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Stable carbon isotope composition of tree rings of a Japanese
cypress from the Old-Fuji mudflow,
of the last glacial period. :

Hiroshi AoOK1', Hideki WADA? and Nobuaki NIITSUMA?

Abstract: The 6'°C fluctuation of tree rings in two Japanese cypress (Chamaecyparis
obtusa) samples, one from the last glacial period and another from the present time,
is examined. Each annual growth ring was divided into four or five segments, consisting
of three earlywood segments and two latewood segments or no division of latewood,
in order to measure seasonal variations within a year.

The last glacial sample has about 400 annual growth rings and the mean ring
width is 0.71 mm. Pith and sapwood were not present. Seasonal variations were
measured for about 10 successive annual tree rings. A secular trend analysis is
presented covering 100 years. The isotopic composition for three years was measured
for a modern sample from Mt. Amagi, Izu Peninsula. The tree grew over a period
of about 200 years, from 1794 A.D. to 1986 A.D., and the mean ring width is 1.27 mm.

The carbon isotope composition of glacial period samples shows that the range
is from - 23.77 to - 21.08 %, , the mean value is - 22.16 + 0.40 %, and the mean seasonal
fluctuation in each tree ring is 1.20 + 0.32%,. That of modern samples shows that
the range is from - 23.00 to - 21.41 %, , the mean value is - 22.29 *+ 0.45 %, and the mean
seasonal fluctuation is 0.73 = 0.38 %, .

Assuming the §'* C values of cellulose in the Hinoki tree rings directly reflected
those of atmospheric CO- and the secular trend in depletion of 6 C values via the
Suess effect, these results give good agreement with the trend of depletion in
atmospheric §'3 C values of CO- ascertained by ice core analysis and C4 plant analysis.
There are poor correlations between seasonal fluctuations of isotope data and
dendrochronological data influenced by climatic factors.

Key words: stable carbon isotope, tree ring cellulose, last glacial, Old Fuji Volcano.
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FERDPLBEANATOIT 5%, WD XA L
THEESNBRBEOELLESIERD, ok 4E
FICKEL Z N T 2D2 13, KAD CODEE b
RN EACIZ I THUEAY SRR 712 & 2 528058 2
S5 %) EHETH D, HEMIHARDBRETC L
DEC E2EINICHEET 2 %, K& COnRE
[FIHIREE D ZEL R AR RIRE & DM D ik 4 ¥ %
s L2 H ), WP oRERMELZZF0AE
BRFEBEBEVESLEEZONTVD (WILSON &
GRINSTED 1977, LEavITT & Lonc 1982, 1991;
RAMESH et al. 1986; SUKUNAR ef al 1993; VAN
KLINKEN ef al 1994 ).

FRANCY & FARQUHAR (1982) 13, #fAtio—x
76 CHllL, WHIDENTILNIZEIT B CONEER
FE, KRALHMIEAD COFENEIZL>TREEI NS
LT, REREL .

sBC=6%Ca—a—- (b—a) Ci/Ca (1)
Ci=Ca—-—A/g

alIRAPF TN CO & CO & DIFERDEIZ L BT
IR Bl 2 R EHR, bIIXRARDOREERITICERT
LEERICL BlfuRa B2 R EHK Ca, Ciizk&H
ERILND COLEEE, A XABUERE, gliffLAD
KA L ilantsRics i35 COMLfxna L 79 v &
THd, T, JUBRIEELC 3D CHENIA
BT 2L TH 5,

RERBARNENZ L) HEEI NS C3HEmE C 4
& TR, COMEEDBEDIELIERD 55 BRI AR 7
LI EDHLMPEL TS (SMITH & EPSTEIN
1971).

MARINO & MCELROY (1991) (3, C 4 ¥t
0—2N 5 CHEE KRN CODRNARIIZEBE W T,
FRANCY & FARQUHAR (1982) D% L7212 3t
T2 E L TR2ERL.

sBCp=6%Ca-a- (c+bga) Pi/Pa--(2)

s C, o%Ca, a, blaR(eFEETHY, Pik
Pa(3k(1)n Ca, Ciizdh7izbd, c3REEAF L EED
R A AN A S I ENAYTEADY -7 I
R 5, HIRAW T CONMIL & K %2R %
HThHbH, ZoOFT, EBIIEMCE->T—ETHY,
BEZL Y DOLAER IS w2 e 2R L7, ZLT,
MARINO et al. (1992) {3, TN C 4HHOEE % H
W TEHROKIAIZ BT 2 KAD COm 8" C {2 HEE HH]
RETH b xRz, BERMICIZIEKRKECTGE
DA ZXINDRIZEHELAATWCA4EMTH 2ERD
Atriplex confertifolia ® 63 CHEZRIE L2 HDTH 5,
ZOFEFR L DFHE LKA R ERMIRLIE, H#ek
A TIIEEEFDORNDED -6.3%0 & I~NTH 1 %o &
WIRBRFRILIERLED-7. 1% 2R L7,

KD CONDEAL % EHEFB & LT, Hitigo
RERPIZFER I N Riad D CONELH L. T4 R
aT &N ELND CONREIT, HHEKIHIZIZH200
ppmv TH D, EEFEGHIOF280 ppmv L Y {KEE %
RLTW3 (LORIUS et al 1985, BARNOLA et al.
1987 , LEUENBERGER et al. 1992). ERREKED T 4
2 a7ADREDOHD CO 2 RIE LRI, EXE

WORINDEND KRN 51 ClEA-6.5%T, FkOKkIATIZ
6.9%T® % (LEUENBERGER ef al. 1992), Z D#5H
ERMBEEIDOPIE R, FHROEmERLTED,
BAKIAD S 56 CELINE L e » T b, KRCO-
BSRARIC & » THIMICE D AF N BHECIE, HARK
&> TRAHFD COA 1 ppm b3 5 & 68 Chl
0.05%:3h$ % (FAR 1994). 74 X2 POHEIERESR
D80 ppmyv DEHY, MDD HAKDAIZ L - T &k
AN ET B E, BFEOKHOKRTD CO, DB CE
13, HIZ4 D3I L TZ TS s 2%, /2, [H
FRICERAHOKIIIIRE L D EWEITKECZ L2745,
I L9z, KD AR COn 6" C &L L iEE %L
DEMRIL, P L BIRBEEEDATITMHTE L,

SURE T & FhghE & OIS S D, FigontL
0 —Z DS CENTAIRK 7 L BB H 5 7% 51E, 6
BCLFERiE (RER) oI LB 3 &1
INs., KiTAGAWA & WaDA (1993) (3, 5} E
THE LI XX ( Cryptomeria japonica) o> 1 4Eis
M% 5 73ELT, HOBEHDLNLO—20 68 C %
bk, FEan 6" CED 1 ENEEIH T L T1.40+
0.34%TH Y, WARICHEZN S IRIFDFMAELNE
b 7% — > H7 INOUE & SUGIMURA (1985) 12k A%
WTHRAFD CO.n 6" CENZEGELEFLIL T
5T EEmEL, AXMELo—206" C DEEHEN
13, KAD CODEIITHIBEL T3 EE 2 712,

Attt o —296"Ch, KAD CONELLITHIG
LT3 ET 240, Z—R3ER»HIF S5 ( SUESS
1955). g, EEFEGLBOKRDAD NBN) 2[RI
EENZEE COD RN DB AT D612 CIZIRN S
L »T, FREYER & BELACY (1983) (Z &4, I3—
0y NTHEE LA =278 T3, A.D.1850% 5 A.D.
1980 DRI £ v — ZIZHEE E LT B IR FOREIAE
WiEBEZF2%RP L THDEMEL T3,

F 72, OGLE & McCorMAC (1994) (%, 7 A
Z v FDA— 7 DHEER224~35123E| L TP CNZE
fiovs—rEBRELR, ZOMRE, HBROFKREICL
SEREDKE LNz CHlins/ &< %Y (spring
depletion ), ZDH%IFKADELEFHLIL 728 — >
BPELIEERALR.

AEFFE TS, (1PKARHCOESH PRSI 268 C
DELE BN FZN R L, KD COn 62 C nE
fLZLPIZT 528, QFEEREICBWTHEZR
T B EIRND 6 C DR, BRI BWT
LHEETIDELIHERT 52 &, BRI KRED
CODERDEENF HE T 5 AIGEENOMET, (4K E
EFEMNOC CHENBIMREM LT L2 HNE
LTw3,

S 51T, BIENAT A 23 ToRiFn CONRIE
12 & 2RO KT COMIEE & 61 C DRIR & ik
HEMDFERELE DBRERLPIC LW EEZ B,
208, BHUERMTH il E IR P kiE
ROBEAB LR ORBIZREDRE L, FiaH
e — ZDRNEEDBIE L & L ICFIRIEOHITE D
o7,
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Fig. 1 Sampling localities of Hinoki trunks (Japanese
cypress) studied in this study. Sampling sites of
Japanese cypress from Mt. Amagi (AMGC) and
from Old-Fuji mudflow (OLFC) are indicated by
asterisk and square, respectively.
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DENHRIEIZE VDB B 2 L 5%, BENNEA ef al. (1987)
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WMADEARISEND DD LD, MosTwb (&
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Fig. 2 Separating procedure of «-cellulose.
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Fig. 3 Relationship between CO: gas evolued (x1) and
sample amount (mg). The solid line shows
estimation of CO; gas release from cellulose (44.4%
carbon contents). O: cellulose powder @: bulk
(OLFC) a:holo-cellulose (OLFC) x: cellulose
(OLFC) +: cellulose (AMGC) (a) Normal plot. (b)
Small scale plot.
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Fig. 4 Seasonal fluctuations within rings of Japanese cypress. The shadowed parts show latewoed. (a): Japanese
cypress from Old-Fuji mudflow (OLFC). Numbers indicate the ring numbers counted up from the innermost
ring. (b): Japanese cypress from Mt. Amagi (AMGC). Numbers indicate the year of growth, A.D.
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Fig. 5 Relationship between the amplitude of seasonal
§13C fluctuation of tree-ring cellulose and
normalized growth. (a): Japanese cypress from
Old-Fuji mudflow (OLFC). Numbers indicate the
ring number counted up from the innermost ring.
(b): Japanese cypress from Mt. Amagi (AMGC).
Numbers indicate the year of growth, A.D.
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Fig. 6 The secular variation of annual mean §'3C value
of tree-ring cellulose of Japanese cypress from
0Ol1d-Fuji mudflow (OLFC) (from ring No. 82 to No.
179).
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Fig. 7 Relationship between annual mean §'°C value
of tree-ring cellulose within rings and normalized
growth. (a): Japanese cypress from Old-Fuji
mudflow (OLFC). Numbers indicate the ring
number counted up from the innermost ring. (b):
Japanese cypress from Mt. Amagi (AMGC).
Numbers indicate the year of growth, A.D.
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Table 1 Lists of isotopic results. (a): Japanese cypress from Old-Fuji mudflow (OLFC). (b): Japanese cypress from
Mt. Amagi (AMGC). E and L indicate earlywood and latewood, respectively.

(a)
ring no. & "CPDB (%)
seasonal annual mean
82 -22.62
83 -22.19
84 -22.15
127 -22.09
156 E1 -23.73
E2 -22.84
E3 -22.44
L1 -22.80
L2 -23.18 -23.00
159 E1 -23.03
E2 -22.69
E3 -22.58
L1 -22.74
L2 -23.13 -22.83
160 E1 -23.41
E2 -22.66
L1 -22.85
L2 -23.01
165 E -22.18
L -21.47 -21.83
171 E1 -22.70
E2 -22.96
E3 -22.00
L1 -21.41
L2 -22.81 -22.38
172 E1 -22.55
E2 -22.62
E3 -21.96
L1 -21.29
L2 -21.83 -22.05
173 E1 -22.76
E2 -22.30
E3 -21.72
L1 -21.27
L2 -21.73 -21.96
174 E1 -22.10
E2 -22.02
E3 -21.70
L1 -21.28
L2 -21.56 -21.73
E2 -22.39
L2 -21.40

HA TV A& MARINO ef al  (1992) DFER &
ML HEREZRT.

BEOKIAD MR DL 0 — 2 §'° CHE» 5 K5ACO:
DHSBCHEEHET B HEED, [RET, FRICBEICE
5 RILD BN N RIZ L 2EALDK & W IPER LR
Wk TIITENZ RIRED 2 V05, HAD L 9 LA
BRI 2B TH AHIRIIBVWTIE, KA COn6C

175 E1 -22.67
E2 -22.05
E3 -21.73
L1 2153
L2 -22.10 -22.02
El -22.38
E2 -21.75
L1 -21.53
176 E1 22.73
E2 2261
E3 -22.09
L1 -21.79
L2 -21.98 -22.24
178 E1 2157
E2 -21.94
E3 2258
L1 -21.18
L2 -21.75 -21.80
179 E1 2219
E2 -22.47
E3 -21.74
1 -21.08
L2 -21.60 -21.82
E -21.88
L -21.04 -21.46
(b)
year 8 “"CPDB (%)
seasonal annual mean
1927 El -23.07
E2 -22.81
E3 -22.60
L -22.63 -22.78
1933 El -22.06
E2 -21.98
E3 -22.20
L -22.55 -22.20
1934 E1l -21.80
E2 2141
E3 21.72
L 2258 -21.88
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