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on the Pacific Side of Northeast Japan,
with Reference to DSDP Hole 438A (Part1)*

Toshiaki Maruyama**

ABSTRACT

Taxonomic investigations of the genus Denticulopsis are attempted through observations
aided by both optical and scanning electron microscopes. Species belonging to the genus
Denticulopsis are classified into six groups on the basis of structure of the valve face and the
presence or absence of secondary pseudosepta. A new taxonomic formulation is proposed in
order to describe a diatom frustule and its components by taking representative Denticulopsis
species. A comparative study of morphology of D. praedimorpha and D. dimorpha indicates
that a structural difference of the connecting band provides the most easily recognizable character
to differentiate these two species. Three trends in the morphological development of this genus
are discussed. A new diatom species Denticulopsis katayamae is described and this species has
been found to be useful for biostratigraphic studies of Miocene sequences of Northeast Japan.
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INTRODUCTION

Studies of diatom in the North Pacific
region have progressed rapidly in recent
years and have provided a powerful tool
in establishing biostratigraphy of Neo-
gene deposits (e.g. Schrader, 1973a;
Koizumi, 1973a, 1975a, b, ¢, d, 1977a,
1980a ; Burckle and Opdyke, 1977 ;
Barron, 1980, 1981). For low latitu-
dinal regions, diatom zonation proposed
by Burckle (1972, 1977) has widely been
accepted and for high latitudes that of
Koizumi (1973a, 1975d, 1977a) has
shown to be readily applicable. A cor-
relation of several diatom events with

paleomagnetic epochs has been attemp-
ted both in low (Burkle, 1972) and high
latitudes (Donahue, 1970 ; Koizumi,
1975¢, 1977b ; Koizumi and Kanaya,
1976 ; Barron, 1980).

In the northwestern Pacific region,
Koizumi (1975d, 1977a) has established a
diatom zonal scheme for the Miocene to
Quaternary interval. Independently,
Akiba (1977a, 1979, 1982a, b, ¢) proposed
his zonation on the basis of some new
Denticulopsis species which were erected
by himself. However, a correlation bet-
ween these two zonations has shown to

*

This work will be published in two parts.

The first part largely contains taxonomic notes on the

diatom genus Denticulopsis. A complete bibliography covering all the literatures referred to both in

the first and second parts appears in the first part.

The second part also in the Science Reports will

include discussions on diatom biostratigraphy and correlation of Miocene sequences based on strati-

graphically important diatom taxa.
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be rather difficult because their zonations
were initially established on the basis of
a composite stratigraphic sequence.

The Japan Trench transect of the Deep
Sea Drilling Project (Legs 56 and 57,
1977) has provided excellent reference
sections for Miocene diatom biostrati-
graphy. Based on DSDP cores from Leg
57 Barron (1980) refined the diatom
zonation of Koizumi (1973a, 1975d) for
the Middle Miocene through Quaternary
interval, and applied his refined zonation
to Neogene sections in and off California
(Barron, 1981 ; Keller and Barron, 1981 ;
Poore et al., 1981). Through works of
these authors, Miocene diatom biostrati-
graphy 1is rapidly approaching to 1its
completion for the North Pacific region.

The main purposes of this paper are :

1) Taxonomic evaluation of the
genus Denticulopsis ;

2) Determination of the stratigraphic
ranges of diatom species, paying a special
attention to stratigraphic distribution of
the genus Denticulopsis ;

3) Selection of diatom events useful
for long-range correlation of Miocene
sequences distributed on the Pacific side
of northeast Honshu, Japan;

4) Establishment of biostratigraphic
zonation based on these events ;

5) Intra-regional correlation of the
biostratigraphic sequences established
for the Pacific side of northeast Japan ;

6) Correlation of the zones proposed
by the present author with those of
previous authors.

The present paper deals with Miocene
sequences distributed in eight separate
areas on the Pacific side of Northeast
Honshu, Japan. These are: Sannohe,
Ichinoseki, Sendai, Takahagi, Hitachi,
Hitachiota, Nakaminato, and Usuitoge
areas from north to south (Fig. 1), and

e
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Fig. 1. Map showing the studied area.
Open circles indicate discussed areas
which yield plentiful diatoms. Black
circles indicate undiscussed areas which
yield poor diatoms.

the sequence recovered from DSDP Hole
438A during Leg 57 off Northeast
Honshu, Japan. These areas are chosen
because lithostratigraphy is well establi-
shed and marine deposits yield diatoms
nearly continuously.

In order to establish a correlation
between Miocene marine deposits distri-
buted on the Pacific side and those on
the Japan Sea side, preliminary examin-
ations were made by studying inland
sedimentary basins of Shinjo (Sato,
1981MS), Aizu (Maruyama, unpublished
data), and Takasaki (Takayanagi et al.,
1967). Marine deposits of these basins,
however, yield diatom fossils so poorly
that diatom biostratigraphy cannot be
established (Fig. 1). Furthermore, a
direct correlation of the diatom zones
with calcareous microfossil zones was
attempted by examining rock samples
collected by Oda (1977) from the Boso
Peninsula, but these samples yielded
only rare and fragmental diatom speci-
mens.
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METHODS

Cleaning and preparation of slides

Samples (about 1.0 g each) from dried
sediment cores and sedimentary rocks
(about 5.0 g) from land exposures are
placed in an oven for 12 hours at 60°C of
temperature. Then, those sediment
samples are placed in a 200 ml beaker,
and a 50 ml boiling hydrogen peroxide
solution (H,0,, 159%) i1s added. The
peroxide will disaggregate those sedi-
ment samples into small pieces and oxi-
dize organic material. The peroxide-
immersed sample is then boiled for about
20 minutes until all effervescence stops.
A 10 ml hydrochloric acid solution (HCI,
109;) is then added to dissolve any car-
bonates present in the samples and boil-
ing is resumed for about 20 minutes.

Upon cooling, the beaker is filled with

distilled water. After 10 seconds, clastic
grains and volcanic glass will settle on
the bottom of the beaker. All the sus-
pended matters will be separated for
diatom analysis. The beaker containing
the suspended matters 1s kept at room
temperature for 3 hours. Water with an
excess acld solution and suspended clay
minerals is decanted off, and the residue
is re-stirred with addition of distilled
water. The procedure of stirring and
decanting off suspended matters is repea-
ted at least 10 times.
The sodium pyrophosphate method is
not adopted in order to prevent smaller
diatom valves from dissolution. The
final residue 1s diluted with distilled
water to make a 10 ml volume and stored
in a plastic vial.

The vial is shaken carefully, and out
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of the middle of the vial a few drops are
taken by using a straw and they are
diluted moderately with addition of
distilled water in a test tube. Out of
that split about 0.5 ml is obtained by the
same straw, placed on a cover glass of
18 X 24 mm, and dried on a hot plate at
50°C. Three subsamples are prepared
from each sample. After drying, three
drops of Pleurax dissolved in methyl
alcohol are added onto the cover glass,
which is then heated for a few minutes at
a temperature of 100°C. Finally, the
cover glass is carefully mounted on a
slide.

Identification and counting

Counts are made on each slide using a
100 x oil immersion objective and a 15X
eyepiece. This optical set allows a micro-
scopical field measuring 150 gm in dia-
meter. Some traverses are laid across
the middle of the cover glass and every
diatom valve retaining more than half of
a valve is counted as a specimen. Speci-
mens of such pennate diatoms as Denter-
culopsts, Thalassionema and Thalas-

sitothrixz are counted as one specimen
when a complete valve or a set of two
broken polar ends are found. No count
was made on resting spores. All the
diatom species encountered along an
optical traverse are identified and
counted until a total of 200 valves or
more are identified.

Frequencies of various taxa in a given
sample are plotted in the distribution
charts. Estimates for diatom preserva-
tion are made by considering the degree
of destruction and dissolution of valves,
and are expressed as follows ; G for good,
M for moderate, P for poor and DP for
dissolved poor. Overall abundances are
expressed by the number of traverses
made to examine up to 200 specimens, or
by such index letters as A ( abundant;
more than 100 specimens per traverse), C
(common ; less than 100 specimens per
traverse) and R (rare ; several specimens
per traverse).

Inarticulated components of the fru-
stules of Denticulopsis praedimorpha and
D. dimorpha are separately counted and
presented in Tables 3-8.

TAXONOMIC NOTES ON THE DIATOM GENUS DENTICULOPSIS

Six groups of Denticulopsis

Many species have been proposed since
Simonsen and Kanaya (1961) made their
taxonomic investigations of the genus
Denticula and clarified biostratigraphic
significance of several marine species
assigned to this genus. Later Simonsen
(1979) transferred marine planktonic
species from that genus to his new genus
Denticulopsis, in which he recognized 15
taxa. Since then, various workers pro-
posed additional taxa for this genus.

Akiba (1977a, 1979) proposed, though
invalidly, four species of Denticulopsis,
namely D. tkeber, D. kanayae, D. parani-
cobarica, and D. praedimorpha. The
last named species was recently validat-
ed by himself (Akiba, 1982b). Barron

(1980) carefully distinguished D. cf.
kamtschatica from D. kamtschatica s.s. in
the material from DSDP Leg 57 off
northeast Japan. Koizumi in Taka-
yama et al. (1979) informally named D.
praelauta for forms occurring before the
first appearance of D. lauta in the Noto
Peninsula, Japan. Barron (1980) and
Akiba (Akiba et al., 1982a, b) also paied
attention to the same form which prece-
des D. lauta s.s. and called it D. cf lauta
and D. sp. A, respectively.

In the present study, two forms D.
hustedtir (elliptical form) and D. nicoba-
rica var. 1, are found to be distinct from
other known taxa. The former differs
from D. hustedtiz s.s. in the disparity of
the ratio between length and width, and
the latter 1s discriminated from D. nico-
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Table 1. List of all taxa belonging to
the genus Denticulopsts

~ SIMONSEN (1979)
. D. dimorpha

hustedtii

hustedtii var. ovata

hyalina

kamtschatica

lauta

lauta var.ovata

maccollumii

miocaenica

nicobarica

norvegica

punctata

punctata f. hustedtii

seminae

. seminae f. fossilis

© 003U WN

SRR R T

10.
11.
12,
13.
14.
15.

r AKIBA (1977a, 1979, 1982b)
16. D. ikebei

17. D. kanayae

18. D. paranicobarica

19. D. praedimorpha

~ MARUYAMA (this paper)
20. D. katayamae n. sp.
21. D. hustedtii (elliptical form)
22. D. nicobarica var. 1

23. D. praelaute Koizumi; Takayama et al., 1979
23'. D. cf. lauta Barron, 1980
23". D. sp. A Akiba; Akiba et al., 1982a, b

[ 24. D. cf. kamtschatica Barron, 1980 ]

barica s.s. by the presence of secondary
pseudosepta. Furthermore, D. Fkata-
yamae is newly proposed.

Thus, at present the genus Denticulop-
sts holds 24 taxa including 16 formally
described, four invalidly proposed, one
new and three taxa under consideration.
These taxa are summarized in Table 1.

By considering the valve face
characters and taking into account the
absence or presence of secondary pseudo-
septa, the present author classifies 24
taxa of the genus Denticulopsis into six

species groups (Table 2).

Short explanations for each of the
groups are given below and the group
name comes from the most typical taxon
present.

1. Denticulopsis katayamae group :
Represented by D. katayamae only,
characterized by the hyaline valve face
and the presence of secondary pseudo-
septa.

2. Denticulopsis hyalina group :
Characterized by the hyaline valve face
and the absence of secondary pseudo-
septa.

3. Denticulopsis hustedtis group :
Characterized by the finely punctate
valve face and the presence of secondary
pseudosepta. D. hustedtiz is the genero-
type (Simonsen, 1979).

4. Denticulopsis lauta group : Chara-
cterized by the finely punctate valve face
and the absence of secondary pseudo-
septa.

5.  Denticulopsis punctata forma hus-
tedtiz group : Characterized by the
coarsely punctate valve face and the
presence of secondary pseudosepta.

6. Denticulopsis mnicobarica group :
Characterized by the coarsely punctate
valve face and the absence of secondary
pseudosepta.

With regard to Table 2, some discus-
sions will be helpful to clarify views
expressed by previous authors.

Table 2. Classification of the genus Denticulopsis

valve face . punctate
secondary hyaline
pseudosepta finely coarsely
D. katayamae D. hustedtii D. punctata f. hustedtii
D. hustedtii var. ovata
present D. hustedtii (elliptical form) D. nicobarica var, 1
D. seminae
D. seminae f. fossilis
D. hyalina D. lauta D. punctata
D. maccollumii D. lauta var. ovata
D. miocaenica D. nicobarica
D. dimorpha D. paranicobarica
D. praedimorpha
absent D. ikebei
D. praelauta
(D. cf. lauta, D. sp. A) D. kanayae
D. kamtschatica D. norvegica
D. cf. kamtschatica
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(1) Simonsen and Kanaya (1961) and
Schrader (1973b) pointed out that, in
some instances, D. kamtschatica develops
short secondary pseudosepta. Since
their claims have not been documented
by later wokers, however, it seems rea-
sonable to include D. kamtschatica into
the D. lauta group.

(2) On the basis of descriptions made
by McCollum (1975) and Schrader
(1976), D. maccollumiz is included in the
D. hyalina group, though the present
author has so far had no chance of
making direct examination of the spe-
cies.

Formulation of Denticulopsis mor-
phologies

A diatom frustule consists basically of
two thecae, an epitheca and a hypotheca.
A theca is divided into two components,
valve and cingulum. The combination
of an epicingulum and a hypocingulum
is known as a girdle. The relationship
of these components can be expressed by
the following formulas.

Diatom frustule

=epitheca+hypotheca
= (epivalve+epicingulum)

+ (hypocingulum

+hypovalve) ............ (1)
=epivalve+ girdle+hypovalve

A frustule of the genus Denticulopsis is
similarly formulated within the limits
set forth- by the present investigation
aided by optical and scanning electron
microscopes. Furthermore, it should be
noted that a cingulum of Denticulopsis
theca consists of a single connecting
band (Simonsen, 1979; Akiba, 1982b).
Consequently, the following equation
can be derived from the above-mention-
ed equation (1).

Denticulopsis

—epivalve+epi-connecting band
+hypo-connecting band
+hypovalve .............. (2)

It is impossible, however, to discrimi-
nate the epi-component from the hypo-
component in practice, because each

component usually occurs as a dis-
articulated specimen. HEven if an articu-
lated frustule is present in fossil assem-
blages, it is not possible to differentiate
them with the aid of a light microscope.
Therefore, a realistic equation will be
written as follows (Figs. 2, 3).
Denticulopsis
=valve + connecting band
+ connecting band+valve
=V+B+B+V ... (3)
If the forms of septum and connecting
band and ornamentation on the thecal
junction are emphasized during the
modeling of a frustule, the equation (3)
will be reformulated as follows.
Denticulopsus
=Vx+By /z/ By+Vx ...... (4)
where x is the form of septum, y is the
form of connecting band, and /z/ is
ornamentation on the thecal junction.
Some representative species of the
genus Denticulopsis are expressed by
using this equation (4) as follows:
D. katayamae
=Vt+Boo /s/ Boo+Vt
D. hustedtu
=Vt+Boo /s/ Boo+Vt
D. hyalina
=Vt+Boo /s/ Boo+Vt

valve face punc tum

V

foramen

ﬁ foramen
Y

cross bar

valve mantle {

Fig. 2. Schematic drawing of components of
Denticulopsis frustule.
V: valve, B connecting band.
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raphe

pseudoseptum

marginal rib-like wall-thickening

septum

Fig. 3. Schematic drawing of valve of Denticulopsts.

D. lauta
=Vt+Boo /s/ Boo+Vt
D. nicobarica
=Vt+Boo /s/ Boo+Vt
D. praedvmorpha (isovalvate)
=DVt+DBco /s/ DBco+DVt
(general case)
=DVt+DBco /w/ DBco+ DVt
(very rare case)
D. praedimorpha (heterovalvate)
=DVt+DBco /d/ SB+4SVs
D. dimorpha (1sovalvate)
=DVn—+DBee /s/ DBec+DVn
D. dimorpha (heterovalvate)
=DVn+DBcec /d/ SB+SVs
where the type of valve (V) is expressed
as follows :
Vt: valve with a septum bearing tsu-
zumis*
Vs: valve with a septum bearing no
tsuzumis
Vn: valve without a septum
DV : deeper valve of deeper theca
SV : shallower valve of shallower
theca
where the form of connecting band (B) is
expressed as follows :
Boo : open connecting band with open
foramina
Bco: closed connecting band with
open foramina
Bee: closed connecting band with
closed foramina
DB : deeper connecting band of deep-

er theca
SB : shallower connecting band of

shallower theca
where ornamentation on thecal junction
(/ /) 1s expressed as follows:

/s/ : solid line

/d/ : dotted line

/w/: wavy line

However, the D. nwcobarica and D.
punctata var. hustedtys groups are not
examined in detail in this study. A
review of the formulas thus obtained will
lead to the following conclusions:

(1) D. katayamae, D. hustedtei, D.
hyalina, D. lauta, and D. nicobarica
produce isovalvate frustules only. The
structure of these frustules is basically
the same in all of these species (Fig. 4).

(2) D. praedvmorpha and D. dimor-
pha produce both isovalvate and hetero-
valvate frustules from deeper thecae and
shallower thecae (Figs. 4,5). The deep-
er thecae of these two species have a very
similar appearance, but differ structural-
ly as discussed in the next paragraph.
The structure of their shallower thecae is
also presumed to be the same in these
two species, though the structure of the
shallower connecting bands has yet to be
examined in detail.

Comparative morphology of D. prae-
dimorpha and D. dimorpha

The purpose of this paragraph is to

*

See definition given on p. 150.
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Fig. 4. Schematic drawing of some Denticulopsis species. G ; frustule in girdle view. V; valve
bearing septum in valve view. C; connecting band in valve view. D; deeper valve
bearing septum in valve view. $; shallower valve bearing septum in valve view.

describe in detail comparative morpho-
logy between D. praedimorpha and D.
dimorpha. These two species had been
identified as D. lauwta until Schrader
(1973a, b) proposed a new species D.
dimorpha. Recently, Akiba (1979,

1982b) separated D. praedimorpha from
D. dimorpha by emphasizing a strati-
graphic significance of his species. Koi-
zumi (1982) pointed out that the taxono-
mic definition of these two species is
vague, although they are very important
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(LD

4 5

Fig. 5. Variations in frustules of D. praeds
morpha and D. dimorpha.
1, 2, 3. Denticulopsis praedimorpha
1, heterovalvate frustule with dot-
ted thecal junction.
2, isovalvate frustule with straight
thecal junction.
3, isovalvate frustule with wavy
thecal junction.
4, 5. Denticulopsis dimorpha
4, Theterovalvate frustule with dot-
ted thecal junction.
5, isovalvate frustule with straight
thecal junction.

speces for establishing diatom biostrati-
graphy in the North Pacific.

(1) Valve

a. Valve face: No clear distinction is
present between D. praedimorpha and D.
dvmorpha. Transapical striae are finely
punctate. Puncta seem to arrange in
quincunx in light microscope (LM)
observations. Scanning electron micro-
scope (SEM) observations show that the
puncta are irregularly dispersed on the
valve face, but they tend to arrange in
transapical rows. There is no regularity
in the arrangement of transapical rows.
The valve face is hyaline on every pseu-
doseptum.

b. Valve mantle: No clear distinc-
tion is present between these two species.
The valve mantle is a meshwork consis-
ting of very fine puncta. Puncta are
closely packed between pseudosepta.
The surface of pseudoseptum and valve
mantle on the valvar suture side 1is
hyaline and smooth.

c. Kdge of valve face/valve mantle :
Edge 1s hyaline and smooth in these two

species.

d. Pseudoseptum : The primary
pseudosepta are present, but the secon-
dary pseudosepta are absent in these two
species. An apical pseudoseptum locat-
ed between the apex and primary pseu-
doseptum on the most apical side, is
distinguished herein for the first time.
The apical pseudosepta appear to tra-
verse the apical foramen of the connect-
ing band, when the deeper theca is
examined with an optical microscope in
a valve view position. It should be
pointed out that the deeper valve of D.
praedvmorpha has two apical pseudo-
septa at each apex, although Akiba
(1982b) regarded them to be the secon-
dary pseudosepta. The secondary pseu-
dosepta as used in this work denote those
between the two primary pseudosepta.
The deeper theca of D. dimorpha has an
apical pseudoseptum at each apex. The
shallower valves of both D. praede-
morpha and D. dvmorpha generally have
no apical pseudoseptum. The presence
of apical pseudosepta is confirmed in D.
hustedtir, D. katayamae, D. hyalina, and
D. lauta as well.

e. Marginal rib-like wall-thicken-
ing : These two species have a marginal
rib-like wall-thickening between the
pseudosepta of the deeper and shallower
valves. Marginal ribs are easily distin-
guishable in LM observations, but are
puzzled during SEM observations
because of the hindrance by a septum 1n
inner valve view.

f. Raphe: The raphe is present
beneath the valve wall, along the valve
face edge both in D. praedimorpha and
D. dimorpha. The raphe is easily dis-
tinguishable in LM observations, but is
hardly visible in SEM observations due
to the presence of septum in inner valve
view. The structure of raphe could not
be determined precisely in this study.
The raphe branches out at each apex.
The branching-out part of the raphe is
named apical branching in the present
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paper. The presence of the apical bran-

ching is confirmed in D. hustedtiz, D.
katayamae, D. hyalina, and D. lauta as
well (Fig. 3).

(2) Septum

It i1s difficult in LM observations to
grasp structural details of septum.
From SEM observations of the inner
valve view, however, it 1s concluded that
there 1s a clear-cut distinction between
the septa of these two species in regard to
the presence or absence of tsuzumi, a new
term for diatom morphology.

Tsuzumi (pl. tsuzumis): A siliceous
process with a smooth surface is well
visible on the cross bar in inner valve
view SEM observations (Fig2). The
function of the tsuzumis is to couple the
septum to a connecting band. An out-
line of tsuzumi in valve view is similar
to a bow tie or a hourglass. In LM
observations, a tsuzumi would appear in
silhouette in valve view in the form of a
bow tie. The spacing of tsuzumis cor-
responds to that of primary pseudosepta
in all the species belonging to the genus
Denticulopsis. The term tsuzumi 1s
adopted from the outline of a hand-
drum, traditional percussion instrument
in Japan.

a. Septum of D. lauta : The tsuzu-
mis occur on all the cross bars. Subel-
liptical foramina are bound by two cross
bars. A frustule of D. lauta has two
septa having an identical form. Such
species as D. katayamae, D. hustedtrr, D.
hyalina, and D. nicobarica all possess
two septa having the same structure.

b. Septum of D. praedimorpha :
Both deeper and shallower thecae have
septa of a peculiar outline. The tsuzu-
mis are present on a septum of the deeper
valve. If two tsuzumis are present on
both sides of a central foramen, cross bars
having no tsuzumis will appear directly
opposite to apical pseudosepta. When a
septum develops more than four tsuzu-
mis, such a septum would hold cross bars

always bearing tsuzumis. Therefore,

apical pseudosepta seem to traverse
aplcal foramina. A septum of the shal-
lower valve possesses cross bars and
subelliptical foramina, but bears no
tsuzumis.

c. Septum of D. dimorpha: The
deeper theca of D. dvmorpha develops no
septum, although the possession of the
septum 1s one of the most characteristic
feature of the genus Denticulopsts. The
shallower valve has a septum bearing no
tsuzumis as was the case of the shallower
valve of D. praedvmorpha. According-
ly, there is no morphological basis to
distinguish the shallower valve of D.
dimorpha from that of D. praedimorpha.

(3) Connecting band

The connecting bands of D. lauta, D.
praedimorpha and D. dimorpha are easi-
ly distinguished by their distinet mor-
phological characteristics.

a. Connecting band of D. lauta:
The connecting band is weakly silicified
and open at one end. Cross bars or
teeth-like extensions are not present, so
that foramina are connected to form one
open space (Fig.4). These features are
common to the connecting bands of D.
katayamae, D. hustedtis, and D. hyalina.

b. Connecting band of D. praedimor-
pha : The connecting band of the deeper
theca is closed, strongly silicified, thick
and well developed. Some pairs of the
teeth-like extensions (Akiba, 1982b) are
present in a transapical direction. The
arrangement of these pairs corresponds to
that of the tsuzumis. At both apices,
inner protuberances are present and show
up well as triangular silhouettes in the
girdle view of LM observations. Ellip-
tical foramina are connected with each
other. Apical foramina are bigger than
other more-centrally located foramina.
The margin of the connecting band
which face another connecting band is
either flat or pleated. This character
has an important bearing upon the
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appearance of thecal junction in trans-

mitted light. The morphology of the
connecting band of the shallower theca
has not been studied in detail. Accord-
ing to Akiba (1982b), the connecting
band of the shallower theca is open with
a row of distinct puncta along its margin
facing another connecting band.

c. Connecting band of D. dimorpha :
The connecting band of the deeper theca
is closed, heavily silicified, thick and
well developed. Some cross bars are
present in a transapical direction, and
their arrangement correponds to that of
the primary pseudosepta. At both
apices, inner protuberances are present,
well seen as semicircular silhouettes in
the girdle view of LM observations.
Elliptical foramina are closed between
cross bars (Fig. 4). Two apical foramina
are present. The margin of the connect-
ing band facing another connecting band
1s either flat or wavy. This character
has an important bearing upon the
appearance of thecal junction in trans-
mitted light. The connecting band of
shallower theca is not morphologically
studied in detail. Taking all the results
of LM observations into consideration,
the connecting band of the shallower
theca appears to have the same structure
as that of D. praedimorpha.

(4) Spots along valvar suture in girdle
View.

In the deeper theca of both D. praeder-
morpha and D. dimorpha, some black
spots are visible along the valvar suture
in girdle view (Figs. 4,5). In D. praeds-
morpha, the spot 1s actually a silhouette
formed by the combination of both a
tsuzumi and a pair of teeth-like
extensions of the connecting band. On
the other hand, in D. dimorpha, one
black spot is a silhouette of one cross bar
of the connecting band, because the
septum is not present in the deeper valve.

In some cases, smaller spots are visible
further out of a row of the black spots.

In D. praedimorpha, this smaller spot is a

silhouette of both a rudimentary tsuzumi
and a undergrown teeth-like extension.
In D. dvmorpha, this smaller spot is a
silhouette of a rudimentary cross bar of
the connecting band.

Some black spots are also visible along
the valvar suture in the girdle view in D.
hustedtiz, D. katayamae, D. hyalina, and
D. lauta (Fig.4). These are silhouettes
of both the connecting bands and tsuzu-
mis.

Variations in the deeper thecae of D.
praedimorpha and D. dimorpha

This paragraph intends to establish
variations in the structure of the deeper
thecae of both D. praedvmorpha and D.
dvmorpha and to investigate their strati-
graphic distributions in DSDP Hole
438A and the Sannohe area.

1. Successive variations

Considering all the characters observ-
ed by using a light microscope, it is clear
that the deeper thecae and their elements
can be arranged according to the number
of intervals between pseudosepta and the
number of foramina in the connecting
bands excluding apical foramina.

(1) General cases

The deeper theca and its components
can be expressed by the following terms.
Bm-type : connecting band bears m for-
amina in the valve view except for api-
cal foramina.

Gm-type: deeper theca possesses Bm-
type connecting band as seen in girdle
view.

Vn-type: valve develops n intervals
between pseudosepta in the valve view.
In D. demorpha, n 1s the number of all
the intervals present between primary
pseudosepta. In D. praedimorpha, n is
the total number of intervals present
between all the pseudosepta.

Both m and n are natural number.

The relation of these terms can be
expressed in the following equation :

Gm=Vn+Bm
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In D. praedimorpha, the relation bet-

ween m and n 1s generally written as,
n=m-+4

and in some cases (e.g. Pl. 19, fig. 9), as
n=m-+2

In D. demorpha, this relation is

n=m

(2) Particular cases

If the rudimentary cross bars or rudi-
mentary teeth-like extensions are pre-
sent in the deeper connecting band, the
deeper theca and connecting band can
expressed as follows, although the valve
as seen in valve view can be written by
the Vn-type equation.

Bma-type : connecting band develops
m foramina and a rudimentary cross bar,
or one or two rudimentary teeth-like
extensions at either apex (e.g. Pl. 18, figs.
9, 15, 16).

Bama-type : connecting band develops
m foramina and a rudimentary cross bar,
or one or two rudimentary teeth-like
extensions at each of the apices (e.g. PL
18, figs. 22, 23, 24).

Gma-type : deeper theca possesses
Bma-type connecting band as seen in
girdle view.

Gama-type : deeper theca possesses
Bama-type connecting band as seen in
girdle view.

For a precise modeling of the deeper
theca of D. praedvmorpha, the structure
of septum must be clarified and express-
ed by similar terms to those used for
other components. However, further
studies are required to elucidate combi-
nations of all the components.

2. Combination of the deeper valve

and deeper connecting band

Results of observations during the
course of this study, as described above,
are summarized in Fig. 6. In every
sketch of Fig. 6, the deeper theca as seen
in girdle view is drawn to the left, and
the deeper connecting band as seen in
valve view to the right. Combinations
of the deeper valve and deeper connect-
ing band can be seen in each sketch. A
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Fig. 6. Variations in the deeper thecae of D.
praedimorpha and D. dimorpha.

few examples will be given to provide a

better understanding.

Sketch 2 in Fig. 6 : The deeper theca
of D. praedvmorpha as seen in girdle view
has four black spots along the valvar
suture (left-hand side). From this char-
acter, it is judged that this specimen has
four tsuzumis in its septum, seven inter-
vals between pseudosepta, and contains a
connecting band bearing three foramina
except for apical foramina (right-hand
side). Therefore, this deeper theca as
seen in girdle view i1s named G3-type,
and the deeper connecting bands B3-
type. The deeper theca as observed in
valve view is named V7-type.

Sketch 5 in Fig. 6 : The deeper theca
of D. demorpha as seen in girdle view has
four black spots along the valvar suture
(left-hand side). From this character, it
is judged that this specimen has four
primary pseudosepta and one apical
pseudoseptum at each apex, and contains
connecting band bearing three foramina
excluding apical foramina (right-hand
side). Therefore, this deeper theca as
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seen in girdle view is called G3-type,
and the deeper connecting band B3-
type. The deeper theca as observed in
valve view is called V3-type.

Sketch 6 in Fig. 6: The deeper theca
of D. dimorpha as seen in girdle view has
four black spots and a smaller spot along
the valvar suture (left-hand side).
From this character, it is judged that this
specimen has four primary pseudosepta
and one rudimentary pseudoseptum, and
contains connecting band bearing four
cross bars and one weakly silicified cross
bar (right-hand side). Therefore, this
deeper theca as seen in girdle view is
named G3a-type, and the deeper con-
necting band B3a-type. The deeper
theca as observed in valve view is named
V4-type.

Sketch 8 in Fig. 6: The deeper theca
of D. dimorpha as seen in girdle view has
four black spots and two smaller spots
along the valvar suture (left-hand side).
From this character, it is judged that this
specimen has four primary pseudosepta
and two rudimentary pseudosepta, and
contains connecting band bearing four
cross bars and two rudimentary cross
bars (right-hand side). Therefore, this
deeper theca as seen in girdle view is
called Ga3a-type, and the deeper con-
necting band Ba3a-type. The deeper
theca as observed in valve view is called
V5-type.

3. Stratigraphic distribution of vari-

ations

The stratigraphic distribution of each
variation type of D. praedimorpha are
examined in DSDP Hole 438A (Table 3)
and the Kawaguchi section in the San-
nohe area (Table4). The same varia-
tion in D. dimorpha are studied in DSDP
Hole 438A (Table 5), and the Shitazaki
section (Table6) and the Yachizawa
section (Table 7), both in the Sannohe
area.

As a matter of fact, it is a time-con-
suming task to distinguish a deeper valve
from a shallower valve in valve view.
Therefore, both the deeper and shallower
valves are counted in making no distine-
tion and expressed as the same term of

Table 3. Biostratigraphic distribution of
Denticulopsis  praedimorpha in DSDP
Hole 438A, core 66 through core 62

66 65 65 65 64 64 64 62
CORE 15 3 1 5 3 1 1

118 18 100 54 30 10 10 20
INTERVAL 122 21 103 56 32 14 14 24

Denticulopsis praedimorpha Akiba
Connecting band B1 40 6 40 73 79 87
Bla 5 5 10 3

B3 4 4 64 53 15 26 2

B3a 7 1 1

B5 1 2 12 1 1 1

B fragment 17 58 66 43 35

t ot al 62 12 186 199 149 152 2
Girdle view GI 19 6 38 36 24 37

Gla 2 4 2

G3 7 1 70 18 5 5

G3a 2

G5 1 3 3

G7 2

G fragment 1t 10 20 5 7

total 27 9 127 81 36 49
Valve view v3 59 6 47 28 16 14 1

V5 13 5 97 52 32 26
v7 1 17 1 3 2
V8 1
V fragment 37 4 117 59 36 40 2
total 110 16 286 141 87 82

T OT A L 199 37 599 421 272 283

Table 4. Biostratigraphic distribution of Denticulopsis
praedimorpha in the Kawaguchi section, Sannohe area

FORMATI ON

TOME S AKI1I FORMATI ON

MEMBER

JUMONJI SANDSTONE MEMBER

S AMPLE

KWG KWG KWG KWG KWG KWG KWG KWG KWG KWG
3 4 5 6

7 8 9 10 11 12

Denticulopsis praedimorpha Akiba
Connecting band B1

B4
B fragment
G1

1 1 5 15 7

1 2 1 1 6 1

Girdle view

Valve view V2

V1
V_fragment

[CRNY

TOTAL

8 9 14 29 24 97 110 2
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Table 5. Biostratigraphic distribution of Denticulopsis dimorpha in
DSDP Hole 438A, core 59 through core 56

59 59 59 58 57 57 56 56 56
c oRE 5 4 1 1 3 2 6 3 1
17 17 17 16 31 31 20 20 20
INTERVAL 21 21 21 20 35 35 24 24 24
Denticulopsis dimorpha (Schrader) Simonsen

Connecting band B1 3 1 2 7 3

Bla 1 4 2 2

B2a 1

B3 10 3 3 7 12 20 17 16 1

B3a 3 3 2 1 3 10 2

Ba3a 1

Bda 1 2 8 23 1

B5 10 4 7 13 7

Bba 2 1 1 2

B6 1 1 3

Béa 1

B7 3 3 1 4 4

B7a 1

B8 1

B_fragment 9 12 12 20 27 36 55 15

total 37 22 26 47 53 85 120 36 1
Girdle view GL 2 1 3 1

Gla 2

G3 3 2 5 7 3

G3a 1 3 1 1

G4 1

G4a 1

G5 6 3 2 4 7 4 5

G5a 1 2

G7 3

G7a 1

a9 2

G fragment 2 3 3 3 6 8 2

total 15 7 9 7 15 18 27 6
Valve view V3 1 2 2 3 4 5 2 1

va 1

V5 8 8 1 5 3 3 5 2

N4 2 1 1

v7 4 1 4 2 1 1 7

v9 1

V fragment 4 4 7 16 10 13 26 4 2

total 0 16 13 26 17 21 43 8 3
T O T A L 77 45 47 80 85 124 190 50 4

Table 6. Biostratigraphic distribution of Denticulopsis dimorpha in

the Shitazaki section, Sannohe

area

FORMATI ON

SHITAZAKI

FORMATION

MEMBER

KAMIME | SHITAZAKI

SILTSTONE MEM.

SAMPLE

STZ STZ STZ STZ STZ STZ STZ STZ STZ2

17 18 19

20

21 22

23

24

25

Denticulopsis dimorpha (Schrader) Simonsen
Connecting band Bl
Bla
Bala
B2a
B3
B3a
Bda
BS
BSa
B6
Béa
B aba
BT
B7a
B fragment

]
e

2

1

-

27 26

@

=

oo

Girdle view Gl
Gla
G3
G3a
Gda
G5
GSa
Géa

G8
G fragment

-
w
S

SIS =Y

-

o = ofo

Valve view V3

V fragment

N e o

1
1 51 31

[y ]
]

e

13

13

TOTAL

44 176 128

28

68 64

37

92

68

KAMIME : Kamimetoki Sandstone Member

Vn-type. Their stratigraphic distribu-
tions are constructed on the basis of
observations of the connecting bands as
seen in valve view and the deeper thecae
as seen in girdle view.

The

stratigraphic

distribution of

reworked specimens of D. praedimorpha
and D. dimorpha is investigated in
DSDP Hole 438A (Table8). It also

constitutes a work which takes long time
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Table 7. Biostratigraphic distribution of Denticulopsis dimorpha in
the Yachizawa section, Sannohe area
FORMATI OGN SHITAZAKI FORMATI ON
MEMBE R KA SHITAZAKI SILTSTONE MEMBER
YAC YAC YAC YAC YAC YAC YAC YAC YAC YAC YAC YAC YAC
SAMPLE 14 13 12 11 10 8 7 6 5 4 3 2
Denticulopsis dimorpha (Schrader) Simonsen
Connecting band Bl 4 1 1 4 1 1 1 2 1
Bla 1 1 1 2
Bala 1
B3 6 7 11 4 11 16 17 9 10 6
B3a 1 3 2 1 1
B a3a 1 1 1
B5 5 4 3 4 4 1 7 1 4
B5a 1
Bé6a 1 1
B7 1 1 1
B9 3 1
B fragment 25 3 9 7 10 17 22 20 19 8 21
Girdle view G1 2 5 2 4 2 1 4 1
G2 1
G3 3 8 11 3 11 13 7 7T 11 5 1
G3a 2
G5 1 9 1 6 8 2 3 2 1
G6 2
G7 2 1 1
G9 1
G fragment 5 6 8 6 4 7 3 1 3 1 1
Valve view Vi 1 1 1
v3 1 6 1 1 5 2 3 2 2
v5 3 1 2 2 2 2
v7 1
v9 1 1
V fragment | 15 16 14 3 6 16 10 5 21 3 1
TOTAL 71 86 66 28 59 94 76 54 88 9 48 2 1

KA : Kamimetoki Sandstone Member

to distinguish a deeper valve of D. prae
dimorpha from that of D. dimorpha in
valve view. Furthermore, it is impossi-
ble to discriminate a shallower valve of
D. praedimorpha from that of D. dimor
pha, because they have the same struc-
ture. Therefore, all the valves of both
D. pmedzmorpha and D. dimorpha as
seen 1n valve view are counted without
making any distinction and they are
expressed as the same term of Vn-type.

The following conclusions can be

Table 8.

drawn from Tables 3-8:

1) In D. praedimorpha and D. dimor-
pha, connecting bands tend to keep
basically odd numbers of foramina
except for apical foramina (m =1, 3, 5, 7,
9).

2) As an inevitable consequence of
1), the deeper thecae of both D. praedsi-
morpha and D. dimorpha basically tend
to contain connecting bands which pos-
sess odd numbers of foramina.

3) D. praedvmorpha tends to produce

Biostratigraphic distribution of reworked specimens of Denticulopsis praedimor-

pha and D. dimorpha in DSDP Hole 438A, core 55 through core 41

45 45 44 44 43 43 43 42 42 42 41

C O R E 55 54 53 52 52 52 51 51 51 50 50 50 49 49 48 48 48 47 47 47 46 46 45
1143 16 416 316 38 6 3 16 4 16 3 66 1 6 3 6 3 16 4 1 6
1 NTETZ RV A L 70 110 77 36 36 36 16 16 16 20 20 20 10 10 26 46 14 4 110 10 14 18 30 5 54 10 10 82 30 59 16 50 14 10
74 114 81 38 38 38 20 20 20 24 24 24 14 14 30 50 18 8 114 14 18 22 34 9 58 14 14 86 34 63 20 54 18 14
Denticulopsis praedimorpha Akiba
Connecting band Bl 1 1 11 2 1 2 11 11 1
B3 1 1 2
B5 1
t ot al 2 1 1 3 1 2 T 1 i 2 11 i1 1
Girdle view GI 1 1 1 T 1 1
G3 1 1 1 1
G fragment 1 1
t ot al T T 1 Z 1 1 1 T T 1 -
Denticulopsis praedimorpha Akiba
AND / OR
Denticulopsis dimorpha (Schradpr) Simonsen
Valve view 1 2 2 12 2 5 2 1 1 1 2 1 1
V5 1 3 1 111 2 11 2 31 11 11 1
v7 1 1 1 1 1
V fragment 1 1 1 1 1 2 1 2 1 1 2
t ot al 2 1 1 1 3 5 2 1 3 2 4 6 1 2 3 3 1 3 1 2 3 2 2 5 2 2 1 1
Denticulopsis dimorpha (Schrader) Simonsen
Connecting band B3 1 1
B3a 1
t ot al 1 1 1
Girdle view G1 1 1 2 1
G3 1 1
G5 1
G fragment 1
t ot al 1 1 1 i 2 1 1 1
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the G1-type and G3-type deeper thecae
more abundantly than those of other
types throughout the D. praedimorpha
Range-zone.

4) In the stratigraphic distribution
of the connecting bands of D. praedimor-
pha, the Bl-type and B3-type are more
abundant than those belonging to other
types. This tendency is in good agree-
ment with 3).

5) D. dvmorpha tends to produce G3-
type and Gb-type deeper thecae more
abundantly than those of other types
throughout the D. dimorpha Range-
zone.

6) In the stratigraphic distribution
of the connecting bands of D. demorpha,
the B3-type and B5-type are produced
more abundantly. This tendency agrees
well with 5).

7) The deeper thecae and connecting
bands of reworked specimens of these
two species are very rare and occur dis-
continuously in the Upper Miocene sequ-
ence of DSDP Hole 438A.

8) The deeper thecae and valves
showing a valve view of reworked speci-
mens of these two species occur continu-
ously but are very rare in the Upper
Miocene interval of DSDP Hole 438A.

Evolutionary trends

Since Schrader (1973b) discussed three
evolutionary trends radiating from Den-
ticulopsis lauta, the evolution of the
genus Denticulopsis has received little
attention.

As a possible ancestor of the genus
Denticulopsis, two different taxa have so
far been suggested : They are a species of
the genus Nitzschza according to Schra-
der (1973b) and a species belonging to
the section Fragilariopsts of Nutzschia
according to Simonsen (1979). Schrader
(1973b) assumed the genus Denticulopsis
to have evolved from an unknown ance-
ster at early Miocene time.

The oldest species of Denticulopsis 1is
also difficult to designate at present time.

Although Denticulopsis lauta and D.
norwegica are the oldest known species,
the presence of its forerunners has only
lately been noted by Akiba (1977a)
under the name of D. kanayae and D.
tkeber. Furthermore, as a direct precur-
sor of D. lauta, the following have been
suggested : D. praelauta by Koizumi
(Takayama et al., 1979), D. cf. lauta by
Barron (1980), and D. sp. A by Akiba
(Akiba et al., 1982a,b). All of them are
characterized by the lack or underdeve-
lopment of the marginal ribs. In the
foregoing lines, evolutionary trends fol-
lowed by species of the genus Denticul-
opsts will be discussed by taking D.
lauta as the starting point.

Evidence provided during the present
study leads to the formulation of three
hypotheses as follows: (1) evolutionary
trend toward acquiring secondary pseu-
dosepta, (2) evolutionary trend toward
acquiring hyaline valve face, and (3)
evolutionary trend toward loosing tsuzu-
mis.

(1) Evolutionary trend to acquire
secondary pseudosepta

Denticulopsis hustedtiz 1s regarded as a
descendant of D. lauta and is the first
species which has positively been shown
to possess secondary pseudosepta among
the genus Denticulopsis. Other basic
morphological characteristics including
its finely structured surface are kept
unchanged from that of D. lauta. Com-
pared with a single marginal rib-like
wall-thickening between two adjoining
primary pseudosepta of D. lauta, D.
hustedtic develops a marginal rib-like
wall-thickening between two adjoining
psedosepta. Although the spacing of
primary pseudosepta is very regular in
D. lauta, individual specimens of D.
hustedtrs vary their spacing of primary
pseudosepta in proportion to the number
of secondary pseudosepta appearing in
between. This tendency is equally reflect-
ed in the spacing of foramina on the
septa as well as on the connecting bands.
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It is surmised that this evolutionary
trend is accompanied by an appended
tendency to develop a finer valve face
structure leading finally to D. semenae.

(2) Evolutionary trend to acquire
hyaline valve face

The stratigraphic distribution patterns
show clearly that taxa with the hyaline
valve face first appear in the middle of
the Thriving Interval in each ancestor
and then flourish for a short interval.
For instance, D. hyalina split from D.
lauta during early Middle Miocene time
when D. lauta reached its maximum
flourishment. D. katayamae evolved
from D. hustedtsi during early Late
Miocene time when D. hustedtiz reached
1ts maximum prosperity.

Three kinds of features are noticed in
this evolutionary trend. The first one is
areolation consisting of sexangular large
puncta arranged irregularly on the whole
mantle. This feature is recognized only
in D. hyalina among all the Denticul-
opsis taxa. The second feature is areola-
tion consisting of puncta arranged in a
line along the valve face edge. In D.
hyalina, large puncta are arranged in a
line (P1. 13, fig. 10), while in D. kataya-
mae clusters of small puncta are arranged
in a line (PL.12, figs. 2, 3). Such a fea-
ture 1s considered to be a third feature
reflected on outer valve surface. The
third feature is the most important cha-
racter of a taxon bearing the hyaline
valve face, and is only discernible with
the use of an electron microscope. They
are large puncta arranged in a line along
the edge of the inner valve face (e.g. Pl.
12, figs. 1b, 6), that correspond to small
puncta on the outer valve surface. It is,
however, not certain as to whether these
puncta are directly connected with each
other through the siliceous cell wall.

(3) Evolutionary trend of loosing
tsuzumis

It might be stated that D. lauta,
D .praedimorpha, and D. dimorpha lie on
a single evolutionary lineage, though the

points of divergence from D. lauta to D.
praedimorpha and from D. praedimorpha
to D. dvmorpha have not been detected
yet. D. lauta produces only a isoval-
vate frustule from two similar thecae
with tsuzumis. D. praedimorpha and D.
dimorpha make either isovalvate frustule
consisting of two deeper thecae or hetero-
valvate one consisting of a deeper theca
and a shallower theca. The deeper
valve of D. praedimorpha has a septum
with tsuzumis, but the shallower valve
has a flat septum without tsuzumis.
The deeper valve of D. dimorpha, how-
ever, looses a septum, although the shal-
lower valve has a flat septum without
tsuzumis like that of D. praedimorpha.
The tendency to loose tsuzumis finally
reaches the loss of septum in a valve, and
1s positively reflected in the morphologi-
cal change of the connecting band. The
connecting band of the deeper theca of
D. praedimorpha is closed and has teeth-
like extensions, whereas that of D. dimor-
pha is closed and has cross bars which
appear to have evolved from the teeth-
like extensions of D. praedimorpha. A
connecting band of the shallower theca
of these two species is rarely found and
needs further study (Akiba, 1982b).
Schrader (1973b) pointed out the evo-
lutionary trend of building up coarser
valve structures. It still remains to be
ascertained as to whether D. lauta is an
ancestor of D. micobarica, although the
first appearance of D. nicobarica is not
precisely timed in this study. The evo-
lutionary tendency of such taxa as D.
nicobarica and D. punctata, which have
a coarser valve face structure, is regarded
to be important in the phylogeny of the
genus Denticulopsis. Owing to insuffi-
cient data available for these species, the
present author wishes to introduce a new
character which hasrecently been observ-
ed by Yanagisawa (1982, personal com-
munication). This is a siliceous cross in
a punctum of D. nicobarica (Pl. 15, fig.
13b) and appears to be much worthy of
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further investigation.

Systematic description of Denticul-
opsis katayamae n. sp.

Class : Bacillariophyceae
Order: Pennales
Suborder : Raphidineae
Family : Nitzschiaceae Grunow 1860
Genus Denticulopsis Simonsen 1979
Denticulopsis katayamae sp. nov.

Pl. 12, figs. la-b, 2-6; PL 17, figs. 1-23

Probable synonym: Denticula hyalina var. hus-
tedtis Schrader 1973b, p. 418, pl. 1, figs. 9, 21.

Description : Isovalvate frustule consist-
ing of two thecae and a theca made of
valve, septum, and connecting band.
Strongly silicified valve, weakly convex,
linear-elliptical outline with bluntly
rounded apices, 7-37 ym long, 4-7 ym
wide in valve view, depth of frustule 8-
10 gm in girdle view, depth of valve 3-
3.5 4m. Valve face hyaline, in some
specimens sparsely punctate. Clusters
of puncta arranged in a line along the
valve face edge, visible as a brilliant line
of large puncta when focused under a
light microscope observation. Puncta
probably penetrating valve wall, visible
on inner valve wall by SEM observation,
as a large punctum between primary
pseudosepta, arranged linearly along the
margin of inner valve face. Primary
pseudosepta number 2-4, mostly 3, in a
distance 10 ym. Secondary pseudosepta
present, 1 or 2, rarely 3-4, between pri-
mary pseudosepta. One or two apical
pseudosepta located at each apex. Bet-
ween each pseudosepta, marginal rib-
like wall-thickening is present on both
mantle sides, its visibility varying case
by case. Raphe marginal, at the valve
face edge, branching out at both apices,
well visible on inner wall of valve in
SEM observations, when septum is remo-
ved. Septum with tsuzumis, closed on
both ends, spacing and number of tsuzu-
mis controlled by those of primary pseu-
dosepta. Shape of a tsuzumi in inner

valve view resembles those of a bow tie
and of a hourglass. Between tsuzumis,
foramina are present. Shape of a fora-
men, traverse elliptical, oval, or sub-
hexagonal. Marginal siliceous wall of
septum, parallel to valvar plane, 1 ym
wide. Connecting band open on one
end, with smooth wall, without areola-
tion, both apical sides of a foramen open,
foramina connected with each other.
Remarks : This species differs from the
typical D. hyalina by having the secon-
dary pseudosepta, and from D. hustedtvi
in having its heavily silicified and hya-
line valve face.

Holotype : IGPS coll. (Institute of Geo-
logy and Paleontology Collection,
Tohoku University, Sendai) no. 98255
(PL. 17, fig. 2).

Type locality : A branch of the Mabechi
River, on the border between Iwate and
Aomori Prefectures, 250 m W of Kama-
sawa, Ninohe City, Iwate Prefecture.
Sample STZ-30 in the Shitazaki section,
Shitazaki Siltstone Member, Shitazaki
Formation, Sannohe Group.
Stratigraphic range: From the middle
part of the D. dvmorpha Range-zone to
the top of the D. katayamae Interval-
zone, middle Upper Miocene.

Other occurrence: In the middle Upper
Miocene of DSDP Hole 438A (off North-
east Japan; lat. 40° 37.79N, long. 143°
14.15'E).

Measurements (in um): At the topof p.159.
Discussion :  Some comments are given
on the relationship between D. hyalina
var. hustedtts Schrader 1973b and D.
katayamae. (1) The original descrip-
tion of D. hyalina var. hustedti: states
that the valve mantle is coarsely punc-
tate with 8-9 rounded pores in 10 gxm.
The valve mantle of D. katayamae, how-
ever, is not coarsely punctate, but is
made of a meshwork of small rounded
pores as in D. hustedtii, D. lauta, D.
praedimorpha, and D. dimorpha. (2) In
specimens illustrated in Plate 6, figs. 9,
21 of Schrader (1973b), the secondary
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Fige  Nemwor  Nembe
in length width primary pseudosepta
Plate 17 pseudosepta per 10 gm
1 28 7 6 2-3
2 28 5 6 2-3 Holopype
3 20 5 5 3
4 20 6 4 3
5 22 6 4 3
6 18 6 4 3
7 27 6 7 3-4
8 28 6 7 3-4
9 31 6 8 3
10 31 6 7 3
11 33 7 7 3
12 35 6 8 3
13 37 6 6 2
14 14 6 3 3
15 11 5 3 3
16 15 4 3 3
17 18 5 3 2
18 18 4 4 3
19 22 5 5 3
20 22 6 5 3
21 24 5 5 3
22 24 6 4 2
23 23 6 6 4
maximum 37 7 8 4
minimum 11 4 3 2
average 23.9 5. 5.2 3
pseudosepta are invisible. The author correspond to the upper half of the range

regards these specimens to be D. hyalina
s.s.  (3) In asketch given in Text-figure
4, he draws the secondary pseudopepta.
(4) D. hyalina var. hustedtiz first occurs
immediately after the last appearance of
D. dimorpha and disappears subsequent
to a rapid decrease of D. hustedtiz, which
1s shown in Table 3 of Schrader (1974).
This 1974 paper of Schrader dealt with
the materials from Experimental Mohole
Site off Guadalupe, and the range of D.
hyalina var. hustedtei is not entirely iden-
tical with that of D. katayamae as
determined in DSDP Hole 438A. The
range of Schrader’s variety seems to

of D. katayamae. Judging from all
sources of information presented by
Schrader (1973b, 1974), it should be
concluded that the sketch in Text-figure
4 and the species description with the
exception of valve mantle are identical
with the concept of D. katayamae. The
present author considers that D. hyalina
var. hustedtic should be re-examined in
detail.

The species is named after the late Mr.
Toshio Katayama, the present author’s
classmate who studied the Sannohe area,
the provenance of the holotype speci-
men, for his master’s thesis.
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Plate 12

All figures scanning electron micrographs
Scale bars represent 10 4m in Figs. 1a, 2-8, 9a, and 1 gm in Figs. 1b, 9b.

Figs. la-b, 2-6. Denticulopsis katayamae Maruyama n. sp.

Sample DSDP Hole 438A 54-1 (110-114).
la-b. Inner view of a theca.

2. Outer valve view.

3. Oblique outer view of a theca.

4-6. Inner view of a valve.

Figs. 7-8, 9a-b. Denticulopsis hustedtii (Simonsen and Kanaya) Simonsen

Sample AY-21, Kokubu Formation, Hitachi area.

7, 9a-b. Inner view of a valve.
8. Inner view of a theca.



T. Maruyama : Miocene Diatom Biostratigraphy Plate 12




T. Maruyama : Miocene Diatom Biostratigraphy Plate 13




Plate 13

All figures scanning electron micrographs
Scale bars represent 10 ym in Figs. la, 2a, 3-10, and 1 gm in Figs. 1b, 2b.

Figs. 1a-b, 2a-b, 3. Denticulopsis hustedtiz (elliptical form)
Sample AY-21, Kokubu Formation, Hitachi area.
la-b. Inner view of a valve.
2a-b. Inner view of a theca.
3. Oblique inner view of a valve.
Figs. 4-6. Denticulopsis hustedtiz (Simonsen and Kanaya) Simonsen
Sample AY-21, Kokubu Formation, Hitachi area.
4. Inner view of a theca.
5. Inner view of a theca with another connecting band.
6. Inner view of a valve (lower specimen), inner view of a valve with destroyed connecting band
(upper specimen).
Figs. 7-10.  Denticulopsis hyalina (Schrader) Simonsen
Sample DSDP Hole 438A 68-1 (30-34).
7-9. Inner view of a valve.
10. Valve view.
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All figures scanning electron micrographs
Scale bars represent 10 gm in Figs. la, 2-7, 8a, and 1 gm in Figs. 1b, 8b.

Figs. la-b, 2-7, 8a-b. Denticulopsts lauta (Bailey) Simonsen
la-b. Oblique inner view of a theca, sample ZIR-23, Genjigawa Formation, Hitachiota area.
2. Valve view, sample DSDP Hole 438A 71-3 (7-11).
3-7, 8a-b. Inner view of a valve, sample ZIR-23, Genjigawa Formation, Hitachiota area.
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Plate 15

All figures scanning electron micrographs
Black scale bar A represents 10 gm in Figs. 1-3, 5-7, 9-10.
Black scale bar B represents 10 ym in Figs. 4, 8, 11.
White scale bars represent 1 ym in Figs. 12,18b, and 10 xzm in Fig. 13a.

Figs. 1-7. Denticulopsis praedimorpha Akiba
Sample DSDP Hole 438A 65-1 (54-56).
Connecting band, Bl-type.
Connecting band, B3-type.
Inner view of a shallower valve, V5-type.
Inner view of a deeper theca, B1+V3-type.
Inner view of a deeper valve, V5 (Gla)-type.
Inner view of a deeper theca, B3+ V5-type.
. Girdle view of a deeper theca.
Figs. 8-11. Denticulopsis dimorpha (Schrader) Simonsen
Sample DSDP Hole 438A 59-1 (17-21).
8. Connecting band, B3-type.
9. Connecting band, B5-type.
10. Inner view of a shallower valve, V5-type.
11. Oblique inner view of a destroyed deeper theca, B5-+V5-type.
Figs. 12, 13a-b. Denticulopsis nicobarica (Grunow) Simonsen
Sample TWS-10, Shimokurosawa Formation, Ichinoseki area.
12. Inner view of a theca.
13a-b. Valve view.
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All figures transmitted photomicrographs
Scale bar represents 20 gm

Figs. 1-3. Denticulopsis hustedtrz (Simonsen and Kanaya) Simonsen
1. Sample IWN-1, Shimokurosawa Formation, Ichinoseki area.
2-3. Sample AY-23, Kokubu Formation, Hitachi area.

Figs. 4, 5. Denticulopsis hustedtve (elliptical form)

4. Sample AY-21, Kokubu Formation, Hitachi area.
5. Sample DSDP Hole 438A 62-1 (20-24).

Fig. 6 Denticulopsis punctata (Schrader) Simonsen
Sample TAH-6, Shimotezuna Formation, Takahagi area.

Figs. 7, 8. Denticulopsis hyalina (Schrader) Simonsen
7. Sample KT-1, Katsuta Formation, Nakaminato area.

8. Sample DSDP Hole 438A 71-3 (7-11).

Figs. 9, 10. Denticulopsis lauta (Bailey) Simonsen

9. Sample TAH-9, Shimotezuna Formation, Takahagi area.
10. Sample B-6, Tomioka Group, Usuitoge area.

Fig. 11.  Denticulopsis nicobarica (Grunow) Simonsen
Sample IWS-3, Shimokurosawa Formation, Ichinosek: area.

Fig. 12. Denticulopsis nicobarica var. 1
Sample KT-1, Katsuta Formation, Nakaminato area.

Fig. 13. Denticulopsis norvegica (Schrader) Simonsen
Sample B-6, Tomioka Group, Usuitoge area.
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Plate 17

All figures transmitted photomicrographs
Scale bar represents 20 gm

Figs. 1-23.  Denticulopsis katayamae Maruyama n. sp.
1. Valve view and oblique girdle view, sample DSDP Hole 438A 55-3 (70-74).
2-23. Valve view.
2. Holotype, IGPS 98255, sample STZ-30, Shitazaki Siltstone Member, Shitazaki Formation
Sannohe area.
3. Sample YAC-3, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
4. Sample YAC-13, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
5, 7-9, 12, 15, 18-19. Sample DSDP Hole 438A 54-1 (110-114).
6. Sample YAC-8, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
10. Sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
11. Sample YAC-5, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
13. Sample YAC-11, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
14. Sample DSDP Hole 438A 57-2 (31-35).
16. Sample STZ-26, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
17. Sample DSDP Hole 438A 58-1 (16-20).
20. Sample YAC-14, Kamimetoki Sandstone Member, Shitazaki Formation, Sannohe area.
21-22. Sample STZ-24, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
23. Sample YAC-12, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
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Plate 18

All figures transmitted photomicrographs
Scale bar represents 20 ym

Figs. 1-11.  Denticulopsis praedimorpha Akiba

Deeper connecting band in valve view.

1. Bl-type, sample IWN-1, Shimokurosawa Formation, Ichinoseki area.

2. Bla-type, sample IWN-3, Shimokurosawa Formation, Ichinoseki area.

3. B3-type, sample IWN-1, Shimokurosawa Formation, Ichinoseki area.

4. B3-type, sample IWN-5, Shimokurosawa Formation, Ichinoseki area.

5,9. B3a-type, sample KWG-10, Jumonji Sandstone Member, Tomesaki Formation, Sannohe area.
6, 7. B3-type, sample DSDP Hole 438A 64-3 (10-14).

8. B3-type, sample KWG-11, Jumonji Sandstone Member, Tomesaki Formation, Sannohe area.
10. Bb5-type, sample IWN-3, Shimokurosawa Formation, Ichinoseki area.

11. Ba3a-type, sample IWN-3, Shimokurosawa Formation, Ichinoseki area.

Figs. 12-34.  Denticulopsrs dimorpha (Schrader) Simonsen

Deeper connecting band in valve view.

12. Bl-type, sample STZ-25, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
13. B3-type, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.

14. B3-type, sample DSDP Hole 438A 59-5 (17-21).

15, 19. B3a-type, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
16. B3a-type, sample STZ-23, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
17, 18. B4-type, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
20. B3a-type, sample STZ-24, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
21. B3a-type, sample DSDP Hole 438A 59-5 (17-21).
22. Ba3a-type, sample STZ-23, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
23. Ba3a-type, sample STZ-25, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
24. Ba3a-type, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
25, 26. Bb-type, sample STZ-23, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
27. Bb-type, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
28. B5-type, sample STZ-25, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
29. Bb5-type, sample STZ-23, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
30. Bb5-type, sample DSDP Hole 438A 59-5 (17-21).
31. B7-type, sample DSDP Hole 438A 59-5 (17-21).
32. B7-type, sample DSDP Hole 438A 59-1 (17-21).
33. B7-type, sample DSDP Hole 438A 57-3 (31-35).
34. B7-type, sample STZ-22, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.
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Plate 19

All figures transmitted photomicrographs
Scale bar represents 20 gm

Figs. 1-15.  Denticulopsis praedimorpha Akiba
1. Gl-type deeper theca-+shallower theca, dotted thecal junction, sample IWN-14, Shimokurosawa
Formation, Ichinoseki area.
2. Gl-type deeper theca-shallower connecting band, dotted thecal junction, sample IWN-3,
Shimokurosawa Formation, Ichinoseki area.

3. (l-type deeper theca-+ G1l-type deeper theca, wavy thecal junetion, sample TWN-14, Shimo-

kurosawa Formation, Ichinoseki area.

4. Gl-type deeper theca+ Gl-type deeper theca, probably straight thecal junction, sample IWN-

11, Shimokurosawa Formation, Ichinoseki area.

5. Gl-type deeper theca+Gl-type deeper theca, straight thecal junction, sample IWN-14, Shimo-

kurosawa Formation, Ichinoseki area.
6. (G3-type deeper theca+shallower theca, dotted thecal junction, sample IWN-7, Shimokurosawa
Formation, Ichinoseki area.
7. G3-type deeper theca-+shallower theca, dotted thecal junction, sample IWN-5, Shimokurosawa
Formation, Ichinoseki area.
8 (3a-type deeper theca-+(3a-type deeper theca, straight thecal junction, sample IWN-1,
Shimokurosawa Formation, Ichinoseki area.
9. V3 (=Bl=G1)-type deeper valve, sample IWN-9, Shimokurosawa Formation, Ichinoseki area.
10. V5 (=B1=G1)-type deeper valve, sample IWN-3, Shimokurosawa Formation, Ichinoseki area.
11. V6 (=Bla=Gla)-type deeper valve, sample IWN-3, Shimokurosawa Formation, Ichinoseki
area.

12. V5 (=Bla=G1a)-type deeper valve, sample IWN-1, Shimokurosawa Formation, Ichinoseki
ares.

13. V5 (=B3a=G3a)-type deeper valve, sample IWN-3, Shimokurosawa Formation, Ichinoseki
area.

14. V3-type, probably shallower valve, sample IWN-17, Shimokurosawa Formation, Ichinoseki
area.

15. V5-type shallower valve, sample IWN-3, Shimokurosawa Formation, Ichinoseki area.
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All figures transmitted photomicrographs
Scale bar represents 20 gm

Figs. 1-18. Denticulopsts dimorpha (Schrader) Simonsen

1. V8 (=B8=G8)-type deeper theca, sample YAC-6, Shitazaki Siltstone Member, Shitazaki
Formation, Sannohe area.

2. V5 (=B5=Gb)-type deeper theca, sample YAC-6, Shitazaki Siltstone Member, Shitazaki
Formation, Sannohe area.

3. V3 (=B3=G3)-type deeper theca, sample YAC-6, Shitazaki Siltstone Member, Shitazaki
Formation, Sannohe area.

4. V8-type shallower valve, sample STZ-22, Shitazaki Siltstone Member, Shitazaki Formation,
Sannohe area.

5, 6. Gala-type deeper theca, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation,
Sannohe area.

7. Bl-type deeper connecting band +Bla-type deeper connecting band, sample YAC-6, Shitazaki
Siltstone Member, Shitazaki Formation, Sannohe area.

8. Bala-type deeper connecting band+shallower theca, dotted thecal junction, sample YAC-6,
Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.

9. (3-type deeper theca-+B3-type deeper connecting band, straight thecal junction, sample YAC-
6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.

10. G3-type deeper theca, sample DSDP Hole 438A 59-5 (17-21).

11. G3a-type deeper theca, sample DSDP Hole 438A 59-5 (17-21).

12. G3a-type deeper theca, sample YAC-6, Shitazaki Siltstone Member, Shitazaki Formation,
Sannohe area.

13. G6-type deeper theca+ B6-type deeper connecting band, straight thecal junction, sample YAC-
6, Shitazaki Siltstone Member, Shitazaki Formation, Sannohe area.

14. Gaba-type deeper theca, sample DSDP Hole 438A 57-2 (31-35).

15. GbH-type deeper theca, sample DSDP Hole 438A 58-1 (16-20).

16. B9 (8a)-type deeper connecting band, sample YAC-6, Shitazaki Siltstone Member, Shitazaki
Formation, Sannohe area.

17. GaTa-type deeper theca, dotted thecal junction, sample YAC-6, Shitazaki Siltstone Member,
Shitazaki Formation, Sannohe area.

18. Gll-type deeper theca-shallower theca, dotted thecal junction, sample YAC-6, Shitazaki
Siltstone Member, Shitazaki Formation, Sannohe area.
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