Anatomy of the Holocene raised coral reef at
Kikai Island,central Ryukyus
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ABSTRACT

Coral reefs have been characterized by in-situ growth of hermatypic corals. In
contrast, recent studics on Grand Cayman have pointed out an importance of storm proccesses,
that is rather destructive on reet development (Blanchon and Jones, 1997; Blanchon et al.,
1997). Thus, not only "growth (biological)" but also "depositional (physical)" processes and
mechanisms should play an important roll in reef history.

A comprehensive study of the Holocene raised coral reef at the Shidooke area,
northeastern coast of Kikai has been conducted by detailed chronological (o-spectrometric
*30Th/?*#U method), biological and sedimentological investigations for the purpose of
understanding of growth processes and mechanisms of Holocene reet sequence in distinct
scales of time and extend.

In the large scale, contributions of antecedent topography and postglacial sea level rise
to Holocene reef growth have been assesscd. Relative sea level change during the OIS 3
unique to Kikai might has formed basal topography, where Holocene sequence began to
deposit. During the Holocene transgression, turbid water condition has derived from coastal
erosion have constructed large sedimentary bank as TST. After the maximum transgression,
the thin Holocene reef at Shidooke has begun to construct abruptly on sediment platform by
regression-induced increase of carbonate production.

Within a {rame of large scale reef growth, two detailed processes and mechanisms of
formation and erosion of the reef frame have been appeared. A scrutiny of the reef frame with

attentions to textures of coral limestone brings new insight into formation processes of reef
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crests. Rapid accumuration of larger corals and bioclastics is dominant in the crest formation
stage suffering destruction by storms. Then completion of a storm-proof barrier, a reef crest
would produce steady wave currents and facilitate slower but rigid formations of spurs by
abundance of relatively small coral colonies and algal crusts in the post-crest formation stage.
A formation model of terraces controlled by newly proposed tear-off erosion is put
forward. A primary cause of this erosion is a gencration of horizontal cracks just above mean
high-tide by a differential thermal expansion between wet and dry parts of Holocene coral
limestone. This erosion can restrict not only paleo-sea level estimations but also recognition of

depositional surfaces to provide ages indicating clear rclations to paleo-shorelines.

A comprehensive study of the Holocene raised coral reef at Shidooke, northeastern
coast of Kikai has been conducted for the purpose of understanding ot formation processes
and mechanisms of the Holocene reef sequence.

The Shidooke reef represents topographic and biologic zonation consistent with
typical modern reefs. Five boring cores drilled along the transect perpendicular to the coastline
have revealed that the Holocene sequence, which has the maximum thickness of 25 m beneath
the crest, overlies unconformably basal siltstone (the Shimajiri Group) and is composed of the
lower siliceous detrital limestone and the upper limestone units. Three kinds of grains,
reworked silisiclastic silt from the Shimajiri Group, sand-sized lithoclasts of the Pleistocene
Riukiu limestone and Holocene bioclastics constitute the lower loose sediment unit. The upper
limestone represents lateral zonation corresponding to a typical reef topography, beach
sediments, poorly sorted moat facies and coral limestone constructing the reef frame. The
oldest age derived beneath the crest is 9.87 * 0.16 ka, and the youngest is 5.32 + 0.11 ka on

the crest.

To achieve the purpose, external factors controlling reef growth have also been

examined independently: age determination by a-spectrometric 220Th/234 method, relative sca
level change during the OIS 3 and Holocene relative sea levels, have been studied before

reconstructing a reef history.

a-spectrometric 230Th/234U dating, which attained age error to be less than 5 % in 20

has been used in this study as a sidereal time scale. Duplicate analyses of the same coral proved
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the repeatability of isotopic analyses within 2o age errors, and comparisons with cal. 14C ages
using same samples confirmed the reliability of a-spectrometric 239Th/234U ages of Holocene

corals.

Relative sea level changes during late Pleistocene should modify topography, which
would become pre-Holocene substrate. Pleistocene coral limestone showing shallowing and
deepening upward sequences in facies and coral assemblages have been dated by the a-
spectrometric °Th/234U method, and represented that two coral reef terraces have been
formed during two highstand at 61 and 52 ka. On the basis of altitudes of these paleo
shorelines, mean uplift rates during the past 61 and 52 ka are estimated to be 1.5 m/kyr
agreeing with each other. It is expected that a buried terrace would occur in a depth of ca. 20
m, by expanding a eustatic curve during the OIS 3 (Sasaki, 1995MS) according to an assumed

constant uplift rate as a unique one in Kikai.

Relative Holocene sea level change at Kikai Island is reconstructed. For pre-7.5 ka,
which is correspond to transgressive phase, the relative curve revealed from the 51-m core
drilled on a Holocene raised reef at Huon Peninsula (Chappell and Polach, 1991). Concordant
rates of uplift permit to adapt the curve to Kikai Island.

For post-7.5 ka, Holocene marine terraces at the northern Shidooke area have been
surveyed. Through this investigation, a terrace formation model is proposed based mainly on
the newly discovered and described erosion process, tear-off erosion. This erosion style is a
kind of thermal erosion. A primary mechanism of a generation of horizontal cracks is deduced
to be the differential thermal expansion between wet and dry parts of Holocene coral limestone.
Coral limestone blocks are torn-of! from horizontal cracks flawed just above mean high-tide
level by wave action. This tear-oft erosion has left smooth and flat surfaces on the inner part of
coral reef terraces, the flat sub-zones. This erosion model can restrict not only paleo-sea level
estimations but also recognition of depositional surfaces to obtain ages representing clear
relationships with inferred paleo-shorelines.

Consequent estimations of relative sea level change from altitudes of abrasion
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surfaces cutting Pleistocene limestone, torn-off surfaces carving Holocene coral limestone and
depositional surfaces of coral limestone are summarized as follows. The maximum
transgression reached an altitude of 9 m at 7.5 ka. Three stillstands at 4.8,3.4 and 2.0 min the
mean sea level have been interrupted by two uplift events, of which ages are 4.0 - 5.1 and 2.6 -
2.9 ka. According to a mean recurrent interval (ca. 1.5 kyr) of uplitt events, such an uplift

might have happened at 6 - 7 ka.

Total of thirty-one 23°Th/234U ages derived from the Holocene raised coral reef at
Shidooke coast have lead the following history of a development of Holocene sequence.

An initial growth has occurred on an expected 20-m surface at ca. 10 ka by a thin
coral limestone. During the transgression, reworked terrigenous sediments have constructed a
non-reefal sediment platform as transgressive systems tract by sea level induced two processes
of catastrophic and steady terrigenous influx. Former has caused rapid sedimentaion of poorly
sorted detrital sediments during stillstands at the time of the maximum transgression. In
contrast, the later has progressed bypassing of fine to deposit well-sorted type during rises of
the sea. Thin veneer of Holocene reef has abruptly begun to grow stimulated by low turbidity,
which has been caused by a termination of coastal erosion after a rapid fall of the relative sea,

in a shallow and wide accommodation produced by TST.

A scrutiny of the reef frame with attentions to textures of coral limestone brings new
insight into formation processes and rolls of reef crests. Fast growth and pile of large colonies
of hermatypic corals and abundant biogenic fragments have constructed the most part of the
crest suffering destruction by stomy typhoons (crest formation stage). Completion of a crest
formation as a storm-proof barrier would produce steady wave currents and facilitate slower
but rigid formations of spurs by abundance of relatively small corals and algal crusts (post-

crest formation stage).
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