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Abstract

Using newly collected data combined with data from previous studies, we compared the
measured radiocarbon ages of archaeological samples, which was the pair of the charred seed and
molluscan shells, and terrestrial and aquatic animal bones around Lake Biwa, and of pine needles,
Phragmites, and molluscan shells, collected in 1966, 1970, 1990 and 2008 at Lake Biwa in Japan, to
examine freshwater reservoir effects at Lake Biwa. We also tested for age differences in
radiocarbon dating among shell species, tissues and collected locations in the lake, to evaluate the
influence for radiocarbon dating of archaeological samples in Lake Biwa. The molluscan shells
collected after 1990 were largely unaffected by the nuclear testing that occurred in the 1950s and
1960s, whereas the 1966 and 1970 samples appeared to be affected by it, which make the reservoir
ages older than expected. The shells collected after 1990 had radiocarbon ages that were 330-450
¢ years older than those of the coeval atmosphere. The apparent differences in radiocarbon age
(about 300 e years) for the pair of shell fossils and wood samples, and turtles and terrestrial
mammals excavated from the same layer of the submerged Awazu shell midden at Lake Biwa
suggest that the freshwater reservoir effect also existed in the middle Holocene (the Middle Jomon
period, about 5000 years ago). Because the present-day average residence time of Lake Biwa water
is less than a decade, its direct influence on the reservoir effect is small, which suggests that anyway
old carbon has been supplied into Lake Biwa. To put it more concretely, there is the high possibility
that the system as keeping the value of the freshwater reservoir effect in 300-450 '*C years (steady
state) function in Lake Biwa and then the closed Lake Biwa system has been in dynamic
equilibrium state from 1950°s up to the present, correspondingly enormous '*C input by

atmospheric nuclear testing and its gradually decreasing.
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Fig. 1. Sampling locations in Lake Biwa. This figure was modefied after Miyata et al. (2013).

a: Offshore Ootsu Water Research Station; b: Ootsu City Katata; c¢: Kusatsu City Tsutae;

d: near submerged Awazu shell midden; e: Ootsu City Setakarahashi; f; Ootsu City Karahashikouen;

g: Ootsu City Setasouteijyou; h: Hikone City Matsubara beach; and i: Hikone City Offshore Matsubara.
I, I1, III means gyres in lake surface layer. Lake catchment covered by screen tone, is

almost coincides with the area of Shiga Prefecture and Limestone area was surrounded by grey zone,
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$29 (old carbon source) DEE5LE WS modified after Miyata et al. (2013).
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BRI 3-6 E0BINR Y F—r3— (Coo) T, B D 120%, FRIRFEREHED 1000 4 L1 0
ZER R ) F——Th B,

AC_;
A—l;ﬂ = (I_ kcpcol) (13)

204



BHEAFNERNE A RRRER, XXIV, 2013.03

AMC
( Atpool) =(Aym_lag.[—(k+;b)14cpm1) (lb)

+P_ . AMC

A14 Cla.kewa:er = (1 - Ppas ) Al“.(:l'mcil pasgive pasgive (2)

give

Ppassive Fi, fﬁ%ﬁiﬁﬂ(&:ﬁiﬂé DIC EPOD lcpassive/(cpassive + Cpool)J

EEMEF-"REOXBVIEHLIERE (H, 1/, RyRy) ORFERER 1ITTT,
Bad—5rORNEERICOVWTERLTHS, BRTHLVI, 1/ VUV EBEBMICERTS A
PR ELETE L, B —Fr ORBRMBELEIT 1 %m O RETh D, ERFMELITIEY
B ORBEYZIT 4% VMEEZTRLTWS, LEXN-T, BEBHTHE LM, £LT, Al
HEBERBEFERLTEA /7 UiE, BEOARBRRIZBL, YRORKFOKRE 14 BES LK
BLTW3B, —F., BKRTHH R v Rit, BEMECANMEEZERL, MNOEBRICBLT
WA, £ORFE 14 REIT, EEHANOBFESRIBEZRBRLTNWEbDLEZ LIRS, 22
T, AvRAEVH, A ) VIV OEHORBEREDES L D TR H (3300~3200 cal BC)
DEBEMKOBTFEBRRORTHRAY F—/—2)R% 3181466 "Cyr (RFF) LEE L,

wiz, FEWEF=HAFEOXIEHNTEHORBERICH L TELTLS (K1), BEMEDCR
i, BEWNORFEERBEAVTHARERRT LD, £F VPV OBOFRTRFERDIPLY
ROWNOBEFERRBEORE LBREZRMLTWS, —F, BEOEHTHEL=T VIR
BRIZE ST, KETOCO, FRIT 5720, UREORKTORRE UBEFLKBLTNDS, £
ST, BT ILA =N LORKBEREOEL LY IR FE (3300~3200 cal BC)
OEEMAOBREFEBRRKRBORTHRAY F——Z)R % 29042 “Cyr LHE LT,

ERft (2009) 28T, #EIN TV IEBERORKY F—r"—PROEEFLET, H1LL
TkLht, RRBBEZEBROBEBZ EFEIZITTVWS L 9 6 6 FEOBKY F——2RIIEX
2000 “Cyr &LIHRWILKEREERLEZLOOD, VF—_—HRORE ZRFRZFORRE 14 RED
WD, BRI L, 1990 £EiZ1X 300~360 “Cyr, 2008 £E{Zi% 330~450 “Cyr &i@WFH
T3 5 RS o 72 300~400 “Cyr LS ZEBE W, BEWMOBK Y F— -1 (BFEE
BERFBHFO “C BE) 1, KEBEERRE WV OIMATHOBEARANICH LT, 40 EhD5 50 FER
B L HBASENY A AR — LV CREORBICET L.

L7283 o T, MIEERENP D REE COBBEMAORK Y F—r_—2ROKE ST 5EH
F—Fianic, HEHOEE B, EEBELOAKEFSLEEWREOTRRB 2 Eizhk

205



BHEAFNERNE A RRRER, XXIV, 2013.03

THEWRBOREIZ L - C, BHIEHOB L5 0 0 0ER, BEWOBRA U F——%h i,
300~450 “Cyr L~ LD—EDE Thol-THEHAEVWLHEI NS,

3. 3AKEHIEILOFE

AAERELE LT, 2006 4F (£0FEE) L 2008 4F (RETY—72) WERLETF v 7R Lk
DAYC & §BC OBRER 2ITRT, £3°, BEWICELTEX S, 2006 6 EEDT 7 v/ RADEFaF
—&v (N = 3; ZMOHE) X, 350~500 “Cyr DY F— —FRERLTEY, 2008 EEDOEF
DVIhbLERENEVF——BROKE & (330~450 “Cyr; HEM, 2009) LiFiE—HLE,
Wi, RET~w—2 Liz 2008 EEORE (484 N=8) ICBALTEXTAH S, Bi2s 28K
DFERITAYC, §UCELE bz, BERBANTIS—FKL., §"CEH-27~-26% & EEFORMHESH
DR IZT 7 ENDT T v 78R 0 HEDIT/HEI, BE CHEYOD 8 1°C fEH-25%RE RO T,
Z OREORFBENMEHRIT, BEHOBRI D o lo#igh 777 FUEERLTWA Z &5
BLTWS, £/, 8 BCIEN-12.5%DT F v ¥ RADB2F—4 v (GRI0E) OV F—"—HEH,
2008 FEEDE Z LV IPLERINE ) P ——PROKRE S (330~450 “Cyr; = HAk, 2009)
LIEIF LT, BolrtA—BEOT T v 7 A0FERLEEaT—HF B LTI,

BERY A2 B L) bRBERMGRES 2B B350 TWAR, T LTHEENLERENS K
(8 °C = —20.8%0) X, #EMNICEH (6%C = -17.8%) LV HEW, Li L. ZOR—E&EOH. £, B
95— ORT U P =R RIT 500~600 “Cyr TH Y, RFE L BER, EF IV I0MOAR
BHIEERTENMBENWI LEZFRLTWS, b L, BEWICALTHR/MEOTRT Y F—R—ZRN
300~500 “Cyr BECT—ELEZTIWVWAERLIE, 77 v 7 S RIIHERERDO T, ZOMEEKEDHZHBH
AN, FERICEHEVWRBEREFFEHESBEM LD, LV, b 52 LAIEFEZESL
TRIEFBE L THIW,

4. ¥¢

BT, BEWAKORT Y F—"—ERERAT DI, BEMO L I RKEERE ST A
LT, EFNAHEERIToT, £D preliminary results TH DN, Hl4E, TR 3-6 FFOiiA
~65%IZx%f LC, 1000BP DV \RHEA~35%F 5T IIEWAKD DIVC REORFEEEZHHATEHIZ L
Bbhhot, biZ, FRURSLEENLE ED (Dead carbon source Th B) AKASHITOEK, FIIIA
PO DIV BECHERELADLED L, HAICHMBEINSRBOIK 15HREE GRS A RO
bDOTHHLHEINT, 5%, NFA—F—VLETFAORYUELZILIIRNTHZ & C, BEHAH
REIZBIT 3 RREBRIRCET AL MR ET LV EEBET DI LR TE S,

BEH LRk & BEHERERSORBERLAE LR, ARACRRER FIRERXRTIHWVIR
FROEBIL L - T, BEEMOBRFESRETO “C BEIETRHH» LB E T, 300~450 “Cyr
HWRBERETTRAKY P —R—BERFEL TV ETEESEL . AXEEEROFELZITH
1950 FE~FRITEBWTH, B TEERERH D Z 25, 20U P——ZROKE S XHBCHIE

206



BHEAFNERNE A RRRER, XXIV, 2013.03

HEVEBHL TRV LO EHRI SN,
&%, BEMEFOMOMEEERMNT L LIZLY, HIAKORERR, HNORMES, LT,
WHKBEREORZBERVEEOHEMICEL TLY SENLLBESELRBERREOEAB LY
JKHIFITIER > TV Z 2B an 3,

WEE

FAK, BAROY 7V Z3SATER L, Mg AELIC, DIMC ISR, KRB
W, 79774 METRERRKBARTRIC, BT AERESHEEFTIC, MESIITIIRAERRE
Tt A LTHEWW., AROABO—HIL, T2 3EE AVBRKALEFHRANRE [MHIoBK
FRERHIEEROBRRBLIER] (FRARE SHER), REEFB) No. 18700679 & No 20700663
Y.M). OEEO—HTH S,

BE IR

Rk, BHEZ, RMHEH, NBEB, BTRIEA (1986) EEWNEHER OB HEZE S,
MR XXvE, 1—14.

MR, BRE, AHEEE, HAE R (2005) EEMOMIEHERY R O I HAR) | HEHE Y 0 R
REMGLI CRDHEFERE, ATERFNEFEESTHEGREE XVI, 73—-83.

B HER, EIE, WAR, SHERH (2008) EEHEBNCR T 5 TEMSERICHORBENRYE
— NiENMaTEOOFRZE LERIER BAK Y F— " —R O — A ERERENERE RS
MRt EEHREE XIX, 73-—-78.

RS, PR, EmEHE, SRR, SFTEE (2009) [EiEHGEBRC BT 5 LEMAE R OKSE
ERBE —AENENEDOERZE L BAER K F— " —PROBRH — A TBEXFIE
AEHEMTHEBEREE XX, 73-78.

K. Kobayashi, E. Niu, S. Itoh, H. Yamagata, Z. Lomtatidze, I. Jorjoliani, K. Nakamura, and H.

Fujine, Proc. 10th Int’] Conf. Accel. Mass Spectr., Nuc. Instr. Meth. Phys. Res. B 259, (2007) 31.
K. Sakamoto, K. Touhata, M. Yamashita, and H. Toyohara, Fish Sci. 73, (2007) 675.
K. Yokota, S. Okunishi, and H. Maeda, Abs. Ann. Meeting Sedimentological Soc. Jap, (1996) 14
(Abs.) (in Jpn.).

M. Minami, N. Tane, and T. Nakamura, Proc. 9th Int’1 Conf. Accel. Mass Spectr., Nuc. Instr. Meth.
Phys. Res. B 223-224, (2004) 302.

M. Minami, N. Tane, H. Oda, and T. Nakamura, Sum. Res. Using AMS Nagoya Univ. XVI, (2005),
73 (in Jpn. with Eng. Abs.).

Q. Hua, and M. Barbetti, Radiocarbon 46, (2004) 1273.

207



BHEAFNERNE A RRRER, XXIV, 2013.03

S. Onbe in “Yayoi Noukou no Hajimari to Sononendai”, ed. By T. Nishimoto (Yuuzankaku, Tokyo,
2009), p.162 (in Jpn.).

T. Nakamura, N. Nakai, M. Kimura, S. Kojima, and H. Maeda, J. Sedimentological Soc. Jap. 25,
(1986) 1 (in Jpn. with Eng. Abs.).

T. Nakamura, T. Ohta, I. Iba, M. Minami, and A. Ikeda, Sum. Res. Using AMS Nagoya Univ. XIII,
(1997), 237 (in Jpn. with Eng. Abs.).

Y. Miyata, A. Horiuchi, Paleo Labo AMS Dating Group, and T. Nishimoto, Res. Org. Geochem. 25,
(2009) 15.

Y. Miyata, M. Minami, S. Onbe, M. Sakamoto, H. Matsuzaki, T. Nakamura, and M. Tmamura, Pro.
J. Acad. Ser. B 87, (2011) 518,

Y. Miyata, M. Minami, T. Nakamura, Sum. Res. Using AMS Nagoya Univ. XXII, (2011), 49 (in Jpn.
with Eng. Abs.).

Y. Miyata, M. Minami, S. Onbe, M. Sakamoto, T. Nakamura, and M. Imamura, Proc. 12th Int’l
Conf. Accel. Mass Spectr., Nuc. Instr, Meth, Phys. Res. B, (2013) 452,

W.T. Baisden, R. L. Parfitt, C. Ross, L. A. Schipper, and S. Canessa, Evaluating 50 years of
time-series soil radiocarbon data: towards routine calculation of robust C residence times.
Biogeochem. (2011) DOI 10.1007/810533-011-9675-y.

[AAFEE]

EETE WK o DYEAFSEM R 57 (Dissolved Inorganic Carbon : DIC)D [R5 14 IR (DIMC IBE) %2 FEH
HERSRBHEE VI LRI ORTRBLUCREEY VU IR EORE 14 BEML#TE
L, FRMRORKUCLERT EDMEVRBENREZR LTV SO0 EHT BRAK Y F—r—5R),
FOMR, 5000 FEFI~FARET, IZE—ED 330~450 £ L VERZR LTV B TEEER IR S R
[

1914 F£~2000 £ F TOFHT—F iz L 3 L, EFEOEBEMKOEHHERRE (¢ (B) =ik
BVYHNIFHEARVAE) HE3-6 FLHE IR, MAKDEHHERB O T 330 FE~450F L9
WAKRDY F—r_—REHAT D LT TERY, 2FEV, {HPDHEWVRESEEMNAKICREL
BZTWAHZ EPHLNIR- T,

FIT, ERETHE, ZOVPF—R"—FRERAT I DI, BEWOY I KEREEEF]
RALT, e7NVHREET o7, TORE, Bl 2T, FHRRFERFH] 3-6 £ DWIAKR~65%IZ%t L T, 1000BP
DEVRBER~35%F 5T IHAD DI'C BEOREEBZRNTCESZ Z L idbhot, XBIT,
HHRILLEATILZAR £ D (Dead carbon THh 2) ARKEHTOEAK, F)IIK7A & O DIC BE ORI ER
RESbEsE, MACHBENIREBEO~IS%BAKAHBEREROLOTHD LEESNE, &
%, BEHLFoMoHZEBRANTAZ LicLY, HAORRER, MRNORDES, LT,
HHEABRREORFBERNEEOHEMIZE L TL Y QiENLBEmEsEl 2 LIRS,

208





