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FOSSIL PERIGLACIAL PHENOMENA ON KARST IN THE LATE
QUATERNARY IN THE AKKA KARST, NORTHEASTERN JAPAN

I

ABSTRACT : OKAMOTO T., Fossil Periglacial Phenomena on Karst in the
late Quaternary in the Akka Karst, Northeastern Japan. (IT ISSN 0391
9838,1998).

Fossil periglacial phenomena on karst in the late Quaternary in the
Akka Karst , northeastern Jap an, were investigated tephrochronologically.
The limestone bedro ck in the study area is overlain by several late Qua
ternary tephras. The tephra overlying a slope on karst indicate s that the
slope has been stabili zed since the tephra fell. On the other hand, the ab
sence of a tephra layer, which is usually found at the bottom of dolines or
at the foot of slopes , implies slope instability after the falling of the teph
ra. On the karstic plateau, there are some fossil periglacial deposits which
were presumably formed around 50 ka BP and during 30 to 10 ka BP.
Pleistocehe tephras are absent on the gentle slopes as well as on the steep
slopes , whereas Holocene tephras are present on the gentle slopes. The 
refore , Pleistocene tephras on the slopes in the Akka Karst were mainly
removed by periglacial processes , such as solifluction and frost shattering
of limestone bedrock, in the cold phases of the Last Glacial Stage. The
periods of slope evolution by periglacial proc esses are considered to be
around 50 ka BP and from 30 to 10 ka BP, which are in accord with tho
se of mass movement in the Central Kitakami Mountains, and of involu
tion and solifluction lobes in the Northern Kitakami Lowland. The high
content of biotite, which derived from granitic rocks, in soils in the bot
tom of dolines indicates that bare ground affected by periglacial proces
ses was distributed over the summits of granitic mountains adjacent to the
Akka Limestone during the late Pleistocene. Accordin gly, allogenic depo
sits on karst in the study area have helped to reconstruct environmental
conditions in non -limestone areas as well as in limestone areas.
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INTRODUCTION

The karstic areas in Japan are mostly covered with eo
lian deposits, notably tephras and long-range eolian dust
transported from inland China (Machida & alii,1985; Mi
zota & Matsuhisa, 1985; Okamoto, 1995). These deposits
are used not only as important time-markers but also as
evidence of environmental changes. Valuable information
can be obtained from the surface environment in limestone
areas because superficial deposits have been well preserved
in closed depressions (dolines) that have developed on kar
st. According to Bull (1980) and Gunn (1986), most sedi
ments in caves have also remained essentially unaltered
since the initial deposition. In Japan, moreover, it is relati
vely easy to distinguish between the residuum of limestone
and allogenic deposits, because most of the limestone in
Japan consist of very pure calcium carbonate which origi
nated from coral r reefs:"However;-there-are-few-studies
about superficial deposits on karst in northern Japan. The
purpose of this paper is to clarify fossil periglacial pheno
mena on karst in the late Quaternary in the Akka Karst ,
northeastern Japan. The limestone bedrock in the Akka
Karst is overlain by several late Quaternary tephras, which
make it possible to investigate fossil periglacial phenomena
and slope evolution tephrochronologically.

OUTLINE OF THE AKKA KARST

The Akka Limestone is distributed in the northeastern
part of the Kitakami Mountains, northeastern Japan (fig.
1). The Omoto River, Akka River, and Osanai River flow
eastward from a non-limestone area in the Kitakami
Mountains and dissect the Akka Limestone into blocks of
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Several thousands of years ago, before human activities
changed the landscape, a beech (Fagus crenata) forest pre
sumably occupied most parts of the study area. Now the
vegetation has mostly changed to secondary forests, plan
ted forests and pastures. The larger part in the study area
is now occupied by secondary communities dominated by
deciduous oak (Quercus mongolica var. grosseserratai or
birch (Betula ermaniii, and by plantations of Japanese lar 
ch (Larix karmpgeri) , Japanese cedar (Cryptomeria
japonica) and Japanese red pine (Pinus densiflora). Pastures
are distributed on the karstic plateau in the northern part
of the study area.

The geology of the Akka Karst has been discussed by
Sugimoto (1974), Murai & alii (1985), Okami & Ehiro
(1988), and Okami (1992). The Akka Limestone, which is
50 km wide in the N-S direction, 1-4 km wide along the
E-W direction and has NNW-SSE strike (fig. 2) , is a
member of the Akk a Formation (700 m in thickness) whi 
ch consists of bedded limestone, alternating beds of lime
stone and chert, and comprises chert in an upward se
quence. The Akka Formation is considered to have for
med on seamounts in the late Triassic. The limestone be
drock is overlain by several late Quaternary tephras as sta
ted later in detail.

Fig. 3 shows that the climate in the Akka Karst is cha
racterized by warm humid summers and cold wet winters .
The mean annual precipitation and temperature are 1,131
mm and 9.9 C. Precipitation is evenly distributed throu
ghout the year with much rain from July to September.
Snow often falls during December to March.

FIG. 3 - Mean monthly temp erature and pr ecipitation statistics in the
study area 0986-1996) . Mean annual temperature is 9.9 "C. Mean annual

precipitation is 1131 mm .
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FIG. 1 - Location map in the study area, showin g the occurrence of the
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karstic plateau up to 400-700 m above sea-level (fig. 2).
More than 100 caves have been recognized in the Akka Li
mestone. Dolines are well developed, especially in the
northern part of the study area .
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METHODS

In order to clarify fossil periglacial phenomena and the
changes of slope stability on the kars t, a tephrochronologi
cal study was carried out at many exposures and pits in the
Akka Karst. Tephra overlying a slope indicates that the slo
pe has been stabilized since the tephra fell. On the other
hand, the absence of a tephra layer, which is usually found
at the bottom of dolines or at the foot of slopes, implies
slope instability after the falling of the tephra.

For the tephra investigations, the first steps were to de
termine the stratigraphic position and lithofacies at each si
te. Secondly, petrographic properties such as mineral com
position and shape of volcanic glass of each tephra were
described by microscopic observation, Finally , refractive
indices of volcanic glass shards and orthopyroxene were
measured. Identification of tephras was based on a combi
nation of these features and comparison with data in a ca
talog for Japanese tephras (Machida & Arai, 1992).

RESULTS

Id entified tephras in th e Akka Karst

Table 1 shows the results of the analyses of the tephras.
Schematic columnar section of identified tephras in the
study area and columnar sections at some exposures and
pits are shown in fig. 4. The distribution of tephras around
the Akka Karst has been discussed by Higaki (1988), Saijo
& alii (1993), and Yoshinaga & Koiwa (1996). The erup
tion ages of tephras have been reported by previous stu 
dies (Oike, 1972; Hayakawa, 1983; Doi & Oishi, 1992;
Machida & Okumura, 1996; Wachi & alii, 1997). The
marker tephras in the study area have been identified as
follows:

TABLE 1 - Th e identified marker tephras in th e Akka Karst

Teph ra Source Ahe (ka) Mineral volcanic glass opx
volcano compos ition Type n y

To-a Towada 915 AD opx, cpx pm 1.493-1.503
To -eu Towad a 5.5 op x, cpx pm 1.511-1.515
To -Nb Towada 8.6 opx , cpx pm 1.510-1.521
Ak-Y Akitakoma 11.6-11.9 opx, cpx
To-H Towa da 12.6 opx , cpx,!ill pm 1.500-1510
Iw-Od lawate 35-40 opx, cpx pm 1.721-1.727
Toya Toya 103-123 vitctic prrc-bw 1.493-1.498

opx , orthopyroxe ne; cpx , clinopyroxene ; ho, hornblende, prn, pumic eous glass shar d; bw,
bubble-walled sha rds. eruption age by Machida & Arai (1992) , Machida & O kumura
(1996), Wachi & alii, (1997).

To-a (Towada-a: 915 AD), To -Cu (Towada-Chuseri: 5.5
ka BP), To -Nb (Towada -Nanbu: 8.6 ka BP), Ak-Y (Akita
Komagatake-Yanagisawa: 11.6-11.9 ka BP) , To-H (Towa
da-Hachinohe: 12.6 ka BP), Iw-Od (Iwate-Oide: 35-40 ka
BP), Toya (Toya: 103-123 ka BP).

To -a, To-Cu, To-Nb and To-H originated from erup
tions from the Towada caldera. T0 -H is recognized as a
pyroclastic flow deposit in the study area . Ak-Y and Iw
Od originated from eruptions of Akita -Komagatake and
Iwate volcanoes , respectively, on the Ou Mountains (fig.
1). Toya is a widespread tephra which erupted from Toya
caldera, Hokkaido Island, and provides a useful time 
marker in northern Japan. This tephra presumably erupted
before the oxygen isotope stage 5e , because it mantles the
marine terraces assigned to the Last Interglacial Maximum
(isotope stage 5e) in northern Japan (Miyauchi, 1988).

Description of the deposits on karst

Pleistocene tephras are observed on the karstic plateau.
At an exposure on the plateau, loamy soils including Toya
and the unconformity below Toya are found (fig. 5). This
indicates that the un conformity existed before the falling
of Toya and should have formed before the Last Glacial

A

~ Black soil

B Tep hr a

t2'ill Greenish black soil

~Gravel

~LimestoneFI G. 4 - Columnar section in the study
area. A) schematic columnar section of
tephras in the study area. a) b) c) bottom
of doline, d) side slope of doline, e) gentle
slope on the karstic plat eau , f) g) foot

of slop e.
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FIG. 5 - Sketch of the exposure on the karstic plateau. 1) humus layer,
2) tephra.

the former slope direction (10-20 degrees). The drag struc
tures toward down slopes are present in the greenish black
soils which originated from limestone bedrock (fig. 6).
These facts indicate that the buried breccia layer was for
med by periglacial processes. A thin humus layer also de
veloped in the uppermost part of this layer. Therefore, for
mation of the breccia layer was completed before Iw-Od
fell. Iw-Od is covered with secondary deposits and unstra
tified slope deposits with a fine matrix. The slope deposits
are mainly composed of tephras and include unsorted li
mestone and chert pebbles. These deposits are also thou
ght to have been formed by periglacial processes. Other
tephras and reddish clay soils are found under the breccia
layer.

To-H is recognized at the bottom of dolines (fig. 4c)
and at the head hollows on the karstic plateau. In the
northern part of ·the study area , soils under To-H in the
bottom of the dolines have many biotites which neither the
Akka Limestone nor tephras identified in the study area
contain.

Holocene tephras, To -a, To -Cu and To-Nb, have re
mained at the surface in the nearly flat bottom of dolines
(fig. 4 a, b and c). In particular, To-Cu is well preserved
with a thickness of 30 cm, and essentially three air-fall
units can be discriminated (fig. 4 c). To-Cu is observed as
a layer at the foot of the slopes (fig. 4f and g) and as pat
ches on the gentle slopes such as side slopes of closed de
pressions (fig. 4d and e). At some exposures on the gentle
slopes, greenish black soil that originated from limestone is
partly covered with To-Cu (fig. 4d). On the steep slopes,
no tephra layers are observed, and limestone bedrock is
exposed at several places.
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Stage by the eruption age of Toya (103-123 ka BP).
Another tephra is observed below the unconformity, but it
is still unidentified.

Fig . 6 shows that a buried breccia layer is directly over
laid by Iw-Od. The breccia layer mainly consisted of chert,
about 30-100 ern in thickness with a loamy matrix that was
derived from tephras. In addition this layer has terrace-like
forms, with its angular materials oriented highly parallel to
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FIG. 6 - Sketch of the periglacial deposits
on the karstic plateau. 1) kumus layer ,
2) tephra.Y) greenish black soil, 4) gravel,
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DISCUSSION

In the Central Kitakami Mountains, two periods of
mass movement by periglacial processes have been confir
med to have occurred during the Last Glacial Stage (Hi
gaki , 1987). The first period was in the early Last Glacial
Stage, around 50 ka BP , and the second was in the late La
st Glacial Stage , between 30 and 10 ka BP (fig. 7). At these
times, involution and solifluction lobes were formed in the
N orthern Kitakami Lowland about 200-300 m above sea
level (Okami & Doi, 1978; Inoue & alii, 1981; Sawaguchi,
1992) , as shown in fig. 7.

The unconformity at an exposure on the edge of the
karstic plateau (fig. 5) was formed before the Last Glacial
Stage due to the stratigraphic position of Toya (103-123 ka
BP), although it is difficult to identify its formation pro
cess. The age and environmental conditions of the un
conformity would be clarified by identification of a tephra
below it.

Fig. 6 shows that the breccia layer at an exposure on
the edge of the karstic plateau was formed by periglacial
processes before the Iw-Od fall (35-40 ka BP). Although it
is necessary to investigate the deposits in more detail, the
vegetation was probably poor while the breccia layer was
forming. The humus layer in the uppermost part of the
breccia layer implies that periglacial processes had been
weakened before the Iw-Od fall. These facts show that the
formation age of this layer is in accord with first period of
mass movement in the Central Kitakami Mountains
around 50 ka BP under periglacial conditions. Iw-Od was
covered with secondary deposits and unstratified slope de-

posits with a fine matrix, which is main ly composed of
tephras. Th us, these deposits formed for a while after the
falling of Iw-Od, about 30 ka BP. Sil~ilar slope deposits
including To-H in their uppermost part are often found in
the head hollows on the karstic plateau. According to Hi
gaki (1987), debris accumulation occurred on the upper
head hollow in the Kitakami Mountains during the late La
st Glacial Stage. Therefore, the formation period of the un
stratified slope deposits probably agrees with the second
period of mass movement in the Kitakami Mountains
between 30 and 10 ka BP under a periglacial climate.

Pleistocene tephras are absent both on the steep slopes
and on the gentle slopes. At some exposures on the gentle
slopes, it is often observed that greenish black soil derived
from limestone bedrock is directly covered with To-Cu
that erupted 5.5 ka BP (fig. 4 d). These observations imp ly
that Pleistocene tephras on the slopes had already been de
nuded before the Holocene, i.e, before the falling of To
Cu. On the steep slopes, frost shattering of underlying be
drock was probably extensive, because the bedding plane
and joint are well developed in the Akka Limestone. Con
sequently, most of the Pleistocene tephras on the slopes in
the Akka Karst were removed by periglacial processes in
the cold phases of the Last Glacial Stage. During the peri
glacial period, some karst depressions were presumably fil
led in with soliflucted debris. There are some dolines whi 
ch have collapsed rims at the margin of the limestone pla
teau in the study area. These might be caused by perigla
cial processes.

In the northern part of the study area, soils under T0

H (12.6 ka BP) in the bottom of the dolines show a high
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FIG. 7 - Geomorphic event s in the late Quaternary in the Akka Karst, Central Kitakami Mountains and Northern Kitakaini Lowland. 1) Higaki
(1987),2) Okami & Doi (1978), Inoue & alii, (1981) and Sawaguchi (1992 ).
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content of biotite, which is not included in either the resi
duum of Akka Limestone or the identified tephras. Bioti
tes were presumably transported by wind from granitic
mountains adjacent to the Akka Limestone, because grani 
tic rocks include many biotites as rock-forming minerals
and the karstic plateau is entirely dissected by rivers from a
non-limestone area (fig. 2). Therefore, bare ground affec
ted by periglacial processes should have been distributed
over the summits of granitic mountains during the late
Pleistocene. Gentle slopes on the summits of granitic
mountains gradually became stable after the falling of To
H , which lasted until the early Holocene, because biotites
are absent in soils above To-H on the limestone plateau
and To-Cu (5.5 ka BP) is found on the gentle slopes on the
summit of Mt. Toshima (fig. 2) near the Akka Karst (Ikeda
& Daimaru, 1993). As stated above , allogenic deposits on
karst have helped to reconstruct environmental conditions
in non-limestone areas as well as in limestone areas.

To-Cu is absent on the steep slopes and is present as
patches on the gentle slopes, although it is found about 30
cm in thickness at the bottom of dolines or at the foot of
slopes. This implies slope instability after the To-Cu fall.
According to Yoshinaga & Koiwa (1996), slope develop 
ment in the forested mountains in Japan changed rapidly
during the latest Pleistocene to Holocene, due to a climatic
transition from cold and relatively dry conditions to tem
perate and humid conditions, and especially due to an in
creasing frequency and intensity of storms. Thus, during
the Holocene in the study area, soil creep has probably oc
curred on the gentle slopes , whereas the removal of rego
lith has frequently happened on the steep slopes. Moreo
ver, soil erosion would have been accelerated by forest
clearance and subsequent conversion of forest to gras
sland, followed by human exploitation of the Akka Karst.

Fig. 7 shows geomorphic events with emphasis on peri
glacial processes in the late Quaternary in the Akka Karst,
the Central Kitakami Mountains and the Northern Kitaka
mi Lowland Area . The formation periods of periglacial de
posits in the Akka Karst correspond with those of mass
movement by periglacial processes in the Central Kitakami
Mountains, and of involution and solifluction lobes in the
Northern Kitakami Lowland. In the study area, Pleistoce
ne tephras on the slopes were mainl y removed by perigla
cial processes under the cold climate during the Last Gla
cial Stage . In order to obtain a more detailed reconstruc
tion of environmental changes in the Akka Karst , it is ne
cessary to compare the deposits of slopes , dolines and ca
ves, and to date their ages.

CONCLUSIONS

This paper has discussed fossil periglacial phenomena
in the Akka Karst, northeastern Japan, on the basis of
tephrochronological investigations. On the karstic plateau,
there are some fossil periglacial deposits which were presu
mably formed around 50 ka BP and 30 ka BP. Pleistocene
tephras are absent on the slopes in the study area as result
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of periglacial processes, such as solifluction and frost shat
tering of limestone bedrock, in the cold phases of the Last
Glacial Stage. The periods of slope evolution by periglacial
processes are considered to be around 50 ka BP and from
30 to 10 ka BP, which are in accord with those of mass
movement in the Central Kitakami Mountains, and of in
volution and solifluction lobes in the Northern Kitakami
Lowland. The high content of biotite, which originated
from granitic rocks , in soils in the bottom of dolines on the
karstic plateau implies that bare ground affected by peri
glacial processes was distributed over the summits of gra
nitic mountains adjacent to the Akka Limestone during the
late Pleistocene. Accordingly, allogenic deposits on karst
have helped to reconstruct environmental conditions in
non-limestone areas as well as in limestone areas.
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