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Sedimentation age model for bottom sediments and temporal
variation in water environment over the last 600 years in

Lake Nakaumi, Core site Nk-3C

Kotaro Hirose', Koji Seto’, Akira Tsujim0t03, Hideto Nakamura®,

Takuto Ando’, Toshiaki Irizuki’ and Kazuo Kamura'

Abstract: The stratigraphy of lake bottom sediments at site Nk-3C in Lake Nakaumi was
determined based on three sediment cores: 09Nk-3C (core 09; drilling depth 167 cm below lake
floor (blf)), 17Nk-3CA (core A; 183cm blf), and 17Nk-3CB (core B; 168cm blf). Seven tie points
were established correlating core 09 and core A, and correlating core B and core A. These were
determined using lithofacies, soft X-ray photography and CNS elemental analysis. Using the age
model inferred from *’Cs and "“C dating, the sedimentation rates at Nk-3C are estimated to be
0.37 cm/y in the 0-20.3cm interval, 0.38 cm/y in 20.3-23.7 cm, 0.24 cm/y in 23.7-102.5 cm, and
0.34 cm/y in 102.5 cm—-182.5 cm. We also investigated the vertical distribution of TOC, TN and
TS in the cores and the historical variation in the depositional environment at this location in Lake
Nakaumi. TOC and TN gradually increased with small fluctuations from 1391 CE to 1870 CE,
after which they increased rapidly up to 2017 CE. Within this sharp increase there are two brief
(~30 y) decreases beginning at 1910 CE and 1965 CE. TS follows a trend similar to TOC and TN
up to 1965 CE, then it decreases toward the top of the core (2017 CE). C/N ratio, which follows
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a generally increasing trend after 1700 CE, indicating a relative increase of terrestrial organic

materials. We suggest that a displacement in river course of the Hii and/or linashi rivers in the

middle 17th century and resulting progradation of their deltas enhanced the dilution effect on TOC

and TN due to an increase in sedimentation rate at the core site. The sharp rise of TOC, TN, and

TS after 1870 CE reflects the eutrophication of Lake Nakaumi, caused by an array of anthropogenic

impacts, such as the rapid increase of nutrient inputs due to industrialization and population growth,

and the semi-enclosure of the lake due to land reclamation in the Sakai Strait, the outlet of Lake

Nakaumi.

Key words: Lake Nakaumi, lake sediment, past 600 years, stratigraphy, CNS
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Fig. 1 Maps indicating the location of Lake Nakaumi and the drilling site of sediment cores. (A)
The location of the Lake Shinji-Lake Nakaumi system in Japan. (B) The location of Lake Nakaumi
relative to surrounding water bodies and principal cities in the catchment area. (C) The locality of
the drilling site (Nk-3C), geomorphological features, and areas of anthropogenic environmental
changes in Lake Nakaumi. Station X, Nu86-81, NU9007 and BP-3, and 13Nk-8c are locations of
past studies: Yamada et al. (2016), Takayasu et al. (1989), Sampei et al. (1996) and Sampei et al.
(1997), and Ota et al. (2017), respectively, whose data are discussed in this paper. Oohashi river
and linashi river are dominant rivers which provide freshwater to Lake Nakaumi. Sea water enters
through the Sakai Channel from the Sea of Japan. Moriyama dike (north side), Mawatari dike
and Omisaki dike (southwest side) were built to isolate the Honjo area from Lake Nakaumi for an
abandoned land reclamation project. This area is now connected with the main water body of Lake
Nakaumi by the western drainage channel, pipes at the entrance to the northern drainage channel,
and the opening of part of the Moriyama dike in 2009. The Nakaura Gate was built in 1974 CE and
removed in 2008. The river channel of the Iinashi river was displaced from the western channel
to the eastern channel in 1666 CE, then rerouted to the present location in 1840. Borrow pits were
dug in order to remove eutrophic bottom sediments and to providing the base material for land
reclamation along the Yumiga-Hama peninsula. The historical record of reclamation/aggradation
is taken from Nakaumi Shizen Saisei Kyogi-kai (2010), Nomura (1999), Yatabe (2001), Chugoku-
shikoku Regional Agricultural Administration Office (2020). The distribution of borrow pits is
from Tokuoka (2010).
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Fig. 3 Vertical variation in the radioactivity of (A) *'°Pb (ex) in
uppermost 50cm and (B) '*’Cs in uppermost 29cm of core 17Nk-3CB.
The open triangles at 22.5-28.5cm indicate the horizons which values are

below detection limits (n.d.: not detected).
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MR EEIMCHE U %, cotEhnfEm R B E TRk
Ked BMY, 09 37 TlEKI 40 cm & 20 cm, A 37 T
WEVEREHT 35 cm &9 20 cm, B 7 TIZIEEHR) 30 cm
EH# 20 cm T—REINCIANCHE L .

N O C LIEFIFLIL TV, WIhoay
TEFED 5 ERER 160 cm Tl 0.22-0.24% FRED
i<, 160-150 cm T 0.2% RS F CRADT 3. %
NEKO N TIEOITHREEEEZEDIRLENS, 09 O
7 C55cm, AJd7MD45cm, B I7D 40 cm T 1.35-
1.4% FRIEE TIRRICIRE L%, 2UURENCERLC
5. COHIEMIEEREEH X TR 5D, 09 a7
Tld40cm & 20cm, A 7 TLE%EE 35cm & 20 cm,
B 7 CIEEE 30 cm & 20 cm T—REAIC AN #E
C%.

SIEWVTNDOaT THRIEIRTHRA 1.8-2% FEED
EZ R, RER 140 cm I T T 1.3-14% R
TWAT 5. 100-110 cm HIzDETlE, SRR
B 1.5-1.6% FREDOMETHSH, T ENiTld
BRI Em & RL, 09 27T 50 cm, A, BI7 T
IFEEIC 40 cm FLEE T 1.2-1.3% R L RWMEZ R
ZNXKO B IR InEICHE L, 09 a7 Tl
#4925 cm T 2.7% FEEE, A 27 TlE 19.5 cm T 2.4% F&
£, B 7 Tl 18.5 cm T 2.6% FRfED i KAl #7179
TN TR EEEREAMERICHIRC, REHTIEW
INOATTE 1.3% BREDETH T,
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z =

7Dt EERETIV

3ARDATDSL, REATEODEWA T B
JEORUEL L, 0937, BaA7 TFNFNEARA Y
L (Tie Point) Zi%ETHTET, EFEHEITo7.
ZARA Y SZENENDOGRERELORILZ, 221
RYL AARA T ME, EHHELEE soft X fE 2L
HEICUZEMN5, CNS oMt RICEDE, A7 5 09
a7k B ayicHLTENEN T JgHE (TP1-7) ZR%E
L7z, TOHBETP3, TPTICDWTIE, A7 5 09
a7k B aIicnbd 2 DI LTz H—DEHEN R
eR i olzlz, A a7 DB EAEITN LT TP3-
09 & TP3_B, TP7-09 & TP7_B ZfiRllciELlz. L
TICHED B ZARA U IRA 2V IOBITIE, Hsd
A7 DOWENE 2735 THIEREZR
HU7. XIC, B a7iciir3 *°Pb (ex)  V'Cs 74T i
R, 09 a7IcBITB “C iR ZHIEREICBNT
FHmL, avoFEilzRE Lz, LTI, WE
BRTHIEEETELTS. kB, HHXARAUE
IS % a7 Ot HEIEE L W IEREOHEIT R AT
& 10 cm TH O, Nk-3C Hi SO EE RGN I MDD TH
e 2 G 952 8.

B 177D *Pb (ex) D HIE K5 R S HEELNC X
DR 5 NTRLERE & TR R DB R Activity (Bg/
2)=0.7771e** (R2=0.9867; x 1 7c #& & £ (cm)) M
SR HERE L, 043 emlyr ThH -7z (X 3). T
KD E, JIELIS B FED 53.2 em (X P4/E
1903 FFE LGl E N, FlIEAREECEED CRAHERDHES,
047 cm/yr £75%. CHUTKHL, a7icBiFs ¥'Cs D
V— 27 RECH B 203 em &, Bl E N7z GFO
DE—7 (KHIT, 2015) TH B 1963 fFLLiz&xD
XKEHSOHERHEEZ, 037 em/yr TH o1, Fiz,
7O RO 237 cm %2, HHRICKK
BN FER D RSN, KEBIZ T4+ —)L7 7 b
IR ¥ 572 1954 4 (UNSCEAR, 1982) &t Lzt &, ¥
J& 20.3 cm A5 23.7 em 135035 HEREHE 13 0.38 cm/
yr TH-o7z. TNEDMEIE, °Pb (ex) ITHED S HEFH
JEICEERTNE V. TDXKSH 7, 2Pb (ex) & VCs ICHE
DENHEOHERGEE ZZ N TN RBEE - TzROHE
X, &HED (2002) TEREMEHESUTHRES
N5, 974bb, HiEOHEREEE, IBFEEKT
& Cs ICHED L ITAEWVMELS, WSS T PP
ex) ICHD AP EWEICE I ENAHEMIcH S, A
WEZE 0D Nk-3C Hi g5 & fineh TR e HE 7 (2002) D
Hhp5 16 T, 2°Pb (ex) I FED ¥ 0.46 cm/yr, V'Cs I
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2000 1900 1800 1700 1600 1500 1400 1300
0 -I aaaalaa sl Jaoasaalaseg Jasaalisay Jaosaalaseg Jaoasaalaseg Jaoasaalasag lisay
103\ :
] |_— G{F.O. maximum (1963|CE)
20 3
] <4— GJF.O. injtial (1954 CE)
303 N,
403 \
50 3
60 > \
70 - \
— 80 ~,
E - i\
= 903 \ 1628 CE
prar} 3 k. 10:1620-1670
S 100 =t 20115281700
Q 110 : ‘\‘ 3
120 \
130 T477 CE< | ™
1203 10145011500
] 20141501555
15041 Age control points
1604 based on 187cs ¢
] 1o
1701 based on 14C jjmOf—i
] —
w4 20 N

B4 Nk-3C i 35U 2 R D FRE TV, 4 DT> b —)LaRA > Ml HE
BN —ELREL, ERTHAR. O3B0 258 (FEE) & Csickd, T
B 2 5L GILE) & C MBS D Wz, BRZ 11 S O I “C FRIc B
% 1o OFiPAZ, FEOREHNT X 20 OHIPHZRS. VCs U B 7BV, “CHER
(& 09 I7ICBWTHIEL, ZNTNZAiEREICHEDEME L.

Fig. 4 Age models and chronology data in Nk-3C sediment core. The darker shaded area
with dotted lines area indicates a 10 range in '“C dating; the lighter shaded area indicates a
20 range. 4 control points are linked by straight lines. Upper 2 points (thombuses) are dated
using the global fall out (GFO) of *’Cs, and lower 2 points (rounds) are from “*C dating. The
age control points from *’Cs data in B core and from "“C data in 09 core are merged into

corrected core (Nk-3C) based on the corrected depths.

nson (ex) 2

M U7z R D DR 53.2 em £ T, £D7

B ZNENAWROFER L BTV EZ/RL, *°Pb
(ex), "'Cs DD &M E TR AN TH 5. *'Pb
(ex) & VCs ICHDHEREEDOMIRICBEIL T, %
DOERZBHIED (2002) TEHIABICEMEIN TR
WEDD, °Pb (ex) DT T v 7 AIIHBWT, CIAETIV
TR CERVEENA VAR M) —IZHFE5LTWS
AREMED D . WI NI K, ABIFEICEBWVT *Pb
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Ty 7 AWM TH S MRS A= 2 /R d T
EMD, REGHEREREDOZLIZTZNWEEZ DD Z
UTHB. DTS, AWHZETIE, *Pb (ex) &
HERH S D ZE Z 7 g AEE L, W'Cs B E W
BN OEEEE 203 cm % 1963 4F, P 237 cm 7% 1954
FEDOERDTY Pa—)LRA >k (Control point) 1ZFF
L7z, E5IC, "C ot RIC XD, HE 102.5 cm
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#2 arxtttoarra—)RAVN—E .

Table 2 Control points between cores.

17Nk-3CA 09Nk-3CA 09Nk-3CB
tie point  fixed depth orig. depth orig. depth
(cm) (cm) (cm) key values
TP1 22.5 30.5 20.5 inflection points of N
TP2 34.5 39.5 30.5 peak values of N
TP3 B 44.5 — 38.5 minimum values of N
TP3 09 45.5 54.5 — inflection points of N
TP4 77.5 85.5 76.5 peak values of C
TP5 97.5 101.5 95.5 minimum values of N
TP6 109.5 113.5 107.5 peak values of N
TP7 09 147.5 152.5 — inflection points of N
TP7 B 170.5 — 164.5 peak values of N
% 1628 CE (lo: 1620-1670;20: 1528-1700), 153.5cm 7z 1ZN#HETH 5.

1477 CE (1o: 1450-1500; 20: 1415-1555) O4FEALD
ra—ILRA el chicED<E, Fid 237
cm N5 102.5 em ICHIF B HERDE LI 0.24 cm/yr &7%
%.102.5 cm A5 153.5 cm Tld 0.34 em/yr £7520, &
lczhz MuchHET 2 L, ZOFERITT T ORI
&6 (182.5 cm) TPHE 1391 2755,

HHERBT 2 52ROV TIE, =IEh (1996)
NU9007 2277 ([X 1) 1T DUWT 2 # 8000 4R oD HE
BERETIVHRENT NS, TOETIVOEEIC
LN TVBEEREHEE T 1y b ORI 5
<&, NU9007 a7 I B 2 HERGHE I, #Locaii
6000 4F — FCHTHY 5000 45T 0.4 cm/yr & KEL, 7
NLABE T2 5T L THRC TR 1000 45T 0.1 cm/
yr R/ NEWEZ /RS, Z N LE T hnfE e
$i20, PHE 1000 2Tl 0.16 em/yr 218, FNLIET
IS INE R % 7~ 9% Yamada et al. (2016) O X O
7 (K1) OiEEK 1700 £ OHEREENRT TV HE
Lo mZzRd. §&xbb, HERDE I 300 4
IZBITS 012 cm/yr FRED S S0 HEINL, FHE
1000 4F T 0.16 cm/yr F£ £, 1500 4EClE 0.22 cm/yr f2
ETHB. Fiz, ZHUIH (1996) 1, CIEEDIFE
ZAEDREM — Wi KRICB O TR KTV
HTEMD, TOXDIEHEREE D ZALh i — %
BRI OWTIZIED TUEES EIEXRTWVS. L
o s, Rutgeo a7 a5 TH % Nk-3C
&, BT OHERGHE DNk & UTHE R A
IZHoTA[REMED B, 72720, C AR SE T RE
IR AR R R IR E D HlF 2 & 2 UE, TOMEmIC
HOWTHRZEEL 100 FREOHEBHE Zimd 52 &
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753, ARWFZED Nk-3C Hi g7 & Es g O 1 2
DX, JEJE T 20-30 psu F2 1, LTI
30 psuZZfE A, WERKOEMTEDLTEEH 5. AR
Wr9e ¢ “C FERZFHII L 7z L (7 9V : Ruditapes
philippinarum) XKLLV TH 728, FDORUCIZ,
HKESRDIRENGEND LEZENS. LHLED
5, FEEAOHEIC BT 3 “CHEROT—H)L ) H—
IN—FHRICOWTIERN 2L, FlAMFEOaTh
5, “C ERERIELS 2BOME MY OIL G721
BTENTEaholzlzeh, ZOMIEEE 17701
g AT EIFHLWEEZ, AL T “CHERDT—
IDVIP—N—Z R Ezirbiaholz. KONGRS
FERETIVCOWVTIE, - P (2015) TrEmmch
TV AL OFEETEE) & HEREY o Cu JEEORIfR
D&, BHEEERDIaY Fa—)LEAL MBI
LENS, SHBOMEICBO T2 Tz

CNS Db 5 RIcRBORIEZR{L

FERCIRD AT, mHFEMYBRT, lo—
AR EWHOELGKRZ ZLT2H CON LA EL 345
LB, RAcHFEEFEOREEMETS 7y
BEOZISTEOERICETTZHITEY (6-9)
(Bordovskiy, 1965a,b). Z D7z, nFEIKICHBITFS
C/N trix, Yoo isE L%, —/5 T, A
B0 R I E R L 7R BRBRIC B W TR I KU IS
o T FIRERZHWTITbNS. LAMLEZRD
DIRVIRTTEREE T, B IE T HE R e b
N%. WMERITTE, BEYZ ST 2E-EICBN
THEBIKPORIE A A > RSk /kE L%,



JEA ORI « P — « JEARRD « AN - RN - AFRIT - A —K

RN B A A EREUDWTHIEEE OSAF1R)
WMER TS, Tabb C/S AMEWIE E B TR ES
MR, MAHTEWIE ERELINEREE DS 58U, C R
1% DL FOMgRHEREYNC I35 CfS FhiZ, Be{bry7sBe
BETCI3 28408 T, BITMARIRETIE 1.1£04 L7325
(Berner and Raiswell, 1984). LI R Tl, RO ER
HHEEERETIVICHEDE, HNORFEEEN, W
NDOEEBBXI U LR TRRICEHLTC N, S, ¢/
N [k, C/S LR RYZ b Z3am 92 (K 5. &3,
Z5 b 0D B K3 &, phase 1 (P58 1390 4F —1500
fEUH), phase 2 (P 1500 4 1870 fF ), BXU
phase 3 (PGJ& 1870 FFLHLIRS) ICX L TimL 5.

< phase 1: PH& 1390 4 —1500 F4E>
(OB EOBE | TNz XSIc, Wil
2L LBV 1400 FEICIFBEISEWVE N2 &
DKL TZ ST EZALNT VS, OV ORIEHT
3 AVHE 1390 EUE ) SPEE 1500 AEEISHMT T, Cld
1.4-2.0%, N & 0.18-0.24% FEE O THERB Uiz, 74
J& 1390 £ELELIRE, C, NG HICH g h b hnfe a7 #k
feL7zt%, PHIE 1440 FEEICTRAICHE L, PEE 1500
TEEEE TlAME R Z R LTz, CO/N EbE TSIl
TR T 85 IRENS 8 REXTHA L. TOZE
fbid, BEEEROA YA g0 z2Rd. S
CORHHICEITL 17% FBEEN 5 1.5% FLE £ Tk
Az "9 D, C, NMD—EDE THER L7142 & &g
1550 fEUHE TAME ZHERF L, 1.4% REEEIELT.
COWME ST RELZFSNICHEZRTS &, PHE 1420
M -1570 FEELE, KEAIEEIOIERETH % 8C Akl
/NE75% Sporer Minimum (Kocharov, 1995) (ZAHX49"
5. UL, DleehifEmmito X #imnorEt L
7= Hip i 5o < BRES 31 (Yamada et al., 2016) T,
I BWVTTOANY MG LT E B DR ER IR
BENTWEWY. —A T X a7 b E5ICALiEfilo
Nu86-81 (iH221E /M, 1989) 13302 HAHE W 3Tl
BT, THE 1400 FEEICIE S DK A RRDENT
W%, Nk3C Hi g 3600 2 REED © O #E Y £ i D
KR, BHHELTETOANY NEFRFENTH 5.
UL, RRZEDFEROAN 5, Nk-3C #Hi5T
DOFETRA Y O L X #SoiE 5 O 25K
)RR STiIY &a iy QN = Na s TR = ¢ | AP

< phase 2 : PEJE 1500 FE4E -1870 FLE>

C, N &, VHJE 1860 FLEICHIIMCHEC A E T, 4
J& 1500 4EEE LI, C HY1.6% FEFEM D 1.3% FREEIC,
N AV 0.21% FEEM D 0.16% FLEIC, AL LTIRHE
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M DPT S, L LEDD, ZFOmWbHREIT—E
TRV, bbb ARHBERDSE, [ERICIZEE
EZEixZEEV (HEWIEbIhIcHEmT2) &0
D, PEIE 1610 NS LI 1740 FEINSZNTN
#9740 FER T RIS ) LW FEERRDZ (kS
LTEDENS. &, SIE, PHE 1550 FELLE,
REIMERICH D, VI 1610 FHTRIC 1.6% FEE 2
IRUTERRICERSo D Rl D HERE L, PEJE 1870 4EEAIC
1.3% fEfE & o7z 2 D C, N DK FI&, A
N5 CIN FL& CfS DR R ZRES.

Ota et al. (2017) TiF, "D IHEEL A A8
@ 13Nk-8c (X 1) THEHISNza7IicBILT, #E
#4700 £ DBIKDOFLERDIMGT SN TWND. 2T T
X, RIEDOHEK, C, CO/N LEOBIMIRE MO 5 NS
ANV MEDRBHERRWZEN, TNSIETEE 1596 4,
PUJE 1666 45, F5X U PHE 1826 £ DAEL DLk HE
Y ENTH5. RifFZEO Nk-3C HigiTlE, D
KO MR OERIIRD S NEh -T2, ThU,
AWFZ20 Nk-3C H#it £5A, 13Nk-8¢ 1T FTHRREL) 1|7
LIS ERNCEEN =EICH O, BKkOFEZE
B2 ol ThbBEEZISNS.

TERIEHABICENTOREEFINHKL, h
B EROREMICH AT B XD Eo7=D1F, WG
1635 FE X721 1639 4F & S DN TV AL -1k,
1993). TOAXNY M, FKEMOaY THEE T
ZeE UTERDHHENTED (SHUEH, 1994; A IEH
2006; FHAHE D, 1996; &2 « HEHREBIE LT —
L, 1998), LEF[ S OBV O8NS, FE
IHOHERGHIE 2 4-6 R RSBz AEE SN TV
% GEFZD, 2006). FEINICBWT, TOZE{bZz
Lo LEIMEIRT T ENTER T BT —IE, WKk
BIEEADOLIEZ MU S DD THBEENS (i
FEhy, 2006). D 5B FIE A (2006) D 2002-
S12 7% 003-S2 177 T, C, N HBX T C/N LD K
T, BXT C/S LLOMMEMHZIRRDENT NS, X
7z, TOAXNYMLIRHCHY 9 2 EHEICIBNT, 2002-
S12 a77& 003-S2 a7 DR ELE, MIHhVE—RRH
g5, ZhUISEHraRIOZE G5O ED,
WOTHEHID S DOFEICHR LT, FHXHIcEEARLT
WolkllzRT. Uiy, ZINS0 C D
JEIE DT RS EAEEICH D, C/N EEATRAICHE
AR RS BN, COTEIF, HFANY R
DEFEDF BRI, et 8
miizc lic kb, EVIEREEDIER LT & Kk
LTWaEEN5, IHICHE 1666 411X, )]
OWONMFIEDY, ZRE TRRBEXOIEMICH >
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726DN, BHEXDOWAICEEI Lz, DL DR
JIOHF & BB DM IO BN, Nk=3C Hi i nf
LT, WKOZZEDOERELUTilEENze e X
N%. LhUiahn, a7OERENEOE, vuE
16001700 4EEED C, N IZZZ DD/ MEmh iR 5
NBEDOD, C/N HR S IS LA RS SN
W DLEDTENDS, LG O AL D]
OBENE, alEHiED Nk-3C Hi I BWTIEA
NV MEORBRREZ (b2 [E T T eidah o
fzeEZI5N5.

L EDXSIC, Nk-3C HiSHW\C, a7 ziikd
HERYDI LR R A BRI e IS HERE L T & 7
LEZHNS. TTT, =HIEH (1996) D NU9007
ZHZE, fITET 6000 FELEEHE ML TV C AR
JEH 2000 FELARFICIR AT B A, SLE M — il
IKRICIAEINICASE NS T EAVRENT VS, A5
D097, Ad7, BaAUTE, ERELTHIGE,
FLEE OIS 1400 4F — 1870 4ED C 1AM mIc H
D, FidoEmEE S THS. Einsele (1992) (34
P EYNC KD ERRIKRAIUCDOWT, THERGHED
) 0.lmm/yr 72 2% L BB LN I KO e I HERT BR
BOWTNIZBWTERRNEL ] LR TWN2.
Nk-3C Hlt SO PHE 1400 4F — 1860 fEIC BT B4k L
LTOD C Dfe A Emid, ffamoRdid
&, SIEED (1996) ELEIEE, RO HIC)H
W72 RDBIEINEZYUTH S, HERDHEZL DRI
JCHT 6000 4 — FC T 5000 TR EL, AdyTai 1000
ETNSOHEEBELUTERED (199%) 12, EFEY
A=Y DB IO GIEN EFL, BKEDEMLT
FEIEREEIMDINC K-> TEL b b EniC e,
MHIZBIPES T & EORHER B s & DB D Z 1,
MR ER IR B LR IC XA HER R 7D E B D2
b, FEEW)ITIVXIEDILEBXUREDOE(LE %
2P DDE, NS OB Tl g —SRE i
ICBWTIAIC b NS CIEEDOZEL 2T 5
DIZNHETHZEL TS, PHJE 1400 4F - 1870 4EIC
HERHE M K LIz 89572518, Z(LORHE
WS, VKR R FRIIHOSIRZ ) & & EEIC
FEODITHE.  Nk-3C HiySic 3% C, ND 1 EHD
JA (FEJEE 1610 4R S/ 40 4218) LURE, PHE 1700
EEICIE, PR 1390 LR ZNE T, 2ikELTIE
FESOD R IMENIC H -T2 C/N LS 2R B b i
C%. cOT ki, BEIEAEYIOHSI RNz R
FTEMD, HbOZEAIORF, &L IEEREYID
FODZE, HBWIFZFOM fFHE5 L, Nk3C Higk
B BIRIKDEDRRITHEE ST EZDE, T
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DEUCE N HIAZESZ 5T LN TES. EHIC,
C/N Lt nE R IEZ D% E 200 L, Fikkid 2 T
EG, TNHOMIOERIC KBTIV XD
XD, BKDOFBENESITRE STV TATRETED
H%.

< phase 3 : P& 1870 fELELIRE >

C, N, SiZWvdnd, FHE 1870 FEUTIC 2UM A N
ICHRL, ClX13%EEN D RIEITTIE3.6% FEEIC,
N X 0.16% FE[EMN SR EHETIX 041% F2EICEK T
I B, L, TOMET, PEE 1910 fEEE S
1965 4EEED 5 ZNFH 1520 ERREDO AR, —BFY
WAL, FORICESTZIECEINCEZC S, 20 oH i
ROZ IR LTz, —J5 TSI, PHE 1870 £4EEEIC 1.3%
FEEED DRU7EIE N2 7R L, TEIE 1910 FEEELLRE 1.8%
RS 1.6% FREEIC— RIS L, VI 1930 4
S SO Uz, CORIE C, N A —HF
WD U= R & RIRF CTH 5. C, N WSz U —
R I d B PE I 1965 AEHEICIE, S DD ELES
Y, TNLIED S OZbEIE C, N &I3FE5.
TG, SIEEINCIEC A2 Lamd Liiltt, £ET
1.3% g% Uz, PaJE 1870 4ELIF% D C, N, S D&
s NE C/N Lb& C/S LBz, RERA %
Yiamiolgm, T >ERENL, BIXUEBE
ftZ2/Rd. COXITAMEEIE, Dl Es AR
FEOATMFLER LTV ZE 600 LN T i BHE
FRERA YOG =N T 512, FOHEKE
s KU 2 DRI DO N AR BRI ZI RS 5 D
MEZYTHAS. HilFOEKBO KN EEND
BIRETIE, ZOANON, PEkE 1870 A LaiICiE 60
INRETHST=DN, T 1870 FER L 520
ICHEINL, PHIE 1900 4EEEICIERT 70 TN, THIE 1935
EITIER 75 TTNIGZE U TGRS ARG R1996). Xz,
i & BB RS SERE T, THE 1922 fRICE L
PEJE 1930 4EICHE T U72iBE OISR T, gD
MEKERZELULEBILEE Tz (£, 1992) L5
NTW5. P 1870 FAH S 1930 H1R0E, 7T
FRAR (P 1868 X T) M SRR (F5)E 1868
- 1912 4F), KRIERHX (P 1912 4F - 1926 4F) 7z
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DEBITHET LR TH B, A REI AR O R
B R 72 B AR R BIHR TRE U D5 2 LI TE R,
EDOD, FRKEDHRNTORRICEWT, AL
RAETHEDOERICIE, gD EE AR OB KK
AW ELIEEZONS. FBEMAOMBRTEZ
SOz /M ET 58D TH -7/
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O, THICKOHEDOHZEENSSIHE KR LIZEEZ
bN%. TOXI RN ED, LiLOPE 1870
LD C,N, S O ZMEIEINCEF 5 LI DTHAS.

PHE 1910 FEEICHE T 572 C, N DOk & S DN
1S, CN L, C/S thoZ bz Ebu. FEE 1910
EARUE, =0T 91D, FIE (1913), KX (1915) O
3 D FREI R OHN I ER SN2 & T, FE
T & Hh 7 B RAE D _EFR D AS U Tz REHIC A
9% (i - R, 1999). AHEEEH TNz C, N
DO—KEAD D55, THIE 1910 fFEHOZ IE, |
FRIK DO R ZE DG | & T LT Efa i O R 72 S il
LTWABATREMED D 5. THIE 1945 LD I s n
LT 90 AL ez BRIEDOANE, FHFE 1955
RIS, P 1970 FFEICIE 77 HARRE L
otz (BB RER, 1996). COXS AN
HERDIE, RS R I (PEJE 1950 AEAAE 1970
) ICBIT2HARDO RN IER & 13575 5.
ZFD, HilFOHERYICRE SN TV S T O
DNAARE, HEREYICE A (1983) D FIER
Yasuhara et. al. (2007) O K%, Irizuki et al. (2018)
OWFNHEH - PR E, HAROETHFEERDOZ <
THEEINTWS, P 1960 F 70 FEHICE— o %
G937 NERZEHTZLZOMELNEV. T75bb, T
DOIRHADOHEIC, NARIRORER AR ORI E
CTWIATHEMEA R SN S, PEJE 1970 £ELLE AR
DN NTFER M HE U PG 1985 4EICiE 80 T A<
ETHEINTSD, ZO®REEADL, V2015 FFR
TE 70 G NZ Flalofz. F7z, PHiE 2008 41 20.9%
TH-T MGEDN TS SZRIE, FHE 2018 45T 49.1%
(LTI 839%) &ix->TWV5 (BIRIE, 2013) T
EMBENMNBEIIC, FEEREKELEDOERELM
RESEAE(L LA, REE O Afi &2 > T 850
BRI N TS, HEREYIH D31 54 MERRIZZE
JE 10cm FRZICHBWTIZEITH TH 5728, KEN
TS5 C/S T XA bR eIREEDigaRm I HE L UL
(Berner, 1989) XN TW5. ZDiz8, PHE 1965
L OB OREZ L, $abbiBieildT
T, WRBHOERRIC KB NANRENE 125 LTz R A
b7, AWEOT—ZOHH Lk 5 LIETEi
V. L LAEDS, FHFIEH (2019) ICHGEnTWY
BV 1984 FELUE DO /KEE= XY VT T—&
MHIE, HED COD % Chl-a, %% (TN), £V
(TP) &, VuJE 2000 EEZEEIC, DI
ICHBEICHZ, PHEOERE(LIFEIHO BRI
HBHEEZENS. TOBEDCPNIEZ, FHBOA
ORI KO R UTHEREYI P ORI RL,
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WIS S 1ESATA FDFEKIC K DEAZ L TR IEED
Gl EBLEZILN, INLEREMICHATHHEDS
FELEEIRAY, C, N, S Dk i & U TH5 % OHERS
YNCRLEREN B L HESRENS.

nE, AR EGTOY 7 MIBWT, 17Nk
3AC, BC a7 DR E T, HIEDHT, I TE T
ENEITRTHD, INSOFENSHIBEMNENST
LICED, KDFEHR a7 ORI BRI (LD
SN IRSTHAS.

E: S

FART 7GRN, Wi SIS 28R AL DT
CIASIEICHT 2 km DT Nk-3C OKEER) 7.2 m) 1
BT, 09Nk-3C 277 (09 I77;167 cm), 17Nk-3CA (A
a7, aA7E 183 em) BLU17INK3CB (B a7 ; O
7168 cm) 2157z, soft X RREGMEHT, 2 /KFH
5E, CNS s A TCIlc, A A7 DEEEZIAEL L,
09 a7, B a7 TFNZTNEZARA 2 (Tie point) %
WETHELT, Eruttzirorz. 7z, *°Pb (ex)-
PICs SRS, HC FERDEITY, aTOFENRET
IVEREHT % L 4T, ONS IBE 2L b Az
600 E O HIER L 2V ERBE 2 L & Z D EKNCDNT
FREf U7z,

s Ad7H5 09378 B aATVICRLUTENTEN T g
(TP1-7) %% EL, LRI ES ZARA VR
AV FORIT, WIST 3 A a7 DR 2454
HTETHIEERERZREE L. ZARA VMRS
%7 DFELHETRE LA EREOHE TR K TE 10
cm TH D, Nk-3C Hlt LD & A I Meed T R AUF 74
RS EE T A EMN ot

« 2°Pb (ex) PIEFE RN S, KENSEHE 532 cm £
TlE, REGHEHEEOZITTRNWEEZDDNZ
MTH5. VCs b LICHERZFHMM LI E, E—
7R TH B EEFE 20.3em & Bl 5 X B GFO
DYE—27TH B8 1963 47, HFPNITKK B NI
KERDEREEN, KA+ —IL7 D MR E >
72 VH & 1954 4 (UNSCEAR, 1982) 7 )& 237 cm
LT "CHEMRIEN S, HE 1025 cm IZHBWT
Fh Yl 1628 CE, 153.5 cm 3B\ C H1siE 1477 CE
DFERIEZFTz. ThBEROaY Fa—)LRA >
N2 E KRNI HS UCHERE TV 2 R LT A R,
HEREH I XV 0-20.3 cm C 0.37 em/yr, TEEE 20.3
M5 237 cm T 0.38 cm/yr, [ 237 cm )5 102.5
cm T 0.24 cm/yr, 102.5 cm-153.5 cm C 0.34 cm/yr &
%, Ehlconz MU id s e, a7oRE
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&6 (182.5 cm) DFAUIFEEE 1391 £ 755,

« Nk=3C Hij58BWT, ANV MEOHERE YL ER
5NT, IVIK LR ER R BR B CE B IS HERE
LTEREEZHN%. TOC, TN [ZFHJE 1500 4t
—1860 FEFE TRIKL LTIIEROMNICIHD TS, 5%
TEINT I THERGH S & 4-6 IS Hhn S 7z & S
& 5NZEP O (P 1635 FE 7213 1639 )
R, BREYIAEOOBE] (P 1666 4) 1S FEH
VIt OB NE, Wi I AR REE 2 LR &
g ceidhholbEZILNS. C, N DAL,
TRERZS T LI DEGH 1] « BB 1D i I X5
TIVZDREIC KD, TRAICHERDEE D INT % C
& T, TOC, TN ORI A RN R OMEN N LI
RIS ZATREMED S
- PHJE 1870 fEEE LI, TOC, TN, TS iZWVWdng,
J&& 1870 fFUEIC 2l AR B hmc 5 U 5. LUK TOC,
TN [XPHE 1910 FEEH L PG 1965 M D ZNTN
15-20 fEFEEEDHAR, —BFICiib Liahin, BifE
FCREESIRICEI N Uz, S I3 PHJEE 1965 4 LU 13 1
INCHEC BT el Lk, ok, £
AL LTI CN e C/S e ERfE, FETRE D)
BRIOHIMCER T2 ERECBLUCAEHELZ
R, TOZARE, TLFARLIBEOHARICI TS PE
FERAETER O L, HIP QI XS DM
FEMDRZ LI KD, KEB AR MNEIMUIZ 2D
ThsrLEILNS.

AW TOENRETIVE, EROaY  a—LRA
YA ERRNCE LIz &, W) P —2h R
DWW LT WARWNW T R CICER T B R N E
EEE. S, H—oar7ERvizhiEaN, Hig
N, TR SR Mo LA T ady—I
B9 B EmABIMENS T LI kD, KOKIMRER
TSNS TETHS. TD LT, #HBD/L
A7 —HOETNEEA bOTue A AT L
ZHAS MU

Mo

A2 HED BITICH T, BRKZO=IREM
KEGEMNRZOILHERICA RIS Z W ZW
To. AREREUCIE, EARKADO/REHLZIC, FAnH
REDERERIC TR0z, 2 HDEA DR
Fit & IS BB N T2 72U Tz University of Arizona 0D
David L. Dettman [COBMNF T, [ifhZz KiEICGES
BHTEMTE. LULEDT4, BRUARKHES OERE
XAHREREE, MEEEDTRHHLRL PR .
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F ISR, SRR 24 FERE RIS BB
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D2 SR A R A R BB T 290)
(RS 20K04089, {R&EF @ BEHZE KER) O—iB
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