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Stratigraphy of the I'aleo-Biwa Group
and the Paleogeography of Lake Biwa
with special Heference fo the Origin of the

andemic species in Lake Biwam

By

Yoshikezu TAEAYA

Introduction

Recently, a vast amount of data about an ancient Lake :IWA ﬁ cbtained
by the writer through the investigation of the Faleo-biwa group and the
terrace deposita in Oomi-Iga basin, Central Japan. As tha result, the :eos
history of Lake BMA has become evident almost completely. And several few
interesting facts obtained by him seem to have important mzanings on the
problem of the relation betwesn the baain development ci Lake LTWA and i
origink of endemic species. In this paner, the writer describesgeologioal
data of the post-plioecene sedimenis inm this distriet and then discusses the
peleogeopraphical problems eencerning this lake, with =pecial reference to
the origin of the endemic species, in summarizing the knowledge hitherto
obtained.

Among mAny previous works, the inveatigmtion of pla.'nt-rem;lins by
5, RIKI snd the topozraphical survey by A. F*7AYI have bhe-.n most useful f-r
the writers work.

The writer expresses his best thanks to Dr. M. ICHIEAHA for many
valuable euggestions and encoragement through th: nresent study. The
writer is also indebited ito Prof. 5. MATUUSHITA, Prof. K. WAVAZAWA and

Dr. 8. ISEIDA for their kind imformation and discursich about the present

work.
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I. Geoclogical outline of the BIWA basin
The Comi=Igm basin is classified geolcgically into the 4 groups &8
follows,
Alluvial depoaits
Terrace deposits
Paleo=Biwa group
HBasement complex
Thé btasement complex coutains all kinds of pre-pliocene rocke such as
Paleozoie rocks, Granitie rocks, Cuartes pbﬁphyry and Miccene rocks, conati-
tuting 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 gll lacusirine in origin. Thes. sediments now develeop
mainly forming hilly lands, 200-300 1. in height. The ierrace depositis,
congiating pradominanily of sravels and sands, can be se-n as = hlanket on
the margin of the hille, "he alluvial devorits are mede of clays, sands,
and rravels having plant remains, all of which have becn deposited in the

present lake and on flood pleinas.



IT. Palso-Biwa group

1. Stratigraphy

West of the Lake key bed {tuff) ' Bast of the Lake facies
E 1l 50m ?
Kamidgi tuff
B1lo 30m B 10 40m? aande
g Dono tuff
i B 9 20m E 9  40u &
I Ikenowaki tuff :
g B 8 ? F B 8 40m gravels
= Hara tuff
al 4 ? B 7 40m dominant
g 2 Kone tuffl
£ B 6 30m
= Iushono tuff
- B 5 40ma
E g Koseji tuff ]
) + ; B 4 30m Clay
= lozoin tuffl i
& %E I B 3 30m dominant
o= Ichivnoe tuff T
B 2 20m
- i Yubune tulf -
5 BAnds
g’ 4 B 1 180m 1 fominant

The Paleo-Biwa group of about H0Mm in thiclmess shows a cycle of sedi-
mentation of non-marine srata. The cyecle bepins with sands of the Iga
Formation which intercdlsates many lignite seams., ‘The Iga Formation is
succeeded by the clayey str-ta of the Iola formation and the latter pasaes
transiticnally upward t¢ the sand and gravel rich formetion of the Katata
azain. The relation of thegae three formations is stratigraphically come=
formeble. ‘There ere many tuff bedr in the Paleo-Biwa group., Some of them
are so charcterigiic ami eo continuoue in the area thnt are useful for
key beds .o subdivide the group. In this paper, 10 conspiciocus sufrs are
selected and the sediments are divided into 1l beds from By to Bjj in ascend-
ing order. (In the geological map of 1/200,000 (Fig. 1) they arc abbreviated
into 6 parts owing to the small map% ecele.) The boundaries between the

formations are also drawn by tuffs respectively, even if the tuff beds cut




the lithofacies diagonally.

Al11 the sedimemts which are found overlyingz the Paleo-Biwa group s re
the terrace and the mlluvial deposits. This fact may indicate that the
younger depoaits, which can be correlated to the Han“:lfg.dani formation in

Cesaks area, do net exist in the basin,

2. HKey beds
10 sheets of tuff are pick;d cut s key bed. Almast all of them &re
vitri¢c and so finely grained that the writer cannot decide their petro-
graphic¢ character in detail. However, they have their own feature distin-
guichable from each cther and can be used sufficiently as key bed. The ,,f’
y
microscopic and megascopic characteristics and the physical appearence of

each tuif are az followa,

Yubune tuff (Bj - Bo)

This is so characteristic that has a popular local name of the “Nuka".
Hidely continuous and the lateral change sligit owing to ite intercalation in
a thick clay. 90-70 cm in thiclmese and always consists of two parts;
uprer coarse-grained part and lower fine-grained part. The lower fine-
grainad part is vellowish grey in color and hes s peculiar anpeardnce on
the weathered outcropa. That ie, the many cracks develop crosawise on the
weathered surface mnd alan: the craeks a lot of small (about 1 cmd) cubie
Jragments ere splintered off and piled up around the foot of the outcreps.
The local neme "Nukz" has been derivec from these phenomena.

The upper coarse-grained part is gray in color and homogeneous in
lithofacies. This part shows the following compoaition under the microscopes
Cleayey matrix is quite dominant, ¢lass and quartz, 0.2-7".3% mm in diameter is
scarce and few hypersthene are found. d{ype locality of thif tuff is

higashiyubune (Loe. 85).



Ichiuno tuff (Bz - Bj}

This is the only crystalline dacite tuf{ found in the Paleo-Biwa group,
and one of the most useful key beds.” Creenish gray to dark green,snd yellowish
dark gray when weathered. 15 cm. thiclk on an average and 20 cm,in maximum.
Widely continuous and the lateral change is slight. The full succession is
J em. greenish gray f{ine-grained part, 7 cm. preenish gray medium-grzined
part contzining dominent color minerals and 3 cm greenish fine-grained part
in descending order. Under the microscope, the following materials &re
found in the nmiddle coarse-grained part; Abundsnt quarts, rare glass,
feldspar and hornblende,Type locality is the pass (1 ¥m W of Loc. 48) between

Eamimagugl and Hizashiyubune,

Hozoin tuff {Bs - By)

This zrayish white, medium- ito fine«grained {uff has not B0 remarkable
character, But it is used a2 a key ben for itz well continulity in the thick
clay. The averaze thickness is 10 cm. Occas¥ionally, thias is divided inte
two geams by intercalation of a elay lens, a few m:ters thick. Abundant
glass, rTara quarts and very scarce hornblende are found under the miero-

scope. Type locality is Jimpo (Loc. T74)

Kosaji tuff (By - Bs)

40 ¢m. in average thickness. Well continuous, consisting of three
layera; 10cm. yellowish gray, fine-grained top layer, 5 ¢m. purplish gray,
fine-grained middle part and 25 oit. purplish grey, coarse-grained basal one.
Especially the thick basal layer is marked with the dark browxn spots, which
are very useful for a key. In the coarse-grained basal pari, sbundant
glass and rare quartz, feldspar and hornblende are found. Type loeality is

Rishide (1 km. N2 of Loc. 74).



Mushono tuff (B, - B¢)

Not well continuous, but has a characteriatic physical appearance and
one of the moat useful key beds. Conaists of two parts; the uppar coarse-
zrained, homogeneous part and the lower fine-grained, peculiarly stratified
rart. Though the tuff of 80=120 omt in avarage thicineas cocaslionally goes
laterally over into a thick drift (7 m in thickness) lena or & thinnad down
geaml, this quite characteristic stratification can always be recognized.
Under the microscope, glasa is dominant and quartz, feldsper and color mineral
ara rarsly found. Type locality is Hara (Loc. 68) and the drift is seen

at Mushono [near Loc. T1).

Kono tuff (Bg - Bq)

Hot 80 continuous but has a rather distinct phyeical appearance as
follows; 15 com. brown clayey top part, 10 cm, brownlsh gray, finely strati-
fied middle part and 10 em reddish brown, coarse=grainad basal part. The
ratic of eash part ia variable but the brownish color ia always useful as
a copmon remsrk. The thickneas which has an average value of 30 cm at Hine
hill decresses rapidly westwards. So it is rather difficult to pursuét
thia key bed in other areas, Under the microscope, the following compomition
are racognized at the basal part. Fresh or half devitrified zlass ara comnon,
gnartz and hornblende are also found in some degree. Pyvroxens is agarcely

found. Tvpicxl locality is Kono (Loc. 53).

Hara tuff (BT - Eg)

This hemogeneocus white tuff is not continuous and has no peculiar
physical appearence. iut weathered parts show occassionally pinkish color,
that is the only remark. Average thickness at Hino hill and the eastern
hall of the Minakuehi hill ia 30-50 cm., but decreasesz wentwards. &t Kusatsu

nill, the thin layer is found only in limited area. Abundant glass, common

b -



Quartz and rare feldspar and hypersthew are found., Type locality is Hara
(2 lm, 5L of Loec. 29),

Tkenowaki tuff (Bg - By)
Thia might be one of the two tuffs which are found on both sides of
lLake Biwa; western Katata hill and é%tern Kusatsu, Hino and othsr hilla.
Hut some doubts still remnin about the identification, esvecially at Katata.
In spite of much a question, this tuff is regaé%d &8 a us2ful key bed,
having somewhat remarkable physical apnearance and wide distribution. It
consiate of the pinkish brown, clavey upper part and tﬁf pala browm,
pumiceous, coarse~grpined lover part with remarkable dark broem spots.
The thickness varies from 20 cm, to 80 cm. Under the microscope, very abund-
ant glass fragments, and rare quartz, feldspar and hornblende are found.

Type locality is Ikenowaki (Loc. 23).

Oono_tuff (Bg - Byp)

This is the only distinet key bed which is found on bcth sides of the
Lake. The tuff is not so well continuous bui has the very rem- rkable
appearance quite similar to that of the so-called "Pink tuff™ in the Osaka
group. The “Pink tufi" is always distinguished from the rest very easily
by ite typical appearance, though ite thiekness varies from ¢ to 100 anm.
And the writer thinks this tuff to be the "Pink tufi™ itself. Under tha
microscope, slass ie dominant, and quarts and feldspar are rare and color
minerals represented by hypersthene sre verv scarce. Type localities are

Kitawaki {Loc. 22} on the east and at Oomo (Loc. 14) on the west of the Lake.

Sakawe tuff (intercalated in Bjg)
Thig has besen recangized only at Kstata hill, and is not treated as the
key bed dividing the formation in the map but useful as a supplementary key

bed owin; to ita distinct characters as follows; Purelywhite, fine-greined



tuff with a thin baeal seam containing much blotite crystals. Average
thicimess is 2-4 cm. and the basal biotite braring seam iz of 0.5 cm. The

continuity is comparatively good in spite of its emall thickness.

Kemidgl tuff (Byy - Byy)

This ie found only at Katats hill. ¥ot tellcilﬁtinunus anc lateral
charge is surprisingly greet. For instance, the tuff found at kisengawa
{near Loc. 17} ia 4 m. thick and represented by the alternstion of the
brosnish gray, medium-rrained part and the subordinate purplish brown, line-
grained part. On the other hand, the same tuff found at the western marzin
of the hill near the Hiei range is 3-T7 cm. thick and brownish gray, medium-
gr:iﬂ:c{, homogeneous one. Thus, the lat:ral chang is 80 great that they
!BE.EIl ap if they belemg to different horizama. But they are considered to
ke the eame one in this paper, by reason that thers sre many intermedinte
typea such as 30 em, thick, stratified tuff at Kamiogi (center of Loc. 12
& Loz, 13) and 30 cm.coarse tuff at Kurihara, (2 km. W of Loc. 17) Under
the microscope, glass ia abundant and quartz, faldspar, augite end hypersthene
Are scaroe.

In any wey, this tuff looks like the sowcalled “Azuki tuff" more or

less, -in its microscopic character and the atratigraphical horizon.

3. Lithofacies
By bed
The sediments which filled up the uneven basement &t the beginning of tuse
gories consist of varicus components; predominent sands and silts, with
subordinate gravela, "Kibushi" clay (ccaly slay), "Gairome® clay {clay with
granitic granules }, ordinary clay, lignites and tuffs. Till now, Bome
af forts have been done for the classification of this thick bed, but the

gubdivision has heen quite meaning less stratijrachically. Becausa the
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sediments have no regularity both horizontslly end vertically, moreover the
tuffs and another compoments have no remarkable charmcteristiecs. Uonsequently,
the former subdivisions had always no meanings but showing the distribution
of the sediments on the present sarih's surface. In fact, the bed iz made
of many lenses accumulated irregularly. After sll, the only one fact which
has been hitherto made clear is the tollowings; all over the area, the under
olay consisting mainly of the Gairome and the Kabushi ¢lay with the worse
sorted sands are most promirant, and the so-called basal and marginal
conglomerates are not common excepting the southern foot of the Shigaraki
plateau. The By bed can be seen only in the Iga basin and ita vicinity,

but Judging frem the boring date obtained near Hipo, 1t is supposad to
stretech to far north area, Alsoc ancther broing datum shows tha thicknass

of the B) bed to be 1BC m., at Usno city. ‘This may be nearly the marimum

thicimess of this bed.

Zo bed

20-30 m. in thicimess. Consisting of a widely coutinuous cla - with a
few sand lenses. lateral chsnge is slight. ‘'he clay zbuts directly upon

tha granite in some plecus.

Bﬁ ped

25=33 m. in thickness. There is no characteristic difference with the
Bo in lithofaciea. Consieting of a clay with = few sand lenses. Lateral
chanze is generally slight with the exceptiom of the local thickening of
gand lens at Omitobashi (Loc. 73). In the west, the clay abuts upon the
Shigareki sranite mass. but in the east the clay laterally goe:s over into

the sanns and contactswith the basemen®' by faults.

3y bed

18~30 m. in thickness. Quite similar to the Bz in lithofacles,

-9_



Bs bed
Clay with sand lenses, which are aimilar to those of the B4s But the inter-

Y8
calated sande become more pronounced toward the top anﬂhmarked by the plant
—bearing sandy silt at its upnermost horizon. This plant—bearing horizon,

1
laterally joes over into the Kamikomazuki coal mine (2 km. ENE of Loc. 60),

where g few sheats of some 60 cm. thick lignite beds are frund.

Bg bed
10-25 m. in thickness. Upper hall of the 53 transforms upward gradually
the E
to alternation of sands and ailts, which is . Sands and silts of

lenticular shape are rather well sorted and coutain no coarse materials in
the central part of the hasin, but they change laterally into gravel rich
facies near the margin, For inatance, at Sasac Toge Pass (just emat of the
Kapik-mazuki coal mine, or 2 km. FE of Loc. €0}, cobbles and pebbles cemented

tightly with clayey metrix abut upon the peleozoic bagement.

27 bed

20 m+ in thickness, Lithofacies is similar to that of the Bg, but
sands are larger in gquantlty and the lateral chang is great. Marginal part
dominant in gravele is also found pear Suzuka range. Coaly silte are
occassionally intercalated, whers the remexrkable plant remains have been

obtained {shown in II-4).

BB bed

The distribution extends on both sides of the Lake. {East of the Lake}
Sands and 9ilts are mein componantas tmt coarse material are more noticeble
than in the By and the lateral change ig also more pronounced. Alternations’
go over laterally into gravel- rich strata towards the eastemn border, where
belders aver 40 er. in diameter are found in silt and sand lenses. Thickness
inereasses also eastwards from lees than 20 n. at Shimods (near Loc, 61) to

47 m. at Mino hill, (West of the Lake) 'The identification of the Ikenowaki



tuff (Bg - B9) at Katata hill is inaccurate, s¢ there are some doubis about
the existence of the Bg bed at this area. DBut the possibility of existence
is wery larme, judping from the thiekness of the sediments =nd the physical
anpearance or the tuff aa mentioned in the prevdcus c..opter.

If the lowest tuff at Katata is regarded as the Ikenowaii, the lawest
portion referable to the Bg can be said sili- and olay-rich slternation
wiih subordinate sanda, From thies lithofecies, it looks like that of Tega

hill.

Bg bed

~istributed on both sides of the Lake with quite different appear:nce.
(East} 40 m . Consists ot gravels intercaletin: sands and silte. The
transition from the ::lternation of the By to the gravels of the Bg is rapid,
but no si:n of disconformity is found, and the relation btetween the two beds
is quite comformable, Gravels of 3 - 10 om in diareter are common in the
middle and lower part, but finer materials are more promounced toward the
upper, Hather fresh and round grevels are composed of mainly paleozeic
rocks with subordinate pranite and prophyritiec materials.
(West) When sbove mentioned supposition sbout the Ikenowaki tuff is admitted,
the Bg at Katata is as follows: 5-20 m. in thickness, which is comparatively
smaller than that of the east. Consists of alternation of silts and samds
without any coarse materiala. Gravels and peblles ars hardly fomd even

in the nearest cutcrops to the basement.

E10 bed

Distributed at Yokaichi hill in the east and at Katata hill in tha west,
{Bast) Conmists of many lenses of silt, sands and gravels. ‘'The faciaes is
similar to thet o. the upper part oi the Bg. 'hiclness is unknown owing

to the undiscovery of the hamidgi tuff {upver boundary of the 310)' But,



if all the sediments lyimg on the Bg are regarded as the B1g, they amount 40 m,
in thickness,
(West) 30 m.+. Lithofacies change laterslly greatly. For instance, dominant
gilt at Kitahama (Near loc. 17), pebbles ani :'ravels at Mukaizaiji {Loc. 15)
and the fosszil forest at Shimcryugu(ccﬁter of Loc. 15 & 17). The fosail
foreat is represented by the carbonized woode of 50 cm thickness, which have
teken their roots in the clryey matrix intercalsted between the ﬁé& sorted
sand and s5ilt strcta with pebbles. Tho horizon of the fossil forest is middle
to upper of the bed. Distinct indicators of discernformity are found neither

sbove nor beneath the fossil bed, in spite of the frequent lateral change.

Bll bed

exireme
Diastributed only at Katata hill. Lateral cheange is vesy-gmead and the

sediments have their own feature depending on their depositional place.

(near the g:::ﬂﬂ!*) 40 m +. Consists of exclusively dominant . ravels

with slirht sands snd silts, Gravels are fresh, round and 3-10 em in dianeter.
{alony the comst) 20 m +. Sands and silts with pebbles show occasionally the
distinet cross tedding just like the deltn front as shown in Fir. 3. Erosional
phernomena of small scale are freguently found and many wedze shaped sands and
silts with their tipe landwards develop just al.ove these erosion surfaces.

The typical cross-bedding ar- seen at Ono (2 km S5 of Loc, 16) and at Takashire
{1.5 km Er of Loc. 16},

(Intermediat: part} wWell—stratified and rather well-sorted sends end silt

deveiop dominantly.

4. Fossils
rany kinds of fossil have hitherte been lmown in thia area. Especially
the plant remains which 3. MTKI has reported are execellent. These [.siils

an. their relating strata are very important for aiscussing the development
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of the basin, So the writer criticised the atratizraphical horizons of
these fossil-bearing beds, checking their geological occurrences. The

reBults are tabulated below,

5. Geological structure

The Ocmi-basin is a land cauldron gecatructually. It is bounded by
& large number of thrusts which are divided into three chﬁracterisitc £TOUPE §
the group having the trend of the Hira range (Hj-3), the Suzuks tremd {Suj.g)
and those relating to the Shigaraki grenite mass (Shi-10), as shown in Fi.-. 4.
The faults belonging to the Hirs trend run parallel to the Hira range indicat-
ing the distinct compression zone. Aleng the Suzuka ran;:, several thrusts
run side by side making echelon structure, having the NJ-SE strike and
NZ dip, and cut the ranpe diagonally. The faults relsting to the Shigerald
granite mass develop also as thrusts with RE-SW strike. 'These three frult
groups are urndoubtedly sirulfjtaneocus with the uplift of the two ranges and
the projection of the Shigaraki granite bedy of wedge shape. Each fault

has the following characteristiocs.

Ranaore fault (Hy)

The thrust plane dipping 60°~70° E crops out at Ichijoii end Keage.

(both in Kyoto city) This strike is almost parallel t> the range,

Katata region {Hz)

In this region, two fzults are existing; one is the iiei Feul: which
caskera
rms along tha&foot of the Hiei = sira ranje and the other is the Katata
Fault which is sssumed to have been buried belex the alluvial deposits nlong
the coast. And a shesred zome is hemmed in by those two faults. Th: Iiei
Pault is composed oi two or three parallel faults., Along the fault planes,
sands and silts with pebbles dip almoat wvertically anc the high anyrled reverse

tault plane can be seen at Namazu (1 km S of Loc. 15). O{n the southern

- 13 -
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Molluscs
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Plants

Bed Locality Geological comurience heporter

#1-1 ‘Tawara, Nabari city {3 Km F¥ of Loc. 99) 5. MIKI 1956
By-1i Tsukixase, {5 Km & of Loc. 9R) Limite seam " 1948
Bj-ii Shidsatani, Shimasshara vill. (3 Km N of Loe. 97} Coaly clay " 1946

By -iv Kamitomoo, Ayama vill. (I Km N4 of Loc. B7) Liznite seam " 1948, 1957
Bo Ramiiso, Kenan town (Loc. B2) Coaly part in the silty sands *

B4 Iwamuro, Koka (2 Km Nk of Loc. 76) 5. MIKI 1957

Bs  Stream bed of the Yomakawa (2 Km N¥ of Loe. 71)  Lignite seam in silt " 194t

Bg-i East of Saikake, Hino (2 ¥Km SL of Loc. 54) Lignite bed " 1956
Bg-ii Besshe, Hino {2 Km ¥ of ILec. 68) Coaly seam in the sands and silts *

By-i Kozuhata, Hgenji (2 Km & of Loc. 25) Coaly seam ia the pebbles besring silts 5. MIKI 1956
B7-ii " Clayey part just Leneath the B7-3 " 1956
B7-iti Mikumo, Eosei (3 Km S of Loc. 63} Li;mite bed " 1948, 1957
Bg-1 Nishidarn, Ishibe {1 Xm SE of Loc. 45) Lignite bed K 1948,1957
Bg-ii Shide, Taga (SE of Loc. 31) Lisnite bed " 1:48,1952, 1957
Bg=ii Hara, Hine (2 Km S of Loc. 25) " 1955

Bg  Kitamki, Xatata " 1938,1948,19%57
Bio Sagawa, Katata (1 Km MW of Loc, 14) Coaly geam in the sands with pebbls *

Bll Mukaizsiji, Kateta (Loc. 13) "

B-i Kamibeppu, Zeze, Ctsu (4 XKm NW of Loc. 42) Coaly sean G. WIKT 1957

B-ii Nishi, Shigaraki (2 Km N of Loc. 102) Coaly bed " 1956,1957

B-ii Hoschara, Shigaraki (Just ¥ of B.2) " 1957



Molluscs

Bed Locality Geolcgical odcurrence Keporter

By Southeastern hill of Ueno eity . S3ilt Y. IKEBE, C. NAKAGAWA

¥o Shindo, Avams vill. (lear Loc. 88) Clay *

By Koji., Eonam (2 ¥m b of Loe. 83) Clay *

By Jimpo, Konem {Kear Loc. 74) © Clay #*

B Kamikomazuki, iino {3 Km N¥ of Loe. 60} Silt .=

Bg Kitawaki, Hino (0.5 ¥m £ of Loc. 22) Silt *

By.1p FKatata N, IKEBE 1933

klephentsa

Hed Locality Geological occurrence Heporter

By Kosugi, Ayamn : SWIIbae 1958

By Sakawa, Katata (1 Km St of Loc. 14) 5ilte aml Sands MAKTYAMA 1924
B10-Stag. Hinamisho, Katata (1.5 Km S of Loc. 14) Sands and silts MAPBUMOTU 1924, RARIYALA 1938

Blo-klep, Oui. Fatate TKEBE 1959

"# Data obtained by the writer



extension of these faults, two dykes of the same elangation intrude irte

the granite. The faults might occur along the frail zone suggested by
these dykea. Along the eastern marpgln of the hill, an unsymmetrical enti-
cline runs with a very steep emstern wing. The assumed fault line is drawn
bordering this almoat vertical wings., A ouarts ﬂ%PhII'F shoots out along the
axis of this anticline.

The compression zome sandwiched between two faults has a peculiar
appearsnce geostructually. That is, judging from the general distributicn
ol the eands and silts, the atrata are inclined gently towards the lsake,
but the hedding planes which are seen at many outcrops dip almoat always

gninor feuits of thrust type, In fact,
toward the Hires ronge. These phenomenn may Slggest theaxistence of Ganyy

sinor thrusts with the shift of a few meter cen be found at seversl nlaces.

Put the detall is unimown. These conditionz are shown in Figz. 5,

Mwo faults erossing Otsu eity (Hz)

iy

but the type of the fault is not known,

Sands and 8ilts dip almost vertically alony the assumed rault liune,

-

Taga fault {Su})

At Shide (Loc. 31), sands and silts dip steeply alonzy th: boundary

with the basement. And a narrow anticline is also adjacent to this dis=
turbed zone., This may supgest a fault of compression type. The trend of
the fault coincides perfectly with that of the quartz flophyry dyke which

has intruded into the paleozoiz rocks,

Kozuhata fault {Suz)

At Kozuhata, paleozoic rocks are oonsiderad to thrust upon the sands
and silts with pebbles, thow:l. th> Mault plane ¢ould not be obssrved,
At Iwakura, on the northern extension of this faunlt, the strata dip at

70° to ME.
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Iurotaki foult (Sus)

The hiygh angled thrust plane is seen at Kurctaki end Ayugaws, whers the
lqune strata generally inclined eaptwards suddenly chamge their dip steeply
enstward near the fult line and the palsozolc rocks thrust over these steeply
inclined sediments, The thrust extends southwards as well as northwards to

the ranite,

fongu fanlt (Su4)

At Kaminokumi (1 km 3 ot Lec. T7), granite thrusts over silts and sands
at a high angle. At Oono (near Loc. 60), miocene sandstona also thruste over
gilts and sands at an angle of 80°. sut on more narthern extension, it seems

to change into & normal fault. See Fig. 6.

Tsuge fault (Sug]

Sediments dip zlmost verticelly alon: the boundary between the zranita

and Paleo-Biwa group. But the fault plane is not known,

Yabats fault (Sug)

Althouzh the very vnoint of the fault has not bexn known, the strotc
ineline steeply near the boundary to the basement rocks. Moreover, in the
silt beds at Kamitowra (Loc. 91) and Yabata {Loc. 92}, the characteristic joints
of I 55 in strike and 50° NI in dip develop regularly at interval of some

. be . -
5 ¢rm. This mav.sn indicator of the existence of the compressional force.

Osada fault (Shj)
fhe typical fault eliff are seen alony the stream Osnda and ite 5W 2u-
tensicn. The fizure of the ¢liff iz quite similar to those of the ¥ananoki

Pault and Nishitawara Fault mentioned below. Bub the fault plane is unimown.

Nisnhitawara fault (Sho)

At Pishitawa (4 km W of Loc. 97), pgranite thrusts upon the younger
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sediments by a fault plane dipping 55° N. And the young strata also turn over

along the basement rock. See fig, 7.

Hanenoki fault (Shy)

The reverae fault is seen at Shirazasni (Loc. 97) and Hokke (3 kn «BX
of Losc. 97). 4t Shirsgesai, sranite thrusts upon the younger sediments with
& thrust plane of 60° K in dip. Sands and silts within 10 m from the fault r-

al80 dip northwards at an angle of 60°=90°,

Kawai fault (Sh4)

Thia fault run® in the basement pranite of Shigaraki plateau, but it
stretches eastwards into the youngz sediments at Ayama hill. At Umada (1 km
W of Loc. 27), a reverse type fa.ul.t ie found, where granite basement protrudes

in the ares of sands and silts along the fault line and the strata incline

staeply.

Shimagnhara fault (Shs)

At Ckude (3 ¥m ¥ of Loe. 98}, cranite thrusts upon the younger depoasits
at high angle, and sravel-rich estrata alons the ault dip alnmost vertically.
This fault is tr&%lhle also at Suwa (6 km Iz of Loc. 96), where coaly clay

inclines steeply.

Eoyama fsult (Shg)

This fanlt runs in  -ranite basement. And the younger sediments do not

ihcline steeply. Fault type in unlkiown.

Yaymno fault (ShT)
At Bishi (2 km N of Loc. 102), the young sediments uipf vertically
slong the boundary te the :rauite, thie may indlcate the existence of fault,

but the type is unknown.
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Ofuku fault (Shg)

Gravels dip steaply along the feult line, But the fault plane is unknown.

Hikumo fault (Shg)

At Mikumo (on the left bank of Yasu River), the granite mass thrusts over
the younger deposiis at high angle (almost wertically). But this thrust

3
trangforms to a normal fault on its east extension., General dip of the strata

near Yama {4 km B2 of iilume) is 40°N, See Fig. 8.

}onan shear zone (shyo)

Thi=s shear zone iz represented by 3 fault lines in tha geological map.
(A zone sa.ndwiche;:between western 2 fault lires) In this region, a lot of
minor thrust run parallel to the basement range, having some 5 m thift. But
the strata are sufiered from little disturbancs, or the ruptures occury almost
alwayse in the flat sirata without any strong inclination., Only along the two
lines dramn in the ;=ologzical map, the steeply dipping Strata are recognized
acceanmpanied by a thruat type [ault. . :.4' r*-'j‘ .é
(along eastern one) Strat:. dip vertieally along the assumed fault line, but
the type and the [ault plene cannot be ascertainsd. Thie lault transforms
to an ahticline on its northamrn e:tension and near Minakuchi (1 km & of Loec.

71} granite basement juts out into the younger deposits along the axis of

the anticline.

Shiomoda anticline (S51)
The anticline has 2 stesp south wing and a sentle north one, Some
attendant minor faults 1un along the north wing, where stretu dip vertically

oecasionally,

Kaikake fault (S5)

Alon;; the boundary between the Paleo-Biwa group and the basement, the

- 17 -



sands and 8ilts incline at a dip of 60°-80° N, seuggesting the existence of
a fault., But this fault transforme to a fold on itea western extension. At
Hinaluchi hill, the strata form a steplike shap:, having the rather steep

narth wing (10-30") and the gentle tilted (1-5°) south wing.
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ITI. Terrace and Alluvial depoaite
l. Terrace deposits

The terracedeposits in Omi basin can be ¢lassified into the Old Terrace
(Nunokdkdyams Formation) and the Thgs 7errace (Yokaichi Formatian), And the
Q0ld Terrace is dividec further into the Upper 0ld Terrace and the Lower 0Old
Terraca,

The Upper Old terrace davelop#s on the top of hills along the lake or
Btreams, having the height from 125 m near the a&aﬁ to 340 m in the inland.
This means that the blanket of the Upper Old terrace overlies the hills
locally but its depositional surface does not rise sbove the summit plane
compesad of the Palec-Bima sroup. The sediments consisting of predominent
gravels are strongly affected by the red-soil- formation and diss=zction of the
depositional surface is fairly advanced.

The Lower Old ferrace is situpated lower than the Upper terrace topogra-
phically. Along the Coast it lies over the gently-lowered hills, and along
the stream it develops stepwise on the circumference of the hills as a small
Bcale river terrace. Ths shift from the Uprner 0ld Jerrac2 is pgradual without
any terrace-cliff and red-soil-lormaticn arc considerably sdvanced. 4s a
whole, the Lower Old terrace is very similar to the Upper one and it seems
natural to thick that both are summarized to one ssries. The Lower 0Qld
terrace is bounded by the Young terrace orthe Alluvial plane with a tiny
terzace-cliff frequently. But whether it extends beneath the zlluvizl
deposits or not is uminown throuzh the fiele observation.

The typical Young Terrace can be seen only alons the upper course of
the large rivers. Th: highest depositiomal surfece camup over 15 m. him:er
than the present stiream bed, but it lowers downstream and disapoears below
the Alluvial plane around the mid-stream. The deposits consisting predominantly
of gravele are quitz fresh and the dissection ecan herdly he recognized. The

relation of theae three torraces are shown in Figs. 9,10,11 & 18,
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Seta — O4su rerion

On the hilly land between Seta and Kusatsu, the typical 0ld terraces
develop facing to the lake, as shomn in iz, 1 and Fig. 9. The Upper Uld
terrace over lies the hills having the depositi-ral surfzce of 125 - 155 m
in height, which is about 25 n lower than that of sumnit plane of thie hilly
land. The Lower Uld terrace has a wide depositional surface from 95 m %o
12% m in contour, It develop#s cn the top of the lowered hills or as the
inclined smell-ascale patches on the circumference of the hills, of which t¢[§
are covered with the Upper 0ld Terrace. bBetween the Upper and the Lower .
terraces, & narrow area having a little steeper =lope are seen at the height
from 120 to 130 m, but any terrace-cliffes cennct be found. Both terraces
are quite similar tc each other in their lithofmcies. They conzist pre-
dominantly of gravels of 2-6 cm in diameter and clayey matrie;sbeoome more
pronounced tward the top. The averare thickness is 5 m and strong red-soil=
formation are recognized.

In general the Lower Old terrace is bounded by the A]Euﬁal plane with
the alight terrace cliff, l-2 m in hipgh, However, the strongiy weathered
Qld terrace along the Sets street 13 situated at 87 1 in contour excepticnally,
which is at leant 3 m below the present Alluvial plane, This fact indicates
the Lower Old terrace exists beneath the Alluvial deposits =t least in tnis
locality. 4As mentioned above, the broad existence of tnic formation below the
alluvial plane is still in queation, but it exists certainly in the special
placee. At Otsu, the Old Upper terracc attains the height of 170 m or more.
Eut this is not the real terrace but of fan or talus. 'Mhe Youmg terrace can

not be found in this region.

Katata region
On Eatata hill, the deposits correlative to the Old Terrace develeop

I%.nlx es a fan along the foot of Hiei and Hira ransea. The distributioni
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are from 340 m to 22¢ m in height mt Kurihara {west of Loc. 17) 280-180 n at
Bamazu {west of Loc. 15), 240=190 m at Kamiogi (west of Loc. 12), and thair

inelinatian ahxu55°-15°. The average thickness is 2-5% m., but locally getf
over 10 m. Their components ar: predominantly zranite boulders and ;ravels,
strongly affected by the red-soilefermaticn. Subdivisicn into the VUpper and
the Lower im difficult; except a distinct Lower u1d terrace at Kamiryuge

(2 ¥ west of Loc. 16) along River Wani.,

‘The Young terraces are slso of fan type. Cne is at the foot of Mt.
Ryozan, which is composed of cobules and boulders, The other is at the foot
of th. Hiei, where fresh arkose sands contain¥ing granitie ravels develop
under 120 m in height. The deposita are quite similar to that of the Kita-
sbirakawa fan which is develcping on the just opposite side of #t. Hied,

These deposits sevm tb diesppear below the Alluvial plain.

Along the River Eehi

On the left side of River Eci:i, the Upper 0ld terrace eqn.ists of gravels
and sands with silts which are stronzly affected by the red-soil-formation.
Their depositional surface is distributed on the top of the hills, inclining
slightly toward the river. Iis height varies from 260 m in the eastern hithest
part to 170 m in the western tr%%iticnal part to the Lower Cld terracce., 'fhis
means that the aurface iz situated 100 m and 3C n higzher than the present
stream bed of the Echl respectively and is a little lower than that of summit
plane composed of the Paleo-Biwa group. The thicimess is less than 10 m and
dissection iz well advanced.

The Lower Old terrace consisting of ravels,sands ana silts which are
alao suffered the strong rev-soileformation covers the hills comtinuously
from the aboves stated Upper terrsce in the easiern part, but it is lowered
gradually westward and finally disappears below the Young terrace deposits.

{m the other hmnd, the overlying gravels on the ri,ht side which ia correlated
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to the Old terrace deposits have the considerably fan-like appearance acjacent
‘o th2 ateep Suzuka ranme. These gravols distribute from the height of 280 m
t 120 m and seem to belony te the O0ld Lower terrace.

e Youns terrnce consisting of the fresh sravels =nd sands develops
cn rotl, side: of the Hivaer behi, with a fan-like distribution. [he depositional
surface gf tnis sedimeut decreasé?westwards. Consequently, the scarp facing
t: the river also decrease its height westwards, for ewanple, 13 m at Ogura,
6 m at Sone (2 km below C.oura) respectively in heixht and dipappears at
Kishimoto (5 ¥m below O ure). e boring data also sio that the basal
erosion surface of the Youns terrace exist 15 m below the Alluvial plone at
Gokanosho (Loc. 2,11 ¥n below Cura). This may well suggests that the deposi-
tional surfeee of the Young terrace i8 existing some fg i below the Alluvial
plane and may more lower on the f§r western extent. The thickness of these

depoei‘!f is 2«6 m. These relations are showm in i, 10,

Alonz the hiver Hino

The Upner Old terrace can not he found in this erea. ‘Ihe Lower 014
tarrace ceonsisting of gravels, sanda and silts devzl-ps ercund the Hino hill
with the ma:iaum height of 200 r, which is about 35 m above the present Hino
gtream. 'The degree of the red-soil-formatiorn is Just like as that of- uchi'a
Lower 0ld terrace. The average thickness is 5 n.

The Youngz terracs in also quite similar to the ze¢ni's in 1ts physical
appearance, The depositional surfzee is 12 m sbove the present sirean at
Nihongi (1 lan K. of loc, 524) =nd disappeara below tiie Alluvial plain et
Uehinoike (3 km 5 of Loc. 51 and 5 km below Hihonsi). The fan-like appearance
is pronounced at the upper part of the stream.

Me Young terrace trenaforms $o the typical fan at “ao {2 km above

Mihongi). The thickness at the terrace part is 2-4 n.
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Along the Hiver Yasu
‘ The Upper Old terrace develops on the tops of the two smrll hille which
run parallel with tha River Yasn on its both sidea. The depositional surface
varies from 300 m in heisht (80 m above the present river bed) at Oono (1 km
E of Loc. 60} to 235 m (50 m above) at Shinjo (1 km S of Loc. 63). The deposits
are consisting of predominant gTavels with clayey topsel and strongly asuffered
the red-soil-fbrmatinn; The thicknegs is 5 - 10 m.

The 14 lower terrace can be Ffound only on the right side of the river
near Qono. It developa a8 step-like patches of small scale on the mid-glope
of the hills from just beneath the Upper Old terrace to just above the Young
terrace. The red-soil=formation is considerably stromg,.The Young terrace,

2-5 m thick, distributes along the Hiver Yasun and its tributary Soma, Along
the main stream, t'.e depeositional surface attains to 8 m above the present
atream bed at Ichiba (1.5 km S of Loc. 60} and 4 m at Shinjo (5 km below
Ichiba)s Un the other hand; slong tributaries, it locetes 8 m above the
gtresr bed at Lirata {1 km N of Loe. 83) end 4 m at Ichitera (2 km ¥ of Loc.
72, Bnd 6 km below Hirat &). The Youny terrace is not visible along the down-

strear from the conflusnece of these two rivers.

Iza basgin

The Post Peleo-Biva sediments may not be exactly correlated to that of
Comi basin, but have similar characters in ap]iara.nce and distributinn.
Mg. 11 shows the D=3y cress section at Yabata (Loc. 92) and it can be
referred as the standard profile of the overlyin.: blankets in Iés. basin.

The typical High gravel bed can be found on the southern hills of Tsuge,
wiere the gravels distributed flatly on the top of the hills increasa its
beizht eastwards ~nd transform to a fan st the foot of the Susuka range.

The components are granite boulders and ccobbles with cleyey matrix and

the
stronsly affected bxﬂred-aoil-formation. Th= thickneas is 4-8 m, and the
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aurface is strongly dissected.

The widest and the most typical MHiddle gravels are found at Ueno eity,
where the considerably weathered gravels attain a thiclmess of 3«6 m and have
a8 well-preserved depositi-nal plane. At the hilly region, asouth of Touge,
the courdinete gravels develop on the hill sides or filling the small valleys
between the hills. These gravela are affected by redesoil formation and
cissected by the stremms which have the still younrer ravels along them. The
denositional surface of the Lower srevels 1s aituated at a few meters above
the Alluvial plane.

For instance, at liishinosawa (2 ¥m & of Loc. 93) it is 6 g sbove the
present streem bed and also 5 m at Tomioks (4 km 58¥ of Loc. 92). The sediments,
i=4 m thick, are always fresh. Along the southern fo:t of the Chigaraki plateau,
the abvove mentioned three pravels are recongized, but the exact classiflicetion

iag difficult owing to their stesp inclinatlon and small distribetion.

2. Alluvial deposite

e Fig, 1218 drawn from 100 boring columms alceny; the Hew Tokaino trunk
line. This is the best part which have hitherto becn made clear about the
alluvial deposits. In this profile, only one point has to be noticed, That
is, the boundary betwaen the enbbler and sands may not menn the unconformity
plane of the alluvial depeosits, but coincidef with that of the Young terrace,
This interpretation seems to be matural, jedring from the status of the
terrace on the ground. However, the data about the alluvial deposits are
very poor, in considering the great lateral chan e of the lithofacies. And

»
the writer can say very little about the youngest depnszits. '
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rart II

iHseussion part



Introductory lote
sasential point

lake Biwa has a great number of endemic species in its fauna ana flera
which differ remarkably from those of the other parts of Japan. Kuroda (1948)
reported nany characteristic molluscs such as Heteropgen longlspira, Semi-
snloospira decipiens, 5, niponica, Radix orychia, Zyraulus biwaenais, .
amplificatus, Lane=ollaria oxyrhyncha, L. biwae, Inversizens reiniamna, I.
hirasei var. I. brandti, Hyriopsis. shlepeli, Anodontia lauta tumens, A.
calipyros, Corbicule sandai, Pisidium kawamurai, Sphaeriw. japonicum biwasnse.
And he indicated that they are similar to the continental one:. Kitanura
EPmem} atated that the characteriatic plants such as Vitex rotuneifolia,
Cabystegia soldanella, lathyrus paritimus, Arabislyrata sub sp. Mewasakiana,
and Pinus Thunber;-ii might have origzinated ia sce side area. Un the other
hand, feno (1737) who studied the fishes of Lake biwa insisted that the fauna
of Lake Ziwa is conopiciomns in mixing of boih the northern and southeru species.
However, the analyses om these endemic speciss ar: not formulated at present.
Limnologists and biologiet:s have seid that some of them misht have resulted
From immigzration and others may be of autochthonous intra-lacuutrine evolution.
The writer agrecs with this interpretation in principle. Yrobablly, such
pitenomensz might have raanlted from the lsng history of thiz lake since ite
bhirth as well as in its large lake space and consider.ble depth.

In the writer's opinion, the evistence of such miscellaneous speciss
might be the result of immicration in many times when the boposraphizal
barrier paermitted to¢ their migration. In other words, he thinks that the
paleogecgraphy may at least have a kind of hint to dissolve th.e problem
of these endemi¢ species. The outline of his interpretation is comoiled in
Table 135 and Figz. 14. DBamely, Lake Biws has thres characteris<ic staze:,
which provide quite different conditions for the invesion of <he biota

to Lake 'T/A.
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4

(1) "0ld closed Lake" stage: The ;Za.a of invasion of the continental

elements, Late pliocense,

£

(2} "Open Lake" stage: The -&Lﬂd- of invasion of the marine elementBs,

Zarliest pleiatocene.

e

(3) "Younz closed Lak:" staze: The ;Li-od- of land — locking, Harly

pleistocane -—p present.

FPremise
Prior tﬁ digcuseions, the writer has ¢ gettle some fundamental suppos
sition on which basis he will arpue in detail.
1) Indicator of the environment
{“ontinental elsment) — The word "Continental” is not used in the strict

‘nase
ot : characters, It is

sense, but used as "non-marine"™ with dominans
said that Hyriopeis echlegeli and Semisulccgpira libertina resemble very much
the present continental molluscs in the coast region. Lanceolaria, Ancdonts,
Viriparus and otherm found in Lake biwa mre also oonasidered as marker

af the fresh-water. 50 the writer has picked up thece fresh water mollueca

as the inaicator of the so-callea "Vontinental" element.

{Marine element}— "he writer hss no adequate dats about fossil diatvoms,
and Togsil fishes could not he found. The only species which indicates thg,l,('
maring environment in this ease is a plant remain, Pinus Thunbergii. Prof.
Fitrmura says thet the nresent distribution of Pinus Thunbergii is limitted
to the coastal rezion, excepting z clif: of Mt, Myogi (near lfokye ),

Judzin,; from such status, it ie natwral to think that Pinus Thunbergii is a
relic of "marine® grigin, or it mirsht have invaded this basin when the Lake had
a close connection with the sea. ‘thus, though the marine elements ese exist,

they are practically very sli:ht in 1ts evidence. The writer's so-called

"Rarine® element is of just like a slizht ona,
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2) Indicator of the aue

Ig{,IHAHA (1961) discussed "Ihe problem of stratimraphical horizon of
extinction of Mataseguoia ilora", and established the Quatexnary chremology in
central Japan as follows: Plincens is represanted by the Metssequoia flors
with dominant Tertiary t-pe flora such as Paeudolerlx, Liquidambar, Cinkgo,
Pinus f.ljii[ and Fetelearia. Larliest pleistocene iz rorrmrked by the s:taseguoia
flora without the -l';ert.iary type flora. And then the non=fatrsequeia flora
period sueceaded during the whole pleistocena. So the writer has adopted
this chronclogy esteblished by M. Iﬁijfiﬁ.ﬁ-‘l ané hns srranged nlanteremning

geg an indicator of the age.
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IV, "0ld Closed Lake" stage |
"Closed" has not a limmologically strict sense. It means that the lake

keeps its isolated environment from the sea and topographically marine

dwellers to be unable to invade the Lake, no matter whether there are any

waterway reaching the sea or not.,

1. Relation with the ';li acene Lyupawe group
The miocene Ayugzawa group did not sufier satrong crustal movement during
pre=Paleo-Biwa pg'frutl. The sediments of the Palwo-3iwa group overlia these
miocene sediments almost paralliel gzeostrueturally. Jut the faunal assemblages
are quite different from each other; the former has 66 specics of typical
marine molluscs (YKLBE 1934}, on the conirary, the latter has no marine species.
All the marine moliusce might perfectly extinet beiween the Ayuguwa and tne

Paleo-hiwa.

2. Inascator of COntin;:tal element
mic biwae, Anodonta sp., and Viviparus longispira sre foundst the lowest
part of the sediments {the Bj) belongingiathe thig formaticn. O(ther species
such g9 Leannceclaria oxyrhyncha, Cristarie »liceta apstices and Corbicula sp.

are alas saeen at this stage.

e Plleogeagravhical environment
dhain o
FHeag-like distribution of lakes
Y, FrJITA (1962} showed a psleogec..ranhical map of the late pliocene
age, as quoted in Fiz. 15, when he discussed a historical revies of Japan

Sea. Iun this map, Japan islands are shown as a part of the continent with

a few fresh water lakes distributed parallel tc the coast.



Hater-ways between the lakas

Emeritus professor J, MAFIYAMA imformed the writer the amall aistributior
of the gravels and silts along the stream Uda. ihis fact may well suzzest the
exigtoance of a water~way slony this route in the By gg:f At the same 2;;:5
other suspicious water way is supposed along the present stream Xaseii by a
few patche=z of gravels. On the other hand, the dacite tuff Iound at Tamate-
yama hill, southeast of Osaka, may possibly be correlated to the Ichiuno tuff
(B2 - B3) of Paleo-Biwa basin. Judgine from these facts and stratigraphical
condition in Osaka and Nara basin? the writer thinks that a few water-ways
have siretched tn the Awajl island across the hitan stralts, at the beginning
0l the Prleo-HBiwa series.

Simultaneously or just after the birth of these opening water-ways, the
tniré drainage is su-;ested to have passed also irom Iga-Oomi busin:ihe Awaji
island vie Ghigaraki and Sara. Ag to the relation with the ﬁga basin, tuasre
ia found a zonal aree that looks suspicious to have allowed the presonce of
anold channel, intersectin:: tne Suzukn ranze, but tie writer can not find
any aeposits alonz this zone. Consegquantly, the existence ol a water-way

batween “licsz two basin is doubtful.

aven topozraphy

The sediments of this sta:: are composed of ~radominant {ine materials
guch es sand, 8ilt and clay exceotine northeastern mar;rinal part of the Iga
basin., In this basin, the By bed so frequently has uncer-clay in stead of
basal cenjlomerate. And clays belonzing to the bs - Bg beds also often
about the basement, This lfact indicates the tovography surrounding the lake

was congiderably even, so tha- it did not produce the dominant ccarse meterials.

4. Climatlc environment

From the By to B, we can find the tertiary type flora such as Pinus fujii,
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Pseudolarix, Liquidambar and Nysaa, in addition to the Metasequoia flora,
which indicate the warm climate like tertiary. DBut suddenly, a thin soam
intercalated in the upper part (?) of the BT produces the cold indicators
such as Pinus koraiensis and "au;za aisboldii, which are the first striking
imformera of cold climate during the Faleo-¥iwa period. ‘Then the Metssequoia
flora withai? the tertiary type flora took the place of Finus koraisnsis,
indica%igé Léﬁin the mild climate. Chronologically this first cold horizon
repreaénte& by Finua koraiensis coincidses with the end of the "01ld Closed

Laks" stage. Consequently, the writer can say that the climate has be=sn

warm throughout the "Qld Closed Lake" epe.

9. Debatabla point

S. MIKI (1948) has got Paliurus nipponicus from the coely clay at
Shimagahara, Mie Prefecture, which belongs to the By bed. As to the allied
present species, Paliwrus ramOEi%%us isz popular in the ecastal region of China,
Loochoo and West Japan. And I, australis is faniliar in arid aresa from south-
weet Asis to iediterranean district through scuthern centrel Surope., In sasral,
F. nipponicua is considered to be comman in marine clays of the upper part
of the Osalka group, if anythinz. However, it should be dehdtable whether
this Paliurus has had any connection with the sem. The writer wants to

think that P. nipponiecus is unrelate. to the sea, but he has no adenuate nata

at present concerning this question,

- 30 -



V. "Open Lake" stage
The "Upen Lake'" means that the Luke had 2 broad channel conmrciin: to the
sea without any cistinct topogsraphical barriers, though it was thoroughly

lacustrine.

1. Indicator of marine‘l:ment
Ae above-mentioned, Pinus fhunbergii which hag be n found at the bg
bed 1s the only indicator of the marine élement,

2. FPeleoieographical environment

dasin=-makin: movement of bazement

The writer ¢lassified the Faleo=biwa group into three formaticns, consiaer-
ing their lithofacies, which are summarized as follows: The lowest Ige formation
is composed of igi sorted pands and =ilts ano penerally lacks the warpsinal
gravels,

The midile Koka formation is of c¢layey sediment: witho:t merginnl con-
glomerates, Contrary to them, the upper Kztote formntion ecnsiste of sends,
gilts, .srevels and .renererlly with predominant marginal sravels, The marginal
gravels appear for the first time at the Bg bed. 'Mhie phenomenon suggests
that the condftion aroursi the L k> was not the seme belors ara alter the L.
That is, the /ravels of the hatata formation moy be the result of the basin
-makinr povement and of the crnsequent hisher land surrcunding tne Lake,

Te evidence that the upper beds are distributed more northwards also as~ress

with thisz movement.

Birth of the Gionockuchi Chanuel

In sccordance with ke basin-makin: movement, the center of the vepositional

*i
groa might shift northwards. CUConsequenily, at the bg agzt sandz, silts and
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gravels have become to expand their distribution far northern and more broad
erea. The wriler thinks thut the sediments on the mountain region eaat of
the Liver Uji also eontain the Bg bed at their %32l part. And morecver, he
suppose that this deposits can be traced to the gravel-rich strata at Aotani
region, which are correlated to¢ the lower part of the Usaka zroup. Thece
suppositions, as A natursl conssquence, rasultlk the id~= that a new channel
was born at the By a*ga-; which has nemed the "Gonokuchi Chennel".

The sediments along tha chanmel part are composed meinly of gravels, but
st tnelir trsal part thick cleyey iay>rs nre often found, which. have ever been
mined for raw material of roof tiles. Ano the distribtntion attains to j-6 km
in width.

Congiderinzg these appenrence‘-:’ the writer interprets that the "Gonokuchi
channel” was 3-6 km in width and especianlly at tie early stage it was so

stniriant that clay could deposit in this pert.

Appreach of tne bea water

before considering the cond.tion of the then Usake gﬂ&, the writer wants
to try more exact stratigrs hical correlation tetween the Paleo=Ciwa and the
vsaka group, Fis, 16 shows the stratigrapnical relatiom of 4 places being
ccnnected by the channel., The onky lut the deiinite key bed comron to the
noth basins is the "kink w1 fi". As to this tuff, thougn th- writar has not
found it hitha.-te, he thinks that it must be intercal-ted in sands ani gravela
in the channel part. Moreover he supucses thet the Channel miznt exist st
lenet near the “Yamada tuf:" horiz n. 7Pnis jucrement is based on the fellowing
affirmative evidences; firast, the pravels mbove the "Y=zllcw tufr" atiain to
more than 80 n ilithic}:ness, which indicates enoum™ thickuess for tne apperence
sra "Vamada tuff", end secoud, the lithofaciez at hatata hill chunges Teatly
at the "Yameda tuff" herizen {("Sakawa tuff" horizon as will be stated below

in detail). #ith these vproofs, the writer decides the horizon of the top
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of the gedimente in the thennel part, as shown in Fig. 16, On the other hamd,
the "Yellow tuff" and the “Ik:nowald tuff*® found at the basel part of the
sediment in thie rerion indicate that the begvining of the Channel coincides
with the "Yellow tuff™ herizom.

Now let the writer show the paleogeographical environment of Osaka —
Kyoto area during the "Open Lake" stage. The outline is shown in #is. 17.
At the early stage of the Channel, (perhaps the Bg anc the early Bu_.,) the
Cagka — Kyoto area wes covered by the lacustrine waters. The [irst trans-
greasion occured at the late BEg g:;_':: or just before the "Pink tuff". At that
time, the sea invaded to Takatsuki and probebly to rukcrachi, though Fukakusa
recion was left as a8 lacustrine, In Hara aznt Aotand, the marine cley (Il'!ri.[]]-mﬂ.&
has called this eluy Fnj)) has not hitherto been found. Frobablly these regions
might be a part of a {resh water regions. Mis sen reyTessec =t the and of the
Bgs then whole Usaka — Kyoto area chengec again to be lacustrine till the
next transaression at the midale of the Ejg in ae. The secona invasinn of
the sea brought marine ¢lays (Kap) to the Mukomachi anc Uji. ‘The writer
thinks that the marine elerments mi.rt invade in the viegirity closer to the
Channel then at the first time, although the evidence of the transzression
was not found at Nara and Aotani resions as before, After the second marine
invasion, seversil transgressions with marine clays {!ﬂaf_ - Mag} were repented
in Ogaks — Yyoto aTea, but the Channel geems to have been already going to
¢lose ite route as retrzating of the second sea. Afer all, thas marine water
mikt have approached to th- entranc: of the oteniel at least towice during

the "Gonckuchi Channel™ ctage, but it c¢ould not invede the Channcl,

Diasprvearance ol the o akunhi Chenrel

The Channel dissprearsa around "Azuki tuli™ horizon, partially due to

the tasin-makinz movenent ae well s Jue to snother coricin. .he writer has

sufricient evidences for zhis vhenomenon of lowerin; water level and disap-
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- pearance of channel will be stated helow as follows., The most direet proof of
disappe-rence is the lacking of the sediment slon, the Chanmel of that stage.
The second i# the more indirest proof, that is, at Katata hill, the character
of the sediments changes greatly at the boundary of the "Bakawa tuf.™ {cor-
relative of "Yamsda tuff"), where the such as distinct cros:lamination are
recognized and this tendency become mere proncunced toward the upper. <the
writer thinks that the scour-and-fill structure (corfer Fig. 3} is the result
of lowering of the waterlevel, Devleopment of the fosail forests of the Bj;

awe may also be sn cccompanying phenomenon.



¥I. "Young Closed Lake" stage

The emergence of the Faleo-Biwa Lake has advarced hand in hand with the
davelopment of the basin maidns movement, And at the climax of this movement,
the Paleo-Biwa group might be displaced or steeply inclined by the faultis.
After the climex, the youngest blanketis of gravels overlied horizontslly the
the folded and faulted Paleo-biwa group. This is the moet simplified history
of the lake sine the end of the "Open Lake" atage.

An afore=-mentioned, the basin has suffered so¢ atrong crustal movement,
consequantly the topography in the vicinity of the Lake might have varied
greatly during this revolutional p%‘iad.. But in the writer's opinion,
whatever might happen, the lake has never taken the occasion any more to
have such a great channel as “the Gonokuchi" since its disappearence at the
B11 age. And he named this last stage without broad channel the "Young Closed
Lake" a-*tz.:. Ferhaps, almost all the species which hac invaded before and
during the “Gonokuchi Channel® etasme were compelied to becoms the perfect
land-locked ones. And in regard to the topography, this new term was a
preparatory stege for constructing the present Oomi besin anc Leke PBiwa,

In thie chapter, the writer wants mainly to discusa the histoxry Pf the

E" el

paleogeographical 'development of tho basin,

Subaquatic topograunhy

Before entering the diseussion, the writer weants to show the Kotani's work
sbout subagumtic topography and outline of itz tontative correlation to the
terestrial one, Kotani {1957, 1958, 1960) has stated that the present Lake
Biwa has 4 édisti,ct subagquatic termcef; the subaguatic terrace {"Kodan")
I111,11,1 and the lake bottom plmnin, These 4 planes have the following depth,
for example, off the Biver Hino: The subaguatic terrace I1I: 3-S5 m, the

II: 8=14 m, the I: 17=23 m and usually the bottom plein is at 76=-T79 m below
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the present lake level. Adding to these 4 planes, he has reported anot'nei-
smaller scaled Py plane between the I and the bottom plain, which has ordinarly
rather stecp inclinatlon, The writer interpretes these 4 subaauatic planes may
be correldted to the terreatrial ones respectively. Pir-. 18 %.?he tentative

correlation between them, onm which he will discuss in more detszil.

1. DBefors deposition of the 01d Terrace deposite
Ag above-mentioned, there is & long interval in time between two sediments,
the Paleo-iiwa group end the 01d Terrace deposits. Jhis faet mey ~well suggest
that the Paleo-BPiws group hae experienced a complicated gechistory before
the latter's depoeition. The most interesting point is the problem whether
the Lake has once perfactly disappearsd or not. Bul unfortunately, the writer

has no adequate data st present concerning this guestion.

Origin of the Lake bottom Plain

Instead of discussing the direct problem "whether the lake has disappaéreﬂ
or not", the writer will consider onthe origin of the "Bottom plain", th¥%ough |
it is sleo guite uncertaiﬁ.

If the writer avranges the subaguatic and terrestrial planes following
the ordér of theilr emch situstion, the "Hottom plein”™ should be correlated
to the "Palso-Biwa plane™ formally, as shown in fip, 18. But this formal
correlation might be meaningless, becsuse the character of the plain is still
vazue, consequently the real mesaning of this plain i wnlueown. YYowever
according to the writer's suprosition, the following two cages seer to be
posaible to explain its origini The first case is that the plane was formed
by the 2rosi~nal action of the then lake water. If this assumption is
a.cc_gpt‘abbq, we have t0 conclude that the lake has maintainec ita l-vel as low

aa that of the present bottom plain jfor a considersbly long time. The second

is the case in which some fanlts play an important rol®. For exannlz, along
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the wost pide of the Lakn, we find o remarksbles Katata fault, by which the
eastern block is depressed scores of meters as against the weat vlock which
now sonstituter the ﬁatata hill., Thisz phenomenon may aurreat the possibility
of the origin of the Lottom plain. At present it cannot be assumed whether
any faulta exiet alony the east aide of the lake or not, being buried below
the alluvial deposits. In other worda, it is within the tvange of possibility
that the Bottom plain might be orisinates by such faultinz nction not only
along its western side but all around the Lake. OSupposing thot th: former
erosional force is true, it may be posuible that the lake has lowered its
level 75 m = below the present at its lowest age. However at proswmt, it is
debatable which one was real and whether a quits: different znotaer facior

wad & prime agent, The only defi:ite fact is that many kind of endemic¢ species

have been survived throwzhout this pericd.

2, 014 Terrace period

Tent tive correlatiaon betwveer the terrestrial and subaquatic planel$

The subanuatic terrace I has & broad {l-t plana at 20-24 m helow the
pregent lake level, for example off Hino., Imt its onysiesl character is
mknom. Consequently, the correlation tried by the writer at preaznt is
quite tentative and not conclusive. The onlr fact which zives svidence in
favour of this tentntive correlation is the entonnire of which hotani (1953)
has reported. He has stated that the entonniv: at 3.5 km off the Arvarogaia
delta (north of likone) situates 27 m below the present water level, ci ring
the stratified sediments which constitute the terrace I, wit.. a scal: of
100 @ in dismeter and 5 m in depth. And he has suggested that the cntonnire
was formed by driving action of the ground water's mish. The writer tininks that

the main way of shallow zrnund water micht he limited to the rravel dmmin:int

strata of the terrace, accordingly the =risience ol the sntornire may well



suggest that the plane on which the entonnire situates means an existence of
‘gravel rich fop-like deposita. On the other hand, the fact that the subaquatio
Terrace II i8 correlated to the Young Terrace ie fairly well certain., Judging
from there two conditions, the writer wants tc think that the Tarraca I can

be correlated to the Old Terracs.

Palsogeography

First of all, the writer has to state that the general topography has :
hoccme considerably similar to that of the present ome, for the ﬁrsé 'ti;l;*
at this stage, A frame work of the present water aystem hms achieved at
this 0ld terrace age, and no great trans-formation has oocur%d aince this
time. For example, s new water way, the Kiver Uji has been born instead
of the Gonokuchi channel anc a few large rivers such as the Hehi, the Hino,
the Yasu and the Ado have taken their plac:s along their present route. The
01d shore-~line at this time is &also traceabls. The terrcce gravels on the
Seta hill indicate that the Lake level was 60 m higher than the present one
at its climax {confer Fiz.9). But this higher water lavel lowered then
graduslly. And supposing that the correlation shown in Fig. 18 ia correct,
we have to think that the lake level has dropred about 20 m below the present
at its lowest pitch of the depression. 'This phenomenon a2ls¢ meana an intereat-
ing fact that the kiver Uji dried up perfectly and the lake had no draining
water-way, during this lower leveled pericd. By the way, the drainage dries up
et a gorre of Sekinotsu, Otsu city, when the lake levael lowers 3 m below the

present one.

Age
The sedimunts found on land are affected strongly by the red-acil formation.

Its degree is quite similar to that of the "Meimi gravels" (High Terrace gravels

in Usaka —- Akashi arsea, cf. I&(B{m 1961), and the dissection advenced almo
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oonsiderably. #rom these conditions, the writer thinks that the 0ld Terrace

is nearly same ms the Higsh Terrace of Usaks — Akashi araa in age.

3« "™Young Terraca" period

Correlation between the terrace and the aubaguatic plane

The writer should think that the correlation beiween the Young Terrace and
the Subaguatic Terrace II is of moral certainty. He cen cite the following
three facts ae its proof. i) The depositional surface of the Young Terrace
which ie more than 10 m high above the present stream hed at the upper-courase
of rivers lowers its heisht downstiream and then disappears below the alluvial
plane without any terrace cliff. ii) Judging from the horing data, {econfer
Fig, 12), the btasal plane of the cobble has a depth of at least 15 m below
the alluvial olane at Gokanosho (Loc. 2 in Fig, 1). This fact suggests that
the cobble tese means the erosional baszal plane of the Young Terrace depasits
rather than ihe alluvial one. Because the thicknees of 15 m, ia too large
for that of the alluvial deposits at this place. iii) Among thres sedimente
(The 0ld Terrace, the Young Terrece and the Alluvial deposits), the Young
terrace gravels have a particularly large grain size., Similarly the Subagquatic
Terrace IT is composed of large grainesized materials such as gravels with
coarse sanda, which are coarser than those of the I and II. (Kotani 1957}

The=e three facts seem to juatify the above mentioned correlatiom.

Paleotogggggpgx

The inclination of the depositional surface of the Young Terrsce is quite
untform, contrary to the step-like apopearance of the Old Terrace. And the
deposits are almost always unseen in the lower part of rivers or coastal regiom,
sinking btelow the alluvial plain, These two factc indicate that the Lake has
been constantly low or gradumlly lowerinz its level during this period. The

writer wants to think the former case was probable, bacaunse of neerly perfect
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lacking of terrestriaml deposits referred to the Young Terrace along the coastal
Tegion. Unce such interpretation is accepted, the following topography may
be deduced from it. That is, the tlen lake level was approximetely 10 m la_lvar
than the present, consequently the Kiver Uji dried up. And the gradi.d'nt“ eﬂ'1

the flow=in=rivers was 0.05° steeper than the pmasent ones.

Age

A conaiderable ammunt of submerged archeclogic remains from early "Jomon"
to latter "Ygyoi* in age are found on the subagquatic terrace III,II and occaio-
nally on the bottom plain. These might be useful indicators if we check their
&aological occurrence, Unfortunately the writer has hed no chance to gbserve
them immediately and has no adaquate data concerning this problem. The only
fact that he ¢an state with confidence is limited to the feature of the Terrace
itself as follows; the gravels sre fresh, being not suffered by the red-seil
formaticet and dissction is hardly recognized. Accordingly, he supposes thnt
tne Younz Terrace is simulteneous or younger than the Itami gravels (Low
Perrace is Osake —— Aknghi araa, I&l’lﬁ.ﬁ.ﬁ. 1961) and may be alluvial in age

by some possibility.

~
4. "Alluvial® p:l-l-od

The shallowest planz is called the “shelf" (hikudana), the delta (Sankakusu)
or thue Subaqustic Terrnce IE {Dai IT kodan) by Kotani (1955) and he has sube
divided it into more deisil. In any way, the writer thinks that this plané
gan be traced to the alluvial plain es s whole. Kotani haz also stated that
the recent lake reached maximum expansion at the middle of lLara period and
then Tetreated ita coast line at the present pesitim, his tendency has

continued till the sresent day.
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Postecript

The writer has established three stagus of Paleo-biwa lake in the sense
of Paleogeography and correlated each of them to the characteristic three
p:&fﬂr preparing the chance of immigration for the biota, which are now called
reliecs or endemic species. Hereupon, the writer has to make an additional
remark about the accuracy of his investigation and then incicate a few future
problems.

Hie inveatigation has been done as mich &8 poasible from the view point
of geology, but it is still incomplete on the bdiogeographical and limnological
agspect. The reasomn is that his work haa been dome mainly on the basis ol the
geologlecal field cbservation about the terrestrial proof. After due considera-
tion of such condition, he cen point out the following themes zs thae future
problems.

i)} Problem of the subaguatic terraces.

The writer supposes s perfectly isolat»i lake without any drains,ze, in
soma perlod of the "Youn» Closed lLake' atare, This mizht be & quite interest-
ing problem not oniy for the geologists but for the limnologists, in thne con-
nection of its’dmyaiccr—chamical character of the then l-lke, The writer is
expectinm various eritisism about this point from pmany scientisis. VYhe nloat
important work mi.ht be centred round the subaquatic terraces, i. .reclozic=lly
and geodosically speseking.

ii) hore exact observation of fossils

Po discuss the relation of the gechistory and biloreocsraphy, more exact
observation of the fossils are required. Especially, the writer thinks, the
investigation of the u:llltqm fossilas is the most ussful for this problem.

iii} Correlation with the Akashi end ige groups

The Ichiuno tuff (Bp-Bz) and the harizon of extinction of th: tertiary

type flors are consicered to be useiul keys for correlatiny the plio-nleistocene
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etrate in Kinki district. The writer thinks that the latter reprusented by

the cold indicators ie the beat for establishing the standerd chronalay in

this distrioct, in company with the horizon of ertinciion of tha hietasequoia

flora.
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Fig. 4 Structural map of the Oomi-Igm basin and its surroundimge.
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Flg. 3 Terrace nesr Seta: Tta distribution and achsmatic profile.
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