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Fig. 1

Thin cross section of an axis of Japanese red
coral, Paracorallium japanicum (No. 1, see Table 1) using
for synchrotron radiation-infrared microspectroscopic

mapping

The white box, arrow and triangles indicate the
measurement area (3 mm by 210 um), the growth
direction and the major dark bands of growth rings in
the measurement area, respectively.
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25 H, 2008 4 4 H 15 H, 11 H 19 HIZ SPring-8 @ BL43IR
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7z (Fig. 1).
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¥/, EEAUH VT, R=H T TIE 1290 cm ' THWR



H

wIRE, BRI, SR,

M, WA . ARIVBE G R R 72 S O Tl o0 AR S AT

24

22

18

Absorbance

1794

08

Deep-—sea coral,
Midway

Japanese
red coral

1383

1292

Red coral

Deep-sea coral,
Ogasawara

876

0.6 :

1200 1000

Wavenumber/cm™

Fig. 2 Synchrotron radiation-infrared microspectroscopic spectra of the axes of precious corals;
Japanese red coral Paracorallivm japonicum (No. 2), pink coral Corallium elatius (No. 3), white coral C.
konojoi (No. 6), red coral C. rubrum (No. 7), and deep-sea corals Corallium spp. collected from off
Ogasawara Is., Japan (No. 8) and Midway (No. 9)
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Fig. 4 Synchrotron radiation-infrared microspectroscopic
mapping of Japanese red coral Paracorallium japonicum axis
(No. 1)
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Fig. 5 Frequencies of the synchrotron radiation-infrared absorbencies of Japanese red coral, Paracorallium

Jjaponicum axis (No. 1)

Top: photo of the measurement area (see Fig. 1).

bands of the growth rings in the measurement area.

Triangles and hatched areas indicate major dark
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&, 710 cm™', 864 cm ', 1080 cm ', 1157 cm ', 1790
cem ' OFEBHBTEELZWINE =7 BASN20, Z
NOEMHOMGE L7z (Fig. 4). T HOWRINE — 271k
TARCHEBMRBOLEZ bR L7z, £ LC, RN RE
BILARBE TR E EVIZA ST, JIEHAICBEER
HBOLDOTH -7z (Fig. 5). F72, WMEMROLH R IF
AR TROGEE AT B AS L S 7z (Fig. 5).
ETEALTH T (No.4), Ya¥r 3T (No.b5), /NEE
BT v T (No. 8), Nv7—a—5) (No. 10) 12D
WTH 710 cm ', 864 cm ', 1080 cm ™', 1157 cm ™', 1790
cm ' DB THELIINY — 7 25 btz 512, N
JEREZEHEY > T (No. 8) Tl 1342 cm ™, 1404 cm ™', 1574
cm” !, BEALOHY 2T (No. 4) Ti22515 cm™ ', 1404 cm ™'
OEBEHLEELWINE =2 2R UL TAY Tk
WIS ORI — 7133 XTI 2 WoB £ % 7R
L, ZhooZBTRMHTRBETH - 72, SIIRER
HIZiR-> TIThb, ZhENOFEFICBW TR I &Ik
EREWVWIIRON G Lo/ 00, Bl I NAHINYE —
7 ORI R ERE KL T L EZ ONh5.
FROLIIZSRIR T v ¥V FHMICBWTHIN S
WY — 27 DM R IIEFE E BB L TwbE £ 5
No720, E=7BoESEHOTEAY ¥ THERUN
VT —a—F VOREREOHE RAT. FORMN L
BHRE— 7 IR BIC I D R o Tz, BHELRK
FHE— 7 DBH SN2 WEHOP T b WEAE 1790 cm ™!
DU EE AL L, 710 cm™', 864 cm” ', 1080 cm
1157 cm ™' DUWEEE#E 1790 cm ™' OWOBETHRET S Z &
THMELDOTRIRARY PV EBKL L. 72720, ®
WY Y TOMITTIZ 1790 cm ™' DY — 27 B5HHIFIC X -
TEHAHBETH > 72720, BHEILOFEIEIZ 1157 cm ™' O
ARV, LT, MBI ICHIBRIC B B &0
OHMAL SN ARY MDY — 27 B %KD,
MEZE— B TRETAILETY—VHDESZRKD 7.
ZORER, FOY Y IFEOWNELY -7 BHoE X1
109.23~147.17 um TH Y, EfY > TOEPNOME &
LTHwWeNENYT—=a—=F ) (No. 10) Tld 167.21
um TdH o7 (Table 2). TN T TOWMZETIE, BIGHTRE
BEAREERERZ AW EEEOHEEM (BRI
B, B @HPigE =Y > 2T 0.175 mm year ' ¥ T
HY, A0 FHHETEIAREETESf OS> IT
0.15 mm yeaf1 LHEEIhTw3Y. F7, w42 uR
O — TR AT X AHEEIL, T AV T3 0.10
~0.14 mm yearfl, EEA TY T3 0.15 mmyearfl, v
04 2 TTE0.22 mm year ' ThH o727 ThSOffIIA
e clRonizY— 7 BoME (109.23~147.14 um) &
BBbh—H L7/ 20720, HRIMIRARZ bLvoJE )
B ZBALIZEERTH Y, C— 7 HORESITERRESE

Table 2 Cycle lengths of abserbance ratios of Japanese precious corals and a bamboo coral analyzed by SR-IR analysis

SD

Cycle length of absorbance ratio
Cycle length/um

Average SD

Number of peaks

Range

Length/mm

Measurement line

Number

Measurement
interval/pum

No.

(see Table 1)

Species

Precious coral

11.88
27.21

110.83

3.00
2.31
14.39

27.4

21-37
10-17
25-56

3.00
2.00
9.00
1.00

30
50
30

P. japonicum
C. elatius
C. konojoi

147.17

14.3

[*e]

5.32
29.64

109.23

40.9

136.08

7.7 1.95

6-12

10

Corallium sp.
Bamboo coral

167.21 8.61

3.25

33.4

29-37

11.28

10 30

Keratoisis sp.
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Fig. 6 Synchrotron radiation-infrared microspectroscopic spectra of an axis and sclerites of deep-sea
coral, Corallium sp. collected from off Ogasawara Is., Japan (No. 8)

LERBIENTED.

BEIC BT, Mg v I, BRI
IR ERYD ), ZORERIZEIE EIRVE
LA CIEDTR VO 2G2S 1 I SN D 2 & 25k
HENTVE., FIHERZKOED Y P HLThIT TR
N, WEPFEVWIEZML TV, ZOBIZITAEERDD
ZLEENT VDD SHE L, Mgiddhw, —7, #
FHIIEPOSAKITER SN, AW E S35, Mgk
WY RO Oty T (No.5) TiE, Flio#
Fa MVA Ty TV —T4md 2 L AREEORB» I
B{NnaY. 72, BWWHO~ 7 47 5 D51 % EPMA
WX ar Lz 25, AOMRICGEEOEILSALN
727 HRIEER T T AT A OEIREORMEIZE R
017 mm, 0.19 mm T&H Y, SRIR 7T & HWOGE
YE—27 O 022 mm & KX L2 I hh)o7. Lizdo
T, REFERICBW TR I NRIMEA X7 MV
WM2ZEE, BHORREOMETERDL~ 7427 a5
FIICE#ICI) AT 2 LT, RBEMBERSEEL
EWEALT A EIGERT L EEZLNA.

FAYT Y THEEMICED SN ALERNEEEE LT, Bl
DIRICBIE SN B OBEMELETL LT 5.
M EREE N = O TOMBANAIZEIC LS, BEMA s D
FCHRITHEAET L2 ERITETMRICL > THWEE X
N, FEEESIEE R AWEMICES L TEREI NS, Z
LC, Bt o g g ik > THmEE S

™Y oz bid, N=H Tk ®CaTINNV L7
ALANT T B EBFIMUIZHEKICE S HAEFEBRTHRAEI I
7220, G ORI 2 Y % < & 9 A IR S
WEEMAMNET 2720, BRI o 0 iE»> ToF
TR TH Y, PRI ERFICEoTERERTHWS &%
AbNb., Tl RV rITIZBWTHREESTON v 7 F
FUFVRERICELETNTEY, Bliho&saE3E
Frd1/400 FEETH 5 L ShTwa?, ZokH iy
B RRIETH 5 g ihdein i OO ER % Bk < Bl & 13 A
ORI B 728D, FAIRALD/N Y — B3R 5™, L
ML, THH T (No.2), EEAS BH YT (No. 3, 4)
NZH Y T T, SRIR T TR LNz FHh & & H O
WINARZ MVIRIZIZFR U TH o7z, —F, DR REGRE
¥ I TiE SRR 947 K OV FT-IR ATR 547 T15 5 75 il
EBHORMBINANRZ SVIZERLD, BRIZIE 1516
em ' & 1654 em ! AEICBOBBR AR S 7z (Fig. 6). 2
NOOWHBRKIZIILOFEAT Y TR LN W0,
INERRERRIEY v TR FET 2L LCTHRITH 5 W HE
W23d 5.

3-3 FTIR ATR I & 2FAY > IRHRKOIFFHIRRTE
FAY Y TRCZOHPMIIE LT SRIR 574712 &k - T
B SN IR 2 BT 7 — 7 1235V, FT-IR ATR 23047
WX 2EAY Y TR OIFEREME 2 MGAE L 72, FT-IR
ATR #7113, JEERREEIZ SRIR AT 5 H DD, #AE



W X w2, BRI, &R, b, AR o RIVREHEE A 2 T8 i o MR S R AT 601
0.2
1445 1400 .
v 1855
872
. ~N
Stylasterina Pink coral

]
[}
[ =
&
£
2 0.1
<

00 ——— —

1600 1500 1400 1300 1200 1100 1000 900 800 700
Wavenumber/cm™

Fig. 7 Fourier-transform infrared (FT-IR) attenuated total-reflectance (ATR) spectra of axes of pink coral
Corallium elatius (No. 4), bamboo coral Keratoisis sp. (No. 10), and Stylasterina coral Stylasterina sp. (No. 16)
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Structural Analysis of Precious Coral Carbonate Layers
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Carbonate skeletons of precious corals, other corals and a giant clam were analysed by
synchrotron radiation-infrared spectroscopy (SR-IR) at beam line BL43IR, JASRI (SPring-8) to
establish necessary basic technologies for the sustainable use and control of the trade of
precious corals. Precious and bamboo corals differed from hump and stylasterina corals and
giant clam in microspectroscopic spectra of the axes. The spectra of the former showed a
particular type of calcite, whereas the later spectra indicated an aragonite. The spectrum of a
deep-sea coral collected from off Midway Is. is different from that of other precious corals.
Also that of a deep-sea coral collected from off Ogasawara Is., Japan was different from other
corals in the spectra of sclerites. As a result of synchrotron infrared mapping analysis in the
cross-section of precious coral axis, changes in the absorbance were observed at some
wavenumbers. The cycle of fluctuation ranged from 109.23 to 147.17 um. The fluctuation
was considered to be an annual change. Therefore, the radial growth rate of precious coral
axis was estimated to 0.22-0.35 mm year . This study indicates that synchrotron radiation-
infrared spectroscopy analysis is effective to differentiate a genuine from a fake precious coral
and to estimate the growth rates of precious corals.

Keywords: synchrotron radiation-infrared spectroscopy; FI-IR ATR; precious coral; axis; growth
rate.



