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Educational Program for Estimating the Distance from the Earth to the Moon, 

Including Hand-on Training with the Astronomical Telescope 

cp 11 ~ 2*1 
• ~ m * Jt **2 

Hideyuki NAKANO and Kimi TOMODA 

Abstract: Teaching materials were developed to help students at the Faculty of Education 

investigate the distance from the Earth to the moon, through the operation of a simple theory 

and use of an astronomical telescope. First. the students estimated the rate of change in the 

apparent size of the full moon from photographs taken when the moon was on the horizon and 

at the zenith. Next. students used an astronomical telescope to determine the relation between 

the apparent size of the moon and the distance from the observer. Finally, the students 

estimated the distance from the Earth to the moon using a simple model. Using the materials. 

students were able to determine the distance from the Earth to the moon and readily 

comprehended the fundamental operation of the astronomical telescope. 

Key words: moon, apparent diameter, distance to the moon from the earth, astronomy 

education. astronomical telescope 
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fii'J8(l)~ij(l)'Jf..~C;,ij(l)7(8~a-~~L.tijt-e 
(l)ffiMa-*~J.ift;t;t~~OJ~fi-~c:t...tW* 
(1984) 1: J: J., t (l)1,1t~ J.i. W* (1984) (7)1.fftli. 
1983 ~ 4 ij 1:•~~ ttt.:fii'J 8 (7)-,.~ J.,~tJJ(l) 2 tt(l) 
'Jf.-~t;,ij(l):;k8~t>Jt~. ij(l)~~-~-J3J:U~ 

.7.7-Jl,Q)j!iplt OJ:;k~ ~Q)~{t$ 
[(s,-so)ls,] X l()() 

(7)~1tJt. tt~:i&(l)-~-g~a-•t-•00=1fJ(l)~~ 
t .ffl 1,,' t ij i -e (7) Ba M a- SUJ 1: J: tJ >Jt ~ J.i ~ (7) -e ~ 
J.i . L.il•L. , 800= 1fJ(l)~J:t~~1tJ. ?' 1J.=. -;,:Jttffi 

£~~ t ·(l);R~lff tffl~ 1:{!1,,, .:. ~-tt ,0~~1: ~ -::, --C 

1,,, ~ 1,,, t ~I.I:~ J., (7) lilt L. 1,,,.:: t . 'lf. • .ffl (1)5 lflj3~ 

a- .ffl 1,,, J.i (l)-e$~ a-Iii< L tfi-) £,~iJt~ J., ~ t ·. ~~ 

J.!l!~~~~AD:a-:t-t•t Lt.:~~ t t... tfi-) 1:1±M!il 
1,1t~1,,,_ *ft;t;tli. :1&8ii•t;,ij i-e(l)ffiMa-. :R~!« 
i!ila-.fflv•t .7.7-Jv(l):;k~ ~ a-~J;.~J.i{'l=•t . ~ 

~ a-ifl1J '° .:: t. 11a~*~(l)fftti(l)J;. -err-) .:: t (7)-e ~ 

J.i 1/ ::,., -f Jv ~ ~ (7)-e ~ J.i. fJ'.J:t(l) J;.(l)J.!l!M-e1;1: ~ < . 
D::l:~ft(l)m1,,, t~a-f!-::, --cffgg t... ~iJf e;, :1&80J::k ~ 
~~Mt"J.iiji-eOJBe:Mt~~-e*~'°~~. iji-e 
(l)ffiM a-/f;:.W: t t... t t t;, x. ~Tv' t 1,,,-) %=ffiiJt~ J., . 

t...il•l.... W* (1984) b~-'"'tv•J.,1.1t . .::(l)flOJ~ 
~I;!: 1i't 1,,,-fiA L.1.1• tii ~ 1,,'.: t 1: tl::t: L. ~ It tt l;f ~ t;, ~ 
1,,,_ *ft;t;t-e1±. ~~1:tg~t1,,•J.i • #tt.:crJvc:(l) 
~-,.1.1tBaMOJ~ffb tJ 1:lj-;tJ.i~ Wa-~fiffit...~ < tli 
~ t;, ~ 1,,,. ~Ill a-lj-;l J., ~~ I: Ii 1,, , < -::>1.1•:1t ;t t;, tt J.i 
1.1t. Ji: b ::k ~ ~ ~ Wa-lj-.l J.i b (7)1:. ::k~~c: ij (l) f)L 

1IOJ~ {t1.1t* 1f C;, tt J., . 
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a 'fl=·--------- ------------------------------------------- ---- > 

b 

tml:J 18 19 

*1n.l!I: J: o ~~(7) )t1J'lt(7)* ~ ~ 1:-:,1,,-c 1±. ti. tiff li~IliieJliJt~b-? -C b Ii t Iv t•~{t-tti'. _r_ T ff li~IliieJl.iJ< so· ~ m.:l o t ~.j!1:,J, ~ < t:t IJ . it!!. :qzai!i < -C- liill$iJt 20% 1: .&~.:. t iJt~ C:> ti -C 1,, o (*T · !s{ti, 1977) . '.&:Jt~tl.~ Lt..: 20 ilt(7)iiiJll± ¥.J 30• <~IliieJl oo·). o ~(7) f.l (7)iiiJll±kt-.l oo· <~m ~JI 30°) -e ~ o . *T · !s{ti (1977) ~ b t 1: *1n. ~tf.! (7))tiJ,lt(7)* ~ ~ (7)~{tl:lj.;l o~W~ Jt'l b o t. iiiJliJ< 30• (7)Ji*. 60° (7)tlJ*l::t-t L -C JtiPlt (7)* ~ ~ iJ<ti..ti1iioH:kt-.J 0.01 %, _t T1iftil 1:kt-.J 0.1 % .a i o .:. t , : t..: o . f.l (7) m it1 ~ , ± . f.l (7) m ~ t 11 ftil t f.l (7)_t T1iftiliJ<li l?-ti:-t o -/Jt, f.l (7)liljJl-/Jt15:v'ti*li ~. f.l (7)ffi~t1iftil t _t T1Jjp] t (7) t:t-t:IJi Jl-/Jt* ~ < r.t. o . -tt..:bt':>, f.l (7)ffi~tjjjp](7)Jt-/J,lt(7)*~ ~ ~iRWJ; -to.:. t lif.l (7)_r_Tjjjp]~*~-t o.:. t t l±lalft~I± r.t. <, *1n,~-/)t f.l (7)ffl~tjjjp](7) Jtt,,1t<1)* ~ ~ 1:lj. .:l oMli, f.l (7)_r_Tjjjp](7)Jt-/J•lt(7)*~ ~ l:lj.;l Q* 1n.1!(7)MJ: IJ b,J,~ < t..:o. ~•~m1,,-c;Jtbf.>t..:f.l (7)* ~ ~ (7)~{t$ (0.6~0.7%) 1:M L -C*1't~-/JtiJJI ~*1:lj.;lo~Wl±kt-.J 1 ffi,j,~ <. *~fl~li*1'\:. ~(7)~91±#.tt L -Cb Mi*I: I±*~ t..:~Wl±lj. .:l t;t1,, t (7) t ~Htir L t..:. 

fftl:.~>EL 
t=~ (1.)iftft: 

------------------> 

00 '$I.~ X a (7) lff ~ ~ ~ (http: / / eco.mtk.nao.ac.jp/ cgi-bin/koyomi/cande) 1: J: o t. }=J Ii 9 J=J 12 B 20 ~ti,; 13 s 011t(7)4ilt00(7)fllH:m$ft~kt-.l6~. m $-~kt-.} 0.8° fflb-t 0. tl$.(7)31bl±$ft(7)311JI: :t-t L -C ,j, ~ 1,, (7)-e,$~(7)311J(7) JJ.(7)~W ~ ~ .:l. i'l:00 ~fi-? t..: t.:. ~ . J=J (l)IIJ ~ ~~t11:J.,.tLt..:ti* t },.ti t:t v'ti*I:* i-? t..: J=J i ~(7)ffiM(7)~1i 10% l;J.P-J(7) 1!1:Jll i o.:. c -/Jtt,iJ,-? t..: . **1±,l=J (7)11J ~ ~~111: J.,.tit..:~ttlffl~~fi1.:. ciJ<ffli Lv'. Lil' L. ~ ~I±. t7' Jv ~nJ'tmr.t.!Il I'.) t,iJ, I'.) ~-t1,, b (7) 1: L -C . il~5E~~fi~~:1:+7l-11tOO~!IJ1t o.:. t ~li:m-t o-sr ti~~ttoo~~fi1.:. t ~ IHJI: L-Cv'O.:. c. f.!(7) lb~ ~~ttl:J.,.tit..: 17 - 7 :,- - l- ~i'F.rvt-t o c . '7-7 :,- - l- -/Jt3p'i\n:~ttr.t. b (7) 1: r.t.-? -c Li 1 ~tiilt~ 0 · .:. (7) J: '? t:t J.!l EE iJ, C:>. *ffi~ ~ I± 20 ~ iP C:> ~ 4 ~ i ~(7)fUH: t3 Ito J=J (7)fflbl±~ .:l t:t 1,,,.:. t 1: Lt..:. .l:.J._t(7) 2 i[(7)1iiJ•I:, ti~ B (7)it!!.-l±it!!.~c ~f.l ~ Mi ~kt_t1::t,t L -Cffi:111 ~ ~ o t ~ .:l -c J: 1,,-/J, ~ '? iJ•(7) lllllli~b~o. Lil•L . ffl:~Bl±fx5tffi:lru~~IJ. ill!. "111iitk~t ~f.l ~Mi~kt_t1::t,t L -Cffi::11!~~O t Iii? J.J. t:t Lt..:. 
*fxttOO~l±ftfiatr1t ~ tit..:-=t-7' Jvl:~--:J ~ fi-:, -Cv' 
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2@.l 

(60S)-)t-:=Tt=~----:---------------_µ~c!LL~~~-,-----~ t-

7-> t,t, J=J O)~~lfr.iil± P1 "t"li ~It\.:: t. -&!ffl L t.:'lfl\ 
ir•~ Lt.: 8 liMt~l:liitl!.~13~- t :ltl!.~~~"'-iimi 
t,t~t«l:3c:b? -Cit\~"\.::. t ~ t·. :,$:-=E-7'Jv t ~1!1;H: 
~ ~ "'(1t\.?>$tl t 0)£~l:-:>1t\"'(O)-~li!f."t"$~ 
1: □m"t"f~x. "'(It\.?>.::. t ~1tltfJOx. --C .t3 ~ t.:v\. 

3. ftlf~H 

~flftff*$ftff$$0)~~~~ftff~~~51~ 
irt-ttu:. -'¥1£ 23 ~ 12 J=J 14 8. 21 B 0) 2 ::i-~ ir Jfl 
v\-C~tt'rIT? t.:. ~-~O)jyr~I±. ftff$. if-~ 
~.#ff~.~~. *~~. ~ffi~. ft•*$~"t"~ 
7-> . 51 ~ ir 6~7 Air HH t L -Cit 8 fill:53-lt--C~i.i 
'rIT? t.:. ~-O)mt:it~~ 2 1:5F-t. 

1 B ~H:li. i-f. rr4J=J 0)~1{ (00 2) ir$~1:ti 
~ L. J=J 1:1;1:s < J!x.7->$53-t~ < J!x.7->$5J-;6{~1.> 
.::. t ir ~ L. ~" \ $5J-;6ffiiJ 1: J! x. o i?'~ x. ~ -tt. 8 :,$: 

"t"li1 ~ ~;6t-~-:>1t\"'(lt\o~I:, 't'OO"t"l±lfl:. 
3-□ 7.1'(--C-lij(ttO)~J.f{l:t.: t x. I? it "'(lt\t.:.:: t ~ 
M31t-Lt.:. ?xi:. }=JO),iO)~vf.t, }=JO)~~t§~t 
}=J;6fl,,\"? b [ii] t.:.ooir:ltl!.~1:fti]lt-Clt\o~EBl:~tt. J=J 
O)itl-; j(1t 1:-:> "\ --cmlY=I 'rIT? t.:. 

~'el I "t"I±. :ltl!.lf. J:l:J!x. o }=J t ifl't' L. ~$; ( 1: 
J!x. '° J=J t 1:1;1: t"t:> t;, ;6{* ~ < J! x. 1., 0)1)'$~ 1: wr .. , 
Lt.: . .::.O)Jrlr,IH:t-t L. 51 ~'t'. 50 ~0)$~;6t:ltl!.,f 
J:O) J=J 0) Ii 1 ;6f* ~ < J! x. o t ~ x. t.: ;6f, 9 J=J 12 B 
~13 80)it;}=JO)~H:•t;~ttt.: 3;tkO)~J{ (00 2) ir 
Jfl1t\-C, J=J O)il/~t7Jf"iiJO)*~ ~ irnlll5E~-tt. -~1:1± 
ifl't'~l:J=J ;6t* ~ < J!x. o.::. t ir~U ~ -ttt.:. ?kl: , 
J=JO)*~ ~O)~ft*irau,~-ttt.:0)-t:>. ilJi:p~1:J=J;6f 
*~<J!x.o~mir~~~-tt~. :1t11.~0)~~t:1t11.•0) 

ti~ 1:-:>1t\--CMm L. 00 1 'r b t 1:ilJi:p~1:IJlrliJ~t 
J=J ;6tll: b ili:-:1 < .:: t ir ~M ~ -tt t.: . -t-0) ~ 1:. l!" \ ti 

0) li1J, ~ < . ili:1t\ ti O)li* ~ < J!x. o t v\ 1 $~;6t B 
~~m-1:~ t.: tJ mn:~ t. --c "\ 1., ~:W: ir 5 I ~ lli -t J: 1 ffi! 
I.IL t.:. 

~fl II "t"I±, ft~p;J"t"-~O)/n:~l:-:>1t\"'(O)mlJl:I 
'rIT? t.:1t1: . ~#~i!ffi0)-&!1t,1Jirffi2' Lt.:. llH:tfr 
?lftii ff! ~ -=c- -r· Jv I: ftB :tJr ~ i!ffi 0) L < ~ t . ~ ii fft 0)-&! 

1t\1J~maA Lt.:11. tt~ Lt.:1t\Mtlir 7 71 ~-"t"!ll 
x.1.>1J$, 1::::,, }-O),g-;b-tt1J~m1J1:1Lt.:. ~#~i!ffl 
0)-&! 1t \ 7J Ii::::< ~:,$:(1(] ~ p;J~ 1: t t · ~, ~ii fft 1:-:> 1t \ 
--Cl±~-U.~U?JIIJ-t o t ~ 1:1i~~ ~~O)~t~1:fti]1t-c 
-&!Jfl-t o.:: t ~- ~*-I· ?Jft.O)ffl.lt)7 "7::,, 7' t t)llt).1\ 

✓ r-' J\.,O)~l,\1J~i:p,C.,1:m1J1:1~IT"'- v □ -r.:i-7"~ 

"?;?>A, "t"ilJ\o ~ IIJ;6> ~~I,,\~ t·, ~-U.~i!-0):::: < il£ 
:,$:(f.J~~ffl1Jttt tl::f:.¢.0:-:>1t\-C~tto 1: t t·~t.:. 
.fl "t" liilt~;6{$~~~Jfl 1: 1 ::,, ~ - :f- ·:; l- ~ - 7 
~ 3 ::, ~fiJJfl L --CA-¥ L t.:~,U.~i!ffi ('t'ff. 2012) 
~.3:.1:~Jfl Lt.:. ~Jfl Lt.:~-U.~i!illi, 6cmftB:tfr 
?lftiitt 5 a, 8 cm )ffi:tfr?lftiiftl 2 a, 10 cm .&tt?lftii 
111aO)ttsa1:~o. saO)~,tt;:~i!ilt. J=J1:J! 
"il--Ct.::7-. Jr- Jv'rJlli? t.:;f-- Jv ir*$flp;Jl:OO 6 0) J: 

1 1: ffi!. L. ~ WI ir IT? t.:. -t ..--z --c 0) fl£ "t" Ii ;Y- - Jv 
~. ~i!it~~ t'15t!!J5tffiir#c~-C{'F~l:~t.:? --Cv\ 
t.:;6t , £,-f 1@lli~#~i!ffll:~ttoJ:11:tl:tiri!E 
Lt.:. ;f--JvO)#ltJffiMt t #IIJIIIJ~0)~5£1i~fill:1:£ 
-tt t.:. 30 m :It!!.,¢.( i?' t:, 0) # lb ffi - Ii ;,< 1/ -\' - ir Jfl 1, \ --C 
iAU5E ~-ttt.:. iAU5Ei61~T Lt.:1i. ft~p;J"t"iJIIJ5£~*i6' 
t;,ffi•O)~ft*ir*~ o 1Jrt1: -:>1,\--cmlJl:I 'rIT? t.:. 
illJ5E~*O)l;!C;,-:> ~ O)*~ v\filliilllJ5E~*'r ~7 7 I: 
7"□ -:1r-~-tt. ili:~~•ir•~-tt;Jt~o~t°O)ffi•ir 
IT?~. OOh~-~"t";Jti?~~-U.~i!-~l?A 
Jr-Ni"t"O)ffiMt~Jr - N0)*~~0)~-0)-~ 
'r, 00 7b 1: 1±. •Wt I "t";Jt i? t.: ~ O)* ~ ~ O)~ft 
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I ...j. 

l:t:l:hi 'L!.. t:::t I t;:t L ·.r , .... ,l" f ... ~ t:r:;;: ._ .::t!:t :ti I ' - ; t! tL:t --L!.. t t.:t t- J: 
L -, 
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...j. 
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-
Lt -- ttt:t tr 
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--~ J,._ 

1 

0.61%➔ 
0 

,_ '--: 
...j. 

30.0 29.9 29.8 29.7 29.6 29.S 29.4 29.3 29.2 29.1 29.0 

1'29.92 m ~~!lilMtJ,a; 

l:ilJ 7 

A'T-Jl.,~1:0)Jlell(m) 

a: ~-"('* i ·-::d.; xff;ti!itif i.),; A.;- - )vi ~(7)ffi~lc!:: A.;- - )v(7)j;: ts ~ Q)IJ«l,ffiQ)-~ b: ~w I "(';jt i '? t.:JJ 

Q)J\. 1} ~ (7)~1t$ (%) t JIJ:trl"(' ts Q;,. .;- - Jv(7)fil:JI t ilr~llbkJli.),; *s'J t.:-~J 

$(%)•W~-c'8~;,..;- -~Q)fil:a•ilrm~-~; 

*A")t.:-gf •7F-t. 

~ 11!/ ill -C-1±, ~fl II "t';l<A")t.:~1t$f11j:~-c' ~ 7-1 

;y. ,r:;., I-•· ?- 7 ::.-- - 1-J:-c'f'J:OOtl! L -r J!-:)ltlli 
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1.1•t":>J=Jt~(J)ffi•t.1t•~1tt.:. ~~ft. 7'./'T- ~ 

t-fi1,•*7 t Lt.:. 
~ffl lilt-~Q&\'11:i.1!~ o.:. c t,r~ ~ t.:. fl i,f:ltl!!Jl 

J:1:1}-otiit.l: I') t ffiqi~l:~~li*~ < Jli "(1,,J.> 

.:. t li~~.I: c -::> --C Ii.~~ I) ·::>f.: J: -j "t" I) o . ~ ~ 

~ilil(J)~f'F 1:IM! L --C li~f'F-t o (J)IHJJ;')--C <7)$~iJt 

~-/J•-::, t.: t.:~. ~~ Ii ;t.. -'T- Jv t ~~iUiil(J)mff 1: 

1'.tL-o (J) 1: ~9J-t o JifiJt~ < Jl t;, ttt.:. Lt,, L, HE~ 
~~~n~tff~L{t-::,~I'). ~fiffi~tft~#t;,~ 
~n~I: t iltL "(1,,-::, t.: J: -j ~I) o. 

~(J)~ 40 7i km c 1t•l'.l(Jili:1,,ffii)t~ t;, tL --C 1,, o . * 
1JJ Ii 10 7i km (1) :t-~-~*~ o.:. c i)t-e ~ tLI!~ 
:IJJ t ~ i --c1,,f,:(l)"(",f(J),~1.'li~)E(J)1,, < ~*i)t~ t;, 

nt.: t~io . 

ff. 3 1:, ~Jif iJtM:¥f~ 1: Jiff 1b -::> t.: :ltl!~i)• t;, fl i "t" 

(J)ie• i7FT. ~JiftitJlff 1h -::> t.::ltl!~iJ• t;, fl i 1.'(J)ffi 

.Ii 12~79 7i km c l!t;,-?1,,--c1,,J.> . ~f!/ I~III "t" 
(l)l!Jj.J& I')~- t, .:. tL t;, (J)~~(J)f~fflntfa*(J) I! t;, 
-?~(l)l,f-(!ilc~-::>--C1,,J.>t~;tt;,tt7.i . ~1:, ~~II 
~Ii, ;f- - Jv(J)~l'lfii:tl(J)~~ . ;t..-'J"- ,1,, t&Jj.J&o 

~<7)~£. ~~~*~t;,St*~o~(l)&hJ&I')• 

-~ t·. ~fi I. II 1:1tx::--c~£i)t*~ < ~o~;ti)t 
~ <, -f tt-/Jtfa*l:ff.tt --c1,, o . L 7.P L ~i)t t;, , ~JH 
t,tJlff t-::> t.:fl i "t"(l)je,t(l)!Jl~li 46 7i km c, ~ 

~fHtl:$~t,, t;,W-it t;, tLt.:m!l;~.(J)-$t1f. 4 1:ff

-t. $~~t":>W1tt":>n~lf;m~t~fiL~t.:.0. m 
tb-f(l) 1b (l)l:-::>1,,--cli, ;a 1b L07J'-::> t.: (17 ~). fl 
t,t~ ri- 1: ii 1,, c .:. J.> 1: I) o .:. c iJt tJ t,, I') • 1,, t.: (8 

~). i~JE!f;iJtl}-::,f.: (5~) . .:.(J)J:-j~ni<i;"t'HeM 

t*~t;,tto.:.t1i-t::-1,,t~t.t.: (3~). fllifa 
m* ~ 1,,(l)"("li~1,,7.1, (2 ~) t 1,, -j ~:ifil-ntl} I'). $ 

:w:wI *Wll 
m .IIO)~~aO) ;f--J~O)~· So- S, (m) 

((S., - s,)/ S,) 

*it.I\) S, (m) x 100 (1) 

A 0.61 29.84 0.16 0.54 
B 0.60 29.80 0.20 0.67 
C 1.09 29.40 0.60 2.04 
D 0.55 29.80 0.20 0.67 
E 0.66 29.80 0.20 0.67 
F 0.60 29.84 0.16 0.54 
G 0.61 29.92 0.08 0.27 
H 0.70 29.85 0.15 0.50 

OJJ * "t"(l)ieMla-ffi.(7) J:. "t'Jltili:ft t (7) a-~-:> --Ciltl'.iET o:. c t,;-c_;~ o c i,.'? :. c a-~ o:. 

c t,;-c_; ~, ;R~ c 1,-,; ~T~ o ~r .. ,(7) J: ; 1;:,\!!-;t --Cv ,t:::.. t (l)t,;y l.,ili: < ~ t: o J: ; 1;: ft 

-:> t:::.. (~Ur · 2 ~1::) . 

O~J'.ii:~*t,• ~, JJ * 1.'(l)ffiM a-lliT c ~, ~""' 1;: fitt,;ili:--:S ~, ~*t,;tfj --Cc --ct :k ~ v' 

~-e,,.m1"i-e~ft;6•-:>t:::..t,;~*t,;llit:::..c ~~1/Jt.,t:::.. m-• • 2~1::) . 

Q.A 7-1va-!J- ~ < To :. c 1;: J:-:> --C, :km+lftieltta-iJIIJ'.iE"t" ~ o:. ca-~ fJ , c --ct .to 

t l.,0 i,., c -~-" '* t.,t:::.. . * t:::.., JJ l"i!i!!.~t,• ~Jl.o c c --C tili: < 1;:t; o J: ? l;:Jl,;t o t,;, 

~+ :n km t NUi --c i,., o :. c 1;:tr ~ * t., t:::.. (J!l!"1- • 2 ~1::). 

OJ! (l):k ~ ~, ieM a-iJllj o ~-c t 1;:ffi~t,;1:: C~TI.- \~-"("3;-? t:::.. (l)"("ft l.,t,>-::, t:::.. (J!I! 

fl- • 2 ~1::) . 

Offl:Pia-~-:> --C~M a-ff ft-:> -c \., < c, Jl * 1.'(l)ffi!¥t,; t c ~ ~ti o lvttft c v'? :. ct,; 

9;·/p fJ * t., t:::.. . Jl * "t"(l)ffiMtt,;:. lvft 1;: tl¥ti --c v, o (1) 1;:, JJ l"i ~ 1;:Jl. ;to ft lv--C, Jl 

i-:tmftJ;J.J:.l;::k ~ 1,- '(l)tt 0 5 c .~,1,-, * t., t:::... *Jgt ~ * fJ ~1;:t,,1t--c 1.- ,ftt,•--:i t:::..Jl (l):k ~ 

~ 1;: 01,, ,--c~im t.,, Jl -"(l)MJ,r.,t,;y t.,ifli* fJ * t., t:::.. <*ll!"1- • 2 ~1::). 

Oii!i!Ma-~ 5:. c t,;1_'~, El 9,(1) Jl.t:::..v'timl;:ftbi:t J:? c To (7)"{', ~~1;:~t-Jl.o 

c ~ 1;: b~.ll-? c .~-btio. -t,{O)J1E c (l)ffiMt,;il[ < , ii!~ffiP'l 1;:,A.~t,; A fJ ~Iv "t' l.,"~ 
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Study Program to Assess Hinterland Provenance Using 
Several Separation Methods for Beach Sand 

"'f li,I )a jl*l •=ff ft ,tp,*2, *4 • u.J * If ~*l. *5 • =fl-t l!_ '/))*3 • fr f;f f! =*l 

Yorinao SHITAOKA. Masaya MIYOSHI. Junji YAMAMOTO, 
Madoka MIYOSHI and Keiji TAKEMURA 

Abstract Constituent minerals and rock fragments in beach sand reflect geological 

characteristics of hinterland regions. Elucidation of different aspects of beach sand is 

comparable to undertaking a statistical survey of geological profiles of the hinterland regions 

sourcing the beach sediments. Here we propose a study program for examination of beach 

sand using various tools. which are made of groceries familiar with children This study 

program will facilitate students' understanding of the relationship between beach sand and 

hinterland source regions. 

Key words: beach sand, hinterland, separation method. environmental setting, study 

program 
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250µm) t.:lt~li:B!> i t,,~7tM Lt.P-c." ~ ~v'<T.>-c.", 
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(125µm ff fl) $ ;,I o/ :.,- .:i. (1 mX 1 m -e 1,500 PJ) 
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t.:.. r ;b A,-t.Jflt J Ii. t&l:iJ; t },.tt, * t :ba ;l ~ -nt; 
!I tJ IM•-t.: t -e ~• (J),J, ~ 1,, ,tt;¥o t ~~~ L, ~~ (J) 

*~ ~tt-=ftt&l:il• ~-tt" o t 1,,, 1 li.t~(J)~~tllJffl 
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4) ,, ✓ ... I:!-:;;:\'-::,, 1f 
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t~mtttt!lt (B-f!?.li.tfJ) 1:7}-M) 
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56-{18) 

fflA■t.l! •• 
-~9 1 

if< IJ r -,. •:., ? ti 6 
~~~ 2 
$.)( •:.,S,1 l 
il:C 1 
)I,-~ l 

■@.IE 3 

A3ffillE l 
✓7AT'Y??"-A l 
~-:,~~?'m• 1 

A7~ t-:11'5A 2 

u~•1 
(*.: l.,,3,-l,1.\ (tt.J 250 µm)) 

m~!<:;ti! "' (Z 

(>250 µm) 

I 

u~•2 

-
:J.)(~t,.~~ 

,liR& {30gfill) t><A?1tJt< 1Jr1'':.t?Q~<D {Iii-
3) c"f"~ 
a~~c e L, -r .t:a < 

■1.,m 

■1.,m <=rnlll 1 oo.)( ,:., ~ .:i. ~~m> 
1 OOP3 0) P3il:S~ P18ti 
M•~51!b'G l OOHilftb<J: 1,, 
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-J ~fi-=>t.: (~ 6). 1 @O)~*~llli 90~-e. ft 
it 3 !ID fi-=> t.:. ~ 1 A ;;r, ?" ~ .i - Jv c ~ J., ~-§1!1Rf1 
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:t{fl~~-r~~m ft,: c1: Q -~m tt f ~t~ t ~ t~ 

7' 'J "IJ -7~~(7)~Jt,flfs-

Case Report on a Field Excursion for the General Public as an Outreach Activity 

by an Academic Society for Quaternary Science 

ti * ~ B*1 
• cp ~ II -*2 • e§ LU II -*3 • ~ U iJ $*4 • 

11 t-t ?! =*5 
• * ~ 1- $*6 

• LU 83 fn '5*6 
• ~-i:;;Jll~-*7 

Takeyuki UEKI, Ken-ichi NAKAO, Ken-ichi NISHIYAMA, Takashi MORIE, 

Keiji TAKEMURA, Hitoshi YONENOBU, Kazuyoshi YAMADA 

and Shuichi HASEGAWA 

Key words: Field excursion, Outreach activity, Academic society, General public, Shikoku 

l. t: t,; ~ ,: 

r;JMJf.ff€1tft•ttffi•1t1i. ~1£ 22 ~ 6 ~ 1: 3,000 

7JP3.l-J...tQ)~8gliJf1f.~'a:'~m L t.:liJf?E;ff-1:. 00~ c 

Q)ft~ • ttffinms (7 '7 1- 1J -1-rntJJ) tft~-?,t '-> 

?Jc }E ia:- rr -::, t.:. -t tt 'a:' ~ , t -r . ft • tt ffi ffi w • a 
OST) liliJf,f;ff-Q)tt•1:ioHt-CQ)7'7 l- 1)-1-ifrlb 

Q)tfttJJHt1: L. .: ttt,~; Q)~f!fiiTn~~ 7 '7 1- 1J -

1-m11J1:ff-t'->1Jtt~Jl.~{91J~c-'a:"c tJ i tt>ot.:t> 

Q)~M.'a:'M~L~. -fQ)ffl~•<ft~ttffiffift• 

a. 2011) 1:J:tt1I. liJf,e#tm&cQ)Y.1JioJQ):1 

~ .1 =-,,. - '1/ :1 ✓ t "\ 1 t~t,~;. r 7 '7 1- 1J -1-J 

Q)ft;t, tJ 1: rn~J c "\ 1 N1fti)fffll.,\; tt -r1tlo. -t 
L -r, liJf ?f ;ff-1: J: o r M8.s J Q) £-~tt c L -r, J;J. r Q) 

5 t.,:t,t*lf; tt -r It\ o. (1) f,}•ttffiQ)liJf~lifflQ)Jtk 

~'a:'1-0 < ~-h-~~ tJ, ,tQ)f£*1iA4 Q)7°7 -{ 1-· t 7 

1T✓T1r1Q)~. ~~ftQ)Atttff~To~~~ 

tt~~-::,-C, ••~ft~tt•Q)~ftcL-r~~~~~ 

Q. (2) ft~ttffiQ)liJf~l:li"ffi89~~-?>~~ CTQ 

00&Q):J ✓~ ✓~Ai1%~~~~tJ. -tQ):J ✓~ ✓~ 

Ali rn~J t-iit.-r~J£~ttQ. (3) liJf,e;ff-u: rn 

~J i:-ii t. -rliJf~ i:-iitt> Q Wff: t:-~ "'- ~1:li)f,et,t~ 

99ffl?E~~~x.t; tt -r"\ '->tl-*1: 1iM'ifji;ff-Q)M'im 'a:' 

m~"\:b,t1:1i1.-\t,~~"\· (4) liJf,e~~,H:1;1:~,:~~ 

tt t,t ~ o Q) ~, ~ 99 liJf ,e • ~ J;J.;;. 1: J: 7-> liJf ,e t (3) 

1:.--r 7->. (5) ~JU£Q) rM~J Ii El ~f,}.i:p,(.,Q)ffljo] 

#~'->#, El~ft•·tt•ft•·A~ft•Q)-~J.>~ 

ffQ)~llt..:liJf,e~~m~ t Q)m11Jt,t>f<t>; tt -r "\ '->. 

.:Q)J:? 1:. ili:~. liJf1f#l:J: 7-> 7'7 1- 1J-1-ffllb 

Q)£,~tt, -~ttnti\tj i-? "(I.,\¢, li}f,f;ff-1: J: Q 7 '7 

1- 1J -1-mlb t L -r 1;1:, ~,e~Q)mJ.-tlm!nt£f1-t '-> 

~M•m~m&am. m••IWJ~~Q)w~~~#-tt 

99~ ~ '-> t,t, -t Q) ,1 n~1:liJf,e~ntmJ. ;- '-> •m~t1f£ 

fl-t'-> bQ)bfivtt.-r1tlJ.>. J&•*Q)•m~t L-r 

Ii, 8 *:i&~~B.ft~ilit 'a:' Ii t. t>, 8 *JtkW~•. 

s **l1l~~. s *:Rx~•. s *1n:••~~ c-t1fliJf 

,e**':~b-tt-r, it.: 8 *~ffi~ll~Jf(Ji(Jtl1.•m• 

~ c'i,f~5EJIJH:tfliMil*a-1Jnfl L "(1,,lJ.>. -1J. ~ 

m~i)f£fl-t '-> 7 '7 1- 1J -1-m1JJQ)i:p~ff~m1JJ1;1:1,, 

t..: <, 8 *iliif$~1: J: 7-> rifiif c Jtk~Q)•~J (W 

EB, 2011 'a:'~Jffi). 8 *Jtk•~· • 8 **ili~•1: J: 

7-> rJ&a1<l1J.:C-t..,v-A~-~J(.lO@Jtk.t< 

l1J.: c-t ..,v-A~ - Jv~fi~fl •· 2010 ir#P.«). 

s *:1&•$•1WJ•xs1: J: '-> rJJ&7 •~~J <~oo. 

•
1 ~1rrrttt!A&-.ttffiatitM~wr J&'lilfflM~sr, •2 ••~1r1t4mn 

.a te•:k~:k~~ 1/~* • 7-'J • 7':/ ~ • -ft-1' .:r.':/Affl~!IS •4 ••"'-!~WIITSL.ffl~'fl~tt 

•
5 J;(fi:k~ J&~W,\~ffl~hitt •5 11.1r,1x=,r*~*~~~ttft1fffl~'I- •1 •m:k~I~e 

2012 * 1 JJ 13 8 -J:# 2012 ~ 3 JJ 20 8 ,J:J.1 
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2011 ~~mo ti<!Jlt L-r¥,-r;ttott~~~'°- L 
t,, t. .:: tt; li}~:il • ~tt:td l r1$-ttftfl t-Mll c L 
-C ~ tJ. $tA~1: l-::> -r-tt,ti!~ t-Mi\1: Lt.:IH'i-m 
t.blill c A- t·rrt>ti "(I,,\~\,,\ t .\!3,t>tto. }~- • ~~ 
~ :t-t ft c L t.: $,tt It 'ti I: :td 1,, \ -r. Jtk $ (7) IH1-lJl "ft. 
(7)Jli~ttlilt < ~-~ tt. -{-(7)ft'1fl't-J~~* t .ii£ t1 
tt.-c-1.-\-0 (ffiii • ,J,ft-. 2008). lilJUI:. -ttm~t
Mtlc Lt.:~ilftW(7)lJl~~;. Jtk$*'7)$ti.~7 
?l-~-+ffit.b'7)-fflcL-rJtk$(7)ffnffitit-•~-t 
-o.:: c Ii. -ttrtra;l:ilk$(7)fiJf?f t'~ffl • 3"M L "t b 
; -j ~ftti< ~ '° t:f .¾.. ; tt o. -{-tt t>t r ilk$(7)fiJf?f t
~i.1!-t oJ c 1,,\-j OOa;l't-J~ :i ✓~ ✓ -It A 1: t-::>~t,to 
t~ .l ;tio. 

B *~11:9R.$~1i. ~l!YR. c 1,,\ -j --::>(7)ilkJt~ttl: 
~~-tot1i~i~~ff(7)fiJFK•~•t-::>t.:$~1't-J~ 
$~~~0. 201Q!j:q:1i. $~fi:1f):: l.,'"('7)ilk$ft 
ff. ~~ttffcL"t'1)§~~ttff'1)~ ✓ ~~?At'-f
t1.~t1.!m fli L. 2011 ~'1)et,e*•-e1i-ttm~ioHt 
'7)~M~ ✓ ~~?Ac~H•~•t-oo~-to~~-.:: 
.::tt~. ttffr .. ,.m~7? l- 'J--fffi"tJJl:fl.fil't-Jl:~tJ 
Ml.A-1:'I.-\ o. 2011 ~(7)fiJf,e*•lif!.Q,~'7)~1rHi:ff 
*$1:'!m·fl ~ ttt.:t,t, -f-ttl: ~ b-tt""t r100 7J~(7)JI{ 
11:900~~oJ t1.-\-jr-?-e. ftt•~il\t:>:ttJll!.'i\-1:t 

6 IA. 

t.:~o~3iliJtk~ill'7)ilkfi·JtkK(7)ffn~$•t-~oo 
Lt.:. +L-c . .::'1)ffn~$•t-$•1:10 r7? 1-
'J -+~~J t tta·::nt. u~~$~tt1f~-"'7)i'tMK 
~§mL-c. -ttrtra;~~~-~~ttff'7)~~~<$ 
~tt.ft. ~• • ~~- ~~~) ~ c-$~~.1:..1.n(1)~1Jo 
:# t JJ• Lt.:. *flli5-~li.:: '7)7? l- ') --1-~~'1)
tt~ ~ ff L < flli5- L. ~~'7)fHdli 1:-::>1.-\-r fltiilO:~ 
-t. ,:: ~- ~1JO~u:>1l.ti-1:'-1J.t.:~~'7)JU~li, 8 *~ 
11]R,$~u:>iiffli!;l:flli5-~ tt "tl.-\o (.iI. 2011). 

~ ~•w~~m~~m-~•~•• 
(I) t-t!!ffj 

ImOO:ttJIC$u:>~lliliilkli. mat-'P9i!:fRm:Ml. :ttii 
~ ~ilLlJilk:ttl=IIJfTlff"eili ~ ttt.:m:tt 10~15 km. Jk 
E§f.J 100 km u:>ilk~~u:>LlJilk~~'° ([g) 1). LlJJtku:>3:: 
fl,llJ:itJI:* ~ ( ii-::> "t :td tJ. ftit6.rali~itlj 1.060 m 

1•1'h IJ•' 
u:> iix. LlJ 1:' ~ o . r,oJ ffl LlJ ilk u:> :tt a 1: l;UD :Jil.11 ff. ffl 
11 ht~ 
iUEtmi~HSt~ o 11\IJ:.=ffTlff ti\;~ o Ji!llt1<Jtt1t-::> -r 
~ tJ. LlJJtku:>wfJU:IJ:fl]~Tiff~ol,\li±ttTli>\;~ 
o .rrJ~tlt h.tE L "t I,\ o. 

~ff Jll 1J:!lo111LlJJtk(7)wJJU:fil-::> "tJkvtt L. Jkffi,:~ 

~1,\f!:A~ff t-~~ L -c I,\ o. ira1mi.1Jilk(1)3:.••t-~ 
~W-c ~Jf < '7)iil]'Jllti<:tttt.:liffl-"vff.it.0 t,t, ltt 
ti-JI I c 8 !JR{i-JI I u:>JJ. li±f.tif& .t tJ :tt7J(7) Ji~t,\; LiJJtk 
t-~J.-.tMf l.... "tltivft l...., Eff JII l:%vtt-t o$tfiifiJJll"t" 
~ o. ±ttif&..t 1: ~ o .Ill~~ (00 1 (7) a~e) Ii, -/J\-::> 

-r LlJilk t-ffilffi L -r:ttvff. l.... "t "\ t.:ii"**'1)~ c ~ i; h. 
"t I,\ o (IMJ EB. 1970, 1973; Sangawa. 1978; ,M*. jjl 

~- 1998; •*· 2001). 
llPiil UJ :lt!1. Q) m ~ t- ~l J., i:p 9'!:tft ml& I ;t Jlfi!Y tt Q) ~ ft (1) 

~~fttR&i~Tfflltfr~~;~tJ. &M~flril!:~~ 
u:> ~ Ji ffii t- ~ ff l't-J 1:. ft~ -tt -CI,\ o (!Ml rB, 1968, 
1970, 1973; IMJ [B • m:. 1990, 1997; *ff 11 ii\ 1993; ~ 
ii. 1998; •ttlitl\ 2001; jj! • {iii. 2006 ~ ~). 11iJ 

11 LlJ ilk m • (7) 'P 9cm m ~ m 1t1r Ii* '1) m: flrffllb 1i 16 ii!: 
~J;J.~ c JU• t ; tt-r "' o (Tsutsumi and Okada. 
1996: !Ml rn • m:. 1997: ttKi 11 ti\ 2001: •tt • liJ m. 
2002; ~fflli.P, 2002 ~ t•). !lPJfflLlJ:lt!!.:tt~,:lilliJII 
L1J :lt!!.:tt~ ttJr _. ff t ~ Ii tt o JI{ l9 tt (7) ~ JffHr-t o :tt 1i-; 
(1)ir!ttJr~fft1t~m L.. -r "\ o nt. -f-tt; '7)~1!Q~ftJUJ(1) 
fflfJJ(7)ru£~1;t~~ t:> tt ~ v' (:1¥:{i-JI I. 1985; ~~JII Ii 
-/J\ 1993; Wii 11 ti\ 1996: ff* • tr4~. 1998: M*. 
2001). -1I. i!P1fflL1.J:lt!1.:tt~WrRUf'7) 10~15km~t:n 
1: Ii Jl{ffi tt (7) fl ft (7) ffl ttJr .Ii ti { ~ ;fJi l.... "t :td tJ . -f- C1) IP ~ 
-Alt D~~~~ltfrli Ii. ffl 1: 50°fJE~1:ffl~-t o lflr,lf 
ifit-~-::>ir!ttJr»>-e~o (,J4t,. 1991; itEBlitl\ 1993: :,t, 
:ff JII ~- 1997). ~~ltfr/it Ii~ M ~ffiiitP.J.~u:>ffi:JII 
'1) Fi Ji ffii t- * ff l't-J 1: R fU: ~ -tt "t :td tJ <* JII. 1973; 
Sangawa. 1978: 1r~*liil\ 1986: ,M;;t,, 1991), -{-<1Hl 
flrffllbl;t 9 iitR.J;J.~-e 16 iit~P.J.fif"e~o (#Ll.Jli~\ 
200 l; :lt!1.1UJ~ :i:et ,em lf!* fflS ilk !!UIU!f ~.ft.. 2003 ~ 
c'). 

(2) itK 
!1a1ffl LlJ ilk Ml :ill '7) jtjt ~ t, jgt 1 1: ~T. !1a1ffl L1J Jtk Ii Id 

eI*'7)ffl&_.ff'7)9WftWK~~;~tJ. ffl:Jil.,llff 
1i ~~ 1: Jto: :1, ✓ ~ -t '° fA1 i~m mt-~-::> cm•. 
1973 ~ t') . !lPIMf LlJ Jtk u:> :tt Mt u:> Ji lit Ii N fflS 1:' Ii flM S 
I*'7)ffl*mrl4i~llil\; ~ o -!Jt. ipfflStl\; Jf(ffiS~l:UR 
*m~Wllcfl:JATlff~;~o. tt.:. -•-T~~ 
fli'Mf (7) .=fl'I ff tltffi*m~Wffi t-~~~1:ll-? 'C"\ 
o. .=ft11ff liT$u:>*vft11u:>Dil11 c ..t$u:>9~illl 
11'7)ilfl 1:~1t; tt, lllJ~lij!PJfflLlJilk(7)mn'7)11Y~~ 
ilkt-«Jt-t o.=iltJIIR~Wffi'7)•t-~tr.: t tr~- j!iiJ 
;f LlJJtk t-~ltfr L -c:ttvff L -r 1, \ t.:'i57J(* ,: l-::> -CW~~ 
ttt.: c!:: ~ ,l; tt "t 1,, o (*JII. 1973; Sangawa. 1978; 
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tl * · 1'I tl:. 1998; ffl *· 2001). lfiJ II Ill it!& 0:> 1fJ • l: 
~ f>•') .. ~n:-t ~ 1ig1:11:1: r&S-i:fl $J!flrfl0:>± tt ,11t,,; 

~ tJ. altJIIO:>.fi:~110:>il'I c lfiJ:llllitl&t,, C:> 0)8~illl 
110:>ll11~'1L'I L-C1t\-?> (fflitlli,\ 1965; *It. 
1981: PI -=r .o, • m it. 1989: m • • lliiI -r •· 1990: 1'I 
t.l • ti.fa:. 1999 : :OEB 11 t,,, 2010 ~ c·). 

3. 7' r) t- IJ - 7i1 .. 0>Cll 

(1) i.11 .. 0>Bllf 
8 :.fi:ftlll~Uc~~O) 2011 ~O:>fi}f~*~li, 2011 ~ 8 

J:J 26 s <ii)-28 s <s> ,:ff.t1,~0:>"'r,ftlf*~ 
~D.ifl ~ tlt.:. -tO:>'P"t'. 8 J:) 28 8 O)!:fllul:li f~ 
~·~0)-~~~~J c&L~~~~ ✓~9?A, !:f 
ltl: I± ff.f.A"t'~ .l-?> itkll~~ c ~.l.Jt -Jt( B **It 
!.ltfp C:> O:>ffit.: ~ftlll-J c 1B Lt.:tt-&aij{~t,tfibtt 
t.: o~l!&. 2011 i> .t u~lll. 2011 t-~mo. A.@0:>~ 
~1i. ~~0:>M~*~,:~b-tt-c s J:J 29 s un ,: 
fibtt.t.:. 

(2) ~ .. O)§tl 

A,@)O:>~~O) § ~Ii. tftf;~ • :ffJll~O:>m• • ~~ 
t--a-tr-f1:m~l:1!±0:>*it11.0:>J£ tJ -JI..~ 't-J.!l!NJ L -Cb 
C:> "\. 1!±~0:>~fi it-• ;'J -C b C:> -) .:. c "t' ~ -o. -f.:. 
-e. noo Jj~O)JkllYOO 't-~-oJ CI{\ -j -r-7 't-ffllf, 
~~O) § fflU:: L -C. • 1 l:1lY000:>itk:m • itkJQ: it-*~ < 
iifi-t o i:p*fftmMlc-ftU:fil-:, -CV&Ett-o aff Jllt,t-::> < 
o:ft& t- ~llY~~~t.dl.iat,\C:>UfA-t -o.:. c. ~ 2 ,: 
'P *fff ma m 11r 11 * c :fl~ lf1i 11 ~ fJIH: L -cm 11r ,~u: -::> 
1t\-C~~.:. c. #I 3 l:;ff~~U:1'titk"t'000)~~!G¼.tl 
,: (, ffiJE ~ tl "(l{lQ flfiJiJtO)±ttJ O)~tfj~~-•t
ffl o .:. c 0) 3 -::> it- tt5E Lt.:. 

(3) I.tfi 
A,@)O:>~tftli, ~~O)*-A~-~. ;(- 1) ✓ ~•) 

A }- , iiiffl~O)tli)~l:, ff,S,~0:>'P~ttJ.!l!ftfi}f~~
-~ t-iii t-C•tt~~~~tftO)Mffl~vtE L~ tJ. ~t,t 
O)~P-J#O)MJ1tl: .t-:, -C~ffl Lt.:. t t.:, ~~O)~M 
~✓~~?A. ff&affl~c~b-tt-c. ~oo"t'n7-
~.IM Lt.:-1- 7 ~ ~f'J:J& Lt.:. -1- 7 ~,:1i, t1•~. :ff 
Jll1'i\-0)1 ;C - ~ ::\- ~ 7 7 ~ -~. m•t,'tai"\t.: flfiJilt 
O)±ttJ 0)::\-~77~-~0)-tt'"C', ~~l:[ffl1'l,f ;C
'1/~ffii)~tt.~\,\.t1,:I~Lt.: (002). -r7~0)ftc 
:.$;'e1:1. 11.1r,,x1r*•lfff•1J, • 'P•tt0:>m•. ~tt. 
1.t.ft. 11.1r,mP-JO),J, • 'P • •~~tt~ .tum•? 7 7' 
O)~•·~~- •Mfi1t::k•"t'ftfl~~a~ffiaBt 
§:IJ Lt.:•ttfi.R. IP • ·••ttO)itkf!ftJlinHt0:>a 

ij{•O)~~•. ~1f~~fi•~~O)~~'°w•ea 
#fiJf~O)~••· tt•m~~±•0:>•fl. ffi•~n• 
~ffia:0:>•0)•fi ~ c·"t'~ '°. .::. 0:>,1ti~,:. ••~n 
~.l.Jt~ ✓,-, ~-~~~~All. ~ffimft~~ ✓ ?-
~ c·,: t-1-7 ~ ~11v\-C b C:,-:, t.:. 

(4) ~~0>#t.1n• 
A,ffiJO:>~~liX$f4~~f4~ffl~10mWJii (JiJf~Jil 

*~M~itUt) ,: J: -o$~0)ffi"IJJ c L -Cfibtt, if L 
-ljJ tJ 1'{.:J-ft~*P-1#0:>ffl~l±~lfJJ~,: J:--:> -ClfU:>tL 
t.:.. -fO)f.:.;'J, ~~0:>~1Ja•1±-W:~tt0:> 100 PJO)ih.i 
ftt!! Lt.:. 'W:~ftl±. ~ B J'{.:J- l:*-o niH:~#1:litt 
Lt.:.. 

cs> ~~0>rr,i t JL,- t--
4-@ O)~~O)fitt it-~ 1. Jt~itka t- oo 1 ,:~-t. 

lliirat Ill itk 0) m • -e , ± i:fl *.m :ii k;ll m 1t1r 11 * c r lliiI t&: Q) ± 
ttJ ,:~L't-ftt-f'tt.3-::>c 1-::>, ~tJl"eliil~lfJrll 
,: ~ L -C 1 -::> 0)-8-af 5 -::> 0) J!$itk.ia it-~~ Lt.:. ~~ 
O)ffl~*~0:>M-fmt;J;m <u.,r~tt1r*~) ,:~b-tt-c. 
•-8-itk.?.i:J:3 .t rFM-ttitk.?.i: ~ JR u.,ruR,: Lt.:. •m• 
-e*o~1Ja:'ff-. ~i!1'{.:J-1:F1H$noo,:~-0~1Ja:a-Q.>t.: 
~ l:. ?:ii!J'{ 7- O),Wfnjw ,:;ff #Jlt}fitl;i)tffl:~ ~ tt -Cv\ 
-o~a~0:>~•t<c<~-~~Nt-•*itkR. Mft 
itk.¢.i: l:1Ja .it.:.. it.:.. ;A:fi.-Z.Jk:J?-:niffi i:~ 1-> #1JD:1' 
0) t.:.~ l:, i'l:i~~~ c ffitls~~ t-Mttitk.¢.i:l:1Ja.it.:. 
Jtl[O)~~O)f.:;'J, !:ftt.t tJ b fflM~,:~ L1'l!:f~sfl 
0) J!~itk.¢.i: it-~ < L t.:. , i '? t,t .6l" \ .:. c , t:; J: U Ji~* 
Tttl:1Rfi-~?l:ii!1'{ 7- "t'1ffl-o ~1JU.O).:. t ~~rl l, 
-C. lli ~itk .¢.i: t,, C:> it!! .ia 4 i "t' Ii i:p ~m ;ii~J: ie'--:> -C'ffi 
,: JtiJ t,-.1'\ itk.¢.i: 4 ii\; itk,¢.1: 5 ,: t,-.,t -c lliiJ311llitk 1::11:,: 
fft lfJr L , it!! .¢.I: 5 t,-. C:> NJ ttitk .¢.I: i "t' Ii lliiJXI Ill itk 0) ~t• t
Jt( l: JtiJ t,~ '? J: '? ~ ~~O) Jv- 1' ~ G:5E Lt.: (00 1). 
fj tb ~ !Ill 0) ffilfi 0) t.: ;') ,: , • ji ii~~. jitij 0) 1,-f.t "\ Jt 
~-im'.~:iEfi-t o J: '?,:Lt.:. 

(6) ll*il2 
" ~•J "11-lt !&2 1: ••-. ~ jJtmmta IBT ~ rm < ttt .ff. }IUt ~ '" .. 

• 34°6'18.3". •a 134°16' 40.4") 
itk~1~;~n~~bc. ~~lllitkcffla•ffQ)~ 

ff-il'ilkl:tx ,: ~ -:, -c "\ o .:. c t,tb t,~ -o (00 3-1. 3-2) • 
~" fl "( J:; ~ .:. ,: tt 'P ~mm•m lfJi 11 * 0) x~ 1t1r 11 ii'~? 

tJ , -f tt C ,1 ,r~rr L -Cf!SJ El tbl1!iii1'$li~ ti-"(\,\ 
'° · X~ ltJr _. Ii 8 M ~ JII 0:> a :lxitk ~ ~& ~ -tt"-C • J:t ii 
ti: m O)fH:IJr/1 m ~ :mlit L -c "\ t.: t,t, JJ!~l;tiGi;lillf 
O)rl:~ tJ J!-o.:. c l;t"t'~ ~"\· ~i>. 1991 ~,:. 
tf:O)~~~~O)-~lt~"t'1'~ ✓+ffl~#fib~ ~ 
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ctJtJ, L,'. lfoJ)JJl'C if ~tJ<~tJ,tt, "'t 
. 

(~fuC? 

■tltttft■tJJ~· }I< Iv 

1007.i~Stl m llQ~~~-l> I 
* * * lfiiI ;Ji c Di~ 0) rsi f ~ L1.J 1J~ tJ: < , s !J J I I 1Jf ll p ~ ~- f ~ ;1.[ .ti t i , t-:: • • • • 
-'f:-Iv fJ: "lf (l)±fuff~ ~ifufi ~, I 1*~ (J) Ai1f f ~lfl =f-""t" ~ f ~ ~-r ~ * tt Iv fJ\ * * * 

0 8 Bi : 20 l l ~8.F.129 B (.F.I) 8:00~ l 7:30 
Oi!AWI: • ~JIIWl:~~RL,tJJtJJ°\A"'t:311JL,*-t t 
o,J,.~.c...tJ:.tJ: ,;n~:t>#1Ja-r~ *9 <t~tt t..,, ,J,~~111¥i1:1t'61#) j 
0$Jw-y~ffi1J, ~Jl.30~ (;tcCJlll, 8~ 12 8 M&>'JtJJ £J) · 

0~1JllR: i¥~'4100f90)JJ.~~8s1i:tAi,<tt~i, 
OEP L,i6~$'c : ksaitou@naruto-u.ac.jp, 088-687-6411 ( 10-161¥) 

1 

s~AA, All, ;1•;tc~P.1r,~•*~,4if:t□ ~:i:? "~*""t? 

Off~ s : oo JRPtr,lR~~ 
-~~•• c~~•a•~~••><T.)RM~~c~m> 
· 100n~fiJ(1.):)(J.IJEKll€-11~tJ±~II (:k.l.lJEKcttll~•<T.)UIU 
-~~(1.)±~<±~:k.l.1JE1<(1.)Ba, ±~(1.)d~~~•> 
·E5~~,~? ~(1.)lR) ~t&e~•
·Um~~<T.)-~~-IIC•IIWc±~Jl(1.)8a) 
-~•~~=•••(1.)~ff<~•~wc•~> 
• MAJ:t~■€-*ti=•III¥ CMlllll;:~ffi1)fl.>.t1.liJU5) 

1 5 : 30tl •ri~~ CM-i~#OIU 
16: S0tl i!Ac < c < ?-~ -j-JL, <M=~Mft) 
1 7 : 001:1 --~~ CM:i~#ift) 
17: 301:1 JR-..r,lR~IH!Mft 

. ~-~~U~~•M•~~U.ti~<T.)R~~'->U*~• . 
- - -,.- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~- - - - - - - - - -
~ii :U~-!lteuf!JHIIJlt~::,.,?-, '9r,,t,r**• MJP.1tr,'1J: aaian.114iaa .. « 
•·: NHK11A. f!AM•tt. l!!llltli!. FMf!A, .:t.7.:t.Ar.J.~lv. ilAJffftJHltA*• 1!11',ififtW§A*. l!!l&llttk~••c• 

- - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - 7 - - - - - - - - -

• ~O)~IIJf;t, XJSM$iU4MJ1t•111111• (ifU•~•u•> rt;t-Cf.t?l1-:>ft/v I 1!9■0)ftf).t.!I!: *~•·· ~--O)jlill!fJ\€>M$ 
•J ~ -5 JJ,7-'!10)181.tcJ!l* 'J '1'5 ~-O)WJl!tO)~"'>r::J 0)•111.-!ftt"C"c. '*T· 

-•j"t.:~<iriia•c< i,i.;,j; ti••■-ci-vi,-,.31-1t>: ituii.tiJi<i1£t>~;bft>utii1a-■~~ ±i!»;i,i~-aifirr- -
,J,$~0)-.IHffilJ.£-, \ft~C. \-CC. '*T-

~2 77~~-+~-~~-~+7~ 
+ 7 ~ ,;tfilifiifi--ci n 7 -1:(),fillj ~ n. •1m ~= ,;1:~~~ii)f~j;:~--cilfflffli ~ nt.:~lffl ~;.., ;f-:) 7 A. if-li•iff~~;tp;J-1,)t 
ll-tt"t:,tt-r:v\.Q. 
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1:1?1 3 *~~:lt!!B.O)•• aQ)Q 
1. Jtl1.B. 1 (~Sf,!Jll.lloJi&:mmtAllll~OO) ffiJ:illQ)X~ltfr/iO):lt!!~c Foll83 • t}! 0997) ,: J: J.i ~ v ✓ Tffil~IJJHf:lt!t ...• 
fl • .11001i00±:lt!!JJ.~~fi(7) 25.000 Jt(7) 1 ftfili:lt!!OO fm!IJJ t~ffl. 2. :It!!.~ 1 ti,; i!§";JO)X~lfJr/iO)iJ~'.1; . 
llo111JlJ Jtk(7) JlJ a 1: X~ltfrfl t.)<jE? -C :B l'J • ltff 11 (7) -t 1: ~lb El tlJ.If[if tJ<~~ ~ n -c 1,, J.i .:: t 1: a::f:. 3. ilk.~ 2 (ff. 
tb!Jll.lloJ~mllol~llll#=f D) 1: B ,t J.i ~tJk1:f,J 20°ffi~T J.i J!il!~:lt!!ttO)±tt/i. #-f-D'.f(JlJJj(,'i t~ tr. iUJiQ)if; 
~ lif.J 7 m. 4. :It!!.~ 3 (f!.~!Jll.i!PlinlmlloJi&:llll~ / Iii) l::Bit J.i fl!alieiO)±ttJ 0)~¥4~-JitM. 5. :lt!t~ 4 (f!lMJ: 
.~ $i:p _t) 1: B Ito .=ffltfrJIO)i1iiJ{0)3tffl:_ ~~:lt!!'f1(7) ±tt/i(l) _t l:ffi:Jilli~tJ<ffi_t L. ,f O)_t l:*vfEttQ)± 
JitJ<;f ~-8--rJt~? -C 1,, o. 6. :It!!.~ 5 <• JII !Jll.~~m• Jll llll JII Jl(_t) 1: 131,, -c•Jl(Jllti:w1:a1:11-t o .=:a•M
~-111;1::&~ltfrltH: J:? -cmlltl L, :&~ltfr.liH:~lv-r:11t~J11:tt L -c1,,7.i. 
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BM: 201 U~81129B Clll 8:00-17:00 

8:00 JR_r,~r.JWft 

8:20 i!A c < c < ? - ~;-JI, (~i!BJ) Wft 

t!A&M•il t!AIC~±AtlC 

9:1 o- 9:20 c1 Oft> tt!!s1 : mtllillO)tt!!~O)ilil 
lt1'■il 

9:40-10:00 (20ft) tt!!Q2 : #~□!k.11Jfxllf:11~U±t.1110)UII 

lt1'■il 

10:10-10:50 (40ft) tt!!s3: r~U.flO)±ttJ O)ilMc±t.1110)811 
lt11£■il 

11:10-11:50 (40ft) ilO)~ rB7~t::,~-:>J :ait 

·il·;t!!· 

12:10-12:50 (40ft) tt!!Ji~4: tf:l*tlifillO)tf:lJ:.IIBJO)UII 
i!A&IIJ•il ~lllC~CIJIC, llli1193itlll 

14:00-15:00 (60ft) tt!!~5 : ~•111¥b!UlliJIO)lliJO)Ufl , 

15:10 -~~~Wft 
ilflftlf.J.il -~~~IC~1tu,1c 

16:30 i!Ac < c < ?-~ 1" JI,, (fflr.lBJ) Wft 

16:40 t!A!l~Wft 

17:00 JRP.1r,~1tJ• 

~IJrlii)f~~~ft c 16 ilU2.*': fflth L. t:. cm~~ tt 
-c ~ tJ , 1596 ~ 0) ll ~ tt~ Jtl!.lt c it th L. t:. iiT ~ tt t,t 
m~~tt-cv\¢ <1M1ra. ~. 1991). 

~\ 't' ('~ 

tt s 2: • • • ~ )It m ~ jJt 1BJ # ~ □ <~t u 
34°6'14.4", :i:ft 134°14'24.6") 

id!..¢.: 2 liX~IJrliO)T ,m,:&11-t ¢ JIDJ{~a; tJ, 
~.: ~l;tJJi4~itl!.ttc7)±ttlii>t~tJIO:f.J 20°ffi~ L. -Cv\ 
¢ (00 3-3). ±ttli li*il-ft 1 ;( c7)l[]Jilli~EIH~c7) 
I1'Jilt.P; t.i:-?> t,t, p:l:c7)~1$l~il a--a-tr.: ct,-. t:>, 
-t ,~tll a-vlttt¢ *~~~JII ~Ii~< , 1SiiJaliliJtl1.~tll 
c7)ffi*~fmi~c7)~~~-1., .. ; mvtt-t ¢ s rm~m 1: .t-? -c 
~.6l ~ ttt.:.: c i)tbi, .. ¢. Jtl1.,¢.: 2 1± 8 Pn~JII J: tJ f.J 2 
km~,: a;¢ .: c 'IJ .. ;, X~lllr/1 Ii qiMJ!ffiiltlliJMJ:.J. 
~ ,: f.J 2 km ti ffi -f tt L. t.: .: c 1: t.i: ¢ (:fl~ JII, 
1992). it.:, ±tt11u:1±11JJ 30-80cm c7)#~[J!}( 
l.1.J9(fli)t~ i tt -C ~ tJ (.]}(It, 1987; JJ(ltll i>\ 1993; 

7J(ff. 1996a), f.J 60 7J~Jltrc7)Jt~r 7 7 ~a;-?>~~ l: l:.fl. -IM ~-~r 7 71:M !t ~ tt -Cv\ ¢ (*ff. 2001). 
ii s 3: ti••~ )It m ~ )It 1BJ ~ .1 lil <~tu 34°s' 

33.3", -.a 134°12'24.6") 
Jtl1. .~ 3 I ;t f ISiiJ ~ c7) ± tt J c ~ I! tt -?> ~ Jtl1. Jtl1. ~ ~ a; 

tJ. 1934~ <BBffl9~> 1:00(7)~1'!.iac~~,:mJE~ 
tt. • i1I ~ 1 ;1 r s * c7) Jt11. rrs ilJ < ~ oo Jt11. • JJ&J i: 1u.i£ 
~il-8-~ • Jt11.Jl11ffl~it • fflJ:lHlfl, 2010) 1: till! 
tt -C "\-?>. JI ~Jtl1. tt c7) ±ttli 'IJ .. ; t.i= -?> ~ ~ 10-15 m 
O)±ttt,t~.ll L. -c, ir;j~f.i::ftUa-~-t (00 3-4: Ki#f, 
1959, 1998; W!ff Jllffl,f P" Jv-7", 1973: Wffi. 2004: E 
8Hl iJ\ 2010 ~ ~). ~Jtl1.Jt11.~,;1, ±tt/1 t,-.; ~ o Ji 
~iHffiiJt.Jl'ilJJ! L. t.:rt1iatl:~.6l ~ ttt.: c ~ .i; tt -Cv\ 
¢ (EffiiliJ\ 2010). 2004 ~(7)-S.ll.~ 1 *c7)±ttt,t 
Jl'ili.l L.t.:iJt, ±tt0).Jl'i1Jl~i1Ul~I: .t o~c7)J.!l!'lt.>til 
tJ :ii~ tto.: c ,: l-? -C, .: c7) ii ~l;t 800 ~@If~ 
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ilU.l-t<,iiTftttil'~o <•19J. 1984). -f(J)t:.r>, 4-

tl (J) tt n ~ ~ (J) :t-t • ti'~ r> ; ti. "C "\,., c:o m ,1 ti-. 

2010). 

Jdt.1;! 3 (J)±ftflliiliJi:k-/J'~ < ~-~*(J)ftfl"e, ;ft 

Jf(l:t-J 2Ct"effl$4 L "'CB IJ. ±6mt a-"J'(J)·~~ c 

J;. '-' ~ tl o (6 ill ll -/J\ 2010). ± tt 11 ,: Ii 11 IJ 

40~100cm (J)±ft:kLUJJc:11-/J'~ i ti. "'CB IJ (*ff. 

1981: l!iil-rll • nut. 19s9; *ff. 1996b). ¥J 100 75 
Ll. ~ I': 

~Jltr(J)~.nlr 7 "7 -e~-offll='.-m ~;,,, r 7"71::t-tlt ~ 

tl"'C1t\-o (*ff. 1987; 6illlliP, 2010; #iill-/J'. 

2010>. '-'B. rl!iil~(J)±ttJ 1i::R~a~~-1t1:m~~n 

"C" \ 1-> t:. r>, ±tt:kLUJJc:11 t-t:+!l&i" 1-> t:.r> I: Ii, l!iiJ~ 

mliff~ fl~ t- Jj t "'Ct!IU\\1:±6(J)f+!J& t- itJilti" 1-> 

£-~i)f~-o. . .. , ... 
it!.~ 4: •• .. ••m~..1: c~t• M-a'22.2'', •n 

13,&-0'15.5") 

Jtl!..¢.: 4 Ii 'ti * .. :ii. ffi lfJi 11 * (J) = ff lfJi 11 (J) ii:..t.l: ~ 

of+!:.Otiff;Jt!!-e~ I'), :: :: "eliS~Jtktt(J)±ttfi(J)..t 

I: fiJri If (J) lfJi 11 "effi ;lil 11 ff -!Jt{lj ..t L, -t (J) ..t 1: *vfE tt 

(J)±ttfltJt:if~~-e•'-'-::> "'C1t\1.> (§ 3-5). -t L "'C, 

*ill tt (J) ± ttll (J) ..t 1: ~ l'.f fil:1'f If (J) lfJi .W -effl ;lil 11 ff-/Jt 

1fi ..t L "'C 1,, \ 1-> ( r:p ff 11-/J'. 2009: 8 * lZ Jfi Jtk W $: ~ r:p 

00 [Q 00 ~ $. 2009) . ffl ;lil 11 ff (J) i.P li ile li li.11 Ii• L 

< it~~ ti. "'Clt\o. *vfitt(J)±ttll 1: Ii~< -?61'f I'll 

~ ~~;~W(J)J:~'-'•lf~dW(J)§•~~itl"'C 

B IJ . f.J 60 km ff 1J (J) ~'-I~ (J) JI($ 6 LU J!J l21 (J) Jtl!. W 
c (J)JfHlltt-/JttiM ~ ti. "'C1t\o (r:f:l~ll-/J'. 2009; ff LU 

11-/J', 2009). 

it!JA\ 5: fi:Jll .. i&timfi:JIIIBTJll:1:..1: (~tM 34°13' 

53.8", •a 134•r4O.G"> 

Jtkt.! 5 Ii, 00 ii 193 -§}. (J) ffili-· ilr (J)lfi:Jl(JII ?£:} 

l,,\(J)JHl"eho. =••ww-.111il(JE.?Etiii1Wfflt-:if 

~l:lf1t\ ftfA(J)ifegt/1 t-~t,7- :i-A J((J) ~ Jv 

HI. i.Pilll-/J•;'-''-> (fl*. 2001). W-1I-/J•;1;1:, 

7- ~ -t :i 1 7 (J)U~'-' t°(J)fiJMJ!ffiflt(J)tftt/1t6-/Jtffi 

m-t,., <om· JJiJIC. 1974: om. 1983 '-' t-). W"f 

11 li-ttl:;ftl: ttlfffl~ L "'C 1t\ 1.>-1Jt, ~~lfli.W 1:i![-:1 
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