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  STRATIGRAPHY OF THE QUATERNARY VOLCANIC PRODUCTS. SW HOI<KAIDO

STRATIGRAPHY OF THE QUATERNARY ASH AND PUMICEOUS
   PRODUCTS IN SOUTHWESTERN HOKKAIDO, N. JAPAN
           (The PlioceRe and Quaternary geology of

                   Hol<kaido, lst reporO

                          by

                M. MINATo, S. HASHIMOTO,
                 Y. FUJIWARA, S. I<UMANO

                      alld S. OKADA

                  (With 2 tables and 48 figures)

         (Contribution from the Department of Geology aRd Mineralogy,
             Faculty of Science, Hokkaido University No. 1245)

Introductioi}

   Hokkaido, the northernmost main island of Japan, includes three Hoiocene

volcanic belts (chains)･ (Fig. I). The Nasu and Chokai belts extend in a

northerly direction from northern Honshu, across the southwestern peninsula

of Hokl<aido, and along the coast of the Japan Sea as far north as Rishiri Island.

The Kurile volcanic belt, with a NEESWW trend, may be traced through

central Hokkaido to the eastern end of Shiretoko Peninsula (MiNATo, M. et al,

1956). Beneath the }{olocene volcanoes distributed along these three volcanic

belts, Pleistocene volcanic products are widely developed. These, in turn rest on

Neogene flows and pyroclastic deposits as well as Paleogene, Cretaceous and

older formations (MiNATo, M., YAGI, K., and H[uNAHAsHI, M. 1956).

   The present paper deals with the Pleistocene volcanic products in the

Noboribetsu and Shikotsu districts of south-westem Hokkaido, especially with

the ash and pumiceous deposits. The stratigraphic succession and petrography

of ash falls, ash fiows and associated sediments is presented along with

correlation based on terrace chronology, paleoclimate and paleomagnetism.
Furtlaer, our interpretation on the origin of these puiniceous products is briefty

given.

1 Stratigraphy of the pumiceous volcanic products

   The
classifiecl

pullllce

occupy

Pleistocene pumiceous deposits of southwestern Hokkaido may be

 into ash and pumice fiows, either welded or non-welded, ash and

falls, and pumiceous gravel. Of these ash or .pumice fall generally

tliLe lower horizon of any given volcanic sequeirice such as the
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Fig. 1 Distribution of the Quaternary Volcanic Chains. '"

Noboribetsu, Ponayoro I and II, Shadai, Morino aiid Shikotsu Formations

(Table 1). In fact, each ash or pumice fall member is composed of several

separate falls with fairly distinct laminations. Each of these is undot}btedly the

product of a volcanic explosion associated with an imfnense quantity of steam.

Nevertheless, this kind of volcanic product, at least those parts most distant

from the center of activity, may be regarded as a kind of aeolian deposit,

transported by wind in the stratosphere and finally depositecl on the land

surface. Such pumice and ash fali are chiefly distributed eastward from the

supposed center of explosion, probably reflecting a prevailing west or
soi.ithwest stratosphere wind at the time of eruptioR. In addition, the volcanic

ash or pumice falls are intercalated with numerous n,on-volcanic aeolian

deposits such as rock flour or loess. These beds lool< like sandy loam and their

boundary with volcanic aslii falls is almost always very sharp, with little

evidence of intermixing. The hiatus between the two fnay thus represent a

considerable amount of time (Table 1).

   Pvmiice flows or ash fiows are always pure volcanic products which include

both large and small pumices together with varying amounts of exotic rock
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fraginents. They are believed to have been erupted with a high coi#ent of

steam. Near the center of eruption, thjs kind of fiow is generally hard, well

consolidated with relatively high virtual (apparent specific gravity) density

throughout almost the entire cooling unit, whereas the marginal parts are

softer, more loosely consolidated or almost unconsolidated. In between, there

is an area where the upper and lower parts of such flows are not well

consolidated, but the midd}e portion is harder, better welded and has relatively

higher Ciei/}sity than either the lower or upper portions.

   Columnar or platy joints are genera}ly developed in the consolidated parts

of these flows especially near the center of volcanic activity. Irregularjoints are

locally developed in places more remote from the center, and then only in the

middle part of a cooling unit.

   [I"he thlr(l type of product called puiiniceous gravel ls undoubtedly

sedimentary in origin. Nevertheless, this kind of gravel is very rich in pebbles of

pumice and pumiceous sand. It also contains lesser amouRts of pebbles and

sands derived from exotic rocl< fragements origina}ly included in the pumiceous

volcanic cleposits. Thus tlae clasts, both puiniceous and exotic have been

derived directly from the underlying pumice fall andlor flow. Such gravels

should accordingly be treated as pyroclastic sediments formed by rapid wind

and stream erosion of volcanic material immediately after its eruption. None of

these gravels are believed to have been transported any great distance.

   All of them rest unconformably on pumiceous falls or flows.' Ci'oss

laminatioii, false bedding are common in all outcrops.

   In si.ii'i'in'iary, the pumiceous volcanic products described in this paper

include three distinct types of deposits. These are in ascending order: fall,

aeolian and volcanic in origin; fiow of volcanic origin; and gravel of

sedimentary origin.

a) [E"he Noboribetsu volcanic Formation

   The Noboribetsu volcanic Formation is typica}ly deve}oped on the small

hill facing Volcano Bay (Funl<a-wan), just behind NobGribetsu Station on the

National railroad (Fig. 2) and is widely exposed in the hilly and mountainous

region around the hot springs ofNoboribetsu.

   The Iower member of the formation less than 2 in in thicl<ness, is puiinice

fall (N l) with beautiful rhythirLic lamination composed of coarse to fiRe

grained layers. Below this ash fall there is a very coarse grained pumiceous fali,

about 2.S in in maximum thickness. These ash fall deposits are unconformably

covered by the next member the Noboribetsu pumice flow (N 2), 25-30 m in
thickfless, in the type locality.

   [(rhe flow (N 2) is also pumiceous, well consolidated and iieai'ly all outcrops

exhibit irregularjointing. [lrhe miReraa asseml)lage shows it to be andesitic; chief
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Fig. 2 Distribution of the Noboribetsu volcanic Formation.

Black: outcrop ;Hatched lines: covered ;Crossed lines: presence is not proved at

surface with certainty but is highly probable ; Numerais: elevation of outcrop in

meters ; Double circles: dri}ling sites.

       B: Kuttara Lake (or Kuttaraushi Lake)
       C: Horobetsu River (or Porobetsu River)

       D: Noboribetsu River
       E: Shikifu River
       K: Noboribetsu Station
       R: Cape Rampoge
       p-q: geelogical profile shown in Fig. 47

       r-s: geological profile shown in Fig. 48

mineral constituents are plagioclase, at}gite, hypersthene and magnetite.

Geomagnetic polarity is normal.

   Both the puinice fall (N 1) and flow (N 2) are pinkish or purplish red in
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colour and easily distinguishal)le from the yoLmger pumiceous volcanic

products of the Ponayoro Formation. Their distribution is shown in Fig. 2.

   It may be worth noting that lava bombs O.2-O.3 m in diameter with many

empty cavities, through which gases may have escaped, are locally and rarely

found in the Noboribetsu fall (N l), especially its basai part. The lithologic

nature of these bombs closely resembles pL}mice flow (N 2) which overlles this

fall.

   No pumiceous gravel deposits covering the Noboribetsu pumice flow have

been discovered, but they must have once existed.

   The Noboribetsu volcanic Foririation lies directly on the Rampoge gravel

Formation at Cape Rampoge. The Iatter, about IOO irt in total thickness is

composed mainly of pumiceous sand, magnetite bearing sand, and gravel with

varinus kinds of cobbles and pebbles including slate, chert, and Neogene

Tertiary volcanic rocks.

   No contacts between this Formation and the Shadai volcanic Formation

have been observed but their stratigraphic relatioRship can be inferred from

characteristic blocks of basaltic andesite included in the Noboi'ibetsu pumice

flow (N 2) and the Ponayoro volcanic Formatioiis. According to S. Doi (1953)

these xenoliths or exotic rock fragments may have been derived from the

Shaclai pumice flow (S 2). Thus the Shaciai volcanic Formation was formerly

regarded to be stratigraphicaliy below the Noboribetsu volcanic Formation

(Saito et al., l953). The authors also once subscribed to this view (Minato et

al., 1970), but now believe this is probal)ly not the case. In fact the evideRce

given here suggests the Shadai volcanic Formation inay be far younger than

either the Noboribetsu or the Ponayoro volcanic Formations.

b) The Ponayoro volcanic Formatlons I and II and the Noboribetsu sandstone

   Formation
   At its type locality near Noboribetsu Station (Fig. 3, locality K) the

Ponayoro Formation may. be di'vided into three members; Ponayoro I rests

unconformably on Noboribetsu pumice fiow and is overlain unconforirtably by

Ponayoro volcanic Formation II (Figs. 4, 5, 6, 7, 8, 9, IO). The Noboribetsu

sandstone Formation is a sandstone facies tlaat transgresses most of Ponayoro

time and comprises many separate sedimentary members separated by local

unconforirtities. Locally the Noboribetsu sandstone member(Ns 1) is overlain

unconformably by P I 2 whereas elsewhere this same pumice flow (P I 2) is

overlain unconforn/}ably by beautiftilly cross Iaminated sanclstone that is

assigned to Noboribetsu sandstone member Ns 3, (Table l). At still other

localities, puinice flow (P II 2) belonging to the Ponayoro volcanic Formation

II rests unconformably on Noboribetsu sandstone member Ns 4. Furtherinore,

Ponayoro (P I 2) is locally completely reworked and traRsported beyond the



   .STRATIGRAPHY OF THE QUATERNARY VOLCANIC PRODUCTS, SW HOKKAIDO

,,:s･/12,,/.,/･i,.ll･111ill/I･...

.t.t

t.t

ttt

 t?

'
t

   t,t.ttt
   'li11111,,

    t, ..t. ,t /.
    Jl･1'.'/ .li･･1

    /, .28e

    "''f'' /t
   /., l･･

ith･ ･

440

    'X2-O:Or ..tL. Li

,ki

creegKttM,`.Sew.

              ･ij･･

)× ,℃ggzii,Xx"

     ･ttfi ) .
       <e･f/

     /･ 9
    /v
   .t tt

 ,/ t,

I
i
veIZ･･k

l:lil211il;'il.-f/f7"tz

" r. ･2.

 --- --･/
fX ttt. b

- K'

       /..･

  '"7'if?

fi2ljE･; t

2
=tt

4Km

/

･/･.

.../..

685

Fig. 3 Distribution of thePonayoro volcanic Formation.

      Black: outcrop ; Hatched iines: covered ; Crossed lines: Ponayoro volcanic
      Formation at the surface, but not completely distinguished from Noboribetsu
      volcanic Formation because of insufficient mapping ; Dots: Noboribetsu sandstone
      intercalated with Ponayero volcanic Formation ; Numerais: elevation of outcrop in

      meters ; Other legends see Fig. 2.

original area of deposition. Outcrops along the road between Rampoge and

Tomiura contain weil rounded pebbles of pumice, probably derived from

Ponayoro (P I 2). These are highly concentrated in deposits of reworked

Ponayoro (P I 2), which is also unconformably covered by a sandstone member

Ns 3 with beautiful laminations, belonging also to the Noboribetsu sandstone

Formation.

   It is thi.is concluded that the volcanic activity represented by both

Ponayoro I and II persisted throughout the time that most of the Noboribetsu

sandstone Formatjon was being deposited. The Ponayoro volcanic Formations
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Fig. 6 Type locality of the Noboribetsu volcanic Formation, located on the hill facing

Volcano Bay, about O.5 km south of Noboribetsu Station. N 2: Noboribetsu
pumice flow with irregular joints, well consolidated and welded. P I 1: Ponayoro

pumice fall I, with beautifu1 }aminations. P I 2: Ponayoro pumice flow I without

lamination and loosely consolidated. P I 3: pumiceoL}s gravel, wliich rests
unconformably on P I 2. 'Irhe top of the outcrop is occupied by ashes from
Holocene volcanoes.
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This is unconfoimably coveied by the Nobonbetsu pi}mice flow (N 2)
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Fig. 9 Nobonbetsu and Ponayoro vo}camc Formations exposed at Rampoge Cape facmg
Volcano Bay. A Rampoge giavel Formation ,B: Alteinatmg volcanic ash and peat

belongmg to the Holocene.

Fig le The Ponayoio volcanic Foimation I (P I 2), unconfoimably iestmg on Nobonbetsu
      pumice fiow (N 2) Exposure is located on the sea coast about l5 km east of
      Noboribetsu Station, on the National railway The type locahty of the Noboi!betsu
      pumice flow may be seen m the left distance.
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(P I and P II) were described by SAiTo et al. (19S3) as though they
interfingered with the Noboribetsu sandstone. However, there is Lindoubtedly

an unconfornaity or stratigraphic hiatus. Moreover the Noboribetsu sandstone

Formation can be subdivided into five members l)y clearly defined uncon-

formities. These are called Ns 1, Ns 2, Ns 3, Ns 4 and Ns 5 in ascending order.

   In fact, a new road cut between Rampoge and Tomiura, about 2 km
southwest from Noboribetsu Station exposed strongly reworked pyroclastic

sediments (Ns 2) overlying laminated sandston.es (Ns 3). These members are cut

by a fault'which does not extend upwards into the overlyiRg sandstones

member (Ns 4). In other words, neither the sandstone member (Ns 4) nor the

Ponayoro volcanic Formation II (P II 2) shows any disturbance there. This is

positive evidence of a stratigraphic break betweeR Noboribetsu sandstone

members (Ns 3 and Ns 4). It must also be concluded that a major stratigraphic

break separates Ponayoro Formations I and II.

   The puiiniceous gravel deposit (Ns 2) may be stratigraphically a little higher

than the Ponayoro volcanic Fonrtation P I 2. It is unconformably covered by a

sandstone member (Ns 3) with remarkably thiii laminations. Tliis sandstone

member (Ns 3) seems to be at least partly marine because rare trace fossils

probably left by some Polychealita, as well as poorly preseived diatom-like

remains were determined in the basal part of this member.

   "I"he uppennost inember of the Noboribetsu sandstone Formation (Ns 5)

rests unconformably on the Ponayoro volcanic Foriination I, usually on P I 2

(Fig. I 1). This member is very characteristic in its extremely well developed

false bedding or cross lamination.

   The Ponayoro I 3 and Noboribetsu sandstone member Ns 3 may be
stratigraphically nearly equivalent and the lowest inember of the Noboribetsu

sandstone, called Ns l may be a little older than Ponayoro volcanic FormatioR

  Table 2 Stratigraphlc relationship between the Ponayoro volcanic and Noboribetsu

         sandstone Formation

Ns5

Ponayoro
volcanic

PII2

g
-

FormationII PII1
=
,
9
=
t
t

;g Ns4
eeGo-

po･:;L,

XtL,

o
p
t

2 PI3 Ns3 oep=oo-
g Ponayoro Ns2

Zmv=

g
gvolcanic

FormationI Pi2

PII
Ns1

Noboribetsu volcanic Formation
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I, since tlie former is unconformably covered by P I 2 in many places. However,

the exact relationship between P l 1 and Noboribetsu sandstone member Ns l

has not been observed in field.

   Thus, the stratigraphic relationship between Ponayoro volcanic Formation I

and II and the Noboribetsu sandstone Formatioii is fairly well established

(Table 2).
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Fig. Il Loosely consolidated Ponayoro pumice
      about 1 km east of Noboribetsu Station. The pumice flow is correlative with P I 2

      and is unconformably covered
      upper member of tlie Noboribetsu sandstone Formation (Ns 5)
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      flow exposed in a road cut at Ponayoro,

                                  ,by sandstone with false bedding be}onging to the

c) The Ponayoro volcanic Formations I and II

   The lowest stratigraphic unit of the Ponayoro volcanic Formation, pumice

fall (P I l) of Ponayoro volcanic Formation l, is 2 to 4 m in total thickness. It

has thin rhythinic laininations (Fig. 12) and, at its type locality. It rests

unconformably on the Noboribetsu pumice flow (N 2). This is covered by

pumice flow (P I 2), about 8 to 10 m thick, which does not show any
lamination and is loosely consolidated. The basal part of this fiow contains

many carbonized tree trunks. This flow is generally white to light gray and

dacitic in lithologic composition. The main constituent minerals are plagioclase,

augite, hypersthene and a small amount of quartz.

   I.ocally the above flow is deeply dissected and this eroslonal surface is fMed

with a variable tl'iickness of pumiceogs gravel (P l 3). At the type locality this

gravel, with a maximum thickness of about 4 m, is overlain unconformably by

another pumice flow (P II 2), ofPoRayoro volcanic Formation II.

   IB many places, liowever, the pumiceoL}s gravel is niissing and puinice fllow

P II 2 rests directly on Ponayoro I (Fig. i3).

   Pumice flow (P I 2) of Ponayoro volcanic Forination I is wliite to gray in
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Fig. 12 The Ponayoio volcamc Formation exposed at the same locaiity shown m Fig 6
The lowei half (P l l) belongs to the pumice fall with tlnn lammations, each

indicatmg a volcanic explosion. The upper pait (P I 2) is the pumice fiow belongmg

to Ponayoro volcanic Formation I.

Fig. I3 Well stratified sandstone belongmg to the lower member of the Noboribetsu
sandstone Formation unconfoimably covered by Ponayoro pumice This outcrop is

located at the Kojohama tunnel between Noboribetsu and Kojohama
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Fig l4 Unconformity between the pumiceous deposits (Ns 2), derived from the Ponayoro

       pumice flow, and the sandstone member (Ns 3) of the Noboribetsu sandstone
       Formation Pumices found below the unconformity are generally more or less
       iounded, and the pumiceous deposit shows poor stratification, while the oveilymg

       sandstones are beautifully lammated and coarse gramed with small patches of
       pumiceous sand Pltoto taken at the ioad side between Rampoge and Tomg}ra

                                     ge
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Fig IS Unconformity between the lower and upper members of tlie Noboribetsu sandstone

       Formation, observed at the ioadside between Rampoge and Tomiura (A)
       pumiceous deposit, piobably rewoiked Ponayoio pumice flow I, (B) normal fault,

       stnl<e, NlOE, dip 50NW, (C) Holocene ash and humus deposits
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Noboiibetsu sandstone Foimation, sepaiated into two membeis by unconformity,

exposed along the road side between Rampoge and Tomiura The pumiceous
deposits (Ns 2) with thin }ammations may indicate a neaishoie marme origm The
source matenal was probably laigely Ponayoio pumice flow The basal pait of the

sandstone member (Ns 3) of the Nobonbetsu sandstoRe Formakon is repiesented

by lammated sandstone with pumiceous patches which grade upward mto fme
matenal with pumiceoiis sand Noboiibetsu pumice flow is present at the foot of

this exposure, although it is stiongly decomposed
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Stratigiaphical piofile obseibed at the road side midway between Rampoge to

Tomiura
N 2 Noboribetsu pumice flow, the upper part of whiclt is stiongly decomposed, Ns

1 plus Ns 2 the lowei half is chiefiy composed of pumiceous clay, and the }ipper

half consists of pumiceous sand with thm laminations, Ns 3 laminated sandstone,

probably maime m ongin, P II 2 Ponayoro pumice tlow II iestmg tmconformably
on the Noboribetsu sandstone Foimdtion Ns 3 This flow is covered by black,
Holocene soil
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co}eur and lacks hornbleRde.

   [Il'he ash fail deposit (P II 1) l)elonging to Ponayoro volcanic I omiation II is

only locally exposed. It is also pink. very thin and unconformably covered by

pumice flow P II 2.

   The Noboribetsu volcanic Formation and the Ponayoro volcanic Forma-

tions are unconformably coverecHn many places by the gravel beds belonging

to the higher terrace in this region.

   From this field evidence, the authors now consider that a series of older

pumiceous volcanic products, such as the Noboribetsu and Ponayoro may be at

least as old as Riss ice age. This is consistent with the normai geomagnetic

polarity of pumice flow I (P I 2).

d) The Shadai volcanic Formation

   This formatlon is well developed in the upper course of the Shadai and

Moshiraoi Rivers (Fig. 18). At its type locality, lt may be divicled into three

stratigraphic units: Sl'iadai pumice fall and pyroclastic deposit (S I), Shadai

pumice flow (S 2) (Fig. 19) and Shadai pumiceous gravel (S 3) (Fig. 20).

   The lowest member is exposed only in a limited area. Along the middle

course of Moshiraoi River the lower member rests unconforinably on Neogene

(probably Pliocene) pyroclastic deposits composed of interbedded agglomerate,

tuff aRd tuffaceous sik There the lower niember is about 3 m thick. Its base

consists of ash with many anciesite breccia layers, 2 - O.3 m thick. These layers

are overlain by fine grained ash, about 1 .0 m thick which are in turn covered by

thin alterRations of very coarse and fine grained pumiceous ash, about l.3 m in

total thickness. Between this pumiceous fall and the preceding one, there is a

Ienticular, highly variab}e clay layer, less than one half meter in i'naxinitum

thickness (Table 1).

   Diasteins are present at the base of each of tliese layers, tlaus deposition

may have been interupted, although the time interval between periods of

deposition was probably small.

   At the type locality of the Shadai volcanic Formation, the a!ternating

coarse and fine grained ash inember, is unconformably overlain by a poorly

consolidated pt}mice flow (S 2), more than 20 m thick.

   This flow is extremely unifori'n, gray or.black without layering, homo-

geneous in grain size ot- matrlx, ancl inclucles large and sinall l)lack puiinice. The

miRerai assemblage is that of basic andesite. Irregular or columRar joints are

developed locally in the better consolidated parts of this flow. Constituent

ininerals are chiefly plagioclase, augite hypersthene, and a small amount of

olivine. Exotic lithic fragments, usually less than S% of the total volume, are

uniformly distributed throughout tl'te flow. Its geomagnetic polarity is normal.

   Erosional remnants of this flow are preserved in a relatively small area but
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Outcrop of jointed Shadai pumice flow (S 2) in the upper course of the
River. M 2 is the Morino pumice fiow. The Morino pumice fiow fills a

eroded into the Shadai volcanic Formation.

 Shadai

channel

Fig. 20 The Shadai and the Morino volcanic Formations exposed in the middle course of

the Shadai River, about 8.5 km northwest of Shadai Station on the Natienal
railway. A and C: gravel deposits ; B: ciay iayer between the gravel deposits, all

belonging to the Rampoge gravei Formation ;S 2: tlie Shadai pumice flow ;S 3:
the Shadai pumiceous gravel in which peat layer is intercalated. ; M i: the Morino

pumice fall (M 1 a,b,c) ; M 2: the Morino pumice flow. The bases of the Shadai and

Morino volcanic Formations are apparently concordaRt at tliis outcrop, but these

are difinitely disconformable.
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it naust formerly have had tt much wider distribution. Most of the flow appears

to have been eroded away before the Morino volcanic Formation was
deposited. Its original thickness and distribution is so poorly known tliat it is

impossible to determine the center from whicl'i it was erupted.

   It is noteworthy that the ash flow (S 2) unconformably rests on gravel of

the Rampoge Formation in certain places where the lower member (S 1) is

missing. This gravel is composed of cobbles, and pebbles of Neogene volcanic

and sedimentary rocks, as well as Mesozoic andlor Palaeozoic sedimentary

rocks. Although the age of this gravel is uncertain it may correlate with the

Hachashinai or Keihoku Formation widely distributed in central and northern

Hokkaido.

   The top member of the Shaclai volcanic Formation ls called the Shadai

pumiceous gravel (S 3). It is grey to brown, and composed chiefly of pumice

and pumiceous ash certainly derived froin the underlying ash flow (S 2). In the

gravel, cross lainination is characteristically developed in nearly every outcrop.

It is about 3 to 5 m thick.

   Locally thin peat layers are intercalated with the sediment. These contain a

pollen assemblage indicative of an extremely co}d climate.

   The following specles have been identified in a sample collected from a

point along the Shadai River about IOO m in elevation: Larix Gmelinii

GoRDoN 35.5%, .Picea iezoensis CARRiEREplusPicea Glehnii MAsTERs 21.0%,

Pimts pumila REGEL 1l.5%, Abies sachalinensis MAsTERS 9.0% besides Salix,

euerctts, Alnus hirsuta TuRCzANiNow, Betula ermani CHAMIsso. Such an
association of plants is quite different from the vegetation of the present forest

in the mountainous region aloRg the upper reaches of the Shadai and Shiraoi

Rivers. To the autliors it suggests a climate similar to that of central Sakhalin at

present. The difference in latitude, estimated from a comparison of living

vegetation with similar vegetation ln the past, is conck}ded to be about five

degrees. A more detailed description of paleoclimates is given by S. KuMANo,

and Y. IGARAsHi, (in press).

e) TheMorinovolcanicFormation
   The Morino volcanic Formation generally rests unconformabiy on the

Shadai volcanic FormatioR, since both the intervening Noboribetsu and

Ponayoro volcanic Formation are commonly absent. The lowest unit of this

formation, called the Morino pyroclastic sediment (M O) is only locally

developed (Figs. 21 and 22). It is about 3 m thick and composed mostly of

tuffaceous sand or clay. Above this unit, there is a pumiceous ash layer (M 1a),

about 2 m - 2.5 m thick, composed of very coarse grained pumice. This layer

is in tum covered by l - l.3 m of very fine graiRed ash (M lb) with beautiful

laminations. In coiitrast to the yeHowish-brown ashes above and below, this ash
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Correiation of tlte coiumnar,sections of the Morino volcanic Formation. (See Fig. 5

for locations)

layer (M 1b) is white when dry. The coarse grained ash (M !a), below the white

ash is dacitic. the chief constituent minerals being plagioclase, quartz, augite

and hypersthene, whereas the white ash (M lb) includes hornblende and biotite

as well (Fig. 23). Remarkable pisolites, from 5 to 13 - i8 mm in diameter are

fot}nd throL;ghout this layer. These probably originated high in the atmosphere

where falling ash may have formed spherical, accretionary lapilli around drops

of rain (Figs. 24 and 2S).

   Beautiful Iaminations are also seen in this pisolite-bearing ash. The sequence

within this member (M[ lb) observed on the upper reaches of Betsubetsu River

is given below in descending order:

Top
 2 cm coarse ash with pumice
2-8 cm fine ash with pumice

O-1 cin fine ash with pumice

m"""-"--- di'astem --------------

14 cni

 l cni

36 cm
 4 cm

90 cm

fine-mediLim ash with pumice

ash with punaice

fine white ash with }arge pisolites

fine ash with puniice

fine white ash with large pisolites

peat at the base

   At the base

from this layer

 of this white ash a thin peat bed is locally

is generally in a bad state in preseivation but,

developed. Polien

as discussed later,
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The Moyino pumice fall, exposed at the ioadside between Shiraoi town and Moimo
Vdlage, about 7 km noithwest of Shiraoi Station along the National iailway M 1 a

Iower, coarse gramed ash of the Mormo pumice fall (M 1) , M i b white ash with

pisolites which unconformably iest on M 1 a, at the base of which, a thm peat layer

(P) is present Gravel bed of lewer teriace, unconfoimably covering the Mormo

pumice fail deposit
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Fig. 24 Numerous large pisolites m the white ash member (M 1 b) of the Mormo pumice
fall , upper Betsubetsu River
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Fig. 25 Pisolites in the white ash (M 1 b) of the Morino pumice fall. Specimen coliected at

      Morino, in the upper reaches of Betsubetsu River.

the association of pollen definitely indicates colder climatic conditions.

   Above the white ash, there is another very coarse grained ash layer (M 1c),

Iess than 5 m thick which has a complex, anomalous mineral assemblage

including plagioclase, qt}artz, biotite, hornblende, augite, hypersthene and

olivine (Fig. 26).

   Above this is another ash fall deposit (M ld), about O.4 to O.7 m thick,

with beautiful laminations. It is on}y locally preserved and cannot be traced as

widely as the underlying coarse ash (M lc). Together the ash layers described

above comprise the Morino ash fall (M 1) with a composite thickness of about

eight meters.

   The Morino pumice flow (M 2) is dacitic, composed chiefly ofplagioclase,

quartz, augite, laypersthene, and a small amount of hornblende and biotite.

Usually this flow unconformably overlies the puirtlce fall (M 1) but in some

places is rests directly on the Shadai volcanic Formation or a grave} bed

correlative with the Rampoge Formation. It js at least 60 m thick. Most

outcrops are loosely consolidated and easily eroded by heavy rains. Locally
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Fig 26 The Moimo volcanic Formation exposed m the upper reaches of Betsubetsu River,

     about 9 km NW of Shadai railway station M 1 a, b, c and d belong to the pumice
     fal! (M l) M 2 is the Mormo pumice flow, in which exotic rock fragments aie

     especially iich m the basal part

exotic rock fragments such as slate, chert, dioritic rocks, Neogene Tertiaiy

volcamc and sedimentaiy rocks are abundant especially m its lower part. Also

highly carbomzed tree trunks are commonly buried m the basal part of the ash

flow. Geomagnetic polaiity of this pumice fiow is normal.

   The pumiceous gravel (M 3), related to this volcanic group is preservecl

locally and is about 20 m m maximum thickness

   As cliscussed later page 42, the Moimo iests locally on fiat-topped hills that

are probably correlative with tlie higher terraces. It is overlam by giavel beds

belonging either to the youngest middle, or lowei terraces. On the basis of this

evidence the at}thors have tentatively coirelated the Mormo volcamc Formation

with the Riss ice age. This is in agreement with the pollen evidence for a

climate much colder than the present

   The Moiino volcanic Formation i"ests with apparent conforimty on the

Shadai, but they are probably separated by an erosional disconformity.

f) The Shikotsu volcamc Formation
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   The Shikotsu volcanic Formation (Sh) is the yoL}ngest volcanic
asseirLblage treated in tl'iis paper (IFig. 27). It is divideCl into three stratigraphic

members: the Shikotsu puinice fall (S}it l) comprising seventeen units of

interlayered pyroclastic and sandy loam deposits; the pumice flow (Sh 2); and

the Shikotsu pumiceous gravel (Sh 3). [lrhe Shikotsu pumice fali (Sh l) is

widely distributed in the region soutlieast of Shikotsu calclera. The top

sub-member (Sh li) is especially widespread, extending to Tokachi Province in

Eastern Hokkaido and across the Hidaka Mountains (Figs. 2･ 8 and 29). The

Shikotsu pumice flow is confined to an area relatively near Shikotsu caldera,

although it is not unifori'nly distributed in all the directions as shown in Flg.

27. The Shikotsu pumiceous gravel is distributed locally within the area vLJhere

the Shikotsu pumice flow is exposed.

   The basal member of tlae Shikotsu vo}canic Formation, Shikotsu pumice

fall (Sh l) may be separated into a number of sub--members comprising
intercalated ash falls and non--volcanic aeolian deposits, resembling loess, rock

fiour or sandy }oaiin (Table 1). Zl]he ash falls in tliis member (Sh l) include both

pumice fall layers, and scoria fall layers. The two types of fa}ls are believed

to be of similar origin and thus both are included in the Shikotsu volcanic

Formation.

   Every ash iineinber in t}ie Shikotsu l member (Sh 1) exhibits beautiful

laminations of alternating coarse aiid fine grained pumice or scoria, which may

suggest repeated explosions during its deposition. The uppermost meinber,

hornblende bearing rhyolite ash, is thicker, (about 4 m maximum) than any

other fall deposit in this member (Sh 1). At Cape Erimo, about l87 km east of

Shikotsu caldera Lake, the supposed center of activity, it is about one half

meter thick.

   The middle irtember of the Shikotsu volcanic Formation is a pumice flow

which has long been considered a single cooling unit. This may be true in most

regions, however, the southwestern part of this member contains at least two

recognizable cooling units (Figs. 30 and 31). This means that eruption of

pumice flow (Sh 2) occt}red in at Ieast two pulses, although the time inteival

between them was probably very small. Geomagnetic polarity of this fiow is

normal.

   In general this pumice flow becomes harder, better conso}idated, and has

higher virtual density near the center of volcanic activity, conversely it becomes

gradually softer and more poorly coRsolidatecl towards its margins. In between

tl'iere is an area where only the middle part of the cooling unit is weil

consolidated. Coluninar andlor platy joints are developed in the weil

consolidated part. In places inore remote from Lake Shikotsu,joints are rarely

foi.ind and usually irregL}lar even thougliL the midclle part of tlie cooling unit is
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Fig. 27
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The Mormo volcanic Foimation, M 2 and M 3, pumice and pumiceous gravel
unconformably covered by the Shikotsu pumice f}ow (Sh 2). At this pomt the
Shikotsu compiise a lowei, weakly portion and a highly welded upper portion witlt

well developed columner Jomtmg These are sepaiated by a central unwelded part

and are believed to represent two sepaiate coolmg umts The Shikotsu is overlam

unconfoimably by ash from Eniwa Volcano and by shghtly youRgei volcamc
pzoducts from Tarumae, the steammg, snow coveied volcano on the skylme.

Fig 31 Shikotsu pumice flow along the lowei course of the Shiraoi River, about 23 Km
       northwest of Shnaoi Station on the National iailway ln this outciop, well welded

       pait of the Shikotsu pumice flow meges upwards mto overlymg unlammated
       deposits which may also be pait of the Shikotsu pumice flow
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fairly well consolidated and has relatively high virtual density.

   The upper division, the Shikotsu pumiceous gravel (Sh 3), is coinposed

mainly of pumice and ash derived from the middle and!or lower division of the

ShikotsL} volcanic Formation. It is about 5 m thick and has reinarkable cross

laminations. This gravel member unconfornaably covers the iniddle i'nember

over an extensive area and, because of its different appearance and genesis, it

must definitely be distinct from the lower ancl middle members. The lower and

mjddle members are products of volcanic activity, at least in their primary

stage, while this gravel (Sh 3) is undoubtedly of sedimentary origin, although

the inaterial itself consists irtainly of Shikotsu volcanic products. Locally, this

gravel is divided into two units by an unconfonrtity.

1J Buried topography concealed beneath the Shikotsu pumice fiow

   The topography before the eruption of pumice flow is restored as nearly as

possible. This buried topography beneath the Shikotsu volcanic Formation may

be divided into three elements: (1) hilly or mountainous topography deeply

dissected by water, (2) terrace topography with sporadic monadnocks and (3)

an old alluvial plain. Of these terrace topography is especially relevant to the

history of volcanic activity.

   Three groups of terraces buried under the Shikotsu volcanic Formation

may be distinguished. These have elevations of approximately 200 m, 80 m and

4e m. All of ihem are extreamly flat and wide, and may be traced into the

surrounding mountainot}s region to the east (Fig. 32). Large and small

monadnocks which escaped erosion are found here and there on these terraces.

The higher terrace, with an elevation of about 200 m, is also extensively

developed in the eastern mountains where it has a surprisingly even surface.

However, if we trace this terrace toward the caldera, especially in the

southwestern part of the Shikotsu pumice flow, it becomes higher step by step.

In fact, the same terrace (200 m above sea level) appears to have been separated

into three fault bounded blocks with elevations of 200 m in the south, about

300 m in the middle, and almost 400 m near the caldera wall (Fig. 32).

   A consjderable upheaval inust have occured before the eruption of pumice

flow around the calclera of lake Shikotsu.

   This was probably clue to an increase in vapour pressure in the inagma

chanaber beneath the surface. The presence of faulting and the abnorinal

elevation of the higher terrace near the caldera seems to be good evidence, for

such upheaval. The authors believe upheaval of the surface before eruption iinay

have reached at least 200 m near the present margin of Shikotsu caldera.
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Restored topography of the Shikotsu district, before eruption of the Shikotsu

pumice fiow.

A: Mountainous topography, now either mountains or monadnocks in the terrace

reglon.

B: Probable mountainous topography before the sinking of Shikotsu Ca!dera.

C: Area presently covered by the Sliikotsu pumice flow.

D,E,F,G,H: OIder terrace topography now buried beneath the Shikotsu pumice
       flow. Figures show the mean altitude of each terrace.

I: Cliff or steep slope for each terrace.

3: The Shikotsu Caldera wall.
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2) T7iickness and temperature of the Shikotstt pumice fZow

   The pumice fiow covers mountainous regioRs as well as terraces and alluvial

plains (Fig. 33). In streairning downwards it buried old valleys in the deeply

Clissected moL}ntainous region, where it locally reached great thicl<nesses. Fig.

34 is an isopach map of the Shikotsu pumice flow. It is more than 300 in tlriick

in the region west of the caldera, while in the old allt}vial plain of the northern

and southwestern regions, where it spreaCl out onto the terraces, the pumice

fiow reaches a maximum thickness of 160 m, In general the Shikotsu pumice

flow is well consolidated, highly welded, and has columnar joints in those

regions where its thickness exceeds 100 m.

   Further, it is also well coRsolidated with high virtual density near the

caldera. According to T. Suzum (1962) the temperature of the well
consolidated part of the pumice fiow was over 5700C when it came to rest.

Further it is estiinated that the temperature in the marginal, partly welded,

portion of the pumice fllow was 570-6000C, while areas more distant from the

center of eruption are infered to have been about 430-5 100C when the pumice

flow settled into place. All these temperatures were estimated by rl]. Suzuki

from measL}l'emellts of llatural 1'ellrlallellt maglletizatioll.

   Evidence of foriner fuinarole activity is present in the ShokotsL} pumice

flow at many places (Fig. 35).

3) 7"b tal vo lu nie of the Sh iko tsu pumice flow

   In order to estimate the total volume of the Shikotsu pumice flow, it is of

prime importance to know the true liiinits of its distribution prior to erosion.

An apparent margin, cletermined by mapping is the coast line of Volcano Bay,

and the foot of the hMy and n'iountainous region tlitat grades into tlite alluvial

plain in the northern and eastern regions. It is, however not a true inargin.

   Recently many water wells for industry and irrigation have been drilled in

the alluvial plain north, east and south of lake Shikotsu. rlrhese have

contributed greatly to our knowledge of pumiceous deposits below the surface.

Subsurface pumiceous deposits have been found widely distributed beneath the

alluvial plain in the course of recent svibsi.irface exploration in this region

(MiNATo et at, l967, 1968, l969; MATsusHiTA et al, l970; OBARA, T. et al,

l966, l968; YAMAGucHI et al, l963, l965, l967). It is still not certain,

hQwever, whether these pumiceous deposits represent the puinice flow only.

They may include pumice falls, or pL}miceous gravel in addition to the pumice

flow itself. Identification of these pumiceous materials is, however, impossible,

based on badly broken core samples or drill cuttings. Nevertheless, in
estiirtating the volunae of the Shikotsvi pumice flow, it does not i'natter, if we

include soine pumice fall or puniiceous gravel, since these Cleposits are
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Fig. 35
Traces of fossil fumaroie found in the Shikotsu pumice flow at Tokiwa, outskirt of

Sapporo City Vertical, hollow, pipe-1ike structures, both small and iarge, aie
obseived m this cliff The area surroundmg these pipes is generally a}tered and

stamed a diffeient coloui by steam

negligible small compared to the fiow Ash fall on the ai}uvial plam is less than

l m thick Secondarily, if pumiceous gravel were mclucled, the main source of

this gravel must have been the pumice flow. [lrhus, to estgnate the volume of

the pumice flow, subsurface pumiceous gravel must also be incl"ded.

   The total volume of the Shikotst} puinice flEow is estimated to be 1 lO km3 .

This enormaous volume greatly exceeCls the space withm Shikotsu caldera

(Figs 36,37).

   If we assume that the original diameter of the bottom of the magma

chamber was nearly the same as the longest diameter of the flat bottom of

present Shikotsu lake, viz about 9.0 km, that the diameter of the roof of the

magma chamber was about l3 O km, and its depth equal to the mean hight

froin the present caldera rim to the bottom of the lake about O.85 km, then

the volume of the magma chambei would be about 8l .6 km3

   If the original bottom of the caidera was about IOO km in diameter, tlie

width of the roof about l3 O km, and the mean depth was O7 kin, then the



712 M, MINATO, S. HAs}{IMoTo, Y. FUjlWARA S. KuMANo, and S. OKADA

km3

Fig. 36

150

10

5

o

D
ut

Ho
s
-xut

o
z
ct

o
E-   <
   a
   <
   =
   en

o
cr

o
><z
oat

      O 10 20
Estimated volume of pumice flows
Ponayoro and Noboribetsu volcanic
original volume prior to erosion.

=
ut

Hur
an

-or
o
m
o
z

30 40
 belonging to

Formations.
 the
Black

so xi o4y. B.R

Shikotsu, Morino,

: present volume

Shadai
      '
; White:

o 50 100 150Km3

Sh2

Fig. 37

Shli

Shlh

shlg

Shlf

Shle

Shld

Shlc

Shl b

Shla

o 5 1 O tcm3

Estimated volume of tlie

pumice flow (Sh 2).
Shikotsu pumice fail deposits (Sh l) and the Shikotsu



     STRATIGRAPHY OF THE QUATERNARY VOLCANIC PRODVCTS, SW HOKKAIDo 713

total volume of the magma chamber would be 72.5 km3 .

   The volcanoes FL}ppushi, }iniwa, aRd Tarumae were bom along the caldera

wall, after the calclera sinl<ing had occured (Fig. 38). Therefore the original

state of this caldera must have been nearly circular in form, although it is now

the elliptical shape of a sill< cocoon due to partial filling with younger volcanic
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Topograpliy of Shlkotsu Caldera.

En: Top of Eniwa Volcano
Fu: Top of Fuppushi Volcano

Ta: Top of Tarumae Volcano ,
All these volcanoes post date the caldera sinking. Numerals indicate altitude in

meters. Thick line indicates the coastal line of Shikotsu Lake, about 250 m in

altitude, thin lines are isobathymetric liRes of the bottom of the Shikotsu Lake and

dashed lines indicate probab}e depth of caldera in the origina} state before the birth

of Eniwa, Fuppushi and Tarumae.
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products. The diaiineter of the caldera in its original state may have been nearly

equal to the distance, about l3.5 km, between the volcanoes Eniwa anCl
rl"arumae (Fig. 38)-

   If that were the case, the total amount of space within the interior of

ShikotsL} caldera would still be far smaller than the total voluine of the

Shikotsu pumice flow. Before it erupted, the pLiiinice flow inay have been

naturally compressed in its magmatic condition deep below the surface.

Nevertheless, a difference of 30 to 40 krn3 in volume between the Shikotsu

pumice flow and the volume of Shikotsu caldera may be beyond the error of

calculation, even though the escape of a certain amount of water contained in

magma is taken into consideration.

   In view of tliis it hardly seems possible that the magma chamber of tlie

Shikotsu pumice flow could occupy the present space vvithin Shikotsu caldera,

even if one assumed a thin bridge- like roof. Before going further into this

problem, it is necessary to consider the problem of exotic rock fragments in

order to resolve the space problem.

47 Exotic rock fragments in the Shikotstt pumice flow

   Exotic lithic fragments in the Shikotsu pumice fiow are generally small,

mostly less than 30 cm in diameter, and angular. Three types are recognized;

the first, coiirtprising Pre--Neogene Tertiary rocks includes hornfels, sandstone,

slate, chert etc.; the second, comprising rocks from Neogene and Pleistocene

formations inciudes green tuff, propylite, rhyolite, silicified shale, sandstone,

black shale, siltstone, two pyroxene andesite, and hornblende andesite; thirdly

plt}tonic rocks such as granite, dioritlc granite etc., whose age may be Miocene

andlor Mesozoic (Figs. 39, 40). '.
   It has been established that volcanic and pyroclastic rocks of the Miocene

and Pliocene are extensive}y developed in and around Lake Shikotsu. :Irhese are

unconformably covered by lower Pleistocene deposits rich in gravels. This

gravel is iR tuirn overlaiiri unconformably by terrace gravel deposits of various

heights.Locallythick lava flows, probably early Pleistocene in age, rest

tmconforinably on the Neogene Tertiary deposits. Slate chert, and basic tuff
are found beneath the Neogene rocks, howev'er their age is Lmknown. These

rocks beneath the Neogene naay be older than Cretaceous. Their extensive

development in the subsurface is proved by seismic investigation around

Shikotsu Lake. In fact slate, faulted against Neogene rocks, is locally exposed

along the wall of Shikotsu caldera.

   Ft}rther, grano-dioritic rocks or quartz porphyry probably of late Miocene

age have been noted by one of the authors (Y. F.), along the cliffs of the

Shikotsu caldera wall.
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   The lithology of exotic rock fragments included in the Shikotsu pumice

fllow suggests that the magma ascended through fault controlled fissures cutting

Neogene and lower Quaternary seclimentary and volcanic rocks, pre-Neogene

sediinentary rocks, and older and younger plutonic rocks. [Irhe latter, except for

the Miocene granitic rocks, intrude Pre-Neogene rocks and are unconformably

covered by the Neogene rocks. In general exotic rock fragments are Iarger and

more abundant in the part of the pumice flow nearest the caldera. The most

common exotic fragments in the Shikotsu pumice flow are Neogene and
Quaternary rocks, and sedimentary rock fragments probably belonging to the

pre-Neogene forinations, are iinore abundant than plutonic fragments.

   Uniform distribution of andesite or basic aiadesite rocks as exotic fragments

in the Shikotsu pumice flow is especialiy noteworthy.

   It is probable, that dacitic magma formed far below the level of the

Neogene and Quaternary rocks, for stich rocks are included as exotic fragments

in the Shikotsu pumice flow. Perhaps, the top of the magmatic chamber may

have been at the level of pre-Neogene, either Miocene or pre-Miocene,

sedimentary and plutonic rocks.

   All the exotic rock fragments observed in the Shikotsu pumice flow may be

froiTt the walls of openings or fissures through which the magiina finally

erupted. They were abraded and partly rounded by the violent movement of

the ascending inagma that brought them to the surface.

2 Petrography

a) TheNoboribetsuvolcanicFormation
   The pumiceous fall deposit (N 1) lying at the base of this formation is

andesitic in composition. Crystal constituents are plagioclase, augite and

hypersthene with minor amounts of magiletite. Many of the piagioclases are

corroded and show zoning, especially at their margins. Tuffaceous. interstitial

iinaterial consists of cemented flakes of vesicular glass. Lithic fragments are

abundant and include various types andesite such as augite andesite and felic

andesite iiit wliiich the texttire of the groundiiiass varies from holocrystailine

granular to glassy with tiny plagioclase microlites'.

   This fall (N 1) is overlain by the highly welded Noboribetsu pumice flow (N

2), in which the crystalline materials are plagioclase and pyroxene. Plagioc}ase

is of two types. The first comprises zoned idiomorphic to subidiomorphic

crystals, corroded at the core andlor edge. These are inferred to be basic in

composition. The others, which are smaller in size, comprise fragmental, aciclic

crystals which are not corroded.

   Pyroxene phenocrysts include augite and hypersthene 2 to O.5 mm in
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length. HolocrystalliRe gabbroid patches inade up ofplagiociase and pyroxene,

are sporadicaliy distributed.

   The groundmass is composed of very fine shards of vesicular glass and

fragments of plagioclase. Foreign lithic fragments include siltstone, slate and

andesite with pilotaxitic to felted groundmass.

b) The Ponayoro volcanic FormatioRs I and II

   The Ponayoro dacitic pyroclastic flow (P I 2) is composed of phenocrysts

of plagioclase, augite, hypersthene and sinall amounts of quartz and g}ass

shards. The plagioc}ase, up to 3 mm across, is euhedral or fragirtental. It has

irregL}larly corroded cores aRd oscillatory zoned rims. The phenocrysts of

quartz, usually roundecl by corrosion and rimmed with brown glass, are

sporadically distributed. Hypersthene is much more abundant than augite. Both

are idioi'norphic, and up to 2 mna in length. Hornblende and biotite are

sometlmes present.

   The groundinass consists of clear vesicular glass or bubbly glass. Exotic

lithic fragments are common and include metaslate and fine-grained amphibole

biotite horilfels.

   The Ponayoro pyroclastic flow (P II 2), is highly pumiceous. The iittineral

fragments and phenocrysts are aliinost the same as those of the underlying fiow

(P I 2) except for the presence ofbrownish green hornblende. Lithic fragments,

such as hornfels and metasediments are common.

c) TheShadaivolcanicFormation
   The Shadai pumice flow (S 2) is a basic andesitic phyroclastic deposit,

containing considerable amounts of lithic fragments inc'luding several types of

andesite and metasediments.

   Phenocrysts are plagioclase, augite, hyperstliene and olivine. The plagioclase

is euhedral, complexly twinned, and weakly zoned. Corrosion is detected in the

cores. Augite is more abundant than hypersthene. Both pyroxenes are
idiomorphic and up to 2 miin in length.

   The goundmass is vesicular, brown glass shards enclosing tiny iinicrolites of

plagloclase.

   Of the lithic fragments, andesite is most prominent. The most abundant

variety is olivine augite anClesite witli pilotaxitic to hyalopilitic groundmass.

Andesite of almost the same cornposition but with a glassy grounclmass is also

common. The phenocrysts of these andesites sometimes grow together to form

gabbroic crystal aggregates of plagioclase and augite. Chloritized propylite

inclusions are not uncommon. These inciude slightly metamorphosed sandstone

and siltstone.

d) MorinovolcanicFormation
   The puiiriice fall deposits (M la) occupying the basal part of the Morino
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Formation are dacitic. Phenocrysts include quartz and plagioclase as inain

constituents, accompanied by minor augite, hypersthene and greenish horn-

blende. The quartz crystals are corroded, and show shadow extinction.
Plagioclase is of two kinds, one being zoiied, large crystals corroded at the core,

the other, broken and acidjc in composition, is neither zoned nor corroded.

The cementing inaterial consists of vesicular, clear glass fragments.

   Lithic inclusions are classlfied as quartz porphyry, characterlzed by

plagioclase and quartz phenocrysts in a graRular aggregate of quartz, plagio-

clase, hornblende and biotite.

   The ash fall deposit (M 1b), characterized by the occurence ofpisolites and

well laminated structures, is clacitic to felsic andesitic in coinposion in spite of

its light-colored appearance. UBder the microscope, it is seen to consist mostly

of tiny shards of vesicular glass surrounding angular fragments of plagioclase,

euhedral to fragmented augite and hypersthene crystals. MiRor hornblende is

also present.

   The upper ash fall called the (M lc) is highly pumiceous and lithic

fragments are common. The overlying Morino ash faal (M lb) is andesltic.

Phenocrystic minerals are plagioclase, mostly euhedral and unzoned, hyper-

sthene and olivine. Remnant cores of pyroxene are present in some of the

hornblende crystals. Biotite is rai"e. Lithic inclusioRs are andesite, dacite, chert

and siltstone. The groundmass is coi/nposed of vesicular to globular glass.

   The uppermost member of the Morino Formation (M ld) is layered
andesitic pumice. The crystal fragmeRts are composed of plagioclase, augite and

hypersthene, angular in shape, and up to 1 mm in iength. rlrhe groundinass is

pumice inixed with vesicu}ar glass shards having pearlitic cracks. No directional

orientation is observed in the shards. Lithic fragments include augite-hyper-

sthene andesite with pilotaxitic groundmass, t'elsic andesite with bostonitic

groundmass, and metas}ate. Usually all inclusions are rounded and fine-grained.

   The Morino pumice fiow (M 2) lying unconformab}y above the Morino

pumice fall deposits is andesitic. The phenocrysts comprise basic to inter-

mediate plagioclase, euhedrai augite, and hypersthene and rarely fragmental

hornbleilde. The groundinass consists of tightly packed shards of vesicular glass.

e) The Shikotsu volcanic Forination

   The Shikotsu pumice flow (Sh 2) occupies a very wide area around Lake

Sliikotsu. Some variation in the iinineralogy and type of pyroclastic con-

stituents is to be expected, due to clifferences in the wall rock of fissures from

which tlae eruption occvirred as well as to evolution of the magirta itself.

   At Betsubetsu-gawa the pumjce fiow is perfectly welded. Phenocrysts

inciude plagioclase, hornblencle, augite and hypersthene. [lrhe plagioclase,

commonly corroded, is euhdra} to fragmentai and up to 2 inm in length.
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Zoning is weak except at the margins. Subophitic aggregates of augite and

plagioclase forin sporadic patches. Hornblende is subhedral, up to 2 inm in

length, and usually lacks any evidence of corrosion. Pyroxenes are euhedral, up

to 2 iinm in length and the amount of augite exceeds that of hypersthene.

Intergrowths of two pyroxenes or of hornblende and pyroxene are found.

   The groundmass is composed of pumiceous glass shards having "flow
structure" or a very fine-grained, structt}rless aggregate of glass. Seams

consisting of granular aggregates of plagioclase, augite and qt}artz micro-

phenocrysts are occasionaily seen.

   Lithic inclusions are hornfels, metasiltstone and granodioritic rock.

   At Tokiwa, north of Lake Shikotsu, glassy welded tuff is exposed. This

rock contains few phenocrysts of plagioclase or augite and no quartz. It is

coinposed mainly of clear, vesicular glass which is fragmented but tightly

welded.

   The Shikotsu pumice fall (Sh l), lying beneath the Shikotsu puirtice flow

(Sh 2), has nine interlayered fall units. The characteristics of units are briefly

described below;

Base

Sl/]i 1a Composition: Augite hypersthene andesite. Hypersthene exceeds augite.

The compsotion of the hypersthene corresponds to En 66, Fs 34.

wwS.h lb Composition: Augite hypersthene andesite, N[ypersthene exceeds augite.

Fragments of sedimentary origin are very abundant. Scoria of olivine augite

hypersthene andesite is coinmonly included.

Sh lc Scoria fall tmit. Scoria is coirtposed of olivine augite hyperstliene

andesite. Crystal fragments are basic plagioclase, hypersthene and augite.

Hypersthene and augite are present in nearly equal amounts. The composition

of the hypersthene corresponds to En 67, Fs 33.

Sh ld Composition: Augite hypersthene andesite. Hypersthene exceeds augite.

Sh le Same as Sh ld

Sh lf Composition: Augite hypersthene dacite. Well zoned plagioc}ase forms

the great majority of crystals. Quartz is a minor constituent.

Sh lg Same as Sh lf, except fora very minor amount of hornblende.

Sh 11it Composition: N[ypersthene augite dacite. Plagioclase shows faint zoning.

Quartz is much more abundant than in Sh lg. Hornblende is a minor
collstltuellt.

Sh li Composition: Hornblende bearing augite hypersthene rhyolite. The

coixtposition of the hypersthene corresponds to En 65, Fs 35.
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a) The Noboribetsu and Ponayoro volcanic Formations

   The Noborlbetsu ancl Ponayoro volcanic Ii?ormations cover Reai'Iy the same

region. From their relationship to terrace stratigraphy both are considered to

be i'nuch older than either the Shadai or the Morino. The latter are covered

unconfonnably by the higher terrace deposits in many localities. Near

Noboribetsu spa, the higher terrace has an elevation of about 200 m ancl is

more highly dissected than the middle terrace. Both are overlain by the Shadai,

Morino and Shikotsu volcanic Formations.

   The base of the Noboribetsu pumice fa}l has an elevation of about 10 m

below preseiat sea-level, as shown by numerous drill holes along the coast of

Volcano Bay near Noboribetst} Station (Fig. 34). }urther, the base of the

Noboribetsu pumice flow is about 4S m below sea-Ievel. The lithology ofboth

the pumice fall and flow indjcates that they are terrestrial products rather than

marine. Thus sea-level must have been much lower than at present, when the

Noboribetsu fall and flow were deposited. This was probably during an ice age

or sub-ice age, possibly correlative with the GUnz ice age. Furthermore, the

Shadai is considered to be older tlian the Morino and both are definitely of Riss

age. The Noboribetsu volcanic Formation may, therefore be correlative with

the GUnz.

   The Ponayoro volcanic Formation, including the Noboribetsu sandstone

Formation, overlain by gravel beds of the higher terraces, may be of
GUnzlMinde} to Mindel age. At many places the upper part of the Noboribetsu

pumice f'low (N 2) was strongly weathered prior to deposition of the Ponayoro

volcanic Formation I. Furthel-more, the member Ns 3 of the Noboribetsu

sandstone Formatioll contains marine facies inclicative of wariner clknate. Thus

the interval from the base of the Ponayoro volcanic FormationIto the top of

Ns 3 is considered to be correlative with the interglacial between GUnz and

Mindel ice ages. [l]he upper half of the Noboribetst} sandstone Formation

inclL}ding Ns 4 and Ns 5, up to the higher terrace gravel beds, is tentatively

correlated with tlae Mindel ice age.

b) TheSliadaivoicanicFormation
   The Shadai is almost certainly older than the Morino volcanic Formation.

ColCler climate Cluring deposition of Shadai pumiceous gravel is well established

from pollen analysis. It is reasonable that the Shadai is approximately

correlative with the Riss ice age.

c) TheMorinovolcanicFormatioB
   In many places the MoriRo volcanic Formation unconformably overlies the

Shadai volcanic Formation, which is in turn unconformab}y overlain by gravel
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beds belonging to the youngest iniddle, and iower terraces.

   The lower and middle terraces, are of wide extent within the volcanic area,

including Cape Erimo on the Pacific coast. Moreover, terraces of the same age

are well preserved along rivers running throt}gh the Hidaka MoLmtain Range,

especialiy in their middic and lower courses.

   Multiple Pleistocene glaciations are recognized in the higher mot}ntains of

the Hidaka Range (M. MiNATo and S. HASHiMOTQ, 1954), although glaciers are

no }onger present. Detaiied study of the topography of cirques and tlie

stratigraphy of morainic deposits indicates two distinct ice ages. The older one

has been called the Poroshiri ice age, and the younger one the Tottabetst} ice

age. The interstadial between them is called the PoroshirilTottabetsu interice

age (M. MINATo and S. HA-sHiMoTo, l955). The Poroshiri ice age is further

subdivided into two sub-lce ages and the Tottabetsu into at least four sub-ice

ages. The record is well preseirved in the stratigraphic sequence of morainic

deposits, which are separated into nriany groups by unconformities (S.

HAsmMoTo andM.MINATo, 1955).
   The moraines and cirque walls, corresponding to the Poroshiri ice age are

more dissected than those of the Tottabetst} ice age. Further, it is evident that

the morainic deposits of the Poroshiri ice age are t}nconformably covered by

those of the Tottabetsu ice age. The Poroshiri ice age is therefore older than the

Tottabetsu. The difference in the altitude of the snow line during these two ice

ages is estimated to have been about 300 m. The floor of Poroshiri cirques is

usually about 1,300 m in elevation while those of the Tottabetsu ice age are

about 1 600 m in elevation.
      ,
   Although the series of repeated advances and recessions of cirque glaciers

within each ice age cannot be correlated in detail, S. HAsHIMoTo and S.

KuMANo (l955) have succeeded in establishing correlations between the

morainic deposits and terrace gravel in the upper reaches of Tottabetsu River.

The morainic deposits of the Poroshiri ice age are correlated with the middle

terrace gravel and the Tottabetsu to the lower terrace.

   The lower terrace in the Hidaka Mot}ntains was traced into the lower

terrace developed in the coastal region. The latter seems to be correlative with

the WUrm ice age which contains molars ofwooly mammoth similar to those in

the lower terrace gravel at Cape Erimo.

   Thus the middle terraces may correspond to the third ice age, the Riss of

Europe. It is possible, however, that there are certain terraces amongst the

ipiddle terraces which are partly equivalent to the interglacial between Riss and

Wgll･ln.

   Locally, along tlae upper reaches of the Moshiraoi River, the Morino rests

unconformably on the Shaclai and is tmconforinably overlain by gravel of the
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younger, middle terrace. In addition, pollen assernblage shows a very cold

climate when the Morino pumice fall was deposited. Conifers are very

abundant, slightly exceeding 50% of the entire forest with Picea greatly

exceeding the nuinber ofAbies. Alnus coirtprises about 31% of the total, and

such temperate fori/ns as 2uercus, ul'uglans and CorJylus are also present. This is

based on pollen analysis of the peat collected from the base of white ash (M

lb). The Morino volcanic Formation may, therefore, be roughly correlated

with the younger Riss ice age.

d) The Shikotsu volcanic Formation

   At Cape Erimo, Y. KATsui (l958) first observed the Shikotsu pumice fall

resting unconformably on a gravel bed (the Ogoshi gravel bed) belonging to the

lower terrace. Prior to this, molars of wooly elephant, Elephas primigenius

BLuMENBAcH were fot}nd in the same gravel bed and described by M. MiNATo

(l955). He correlated this with the lower terrace which is undoubtedly
equivalent to early Wilirm (W 1).

   Remains of mammoth are widely known in Siberia, and so far as the arctic

is concerRed, they were rnost aboundant during the warm interval between the

Riss and Wi}rm, the interstadial between the early WUrm (=Fruhwtirm=W 1)

and main wt}riin (==Inylauptwtirm=Wh), and during the warm interval of the final

stage of the Wt'}rm, perhaps equivalent to the Allerbd stage (A. HEiNTz, l965;

M.MINATo, l967).
   In contrast, mammoth reiinains found along the southern margin of its

distribution, including Cape Eriino, should denote a cold age (M. MINATo,

1967). This is a reasonable assumption since the mammoth was well adapted to

a cold, servere climate. Thus the authors believe, the gravel horizon containing

mammoth molars is indicative of either an ice age or sub-ice age.

   In fact the top member of the Shikotsu pumice fall (Sh li) was dated as

32,eoo t4i7iOoOo ys. B.p. (GaK-slg), 32,eoo±2,OOe ys. B.P. (GaK-714) by

Carbon'4 dating based on buried trunks of Yezo Spruce (Picea iezoensis

CARRIERE) (Figs. 4l , 42).

   The Shikotsu pumice flow, unconformably covering the fall deposits, was

dated as 30,400 ti;288 ys. B.P. (GaK-l932), 31,900±l,700 ys. B.P. Asa
result, the Shikotsu pumice flow may be correlative with the earlier phase of

the main-Wbrm, and the top member of the pumice fall with the later stage of

the interstadial W l/Wh. This top member (Sh li) unconformably covers the

gravel bed containing inamiinoth molars at Cape Eriiino. Thus, the gravel bed of

the lowei' terrace at Cape Erimo may certainly be correlated with the early

Wkrm. It follows that the lower to middle part of the Shikotsu pumice fall

belongs to the latest stage of the early WUrm or to the early or middle stage of

the interstadial W 1IWh.
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Shikotsu voicanic Formation exposed at the roadside between Bibi and Hayakita,

about 1 2 km south of Bibi Station along the Nationakadway. Sh k top member
of the Shikotsu pumice fall (Sh l),Sh2 Shikotsu puimce flow ,P remams of the
trunk of an erect tree perfectly carbomzed as natuial chaicoal ,P' remams of

carbomzed trunk (same as "P") horizontally on the unconfoimable plam between

Sh 1 iand Sh 2

Thm ihythmic }ammations m Shikotsu pumice fall (Sh 1 i), at Bibi

trunk of a Yezo spiuce is observable m tlie middle of tliis member

by the Shikotsu pumice flow

The carbomzed
Sh l ns overlam
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   In most of the regioi3 studied, the base of these subsurface pumiceous

deposits is below present sea-leve}: about -30 in in the northern part of

Sapporo city; -20 t'- -30 m east of Chitose airport; and -30 to -40 m be}ow

sea level in the coastal region ofTomakomai city. This is a sure indlcation that

it was a colCl phase or ice age, as sea-level was muclit lower, when the Shikotsu

pumice flow was erupted (Fig. 43). The Shikotsu pumice flow has been dated

as about 30,OOO ys. B.P., tliLus its early main WUrin age is well established.

   According to MiNATo (l967), MiNATo et al. (l967), sea level during the

time the mammoth-bearing gravels ofCape Erimo were being deposited was 60

to 80 m lower than at present. This is supported,by data on the subsurface

geology of the Niigata lowland faclng the Japan Sea in central Honshu and by

studies of subinarine topography in Tsugaru straits (MiNATo, l966).

   The Shikotsu asla fall or puniice fall (Sh 1) is divisible into l7 units, which

are actually alternation of ash fall and non-volcanic deposits of aeolian origin

(Table 1).

   All these non-volcanic deposits contain a certain amount ofpuinice, either

as pumiceous sand or clay minerals derived from alteration of volcanic glass.

Nevertheless, the irLain constituents of these fine deposits must have been

derived from a tree-less landscape. It was probably fairly cool and dry, and the

hilly or mountainous region of H[okkaido may have been inostly bare rock.

Under such conditions, dust of clay or fine sand may have been easily
transported great distances by wind. Volcanic materials from pt}mice falls, or

fiows on the pyroclastic plateau may also have been distt}rbed at the surface

and transported, partly by wind, and intermixed with aeolian material (Figs.

44, 45).

   It is also probable that some of this material may have been carried by

upper atmosphere winds from the continental mainland where loess, or
loess-like paleosoils sucli as those of Northern China are widely distributed.

Similar phenomena have been obseived periodically during recent time. It is

probable that all of these factors contributed to the aeolian deposits

intercalated with the Shikotsu pumice fall (Sh 1).

   The clay mineralogy is treatecl in detail by one of the authors (S.O.) in

another paper of this journal.

   In summary periodic volcanic explosions persisted through the age Wl/Wh.

Dormant stages of volcanic activity are represented by diastems at the base of

each non-volcanic aeolian cleposit. Further, eruption may have inclucled many

separate explosions repeated again and again and now represented by
laininations in each ash fall unit.

   At many places the Shikotsu pumiceous flow (Sh 2) is observed beneath

river gravel of the younger lower terrace, probably latest Pleistocene in age.
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Pumiceous gravel is also

Ho}ocene age. Therefore

latest Pleistocene.

observed unconformably below pumice ash of earliest

 the age of the Shikotsu gravel may be regarded as

Fig. 43

 S,L.- ---                                                 - S.L.

 20-                                                 - 20

 6e-                                                 - 60

 100 -
                                                 - 100

 140 -
                                                 - 140

 180m-
                                                 - 180m
Subsurface Shikotsu volcanic Formation proved by drillings along the

near Tomakomai City. Locatlons of drillings are shown in Fig. 26.
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Fig. 44 The Shikotsu pumice fall (Sh 1) typically developed at Hayakita. The top of this

outcrop is composed of the HoloceRe ash from Eniwa and TarL}mae alternating with

fossil soils. The Shikotsu pumice fall rests unconformably on marine deposits of

silt, gravel, and loam like clay with shells of Ostrea, (probably lower Pleistocene).

Diastems are clearly recognizable between each pumice layer and its overling "rock

flour-like" palaeosoil at this outcrop. Sh 1 i is characteriZed by beautiful thin

rhythmic laminations, It is easily clistinguished from other members of the Shikotsu

pumice fall by its white colour, while, Sh l c and b, composed of olivine bearing

scoria, are characterized by their black colour.
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Fig. 4S
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Fig. 46 The Sliikotsu pumice flow exposed at Tokiwa, outskirts of Sapporo City, along the

Makomanai River, a tributary of the Toyohira Rivei, about 3 km south of
Ishiyama Although the entire volcanic pile shown m this photograph undoubtedly

belongs to a smgle cooling unit, the upper half (B) is Lmconsohdated and soft,

giadually gradmg into (A) which is rathei well consolidated, hard pait and with

ielatively Iugh virtual density
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Fig. 47

ee

Typical pyroclastic plateau composed of the Shikotsu volcanic Formation, m the

upper reaches of the Shadai and Shiraoi Riveis Immediately aftei eiuption of the

Shikotsu pumice fiow the top of this plateau may have been flat aithough it has

smce been consideiably dissected Kuttaia Volcano is visible on the horizon

Fig. 48 Shikotsu Caldera Lake, viewed midway from the lake shore to the top of Mount
Monbetsu-dake (865 8 in) The comcal mountain on the nght side is the volcano
Eniwa, while Tarumae with its lava dome on top and Fuppushi, deeply dissected

and covered with thick vegetation, are seen in the left side of the photograph

Distance between the top of Emwa Volcano and Tarumae is about 13 O km
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4 History ofvolcanic activity

a) Noboribetsu andPonayoro time
   The volcanic activity that produced the Noboribetsu volcanic Formation,

was probably similar to that of Morino and Shikotsu time, beginning with

repeated explosions of ash or pumice fall, followed by eruption of a large

pt}mice fiow. This flow is well consolidated with relatively high density nearly

everywhere, indicating a fairly high temperature, when it was deposited.

   Although the original extent of the Noboribetsu puiinice flow is unknown it

must certainly have been much greater than at present. The highest known

occurrence of Noboribetsu puiinice flow (N 2) is iocated about 3 km west of

Kuttara (-ushi) Caldera (Fig. 2). SAiTo et al, l953 once proposed, that Kuttara

caldera was formed after cleposition of the Noboribetsu pumice flow, and that

the Noboribetsu puirtice flow inight have been erupte(l from the area now

occupied by Kuttara Caldera Lake.

   Nevertlieless, it is not certain, where the center of Noboribetsu activity is

located. Our investigations suggest that it was probably not the present caldera

of Kuttara Lake. If the caldera was formed after the deposition ofNoboribetsu

pumice flow (N 2) it must have forined somewhere west of present Kuttara

Lake even though the lake is situated near the centre of the flow.

   A very long hiatus separates the eruption of the Noboribetst} puinice fllow

and the eruption of the Ponayoro volcanic Formation, as is evident from the

erosional unconformity between them.

   The Ponayoro volcanic Formation reflects a sequence of volcanic eruptions

siinilar to that of the Noboribetsu, Morino and Shikotsu volcanic Foriinations,

initial explosions producing fall deposits followed by puiirtice flows. The source

of the Ponayoro volcanic products is unknown, although they are widely

distributed in the area surrounding the caldera lake, Kuttaraushi, and their

highest exposure is near the assuined source of the Noboribetsu volcanic

Formation.

   In view of this the authors believe tlaere may have been at least two

episodes of calclera subsidence. First, an older caldera may have been forined

northwest of Lake Kuttaraushi, inamediately after the eruption of the

Noboribetsu pumice fiow.

   This caldera was rapidly dissected and destroyed. Volcanic activity resumed

in the region of the older calclera. After the eruption of either the Ponayoro

pumice flow I or II (P I 2 or P II 2) a second calderal sinking may have

occurred. However, the present ca}dera of Lake Kuttaraushi may not be the

result of this volcanic activity.

b) Morino time



     STRATIGRAI)HY OF THE QUATERNARY VOLCANIC PRODUCTS, SW HOKKAIDO 729

   Volcanic activity during Morino time was probably siiinilar to the eruptions

that produced the Noboribetsu, Ponayoro I and II, and Shadai volcanic

Formations, beginning with repeated explosions alternating with dormant

stages. Many separate ash and pumice fall deposits, separatecl by stratigraphic

breaks are observed in the field.

   The Morino volcanic Formation has a relatively narrow distribution
coinpared with the Shikotsu volcanic Fonination. [l"his may be partly due to its

sinaller original volume, but partly it may also, be the'result of severe

erosion and denudation for a long period after its deposition.

   It is iinpossible to correctly restore the original distribution and volume of

the Morino volcanic Formation. Only the present volume, calculated froin

existing exposures is shown in Fig. 34.

   The exact center from which the Morino pt}mice flow originated is

unknown. The highest exposures, about 600 m above sea-level, are located

about 6 km west from the caldera wall of Shikotsu Lake (Fig. 5), suggesting

that Shikotsu Caldera may have been their source.

   The Morino flow is loosely consolidated and nowhere are columner or platy

joints observed, indicating tkat it was depositecl at relatively low temperature.

   Stich low teiinperature pumice fiows coininonly show thin lainina or

stratification even in single cooling units. Although they are not widespread,

such laininations appear from place to place then inerge suddenly into

homogeneous, tmconsolidated ash fllow without any obvious stratification.

   The authors'believe the presence of laiininations is a good indication that

eruption of the pumice fiow was accompanied by imiinense quantities of hot

water that streamed down tlie slope carrying pumice fragments which were

finally deposited like a sedimentary rock. Possibly hot water only was involved

in the early stages.

   Frorn such observations, the Morino pumice fiow is considered to have

been cleposited, at low teiinperature although this has not been confirmed by

magnetic study.

   Exotic rock fragments in the lower part of the Morino are similar to those

in the Shikotsu puiirtice fiow, coinprising Neogene and Quaternary volcanic and

pyroclastic rocks, as well as slate, chert and diorite. The magma chamber of the

Morino pumice flow like that of the Shikotsu must have been below the

Neogene Tertiary deposits.

   Sinking of the caldera is believed to have occurred after eruption of the

Morino pumice fiow, but this is difficult to confirm on the basis of field

evidence. The pumice fall and flow of the Morino volcanic Formation may have

been largely eroded away and the caldera itselfgreatly dissected or completely

destroyed.
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c) Shikotsutime
   The thickness of laininations varies from one fall deposit to another and

also differs within a single fall unit. At Bibi the Shikotsu pumice fall (Sh l i) is

5 to 6 m thick and individual laminations range from 5 to 10 cm in thickness.

Th}}s the Shikotsu puirtice fall (Sh l i) may be regarded as the product of at

least several tens of explosions. The entire Shikotsu pumice fal} must therefore

be the result of several hundred explosions.

   The chemical composition of magma in the sub--surface chamber rnust have

been changing from basic to acidic and finally pumice ash flows were erupted.

Subsequent collapse produced the present caldera of Lake Shikotsu.

   Probably, explosions occurred in the area now occupied by the caldera of

Lake Shikotsu and pui/nice falls spread towards the east or southeast froin this

center since each ash fall deposit in the Shikotst} pumice fall (Sh l) decreases in

thickness away from this lake towards the east or southeast.

   Distribution of each Shikotsu pumice fall unit has not been mapped in

detail but its general outline is shown in Fig. 28.

   Total volurne of the Shikotsu pumice fall (Sh 1) is approximately 1O.O 1<m3

(Fig. 38).

   The Shikotsu puinice flow crops out over a wicle area, a}though it is partly

concealed below the younger volcanoes, Fuppshi, Eniwa and Taruinae, which

surround the caldera wall of Shikotsu Lake. The Sliikotsu puinice fiow is

moderately dissected by streams and rivers, but the original topography of its

surface can be determined to some extent (Fig. 37).

   The highest point west of Shikotsu Lake where the Shilsotsu pumice flow is

distribi.ited, is aboi.it 840 m in elevation, the original surface of deposition of

this flow seems to have been streaming eastwards at first, then westwards. In all

probability, ert}ption occurred froin somewhere at the western margin of the

present caldera wall. The flow material seems to have been erupted from that

point at a low angle, instead of upward into the atmosphere.

   Material of the pumice flow may have been propelled explosively by an

immense quantity of steam and hot water. Such an eruption might be directed

horizontally, being cluite different froin noriiial volcanic explosions in which

material is transported vertically.

   This inay explain why tkat puinice flow is not uniforinly distributed

around Lake Shikotsu caldera, but is found only in a narrow zone west of the

lake, although it is rather widely developed to the east. If it wqre erupted at a

high angle, it shoulCl certainly be presei'ved in all directions from tlie center of

actlvlty.

   The erupted material appears to have been blasted into the western
inoL}ntainous region as high as 840 m above present sea level. Later it may have
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streamed down the slope of the older topography; viz it may have streamed

first eastward, then changed its course towards the west. The erupted material

was probably ejected with considerable initial velocity, since the stream of

pumice fiow seeins to have crossed over a low hill iR its path. This is concluded

from the restoration of the original topography of the pumice fiow, and the

top of the pre-pumice flow topography.

   Simultaneously, in the northern area, the pumice flow appears to have been

streaiining northwards from an area about 640 m in elevation, located

somewhere near the naargin of the present caidera' wall. As in the case of the

western region, the stream of pumice fiow in this area is inferred to have

crossed over small hills in its course down the slope. Thus the initial surface of

the pumice fiow slopes gradually northward from an altitude of 640 m to an

altitude 360 m, then rises as high as 42e m against a monadnock-like hill 539 m

high. Moreover the stream of pumice flow seems to liave risen as high as 40 m

against the small hil}, Shimamatsu-yama. Similarly, the stream may have risen

upwards against the small hill, Shiraliata-yama, although the main body of the

stream inust have branched before reaching these hMs and ttirned directly

down the slope.

   .South of Lake Shikotsu, the original surface of the pufniceous flow slQpes

gradually soL}thward from a height of about 400 m towards the present

shoreline. Perhaps another pumice fiow was erupted in this region from a

second fissure that appeared not far from the caldera wall.

   Although the Shikotsu volcanic Forination is composed mainly of rhyolitic

and dacitic rocks, some relatively basic rocks are also present, especially among

the older products of the early phase of eruption, viz. olivine bearing scoria

falls (Sh l b and c, Table 1). Initially basaltic magma may have been formed at

depth, probably in the upper irtantle; this may have ascended along with

enormous amounts of superheated steam andlor superheated water into the

crust, and thence along deep faults, A certain amount of crt}stal material,

perhaps basement complex plus Palaeozoic seclimeBts, exposed in the fissure

walls was partly assimilated by the magma. Various plutonic rocks iinay also

have contaminatecl the magirta. Such contaiinination may have produced the

magma acidic that erupted explosively from Shikotsu Caldera.

   After the initial explosion, of basaltic andesite, the magma may have

changed composition from andesite through dacite to rhyolite. This evolution

is refiected in the changing composition of inaterial procluced in si/iccessive

explosions.

   The early change from andesite to basaltic andesite probably resulted from

partiai meltii"ig of crustal rocks in the presence of a tremenclous supply of

superheated hot water or steam. This contamination probably occurred during
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ascent of the magma from the mantle to the magma chamber.

Appendix: the Rampoge gravel Formation

   The Rampoge gravel Formation, about IOO m thick is widely developed in

the subsurface of the region treated in this paper.

   It is composed of boulders, cobbles and pebbles of Neogene and Iower

Pleistocene volcanic and sedimentary rocks, in addition to chert, slate and

granitic rocks. Soine parts of the formation also contaiR pumiceous gravel or

alternating pumiceous clay and sand. Intercalated magnetite sand is also locally

developed.

   The presence of such a deposit below the surface has been established by

drilling in the alluvial plain along the coast facing Volcano Bay, wlitere the

Rampoge Formation is unconformably covered by the Noboribetsu and rests

unconformably on Neogene Tertiary rocks, of probable Miocene age.

   Although precise coi'relation is hnpossible. similar gravel deposits, about

IOO m thick, are widely developed in the northern and central part of

Hokkaido, where they fill several deeply dissected older basins. Further, such

gravel formations are localiy covered by pumice fiows, probably equivalent to

the boundary zone between the Matuyama and Brunhes palaeomagnetic
epochs. Such gravels are now considered to be older than the GUmz ice age.

Similar gravel formations are also widely developed in the region around Ikeda

and Obihiro cities in Tokachi province, where the gravel formation un-
conformably overlies pyroclastic formations of Jaramillo age. Hence, the age of

the gravel formation is presumably correlative with the Donau cold stage

(Minato etal,l970).

   It is obvious, from the presence of interbedded pumiceous sediments, that

repeated volcanic eruptions occt}rred during the deposition of' these gravels.
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