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Abstract. Th2?®/U? dating of ahermatypic coral shows that both the Hiradoko
and Uji Shell Beds of the Noto Peninsula were formed at the same age, approxi-
mately 120,000 years ago. Some discriminations in faunal composition between
these two shell beds are likely to have been caused by the difference in bathyme-
tric control due to the submarine topography. The marine Hiradoko Terrace in-
cluding these shell beds is correlative with the Shimosueyoshi Terrace in the
southern Kanto area, which is traceable with the shoreline features in many parts
of the world, formed during a late Pleistocene eustatic high sea stand. The eleva-
tion of the former shoreline for marine terraces around the Noto Peninsula, which
are correlated with the Hiradoko Terrace, indicates an average rate of uplift vary-
ing from 1.2m per 1,000 years in the northern end of the peninsula to 0.4 m per

1,000 years in the south during the. last 120,000 years.

Introduction

Th®°/U?** ages averaging 120,000+
6,000 years old have been determined
for solitary corals from the Hiradoko
and Uji Shell Beds in the northern part
of Suzu City, Ishikawa Prefecture. These
are the first uranium-series dates avai-
lable from marine terraces of Honshu,
Japan, which now allow us to relate
these beds to various Pleistocene events
in other areas. Preliminary results of
oxygen isotope ratio (O'/0!) analysis
are also presented for some molluscan
" shells from these shell beds.

Late Pleistocene marine terraces are
almost continuously distributed around
the Noto Peninsula except the rocky
coast in the northern part. In spite of
extensive paleontologic, geomorphologic

* Received Septembér 7, 1979; read June 9,
1979 at Tatsunokuchi, Ishikawa Prefecture.
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and structural studies of these terrace
deposits, their chronologic assignment
have remained uncertain, because either
radiometric dates or such a time-indica-
tive marker as tephra were not available.

The Hiradoko . Shell Bed named by
MocHIZUKI (1932) who also described a
molluscan fauna near Hiradoko, was
formerly thought to be either a late
Pleistocene or nearly Holocene age (e. g.
AsaNO, 1938). The Hokuriku Quaternary
Research Group (abbreviated HQRG,
hereafter; 1961) found another shell bed
called the Uji Shell Bed, at a locality
only 4km east of the outcrop of the
Hiradoko Shell Bed. From morphostra-
tigraphic and paleontologic reasons,
HQRG (1961) has suggested a probable
correlation of the Hiradoko Shell Bed
with the Shimosueyoshi Terrace deposit
in the southern Kanto area. The Hira-
doko Shell Bed was then stratigraphically
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divided into two members, Upper and
Lower.
from these members as having been de-
posited during a later transgression cor-
responding to another eustatic high stand
of sea level (“Musashino transgression”
in South Kanto) which occurred subse-
quent to the Shimosueyoshi transgres-
sion. UJuEe (1975) once argued a possi-
bility that the Hiradoko Shell Bed is of
Postglacial age based on its foramini-
feral assemblage. However, these paleon-
tologic and morphostratigraphic datings

are less reliable than radiometric dates .

to ideritify -ard correlate subdivisions: of
the late Pleistocene, because
changes have been negligible during
this short period of time and because of
local variations in the rate of vertical
displacement. = The Hiradoko and Uji
Shell Beds have been dated by the C*
method as being >30,000 and 21,200+

1,200 years B. P., respectively (Fujir, 1969). -

Such recent works as KASENO and HIRA-
vyaMA (1976), Fujr (1976), MATSUURA
(1977) and OTA and HIRAKAWA (1979)
reviewed these previous views of age
assignment and suggested that both of
these shell beds may be formed during
the same transgression phase.

Materials and Locations

Analyses were made on five samples
consisting of two species of ahermatypic
solitary corals, Cylindrophyllia minima
YABE et EGucHI and Heterocyathus ja-
ponicus (VERRILL), from localities 18 and
24 of MORI (1976, ms) as shown in Fig. 1.
The following locality descriptions refer
to a 1 to 25,000 scale sheet (1970 edition)
“Noto-lida” of the Geographical Survey
of Japan.

Loc. 18
Hiradoko Terrace of HQRG (1961).

The Uji Shell Bed was separated -

faunal
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Fig. 1. Index map showing the locali-
ties where the analyzed coralline samples
were collected. Locality number refers to
those of Mor1 (1976, ms).

Longitude 137°18’16”E, latitude 37°2704”
N, 30 m above the present sea level, at
a quarry about 750 m south of Hiradoko,
Suzu City.

Loc. 24

Uji Terrace of HQRG (1961). Longi-
tude 137°20’51”7E, latitude 37°27/51”N, 13
to 15m above the present sea level, at
an outcrop about 100m west of the
Honryuji Temple, Uji, Suzu City.

Methods and Results

The Th?*¥°/U%* method of dating marine
carbonate materials has been discussed
by many workers (e. g. BROECKER, 1963 ;
THURBER el al.,, 1965; SAKANOUE et al.,
1967). The procedure for separating and
purifying thorium and uranium isotopes
is essentially the same as that was des-
cribed by OMURA (1976). The overall
chemical yield was checked by U?*? and
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Table 1. Isotopic composition and estimated ages calculated from Th2°/U2 ratios of
solitary corals from Hiradoko and Uji Formations.

Isotope Concentration Activity Ratio .
Stratigraphic . Estgrolated
Unit* Material U2ss Uzt Th282 Th2se Uzsty Th28/ | Th2s0/ Th -ﬁge
(ppm) |(dpm/g)| (ppm) |(dpm/g) ~ U=e | The | e | (x10°%7)
4.07 3.30 0.151 2.16 1.09 59.6 0. 655 115+ 10
+0.12 | =0.10 | =0.021] =0.07 | =0.02 | 8.0 +0.029 — 8
Hiradoko 3.83 [3.06 |0.116 |2.04 |1.07 |72.9 |0.667 | o+ 9
Formation e | £0-08 | 0.06 | £0.022 £0.07 | =0.02 | +13.6 | 0.026 "~ 8
4.02 3.26 0.136 2.23 1.09 68.3 0. 684 125—!— 9
+0,11 | %£0.09 | =0.020] =0.07 | =0.02 | +9.7 +0.025 — 8
3.83 3.18 0.105 2.13 1.11 84.3 0.670 120+ 9
Uji 4+0.10 | =£0.08 | =£0.016{ =0.05 | =0.02 | +12.6 | £0.025 — 8
Formation s 327 1276 [0.141 |1.85 | 1.13 | 545 | 0.670 [ o0+ 9
- J +0.08 | =0.07 | £0.021] =0.05 | =0.03 | =8.3 +0.025 — 8

* according to the Hokuriku Quaternary Research Group (1961)

** Coylindrophyllia minima YABE et EGcucHI
**x Heterocyathus japonicus (VERRILL)

Th®*® used as the yield tracers. Alpha—‘

particle spectrometry was employed, us-
ing a multi-channel pulse height analyzer
with silicon solid-state detectors.

Analyses of X-ray diffraction patterns
prove that all the coral specimens have
retained their original mineralogical
composition as indicated by their ara-
gonitic nature.

Results of these analyses are sum-
marized in Table 1. The standard errors
attached are derived from counting sta-
tistics (o,). Th?° ages are calculated
on the assumption that samples were
initially free of Th?° and that all the
measured Th?® have originated only
postmortemly from the disintegration of
its parent U2,

Discussions

The following evidences suggest that
all of the estimated Th*° ages in Table
1 are reliable. First, the specimens are
entirely free of recrystallization, as

shown by the absence of calcite. Second,
the Th?*°/Th®? ratios are high compared
with values of 1 to 2 which are com-
monly found in natural waters (KAUFMAN
and BROECKER, 1963; THURBER ¢! al.,
1965; VALLENTINE and VEEH, 1969 ; OMU-
RA, 1976). A measurable but small amount
of Th?? may have resulted from terri-
genous materials which could not be
removed from the cavity of corallites.
Even if Th?*® was contaminated altoge-
ther with Th??% most of Th?® have
already decayed out by the present.
Hence, the influence of contaminant
Th?® upon the Th?*°/U%** ratios from
which ages are calculated must be very
small. Finally, the average U?/U2%
ratio of 1.10-£0.01 is comnsistent with
Th?® age of 120,000 years, considering
the ratio at which U?*/U?%® changes
from 1.14 (KU et al., 1977) to its secular
equilibrium value of 1.00.

It is estimated from the Th??/U?¥*
ratios that the Hiradoko Shell Bed was
formed 120,000--8,000 years ago and the
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Uji Shell Bed, 120,00049,000 years ago
(Table 1). It may, therefore, be con-
cluded that both shell beds were formed
at the same time, approximately 120,000
years ago. These ages suggest that the
Hiradoko Terrace including these shell
beds is certainly correlative with the
Shimosueyoshi Terrace in the southern
Kanto area, because the latter has been
dated to be 120,000 to 130,000 years old
by the fission track method (MACHIDA
and Suzuki, 1971). The C' dates, par-
ticularly of 21,2004+1,200 years for the
Uji Shell Bed, reported by Fujir (1969),
are less reliable than Th?*° dates shown
in Table 1, because a small amount (only
a few percent in weight) of contamina-
tion of modern carbonate can make an
apparent C* age in the range of 20,000
to 30,000 years old.

A preliminary analysis of oxygen iso-
tope ratio (00*) was also carried out on
some molluscan shells which were con-
spicuously occurred as a common species
in both shell beds. As shown in Table
2, 00 values obtained from samples of
the Hiradoko Shell Bed are 0.3 per mil
for aragonitic and 0.5 per mil for calcitic
shells lower than those of the Uji Shell

Bed. It may be estimated that the Hira-
doko Shell Bed was formed in a water
temprature of approximately 1 to 2°C
higher than that of the Uji Shell Bed
using the equation of HORIBE and OBA
(1972) and also assuming that the dif-
ferences in JO'® value are due to the
water temperature of the environment
where each shell bed was formed. There-
fore, it may safely be assumed that the
Hiradoko Shell Bed was formed on a
shallower sea bottom than the Uji Shell
Bed during the same high sea stand.
Although the nature of substrata also
should be one of the important factors
controlling the molluscan assemblage as
pointed out by MATSUURA (1977), some
differences in faunal composition of these
two shell beds, which were emphasized
by HQRG (1961), appear to have been
caused essentially by the difference in
their inhabiting depth reflecting the
submarine topography at that time.
Shoreline features standing at 2 to 10
m above the present sea level have been
found in many places of the world, and
they are thought to represent a eustatic
high sea stand that occurred approxi-
mately at 120,000 years B. P. (¢. g. OSMOND

Table 2. 50'% values of some molluscan shells from Hiradoko
and Uji Shell Beds. Parenthesized figures mean number of speci-

mens analyzed.

Shell Bed Material 50¥smow
Aragonite
Callista chinensis (13) —1.02+0.22
Hiradoko Strombus japonicus (5)
Calcite —0.22+0.20
Pecten albicans (6)
Aragonite —0.720.31
Callista chinensis (11)
Uji
Calcite +0.2620.24
Pecten albicans (6)
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et al., 1965 ; VEEH, 1966 ; BROECKER et al.,
1968 ; KONISHI et al., 1974 ; KU et al., 1974).
The marine terraces correlated with this
high stand age are traced almost con-
tinuously around the Noto Peninsula.
The former shorelines for the terraces
correlative with the Hiradoko Terrace
are, however, not within the 2 to 10 m
range of elevations because of the tec-
tonically active nature of this area.
For example, OTA (1975) concluded that
the height of the former shoreline for
the Hiradoko Terrace varies from 110 m
at the northern end of the peninsula to
20 m in the south and that the peninsula
could be divided into eight blocks, each
of which seemed to tilt south or sou-
theastwards on the basis of the height
distribution of the former shorelines.
The elevation of the former shoreline
for the Hiradoko Terrace is close to 70
m above the present sea level near Hira-
doko, Suzu City (OTA and HIRAKAWA,
1979). The Hiradoko Upper Shell Bed
may, therefore, be interpreted as having
been deposited in waters of about 40 m
deep. This estimation is consistent with
the bathymetric range inferred by the
molluscan faunal analysis of MATSUURA
(1977). Assuming that the Hiradoko
Terrace was formed 120,000 years ago,
when sea level stood eustatically 2 to
10 m in higher than the present, there
appears to have occurred a tectonic
uplift on the order of between 60 and
68 m in this segment of the coast during
the past 120,000 years, or as approximate
average uplift rate of 0.5 to 0.6m per
1,000 years. These rates of uplift can
be estimated also for other parts of the
Noto Peninsula where the Hiradoko Ter-
race is preserved. A maximum rate of
the uplift is 1.2 m per 1,000 years in the
northern end and a minimum, 0.4 m per
1,000 years in the south of the peninsula.
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BB L ETPR S X OFHRRBOBGTENR . BELEHITILT OFR 8 X0 FHRAB®
kv v = (Cylindrophyllia minima Y Hetervocyathus japonicus) % BH 1L, Th20 g
RIEC X » T, b OB ERERD Iz, ZORR, WMABEN F—mEigKER (# 120,000
EH) OEYTHY, MABEEUOPREEIEER O TRAEFRLENIN S Z L2385
DITg o lc, T8k, RESRX I € & i RIBR oA BB R D220%, F—¥EKEE
KFH2WREREC LD EE2bhD, oz ik, WHEBBOIEREE LT £pET% Callista
chinensis 3 X (8 Pecten albicans iHDTFEWN T 608 [EORIEEENL S THEEIWS, F
TPIR B A D IRIT AR s B, PIRAHE CHEE 5 1A O HR &) F 2% 0.5-0.6 m/1, 000 yr ¢
By, BEBEYEEREY@E L CAICES, TORKI LM IT O 1.2m/1, 000 yr, HF/N EETH
D 0.4m/1,000yr THBZ LBHEI RS, KA Bt
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