
from 10.5Ma to 8.6Ma (Haq et aI., 1987) and a decreasing in oxygen isotope values 
of the benthic foraminifers between 9.2Ma and 9.0Ma in DSDP Site 588 (Kennett, 
1986) . After 8.2Ma, the latitudinal provincialism in all planktonic groups and the 
latitudinal thermal gradient increased (Keller and Barron, 1983; Barron, 1986) . 
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Taxonomic notes and flora l references 
A clillocyclus curvatulus Janisch: Koizumi, 1973b, p. 831, pI. 1, figs. 1-6; Sancetta. 1982, p. 222, pI. 

I , figs. 1-3. 
A clinocyc/us ellipticlts Grunow: Hustedt, 1929, p.533, fig. 303; Koizumi , 1975b, pI. 3, figs. 2, 3 

( not fig. I). 
A clillocycius ingens Rattray: Kanaya. 1959, p.97, pI. 7, figs. 6-9; Koizumi , 1986a, pI. 1, fig. 20. 

Synonym: Aclinocycius tsugaruel/sis Kanaya, 1959, p.99, pI. 8, figs. 5-8. [pI. 1. fig. 17] 
Actillocyclus oclollorius Ehrenberg: Andrews, 1980. p.23, pI. 1, fig. I . pI. 4, fig. 1. Synonym: 

Actinocyclus ehrenbergi Ralfs. Koizumi, 1973a, pI. 20, fig. II. 
AclinoptycllUs senmius (Ehrenberg) Ehrenberg: Sancetta, 1982, p. 225, pI. 1, fig. 7. Synonym: 

Actinoptyclms Imdulatlls ( Baily) Ralfs, Koizumi , 1973a, pI. 20, figs. 1-3. 
Azpeitia elldoi (Kanaya ) Sims a nd Fryxell in Fryxell et ai., 1986, p. 16. Synonym: Coscinodiscus 

elldoi Kanaya , Koizumi, 1986a. pI. 2. fig. I. 
Azpeitia llodulzjer (Schmidt) Fryxell a nd Sims in Fryxell et a!. , 1986, p.19, figs. 17, 18-1,2,4,5, 

30-3, 4. Synonym: Coscillodiscus uodulifer Schmidt, Koi zumi and Tanimura, 1985, pI. 3, 
fig. 8. 

A zpei/ia IJetusiissima (Pa ntocsek) Sims in Fryxell et al., 1986, p.16. Synonym: Coscinodiscus 
IJelustissimus Pa ntocsek, Koizumi, 1986a. pI. 2, figs. 4, 5. 

C/adogramma calzjol'''Ilic1l11l Ehrenberg : Kanaya, 1959, p.87, pI. 6, fig. 1 ; Koi zumi , 1968, pl. 32, fig. 
19. 

Cocconeis costala Gregory: Hustedt, 1933, p.332, fig. 785; Akiba, 1985, pI. 30, fig. I. 
Cocconeis disculus Schumann : Hustedt, 1933, p. 345, fig. 799. 
Coccollds scutellum Ehenberg: Hustedt, 1933, p.337, fig. 790; Akiba, 1985, pI. 30, figs. 3, 11. 
Coscinodisclis elegans Greville: Kanaya, 1959, p. 75, pI. 3, figs. 6, 7; Koi zumi , 1986a, pI. 1, figs. 18, 

19. [pI. I, fig. 12J 
Coscinodisclls jlexuosus Brun: Schrader, 1973, p. 702, pI. 7, figs. 6, 7, 10- 13, 15, 16. Remarks : 

Margin is flat and clearly defined. Marginal structure is separated from the valve structure 
by a hyaline area . [pI. 1, fig. 11 ] 

CoscinodisclIs margillatus Ehranberg: Hustedt. 1928. p.416, fig. 223; Koizumi , 1968, pI. 33, figs. 
3a-b. [pI. 1, fig. 14J 

Coscinodisctts obscllnts Schmidt: Hustedt, 1928. p.418, fig. 224; Sheshukova- Poretzkaya, 1967, p. 
164, pI. 23, fig. I. 

Coscillodisclls plica/us Grunow: Kanaya, 1971, p.555, pI. 40.4, figs. 4-6; Koizumi and Tanimura, 
1985, pI. 3, figs. 3, 4. Remarks: Margin is not separated from the va lve structure. Small 
spines present between the marginal striae. [pI. 1, fig. 13] 

Coscinodiscus symbolophonts Grunow: Schrader, 1973, p. 703, pI. 22, figs. 8, 9; Koizumi , 1986a, pI. 
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I, fig. 12. 
Coscillodiscus tempe rei Brun: Kana ya, 1959, p.84, pI. 4, fig.8; Koizumi, 1968, pI. 32, fig. 28. 
Crucidenficula punctala (Schrader) Akiba and Yanagisawa, 1985, p.487, pI. 2, figs. 8~ 14. 
Den/icu/opsis dim01plla (Schrader) Simonsen: Ak iba and Yanagisawa, 1985, p.448, pI. IS, figs. 1-

25, pl.16, figs. I- II ; Koizumi and Tanimura, 1985, pl.! , fig. I . [pl.I . figs. 4, 5] 
Den/ieu/opsis hus/ed/ii (Kanaya and Simonsen) Simonsen: Akiba and Yanagisawa, 1985, p.488, 

pl.l 7. figs. 4, 5, 7-23, pl.18, figs. 1- 10, pI. 19, fig5.1 -5; Koizumi and Tanimura, 1985, pI. I, 
figs. 7, 8. [pI. I, fig. 6] 

Den/ieu/apsis Ilya/ina (Schrader) Simonsen: Akiba and Yanagisawa, 1985, p.488, pl.IO, figs. 1-16, 
pI. 12, figs. 1-5; Koizumi and Tanimura, 1985, pl.!, fig. 3. [pl.l, fig.l ] 

Denticulopsis kafayamae Maruyama, 1984, p.158, pl.12, figs. 1-6, pl.17, figs. 1-23 ; Koi zumi and 
Tan;mu,a, 1989, pI. I , fig. 12. [pI. I, fig. 8] 

Dellticulopsis miocenica (Schrader) Simonsen: Akiba and Yanagisawa, 1985, p.489, pI. 10, figs. 
17-23, pI. 12, figs. 6-9; Tan;mu,a, 1989, fig. 3. 18, 19. 

Den/ieulopsis praedim01pha (Akiba ) Barron, 1981, p.529, pI. 4, figs. 8-10; Akiba and Yanagisawa, 
1985, p.489, pl.l3, figs. 1-28, pI. 14, figs. 1- 12; Koizumi and Tanimura, 1985, pI. 1, fig . 2. 
[pl.l , figs. 2, 3] 

Dellticulopsis sp.l: Synonym; Koizumi and Matoba, 1989, pI. I, fig. 13 an Denlicu/opsis sp. 
Remar ks ; This species has transitional features from D. /lUstedlii to D. katayamae which 
belong to a single evolutionary lineage. This species is simi lar to D. kafayamae but differs 
from it by having sporadical areolation on valve face. [pI. 1, fig. 7] 

Diploneis smithii ( Brebisson) Cleve: Hustedt, 1937, p.647, fig. 1051. 
Coniolilecium tanlle Brun: Koizumi , 1973b, p. 833, pl. 7, figs. 7-9. [pI. fig. 9] 
CrammatopllOJV. spp. Remar ks: At least the fo llowing species are represented but their occur· 

rences are not spec ifically tabulated; C. allglllosa Ehrenberg ( Hustedt , 1937, p. 39, fig. 564) , 
C. aretta/a Ehrenberg (Hustedt, 1937, p.42, fig. 567) and C. oceanica (Ehrenberg) Grunow 
(Hustedt, 1937, p.45, fig . 573) . 

fIemiaullls polymorpJltls Grunow: Hustedt, 1930, p. 880, fig . 525; Schrader, 1937, pI. 13, figs. 4-7. 
Hemidiscus ctmeiJormis Wallich: Kanaya , 1971, pI. 40.3, figs. 5, 6; Koizumi and Tanimura, 1985, 

pI. 5, fig. 12. 
Hyalodiscus sco/ic1(s (Kutzing) Grunow: Husted t, 1928, p.293, fig. 133. 
Kisseleuiella can'na Sheshukova-Poretzka ya , 1962, p.207, figs. 1, 2; Koizumi , 1973b, pI. 7, figs. 3,4 . 
Lithodesmium tozdula/um Ehrenberg: Hustedt, 1930, p.789, fig. 461 ; Hendey, 1964, p. 111 , pI. 6, 

fig. 6. 
Median'a splelldida Sheshukova- Poretzkaya, 1962, p. 210, figs. 2, 5; Koizumi, 1973b, pI. 7, figs. 5, 6. 
Nitzschia challengen' Schrader, 1973, p. 707, pI. 5, figs. 10-14, 34 ; Barron, 1980, pI. 2, fig. 10. 
N itzschia heteropolica Schrader, 1973, p.707, pl. 26, figs. 1, 2; Akiba , 1985, pI. 23, fig. 3. 
Nitzschia umaoieJlSis Akiba, 1985, p.440, pI. 23, figs. 1, 2. 
Odoniel/a aun'ia (Lyngbye) Agardh: Sancetta, 1982, p.234, pl. 3, fig9.11, 12; Koizumi, 1989, fig. 

23. 
Paralia sllicala (Ehrenberg) Cleve: Sancetta, 1982, p.235, pI. 3, figs. 13- 15; Koizumi , 1989, fig. 15. 
Pseudodimerogramma elegans Schrader in Schrader and Fenner, 1976, p.993, pI. 3, fig. 14. 
Pseudopodosira elegalls Sheshukova- Poretzka ya, 1964, p. 75, pI. 2, figs. 4, 5; Koizumi and 

T a nimura, 1985, pI. 4, fig. 10. 
Rhizosolell ia alala Brightwell: Hustedt, 1929, p. 600, fig. 345 ; Koizumi, 1975a, pI. 1, fig. 38. 
Rhizosolenia barboi ( Brun) Tempere and Peragallo: Schrader, 1973, pI. 24, figs. 4, 7. Synonym: 

Rhizosolellia cltrvirostn's v. inennis jouse, Koizumi , 1973b, pI. 5, figs. 32-33; Rhizosoleuia 
cltruirostris jouse, Koizumi, 1975a, pI. I, figs. 35-37. 

Rldzosolenia hebe/ala ( Bai ley) Gran f. hie11lalis Gran: Hustedt, 1929, p.590, fig. 337; Koizumi, 
1973b, pI. 5, figs. 34, 35. 

Rhizosolellia miocetlica Schrader, 1973, p.709, pLIO, figs. 2-6, 9- 11 ; Koizumi and Tanimura, 1989, 
pI. I , fig . 9. 

Rhizosolellia s/yliJonllis Brightwell: Hustedt, 1929, p.584, fig. 334; Koizumi , 1975a, pI. 1, fig. 33. 
Rhizosolenia spp. Remarks: Some species of Rhizosolenia are difficul t to identify precisely at pres· 

ent. 
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Rouxia caii/ornica Peragallo: Schrader, 1973, pI. 3, figs. 18-20, 22, 26; Koizumi and Tanimura, 
1985, pI. I, fig. 21. 

Rouxia dip/oneis Schrader, 1973. p.710, pI. 3, figs. 24, 25. 
RotL'(;ia lIoviculoides Schrader, 1973, p.71O, pI. 3, figs. 27-32; Koizumi and Matoba, 1989, pI. 1, fig. 

6. 
Roltxia yabei Hanna: Schrader, 1973, pI. 3, figs. 21, 23: Koizumi and Tanimura , 1985, pI. 1, fig. 20. 
Stephanogollia honzawae Kanaya, 1959, p.118, pI. 11, figs. 3-7; Koizumi, 1968, pI. 35, figs.3a-4. 
Stephanopyxis megapora Grunow, Hustedt, 1928, p.307, fig. 146. 
Stephallopyxis schenck;; Kanaya, 1959, p.67, pI. 2, figs. 2-4; Koizumi, 1968, pI. 35, figs.5a -6b. 
Stephonopyxis turn"s CGrevilie and Arnott) Ralfs: Koizumi, 1973b, pI. 6, figs. 13- 16. [pl.l, fig. IS] 
Stephanopyxis spp. Remarks: Spec ific ident ification is not possible at present. 
Synedra jouseana Sheshukova~Poretzkaya, 1962. p.208. fig. 4; Koizumi . 1973b. pI. 6, fig. 17. 
Thalassiollema hirosakiensis (Kanaya ) Schrader, 1973, p. 711 , pI. 23 , figs. 31 ~33; Koizumi and 

Matoba, 1989, pI. I , fig. 8. [pI. I , fig. 10] 
Thalassionema nitzschioides (Grunow) H. and M. Peragallo: Sancetta 1982, p.239, pl.4, figs. ll ~ 

13; Koizumi and Tanimura, 1985, pI. 6, fig. 10 as T. nitzschioides Grunow. Remarks: No 
attempt was made to separate several varieties of this species (see Koizumi I 973b, p.833) . 
[pI. I, fig. 16] 

Thalassiosira leptopus (Grunow) Hasle and Fryxell, 1977, p.20, figs. 1- 14 ; Koizumi, 1989, fig. 10. 
Thalassiosira manifesta Sheshukova- Poretzkaya, 1964, p.72, pI. 1, figs. 6, 7; Koizumi, 1968, p.218, 

pI. 35, figs. 16, 17. 
Tltalassiosira mantjamica Sheshukova- Poretzkaya, 1959. p.41, pI. 1, fig. 7; Akiba, 1985, p.446. pI. 

13, figs. 1- 7. 
Thalassiosira sp. 1 Barron, 1980, p.673, pI. 5, figs. 6, 7; Koizumi and T an imura, 1985, pI. 4, figs. 

1-3. 
Thalassiolluix IOl1gissima (Cleve) Cleve and Grunow: Hasle and Mendio la , 1967, p. 114, fig. 20; 

Koizumi , 1968, pI. 35, fig. 29, Sancetta, 1982, p.245, pI. <.. , figs. 3,4. 
TriceraLium condecorum Brightwell: Hanna, 1932, p.221, pI. 17, figs. 1, 3; Schrader, 1973, pI. 12, 

fig. 9. 
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Explanation of Plate 1 
Magnifications are x1500 
Fig. 1 Denliculopsis hyoiina (Schrader) Simonsen, Sample 116 of the Oiwake Formation, Kuri· 

yama. 
Fig. 2 Den/jell/opsis praedimolpha (Ak iba ) Barron, Sample 115 of the Oiwake Formation, Kuri -

yama. 
Fig. 3 Dellliculopsis praedimot1Jha ( Ak iba ) Barron, Sample 85 of the Oiwake Formation, Kuri-

yama. 
Fig. 4 Denticulopsis dimOJpha (Schrader) Simonsen, Sample 118 of the Oiwake Formation, Kuri · 

yama. 
Fig . 5 Dellticu/opsis dimolpha (Schrader) Simonsen, Sample 117 of the Oiwake Formation, Kuri· 

yama. 
Fig. 6 Denticulopsis flUsted/if (S imonsen and Kanaya ) S imonsen, Sample 85 of the Oiwake Forma-

tion, Kuriyama. 
Fig. 7 Denticulopsis sp. 1, Sample 117 of the Oiwake Formation, Kuriyama. 
Fig. 8 Denlicuiopsis kaiayamae Maruyama, Sample 117 of the Oiwake Formation, Kuriyama. 
Fig. 9 Goniothecium lenue Brun, Sample I1 7 of the Oiwake Fonnation, Kuriyama. 
Fig . 10 TllOlassioJlema hirosakieusis (Kanaya) Schrader, Sample 118 of the Oiwake Formation, 

Kuri yama. 
Fig. 11 Coscillodiscus flexuosus Brun, Sample 14 of the Kushigata Formation, Tajiri. 
Fig. 12 Coscillodiscus eiegans Greville, Sample 117 of the Oiwake Formation, Kuriyama. 
Fig. 13 Coscinodiscus plicalus Grunow, Sample 15 of the Kushigata Format ion, Tajiri. 
Fig . 14 Coscillodiscus marginalus Ehrenberg, Sample 85 of the Oiwake Format ion, Kuriyama. 
Fig. 15 Slephallophyxis turn's (Greville and Arnott) Ralfs, Sample 117 of the Oiwake Formation, 

Kuriya ma. 
Fig. 16 Thatassiollema nitzschioides (Grunow) H. and M. Peraga llo, Sample 16 of the Kushigata 

Format ion, Tajiri. 
Fig. 17 A ctillocyclus illgells Rattray , Sample 116 of the Oiwake Formation, Kuriyama. 
Fig. 18 A clhlOPlyc/lUs senarius (Ehrenberg) Ehrenberg, Sample 85 of the Oiwake Fonnation, Kuri· 

yama. 
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