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                                 Abstract

   Post-Pliocene sediments around Lake Biwa are divided into Paleo-Biwa gt'oup, terrace
deposits and Alluvial deposits, and Paleo-Biwa group is subdivided into 11 beds by
characteristic 10 tuffs. On the other hand, many kinds of fossils obtained from these deposits

have important bearing on the origin of endemic species of this lake when checking their
stratigraphical occurrences. Based on these facts, the writer has established the following 3

paleolimnological stages of Paleo-Biwa Lake ; "Old Closed Lake", "Open Lake" and "Young
Closed Lake''.

   The first stage of Iater Pliocene age has provided the chance for the immigration of the
fauna and fiora of continental element to the lake and the second stage of earliest Pleistocene
has prepared a quite different condition for the marine dwellers. The third stage is considered

to be the age of land-locking of the aforementioned biota, whiÅëh has continued until this day.

                               Introeuction

    Recently, a vast amouRt of information about the ancient Lake Biwa was
obtained by the writer through the investigation of the Paleo-Biwa group
and the terrace deposists in the Oomi-Iga basin, CeRtral Japan. As a result,
the geohistory of Lake Biwa has become almost evident, and several interest-
ing facts obtained seem to have important beariRg oR the relat2on between
the basin development of Lake Biwa and the origin of endemic species. In
this paper, the writer will describe the geological data of the post-Pliocene
sediments iR this district and theR discuss the paleogeographical problems
concerning this lake, with special reference to the origin of the endernic
species, by summarizing the knowledge hitherto obtained.
    Among many previous works, the investigation of plant-remains by S.
Mii<i and the topographical survey by A. KoTANi have been most useful for
the writer's work.
    The writer wishes to express his thanks to D;'. M. ITiHARA for many
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valuable suggestions and encouragement given throughottt tlte present study.
The writer is also indebted to Prof. S. MATsusHiTA, Prof. K NAi<AzAwA
and Dr. S. IsHiDA for their kiBd information and discussion about the present
wor1<.

                     Part 1. G-eneral description

I. Geological outline of the Biwa basin

   The Oomi-Iga basin 2s classified geologically into the follwing 4 groups:

                         AIIuvial deposits
                         Terrace deposits
                        Paleo-Biwa group
                        BasemeRt complex
   The basemeRt complex contains all kinds of pre-Pliocene rocks such as
Paleozoic rocks, granitic rocks, quartz porphyry and Miocene rocks, con-
stituting the foundation of the basin and the surrounding mountains. The
Paleo-Biwa group comprises loose sediments made of clays, silts, sands and
gravels, which are all lacustrine in origin. These sediments now develop
forming mainly hilly lands, 200-300m in height. The terrace deposits, con-
sisting predominantiy of gravels and sands, can be seen as a blanket on
the margin of the hills. The Alluvial deposits consist of clays, sands, and
gravels having plant remains, all of which have been deposited in the
present lake and on fiood plains.

!I. Paleo-Biwa group

  1. Stratigraphy

   The Paleo-Biwa group of about 500m in thickness shows a cycle of
sedimentation of non-marine strata. The cycle begins with the sands of the
Iga forrnation which intercalates many llgnite seams. The Iga formation is
succeeded by the clayey strata of the Koka formation and the latter passes
transitionally upward to the sand and gravel rich formation of the Katata
again. The relation of these three formations is stratigraphically conform-
able. There are many tuff beds in the Paleo-Biwa group. Some of them
are so characteristic and so continttous in the area that tkey are useflll as
key' bed in subdividing the group. In this paper, 10 conspicuous tuffs are
selected and the sediments are divided into 11 beds from Bi to Bii ln
ascending order. (In the geological map of 1/200,000 they are abbreviated
into 6 parts owing to the small map scale.) The boundaries between the
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1 Stratigraphy of the Paleo-Biwa group
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formations are also drawn by tuff, even if the tuff beds cut the lithofacies
diagonally.
   All the sediments which are found overlying the PaleoBiwa group are
the terrace and the Alluvial deposits. This may indicate the fact that the
younger deposits which can be correlated to the Manchidani formation in
the Osaka area do not exist in the basin.

  2. Keybeds
   10 sheets of tuff are picked out as key bed. Almost all of them are
vitric and finely grained. However, they have their own features distin-
guishable from each other and can be used sufliciently. as key bed. The
microscopic and megascopic characteristics and the physical appearance of
each tuff are as follows.

Yubune tuff (Bi-B2)
   This is so characteristic that it has the popular local name of "Nuka".
It is widely continuous, and the lateral change is slight owing to its inter-
calation iR thick clay; 50-70cm in thickness and always consists of two
parts; upper coarse-grained part and lower fine-grained part. The lower
fine-grained part is yellowish gray in color and has a peculiar appearance
on the weathered outcrops. That is, many cracks develop crosswise on the
weathered surface, and along the cracks a Iot of small (about 1cm3) cubic
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fragments are splintered off aRd piled up around the foot of the outcrops.
The local name "Nuka" has derived from these phenomena.
   The upper coarse-grained part is gray in coior and homogeneous in
lithofacies. This part shows the following composition under the microscope ;
clayey matrix is quite dominant, glass and quartz, 0.2-0.3mm in diameters
are scarce and little hypersthene is found. Type locality of this tuff ls
Higashiyubune (Loc. 85).

Ichiuno tuff (B2-B3)
   This is the only crystalline dacite tuff found ln the Paleo-Biwa group,
and one of the most ttseful key beds. It is greenish gray to dark green in
color, and yellowish dark gray when vsreathered; usually 15cm thick and
20cm in maximum;widely continuous, and the lateral change is slight. The
full succession is 3cm greenish gray fine-grained part, 7cm greenish gray
medium-grained part containing dominant color minera}s and 3cm greenish
fine-grained part in descending order. Under the microscope, the following
materials are found in the middle coarse-grained part: Abundant quartz,
rare glass, feldspar and hornblende. Type locaiity is the pass (lkmW of
Loc. 48) between Kamirnasugi and Higashiyubgne.

Hozo2n tuff (B3-B4)
   This grayish white, medium- to fine-grained tuff is not so remarkable
in character. But it is used as a key bed for its good continuity in the thick
clay. The. average thickness is 10cm. Occasionally, this is divided into two
seams by the intercalation of a clay lens, a few meters thick. AbundaRt
glass, rare quartz and very scarce hornblende are found under the mlcro-
scope. Type Iocality is Jimpo (Loc. 74).

Kosaji tuff (B4-Bs)
   40cm ln average thickness. Well continuous, consistiRg of three layers ;
10 cm yellowish gray, fine-grained top layer, 5 cm purplish gray, fine-grained
middle part and 25 cm purplish gray, coarse-grained basal part. In particular
the thick basal layer is marked with dark brown spots, which are very
useful as a key. In the coarse-grained basal part, abundant glass and rare
quartz, feldspar and hornblende are found. Type locality is Nishide (lkm
NE of Loc. 74).

Mushono tuff (Bs-B6)
    Not well continuous, but has a characteristic physical appearance and is
one of the most useful key beds. Cofisists of two parts; the upper coarse-
grained, homogeReous part and the Iower fine-grained, peculiarly stratified
part. Though a tuff of 80-120cm in average thickness occasionally goes
laterally over into a thick drift iens (7m in thicl<ness) or a thinned down
seam, this quite characteristic sSratification can always be recognized. Under
the microscope, glass is dominant aRd quartz, feldspar and color mineral
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are rarely found. Type locality is Hara (Loc. 68) and the drift is seen at
Mushono (near Loc. 71).

Kono tuff <B6-B7)
   Not so continuous but has a rather distinct physical appearance as
follows ; 15cm brown clayey top part, 10cm brownish gray, finely stratified
middle part and 10cm reddish brown, coarse-grained basal part. The ratio
of the parts 2s variable but the brownish color is always useful as a common
mark. The thickness which is on an average 40cm at Hino hill decreases
rapidly towards the west. It is therefore rather difficult to pursue this key
bed in other areas. Under the microscope, the foilowing composition is
recognized at the basal part. Fresh or half devitrified glass is common,
quartz and hornblende are also found iR some degree. Pyroxene is scarcely
found. Type locality is Kono (Loc. 53).

I{{ara tuff (B7-Bs)

   This bomogeneous white tuff is not continuous and has Ro peculiar
physical appearance. But the weathered parts occasionally show piRkish
color, which is the oRly mark. Average thickness at Hino hill and the east
half of the Minakuchi hill is 30-50cm, but decreases towards the west. At
Kusatstt hill, the thin layer is foulld only in a limited area. Abundant glass,
common quartz, rare feldspar and hypersthene are found. Type locality is
Hara (2kmSE of Loc. 25).

Ikenowaki tuff (Bs-Bg)
   This might be one of the two tuffs which are found on both sides of
Lake Biwa; western Katata hill and eastern Kusatsu, Hino and other hills.
But some doubts still remain as to its identification, especially at Katata.
   In spite of this, this tuff is regarded as a useful key bed, having a
somewhat remarkable physical appearance and wide distribution. It consists
of the pinkish brown, clayey upper part and the pale brown, pumiceous,
coarse-grained lower part with remarkable dark brown spots. The thickness
varies from 20cm to 80cm. Under the microscope, very abundant glass
fragments, rare quartz, feldspar and hornblende are found. Type locality
is Il<enowaki (Loc. 25).

Oono tuff (Bq.-Bio)

   This is the only distinct key bed which is found on both sides of the
Lake. The tuff is not so well continuous but hasavery remarkable appear-
ance quite similar to that of the so-calied "Pink tuff" in the Osaka group.
The "Pink tuff" is always distinguished from the rest veyy easily by its
typical appearance, though its thickness varies from 0 to 100cm. And the
writer considers this tuff to be the "Pink tuff" itself. Under the mlcroscope,
glass is domiRant, quartz and feldspar are rare, and color minerals represented
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by hypersthene are very scarce. Type localities are Kitawaki (Loc. 22) on
the east and Oono (Loc. 14) on the west of the Lake.

Sakawa tuff ('intercalated in Bio)

   This has been recognized only at Kataka hill, and is not treated as
key bed dividing the formation in the map but useful as a supplementary
key bed owing to its distinct characters as follows ; pure white, fine-grained
tuff with a thin basal seam containing much biotite crystal. Average thick-
ness is 2-4cm and the biotite bearing• basal searn is 0.5crn. The continulty
is comparatively good in spite of its small thickness.

Kamiogi tuff (Bio-Bii)
   This is found only at Katata hill. Not well coRtinuous, and lateral change
is surprisingly great. For instance, the tuff found at Kisengawa (near Loc.
17) is 4m thick and represented by an alternation of the brownish gray,
medium-grained part and the subordinate purplish brown, fine-grained part.
0R the other hand, a similar tuff found at the western margin of the hill
near the Hiei range is 3-7cm thick and brownish gray, medium-grained, and
hornogeneous. The lateral change is therefore so great that these tuffs seem
to belong to different horizons. But they are considered to be the same tuff,
for the reason that there are many intermediate types such as the 30cm
thick stratified tuff at Kamiogi (center of Loc. 12 & Loc. 13) and 50cm
coarse tuff at Kurihara (2kwW of Loc. 17). Under tke microscope, glass is
abundant, and quartz, feldspar, augite and hypersthene are scarce.
   In aRy way, this tuff looks somewhat Iike the so-called "Azttki tuff", in
its microscopic character and stratigraphical horizon.

  3. Llthofacies

Iga formation

Bi bed
    The sediments which fill up the uneven basement at the beginning of
the series consist of various components ; predominant sands and silts, with
subordinate gravels, "Kibushi" clay (coaly clay), "Gairome" clay (clay with
granitic granules), ordinary clay, lignites and tuffs. Till fiow, some efforts
have been made to classify this thick bed, but the subdivision has been
quite meaningless stratigraphically, because the sediments have no regularity
both horizontally and vertically, and moreover the tuffs and other components
have no remarkable characteristics. Consequently, the former subdivisions
have never had any meaning except showing the distribution of the .sediments
on the present eartk surface. In fact, the bed is made up of many lenses
accumulated irregularly. After all, the oftly fact which has been hitherto
made clear is as following; all over the area, tlte under c}ay consisting
mainly of "Gairome" and "Kibushi" clay with worse sorted sands are most
prominant, and the so-called basal and marginal coRglomerates are not
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common except at the southern foot of the Shigaraki plateau. The Bi bed
can be seen only in the Iga basin and its vicinity, but judging from the
boring data obtained near Hino, it is supposed to stretck to a farther north
area. Also another boring datum shows the thickness of the B, bed to be
180m at Ueno City. This' may be the maximum thickness of this bed.

Koka formation
B2 bed
   20-30m in thickness. Consists of widely continuous clay with a few
sand lenses. The clay abuts directly upofl the granite in some places.

B3 bed
   25-35m in thickness. There is no characteristic difference from B2 in
lithofacies. Consists of clay with a few sand lenses. Later'al change is
generally slight with the exception of the locai th2ckening of sand lens at
Omitobashi (Loc. 73). In the west, the clay abuts upon the Shigaraki granite
mass, but in the east the clay goes laterally over into the sands and comes
into contact with the basement by faults.

B4 bed
   18-30m in thickness. Quite similar to the B, in lithofacies.

Bs bed
   Clay with sand lenses, which are similar to those of the B,`. But the
intercalated sands become moye pronounced toward the top and are marked
by the plant-bearing sandy silt at its uppermost horizon. This plant-bearing
horizon goes laterally over iRto the Kamikomazuki coal mine (2km ENE of
Loc. 60), where a few sheets of approximately 60cm thick lignite beds are
found.

Katata formation

B6 bed
   10-25 m in thickness. Upper half of the B.r gradually transforms upward
into an altemation of sands and silts, which 2s named the B6. Sands and
silts of lenticular shape are rather well sorted and contain no coarse materials
in the central part of the basin, but change Iaterally into gravel rich facies
near the margin. For instance, at Sasao Toge pass (directly east of the
Kamikomazuki coal mine, or 2kmNE of Loc. 60), cobbles and pebbles
cemented tightly with clayey matrix abut upon the Paleozoic basement.

B7 bed
   20m-t- in thickness. Lithofacies is similar to that of the B6, but sands
are larger in quantity aRd the lateral change is great. Marginal part where
gravels are dominant is also fottnd near the Suzuka raRge. Coaly silts are
occasionally intercalated, where remarkable plant remains have been obtained.
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    The distribution extends on both sides of the Lake.

(East of the Lake)
   Sands and silts are main components but coarse material is more notice-
able than in the B7 and the lateral change is also more pronounced. Alter-
nations go over laterally into gravel-rich strata towards the eastern border,
where boulders over 40cm in diameter are found in silt and sand ienses.
Thickness increases also towards the east from less than 20m at Shlmoda
(near Loc. 61) to 40m at Hino HM.
(West of the Lake)
   The identification of the Ikenowaki tuff (Bs-B,) at Katata hill is in-
accurate, so there are some doubts as to the existence of the Bs bed at this
area. But the possibility of existence is very Iarge, judging from tke thick-
ness of the sediments and the physical appearance of the tuff as mentioned
in the previous chapter.
   If the Iowest tuff at Katata is to be regarded as the Ikenowaki, the
lowest portion referable to the Bs can be said to be silt- and clay-rich alter-
nation with subordinate sands. This lithofacies looks like that of Taga hill.

Bg bed
   Distributed on both sides of the Lake with quite different appearance.

(East) 40rn=i. Consists of gravels intercalating sands and silts. The
transition from the alternation of the Bs to the gravels of the Bg is rapid,
but no sign of disconformity is found, and the relation between the two
beds is quite conformable. Gravels of 3-10cm in diamvmter are common in
the midd}e and lower part, but ftner materials are found to be more pro-
Bounced toward the upper part. Rather fresh aRd round gravels are composed
mainly of Paleozoic rocks with subordinate gran2te and porphyritic materials.

(West) If the above-mentioned supposition as to the Ikenowaki tuff is to be
admitted, the Bg at Katata may be as follows: 5-20m in thicl<ness, which
is comparatively smaller than that of the east, cosisits of alternation of
silts and sands without any coarse materials. Graveis and pebbles are rarely
found even in the outcrops nearest the basement.

Bie bed
   Distributed at Yokaichi hill in the east and at Kataka hill in the west.

(East) Consists of many lenses of silt, sand and gravel. The facies is
similar to that of the upper part of the Bg. Thickness is unknown owing to
the undiscovery of the KamiOgi tuff (upper boundary of the B,e). However,
if all the sediments Iying on the Bg are regarded as the Bio, they amount
to 40 m in thickness.

(West) 30mti'. Lithofacies changes laterally greatly, for instance, dominant
silts at Kitahama (Near Loc. 17), pebbles and gravels at Mukaizaiji (Loc. 15)
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and the fossil forest at Shimoryuge (center of Loc. 15 & 17). The fossi!
forest is represented by carbonized wood 50cm thick which have taken root
in the clayey matrix iptercalated between the ill sorted sand and silt strata
with pebbles. The horizon of the fossil forest is in the middle of upper
part of the bed. Distinct iRdicators of disconformity are found neither
above nor beneath the fossil bed, in spite of the frequent lateral change.

Bn bed
   Distributed only at Kataka hill. Lateral change is extreme and the
sediments have their own features according to the place of deposition.

(Near the backland) 40ni-l-. Consists of exclusively dominant gravels with
few sands and silts. Gravels are fresh, round and 3-10cm in diameter.

(Along the lake-side) 20m-g-. Sands and silts with pebbles occasionally
show a distinct cross bedding exactly like the delta front as shown in Fig. 1.
Erosional phenomena of small scale are frequently found and many wedge-
shaped safids and silts with their tips tuming landwards develop directly
above these erosion surfaces. A typical cross-beddiRg is seen at Ono (2km
SE of Loc. 16) and at Takashiro (1.5kmNE of Loc. 16).

(Intermediate part) Well-stratified and rather well-sorted sands and silts
develop dominantly.

             s. 
                
              / 

          wum. wwuz.+ir.mumni....... IOnt E
              Fig. 1. Bii bed showing the scour and fill structure.

 4. Fossils

   Manykinds of fossil have hitherto been known in this area. Especially
the plant remains which S. MiKi has reported are excellent. These fossils
aBd their related strata are very importaiat in djscussing the development of
the basin. The writer has therefore criticized the styatigraphical horizons
of these fossil-bearing beds, checking their geological occurrences. The
results are tabulated below.

  5. Geological structure

   The Oomi basin is a land cauldroi} geostructurally. It is bounded by a
large number of thrusts which are divided into three charac'teristic groups ;
the group having the trend of the Hira range (HiT3), the group having the
Suzuka trend (Su,_.,) and that related to the Shigcaraki granite mass (Shimaie),
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Table 2 Stratigraphical occurrence of plant remalns
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Table 4 Stratigraphical occurrence of elephants
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Bed
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Bs'mii

Bs"111

Bg

Bio

Locality

Bll
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Mukaizaiji, Katata (Loc. 15)
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as shown in Fig. 2. The faults belonging to the Hira trend ruR parallel to
the Hira range !ndicatmg the distinct compression zone. Along the Suzuka
range, several thrusts run side by side makmg echelon structure, having a
NW-SE strike and NE dip, and cut the range diagonally. The faults related
to the Shigaraki granite mass develop also as thrusts with N.Ti,,-SW strike.

                         

                                              rlt
                 

            K/, ,,, 
            e                 
                 

            .

                         Shl                            978                                                 '                           A

            20 40Kpt
        Fig 2 Structural map of the Oomi Iga basin ancl its surroundings,
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These three fault grottps are undeubtedly simultaneous with the upliÅít of
the ranges and the wedge-shaped projection of the Shigaraki granite body.
Each fauit has the following characteristics.

Hanaore fault (Hi)
   The thrust plane dipping 600-700E crops out at Ichijoji and Keage, the
west side of Hiei-}[{ira range (both in Kyoto City). This styike is almost
parallel to the range.

Katata region (.H2)
   In this region, two faults are existing;oRe is the Hiei fault which runs
along the eastern foot of the Hiei-Hira range and the other is the Katata
fault which is assumed to have been buried below the alluvial deposits along
the lake side. A sheared zone is ltemmed in by these two fattlts. The Hiei
fault is composed of two or three parallel faults. Along the fault planes,
sands and silts with pebbles dip almost vertically and the high-aRgled reverse
fault plane can be seen at Namazu (lkmSof Loc. 15). On the southem
extension of these faults, two dykes of the same elongation intrude into the
granite. The faults might occur along the frail zone suggested by these
dykes. Along the eastern margin of the hill, an unsymmetrical anticline
runs with a very steep eastern wing. The assumed fault line is drawn
bordering on this almost vertical wing. A quartz porphyry shoots out along
the axls of this anticline.
   The compression zofie sandwiched between two faults has a peculiar
appearance geostructurally. That is, judging from the general distribution
of the sands and silts, the strata are inclined gently towards the lake, but
the bedding planes which are seen at many outcrops dip almost always
toward the Hira range. These phenomena may suggest the existence of
many minor faults of thrust type. In fact, minor thrusts witk a shift of a
few meters can be found at several places. But the details are unknown.

Two fauits crossing Otsu City (H3)
   Sands and silts dip almost vertically along the assumed fault line, but
the type of the fault is not known.

Taga fault (Sui)
   At Shide (Loc. 31), sands and silts dip steeply along the boundary of
the basement. A narrow ant2cline is also adjacent to this disturbed zone.
This may suggesta fault of compression type. The trend of the fault coin-
cides perfectly w2th that of the quartz prophyry dyke which has intruded
into the Paleozoic rocks.

Kozuhata fauit (Su2)
   At Kozuhata, Paleozoic rocks are considered tQ thrust upon the sand$
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and silts with pebbles, though the fau!t plane could not be observed. At
Iwakura, on the northerR extension on this fault, the strata dip at an angle
of 700 to NE.

Kurotaki fault (Su3)
   A high-angled thrust plane is seen at Kurotakl and Ayugawa, where the
Miocene strata generaily inclified eastwards suddenly change their dip steeply
eastward near the fault IiRe and the Paleozoic rocl<s thrust over these steeply
inclined sediments. The thrust extends southwards as well as Rorthwards
to the granite.

Tongu fault (Su4)
   At KamiRokumi (1kmE of Loc. 77), granite thrusts over silts and sands
at a high aRgle. At Oono (Rear Loc. 60), Miocene sandstone also thrusts
over silts and sands at an angle of 800. But on the farther northern exten-
sion, it seems to change into a normal fault.

w

li_!2;;zevzizpm ,,,,iIilgl..,,.,.,i>>>swzzezzi:e. 'ow,w.

Fig. 3. Sketch of fault at Ono (Su.D.

Tsuge fault (Su,)
   Sediments dip almost vertically along the boundary between the gyanite
and Paleo-Biwa group. But the fault plane is not known.

Yabata fault (Stt6)
   Although the exact point of the fault is not known, the strata incline
steeply near the boundary towards the basement rocks. Moreover, in the
silt beds at Kamimura (Loc. 91) and Yabata (Loc. 92), the characteristic
joints of N550W in strike and 500NE in dip develop regularly at iRtervals
of some 5cm. This may be an indicator of the existence of the compres-
sional force.

Osada fau}t (Sh,)
   A typical fault cliff is seeR along the stream Osada and its SW extension.
The figure of the cliff is quite similar to that of the Hananoki fault and
Nishitawara fault mentioned below. But the fault plane is unknown.

Nishitawara fault (Sh2>
   At Nishitawara (4krnN of Loc. 99), granite thrusts upon the younger
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N S
                   Fig. 4. Sketch of fault at Noda (Sh2).

sediments by a fault plane dipping 550N. The young strata also turn over
along the baserneRt rock. (See Fig. 4)

Hananoki fault (Sh3)
   A reverse fault is seen at Shiragashi (Loc. 97) and Hokke (3 km ENE of
Loc. 97). At Shiragashi, granite thrusts upon the youfiger sediments with
a thrust plaRe of 600N 2n dip. Sands and silts within 10 in from the fault.
also dip northwards at an angle of 600-9eo.

Kawai fault (Sh4)
   This fault runs in the basement granite of Shigaraki plateau, but it
stretches eastwards into the young sediments a.t Ayam.a hill. At Umada
(1kmW of Loc. 87), a reverse type fault is fottnd, where granite basement
protrudes in the area of sands and silts along the fault line and the strata
incline steeply.

Shimagahara fault (Shs)
   At Okude (3 km W of Loc. 96), granite thrusts upon the younger deposits
at a high angle, and gravel-rich stratca along the fault dip almost vertically.
This fault is traceable also at Suwa (6kmNE of Loc. 96), where coaly clay
inclines steeply.

Koyama fault (Sh6)
   This fault runs in granite basement. The yottnger sediments do not
incllne steeply. Fault type is unknown.

Nagano fault (Sh,)
   At Nishi (2kmN of Loc. 102), the young sediments dip verticaliy along
the boundary to the granite. This may indicate the existence of fault, but
the type is unknown.

Ofuku fault (Shs)
   Gravels dip steeply a}ong the fault line, but the fault plane is unknown.

M2kumo fault (Shg)
   At Mlkurao (on the left bank of Yasu River), the granite mass thrusts
Qver the younger deposits at a high aRgle (almost verticaily), but this thrust
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                  Fig. 5. Sketch of fault at Mikumo (Shg).

transforms into a normal fault on its east extension. General dip of the
strata neay Yama (4krnNEE of Mikumo) is 400N. (See Fig. 5)

Konan shear zone (Shio)
   This shear zone is represented by three fault lines in the geological map.
(A zone saRdwiched in between two western fault lines)
   In this region, a Iot of minor thrust runs parallel to the basement raRge,
having a shift of approximately 5 m. But the strata suffer from little distur-
bance, or the ruptures occur almost always in the flat strata without any
strong inclination. Only along the two lines drawn in the geological map,
the steeply dipping strata are recognized to be accompaRied by a thrust
type fault.

(A zoRe along the eastern fault)
   Strata dip vertically along the assurned fault Iine, but the type aRd the
fault plane cannot be ascertained. This fault transforms into an anticline
on its northern extension, and Rear Minakuchi (lkmE of Loc. 71) granite
basement juts out into the younger deposits along the axis of the anticline.

Shiomoda anticline (Si)
   The anticline has a steep south wing and a gentle north wing. Some
attendant minor faults run along the north wing, where strata dip vertically
occasionally.

Kaikake fault (S2)
   Along the boundary betweeR the Paleo-Biwa group and the basernent,
the sands and silts incline at a dip of 60`]--80"N, vfhich suggests the existence
of a fault. But this fault transform.s into a foid on its western extens!on.
At Minakuchi hill, the strata form a step-}ike shape, having a rather steep
north wing (10-300) and a gently tilted (1-50) south wiRg.

IX. Terrace and Alluvia} deposits

  1. Terrace deposits
   The terrace deposits in the Omi ba$in can be clas$ified inÅío the 04d
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Terrace <Nunobikiyarna formation) and the Young Terrace (Yokaichi forma-
tion). The Old Terrace is divided further into the {Jpper Old Terrace and the
Lower 01d Terrace.
   The Upper Old Terrace develops on the top of hills along the lake or
styeams, having an altitude of 125m near the lake to 340m in the inland.
This means that the blanket of the Upper Od Terrace overlles the hills locally
but its depositional surface does not rise above the summit plane composed
of the Paleo-Biwa group. The sediments consisting of predominant gravels
are strongly affected by the red-soil-formation and dissection of the deposi-
tional surface is fairly advanced.
   The Lower Old Terrace is situated lower than the Vpper Terrace topogra-
phically. Along the Iake side it lies over the geRtly sloped hills, and along
the stream it develops stepwise on the circumference of the hills as a small
scale river terrace. The shift from the Upper Oid Terrace is gradual without
any terrace-cliff, and the red-soil-formation ls considerably advanced. As
a whole, the Lower Old Terrace is very similar to the Upper Terraces and it
seems natural to consider that both are of the same series. The Lower Old
Terrace is bounded frequently by the Young Terrace or the Alluvial plane
with a tiny terrace-cliff. But whether it extends beneath the Alluvial
deposits or not is unknown through field observation.
   The typical Young Terrace caR be seen only along the upper course of
the large riveys. The highest depositional surface comes up to over 15m
higher than the present stream bed, but it lowers downstream and disappears
below the Alluvial plane around the m.id-stream. The depos2ts consisting
predominantly of gravels are quite fresh and the dissection can hardly be
recognized. The relation of these three terraces are shown in F2gs. 7, 8, 9
& 14.

Seta-Otsu region
   On the hilly Iand between Seta and Kusatstt, typical OId Terraces develop
facing the Lake, as shown in Fig. 6. The IJpper Old Terrace overlies
the hills having a depositional surface 125-155 m high, which is about 25 m
lower than that of the summit plane of this hilly land. The Lower 01d
Terrace has a wide depositional surface from 95m to 125m in contour. It
develops on the top of the gently sloping hllls or as inclined small-scale
patches on the circumference of the hills, of which the tops are covered
with the Upper Old Terrace. Between the IJpper and the Lower Terraces, a
narrow area havifig a little steeper slope is seen at the hight of 120 to 130 m,
but fio terrace-cliffs can be found. Both terraces are qulte similar to each
other in their lithofacies. They consist predominantly of gravels of 2-6cm
in diameter and c}ayey matrices become more pronounced toward the top.
The average thickRess is 5m and strong red-soil-formation is recognized.
   In geReral the Lower Old Terrace is bounded by the Alluvial plane with
a slight terrace cliff, 1-2 m in height. However, the strongiy weathered Old
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         Fig. 6. Terrace near Seta : Its distribution and schematic profile.

Terrace along the Seta street is situated at 87m in contour exceptionally,
which is at least 3m below the present Alluvial plane. This indicates the
fact that the Lower Old Terrace exists beneath the Alluvial deposits at least
in this locality. As meRtioned above, the broad existence of this formation
below the Alluvial plane is still in question, but the existence in special
places is certain. At Otsu, the Old Upper Terrace attains a height of 170m
or'  more. But this is not the real terrace but the fan or talus. The Young
Terrace cannot be found in this region.

Katata region
   On Katata hill, the deposits correlative to the Oid Terrace develop
malnly as a fan aiong the foot of the I{{iei afid Hira ranges. The distribution
is from 340m to 220m in height at Kurihara (west of Loc. 17), 280 to 180m
at Namazu (west of Loc. 15), and 240 to 190m at Kamiogi (west of Loc. 12),
and their inclination attains an angle of 50 to 150. The average thickness

nt' +++
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is 2-5m, but is locally over 10rn. Their compoReRts are predominantly
graRite boulders aRd gravels, strongly affected by the red-soil-formation.
Subdivision into the upper and the Iower is diMcult, except the distiqct
Lower Old Terrace at Kamiryuge (2 km vtTest of Loc. 16) along the river Wani.
   The Young Terraces are also of fan type. One is at the foot of Mt.
Ryozen, which is composed of cobbles and boulders. The other is at the foot
of Mt. Hiei, where fresh arkose sands containing granitic gravels develop
to less than 120 m in height. The deposits are quite sim21ar to those of the
Kitashlrakawa fan which develops on the directly opposite side of Mt. Hiei.
These deposits seem to disappear below the Alluvial plain.

Along the river Echi
   On the Ieft side of the river Echi, the Upper Old Terrace conslsts of
gravels and sands with silts which are strongly affected by the red-soil-
formation. Their depositional sttrface 2s distributed on the top of the hills,
inclining slightly toward the river. Its height varies frorn 260m in the
eastern highest part to 170 m iR the western traRsitional part to the Lower
Old Terrace. This meafis that the surface is situated 100 m and 30 m higher
than the present stream-bed of the Echi and is a littie lower than that of
the summit plane composed of the Paleo-Biwa group. The thickness is }ess
than 10m and dissection is well advaRced.
   The Lower Old Terrace consisting of graveis, sands and silts which also
suffered strong red-soil-formation covers the hills continuously from the
above-stated Upper Terrace in the eastern part, but lowers gradually west-
ward and finally disappears below the Young Terrace deposits. OR the other
hand, the overlying gravels on the right side which are correlated to the Old
Terrace deposits have a considerably fan-Iike appearance in the part adjacent
to the steep Suzuka range. These gravels are distributed from the height
of 28m to 160m and seem to beiong to the Old Lower Terrace.
   The Young Terrace consisting of fresh gravels and sands develops on both
sides of the river Echi, with a fan-like distribtttion. The depositional surface
of this sediment decreases westwards. Consequently, the scarps facing the
the river also decrease in height westwards, for example, 13m at Ogura,
6m at SoRe (2km below Ogura), and disappears at Kishimoto (5krn below
Ogura). The boring data also show that the basal erosion surface of the
young terrace exists 15 rn below the Aliuvial plane at Gokanosho (Loc. 2,
11km below Ogura). This may weli suggest the fact that the depositional
surface of the Young Terrace exists some 10m below the Alluvial plane
and may be lower on the far westem extent. The thickness of these deposits
is 2-6m. These relations are shown in Fig. 7.

AIong the river Hino
   The Upper Old Terrace can not be found in this area. The Lower Old
Terrace consisting of gravels, sands and silts deveiops around the Hino hill
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with the maximum height of 200m which is about 55m above the present
Hino stream. The degree of the red-soil-formation is exactly like that of
the Lower Old Terrace of the Echi. The average thickness is 5m.
   The Young Terrace is also quite similar to that of the Echi in 2ts physical
appearance. The depositional surface is 12m above the present stream at
Nihongi (lkm N. of Loc. 54), and disappears below the Alluvial plane at
Uchinoike (3km S of Loc. 51 and 5km below Nihongi). The fan-like ap-
pearance is pronounced at the upper part of the stream.
   The Young Terrace transforms into a typical fan at Zao (2km above
Nihongi). The thickness at the terrace part is 2-4m.

Along the river Yasu
   The Upper 01d Terrace develops on the tops of the two small hills which
run parallel with the river Yasu on both sides. The depositional sttrface
varies from 300m in height (80m above the present river-bed) at Oono
(lkm E of Loc. 60) to 235m (50m above the present river-bed) at Shinjo
(1 km S of Loc. 69). The deposlts consist of predominant gravels witn clayey
topset and strongly suffered red-soil-formation. The thickness is 4-10m.
   The Old Lower Terrace can be found only oR the right slde of the river
near Oono. It develops as step-like patches of small scale on the mid-slope
of the hills from directly beneath the Upper 01d Terrace to directly above
the Young Terrace. The red-soil-formation is conslderably strong. The Young
Terrace, 2-5m thick, is distributed along the river Yasu and its tributary
Soma. Along the main stream, the depositional surface attains to 8m above
the present stream bed at Ichiba (1.5krn S of Loc. 60) and 4m above at
Shinjo (5km below Ichiba). On the other hand, along tributaries, it is
located 8m above the stream-bed at Hirata (lkm N of Loc. 83) and 4m
above at Ichihara (2km W of Loc. 72, and 6km below Hirata). The Young
Terrace is not visible along the down-stream from the confluence of these
two rwers.

Iga basin
   The post Paleo-Biwa sediments may not be exactly correlated to those
of the Oomi basin, but have similar characters in appearance and distribution.
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Fig. 8. Generalized Profile of Post-Paleo-Biwa Gravels across Yabata (Breken Point).



      Stratigraphy of the Paleo-Biwa Group

Fig. 8 shows the NE-SW cross section
at Yabata (Loc. 92) which can be re-
garded as the standard profile of the
overlying blankets in the Iga basiR.
   The typical high gravel bed cafi be
found on the southern hills of Tsuge,
where the gravels distributed fiatly on
the top of the hills increase in height
eastwards aRd transform into a fan
at the foot of theSuzuka range. The
components are granite boulders and
cobbles with clayey matrix and strong-
ly affected by the red-soil-formation.
The thickness is 4-8m, and the sur-
face is strongly dissected.
   The widest and the most typical
middle gravels are found at Ueno City,
where considerably weathered gravels
attain a thickness of 3-6m and have
a well-preserved depositional plane.
At the hilly region, south of Tsuge,
the coordinate gravels develop on the
hill sides or fill the small valleys
between the hills. These gravels are
affected by red-soil-formation aRd
dissected by the streams which have
younger gravels along them. The
depositional surface of the lower
gravels is situated at a few meters
above the Alluvial plane.
   For instance, at Nishinosawa (2km
E of Loc. 93) it is 6m above the
preseRt sSream bed and also 6 m above
at Tomioka (4km SSW of Loc. 92).
The sediments, 3-4m thickR, are
caiways fresh. Along the sottthern
foot of the Shigaraki plateau, the
above-mentioned three gravels are re-
congnized, but the exact classification
is diMcult owing to their steep i'Rclina-
tion and small distribtttion.

  2. AIIuvial deposits
   Fig. 9 is drawn from 100 boring
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columns along the New Tokaido trunk line. This is the typical part of
which the Alluvial deposits have hitherto been made clear. In this profile,
only one point is to be ftoticed. That is, the boundary between the cobbles
and sands may Rot mean the uncoftformity plane of the Alluvial deposits,
but coincides with that of the young terrace. This interpretation seems to
be natural, judging from the status of the terrace on the ground. However,
the data of the Aliuvial deposits are Rot enough for coBsidering the great
Iateral change of the lithofacies. The writer can say very little about the
youngest deposits.

       Part 2. Consideration on the development of the Lake and
              the origin of the endemic species

Xntroductory Note

Essentia} point
   Lake Biwa has a great number of endemic species in its fauna and flora
which differ remarkably Åírom those of the other parts of Japan. KuRoDA
(1948) reported many characteristic molluscs such as Heterogen tongisP•ira,
SenzisugcosPira deciPiens, S. niPonica, Radix onychia, G.yraulus biwaensis, G. amPii-

ficatus, Lanceolaria oxyritNsccha, L. bizvae, Inversidens reiniana, I. kirasei var.
brandti, HyrioPsis shelgeii, Anodonta lauta tumens, A. caliPyros, Cerbicula saitdai,
Pisidium hawamurai, SPhae'riecm ]'apanicecm biwaense. He pointed out that they
are similar to those of the continent. KiTAMuRA stated that characteristic
plants such as Vitex rotundtfolia, Cabysteg•ia so;danegla, LatJ•"yrus maritimus,
Arabis lyrata kawasaleiana, and Pinus tlzunbergii may have originated in a
seaside area. On the other hand, UENo (1937) who studied the fishes of
Lake Biwa insisted that the fauna of Lake Biwa is conspicuous in that both
northem and southern species are mixed. However, the analyses on these
endemic species are not formulated at present. Limnologists and biologists
have said that some of them may have resulted from immigration and others
may be of autochthonous intra-iacustrine evolution. The writer agree with
this interpretation in principle. Probably, such phenomena may have resulted
from the long history of this lake as well as from the large lake space and
considerable depth.
   In the wrlter's opinion, the existence ef such miscellaneous species may
be the result of immigration in the numerous times when the topographical
barrier permitted their migration. In other words, he thinks that the
paleogeography may at least be a key hint to the solution of the problem
of these endemic species. The outline of his interpretation is compiled in
Table 5 and Fig. 10. Nameiy, Lake Biwa has three characteristic stages,
which provide quite different conditions for tke invasion of the biota to
Lake Biwa.
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   (1) "Old CIosed Lake" stage: The age of invasion of the continental
                                elemeRts, Late Pliocene.
   (2) "Open Lake" stage: The age of invasion of the marine elements,
                           Earliest Pleistocene.
   (3) "YouBg ClosedLake" stage: The age of land-locking, Early
                       Pleistocene -> present.

Premise
   Prior to discussions, the writer must settle some fundameRtal supposi-
tion oR which basis he will discuss in detail.

  1) IRdicator of the environment
   (Continental element) : The word "contiRental" is not used in the strict
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sense, but used in the sense of "non-marine" with dominant Chinese charac-
ters. It is said that Hyriopsis sc}zlegeli and Semisuicospira libertina resemble
very much the present continental molluscs in the coast region. Lanceolaria,
Anodonta, ViviParas and other molluscs found in Lake Biwa are also considered
as a mark of the fresh-water. The writer has therefore picked up these fresh
water molluscs as the indicator of the so-called "continental" element.

    (Marine element) : The writer has no adequate data about fossil diatoms,
and fossil fishes could not be found. The only species which iRdicates the
marine environment in this case is a plaRt yemain, Pinus tkunbergii. Prof.
KiTAMuRA says that the present distribution of Pinecs tlzunbergii is limited to
the coastal region, excepting a cliff of Mt. Myogi (near Tokyo). Judging
from such a standpoint, it is natural to think that Pinus thu"bergii is a relic
of "marine" origin, or may have invaded this basin when the Lake had a
close connection with the sea. Thus, though the marine elements are exist-
ent, they are practically very rneagre as evidence. The writer's so-called
" marine" element is only a slight evidence.

  2) Indicator of the age

   !TiHARA (1961) discussed "The problem oÅí stratigraphical korizon of
extinction of Metasequoia fiora", and established the Quatemary chronology
in central Japan as follows : Pliocene ls represented by the Metaseq"oia fiora
with dominant Tertlary type fiora such as Pseudolarix, Liquidambar, Ginhgo,
Pinus fuiiil and Keteleeria. Earliest Pleistocene is marked by the Metaseqt{oia
flora without the Tertiary type fiora, and the nQn-Metaseq"oia flora period
succeeded during the whole Pleistocene. The writer has therefore adopted
this chronology established by ITiHARA and has arranged plant-remalns as
indicators of the age.

I. "Old Closed Lake" stage

   "Closed" ls not used in a strictly limnologicai sense. It means that
the Lake maintains its isolated environment from the sea, and topographically
prevents marine dweilers to invade the Lake, whether there are any water-
ways reaching the sea or not.

  1. Relation with the Miocene Ayugawa group

   The Miocene Ayugawa group did not suffer strong crustai movement
during the pre-Paleo-Biwa age. The sediments of the Paleo-Biwa group
which overlie these Miocene sediments run almost parallel with them
geostructurally. But the faunal assemblages are quite different from each
other;the former has 66 species of marine molluscs (IKEBE 1934), and on
the contrary, the latter has no marine species. All the marine molluscs
may be cornpletely extinct between the Ayugawa and the Paleo-Biwa.
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  2. Indicator of coRtinental elemeRt
    Unio biwae, Anodonta sp. and ViviPa"rus lo?tgisPira aye found at the lowest
part of the sediments (the Bi) belonging to this formation. Other species
such as Lanceoiaria oxyrlzyncl?.a, Cristaria Plicata sPatiosa and Corbicuga sp. are
also seen at this stage.

  3. Paleogeographical environment
Chain-like distribution of Iakes
   FuJiTA (1962) showed a paleogeographical map of the late Pllocene age,
as quoted in Fig. 11, when he reported his historical review of IaPan Sea.
In this map, Japan islands are shown as a part of the continent with a few
fresh water lakes distributed parallel to the coast.

                           

                         

                         

                         

                                 

                                    Oo

                 Fig. 11. Paleogeography of Late Pliocene Age.
                        (After Y. FuJiTA, 1962).

N7Vater-ways between the lakes
   Emeritus Professor MAKiyAMA imformed the writer of the small distri-
bution of gravels and silts along the stream Uda. Thls fact may well suggest
the existence of a water-way along this route 2n the Bi time. At the same
time another water-way is suppesed to have existed along the present stream
Kasagi from a few patches of grave}s, On the other hand, the dacite tuff
fouBd at Tamateyama hill, southeast of Osaka, may be correlated to the
Ichiuno tuff (B2-B3) of Paleo-Biwa basin. Judging from these facts and the
stratigraphical condition in the Osaka and Nara basins, the writer thinks
that a few water-ways may have stretched to the Awaji island across the
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Kitan straits, at the beginning of the PaleoBiwa series.
   Simultaneously or directly after the birth of these opening water-ways,
a third drainage is supposed to have passed also from the Iga-Oomi basin
to the Awaji 2sland via Shigaraki and Nara. As to the relation with the
Age basin, there is found a zonal area that appears to have allowed the
presence of an old ckannel, lntersecting the Suzuka range, but the writer
can not find any deposits along this zone. Consequently, the existence of a
water-way between these two basiR is doubtful.

Even topography
   The sediments of this stage are composed of predominant gne materials
sttch as sand, silt and clay excepting the northeastern marginal part of the
Iga basin. In this basiR, the B, bed frequently has tinder-clay iRstead of
basal conglomerate. Clays belonging to the B2-Bs beds also often abut on
the basement. This indicates the fact that the topography surrounding the
lake was considerab}y even, so that it did not produce any dominanS coarse
meterials.

  4. Climatic environrnent

   From the B! to B6, we can find the Tertiary type fiora such as Pi7zus
fuj•ii, Psettdolarix, Liqzaidamber and Nyssa, in addition to the Metasequoia flora,

which indlcate as warm a climate like that of the Tertiary. But suddenly,
a thin seam intercalated ln the upper part (?) of the B7 produced the cold
indicators such as Pinus feoraiensis and Tsuga sieboldii, which are the first
striking informers of cold climate during the Paleo-Biwa period. The
Metasequoia flora witho"t the Tertiary type flora then took the place of Pinus
koraiensis, indicating again a mild climate. Chronologically this first cold
horizon represented by Pinus koraiensis coincides with the end of the "Old
Closed Lake" stage. Consequently, the writer can say that the cllmate has
been warm throughout the "Oid CIosed Lake" age.

  5. Debatable point
    MiKi (1948) has obtained Paliurus ?tiPPo]t•icus from the coaly clay at Shima-

gahara, Mie Prefecture, which belongs to the Bi bed. As to the aiiied
present species, Patinrtis ramosiss•imtts is generally found in the coastal region

of China, Loochoo and West Japafi. P. australis is familiar iR the arid area
farm southwest Asia to the Mediterranean district throughout southern
central Europe. In general, P. niPPonicus is considered to be cornmon in
mariRe clays of the upper part of the Osaka group. However, it is debatable
whether this Paliurus has had aRy conRection with the sea. The writer wants
to think that P. 7tipponictts in unrelated to the sea, but }]as no adequated

data at present concerning this guestion, '
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g.I. "Open Lake" stage

   "Open Lake" means that the Lal<e had a broad chanReKeading to the
sea without any distinct topographical barriers, though it was thoroughly
lacustrine.

  1. Indicator of marine element

   As mentiofied above, Pinus tJ•iscnbergii which has beeR found at the B"
bed is the only indicator of the marine element.

  2. Paleogeographical environment
Basin-making movement of basemeRt
   Considering their lithofacies the writer classified the Paleo-Biwa group
into three formation, which are summarized as follows: the lowest Iga
formatiofi is composed of ill sorted saRds and silts and geRerally !acks the
marginal gravels, the middle Koka formatioR is of clayey sediments without
rnarginal conglomerates. Contrary to this, the upper Katata formation con-
sists of sands, silts, gravels, and generally has predominant marginai
gravels. The margiRal gravels appear for the first time at the B6 bed. This
phenomenon suggests the fact that the condition aroud the Lake was not the
samebefore and after the B,. That is, the gravels of the Katata formation
may be the result of the basin-making movemen and of the consequent
higher land surrounding the Lal<e. The evidence that the upper beds are
distributed farther northwards also agrees with this movement.

Birth of the Gonokuchi channel
   In accordance with She basin-making movement, the center of the de-
positional area may have shifted northwards. Consequently, in the Bs time,
sands, silts and grave}s have come to expand their distribution farther
northwards and inabroader area. The writer thinks that the seidments on
the moufitain region east of the river Uji also contain the Bs bed at their
basal part. Moreover, he supposes that this deposit can be traced to the
gravel-rich strata at the Aotani region, which are correlated to the lower
part of the Osaka group. These suppositions, as a fiatural consequence, }ead
to the idea that a new channel was born in the Be time, which is here named
the "Gonokuchi channel".
   The sediments along the channel part are composed mainly of grave!s
but at their basal part thick clayey layers are often found, which has always
been mined for raw material of roof tiles. The distribution attains to 3-6km
in width.
   Considering these appearances, the writer considers that the "Gonokuchi
channei" was 3-6km in width, and especially at the early stage was sQ
$tagnant that clay could doposit in this part,
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Approach of the sea water
   Before consldering the condition of the then Osaka bay the writer wants
to attempt a more exact stratigraphical correlation between the Paleo-Biwa
and the Osaka group. Fig. 13 shows the stratigraphical relation of 4 places
being connected by the channel. The only defiRite key bed common to both
basins is the "Pink tuff". Though the writer has not found this tuff so far
hitherto, he thifiks that it must be intercalated to sands and gravels in the
channel part. Moreover he supposes that the channel might exist at least
near the"Yamada tuff" horizon. This judgement is based on the following
affirmative evidences; first, the gravels above the "Yellow tuff" attain te
more than 80m in thickness, which indicates suMclent thickness for the
appearance of the `CYamada tuff", and secoRd, the lithofacies at Katata hill
changes greatly at the "Yamada tuff" horizon ("Sakawa tuff" horizon as will
be stated below in detail). With these proofs, the writer has determined
the horizon of the top of the sediments in the channel part, as shown in
Fig. 12. 0n tke other hand, the "Yellow tuff" and the "Ikenowaki tuff"
found at the basal part of the sediment in this regioR iRdicate the fact that
the beginning of the channel coinicides with the "Yellow tuff" horizon.
   The writer wlll next show the paleogeographical enviroRment of the
Osaka-Kyoto area duying the "Open Lake" stage. The outline is shown in
Fig. 13. At the early stage of the channel, (perhaps the Bs and the early
Bg) the Osaka-Kyoto ayea was covered by lacustrine waters. The first trans-
gression occurred in the late Bg time or directly before the"Pink tuff". At
that time, the sea invaded Takatsuki and probably Mukomachi, though
Fukakusa regioR was left as a lacustrine. In Nara and Aotani, marine clay
(ITiHARA has cailed this clay Mai) has not hitherto been found. Probably
these regions are a part of fresh water regioRs. This sea regressed at the
end of the Bg, and then the whole Osaka-Kyoto area changed again into
Iacustrine ti}1 the next transgression at the middle of the Bio. The second
invasion of the sea brought marine clays (Ma2) to Mukomachi and Uji. The
writer think that the marine elements may have invaded a part c}oser to the
channel than at the first time, although the evidence of the transgression
was not found at the Nara and Aotani regions as before. After the second
mariRe invasion, several transgressions with marine clays (Ma3-Mas) were
repeated in the Osaka-Kyoto area, but the channel seems to have been already
closing its route with the retreating of the second sea. After all, the marine
water might have approached the eRtrance of the channe} at Ieast twice
during the "Gonokuchi channel" stage, but it could not invade the chamiel.

Disappeayance of the Gonokuchi channel
   The channel disappeared arownd "Azuki tuff" horizoR, partially due to
the basin-making movement as well as to another origin. The writer has
suthcient evidences .for this pheRomenon of the lowering of the water Ievel
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            Fig. 13. Paleogeographical map of the "Open Lake" stage.

and the disappearance of the channel will be described below as follows.
The most direct proof of the disappearance is the Iack of the sediments
along the chaRnel of the stage. The second is a more indirect proof, that
is, at Katata hill, the character oÅí the sediments changes greatly at the
boundary of the "Sakawa tuff" (correlative of "Yamada tuff"), where such
a distinct cross lamination is recognized and this tendency becomes more
prononced toward the upper part. The writer thinks that the scour-and-fiill
structure (confer Fig. 1) is the result of the lowering of the water level.
The development of the fossil forests of the Bii time may also be an ac-
companying phenomenon.

IX. "Young Closed Lake" stage

   The emergence of the Paleo-Biwa Lake has advanced a.long with the
deveiopment of the basin making movement. At the climax of this move-
meRt, the Paleo-Bivka group may have been displaced or st.eeply inclined by
the faults. After the climax, the yeungest blankets of gravels overlay
horizontally the folded and fattlted Paleo-Biwa group. This is the most
sim. plified history of the Lake siRce the eRd of the "Open Lal(_e" stage.
   As mentioned before, the basiR has suffered a very streng crustal move-
ment, and consequently the topography in the vlcinity of the Lake may have
varied greatly during this revolutional age. But in the writer's opinion,
whatever may ltave happened, the Lake has never had again the occasion
to have such a great ch.ap.nel as "t-he Gonokuchi" since its disappearence in
the Bii time. He named this last stage without a broad channel the "Yeung
Closed Lake" stage. Perhaps, almost all the species which had invaded be-
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fore aRd during the "Gonokuchi chaRnel" stage were compelled to become
perfect Iand-locked species. In regayd to the topography this new term was
a preparatory stage for the construction of the present Oomi basin and Lake
Biwa.
   Ifi this chapter, the writer wants mainly to discuss the history of the
paleogeographical development of the basin.

Subaqueous topography
   Before entering iRto discussion, the writet will introduce Kotani's work
concerning subaquatic topography and the outline of its tentative correlation
to the terestrial topography. KoTANi (1957, 1958, 1960) has stated that the
preseRt Lake Biwa has 4 distinct subaquatic terraces, the subaquatic terrace
("Kodan") III, II,Iand the lake bottom plain. These 4 planes have the
following depths, for example, off the River Hino: the subaquatic teryace
III (3-5m), the subaquatic terrace II (8-14m), the subaquatic terrace I (17-
23 m), and usually the bottom plain is 76-79 m below the present lake Ievel.
In addition to these 4 planes, he has reported another smailer scaled Pi
plane between the subaquatic terrace I and the bottom plain, which has
ordinarily a rather steep inclination. 'I'he writer coRsiders that these 3 sub-
aquatic planes may be correlated to the terrestrial planes respectively.
Fig. 14 shows the tentative correlation between them, on which he w211 dis-
cuss in more detail.

  i) Before the depositloR of the old terrace deposits

   As mentioned above, there is a long interval in tirne between the two
sediments, the PaleoBiwa group and the old terrace deposits. This may well
suggest the fact that the Paleo-Blwa group has experienced a complicated
geohistory before the latter's deposition. The most interesting point is the
problem whether the Lake has once perfectly disappeared or not. But un-
fortunately, the writer has no adequate data at present concerning this
question.

Origin of the Lake bottom plain
   Instead of discussing the problem of whether the Lake has disappaered
or not, the writer will consider the origin of the "bottom plain", though it
is also quite uncertain.
   If the subaquatic aBd terrestrial planes are arranged in the order of their
situation, the "bottorn plain" should be correlated to the "Paleo-Biwa plane"
formally, as shown in Fig. 14. But this formal correlation may be meanin-
gless, because the character of the plain is still vague, and coRsequently the
real meaning of this plain is unknown. However, according to the writer's
supposition, the following two cases seem to explain its origiR; the first is
"t' hat the piane was formed by the erosional action of the then lake water.
If this assttmption is acceptable, we must Åëonc}ude that the lal<e has maiR-
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            Fig. I4. Schematic Profile of terrace and Alluvial Deposits.

tained its level at as low a level as that of the pyesent bottom plain for a
considerably long time. The second is the case in which some faults play
an irnportant role. For example, along the west side of the Lake, we find
a remarkabie Katata fault, by which the easteyn block is depressed scores
of meters as against the west block which now constitutes the Katata hill.
This pheBomeRon may suggest the origin of the Bottom plain. At present
it cannot be assumed whether any faults exist along the east side of the
lake or not being buried below the alluvial deposits. In other vvords, bottom
plain may have origlnated by such faulting action not only along its
westem side but all around the Lake. Supposing that the erosional force
was existent, it may be that the lake lowered its Ievel 75m]ir.below the
present level at its lowest time. However at present, it is debatable which
one was real and vtrhether another quite defferent factor was a prime agent.
The oftly definite fact is that rna.ny kind of encleinic species have survived
throughout this period.

  2. 01d Terrace period

Tentative correlation between the terrestrial and subaquatic planes
   The subaquatic terrace I has a broad fiat plane 20-35 m below the present
lake level, for example off Hino. But its physical character is unknown.
Consequently, the correlation attempted by the writer at present is quite
tentative and not conclusive. The only evidence in favour of this tentative
correlation is the entonRire of which KoTANi (1958) has reported. He has
stated that the entonnire 3.6km off the Amanogawa delta (north of IE[ikone),
diggiRg into the stratified sediments which constitute the terrace I, is situated
27m below the present water level, with a scale of 100m in diameter and
5m in depth. He has suggested that the entonnire was formea' by the
driving action of the ground water gush. The writer thinks that the main
way of shallow ground water may have been limlted the gravel dominant
strata of the terrace, and that, accordingly, the existence of the entonnire
may well suggest that the plane of which the entonnire is situated signifies
the existence of grave} rich fan-like deposits. OR the other hand, the fact
that the subaquatic terrace II is correlated to the Yottng Terrace is fairly
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well certaiB. Judg2ng from these two conditions, the writer considers that
terrace I can be correlated to the Old Terrace.

Paleogeography
   First of all, the general topography has become considerably sirnilar to
that of the present one, for the first time at this stage. The frame work
of the present water systern was achieved at this TId Oerrace age, and no
great transformation has occurred since that time. For example, a new water
way, the river Uji was born instead of the Gonokuchi channei, and a few
large rivers such as the Echi, the Hino, the Yasu and the Ado appeared
along their pressnt route. The old shore-Kne at this time is also traceable.
The terrace gravels on the Seta hill indicate that the Lake level was 60 m
higher than the present level at its climax (confer Fig. 14). But this higher
water level then lowered gradually. Supposing that the correlation shown
in Fig 14 is correct, we must thinl< that the lake level has dropped about
20m below the present level at its lowest pitch of the depression. This
phenomenon also signifies the interesting fact that the river Uji dried up
perfectly and the lake had no draining water-way, during this lower level
period. By the way, the drainage dries up at a ge'rge of Sekinotsu, Otsu
City, when the lake level lowers to 3 m below the present level.

Age
   The sediments found on }and are affected strongly by the red-soil-forma-
tioR. The degree !s quite similar to that of the "Meimi grave}s" (High
Terrace gravels in the Osaka-Akas}ii area, cf. ITmARA 1961), and the dissec-
tion also advances considerably. From these conditions, the writer thinks that
the Old Terrace is ahnost the same as the I{{igh Terrace of Osaka-Akashi
area ln age.

  3. "Young Terrace" period
Correlation between the Terrace and the subaquatic plane
   The writer considers Shat the correlation betweeR the Young Terrace aRd
the subaquatic terrace II is of absolute certainty. He can cite the following
three facts as its proof. i) The depositional surface of the Young Terrace
which is more than 10 m higher than the preseRt stream-bed e.t the upper-
course of the rivers lowers its height downstream, and then disappears below
the Alluvial plane without any terrace cliff. ii) Judglng from the boring
da.ta (confer Fig. 9), the basal plane of the cobble has a depth of at Ieast
15m below the alluvia} plane at Gokanosho <Loc. 2). This suggests the
fact that the cobble base signifies the erosional basal plane of the Young
Terrace deposits rather than the Alluvia.l plane, because the thickness of
15 m, is too large for that of the alluvial deposits at this place. iii) Among
the three sediments (The Old Terrace, the Young Terrace and the Alluvial
deposits), the Young Terrace gravels have a particularly large grain size.



116 Y. Il]AKAyA

Similarly the subaquatic terrace II is composed of large grainsized materials
such as gravels with coarse sands, which are coarser than those of the I
and III (KoTANi 1957). These three facts seem to justify the above-mentioned
correlation.

Paleotopography
   The lnciination of the depositionai surface of the Young Terrace is quite
uniform, contrary to the step-Iike appearance of tlae Old Terrace. The de-
posits are almost always non-existent in the lower part of rivers or coastal
region, sinking be}ow the Alluvlal plaiR. These two facts signify that the
Lake was constatly low or gradually lowering its Ievel durlng this period.
The writer considers that the former case was probable, because of the
complete lack of terrestrial depo'sits corresponding to the Young Terrace along
the coastal region. ORce such an interpertation is accepted, the fol}owing
topography may be deduced from it. That is, the then lake levei was ap-
proximately 10m lower than the present, and consequently the river Uji
dried up. And the gradient of the flow-in-rivers was O.05C' steeper than the
present one.

Age
   A coRsiderable amonunt of submerged archeologic remains from eariy
" Jomon" to later "Yayoi" in age are found on the subaquatic terrace III,
afid occasionally on the bettom plain. These might be useful indicators if
we check their geological occurrence. Unfortunately the writer has had no
chance to observe them immediately and has no adequats data concerning
this prob}em. The only fact that he can state with confidence is the features
of the terrace itself which are as follows; the gravels are fresh, not having
suffered by the red-soil-formation and dissection is hardly recognlzed. Ac-
cordingly, he supposes th.at the Young Terrace is contemporary with or
younger than the Itami gravels (Low Terrace in OsakaAkashl area, ITmARA
1961). and may be AIIuvial in age.

  4. "Alluvial" age
   The shallowest plane is cailed the "shelf" (Rikttdana), the delta (.Sankak-
su) or the subaquatlc terrace III (Dai III kodan) by KoTANi (1958), He has
subdivided it into further details. In any way, the writer thinks that this
plane can be traced to the AIIuvial plain as a whole. KoTANi has also stated
the recent Iake reached the maximum expansion at the mlddle of Narca
period and then the coast line retreated to the preseBt position. This ten-
dency has continued till the present day.

                              Postscript

   The writer has established three stages of Paleo-Biwa Lake from the
viewpoint of pa}eogeography, and has correlated each oÅí them to the chara-
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cteristic three ages preparing the chance of immigration for the biota, which
are now calied relics or endemic species. The writer must here mal<e an
additioRal remark about the accuracy of his investigation and ehen indicate
a few future problems.
   His investigation has been rnade far as possible from the view point of
geology, but it is still incomplete in the biogeographical aRd lirnnological
aspects. The reason for this is that his work has been done mainly oR
the basis of the geological fie}d observation concernlng the terrestria} proof.
After due consideration of such a conditions, he can point out the following
themes as future problems.

   i) Problem of the subaquatic terraces
   The writer supposes a perfectly isolated lake witbottt any drainage, in
some period of the "Yottng Closed Lake" stage. This might be a quite in-
teresting problem not only for geologists but for limelogists, in connection
with the physico-chemical character of the theR lake. The writer is expecting
various criticisms on this point. Geologically and geodesically speaking,
the most important work may be centred rottnd the subaquatic terrace.

   ii) More exact observation of fossiis
   To discuss the reiation of geohistory and biogeography, a rnore exact
observation of the fossils are required. IR particular, the iRvestigation of
the diatom fossils may be most useful for this problem.

   iii) Correlation with the Akashi and Age groups
   The Ichiuno tuff (B2-B3) and the horizon of extinctioR of the Tertiary type
fiora are coRsidered to be useful keys for correlating the Plio-Pleistocene
strata in the Kinki district. The writer thinks that the latter represented by
cold indicators is most important for establishing a standard chronology in
this district, together with the horizon of extinctioR of the Metasequoia fiora.
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