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Prefecture, Kyushu

Hiroshi NISHI

Abstract

This paper describes the litho- and biostratigraphy of the Oligocene-
Miocene Nichinan Group in Nango-cho, Minaminaka-gun, Miyazaki Prefecture,
which belongs to the southern part of the Shimanto Belt in the Outer Zone of
Southwest Japan.

The Nichinan Group of the area is lithologically divided into the Ichiki,
Nango, and Takigahirayama Formations in ascending order. The Ichiki For-
mation (170 m thick) is composed mainly of massive mudstone with thin-
bedded alternating beds of sandstone and mudstone in the uppermost part. The
Nango Formation (400 m thick) consists of two cyclic units characterized by
a thinning- and fining-upward sequence that begins with conglomerate or
pebbly sandstone and passes upward into alternating beds of sandstone and
mudstone, and ends with mudstone. The conglomerate beds have distinct
scoured bases, contain angular fragments of mudstone in their lower part,
and merge rapidly upward and laterally into coarse-grained sandstones which
commonly show dish and convolute structures. These features imply that the
basal part of cyclic deposition includes channel-fill debris flow deposits. The
Takigahirayama Formation (780 m thick) is subdivided into the Lower and
Upper Subformations. The Lower Subformation (460 m) is made up mostly
of 0.5 to 2m thick-bedded sandstone with parallel to ripple-cross lamination
in the lower, alternating beds of sandstone and mudstone in the middle, and
mudstone in the upper. The Upper Subformation (320 m) consists of alternat-
ing beds of sandstone and mudstone, massive sandstone containing small
mudstone fragments, alternating beds of sandstone and mudstone, and mud-
stone in the ascending order. Thus, this formation is also characterized by
two cyclic sequences. The lithologic sequence and sedimentary features suggest
that the Nichinan Group of the area can be referred to as submarine fan,
probably middle to lower fan, deposits.

Three assemblage zones of planktonic Foraminifera were recognized
within the Nichinan Group of the area. They are the Zones of Globorotalia
(Turborotalia) opima opima, the Globigerina angulisuturalis, and the Globoro-
talia (Turborotalia) kugleri in ascending order. The Ichiki Formation and the
lower part of the Nango Formation belong to the G. (T.) opima opima Zone,
the upper part of the Nango Formation and the lower part of the Takiga-
hirayama Formation to the G. angulisuturalis Zone, and the middle and
upper part of the Takigahirayama Formation to the G. (T.) kugleri Zone.
These zones represent BLow’s P. 21 (Late Oligocene), P. 22 (Latest Oligocene),
and N. 4 (Earliest Miocene), respectively. Therefore, the Oligocene-Miocene
boundary is placed in the middle of the Takigahiraya Formation. This is the
first confirmation of the Oligocene-Miocene boundary by microfossils in Japan.

Manuscript received September 30, 1984.
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I. Introduction

Although Tertiary sedimentary rocks are widely distributed in many areas
of Japan, apparently continuous marine sequences ranging from the Paleogene
to the Neogene are known to occur only in the Shimanto Terrane in the Outer
Zone of Southwest Japan. However, the Paleogene and lower Miocene strata
of this terrane are structurally complex, and despite many previous investiga-
tions, nowhere biostratigraphic zonation or divisions have so far been establ-
ished. Fortunately I was successful to establish the biostratigraphic divisions
based on planktonic Foraminifera of the sequence from the Upper Oligocene
to the Lower Miocene of the Nichinan Group in the Nichinan Mountains
(Wanizuka Mountains) of Southern Kyushu. This paper gives descrip-
tions of the litho- and bio-stratigraphy of the Nichinan Group and discussions
about the depositional environments and paleobathymetric setting of the group.

II. Geologic Setting and Previous Work

The Nichinan Mountains lies in the southernmost part of Miyazaki Prefec-
ture, southern Kyushu, and includes the cities of Nichinan and Kushima near
the coast. This area geotectonically belongs to the southern belt of the Shimanto
Terrane, and consists of structurally complex Paleogene and lower Miocene
strata, named the Nichinan Group by KURODA and MATSUMOTO (1942), in the
main part and the unconformably overlying and gently east-dipping upper
Miocene-Pliocene Miyazaki Group in the eastern margin. Omitting some early
geologic notations, the first important paper on the stratigraphy and geologic
structures of the Nichinan Group was by SHUTO (1963). He divided the Nichi-
nan Group into the Nichinan Subgroup including the Ichiki, Nango and Taki-
gahirayama Formations and the Sakatani Subgroup, and assigned the group to
early Oligocene (Lattorfian) to early Miocene (Aquitanian) in age on the basis
of molluscan and foraminiferal fossils. He listed the fossil content of each for-
mation collectively, but did not indicate elements necessary for biostratigraphic
divisions or zonation such as stratigraphic positions and vertical ranges of oc-
currence of the fossils, specific assemblages and zone-boundaries in relation to
the stratigraphic sequence.

Geologic work during recent years (KANMERA and SASAKI, 1977; KAN-
MERA et al., 1983; SAKAI et al, 1984) revealed that at least the southern
part of the Nichinan Mountains is comprised of a large-scale gravity-slide
complex or olistostromes containing blocks of sandstone, alternating beds of
sandstone and mudstone, and massive siltstone and mudstone of various sizes
up to several km thick in a sheared and intensely contorted muddy matrix, which
also contains smaller clasts of sandstone and mudstone. Similar view was also
presented by NAKAGAWA et al. (1983) and KATO et al. (1984). The blocks are
of various lithofacies ranging from a shallow water facies containing thick-
shelled molluses such as Glycymeris and Venercaldia to a deep water one con-
sisting mainly of turbidites. One of large blocks is the Nango Blocks which lies
in the southern part of Nango-cho including the villages of Meotoura and Ichiki,
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and which is as large as about 3 km by 4 km. It seems to be surrounded by a
chaotic complex, but the block itself shows a simple geologic structure dipping
north with an overturned syncline (Nango Syncline) in the northern part of
the block (Fig. 1). Therefore, the stratigraphy of the rocks within this block
can be studied in detail, although the top and bottom of the sequence cannot be
determined. KANMERA et al. (1983) mapped the area of the Nango Block and its
environs, and gave brief descriptions of the lithostratigraphy. However, paleon-
tological studies of the contained microfossils and biostratigraphic zonation in
addition to the detailed descriptions of the lithologic sequence have been left to
my work. The biostratigraphic sequence of the Nichinan Group herein establ-
ished would be the stratotype of marine beds of Oligocene to Lower Miocene
ages in Japan.

Establishment of the litho- and bio-stratigraphy of the Nichinan Group
within and among the blocks is essentially important not only to know the
provenance and original framework of the chaotic slide complex of the Nichinan
Mountaing, but also to elucidate the sedimentary and tectonic relationships to
the Upper Eocene to Lower Oligocene Hyuga Group of the Hyuga Mountains
which is notherly adjacent to the Nichinan Mountains. The Hyuga Group is
characterized by alternating beds of flysch facies and structurally by southerly
verging imbricate structures, and is considered to be accretionary prisms (SAKAI
and KANMERA, 1981; SAKAI et al., 1984). On the contrary, the Nichinan Group
here in dealt with is characterized by thick cyclic sequences, and shows a striking
contrast in lithofacies and geologie structure to the Hyuga Group.

III. Lithostratigraphy of the Nichinan Group

The Nichinan Group of the investigated area consists of several, 140 to
450 m thick, mostly fining-upward cyclic sequences ranging from thick-bedded
sandstone with some interbeds of shale-pebble conglomerate through thinly
interbedded sandstone and shale to massive mudstone. The base and top of the
group cannot be known because of lack of exposures, but the overall thickness of
the exposed sequences attains approximately 1300 m. The group is lithostrati-
graphically divided into the Ichiki, Nango, and Takigahirayama Formations in
ascending order. This group abundantly yields Foraminifera and Radiolaria
from mudstone at many levels, but no megafossils were detected at all.

A. Lithologic Feature and Stratigraphic Sequence
1. Ichiki Formation
Type locality: Along the Heta Coast
Thickness: 170 m+

The Ichiki Formation is narrowly exposed along the southern coast of the
study area (Fig. 1). It is composed of darkgray massive mudstone with oc-
casional thin sandy layers in the main part (150 m thick) and rhythmically
alternating thin beds of sandstone and mudstone in the uppermost part (15m).
The latter is transitional with the former and exhibits a sandstone/mudstone
ratio of 1.3 to 1.5 (Figs. 1 and 9).



202 H. NisHI

130° 138 140" ws’ 150"

4s5*

4

a0

SEA W JaPAR ™
rf‘_f
3s'
&

PACIFIC BLEAN

Miyazaki Group

Takigahirayama Formation

= |

Middie - Upper Subformation

Lower

Upptf-

E Middle L ower Subformation
Lower |

Nange Formation
R
Middle -Upper Subformation

Upper %

Middle - Lower Subformation
| Lower
lebiki Formation
— &3 \ &
% ’ S

A
) 7300 N 300m

o

500 1000m
| {

Fig. 1. Geological map and cross section of Nango area in Nichinan Mountains.
Index maps are shown in insets.
1, fault; 2, axis of Nango Syncline; 3, strike and dip of beds.
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Fig. 2. Map showing planktonic foraminiferal fossil-localities and routes along
which columnar sections shown in Figs. 3 to 8 were measured.
I-a; Ichiki Formation, N-a to N-f; Nango Formation, T-a to T-f; Takigahira-
yama Formation.

The sandstone beds of the alternating unit are fine- to very fine-grained,
usually less than 10 cm, rarely up to 30 cm thick, and show a constant bed-
thickness so far as is seen on the exposures as wide as 20 to 30 m. They have
planar and sharp bottom surfaces, being occasionally accompanied with flute
and groove marks, and are bounded by a sharp top surface exhibiting small-
scale, asymmetrical ripples (Pl. 38, Fig. 1). Thus, many of the sandstone
beds show a distinct grain-size discontinuty at the base and top to the
underlying and overlying mudstone beds, respectively, but those less than 4
to 5 ecm thick are commonly gradational with the overlying mudstone. Most of
the sandstone beds internally display either sets of parallel-laminae below and
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Fig. 3. Lithostratigraphic sequences of uppermost part of Ichiki Formation and
lower part (N-a) of Lower Subformation of Nango Formation along Heta Coast
(A and B in Fig. 2).
1, parallel laminae; 2, cross laminae; 3, ripple-cross lamination; 4, climbing
ripple-cross laminae; 5, convolute structure; 6, erosion surface; 7, dish structure;
8, sandstone; 9, mud clasts (shall-pebble) ; 10, pebbly sandstone; 11, conglomer-
ate; 12, mudstone; 13, slump bed; 14, flame structure; 15, load cast; 16 flute
cast; 17, ripple mark; 18, load ripple mark; 19, sandstone bed less than 5 em in
thickness; 20, bioturbation; 21, siltstone bands; 22, calcareous concretion; 23,
Paleodictyon sp.; 24, Helminthopsis sp.; 25, Helminthoida sp.; 26, Chondorites
sp.; 27, other trace fossils; 28, paleocurrent direction.



Litho- and biostratigraphy of the Oligocene-Miocene Nichinan Group 295

asymmetric ripple-cross laminae above or cross-laminae throughout the thick-
ness of a bed, and are lacking in a massive or graded interval at the base,
although some thicker beds have this interval. These features suggest that
many of the sandstone beds are base-missing turbidites. Furthermore the dis-
tinct grain-size discontinuity between the sandy portion and the overlying
mudstone in many beds may have probably been caused by reworking of sediment
of the upper parallel laminae due to bottom or contour currents. The mudstone
beds are mostly structureless.

The trace fossils comprising crawling and feeding type are occasionally
found on the top surfaces of mudstone. Helminthopsis sp., Helminthoida sp.,
Paleodictyon sp., and Nerites sp. are recognized (Fig. 8). The mudstone yields
planktonic and benthic Foraminifera, of which the latter is much common.

2. Nango Formation

The Nango Formation is exposed in the southern part of the study area
(N-a to N-f in Fig. 1) and overlies the Ichiki Formation with a sharply defined
scoured base. This Formation is about 400 m thick and is divided into Lower
and Upper Subformations, each of which is characterized by a thinning- and
fining-upward sequence which begins with conglomerate or sandstone, passes
upward alternating beds of sandstone and mudstone, and ends with mudstone.

a. Lower Subformation
Type locality: Along the Heta Coast
Thickness: 140 m

This subformation consists of conglomerate and sandstone (25m) in the
basal part (N-a in Fig. 9), alternating beds of sandstone and mudstone (30 m)
in the middle (N-b), and incipiently bedded mudstone (85 m) in the upper
(N-c). This overlies the Ichiki Formation with a marked scoured basal sur-
face, on which northwest-southeasterly directed linear grooves cut into the
underlying beds are recognized.

The basal member (N-a) is composed of interbeds of conglomerate and
pebbly coarse-grained to medium-grained sandstone, and shows an overall
fining- and thinning-upward sequence (Fig. 3). Each bed has an irregularly
scoured base and exhibits remarkable lateral changes of bed thickness. The
conglomerate includes two types of lithologies: the one is poorly sorted con-
glomerate consisting of rounded, small pebbles and granules of sandstone, chert,
siliceous shale, and a small amount of quartz-arenite (orthoquartzite) and acid
igneous rocks. Small, angular fragments of black shale are also dispersed. The
matrix is coarse to medium sand. The other is shale-pebble conglomerate com-
posed of angular to subangular, flat-shaped black shale fragments (Pl. 88, Fig.
2). These shale clasts are variable in size generally ranging from 1cm to 40
em. They are matrix-supported and exhibit random fabric throughout the bed
or locally being oriented subparallel to the bedding surfaces. The matrix con-
tent is variable and consists of very coarse to medium-grained sand. The con-
glomerate beds of these two types are internally disorganized and often form
composite beds which show abrupt lateral changes of bed thickness and litho-

logies.
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The sandstone beds of the basal member are 30 cm to 2 m thick, and often
form amalgamated beds. Each bed has a scoured base, being accompanied by
flute casts, and internally show a sequence beginning with pebbly, very coarse-
grained sandstone often containing shale-clasts, and followed by massive or
graded, coarse- to medium-grained sandstone in the main part and massive to
weakly or distinctly parallel- and cross-laminated, medium-grained sandstone at
the top. Thus the sandstone beds display the T._, or rarely T._. intervals of a
turbidite. Dish structures are commonly developed in the main part and the
laminated layers at the top often display convolute or flame structures.

The sandstone beds of the basal member are succeeded by alternating beds
of medium- to fine-grained sandstone and mudstone (N-b), which range in
thickness from 5 to 30 cm in the lower part and from 5 to 10 ¢m in the upper.
The sandstone beds are sharp-based, and are accompanied by sole marks in-
cluding flute and groove casts on the bottom surfaces. Many of them represent
Ty-4 divisions of the Bouma sequences, although T4 is very thin or incipient,
and are followed by mudstone.

This alternating unit gradationally passes into a massive mudstone unit of
the upper member (N-c). In the main part of this unit no sandy layers are
found, but in the upper part, thin layers of fine-grained sandstone and siltstone
commonly occur. The sandstone beds display internal bedding characteristics
including Ty-q or T.-q divisions of turbidites.

b. Upper Subformation
Type locality: Along the coast east of Ichiki and a wood-land path
north of Ichiki
Thickness: 270 m

The Upper Subformation consists of conglomerate and sandstone (N-d:
135 m), alternating beds of sandstone and mudstone (N-e: 50 m), and mudstone
(N-f: 85m) in ascending order (Fig. 9). This subformation is similar in
lithologic sequence to the Lower Subformation, but is twice as thick as the
latter. The lower member is well exposed along the coast east of Ichiki, but
the middle and upper members are covered by the Upper Miocene Miyazaki
Group there. Therefore, the exposures along a wood-land path north of Ichiki
are designated as the type section of the middle and upper members.

The base of this subformation is exposed on the coast east of Ichiki, where
a 4 m thick conglomerate bed has cut into thin-bedded sandstone and shale of
the Lower Subformation, and flute marks can be seen on the bottom surface.
This basal conglomerate is of granule to small pebble grade, and is lithologi-
cally similar to the pebble conglomerate of the Lower Subformation. It is dis-
organized in the main part, but rough stratification and grading can be rec-
ognized in the uppermost part (Fig. 4, C-section).

The lower member (N-d) is composed of pebbly to very coarse-grained
sandstone and intraformational shale-pebble conglomerate (Fig. 4, C-section).
The sandstone beds in the lower part of the member are 1 to 5m thick, often
forming amalgamated beds, and individual beds are mainly massive or structure-
less, but are graded and parallel-laminated towards the top. Those of the middle
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.

N-d

Fig. 4. Lithostratigraphic sequences of lower part of Upper Subformation
(N-d) of Nango Formation along sections C and D, shown in Fig. 2. See
Fig. 8 for symbols.
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part are mostly more than 5 m in thickness, have greater lateral bed continuity
than those of the lower, and are massive throughout the thickness. Dish struc-
tures are occasionally developed. The sandstone beds of the upper part are less
than 3 m in thickness, and commonly form amalgamated beds (Fig. 4, D-sec-
tion). Each bed has a scoured base, and often shows an internal sequence grad-
ing upward from a pebbly or very coarse-grained part to a medium- or fine-
grained, parallel and rarely ripple-cross laminated top, thus displaying the
Ta-b or Ta-. divisions of the Bouma sequence. The laminated part at the top
commonly exhibits convolute or flame structures.

The lower member includes shale-pebble conglomerate at many levels as
shown in C- and D-sections of Fig. 4. The conglomerate beds are lenticular to
wedge-shaped, show abrupt lateral changes of bed-thickness, have a scoured
base, and cut into the underlying beds. As they are very similar in lithologic
features to the shale-pebble conglomerate of the Lower Subformation, descrip-
tion on them are herein omitted. Further noteworthy is that this member in-
cludes chaotic deposits at two levels. The lower one consists of large sandstone
blocks surrounded by a mixture of smaller sandstone blocks and black shale
clasts (Fig. 4, C-section), and the upper one of broken and contorted beds and
slump masses of thinly interbedded sandstone and shale floating in shale-pebble
conglomerate. The slump masses show soft-sediment folds (Fig. 4, D-section).

The lower member rather rapidly passes into the middle member (N-e in
Fig. 9) which is made up of alternating beds of fine-grained sandstone and
mudstone. In the lower part sandstone predominantes over mudstone and is 10
to 30 cm thick bedded, but the upper part consists predominantly of shale with
interbeds of 3- to 5-cm thick sandstone. The sandstone beds have non-scoured
but sharp bases, and a set of sandstone and mudstone displays Ta-e or Tp-e
sequences of turbidites.

The middle member represents a thinning- and fining-upward sequence as
mentioned above and is transitionally followed by the upper member (N-f),
which consists largely of massive mudstone with occasional thin silty bands or
laminae. However, towards the top silty bands become thicker and coarser,
and increase in number of beds. Thus this member changes into a packet of
predominantly sandstone with thin interbeds of mudstone or silistone in the
uppermost 10 m. In this part the sandstone beds are usually 10 to 30 cm,
rarely up to 1 m thick and show internal bedding characteristics of turbldlte
sequences T._. although T,.4 intervals are usually very thin.

The mudstone of the upper member yields benthic and planktonic Fora-
minifera, of which the latter was obtained from two levels.

3. Takigahirayama Formation

The Takigahirayama Formation crops out in the central and northern parts
of the investigated area (Fig. 1). The thickness of the exposed sequence is
780 m. This formation is divisible into two subformations on the basis of major
cycles of lithologic sequences.
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a. Lower Subformation
Type locality: Along the coast south of Meotoura
Thickness: 460 m

The Lower Subformation is distributed in the central and northernmost
part of the investigated area (Fig. 1). This subformation conformably follows
the Nango Formation, and is made up of predominantly thick- to very thick-
bedded sandstone (200 m) in the lower (T-a in Fig. 9), alternating beds of
sandstone and mudstone (105 m) in the middle (T-b), and mudstone with some
thin intercalations of siltstones (155m) in the upper (T-¢). Thus, this sub-
formation displays a thinning- and fining-upward sequence. The base of this
subformation is placed at the level of the first appearance of very thick sandstone
more than 1 m.

The sandstone beds of the lower menber (T-a) are mostly 50 cm to 2m
thick, well-sorted and medium- to fine-grained, and show planar and parallel
bedforms with laterally uniform bed-thickness so far as is seen at the exposures
(Pl. 38, Fig. 3). Their bottom surfaces are sharp, but no distinct scouring
structures are found, although load casts are commonly present. Their tops
are often rippled with a climb and rapidly upward into silty mudstone. Each
bed internally displays either parallel laminae almost throughout the thickness
or a set of parallel laminae below and asymmetrical cross laminae above
(T-a: E and F, in Fig. 5; Fig. 6). The cross laminae are frequently repre-
sented by climbing ripples, but sometimes by low undulating laminae. The
division of parallel laminae exhibits very clear parting lineation and occasionally
contains concentration of plant fragments at some laminae. Some thick beds
have a massive interval at the basal part, in which black-shale clasts less than
a few cm are commonly contained. The bedding characteristics of the sandstone
of the lower part indicate the Ty-. rarely Ta.-. sequence of turbidites.

The lower member is transitionally succeeded by alternating beds of
medium- to thin-bedded sandstone and mudstone of the middle member (T-b in
Figs. 5, 6 and 7). It shows an overall thinning- and fining-upward sequence,
although several repititions of minor cycles are recognized in the lower part of
the member on the northern limb of the Nango Syncline (Figs. 6 and 7). The
sandstone beds are well-sorted and generally fine- to very fine-grained. Those
thicker 30 cm are generally characterized by a set of parallel laminae below
and asymmetrical cross laminae above, but thinner ones are predominated by
either parallel or cross laminae. Parallel laminae above the cross laminae in-
tervals are mostly very thin or incipient. The bottom surfaces are sharp and
are commonly associated with flute and groove marks. At the top, the sandstone
beds show an abrupt changes in grain-size into the overlying mudstone and
when marked by ripples they show a sharp boundary (Pl. 38, Fig. 4). Thus,
the sandstone beds represents the Ty-. or T.-. sequence of turbidites, although
T division is not uncommonly lacking. The crawling- and feeding-type trace
fossils including Helminthoida sp., Helminthopsis sp., Paleodictyon sp., and
Chondrites sp. are commonly recognized at the top surfaces of mudstone beds.

The middle member transitionally grades up into the upper member (T-c)
which consists mostly of darkgray massive mudstone with occasional thin very
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Fig. 5. Lithostratigraphic sequence of Lower Subformation of Taki-
gahirayama Formation along sections E and F (northern half)
shown in Fig. 2. See Fig. 8 for symbols.

E; T-a to south of Meotoura, F;; T-a to T-b on coast southeast of
Nienami.
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Fig. 6. Lithostratigraphic sequences of Lower Subformation (T-a and T-b) of
Takigahirayama Formation along the section F on the coast southeast of Nienami.
1, mudstone; 2, sandstone less than 5cm in thickness; 3, sandstone less than
10 em; 4, sandstone less than 30 em; 5, convolute laminae; 6, ripple-cross laminae;
7, parallel laminae; 8, sandstone; 9, mudstone clasts (shale-pebble).
Detailed sequence is shown as F: in Fig. 5 and F. in Fig. 7.
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fine-grained sandstone and siltstone layers. Several pale-green tuff beds less
than 5 cm thick are intercalated in the middle part, and calcareous concretions,
up to 10 cm across, are sporadically found. '

The upper part of the middle member on the northern limb and the upper
member yield planktonic and benthic Foraminifera, and Radiolaria.

3 ]
Fig. 7. Lithostratigraphic sequence of Lower Subformation of Takigahirayama

Formation (T-b) along section F (southern half) shown in Fig. 2. See Fig. 3
for symbols.
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b. Upper Subformation
Type locality: A northwesterly running small valley 200 m west of
Meotoura
Thickness: 320 m+

T-d
T-d

~15m

-0

Fig. 8. Lithostratigraphic sequence of Upper
Subformation of Takigahirayama Forma-
tion along sections G and H shown in Fig. 2.
See Fig. 3 for symbols.
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The Upper Subformation conformably follows the Lower Subformation and
its base is artificially placed at the bottom of a packet of alternating beds of
sandstone and mudstone first appeared above the mudstone of the T-c member.
It is composed of alternating beds of sandstone and mudstone (80 m) in the
lower part (T-d in Fig. 9), thick-bedded sandstone (70 m) in the middle (T-e)
and mostly mudstone (170 m) in the upper (T-f). Thus this subformation shows
a facies cycle composed of a thickening- and coarsening-upward sequence and
the following thinning- and fining-upward one. In this cycle the lithofacies
change from T-e to T-f is much more rapid than that from T-d to T-e.

The lower member (T-d) is a sequence of predominantly mudstone with
subordinate very thin interbeds of very fine-grained sandstone and siltstone
in the lower part and with 5 to 20 cm thick, fine-grained sandstone interbeds in
the upper. These sandstone beds exhibit the T.-o sequence of turbidites. How-
ever, in the western part of the investigated area and the eastern part of the
overturned limb this member contains some sandstone beds as thick as 1 to 4
m (Fig. 8). The middle member (T-e) consists largely of thick to very thick-
bedded, medium-grained sandstone with 10 to 30 em thick mudstone interbeds.
Each sandstone bed is largely massive with parallel laminae in the upper part.
The base is sharp, but no erosional structures were found. Towards the top of
this member sandstone becomes thinner-bedded and finer-grained.

The mudstone of the upper member (T-f) is massive and is occasionally
accompanied with thin, very fine-grained sandstone and siltstone layers. Some
tuff beds are found in the lower part.

As this subformation, especially the T-f member, is exposed in the moun-
tain ridge area, the rocks are strongly weathered down to a few to several
meters deep from the land surface. Therefore, microfossils have been found
only from several localities from where fresh rock samples were obtained.

4. Depositional Facies

The Nichinan Group is characterized by cyclic vertical variations depicted
by changes in sand/mud ratio and sandstone bed-thickness, although lithostrati-
graphic divisions have not been rendered to accord with these changes (Figs. 9
and 10). Each cycle consists of the following four facies-units in ascending or-
der: (1) massive mudstone; (2) alternating beds of sandstone and mudstone
which show a coarsening- and thickening-upward sequence; (3) very thick-
bedded, very coarse- to medium-grained sandstone accompanied with shale-pebble

Explanation of Plate 38

Fig. 1. Alternating beds of sandstone and mudstone of the uppermost part of

Ichiki Formation. Note sharp bases and rippled surfaces.

2. Shale-pebble conglomerate (debris flow deposit) in lower member of
Lower Subformation of Nango Formation.

3. Parallel- and ripple-laminated sandstone in lower member (T-a) of
Lower Subformation of Takigahirayama Formation.

4. Alternating beds of sandstone and mudstone of middle member of Lower
Subformation of Takigahirayama Formation.
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conglomerate; (4) alternating beds of sandstone and mudstone which exhibit a
fining- and thinning-upward sequence. The last unit is overlain by a massive
mudstone unit. Thus the Nichinan Group displays four cycles of prograding and
retrograding sequences with regard to the intercalation of sandstone beds.

Among the facies-units mentioned above, the third one is represented by
N-a and N-d members of the Nango Formation and T-a and T-e members of the
Takigahirayama. The sandstone beds of N-a and N-d members have erosional
bases cut into the underlying alternating beds, and those as thick as over 50 cm
often show amalgamation of strate. These members include many wedge-beds of
disorganized intraformational shale-pebble conglomerate. The associated very
coarse-grained sandstone and well-rounded granule to small pebble conglomerate
beds also show disorganized fabric and commonly exhibit dish structures in the
main part and convolute structure at the top part of the beds. From these
lithologic and bedding characteristics, the N-a and N-d members can be re-
ferred to as channel-fill debris flow deposits. On the other hand, T-a and T-e
members are transitional from the underlying alternating bed unit. The sand-
stone beds of T-a member show planar and parallel bed-forms with nonchanneled
bases, and represent base-missing, largely to entirely laminated, Ty-. predomi-
mnant sequence of turbidites with incipient Ta interval. These beds are con-
sidered to have resulted from dense and rapid turbidite currents and to have
formed as suprafan sand-lobes. The sandstone beds of T-e member are fine-
grained, being sufficiently continuous laterally, and are characterized by promi-
nent development of the T, interval with much less developed laminated inter-
vals. These features suggest the deposition by highly concentrated turbidity
flows with little traction effects. These beds may also be referred to as suprafan
sand-lobe deposits.

The sandstone beds of the second and fourth alternating facies generally
show planar bedding, and their bases are always sharp. Sole marks are most
abundant and variable in these facies. The sandstone and mudstone couplets
show various aspects in internal bedding characteristics; in some units, mainly
in N-e, N-f and T-d members, they are gradational and show a complete Bouma
sequence of turbidites, but in others, the sandstone part lack one or more of
the upper intervals or basal ones. Especially base-missing turbidites are very
common. The T, and T: intervals are often missing in the uppermost member
of the Ichiki Formation, N-b member of the Nango and T-b member of the
Takigahirayama. The T4 interval is rarely visible or often difficult to distin-
guish from the T. interval in T-b member of the Takigahirayama. Even in
these units, however, the sandstone parts exhibit the set of parallel laminae at
the base and cross laminae above, which suggests that the sandstone beds have
resulted mainly from bottom traction of turbidites.

On the basis of sedimentary features of each facies-unit and the strati-
graphic sequence and with reference to the knowledge on recent and ancient
sedimentary bodies (e.g. MUTTI and Ricci-LuccHI, 1972), the depositional
environments of the Nichinan Group are inferred as follows: the Ichiki For-
mation shows an abrupt increase of coarse sediment influx above a thick
packet of massive mudstone, and is covered by debris flow deposits of the
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basal member of the Nango Formation. This lithologic change suggests that
the Ichiki Formation is the deposits of a transitional sequence from an outer
fan to a middle fan caused by the progradation of sediment distributary chan-
nels of a submarine fan. The Nango Formation includes two units of debris
flow deposits, each of which is followed with rapid facies changes by the
thinning-upward alternating sandstone and mudstone facies. The former can
be attributed to channel-fill deposits, but the latter cannot be ascertained
whether it is interchannel deposits resulted from lateral shifting of channels or
outer fan deposits caused by the retrogradation of channels, because of struc-
turally limited distribution of the Nichinan Group in the Nango block. The
Takigahirayama Formation contains two thick-bedded sandstone units which
are transitional with the underlying and overlying alternating sandstone and
mudstone units. The thick sandstone units can probably be referred to as
deposits of suprafan sand-lobes prograded into a middle fan and the alternating
units as sand-lobe-fringe deposits formed by dilute turbidity currents.

It is concluded that the overall sequence of the Nichinan Group is com-
parable with the deposits in the outer to middle fan environments of a submarine
fan. It shows repeated progradation and retrogradation of channel-fill and sand-
lobe deposits, and the upward thickening of muddy beds and the general upward
fining of sandstone beds signify the major retrogradation of the fan deposition.

IV. Biostratigraphy of the Nichinan Group

A. Zonation of the Nichinan Group in the Nango area

The Nichinan Group abundantly yields planktonic and benthic Foramini-
fera, and Radiolaria, although it includes some barren intervals represented by
thick sandstone beds. Of samples collected from more than 300 localities, mud-
stone samples from 53 localities (Fig. 2) yielded datable planktonic Foramini-
fera (Tables 1 and 2). 40 species belonging to 8 genera were identified, and their
stratigraphic distribution is shown in Figs. 9 and 10. The sequence examined
can be biostratigraphically divided into the following three zones in ascending
order: Globorotalia (Turborotalia) opima opima Zone, Globigerina angulisu-
turalis Zone, Globorotalia (Turborotalia) kugleri Zone. Representative species
of these zones are shown in Plates 39 and 40.

1. Globorotalia (Turborotalia) opima opima Zone

The Ichiki Formation and the lower part of the Nango Formation can be
referred to this zone (Fig. 9). The representative species of this zone are
Globorotalia (Turborotalia) opima opima BOLLI, Globigerina pseudovenezuelana
BrLow and BANNER, G. corpulenta SUBBOTINA, G. eocanena GUMBEL, and G.
gortanit BORSETTI. Globigerina angulisuturalis BOLLI also occurs in this zone,
and ranges up to the lower part of the Globorotalia kugleri Zone. The top of this
zone is marked by the extinction of G. (7.) opima opima.

2. QGlobigerina angulisuturalis Zone
The upper part of the Nango Formation belongs to this zone, and the lower
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Fig. 9. Generalized lithostratigraphic sequence of Nichinan Group on southern limb of Nango Syncline and bio-

stratigraphic distributions of planktonic Foraminifera.

1, ripple la.minae; 2, parallel laminae; 3, mud clast (shale-pebble) ; 4, sandstone; 5, conglomerate; 6, slump beds;
7, alternating beds of sandstone and mudstone; 8, siltstone bands; 9, mudstone; ¢, confer; Gna., Globigerina;
Gds., Globigerinoides; Cdx., Catapsydrax; Gnt., Globigerinita; Ggqa., Globoquadrina; Grt. (T.), Globorotalia

(Turborotalia) ; Gls., Globorotaloides; Csl., Cassigerinella.
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part of the Takigahirayama Formation may also be assigned to this zone (Fig.
9). The characteristic species of this zone are Globigerina angulisuturalis
BoLLl, G. anguliofficinalis BLOW, G. galavisi BERMODEZ, and G. ouachitaensis
ciperoensis BOLLI. The base of this zone is placed at the level of extinction of
of G. (T.) opima opima as mentioned above. The upper limit is defined by the
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Fig. 10. Generalized lithostratigraphic sequence of Takigahirayama Formation in
northern limb of Nango Syncline and biostratigraphic distribution of planktonic
Foraminifera. Lithologic symbols are same as those of Fig. 9.
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first appearance of Globorotalia (Turborotalia) kugleri BoLLI and Globigeri-
noides quadrilobatus primordius BLOW and BANNER.

3. G@Globorotalia (Turborotalia) kugleri Zone

The middle and upper parts of the Takigahirayama Formation belong to
this zone (Fig. 9). The diagnostic species of this zone include Globorotalia
(Turborotalia) kugleri BoLLl, G. (T.) mendacis BLOW, Globigerinoides quad-
rilobatus primordius BLOW and BANNER, G. quadrilobatus immaturus LEROY,
Catapsydrax- stainforthi (BOLLI, LOEBLICH and TAPPAN), Globorotalia (Turbo-
ratalia) peripheroronde BLOW and BANNER, and Globoquadrina dehiscens:
dehiscens (CHAPMAN, PARR and COLLINS). Globorotalia (Turborotalia) pseudo-
kugleri BLOW, Globigerina bradyi WIESNER, and Globoquadrina dehiscens prae-,
dehiscens BLOW and BANNER also commonly occur. The base of this zone can
be demarcated by the first appearance of G. (T.) kugleri, G. quadrilobatus pri-
mordius, G. quadrilobatus immaturus.

In the section of the Nichinan Group on the southern limb of the Nango
Syncline (Fig. 9), the base of this zone or the boundary between the G. kugleri
and the underlying G. angulisuturalis Zone, can not be defined because of scanti-:
ness of planktonic Foraminifera. However, it was confirmed in the upper part’
of alternating beds of T-b member on the overturned limb of the syncline (Figs.
6 and 10), as noted above.

B. Correlation and Geologic Age

The Nichinan Group is not complete in fossil occurrence as there are barren
spaces at four intervals represented by thick sandstone beds. However, two
significant datum levels, the horizon of the extinction of G. (T.) opima opz‘ma'
and that of the initial appearance of G. (T.) kugleri and the species of Globi-.
gerinoides, were confirmed in the sections of this area. The former is equivalent
to the boundary between Zone N. 2 (= P. 21) and Zone N. 8 (=P. 22) of BLow"
(1969), and the latter is correlative with the boundary between Zone N. 3 (= P.
22) and Zone N. 4. It is known that Zone P. 21 or the Globigerina angulisutu--
ralis and Globorotalia (Turborotalia) opima opima Concurrent-Range Zone of
BrLow (1969), the base of which is marked by the first appearance of G. anguli-
suturalis and the top by the extinction of G. (T.) opima opima, is characterized
by G. (T.) opima opima, G. angulisuturalis, G. gortanii, G. ouachitaensis
ouachitaensis, G. galavisi, Globigerina sellii BORSETTI, and others. All of these
species except G. sellii were discovered in this area. Therefore, the G. (7.)’
opima opima Zone in the Nichinan Group is correlated with Zone P. 21 of BLow
(1969).

The G. angulisuturalis Zone of this area comprises such diagnostic species
as G. angulisuturalis, G. ouachitaensis ciperoensis, and G. dehiscens praedehi-
scens which characterize Zone P. 22 (= N. 3). G. (T.) kugleri and the species
of Globigerinoides which are diagnostic to Zone N. 4 have not been found in this
zone. Therefore, this zone is correlated with Zone P. 22 (=N. 3) or the
Globigerina angulisuturalis Partial-Range Zone of BLow (1969).



Table 1. List of planktonic foraminiferal species from southern limb of Nango Syncline.

odamenororo AN m
Sample HNTOOHANNTOOEH ANV OV HAMHAAHAAA AN
LR O SR N O VO T R TR W T I JO A N I T A N N O I TR O TR I T O I N )
Taxa Ardd A A R RRPIDLDDLDDDLDLBLODLLLLD LY
Globigerina anguliofficinalis Blow x x
angulisuturalis Bolli x XX |Xx XXX x x x
angustiumbilicata Bolli X X x XX X X[X XXX X XXXXXX[x X X% XX
bradyi Wiesner x x X x
corpulenta Subbotina x
eocaena Glmbel x
galavisi Bermidez x|x x x
gortanii Borsetti x
ouachitaensis ouachitaensis Howe and Wallace x x X x x |x
ouachlitaensis ciperoensis Bolli x x x x x
praebulloides Blow X X X X[XXXXXXXXXXXXX/XXXXXXXX
prasaepis Blow X XXX x
pseudovenezuelana Blow and Banner x
senillis Banday ‘ X
tripartita Koch x
venezuelana Hedberg x x x
woodi Jenkins X %X XXX x X X X X X X[x XXX X
Globigerinoides quadrilobatus immaturus LeRoy x X X x x x X xxx
quadrilobatus primordius Blow and Banner X X X X X X X X x c
Catapsydrax dissimilis (Cushman and Bermidez) c x|x X x % X X X X x x X X
stainforthi Bolli, Loeblich and Tappan
unicavus Bolli, Loeblich and Tappan X x x x| x XXX X x x X X x
Globigerinita incrusta Arkers X X x XXX X[XXXXXXXXXXXXXXXXXXXXX
Globoquadrina altispira globosa Bollj x x x
dehiscens dehiscens (Capman, Parr and Collins) x X
dehiscens praedehiscens Blow and Banner c x[x x X X x
Globorotalia continuosa Blow x|% x x x
(Turborotalia) increbescens (Banday) x x
cf. insolita Jenkins x x
kugleri Bolli x x X xXxx (X x x
mendacis Blow x X x
cf, nympha Jenkinsg x x x x x
obesa Bollj x x X x(x xx x X x X XX
opima nana Bolli X X X X X XX X x x
opima opima Bolli XX x X
peripheroronda Blow and Banner ¢ x|x c x X x x
pseudokugleri Blow x x x x
siakensls 1eRoy % x C XX|X XXXXX XXXX X XXXXX
Globorotaloides suteri Bolli X xx XXX X[XXXXXXXCXXXXXXXXXXXX
Cassigerinella chipolensis (Cushman and Ponton) ' x x

Xx: present c; cf,
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Table 2. List of planktonic foraminiferal species from northern limb
of Nango Syncline.

Sample

t-24
t-25
t-26
t-27
t-28
t-29
t-30
t-31
t-32
t-33
t-34
t-35
t-36
t-38
t-39
t-40
t-41

Taxa

Globigerina anguliofficinalis Blow X x
angulisuturalis Bolli
angustiumbilicata Bolli X X X
bradyi Wiesner x x
ouachitaensis ouachitaensis Howe and Wallace x
ouachitaensis ciperoensis Bolli x
praebulloides Blow XCXXXXXXX x X x
tripartita Xoch x
venezuelana Hedberg
woodi Jenkins x

x
LR
x
®
®
x
»
%
x
X

LI
X%
»
»
®
®

Globigerinoides quadrilobatus immaturus LeRoy
quadrilobatus primordius Blow and Banner

® X
® %
]
% X

Catapsydrax dissimilis (Cushman and Bermidez) X XX x
stainforthi Bolli, Loeblich and Tappan c x
unicavus Bolli, Loeblich and Tappan c x x

Globigerinita incrusta Arkers X X X X X XX XXX X XXX

Globoquadrina dehiscens praedehiscens Blow and Banner x x

Globorotalia kugleri Bolli
(Turborotalia) obesa Bolli X X %X c x
opima nana Bolli
peripheroronda Blow and Banner

pseudokugleri Blow x
siakensis LeRoy XXX XXXC x

x
»x
a
Q

x
»
x

Globorotaloides suteri Bolli x XXX XXXXXXXXX

Cassigerinella chipolensis (Cushman and Ponton) x

Based on coexistance of G. (T.) kuglert and the species belonging to the
genus Globigerinoides, the G. (T.) kugleri Zone is correlated with the Globi-
gerinoides quadrilobatus primordius and Globorotalia (Turborotalia) kugleri
Concurrent-Range Zone or Zone N. 4 of BLow (1969). In addition, as the upper
part of this zone yields C. stainforthi and G. dehiscens dehiscens, this zone may

Explanation of Plate 39

Fig. 1. Globigerina gortanii BORSETTI.

. a, umbilical side; b, side view; ¢, spiral side. X75.

2. Globigerina angulisuturalis BOLLI
a, umbilical side; b, side view; ¢, spiral side. X180.

3. Globorotalia opima opima BOLLL
a, umbilical side; b, side view; c, spiral side. X190.

4. Globorotalia pseudokugleri BLow.
a, umbilical side; b, side view; ¢, spiral side. X195.

5. Globigerina ouachitaensis ciperoensis BOLLI.
a, umbilical side; b, side view; ¢, spiral side. X125.

6. Cassigerinella chipolensis (CUSHMAN and PONTON).
Side view. X280.

7. Globigerina ouachitaensis ouachitaensis HOWE and WALLACE.
Umbilical side. X205.

8. Globigerina prasaepis BLOW.
Umbilical side. X120.

9. Globoquadrina dehiscens praedehiscens BLOW and BANNER.
a, umbilical side; b, side view. X95.
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range up to the upper part of Zone N. 4.

On the bases of the above-mentioned results, the G. (T.) opima opima Zone,
the G. angulisuturalis Zone, and the G. (T.) kugleri Zone of the Nichinan Group
are referable to Late Oligocene, Latest Oligocene, and Earliest Miocene age,

respectively.

C. Oligocene-Miocene Boundary

As stated above, the biostratigraphic boundary between N. 3 and N. 4 that
is correlated with the Oligocene-Miocene boundary can be drawn in the middle
part of the Takigahirayama Formation of the Nichinan Group. This is the first
setting of the Oligocene-Miocene boundary in Japan.

The Oligocene-Miocene boundary has been defined by the first occurrence of
the following species: (1) Globigerinoides (e.g. BLOW, 1969; STAINFORTH et al.,
1975), (2) Globorotalia kugleri (e.g. BioLzl, 1982), (8) Globoguadrina dehiscens
(e.g. SRINIVASAN and KENNETT, 1983), (4) Globorotalia peripheroronda and
Globoquadrina altispira (STAINFORTH and LAMB, 1981).

BLow (1969) demonstrated that the Oligocene-Miocene boundary can be
placed at the level of the first appearance of Globigerinoides primordius and
that G. (T.) kugleri first appears in the upper part of Zone N. 3. Many workers,
however, indicated that Globigerinoides primordius first appears in late Oligocene
rocks (LAMB and STAINFORTH, 1976; SEIGLIE, 1973). STAINFORTH and LAMB
(1981) reported that small specimens of Globigerinoides primordius appear in
and persist through the Globigerina ciperoensis Zone of late Oligocene age in
two cores on the Atlantic continental slope and on the Florida shelf in the Gulf
of Mexico. BrioLzi (1982) showed the correlation between planktonic foramini-
feral and calcareous nannofossil zonations of DSDP Site 3854 in the Equatorial

Explanation of Plate 40

Fig. 1. Globigerinoides quadrilobatus immaturus LEROY.

a, umbilical side; b, spiral side. X135.

2. Qlobigerinoides quadrilobatus primordius BLOW and BANNER.
a, spiral side; b, umbilical side. X165.

3. Globorotalia kugleri BOLLL
a, umbilical side; b, side view; c, spiral side. X155,

4. Globorotalia mendacis BLOW.
a, umbilical side; b, side view; c, spiral side. X270.

5. Globoquadrina dehiscens dehiscens (CHAPMAN, PARR and COLLINS).
a, umbilical side; b, side view; ¢, spiral side. X75.

6. Catapsydrax stainforthi BoLLI, LOEBLICH and TAPPAN.
a, umbilical side; b, spiral side. X125.

7. Catapsydrax dissimilis (CUSHMAN and BERMUDEZ).
a, umbilical side; b, spiral side. X60.

8. Globigerina bradyi WIESNER.
Side view. X185,

9. Globorotalia optma nana BOLLL
Umbilical side. X230.

10. Globorotalia obesa BOLLI.
Umbilical side. X180.
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Atlantic, and placed the Oligocene-Miocene boundary at the level of first occur-
rence of G. kugleri. On the other hand, SRINVASAN and KENNETT (1983)
emphasized the validity of the first appearance of G. dehiscens as a marker of
the Oligocene-Miocene boundary on the basis of qualitative and quantitative
study of Foraminifera from the cores of three DSDP sites (289, 208, 206) in
the South Pacific ranging from the equator to the temperate regions.

As for the Nichinan Group of the investigated area, the first occurrence of
G. kugleri and G. primordius are almost contemporaneous, and this level demar-
cates the boundary between G. angulisuturalis Zone and G. kugleri Zone (Figs.
9 and 10). I, therefore, define the first occurrence of G. kugleri as the Oligocene-
Miocene boundary in this paper, as G. primordius tends to be present in late
Oligocene sections of other regions as mentioned above. In the Nichinan Group,
the first occurrence of G. dehiscens is almost contemporaneous with C. stain-
fortht, and is at the higher level than the boundary between the G. kugleri Zone
and the G. angulisuturalis Zone, that is the Oligocene-Miocene boundary defined
above. Accordingly, so far as the foraminiferal biostratigraphy is concerned,
it is not appropriate to set the Oligocene-Miocene boundary at the level of the
first appearance of G. dehiscens, because C. stainforthi is generally known to
occur from the upper part of Zone N. 4 and also from higher levels.

Thus, in the Nichinan Group the Oligocene-Miocene boundary is placed on
foraminiferal evidence between G. angulisuturalis Zone and G. kugleri Zone,
in the upper part of the alternating beds (T-b) of the Lower Subformation of
the Takigahirayama Formation (Figs. 6 and 10).

V. Trends of Microfossils

From the lithostratigraphic sequence, depositional facies and sedimentary
structures, the Nichinan Group are comparable with those of submarine fan
deposits, as noted before. Then, in what sort of paleobathymetric setting
environment was this group deposited?

Paleobathymetric and palecenvironmental interpretation of ancient sedi-
ments have been attempted by means of applying the knowledge on the ecology
and systematic trends of microfauna, mainly of Foraminifera in terms of their
geographic distribution and depth zonation (e.g. BANDY, 1953, 1961; INGLE,
1967, 1980). Moreover, on the basis of comparison of species composition and
general morphologic trends of modern and ancient benthic Foraminifera,
assignment of species to bathymetrically defined faunal groups representing
inner shelf through lower bathyal zone are being accomplished (e.g. INGLE,
1967, 1980). In addition, variations in the relative abundance of Foraminifera
and Radiolaria with water depth are analysed (INGLE 1980; INGLE et al. 1980).

Fortunately, the Nichinan Group abundantly yields benthic and planktonic
Foraminifera at many stratigraphic levels and Radiolaria at fairly many hori-
zons, although these are interruption by thick sandstones within the sequence,
and offers an oppotunity to analyse the paleobathymetry with the aids of the
above-mentioned knowledge. In this paper, the following items were examined
to know major vertical variations of Foraminifera and Radiolaria.



Litho- and biostratigraphy of the Oligocene-Miocene Nichinan Group 313

(1) Percentages of Foraminifera and Radiolaria

(2) Percentages of Planktonic and Benethic Foraminifera

As for methods, each sample was put in a beaker and soaked in dilute HF
(8%) solution for one hour, and the residue was washed on a 250 mesh screen
(60 micron openings). Then, all specimens of Foraminifera and Radiolaria in
the residues were picked up, and their numbers were counted. Planktonic
Foraminifera was specifically identified, and their percentages in each sample
were calculated. Fig. 11 illustrates the result of examination on the above-men-
tioned items plotted in relation to the stratigraphic sequence of the Nichinan
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Fig. 11. Percentage of Foraminifera and Radiolaria and benthic and
planktonic Foraminifera plotted against stratigraphic sequence.
A. southern limb, B. overturned northern limb. I-a: Ichiki Forma-
tion, N-c: Nango Formation, T-b to f: Takigahirayama Formation.
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Group. This figure shows a general aspect of stratigraphic variations in the
relative abundance of major foraminiferal groups and Radiolaria.

(1) Percentages of Foraminifera and Radiolaria

In the section of the southern limb (A in Fig. 11) of the Nango Syncline,
occurrence of Radiolaria is rare in the samples from the Ichiki, Nango, and the
lower part of the Lower Subformation of the Takigahirayama Formation, but
become common above the level of t-5. Above this horizon, the percentage of
Radiolaria increases and decreases one after another. In the mudstone of T-c
and T-f, the percentage attains more than 509 in not a few samples (t-6, t-9,
t-10, t-12, t-16, and t-19). In the section of the northern overturned limb (B in
Fig. 11), the percentage of Radiolaria increases above the level of t-31 to attain
more than 50%, and exhibits smaller fluctuation than in that of the southern
limb, although it decreases in T-f.

(2) Percentages of planktonic and benthic Foraminifera

In the section of the southern limb (A in Fig. 11), the benthic Foraminifera
reaches more than 759% in the Ichiki Formation, becomes approximately 50%
in the Nango Formation, and gradually decreases to less than 259 at the levels
above t-3 of the Takigahirayama Formation. In other words, planktonic
Foraminifera are gradually increased in the Takigahirayam Formtion. While,
in the section of overturned limb (B in Fig. 11), the percentage of benthic
Foraminifera tends to repeatedily rise and fall while the range from approxi-
mately 10% to 609, although samples containing fossils were few.

Thus, the microfossils of the Nichinan Group show a fairly marked general
trend in the increase of the relative abundance of planktonic Foraminifera and
Radiolaria as stratigraphically followed upwards. This microfaunal trend well
accords with the vertical lithologic changes of the group represented by the
predominance of muddy facies in the upper part of the sequence and the upward-
fining of sandstone beds. As mentioned above, this vertical lithofacies change
probably reflects retrogradation of submarine-fan deposits from a middle fan to
a lower fan or deepening of depositional environments. In a detailed view, how-
ever, there is marked vertical fluctuation of the relative abundance of Radiolaria
in the Takigahirayama Formation. Whether this fluctuation has resulted from
climatic or oceanographic changes or from the changes of water-mass proper-
ties cannot be revealed, because no distinct lithologic differences are recognized
among the mudstone beds from which the microfossils were obtained. On the
other side, the relative abundance of benthic Foraminifera at t-31, -33, -35, -39,
and -40 in the section of the northern limb and t-17 (not shown in Fig. 11)
and -22 in that of the southern limb may have been connected with the influx
of shallow-water sediment transported by sediment gravity flows, because the
mudstone of these localities commonly contains silty laminae less than 5 mm in
thickness.

For estimating paleobathymetry of ancient sediments various methods
have been attempted. Especially planktonic/benthic foraminiferal ratio has



Litho- and biostratigraphy of the Oligocene-Miocene Nichinan Group 315

been demonstrated by many workers to be reliable, and knowledge on the depth
distribution of Recent Foraminifera provide analogies useful for interpreting
the paleobathymetry. In this connection, GRIMSDALE and MORKHOVAN (1955)
showed that the relative proportion of planktonic and benthic Foraminifera in
Recent open ocean sediments of Gulf of Mexico almost steadily increases with
water depth up to approximately 1000 m and keeps a high value nearly 90%
in water depth more than that. In the quantitative analysis on faunal distribu-
tion of benthic Foraminifera in relation to water-mass properties under the
water ranging from the outer shelf to abyssal zones in the Peru-Chile Trench
area, INGLE et al. (1980) indicated that the percentage of planktonic Foramini-
fera in total foraminiferal population increases with depth up to about 2800 m
and then decreases with the increase of Radiolaria, although in detail a fairly
large extent of flctuation is recognized. They also showed that the relative
abundance of Radiolaria to Foraminifera nearly steadily increases with depth
and exceeds 40% in the depth more than 2000 m.

In the Nichinan Group, the percentage of planktonic specimens in total
foraminiferal population gradually increases upwards from the Ichiki Forma-
tion to the Takigahirayama Formation and reaches more than 75% in many
samples. The relative proportion of Radiolaria to Foraminifera also increases
in the Takigahirayama Formation and shows high value more than 509 at
many levels. From the comparison of these microfaunal trends in the Nichinan
Group with the above-mentioned biofacies changes in water depth of Recent
sediments, it is inferred that the Takigahirayama Formation was deposited in
the depth more than 1000 m but not deeper than 3000 m, because CCD in Late
Oligocene to Miocene times is known to have been at depth 3000 to 3500 m
(RAMsAY, 1977).

Although no detailed taxonomic study of the benthic Foraminifera has been
made, one thing to be added is the common occurrence of Bathysiphon and
Cyclamina from mudstones of all formations of the Nichinan Group. According
to the study of KITAZATO (1979), these genera are limited at water-depth larger
than 1000 m. From these faunal characteristics, it is concluded that the Nichi-
nan Group is the deposit at depth ranging from 1000 to 3000 m, that is, in the
middle bathyal to the lower bathyal zone of INGLE’s Recent benthic foramini-
feral biofacies classification.

V1. Conclusions

Results of the present study are summarized as follows:

(1) The Nichinan Group of the Nango area in the Nichinan Mountains,
Kyushu, is lithologically divisible into three formations, the Ichiki, Nango, and
Takigahirayama Formations in ascending order. It is characterized by cyclic
lithofacies changes represented by coarsening- and thickening-upward sequences
and fining- and thinning-upward ones, and its overall lithostratigraphy shows
an major fining-upward sequence. This group is referred to as a submarine-fan
deposits ranging from a middle to a lower fan.

(2) Paleontological investigations on the planktonic Foraminifera ob-
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tained from the group indicate that the G. (T.) opima opima, G. angulisuturalis,
and G. (T.) kugleri Zones were discriminated. The Ichiki Formation and the
lower part of the Nango Formation belong to the G. (T.) opima opima Zone,
the upper part of the Nango Formation and the lower part of the Takigahira-
yama Formation to the G. angulisuturalis Zone, and the middle and upper parts
of the Takigahirayama Formation to the G. (T.) kugleri Zone.

(3) These three zones correspond to P. 21, P. 22, and N. 4, which are
designated as Late Oligocene, Latest Oligocene, and Earlist Miocene age,
respectively.

(4) The microfauna of this group shows a distinet upward increase in the
proportion of planktonic Foraminifera to benthic ones and Radiolaria to
Foraminifera. From the comparison of relative abundance of planktonic Fora-
minifera and Radiolaria in the Nichinan Group with that of Recent open-ocean
sediments, it is inferred that this group was deposited at depth between 1000
and 3000 m.
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