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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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12, EREEY TR, EREHNARVSBES
B S TREARIT 572012, BiiigicBir 583
DRBEE % B TRls L T b, i, 2FkH
EOMIKEBLABIRENTEY, ZORRFH~D
HEMEEOPEE-TW5E, $72, TV —=a@
FiikE) (ENSO) 7% &Ik & h 5 B o R&ImT
MEAERD, MEHRABORRERI LR EEEL G R
LI ENHELMCR - TE, TOKRBRBREERE
LC, MERBB(LOBmMEMS LTEELE 25 8E)
LB TORKEEBRICB T ARELES*HEITLT S
V=& LT, ¥ v TEEE N RBEET OZEH
FEHIEA R > T & (e.g. Gagan et al., 2000).
L LZEDO—FT, WEZLHRT BT ¥ THHRNA 4
IASUE=Tary (EWHEAERN OfBIIIEEA
FHEATWRG, ThiE, ZOBBICHY 2B E
DEBYT Tu—F L, FIFr0Y—n ERTE
OB ELR20EEEZ LS (Fig. 1)o

Y TBEDONALF I AT ) E—T a3 YBF%EIE, o
AWy, AW, MERMLE, A bR EHkA RO TE
NENOFETH A OFEEH T TR TE . &
AT, H L OHMMEEOBE L EN 5 ORK
SRFE R ERMNT 2 EOBE DWFEIATONTE
2o E20ER, EWFESBHICBVTCIE, MAEREEZ
DEETHEHH Y THEDOHTOWERH R, T
MEOBEBENLERICETA2%L L, A8%, 5+
e RALERLEFEZHOEIONRE o727
O, BREEICET AHESGED SNz0lE, Dvik
B o THhSTHb, Ty ITERICHBEINT
WAHERE, FMARLRMETTE N R L, SHMLY
B FEE AWTHET T 5 B LRSI T, EBRIC
FRPED L) RIRRTEE SN, LD L) BE®RD
XN TVEONEET LI EVEETH LD,
REETBRONAFIAT V=Y a VITHEES
WRFRRIIZE AL R EINTZ hedh o7

VAR, A v=AruTra—7% R Rw#NE
WAL TERICISH SN A L HITRD, =
£ 7 BRIy —=Ninbt ) A — LV TOMETLERFAM
OB S R 2 &I 572 (Meibom
et al., 2003; Rollion-Bard et al., 2003a) . T 5 D#E
Bhs, BRNOMNEBIZBITAA Ty F 7 AR
B E R AR 7 EKIRIGE L & 2 LML, K&
LARYBEMBEET B EPHL NI R o7z, TORK
LRUINEIRIZ B DALEHB ORI E I, BRI
BEx M2 8L EH-TEBY, ABBOKRENT
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Fig. 1 Diagram shows understanding of coral

biomineralization from interdisciplinary
approaches.
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HOPM I N B EHT b LY v THEK (corallite)
&, R EE (thecal wall), ¥ #£ (columella), g B
(septa), TEFINMAR (dissepiment) 205 7% 5 FEA
HERF-sTws (Fig. 2)e YWY TORADI AT
Y- arid, 1OV IHED, BBEEORTE
L7z BRI L7288, Y THICERL, ToRE
WICELLZ L2505 F % (Vandermeulen and
Watabe, 1973). ZO®RFID 1 ILDH ¥ THHEHEA
EEARDEL, BEEZERLTYL, ¥ ITBK2E
BT A7 TTFA4 MR, BEERD L 3SIROK
WmEL, OISO P.OEICHEET B RRORK
BMIEPLELZEVPMLNTEY, BEE, H 25
“Centres of calcification” & FEZN T 72 (Pratz,
1882) . EARIE T BMEE % F VTl H O KH AR
EEBETL L, HIREROEREE, MHERD LI

Polyp

Septum
Skeletal
growth Corallite
direction
CoIJmelIa T Dissepimant
Thecal wall P
L 10mm
Fig. 2 Schematic diagram of coral skeletal struc-

tures. Each corallite consists of theca,

columella, dissepiments and septum.
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%&@hm(ﬁhﬁ)ﬁﬂb@ﬁ%%%bfﬁh,ﬁ
HERAESICE, B A 70X — M VERBORERHHE
Aashs (Fig. 3)o 51T, MILOETHBEME

(Atomic Force Microscope; AFM) % F\:7- #5212
X0, fkA %Y TROBMERESROMIZ, X512
A ZXDRIRBEPBEINDEZ EBbh o

(Fig. 4),

Cohen et al. (2001); Cohen et al. (2002) T BHD
Sr/Ca tt%, ZRA + Y EE5MEF (SIMS; Secon-
dary Ion Mass Spectrometer) THIEEE Z & 125F
THEL 7o TORER, MHMEIREE S O Sr/Ca ki3 &
BRI L72b0orbRE BTV, 20
AR BB S A B OB ROEE £ 5R <
ZFTBY, FIT, KR SIS Sr/Ca AT ERER 12
HBL2b0EENZ Ehs, HH, BEROEEL

ZFTIRE SN DOTH B LiE@mI T2, —h,
Cuif and Dauphin, (1998); Cuif et al. (2003); Cuif
and Dauphin, (2005a, b) &, SEHEIRE & ORGMHME
BEOBEL, ZNOOMMEEBAALARBEO AL
B2 S, MERERICHONZRERIE, B
BTOHER L -BEFRFINTHEIDTH S Lk
D720 Wb ld F 72, BHERERDVHA TV LR
i, AKILIICAER T 2RIy N ThHY, #
DRICREOEALZEH L 20O %2 2T TRET
LIRS EXT 5 -0 MBI (EMZ;
Early Mineralization Zones) &IEENXRX7ZE L Tw
%o Meibom et al. (2004) X, #£H» SIMS £ 3

512 EEASE V> Nano SIMS # FiwWC, #++/
LAVT IO 2 o0fEEOMETRERLMNE L. £
DAER, Mg DI RLIRAE S D7 2R R & 0

Fig. 3

SEM images of coral Porites. (a) Global view of corallite showing skeletal
elements, (b) fracture surface of palus (circle in “a”), (c) polished/etched
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.
P. Cuif).
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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).

Fig. 4

bR, FBEREROBEERICE ST, MgigE
MERERERYETZEEFHLMILE (Fig. 5)s &
D E1E, Cuif et al. (2003) @ XANES (X-ray ab-
sorption near edge structure spectroscopy (X #rUkIX
MEETEMANTEE)) vy ¥V TR SR, 1) B
%Eﬂ%@ﬁ@%ﬁ*l’lk%u ga b 7}%% 2) %ﬁ“fﬁ'{k%n gm
BEIXNARESDY L LT 2HEEOEL,
EWVIHERELT VS, Meibom SAHER T 5 L9
2, RBEREKNOSTZA 7 APERYHBAKTD
D, FOBEIEWEEHICESEEEZTHLDIOTH
ét#ét 2 DODRRIIEMHITDH %,
VIAFKRONAFIARG) Y- a VA, AR
ﬁ%%mi&éﬂ,%®%i%%kkmm#&§Lf
WS EBMFER O L DR DD, FAIHKEEDOKD X
I bV EN, TORIEREIE> T {D

JERH - B & E U

Fig. 5 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.

i, TEERIPBENTWLEZIATHY, TS
J A — VORGSR R E & 5B — B OWFFEDS
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T RAF—NHhHF ) R =V TOMMMEZIZ X 510
RO & W SN TE LERBEOFTRILES
s E NS,

3. $IEROKE - AERT

Y IEHOEREERFTLIANARERE LT, K
&, ¥, BB, COSHE, pH, FEWE, > Ih
HWETLIHOERENEZ S5NS, Reynaud 5EF
aRFEY vy —DEWFEF — A, lem FOY T
BAROBFE % A54 P9 ALICEELTHEEL,
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BE2BEESIEIEMNEMILLz, COEMICED, 5
EDRERTFZT2E S EMOREL —~FITREOZ
LT, £HIHETFOBRERICE 2 5 8% M
METH5IENTEEL &5, BEIZKIE (Reynaud-
Vaganay et al., 1999), CO/ M E (Reynaud et al.,
2004a), fEOAE (Reynaud et ol., 2002), Y&

(Reynaud-Vagancy et al., 2001; Reynaud et al.,
2004b) ZEREHET & L HEERPfTHhhTn
b, KiRENEBIUTHEOFETIX, EENEWE
BEDZHERG 212 5E) OFDS, ARILENEL &
BAERICRY, COLEDHETHEDBINER L7z,
FoKIBOERTIE, 2I°CE2BR 5 L HICHKILE
PETTBZebholz, TNHLORFTERE, %
DEHPROENIZS O (EBRAFTAEOR) Thot
B, ENTHhORBENFPERICARILZHEHLES
Z AR ENT,

—%, RIRTIE, IhoH0kc 2BEBERTFRIZENE
NELZSFAHCERNTH A ICEE L TR aHEE0%
, WHKOBDERPELR )BT BMGRET CF
BHBBR SN T2, EHEEY Y TOFE» SO E
NBY ¥ IEOBIED 5AIRIE, 18°C 7 530°C k&
OKBHEATH S EHD, TOHEAIY L TOER
BRICELTWAKBTHLEINTEZ, LHL,
RIFEDZBRED & 95 REAOKEBENENZIE5HIZTH
589 REE (13°C) THH VITEIEREINE Z
L b dro 7z (Yamano et al., 2001) . @#H30°C 8
AHLERIDZEAMNEID L) BEKRRETICHEE LT
AT LEESET T, JVERETIEIBZ L
DR S LT B, Suzukiet al. (2003) 1, T =—
Za BRI BARERRICAL LY Y TEROBR
F - RFNMALEZFEHICHEL, Bt 5 ¢F
WO FWL, To%kbHr AMIZE> TEK
R LEVWEAERHALILEHEL ML
Shimamura et al. (2005) TiX, Watanabe and Oba
(1999) THEH IR~/ 7 b —2EZH W
TH VY ITEREREFMIIH60~ A 70 X — FIVEE
THID, BEOMEIz W CEBERVALZHIEL
oo FHOBKEER W5mm) »5, 2O
BBLE1~2 BIZHET 5720, #FMLBRERAME
el & - o A H R T BB o B R A P L
SNTKIE - WK OBRFRM AL GEROBEERAME
EEEL, WooEiiEr S8 ) OERNS L »
L7z, ThidfeRiTbCE N RERSLHTT
L7:0D0FFELERTHED, SR EBSENE

FPLICHR=-ATH S 720, FMLBRESTEET
Hole TORKE, KiEH22°C L VKR, 30°C XD
LEHIBORH, BXUESI27L 0 K VEEIC
X, BEPEELTwLREVWEZEZHS L
(Fig. 6 )0 SIMS % W1 7230X50% 4 7 T X — hJL
DARy M A X TOBEFRNMKLOHERE
(Rollion-Bard et al., 2003a) &, ¥~ IHHEET 5
KIEZEALTHIT & 2 EERO10M5 L E b DZEB)E %
RL7z ik E, pHOEB#RHLTWE LEE
Z oMb Ry RERMAKLOWMERED S, RIKLBREIZ
BIY5 pH OEE 2Rz, FRICLBE, BB
MARHLE & b DA R EETE (H.COs, HCO;™, COy)
DEEDpHIZ L o TEML, WY AFNROER
KBEOEAICE > CRAMEHESRESI NS L L
720 B, TORMEICE Y AIKILBRICBIT S pH
OEENL, 7.1 59.0T, AKILICET R 18
M2 512BBTHh % & L7 —J Marubini and
Atkinson (1999) X, W< OH» D pH DR 7% % KiE
TH Yy IT2EHEL, pHOETIZED CO DA
BREREEDET 2R LW BREEEL, 51,
RATZTA—= ML F S A= PMVATr—VTOY
TEREIR % B LT Ricid, R T8 L
T 5 TERBERG TORRKRFOLEE 2 EE L T
W LENRD B,

4. FBEYIOEREHREE

WY v T, AR R TICEATERT S
T I THY, FOEBBIEIKERT A — M VOHEE
W TRAE (Lazier et al., 1999), &HEY o~ Tiddba
BHEHONEBRIZL VEON B G 2L 5o TWVAETZD
BERTHEYWRBPRESELLDITHL, Rl T
BREHEHOL L CRETRBEN TF2HETAZ LI
L VEFETZOT, EWHREHIEELTDEEZD
o, TS TEHET S LIBEY Y TORIK
LRI ICE . —F, BT TOFKLE
MY v TERBIZT S VATHER SR, BRES
(EMZ) #=B#EIR#E& (Fibers) 2SO BT & w9
FHMAEEZRFLCBY, WEOLKILEREIE
BLTWBEEZLND, TDX D LI ¥ T ITH
T AL E WM TN F I AT B —
YavilBETAEELRARES A TCANG, T2, B
WY ITE, —20% ry ITRNOKE SIEHEY
TDHDELNRBEREVEENE L, 61T, {8
FEOHEARAR N DRLIRAS & & BN R Ok & & 55Tk
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Fig. 6 Variations of daily (a) SST (Surface Seawater temperature), (b)
SSS (Surface Seawater Salinity), and (c) oxygen isotope compo-
sition of coral skeleton (J'*Occ.) predicted from SST and SSS
from October 1999 to November 2000. Open circles indicate the
days when 0"Oc... are within the range of 6®0Oc critical tem-

FrIDLDLD BRIV OBMNIIOAIEL T HED

peratures and salinities for this coral growth.

WO, EEY  TO%E

N TRIN

W EW)FEDFED,
Adkins et al. (2003); Rollion-Bard et al. (2003b)
X, RV 2 T ORARES S & RS S O L FA AR
it’i’%ﬂ%ﬂﬂﬁl%‘ﬂ WAL, BRERRICIIATR
TBEEREBEOEAIZE o TERFNOK RO EAE
HEATRE S NS EWME L TWho T 7R &b AR

HERR AR AN TR - BRFR & B I/ S AL ALK
ARG T & D, RURES R DM 5 I AR

mEEORE EP0v A 72—} JD*EEFF’CZ:F) n, %
AT O RN R A 2 R B OISR T TN EE
THolze TOLI) RERHOBEDENIT L B FEME
AEEIZGEET > TOGHICE OB OPI% o728
Thbo

Shirai et al. (2005) &, BV Y ITOMETLEE
EPMA (Elctron ProbeMicro Analyzer) & SIMS %
HWTHIEL, AKIEEREOBECRCIRES SRR
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mEEB LT Mg (3IBETHHSr & Uld#< A2 BIEERLTWVES,

LEHS L7 (Fig. 7)o ¥ 72, Shirai et al WY~ T AEE S L DK - RS ORF
(2005) 1F, BWHRILBEECERSNAREA VY BRI, ERKRR EOTRERFICL - TEH)
T AITEWEE L R THEAKHAKISE D W) EF WHESND L E 2 ONTWI LFRENLEE) DS,

)V (Morse and Bender, 1990; Rimstidt et al., 1998) MEB TR LAKSREOENE LTSI NL4Y
5L, BT TOMBILEAR S BILEEIC  HHOBICKELTWA L WIEELRMRY 5 2
BIFL T B EfEHRDT TS, —F, BHEYYIT 72, 58, YV ITONAFIZFT) Y- a VD
WERRAARLIC Mg, Sr & BICIBELTEY (Meibom — HfEZ S 5IZFED TV, AEBRERTZHLH
et al., 2004), CORBILESAOECIIHEREO 2957253 TE %L, ¥V IEEOMMEE D
HHEOFETITERY AARD XA X LWKRELRL  TONLNMERER T EWIEE) 25934+ 3I 425

&0 7 T

45 + .
/
40 - .

23400/ Ca (epsieps)x 106

W iincB .
—y = ToU 95 + 0. 378653( R= D.71462

15
410 420 430 440 450 460
BQr/44Ca (cpsieps)x 103

Hg Lewel ilnlzag 5S¢ Lewel ﬂr&aé
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Fig. 7 (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 *UQ
/#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 100 ym.
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R ORI HEFIHEIR, EXROLETE LD TEHEL
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