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Coral biomineralization
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Reef-building corals are distributed in the tropical and sub-tropical oceans and can be found
as fossils in a significant fraction of the geologic record extending back to the middle Triassic.
Their skeletons continuously grow up to one of the largest biological architectures on the earth,
which support various marine lives in nutrient poor regions. Moreover, recent global warming
gives corals another importance as powerful tool to reconstruct paleoclimate recorded in their
skeletons with high-resolution. Understanding mechanism of coral biomineralization is crucial
and common subject among interdisciplinary fields including geology, paleontology, biology,
geochemistry, climatology and material science. However, exact mechanism of calcification
processes is still poorly understood. For better understanding of coral biomineralization, we
need to put structural, physiological and bio-geochemical information on very small space in cal-
cification site. Most recently, significant progress and novel technique have been developing in
several related fields. For example, microanalytical methods with nano- to sub-micronmeter
scale, observations of nanometer size grains in coral microstructures, and a novel coral culture
technique have been developed during last several years. By combining these new skills, it is
now possible to observe biogeochemical signs within ultra fine structures in coral skeletons.
Such new combined approaches hold the promise of yielding important new insights into the
various biomineralization processes.

Key words: corals, biomineralization, calcification, trace elements, oxygen isotope, paleocli-
mate
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Figlll' Diagram shows understanding of coral
biomineralization from interdisciplinary
approaches.
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FigllD  Schematic diagram of coral skeletal struc-

tures. Each corallite consists of theca,
columella, dissepiments and septum.
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surface of palus showing the stepping growth mode of fibres radiating
from early mineralization zone (EMZ): each biomineralization growth
layer is the elemental environment recording unit (Pictures courtesy of J.
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Nano scale microstructure of coral skeleton
of Porites australiensis (a-b) Favia stellig-
era (c-d), and Desmophyllum sp (e-f) im-
aged with Atomic Force Microscopy (AFM).
Pictures in the left column (a, c, e) repre-
sent topography and those in the right col-
umn (b, d, g) phase contrast, respectively
(Field view 500 nm). Pictures courtesy of
Prof. J. P. Cuif (after Cuif et al., 2005b).
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The distribution of Mg in different parts of
the Pavona clavus skeleton from Meibom et
al. (2004). Dark zones correspond to rela-
tively low Mg concentrations; bright corre-
spond to increasingly high Mg concentra-
tions (a, b). EMZ have the highest concen-
tration of Mg (upper right part on a line in
“a”). Arrow indicates direction of growth.
Scale bars are 10 mm.
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Variations of daily (a) SST (Surface Seawater temperature), (b)

SSS (Surface Seawater Salinity), and (c) oxygen isotope compo-
sition of coral skeleton @ **Oc..) predicted from SST and SSS
from October 1999 to November 2000. Open circles indicate the
days whend *Oc... are within the range of 3 **Oc critical tem-
peratures and salinities for this coral growth.
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(a, b) Elemental mapping for the thin section of the deep-sea coral (Caryophyllia ambro-

sia). Thin section of the skeleton (cross section). Transmitted light microscopy. (c) Secon-
dary electron image obtained by EPMA is overprinted on (b). The circles on two lines (A,
B) are the analytical spots of the SIMS measurements. The Early Mineralized Zone
(EMZ) are characterized by the dark part of the skeleton (center part of the septum).
Bright part is fibers. (d) Relationship between Sr/Ca ratio and U/Ca ratio. Horizontal axis
shows the raw count ratio of ®*Sr/“Ca. Vertical axis shows the raw count ratio of **UO
/“Ca. Linear regression line and equation are calculated from SIMS measurement lines
(A and B) in C. R: correlation coefficient. () Mapping images of the element distribution
obtained by EPMA. Left: Mg, Right: Sr. Bright images implies high and dark implies low
concentration of element measured. The EMZ, concentrates Mg, but depleted in Sr. At he
EMZ, concentration of Mg is high but that of Sr is low. Scale bar corresponds to 100y m.
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