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764. URANIUM-SERIES AGES OF SOME SOLITARY CORALS
FROM THE RIUKIU LIMESTONE ON THE KIKAI-JIMA,
"RYUKYU ISLANDS*

AKIO OMURA

Department of Earth Sciences, Faculty of Science,
Kanazawa University, Kanazawa 920

Abstract. 2°Th/?**U ages averaging 82,000%2,000 years old were determined
for three species of ahermatypic solitary corals (Trochocyathus hanzawai, Micra-
bacia japonica and Flabellum rubrum) from the Riukiu Limestone of grainstone
facies in the northern area of Kamikatetsu, Kikai-jima, Ryukyu Islands. It is most
likely that this type of limestone was deposited at the water depth of 120 m or less
as a forereef sediment, in front of the reef which has been elevated up to 184 m in
present altitude by the vertical tectonic movement and is now forming a marine
terrace developing to the south of Gusuku. The surface of terrace including the
dated grainstone is thought to be partly constructional and partly erosional, Be-
cause two types of limestone, coralline limestone and this grainstone formed
separately during times of two interstadial high sea stands (approximately 60,000
and 82,000 years ago, respectively), are recognized in the terrace deposit dis-
tributed at the same altitude.

occurred landward, developing five or probably
more marine terraces bounded by the remarkable
230 234 ) ages for some solitary corals from terrace scarps, while the Holocene reefs are
' ' surrounding the whole island in the maximum
width of about 1.2 km, forming topographically
distinetive four terraces. They have been chrono-
logically studied in some detail by means of
the uranium-series dating techniques like 230/
234y and 2*'Pa/?**U methods and the radio-
carbon method of dating, as shown in works of
Konishi et al. (1974) and Ota et al. (1978).

So far, the Pleistocene limestone (Riukiu
Limestone of Hanzawa, 1935) on the Kikai-
jima has been thought to be an assortment of
several reef complexes, each of which was dated
to be 35,000—45,000, 55,000—65,000, 80,000—
100,000 and 120,000—130,000 years (Konishi
et al., 1974). The individual reef complex has

Introduction

the Riukiu Limestone on the Kikai-jima, Ryukyu
Islands, are dealt with in this paper. These are
not only the first dates from the other type of
limestone than that formed as a reef itself, but
also one of the most valuable informations to
reconstruct the paleoenvironment under which
a coral reef was developed and to discuss the
tectonic history of the island.

The staircase morphology of the Kikai-jima
is essentially due to the mutual relationship
between the construction of coral reefs during
times of Pleistocene high sea stands and the
tectonic movement, vertical displacement up
to the present time. The Pleistocene reefs are

* Received July 5, 1982; read Jan. 24, 1982 at been correlated with the elevated Pleistocene
Chiba. ‘ reefs in other areas, e.g. Barbados, West Indies
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Fig. 1. Index map showing the localities of samples stated in the present paper.
(Black arrow shows the sampling site of solitary corals examined in this study. See

text for details.)

(Bender et al.,, 1979; and others) and the Huon
Peninsula, New Guinea (Bloom et al, 1974;
and others). However, details of stratigraphic
relations among those reef complexes and
their distribution remain still equivocal. The
major reasons of it seem to be that only herma-
typic corals from the reefy limestone have been
dated before and that stratigraphy has not been
completely resolved, because of limited numbers
of outcrops on the island.

Radiochemical analyses for wuranium and
thorium isotopes were carried out on three
species of ahermatypic solitary corals, Trocho-
cyathus hanzawai, Micrabacia japonica and
Flabellum rubrum, selected out of many species
from an outcrop along a road which lies approxi-
mately 650 m north of Kamikatetsu (Fig. 1).
The locality is situated at a height of about
40 m in lat. 28°17.1" N. and long. 129°57.2" E.
Because of its unique lithologic nature, the

limestone near by the sampling site has been
attracted the notice of some paleontologists and/
or geologists since the 1930s. It is moderately
sorted, unconsolidated to weakly cemerited,
and grain-supported limestone made up of a
wide variety of small-sized (less than 10 cm in
diameter) bioclastics. This limestone can be
regarded as the fypical grainstone defined by
Dunham (1962). Foraminifers, brachiopods,
bryozoans, molluscs, echinoids, solitary corals
and fragmental calcareous algae are included
as main bioclastic components, while larger
bioclastics such as hermatypic corals and coral-
line algae in growth position are seldom or never
seen in this grainstone facies. The bryozoan and
coral faunas in this type of limestone were
studied by Kataoka (1961) and Yabe and Eguchi
(1932). They found conclusions independently
upon each full description that this grainstone
was probably deposited at a depth of from 40
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764. Radiometric Ages of Solitary Corals

to 100 m or approximately 100 m, respectively.
The details of separation and purification
methods for uranium and thorium isotopes in
carbonate samples are omitted here. The overall
chemical yields of uranium and thorium isotopes
~were checked by using two kinds of **?U-**Th
spikes (Table 1), as yield tracers in the repeated
analyses for each sample, separately. Alpha
spectrometries were employed by a 4096 channel
multichannel analyzer coupled with four solid-
state silicon detector systems.

Table 1. 2°2U concentration and 228 /232U
activity ratio of the 232.228Th spikes used
as yield tracers for checking overall chemical
yield of urapium’ and throium isotopes.
(Measurements were carried out on August

26, 1981.)
. 232 U 228 Th/232U
Name of Spike (dpm/g)  (activity ratio)
““Harwell”’ 22.53+0.20 0.990%0.010
KU (Kanazawa .7 461010 0.999+0.012
Univ.)
Table 2.

Riukiu Limestone on the Kikai-jima.

119

X-ray powder diffraction patterns revealed
that all of the samples examined in this study
are free of the secondary calcite. This evidence
suggests that they have not been altered mineral-
ogically throughout their diagenetic history.

Results of the alpha spectrometries are
presented in Table 2, in which the *°Th/?**U
age of each sample also is shown. The quoted
errors are standard deviation derived from
counting statistics.

The following equation and half-lives (T,,,)
of objective radionuclides, which were arranged
in the Uranium-Series Intercomparison Project
(USIP; Harmon et al, 1979), were used here
in order to calculate the *°Th/%*U age:

230 = B8 [1 - exp (— Aot)]
+ (B0 - B3U) [Ao/(ho — )] [1
- exp (Mgt — Aot) ]

B8y : Ty, =4.468 x 10° years
234U : Ty, = 2.48 x 10° years
B2Y : Ty, =17.2 x 10! years

20Th: T,,, = 7.52 x 10 years
28Th : Ty, = 1.913 years
22%Ra: T,, = 3.64 days

Isotopic composition and 2307h/?34U ages of fossil solitary corals from the

(*T.h., Trochocyathus hanzawai; M.j., Micrabacia japonica; F.r., Flabellum rubrum:
For the same sample, the results in upper and lower rows were obtained by use of
“Harwell’’ and “KU?” spikes, respectively.)

Isotope Concentration Activity Ratio 230y /2345
Material * 238y 2341y 232y, 230y, 234y 238 g 23°Th/23 4y 1¢3§e
(ppm) | (dpm/g) | (ppm) | (dpm/g) (x 10° yrs)
3.56 2.92 1.57 1.10 0.521 79 + 4
_ +0.08 * 0.06 +0.03 + 0.02 + 0.015 B
' 3.46 2.92 1.49 1.11 0.521 79 + 3
+ 0.06 + 0.05 + 0.03 + 0.02 +0.014 B
4.42 3.72 1.91 1.13 0.513 774
. +0.12 +0.10 + 0.05 + 0.02 + 0.020 B
M. . <0.02
4.46 3.69 1.99 1.09 0.539 83+ 4
+0.11 * 0.09 * 0.04 * 0.02 *+0.017 -
3.77 3.22 1.78 1.15 0.553 85+ 5
. *+0.10 * 0.08 *+0.04 + 0.02 +0.014 B
. I
4.34 3.59 1.94 ‘1.11 0.540 83+ 3
+ 0.08 + 0.06 + 0.04 + 0.02 + 0.014 B
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where Ao and A\, are decay constant of *°Th

and 2*U, respectively.

The 23°Th/2*U activity ratios in Table 2
are characterized by the limited range of 0.513
+0.020 to 0.553+0.014, and accordingly the
20Th/?34U ages are in agreement within the
statistical error. The mean age is calculated to be
82,000+2,000 years.

This 2°°Th/?3*U age is most reliable for some
reasons itemized below:

(1) All samples are entirely free of recrystalli-
zation, as shown by the absence of the
secondary calcite.

(2) It can be safely assumed from the repro-
ducibility in the analyses repeated by using
two sorts of 232U-228Th spikes that all of the
analytical values in the table are truthworthy.

(3) 28U concentration of each sample almost
equals those which have appeared in litera-
ture for ahermatypic corals to date.

(4) The assumption of negligible initial 2**Th
is supported by the observation that **>Th
concentration does not exceed the analytical
limitation (0.02 ppm in this study).

(5) The average 2*U/?*U activity ratio of
1.12+0.01 is consistent with the mean value
of 23°Th /%4 U ages.

The 2°Th/?**U age of 82,000 years fits in
the time of an interstadial phase after the last
interglacial stage. The reef complex including
the grainstone facies is correlative with the
terrace deposit composed of the Barbados terrace
I of Mesolella (1968) and the Worthing terrace
of Bender et al. (1979) on Barbados, West Indies,
and with the reef complex -V on the Huon
Peninsula in New Guinea (Bloom et al., 1974).
Konishi et al. (1974) proved the existence of
the reef which was formed at that time and
stratigraphically separated it as the Middle
Limestone Member from their former Younger
Limestone Member of Riukiu Limestone (Konishi
et al., 1970), because the same **°Th/>*U dates
were obtained from two hermatypic coral
samples (CK-24, Favia sp., 81,000+3,000 yrs.;
CK-29, Porites sp., 86,000£4,000 yrs.). However,
the details of this uplifted reef complex on the
island, namely the distribution and the lithologic

nature of its forereef sediment, are not yet
definitely solved. ‘

The Riukiu Limestone of the grainstone
facies can be traced also in the eastern area of
the locality where the samples analyzed in the
present study were collected. The maximum
height of the area is about 70 m. The present
elevation of the reefy limestone dated as ap-
proximately 80,000 years old is 184 m at the -
maximum. The difference in distributing height
between the reefy limestone and the grainstone
of the same age is 114 to 144 m. Assuming
that both facies have undergone the vertical
displacement of the same extent up to the
present time, this difference may be roughly
taken as the depth of water where the grainstone
was deposited. The actual depth of sedimenta-
tion, however, may be.less than 120 m, because
of local difference in vertical displacement
expected from the existence of some faults as
seen in the geologic map of Konishi et al. (1974).
Such - an inference seems to be well-matched
with the conclusions drawn from the faunal
analyses for bryozoans and solitary corals by
Kataoka (1961) and Yabe and Eguchi (1932),
respectively. In any case, there is very little
doubt that the Riukiu Limestone near by the
locality, where the samples dated here were
collected, was deposited as a forereef sediment.

. Besides the grainstone, some different types
of limestone are occurred as the terrace deposits
on the same terrace. In other words, the lateral
change of limestone facies is obviously recog-
nized in the terrace deposit. The 22°Th/?**U ages
of 55,000 to 65,000 years have been previously
reported on two hermatypic corals (CK-5,
Acanthastrea echinata, 59,000+5,000 yrs.; CK-
21, Cyphastrea sp., 54,000£2,000 yrs.) from
the coralline limestone (Younger Limestone
Member of Riukiu Limestone) by Konishi ef al
(1974). The author also has once dated a fossil
hermatypic coral sample (CK-22, Porites sp.)
and got the respective 2°°Th/?3*U and 23! Pa/?°U
ages of 52,000+3,000 and 61,000+£3,000 years.
Those samples were collected at the spot which
is very close to the locality of the solitary coral
samples examined in this study and which is
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764. Radiometric Ages of Solitary Corals 121

of the same height, 40 m above sea level. All
such dates are in accord with the age of another
interstadial phase, being represented by the
reef complex IV on the Huon Peninsula, New
Guinea (Bloom et al., 1974).

The evidence stated above may imply that
a couple of limestone units formed separately
during times of two interstadial high sea stands
are now seen on the same terrace. The sea level
of 55,000 to 65,000 years B.P. is thought to
have been apparently attained up to 40 m or

more in present altitude, regardless of the sub-

sequent tectonic movement. A part of the terrace

surface, therefore, appears to have been eroded

at that time or in process of upheaval to the
present elevation. After all, it can be safely said
that the surface of terrace extending to the north
of Kamikatetsu is partly constructional and
partly erosional.

In conclusions, the author can briefly summa-
rize as follows:

(1) Six 2°Th/**U ages, the mean of which is
82,000+2,000 years, were obtained for three
species of ahermatypic solitary corals from
the Riukiu Limestone of grainstone facies
distributed in the northern area of Kami-
katetsu, Kikai-jima, Ryukyu Islands.

(2) Such a grainstone was deposited as the
forereef sediment while the reefy limestone
occurred in Gusuku and its vicinity was
formed during a time of interstadial high
sea stand, about 82,000 years ago.

(3) The surface of terrace, which is extending
at a height of 40 m to the north of Kami-
katetsu, is very likely to be partly construc-
tional and partly erosional.
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(in Japanese with English abstract)
Yabe, H. and Eguchi, M. (1932): Deep-water

ERBDOWMARE X v EH LIcH4y v 2 OREHENR: BEREDFEHFHMIRIRGIKED 5 b,
LFEERDILTTH 650 m « [FHEE 40 m OHSMTE ST 5 b DY, ORI A (LR
7¢ Dunham, 1962, o grainstone) &, fR#ED I\ OEHOMMKY» v ETL o Ll
T, B LEAHINTE I, AW TIL, FhbDtnb 38 (Trochocyathus hanzawai,
Micrabacia japonica 3s X 0% Flabellum rubrum) % 5EA T, *°Th/?U ic X 5 BEHENR
REZ %A, T 82,0002, 000 FEDERME L B, = DEIX, HRFM BIZE, FHI v F
ity Barbados BR°= . —%F =7 Huon ¥E/c L) T, TOHEEIHEIN TS —FERHX
WDEMR E—FT 5, '

—J7, HEEOMERRKEL, BIEBRABERCRET HHBRB OB E LT, T MRS
T (Konishi et al., 1974), T 7cb%, WMARIPCHR LR AHERKEN? Y v L LT
R Tk iiy, by grainstone 13- FDMERIBHE LTHBE LD EEZLLR D,
Z LT, Z® grainstone LHERKAE & DBEDHAEEZE (114~144m) i3,  LEHEL
NECEFEEOMEED EEEH) & 50 CE & ThiE, kX% grainstone O HEFFEE
HARLTWDHEWLE D, LL, BERTHAEINDIEEIS DS EHEOELER Lk
FRiEe b3, SEBROMBEER L 120m DR EHEIh D, ZO#EHEE, HErvakX
CRERBE OS> Yabe and Eguchi (1932) % Kataoka (1961) =t - € #%E Shi
grainstone OMEFBPEE L LCFBE Lisv F 7z, LLET Konishi et al. (1970, 1974) 7\
45 L= 55, 000~65, 000 E87® Younger Limestone Member of Riukiu Limestone DREH:
Y FRELRKAE DS, O grainstone DO4HAFHIR LEHE L, TR & HEREHE
R R ERbRAWENBREBEYE LTAbRE Z L0, LRSI H AN S5
& 4A0m OSFHER, —HAHERE - MARRE THDH EEL LR D, KT BA I
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