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WEEAL L CTHRHEEHRL HIF3. 272, BRI L— 713, FE8,; Rk s %
BTHICET 2T~ 2B - TELD, 4, SORMRZEFL, RENE
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WONBENOHMEHLET 2 L NHTMEHTVW225, BT, 2OHISHI ~ G
i % ifee> T 35 D) A% DI 2 BIE B L 22w

IS, B> RU 7 LMo E 25 2 b, Mz EHEEETEY 72 BRI 7
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FEREHINTLBRY DDREEHIL
Y ALAREEOERBIECE T SEEZETR

*ERL D ZEIL”

¥y FE HFRAETT EREGT

&

hlll

RETEHER I Th D REE A L L T LDERTRR, LB L UBRTTERE AL, H
ERIGEAMYIZ, WAWAIEFEL Z L 2RIET L E0bhh» CE72. (KITANO and
HOOD, 1962). #5513, #N L ) HEAIZ 2> T, KA L2 7 LDWH SRR,
PRBIUMBHTHEEFRF XA TI2RFEZWL2ICT ML HITTEL.

40 Calcite
Kan20f - +v—o—v .
0% 30 60

$ 13 “Ca(HCO,). + Na citrate
(citrate*=: 1g/ ¢+ Zn(NO,).—calcite”
12 B 3 i LE R

(Kitano et al., 1968)

X

48
CchO])J + BaCly MgClz—.Col:iu
or Aragonite
Mug™: ppm Med* Q1mgh
40 0 el
730 A& 2
1250 & 3
1800 ® 4
2470 X 5
30
Kga
with vigorous stirring
s ‘1
20 \ 3.‘J Aragonite
2
10
y Calcite

= . . .
0 0 20 40 60 80 100
Calcium Precipiteted ( %)
F 2 Ba o oyAlE R RS g
(Kitano et al, 1971, Geochem.
Jour. (= k 3)

H# 513, "Ca(HCOs):+NaCl+MgCl.
+ BB 55 % BAKIEM A S, RKT
RH+4 % Mg—poor calcite, Mg—rich cal-
cite, aragonite # AT 5 LIZIIL,
FloBREIc R E2IIMEICE YT
BETC, Tl utF 723 o ICHE 0 HMELE
FrlwE L, #HEe, PatF i3t
AT ERTLINTE2WL2ICL LD
LLTE.

T 2R R & B AEEIKTEIC
b, pORBT BEMNS TKELT Lo
THY, ZDE/ITLED, REANLE T L
L BEREER LA, RO GERE
il L THRCERD—ENWHZ 5s (£
H—HlER 1i27RL 72 . KITANO ef al, 1968
L),

L L, 72ueAltz i e ool
B i 1o K& e fitihs R 12 A S AE R /18
BFETET B2 L HBEINE (—H%
212 & ¥72. KITANO ef al, 19714 D). =

Yasushi KITANO, Sayoko YOSHIOKA and Nobuko KANAMORI: The mineral composi-

tion of calcium carbonate formed in the processes of separation from bicarbonate

solution.

" A BRI A PRI e



4 Fossils Nos. 23 - 24 December 1972

UL, #REDERT 288, koW & #HWE TlE, BRDOKEHIRLETHSH
LR SR B LNDTHS. L & LWICTIT activity 1 DETE % CaCOs DFE &l
TELWTHHH)EERDbNSE. £7/2, Cad*CaCOs & L Tih#T 2o, #H&F
&N ZEFN%wv Mg?, Na*, Cl7, £ 72 13 H W B IciEFE T 5020, B
PICEFT 2L MENBRERL, T4bbH [Mg*]/[Ca*], [Na'])/[Ca*], [CI7]/[Ca*],
(F#EM)/[Ca* | DfEIZREL ), £ET2EELEGEHOMELZEDL-> T B2
PFEINS.

Ca(HCOs):+Zn*" — (Ca, Zn)COs D KIHIic BT, i % ##tds2 412 L-
T KSAM=50, i ¢+ KR =5 DIz % 5 Z 27l E S NE S LT 5 (K-
TANO et al., 1968).

¥ 72 Ca(HCOs): + MgCl: + Na-citrate # iiftiii 3% &, (Ca, Mg)COs ? Mg-rich
calcite 74 T & % »° (KITANO and KANAMORI, 1966), [[ U {ba##ink # & - 728
Ty, T 5 & CaCOs @ Mg-poor calcite 127 5 .

—75, Ca(HCOs):+MgCla+ NaCl DgK il 5 D iE A 613, ¥HHil aragonite 754
K Z 415 A% (KITANO, 1962a), Hl v 2 BHE O i<, Bl Z AL B EP I H I &I
Lo TLHEKRT B CaCOs DI A - TL 5. FFlc, HEKERBEAT aragonite
L calcite # bAERT B2 EHTEDL L ) A ZOMBARI NPT VL IICE
bilsh.

DIz, AW TIE, CaCOs DM ICH V- E L L B, REKPIzHHEIC
Res Mg* # AR LIH L RICOWT, WEL TL 2#&DOEHZI1EFD
HL AT, FEEAEBGEBREZBEL TEDE I B I EHLNICT 2ERZITL 72
ZOBE, OB AOREL E 2 » 2 TERT LI LB REREINEZLTHS.

1 % & A &

FEEREIT BT B REEA L 7 2D R 3K TERLEMIC R L —KIICE =
B EBREEAH IV T LEWD L DRBERRIG ZF H Wiz, Zokdkiz, Bz Ca*,
REEE (H2COs, HCOs3, COY) DA EHFT 2 ¥VHILBSC T, HHMEDDH %k
WA LENBNEV ) HTLAEMTHS.

1) FEHEEE A IV 7 LERDMER

20£ANDEY) ZF L b ICHKEK20 L, LBEMEREE S LV 7 LORFRREE
#1009 AN THIBHEES. E—F—2ZH0 TREPHBTHEIEL 2275 2R
KTHei L 7o TN CREE & 2 % # 3 IR & Z AJREBE AL T LR RS E 5.
3057 L 721%, Nod OWPEAHLT AT 5. WIZ305r[MIFE, S REES 2 %
RE . TOBEMRIE, ¥400mg/ s DANS T LA T o HIETENDS .

2) b= 7 & > 7 LHERDVERK

MgClz - 6H.0 DFFRAIE A H 7z

3) fE DA

Dick > TlE- - FEREE A )L 7 LW (Ca* 1 40079/¢ ) 1= MgCl: - 6H0



BEFI47 912 H {LF 4523 - 24%

el

%/sCa ppted

Calcite o in formed precipitates

Calcite %o in formed precipitates

W3 “Ca(HCO,),+MgCl, & Ham “Calbitog,+NigClh
carbonate” P& EBBEIZ B VT Wcarbonate" DFE
5 5 PR SRR L  BGEFRL 350 T AT B T S 1%
(25" £17) LA D L(25" 1)

3

3
3
8

Calcite %o in formed precipitates
g

Calcite®s in formed precipitates
"
S

# 00 o 100° R
At Mg 200 =
N “"'lc,: %sCa ppted o
‘n Pay, i %310
% Ca ppted. O o 50
. ""’% e 30
"o, ® 10
ns IZ] A“Ca(Hcoa)z +MgCl. 6 “Ca(HCO,): + MgCl,
Wcarbonate" DFE Dk L& bubbling | 1y nate” o)
HERGEFRIZ BV THET 2 FIH 18 F S ERGBRUI BV TET RIS

ML DZE(L(25° £1C) 1R AL D2 {1(25° £1°C)
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(Mg®**: 0~600ng/ ) %MR 7276
% 800ml F 72134 EDHFT R >
F—DEMIEB. Ik, a) i
ift . b) magnetic stirrer Ti#v .
c) magnetic stirrer TW - { 1) {54,

d) air pump TZE&R %2k < bub-
. bling &¥%. e) air pump TZER %
Y. Uk s onkFET, R
BT 2O RIGRIE 222 T, REES
N T LERBEREDE., ZNEE,

(FEBRA) [l LB % [ U & (800ms)

=)
=3

Calcite o in formed precipitates
"
2

< 2T, D1 LD —h—% 7
Mgre 200 F =iz ANLE. ZiLbh b

A 80
x @70 IR IZR U RETHREANLS 724 %

°150 X, LEEICOMMS LB
* 0 Ao E T MIC By
$ 70 “Ca(HCO), +MgCl, L2 4L bubbling , HHICL 2R LT LOWRE
carbonate” H# BAERMAIZ s C kT REE DO, TOMEEER MK £ X
(IR D 2AERS £17C) US> TRET 2. & be THlM
HIBBELIT ) .

(EEB) iz 46 ) > 5—i2& ), HBUD CanrihBL 7214 % THHRE
BN LEWS, TOEMERRIET S, Tio, 2025, 72620 Ca
AL 72 E TOREEANS TLEEDT, TOHBIZEREET S & v ) X
RT3,

4) H 7 DG

PRIEL 2B K EN0 6 DAHIZTHML, 2nl~10méE a=ANE—H—I2 &1
6N-HCl #0.5mim 2, gkl T CO: i iH$ . ZHic@md H.0 #/m2, 8N-
KOH(pH=12~13) 272, 3575 5 5T 2. N—NIEREHO.1¢xMZ,
Wilfil3 g M-EDTARREIE T, B AL 7 LD WIEIVNE WK DB AT 7
M-EDTARMER THETS. R 5HAICEbo 2R EET 5.

5) = AL 7 LDGHT

UK E AL 7 L5 N E RIEICALRY 3. NH.OH & NHLCI o buffer
solution (pH=10) # M2 5. BTRE 1 ~ 2% M2, gy Mb L <13&MEDTA
AN THET 3. REOHP LFOIC K-8 HEETD. M, ZUIH LY
TLERT R T LDENDIE, 4)THLEDIEZANL T LDREELFIWT=T
R TLDNELEDHS.

6) pH »ilsE

HArHiSM 4 5 pH £ — % —

%Ca ppted.



HEF147 4121 LA 523 - 24%

1% “Ca(HCO,), +MgCl,— 2 & carbonate” ok & 4 BB
I BWTHET 2 EE %MK (Temp.: 25£1C)

wom B Dug woro [ Cao # OB (%)
fun () i (mg/1) ~ |[Mg”*)/[Ca®] wae (99 [ calcite vaterite | aragonite
0 0 6.70 65 0.28 0
1 1 6.91 65 0.29 4 47 28 25
FHERA 2 6 7.08 65 0.4 34 74 13 13
3 13 7.28 65 0 58 86 0 14
4 17 7.65 165 1.0 71 89 0 11
) 0 6.50 110 0.4 [
1 3 6.68 110 0.5 7 100 tr tr
HKERA 2 6 7.05 110 0.6 28 100 tr tr
3 13 7.55 110 1.1 62 81 0 19
o4l foso | oo | oz7 o | s | o _o_ | __=:__
] 0 6.42 110 — 0
HEB 1 14 7.80 110 b 0—37 61 0 39
2 — 8.00 210 — 37—79 15 0 85
0 0 6.55 289 1.1 0
1 6.62 289 1.2 8 82 0 18
HERA 2 5 6.90 289 1.4 20 69 0 31
3 13 7.00 289 1.7 35 58 0 42
ol | zee |z | aa | 7 | w2 ]__o_ | __ss__
0 0 6.50 298 1.3 0
HEB 1 12 7.70 298 4.0 0—68 43 0 57
2 26 8.03 598 — 68— 0 [\] 100
0 0 6.60 587 2.3 0
1 5 6.88 587 2.7 12 60 ) 40
JERA 2 13 7.12 587 3.3 31 28 [ 72
3 20 7.48 587 6.4 64 22 0 78
4 24 7.98 587 15.1 85 » 16 [ 84

W 2% “Ca(HCOy). +MgCl, HHARCCr Cocarbonate” 0

S AERBGBIRC B THET 5 M £ {%F24L8(Temp. : 25£1C)

Run W PH ﬁgﬁm{’ i o Ca % & @
() mg/l [Mg**1/[Ca®]| shmank () calcite aragonite
0 0 6.60 103 0.46 0
FERA 1 | 5 (mgI)) 7.20 103 0.47 3 100 0
2 | 20(mEH)) 7.50 103 1.2 61 100 0
o317 ] 830 | 103 | 4.6 | 90 __ 100 _((___0
0 0 6.42 109 0.5 o~ | T
1 2 7.48 109 0.7 0—30 100 0
KERB 2 3 7.60 109 1.1 30—52 100 0
3 6 7.82 109 1.9 52—74 100 0
4 15 7.77 109 3.0 74—83 24 76
0 0 6.35 203 0.9 0
FEERA 1 1 7.70 203 2.2 47 100 tr
2 2 7.89 203 3.5 76 100 tr
____31 9 | 8.2 203 8.8 90 66 34
’ 0 0 RETC I R o 177 Tt
FEBRA L 1 319 4.6 60 17 83
2 3 319 8.0 83 0 100
0 0 6.50 298 1.3 0
EERB 1 4 7.80 298 2.2 0—43 0 100
2 5 7.90 298 3.1 43—60 0 100
0 0 413 1.8 0
EERA 1 1 413 5.5 67 0 100
_____ 2 |3 |____|._«a3 ) 5.0 _|_8 | 0 100
0 0 6.48 400 1.8 o 177777 T
E®B 1 1 7.08 400 2.5 0—25 0 100
2 3 7.65 400 5.4 25—66 0 100
3 5 8.00 400 10.1 66—82 0 100
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#5333 “Ca(HCO,),+MgCl, -magnetic stirrer T 4 0 te” o

CEXEE ]
R EBGRRRZ 5V TS 3 RIHR 4T (Temp. : 25+1T)
g o 2 (o
Run B 1 PH 15{2;;) 0T i) Ca o S ]
() mg/1 [Mg*1[Ca®*]| (%) calcite aragonite
0 0 6.40 101 0.4 0
FEERA 1| 4(nEH) 7.20 101 0.5 10 100 0
—___2|48(mp) | 805 | 1ol | 22 | _ 8 _| _100 0
0 0 6.42 109 0.5 T
EEB 1 2 7.63 109 1.0 0—49 100 0
2 3 7.75 109 1.2 49—57 100 0
3 11 7.88 109 2.6 57—80 80 20
0 0 6.61 206 0.9 0
FEERA 1 1 7.61 206 1.9 49 100 tr
2 2 7.88 206 2.8 67 100 tr
3 4 7.98 206 5.3 82 75 25
0 0 6.61 305 1.4 0
HERA 1 | 19(EH) 7.50 305 2.1 35 32 68
2 1 7.70 305 2.5 44 10 90
_--_34__2_J_ 78 _ | _35_ [ 50 | 72 _ L __0_1_ 100 _
0 6.58 298 1.3 0
EEB 1 2 7.50 298 1.4 0— 9 100 0
2 4 8.00 298 2.0 9—38 16 84
3 5 8.20 298 2.9 38—57 0 100
0 0 416 2.3 0
FERA 1 1 416 3.0 24 0 100
o242 _\___|_-_46 | 4.7 | 52 | __0_ | _100__
0 0 6.29 414 1.9 0
HERB 1 2 7.33 414 2.0 0— 5 8 92
2 4 7.25 414 3.2 5—41 tr 100
3 5 7.40 414 3.6 41—49 0 100
4% “Ca(HCO,). + MgCl, - k¢ &4 % bubbling carbonate” o
R AEBGARIZ BV TET 3 FE £G4 (Temp. : 25+17C)
7 1 A & A 2 (&
Run Il"r- 1) Pl ﬁga%g;f fagh o 4 Ca _ # M F .(/4 _
[€530)) mg/l [Mg?*][Ca?)| #M (99 | calcite vaterite aragonite
0 0 6.61 0 — 0 0
JERA 1 2 7.68 0 — 23 69 31 0
2 3 7.68 0 — 44 47 53 0
____.3|__2 _) _ 83 |__ 0 _|___ — 73 _]_ 50 _ f__50__1__0_ _
0 0 6.58 66 0.3 0
JIERA 1 3 7.70 66 0.4 29 52 48 tr
2 4 7.80 66 0.6 48 47 35 18
3 20 8.18 66 1.1 73 36 37 27
0 0 6.39 101 0.4 0
JIERA 1 2 7.70 101 0.5 14 76 24 0
2 5 7.75 101 0.7 40 51 24 25
____31 e _{_839 | _11 | 35 _| _8 _| 3 _| 0 _| __69 _
0 0 6.42 109 0.5 0
BB 1 17 7.80 109 1.5 0—65 11 32 57
2 46 7.90 109 2.8 65—82 0 0 100
0 0 319 1.4 0
FERA 1 3 319 1.7 19 55 0 45
2 4 319 2.0 30 55 J 0 45
3 22 __L_319 |_68_f_=8 _1_3_1__0 _L _ 64 _ _
TTT 70| "0 ] 6.8 298 1.3 0
JZER B 1 24 7.90 298 1.4 0—11 64 0 36
2. 4(F) 8.20 298 - 2.8 11—56 13 0 87
3 18(8) 8.20 298 5.0 56—75 0 0 100
0 0 382 1.7 0
JEERA 1 24 382 2.5 37 15 0 85
48 382 | 7.0 _|_ 77 | _2_  |__0 _[__75__
TT T T o T Té6.48 7| T 388 1.8 0
FEERB 1 6 7.95 388 2.2 0—20 9 0 91
2 24 8.05 388 2.7 20—35 0 0 100




1Bf147412H L8523 - 24%

&5 5% “Ca(HCOs). +MgCl,

& b { 4% bubbling

carbonate” 7

# T AEBGE RIS BV TR T 5 R SR (temp. © 251°C)

W Bk | mwho Ca ®Os B %
Run PH Mg i - - -
(BN mg/ Mg*]/[Ca®]| 7#E (99 | calcite vaterite aragonite
0 6.61 0 — 0
FEERA 1 20 7.58 0 - 52 92 8 0
2 27 7.70 0 — 69 100 0 0
0 0 6.61 68 0.3 0
ERA L 24 7.82 68 0.5 35 80 20 0
2 2(R) 7.90 68 1.3 76 65 17 18
3 21(8) 7.81 68 2.8 89 76 0 24
0 0 6.61 109 0.5 0
EHA 1 24 7.88 109 0.7 31 69 17 14
2 2(9) 7.88 109 1.8 72 47 25 28
e 3| 2w _| 758 _ | 109 | 5.3 | 9 _4__5 _|__O0_ _| _ 50 __
0 6.42 109 F 0.5 0
FEEKB 1 7.53 109 0.6 0—18 75 12 13
2 7.99 109 0.9 18—45 43 22 35
3 7.99 109 3.5 45—85 17 0 83
0 0 6.41 203 0.9 0
EERA 1 5 7.80 203 1.0 17 100 tr tr
2 27 8.01 203 2.4 65 50 tr 50
3 48 8.22 203 5.6 85 43 0 57
0 0 318 1.7 0
KERA L 26 318 2.6 35 70 0 30
2 2(8) 318 4.1 60 57 0 43
SR 3 N (/<) Y SN DU 318 | 9.5 _| _8 _| __ 42 |___ 0__ | _ = 58 _ __
0 6.58 298 1.3 0
EEB 1 7.80 298 1.7 0—25 70 0 30
2 7.90 298 3.2 25—61 15 0 85
3 8.00 298 7.6 61—84 0 0 100

¥  +0.03 pH.

7) XA (/v vak) 12k 3RS ORE.
BEEAD - 3 FRHGMHE TN XMONMEELHCTREZITE ) .

S 412 35KV, 15mA, CuKafit.

scale factor 8
multiplier factor 1

time const. 4

gonio meter speed 1°(26) /min.
Ni filter

calcite (2 3.035A(26=29.4"), aragonite i 3.396 A(26=26.22°), vaterite (3 3.58A
(26=2487") D& — 7 DEH I ZNF N calcite © 1, aragonite : 2, vaterite : 2.45 ®
R E»T, WP OFEEEGEOMKE S —x> F Tsh b+ L 72 (DAVIES and

HOOPER, 1963).

2. EB B R P & U EE

BHREHIZ Z 25 Mg DV AHLLDHHIx L T, CaCOs D ik it 412 o4,
£3 2% CaCOs DR SR DOMKAEND & HI2BALT B h 2R 728, Hilth D
Mg** D, Ca* DkiE, & 4% L 72 CaCOs 1o calcite D¢ — &> F o 3
RIEDHE, BERIZDVWTH 3N LRT7 £ TICH S b L7 (HOLLAND ef al, 1962).
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H3° 2 #5FH7 calcite & aragonite 7217 TH LT, HEiINFRY (2 aragonite DAEREE
L 2bTTHEH, HiBT5EHI2ERZML TRIEELIT I & 21212 vaterite ¢
5. e &L bAA, I aragonite & vaterite D ERBEAHINZ 4 - T
(BDTHE. INLNDHEED L LI > 2lioREMLLNERL L LFESIC
R

1) Ca(HCOs): + MgCl. B__R arbonate

Mg?* #*60ppm T34 § % CaCOs 21T & A &HF calcite T, H T I aragonite
HEEND. vaterite (FHBU A AL B D, 10BFEE~TLDDHFTEL L & bN
< %Y calcite DA F . 2 U 72 vaterite (2, B & #ET B MIC, 10 T cal-
cite i transformation L 72 & b 3.

Mg** #*100ppm D & = A5 Tl3, hBERDMYNIC LB VTLIZEA L cal-
cite 71T M T 5. ZHBIE TIZ £ vaterite i3 A b7 v. EBMBIZ L 5 &8
S HMIT b b [Mg?)/[Ca?] A5k & 1A 5 (2 aragonite »ERENG
BB

Mg® %7300ppm D & = A Tl, calcite & aragonite #%31¥1 : 1 DETERS N
5. LaL, ZomEs, N BMCETIRBIZIEWUS»HEudrd b, EBR
Bk s&, il cid (Mg 1/[Ca**] 12 1.3 T, ZoRR%#IHEEHREL T
Ca®* »°60% L B L 720 45 & T2 T & 7245813 calcite & aragonite »°1 | 1 TH» 3.
LA L, KO T, [Mg®]/[Ca®] »4. 00 B A & kB L 72 #% & 13 100% arago-
nite TH 5. ¥z, LBV TA LIS calcite IZTL BN LK L 72 L D27,
TEICMTFENZLDE NV B,

Mg?** #*600ppm DA 5 ) calcite (34 M T 5. ZHHFAEL, I WU ERK
ENRLDONURTFEINZLDEHEZ NS . #HWIC L 325, aragonite DAY
ZhIENbDB.

2) Ca(HCOa3):+ MgCl2 BLg mj;neﬁc sirrer © carbonate

Mg?* »¢ 200ppm F TTIE, WBNZI2100% calcite 25§ 5. 22Tl Mg> o
MEMLIIZE A E & 512 A 2 B A, aragonite (31E S 7 v A vaterite ZE D 12
CLTea2b Ll nEn) ZEICHETETHA 5. £72, Mg™ »*100ppm
NDEZHTYH, CaCOs kL TR [Mg*)/[Ca®]» 2L E, 3%225¢&,
aragonite DA calcite £ D £ < % 5.

Bt o> Mg® #¥300ppm (2% 5 &, BaHic, calcite mEREIZHA L, arago-
nite DEMAHERIC % B . 2D & & [Mg™)/[Ca**)izl.4ThH DN, ZHRELL
AR EI AL IATHREZIE, BilPo Mg* »°100ppm # & &{F, 100% cal-
cite HHER E N D . TNHZ ki, aragonite DEKIC Mg® niExT & L BE L ER
2L-oTnBLDEEZ LTI L LLVWI EETRELLT .

Mg?* #f 400ppm LA LD B A 513, #12100% aragonite 2EKR EN S . TN
BB L ERGERE Y L TElb o [Mg*)/[Ca®) i, §XTI1LUETHS.
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W - ¢ !) magnetic stirrer T

3) Ca(HCOs): + MgCl, pra—y cabonate

Bah o) Mg® 5% 100ppm % Tl , £ILBERE %8 L THIC100% calcite TH 5.
200ppm 2 % B & &S H§ 51 aragonite PAER E N BRI T TV 5.

Mg?>* #%300ppm Tld, ERAIC L % L BHFP D [Mg**1/[Ca®** A% . 4Bk H &5 1%
aragonite A% calcite £ ) b THI2EL AL NS . EEBIC & 2 & B o [Mg™)/
[Ca®*] #51.3 Tl 5 L 72 B A & 1310095 calcite #%, % L T Ca®* »°10% Rk #& L
[Mg**1/[Ca®**] A51.412 % » 72 BEHiA & Tld, H TS calcite »EK &, 2L EIC
% % &, 100% aragonite |27 % . F72, 3FL CHFRL 2541013, Bt [Mg™]
/[Ca*1 5[ U 1.3 i » & 100% aragonite »5& i L 72 . B o> [Mg®*]1/[Ca®"]
A5 UAETIE, B, D IKIEZ & T calcite & aragonite \ T AR &
5 critical %k & 2TATH B b 5.

Mg?* A% 400ppm LL_ETI3H12100% aragonite 24K T 5. A2, BEES
7 [Mg**)/[Ca®**] 13, &#fE%MmL CTHICIUETHS.

4) Ca(HCOs)+ MgCl, — 2 =A% bibbling ‘

LERLEDREREBR EDEMT 2 &2 AH5TTE S CaCOs DF5 i IS (3 vaterite
AEEND . Wl, KRICHELEL & WAKSE % vaterite #°, JA% BHRIC bubbling
BT CaCOs 2L ME 2 L fliHICHERL T 5. ZTOMMITWHS D Th vads,
Mg* DRD LA VB TIIZNZ EAE NEHFICHSbND . BP Mg* D fF
FEIZ vaterite DK % M ES 2 GliHAH 2 (KITANO, 1962b). Mg®* Dht /& v}
W T3 vaterite (Z I ELE TH F THR-> TWwb L9 THBHY, Mg® »f 100ppm
LEFT B &, #IWIZI3 aragonite 274 L, vaterite (3 transformation § 5. 7
B vaterite DAL, BHE L 2RICBOCTL O TINS5 1Lz hs, L
2ZRIZB VTR, Mg® 9 EHICIRVIBE TH-o TL & BHLAL V. 213,
magnetic stirrer THIEL 72354, b & 4 & vaterite ZER S N wDh, T
LIFFICAEE L, R ENTH, EHIC transformation § 5 DA 5 2T
e,

Mg?* /7 300ppm LA LD BEHEA & 13, calcite & aragonite 2¥& 24 L, [Mg?)/
[Ca*1#*1 ~ 2, ZNLLEIC% > T bubbling &4 % & Tl calcite DA 2 &
na.

41%, calcite & L T L 724D & vaterite b HZE B L T calcite IS - 724 D
L DOFEREFR, BLOFEUHEEOMES, ETHBENIC L 28LOBE, LU
WMEBLENKE L T EDLETIHET ILEINHL EEBbNS.

5) Ca(HCOs):+MgCl, -$2SELEbbbling o5 rhonate

D& { 25X % bubbling R72NDICHN, X DEKEX calcite HHEK I NG .
vaterite |3 Mg®* »*100ppm & £ N5 B Hli» 5 L AEK E 5. bubbling 2¢2 = &
13, I NATEEL vaterite DERERIRES LI AT Nh bbb b.

MULLER et al. (1971)Di#1 T calcite, high-Mg calcite 3 & U* aragonite 7 %
BREBBELALEIAICLDZE, 215D carbonate DAL, #DILEHEE,

carbonate
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salinity (213 4EBALR T, K> [Mg*)/[Ca*) MBIz D ABET 5. T4 b b, [Mg™]/
[Ca®) < 17 & Z & TlE calcite, [Mg®*)/[Ca*]> 1 D & = 5 Tl high-Mg calcite
b L <3 aragonite, Z J & high-Mg calcite ? % % 13 [Mg?*)/[Ca®] < 25 Pk
DAHIZRD EHEL T 3.

KRETAKL 7 CaCOslc DT I NHHKEELTHB L, Mg™icli+ 28) ¢
i3, [Mg*)/[Ca**]>1 M & Z AT aragonite YR LB\ & v 5 R & —F3 2 .
LHL, Mg*NAEZAREZTOMELRTL, WIENRRE, 2249 bubbling %
LI &> THRBBDEEIKRECEDL S L) ER, BTN [Mg*])/[Ca®] iz & -
TETIHEREHIXEEND Z LIZHELITH D%, Mg DiBENKE T HIKL R
BIC I LICBETOILENHS.

BHELTERZHRD/NE CHIKDNERE, 22bIc— T2 L3 TE 2.

3. #% B

1) calcite & aragonite DWW FNELEKT 2 L 5 2 BUETIE, hBOMM & %
BITIIERTIRBRBICHENS LI L 2EZ RIF L LTV, RBWIcLEL
calcite 27K & #1, B [Mg*)/[Ca*] Dflih*k & { 7 2 #% #I= aragonite A¢
EREINSC LB EHmHH B .

calcite 7 aragonite DV FNHNDAEFHSELF WL 5 2 BEETIE, #F0 L 5%
T EiE, BINIZw.

2) vaterite (3 Mg** M EEH* 100ppm KL TR & = < MU AR & 41, 1414
1213 transformation L T calcite & L < I3 aragonite Ic%c 3. ZoiF, B Mg?*
DBEHIMENT &, vaterite 13 & REE LS. £ 72, magnetic stirrer T L
RRTI V2% 534 L vaterite 3R E L.

3) vaterite MAEMTLBH LNz L I 2, BEOEOFEICLE-TL, ERT
SEHSGMERIEDLI I LICEETNETHD. 2N ki, CaCO:s 24T 3
BROELEY, ETEHMOBEICL > TLET 2EELSETERIEHLY) 5 52
CESHICBIPRIELT LW, LT, Tk A afitis L TizEzEbLL
MR EIFERDERICIIRELHENE2L22, ZLTELIZ, ZHbNE
i3, BRRICBWY T, FICEREMNICERT 2 KEBIEDIIMHER 2R TH & &
ICIIEBICEETHL Z LICEEZIILbRAIT L S,
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The mineral composition of calcium carbonate
formed in the processes of separation from bi-

carbonate solution

Y. KITANO, S. YOSHIOKA and N. KANAMORI

ABSTRACT

The authors have studied the mineral composition of calcium carbonates formed
in the processes of precipitation from the calcium bicarbonate solutions containing
magnesium chloride. When calcium carbonate is precipitated from solution with a
ratio of [Mg®*]}/[Ca**]= 1, the mineral composition of calcium carbonate is varied
in the processes.

At the early stage of precipitation, calcite is formed in general. And with in-
creasing ratio of [Mg®*]/[Ca®'] in parent solution, the proportion of aragonite in
carbonate precipitates increases. Vigorous agitation of the solution favores arago-
nite formation. Not only the [Mg**]/[Ca®] ratio, but also the magnesium absolute
concentration in parent solution is one of the most important factors of aragonite
formation.

Vaterite is formed at the early stage of precipitation from calcium bicarbonate
solution containing a small amount of magnesium by bubbling the solution with
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air. And the formed vaterite transforms to calcite very quickly, when it is in con-
tact with parent solution. When the solution-is stirred by magnetic stirrer, any
vaterite is not formed.



KBRPIZBIBREHDL T LNOREAE
LGB N EIL”
e EE SN AR
LIl

&

T

EIRER LS 7 LR & REE A LS 7 245 E LIRS BT, W E BRUIT
IEET BHREA NS T LRI SR A HH ) I & 2 HIMTHREL 2.

S OBE, AN A L S M AR & 48 L TV 2 IS transformation L TZ D
BRI A KB b E I w2 e 2W LI L TRl T b %
VI LMK NZETHY, RONAKIE I ETHS.

JAMIESON (1953) ? CaCOs D ITT S &N LERK 2 6 FUEN D Z L TH %757,
WM ETIE, calcite AY%CE L SitiETH ), calcite & aragonite @ standard
free energy M #1(3 272.5+3.0cal/mole (JAMIESON 1953) T '), aragonite I3
calcite ICZEL B IETTH L. ZHUZ LA b o T, EMNHOPIZETED I
— ¥ —T, KELKE LMD aragonite ZIMFEN TV B V) BEIF DS .
ZHDZ kG, BRHEETIERPICET T4 DFRICHFEIHB EEDN
TE/.

% L T, BISCHOFF and FYFE (1968) i & (¥ BISHOFF (1968a, b) & (2 i&E#HIc
BT B H B{bAE, 72 & 218 KCI, NaCl, CaCle, FeCl:, CO: % &' calcite
HAEREZ L% %2 L5, NaOH, KAI(SO4)z, MgCle e i3 1L 2 irAdh 5
EHE L T B, %72 vaterite @ transformation % SHINSIBIEEIC & » TH N,
vaterite D EM , FFICHE RN L 5 7% & T AIC aragonite D nucleation B2 5 =
L EHEL T 3. HEIZ, MCLESTER ef al (1970) %, 50C TT L4 Y) LEHAERHF
3 BiEM & AL 72 aragonite @ heterogeneous % & Tld, calcite ~? transfor-
mation AMH 1k &5 Z &, %72 ALLEN ef al (1970) (3% iR T 3 grinding L 72 a-
ragonite & calcite DR &~ 72 CaCOs # #@ Kk iz, PH 2 —%EIc L THH ¢ 3
&, aragonite (% calcite I 7% < L 4 BH 5 9 BORIT, FBLICEHT 555, 4
¥e7r aragonite (3EHL A VWE W I T2 HEL T3, L L, calcite DFEHEN 72
&, calcite DBHEDEELZ AN X —2 KT X4, &5 I aragonite 7 calcite 1t
NBIBENTHEETDE, RIKT calcite & aragonite D iR & - 72 CaCOs |3 FF1E
Licd WwZ &iczd. LaL, KEBREERCHEEML Ty 2R 0BH<, Hiki

* Yasushi KITANO, Sayoko YOSHIOKA, Nobuko KANAMORI and Toshifumi TSUZUKI:
The transformation of aragonite to calcite in aqueous solutions
A B REPLAE SRR PURE B Fe bt ik
QiR AT A B SRR



16 Fossils Nos. 23 - 24 December 1972

LIS i3 calcite & aragonite NF 72 b NDIF, T HHICHFETDHL, EHST
L— AL LB E B THE VT calcite 2 & A 77 aragonite # A& T 5 =
LREBICTESL. FNTld4E Taft LT L & IS, ERETIREILTLE
KL L 72 aragonite 2 P& calcite & & LICMBE ¥ 2 7217 T, 20 aragonite
I3 calcite ~ & transformation L T, aragonite |37 < % N, calcite I27% ) % - <
LEInb. LirL, R TIZ aragonite & calcite 2536 L, 72 B E CKIET
#* 5 calcite & aragonite & % & A 72 CaCOs HEIL 2 DL 2L DH 70 & & v 5 [
e, BICHLIRHT LI LAUELL>TC 2. 22T, OKEBOLEMK
& CaCO; N EIHE %1% transformation DEUE Z L o423 2 &, QR A —
FE DK, CaCOs NIKNEIC & » T transformation 75X N L 5 IZ MM E B2 & v

RICDWTHERET R - 72,

1. £ B& # & .
BRBLURREDRIEA L 7 L2 0L, £/ 738 THKIC L7 Lo 800
mg%, ENK, TLa—nB L OEMERKERD 20008 ¥ AR 2 F L > 8
NP THRBICERTL. A MEL,EAEL, RKCHEEL CHE S5,
SHEZXICHAMZEUNT 2. 2 258L, BRPICEITHLZ Canité, E
DTAB#SERCHET 5. Tk, PHLRIET 2. 58 L 72 %89 HI3 38K
TECWmFL, B3, XUtk > TRIE 4T ORIE %2174 5 (DAVIES and
HOOPER, 1963). EERHDIREEIZ25CIZRZNL TV 3.
1) ERICHAWRREBANLL YA
1 —a KIREOHRE
@ BN EIRRIL R
# % calcite # & A 77 aragonite TH 5. XM L 2 @IFE & iBRAN L2
B4 (KITANO, 1963) # # N F N 1 B LT 1 IR T.
@ ZIERER R
#ikeZe calcite TH 2. XHEEFIC & 3K & iRFKNILER S (KITANO, 1963)
FR1BLUELIZRT.

FlEk BB L UCIIRIRRDIBRKDLER S

temp. PH Na* K~ Ca* Mg?* CO.
(C) (g/1)
BN 66 6.7 2.2 0.17 0.61 0.19 0.3
Z k& 35—50 6.5—6.6 1.5—2.5 0.42‘—0.73 0.54—0.83 0.11—0.16 0.07
HSIiOs CI- SO~ HCO; Fe?* Mn?* Srz*
g/l (mg/1)
B 0.07 4.1 0.82 0.88 0.04 0.10 9

— & 0.070 3.3—5.3 0.09—0.13 1.2—1.7 0.07— 5 0.02— 1 7-12
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®@ HETENYT
#i¥e7r aragonite TH 5 .
1—b ARLKRES LS 7 LORE
T @ WRAY & DANIELS IC & % Fi% (McLES-
TER et al, 1970) ic & » THE->72 4 1 0.1
M Na.COs & 200mli=, 1.0M Ca(NOs): i&TL
20mf% 5ml/min TH T & 5. &FWiE, 70+
, 5CIZfR-> CHHE DD S, TELILBI
of 2B, EEKTE ko THMER, £/
3Lk THIRLIC U X AR & OCSEIREE TR &2
BT L. BENRE, WTOBE, WE
7 &I & o THLH 5 20%FLIE D calcite %
& A 17 aragonite #* T %, 100%4li¥:7% arag-
J \  onite DARIZ I D HETIERTHETH 5.

T T T @ dLEFLIC & B Hik (KITANO ef al., 1962)

IR WoNERRARS(, ZRE (kB30 . WEEREES LV T LB IRTK

HARTLRIND X el R R, B AR A 3 RIS T A
TEREEAN 7 LDEMEDLCSE. ZNENL2DHETAH#BL, Tz MgCle-
6H.0 (Mg**:1.2 g/¢ ~ 2 g/¢ F&J%¥) #/MZ , magnetic stirrer TH#EL ZH¥5 ik
M7 A BT, —BEBRT, TELLREELBL, BRAKTHREL CiZHRSE
5. Xb L OCHEMSEEIc L B &, 2113 100% 4K % aragonite TH 5 .

@ BRI IRR MERAE L 2 7 L DK calcite

@ QTN FHiETHE- 72 MgCl: 2 &F e WEREEE AL 77 LA % magnetic
stirrer TH##E L THE- 7247 calcite

2) EBRIZH W FMDIE

BEIREBE AL T LDEWD L, RETAZBOHL CTREALS T LE2HEKT S
B, BHIC NaCl s Ba* »iEHF 5 & calcite & H L B < (KITANO, 1962
a, b), MgCl, R & Cu®* »VEHF T 5 & aragonite & H L 8\ (KITANO et al,
1969). % 7z, #EKIBE D NaCl & MgCl. & #EHFT 5 B 513 aragonite A% H
L & (KITANO,1962b) Zt &N Z & L RN & 5 HIBEMIZ DOV TEREIT o - 72
B, KGFHEHEKD LD Fie# s transformation (Z IZEE &M A Lo L & M
bNBENT, WANWLDBENT N I—NERPTL INDERETL - 7.
NaCli&## (Na*: 3g/l, 6g/l, 10g/l, 15g/1)
MgCl. i&E# (Mg™*: 0.1g/l, 0.2g/L, 0.4/l 0.6g/l, 0.8g/l, 1.2g/l, 2.0g/!l, 2.4g/l)
BaCl. i # (Ba**: 0.1mg/l, 1.0mg/l, 10mg/l, 30mg/l, 100mg/l)
Cu(NOs). & (Cu®*: 1mg/l, 3mg/l, 10mg/l, 100mg/l)
KB o> NaCl (Na‘: 10.5g/1), MgClo(Mg?**: 1.2g/]) % & A 1XET
FEAEK

sof

CRSNCHCNCNS)
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@ =FnLFra—n
(99.5% Fna—n, 80%FNna—i, 504 T /ILa—IL, 207 /L2 —)L)

3) EBRICHAWREZR

@ BB RIE aragonite + NaCl &%

@ AL 72 BEE A L 7 4 (100 % aragonite ; % 7213 80% aragonite +20%cal-
cite) + NaCl &k

® > = (100% aragonite ; & 721 100 % aragonite & iRFEM calcite & N4
)+ NaCl &

@ REiLREE calcite + MgCly i

® BRI aragonite (calcite % &1 ) + MgCLi&EM

® AL zREEH IV 7 L (100 % calcite; 90 % calcite + 10 % aragonite ; 72
I 20 % calcite + 80% aragonite) + MgCl, i& i

@ AL 72BREEAH IV 7 L (80% aragonite + 20% calcite) + BaClz i&

AL 72 REE A Vi 77 L (80 % aragonite + 20 % calcite) + Cu(NOas). i&

®@ AL 72ikEESH IV 7 L (80% aragonite +20 % calcite) + MgCle & ¥ +
NaCl & # )

@ BN LR aragonite (calcite 2 &) + MgCl: & + NaCl &

@ Akl 72BEsH L 7 L (100% aragonite; F 7213 80 % aragonite + 20 %
calcite) + 7 /L2 —L

@ > = (100% aragonite; % 7212 100% aragonite & RN calcite & D
) +Ta—n

@ AL 72 HEEAH IV 7 2 (100% aragonite; F 721380% aragonite +20%
calcite: fIKIN L D LHLKIN L D) + KEK

2. ER#BRBIUER

1) BB aragonite (7272 L calcite # #A TV %) » NaCliEi'h To
HREOELER 2 I2RT .

ZHic kB E, 5HHETH YR aragonite > & calcite ~NDEUH A LI, D
BTtz >Tw<. PHIZOU kIzETLERL, ZRPD CO: Nk
Itk T, B EELIThT2ICHATS.

Canigifih~n LT LG, MrnEHREHI BT LD E 5% 5%, Kppm
7 530ppm F TIChH725.

NaCl D% % 5 ¢ 4 5 &, aragonite #* & calcite ~DEH D HIEIT & ) KE L
h. ZHZEH S NaCl i aragonite 7 calcite ~ transformation % 72317 T
VBRI ED L. ZOREL, %D calcite ¥ FAZLNTH DI LIFHHRL 22
B THB. CaCOs 2 ik 23z, NaCl #5EHFT % & calcite 27T 5 <
b rEEHEEZZTEL.

2) AELL 7zBREEH VL 7 L0 NaCl g P THOZALIZX 3IZRY .
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Calcite %
Calcite %

w
8

ac: 15
MNa*: gt x: 10
e: 6
o: 3 N . . R N N
e: 0
: — 5
0 15 ;. E— ] — Time, Days
Time, Days #30 NaClwahic 5175 AL 7
@20 NaCl@iinic 513 5 Bl g L nofERIBOEIL
S TR O BB DK £ 1°T) 5 £10)

BN R EE D aragonite & [, 20% 7 calcite % & A 72 aragonite [3fHL &,
BBFIC calcite I $ 5. PH IZ 9 (HETEERIA 2 DICHE» ThTHICT 5.
CadEiTH LIz ppm 7 520 ppm BBETH - 72.

NaCl DBE B TICON, THOEHNEEIIRES L, 158/LNWETIE, 5 8
1o 9 HiZ aragonite 13436 calcite ~ & EHT 5 .

100%4ti¥:7c aragonite, = L3 XM T 3 BAMEE T L £ < calcite DREDH Sk
DTHDHDHERLEGETTERL L2 H ST, 2D aragonite 12134 BHEH*
AL, TORERP LA DB E, P LY calcite FERNDFEAEIL aragonite O cal-
Cite ~\DEIICEELEREZDLDLNET ) I EHNTES.

3) Y ITDREEH N T LD NaClIEHF THOEEFR 4 12RT .

2 TOFERIFZ12100% aragonite TH 5. A L 72100% 468 % aragonite 50k}
BT 2REREER, <K EHRIETRS LNV,

7272l , HEETNEZ LI, 100% aragonite N > T E KT 100% calcite 7
AELEECEBEDERE L72H, 1 ZTEAECETIIBD NG > EThD.
EERERNT, IWEEILEOYIC A L 72100% aragonite 1= 100% calcite MR % £ &
7z & &(213, aragonite (F calcite ~NAE LT o722 L2 E2 DL, H TN
aragonite 2EH LIS o2 2 S I3HETREBEETH S .

e R EEERIC X R D CaCOs DA, W > 27 Thba> X4+ 1) >
FALT 5. EWHERBEIERS &Y, 3> %4 ) >0k » T coating EN TV 5728
WSS IEWICEEL LN THD2Dh, e b ar X4 ) L3 EBEREE» %<,
EMNIRTH T 2 aragonite A%, L& L EIBANALSEL DD, ADEZHIFE7H
o LAaL, WTFHIZL TLH > 9 aragonite 372 WANALETH L 2 &
I3FEDPTH B . ZDOHEKIZHWTIE, A4 hThs.
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A: 0-10
Mua" g/t x: 10
= °: 6 .
® o: 3 mm'fg/‘""‘“
z ®: 0 1:01-24
3 2 ®: 0
© 3
sor . 3
©
X $ * © -
° e * 50) °
‘ L o -]
]
°
°
v Time ,
N N . N — Days
0 10 20 30
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HERERTISRT.

Ca(HCOas): i&iiH & CaCOs KT 58, B4 &8 Ba* (1ppm~30ppm) #
BT 5 & calcite # &L BV, R7i0R&N5 & 512, Ba® #%0.1ppm, 1.0ppm,
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CaCOs 2T 2 HANRH P ORI A & > HORTHEIKT 2 ALK IZ T3 %
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DEREL B ENFTRENLINTHS.
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iz NaCl ¥ T, calcite 2 b4 T L %A 7S aragonite (2, LiBIETL 2%
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nite & calcite ~NEH T 5 I L » 5, calcite HRENFEE L THBRELEEBEETH
transformation DEELER &L > T2 :EZ 5N 3. 72, KFFHEHEH, =
7 transformation ICIZIEE LB E 42 L -T2 2 HERENE. TLa—LHT
13, T transformation 3B Z NIz < v, %35, calcite iZv h 7% 2343 trans-
formation # 82 X%\,

3) RATHSE»RETHBICIE, oK DA VRELREVEREND L&
Z N5, ZOMARICEE L aragonite 3V > TR BBICRVWR I Nz,
INsidvd 5341 transformation A A% H B2 5% .

¥ 72, calcite # & % & A T\> % aragonite T ¥iF$ 257 HT, aragonite % 4
BT 2REGEMITBLE, ZOKBEHIMLDPD 2MliNEEA + > 2 FA T
B EEIZE, KERPICECHIEL TWwTL aragonite »* & calcite ~ transfor-
mation B NIZC WHIEICH D, RKRED CaCOs pkBEH EFELTWTL, %
DEVESGTMIE, R L2 &EnF F THRIFES N, calcite & aragonite D &
D& 2REEFFEL T TL LI W2 E2EBEINS.

BEH I BT % aragonite O calcite ~ transformation DEAEIZ D> TiE, v
FMEPTH 5.
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The transformation of aragonite to

calcite in aqueous solutions

Y. KITANO, S. YOSHIOKA, N. KANAMORI
and T. TSUZUKI

ABSTRACT

Calcium carbonate has three polymorphic crystal forms, calcite, aragonite and
vaterite. It was reported that aragonite suspended in distilled water or sodium
chloride solution transforms to calcite in the laboratory. However, pure aragonite
and the mixtures of calcite and aragonite in natural water environments and in
solutions of the laboratory have been observed very usually.

So, the authors have studied the relation between aragonite-calcite transforma-
tion rate and the chemical composition of aqueous solutions which are in contact
with calcite and aragonite particles. Aragonite coexisting together with calcite
crystal transforms to calcite in distilled water and sodium chloride solution very
quickly.

But the presence of magnesium ions in solution inhibits the transformation of
aragonite to calcite very strongly. And also the presence of copper or barium ions
inhibits it at a high concentration.

Pure aragonite and pure calcite do not transform in any solutions. Aragonites
in calcareous skeletons even with calcites do not transform, though aragonites
formed in hot spring waters together with calcites transform to calcite. The trans-
formation from aragonite to calcite does not occur in alkohol solution.

The authors try to discuss the mechanism of the transformation in aqueous so-
lutions.
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BRitaPoLEB L UMILTEESHE R, SRIBKOILFEEKEHET LS 2
T, TONAFRLZWHREEZ I B Z ki3, BB E» 5@EEE NS
NEZETH-o72 (L8, 1967a, b). 22T, BELHA % EORIKEEWSHL
MBI UOMERTEEAME XA TI2RTF2HL 2T 2RI ERICAINTE.
MHLOWMRETL, ENERTHIRMZE NVIRV-OTE BB LKERED S,
DEWFRIC A LD REEER L2 BEE, Z2OrE, DEICRTESI LS ER S
VIR TTE EF BIBICETR S, TL504EH B I3 HUe TTHE A EA—AE R
EDEHCHETEL, Thbb, TOSEREREMNELTE. 2L T, 204
REMHTL, KEBEHEMNCANZEIN2PRSDVEMMTEENTER L BRI
FHR E DM DERFRELZEENZ S BHTER. B E TIC, 88, B, 7
T, AtvrF L, )T EDMRDTEHEIZOCTENEZ #BE L 72 (KL
TANO et al., 1968 ; KITANO and OOMORI, 1971; KITANO et al, 1971; L% % o
s, 1971). LA L, #KD L I ARKDRICIZTIETHMDO R L » 712 % L DIREIHELE
LTBY, TEBOLAL»OMEERIZEY), Puid sz METENEIE~ &
DAFNBIICEILESZ 2RI EZ 5N E. —FHOMETEZT 2 E0LE
WRICOWTEBRETMEL 22N Ed 5 Mmoo, BEEA—EMEROSE
EROEY, TDFFRKDRICHEATE S LS »RENDE. ZOTEELITF
MEND L) LI OVWTEBRLL—F2EBETS. 1K, Hikerre ™
LEEDPLEREE VLT AEWIC ) T LEEE ST, KAV T AER
W AE72 & B DR L 72 R LS 7 A0RIE R L T 3 (KITANO, 1962). i
b 7’2 & 7 AHFHEICIE T TV 3 &, aragonite AT & LTV 2 X htbhd o
Tv 3 (KITANO et al, 1962). Z DFEHD b, ER L 2REE A IV 7 LDFERTZIZ 5
ZBHEHPD N LA F DB LI END . REE ) T LlZS) T8 AL
A DA FRENKE EH S aragonite DR ZT 2L 20, BP0
LA DPBEHTENITE, calcite XRBL R T A BT EDhr D, T8 1

* Yasushi KITANO and Hiroshi TERAO: Measurement of the distribution coefficient of
minor elements between carbonate precipitate and solution
—— Strontium-barium coexistent system ——

* Hh B E AR PUR AR FE
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RICTFT LIS, NV T LA ACOREES LI &, RRICE—RICHFEL %
w&%ianw6ﬁﬂﬁwyﬁAmTﬁk4#wwmmeﬁimfé(mnmo
1962). Z DI A, 23N 7 LDGEERKENME L 728 &, BAISEW BLsE "™ o

fEATEH &L, N LA F o DHREEA N T LDFESERICEEL, %nua*%%%ﬁ.
T, BALPDOERE L > T3 Z &hhh » 72 (KITANO et al, 1971). #Z T,
AP FTLEN) TLDE GIEFRTHEME, LB ZREEA VS 7 LD
DINSDLHDH B VIIWEHTTHENDPAEKREZNEL TRKD =D TH 2. P
BT, A b FILLF )T AL A DL w4 F > FREO R TG
vahtu%zbﬂfw.L#L,nUﬁAﬁimTéhwm%%%ﬂTiif
TALDPDER%2L 24 5E, ZORBMIANZGRA MY F7 050, T4b
LA MO F T LDGRERGZEIBLONE»L LMLV ETFHRENSE. Xt o
SFTFLE )T LEF LI E EDETNEFNDICHDFEELDEL, N F
HHMIZEF L2 EICEI N FTRERNME I L LML DTH5S.

’Ei‘ﬁﬂ%ﬁ@iﬂﬂ’zﬁ“t:Oux’CFﬁﬁt:JJL’CH< (KITANO et al., 1968, 1971). L a b 5%
WIS B EN D 2liEE A A > Me* DG ELE, DENNXNTELT I EHTE
5.

Ca(HCOs): + Me?*' == (Ca, Me)CO:s )
THEA A > Me® »EEERE L TREEA L 7 28ERIcZEns & 512k, FRXiz
ELIZDENDLSIcEL A TES.
CaCOs + Me**<— MeCOs; + Ca®*
> T, Me* DAPITOHFEEM Kne 13D EDRTELENS.
C Kye = Meco, / méaco,
M. / mb

ZZT, m*E mME RN ERBEME X M B2 N BE T NCEN LR
WIREEETRY . b L, Bl LB 2R emr Bl e Eer FHIch b & 512
13, SEEBNEE FMEE L CEMICEIT5 Cal Me DG Hitis ) B4 200z
ZORNEMCBIENTES. Lo L, ERICIRBOERT 24413 o £H 72
VT HEW & IS B 2 DT, D EIZRY Doerner-Hoskins D3Rz & ) 53Eg g #he3K
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Ca(HCOs): + MgCl. + Sr** + Ba®** — aragonite
ENEN3 LOBHEERA, 252 2CT, 22T 4 v I7RI—7—TWD->< ViR
LR, FOETFHBEBL2HBLERCOVWTHERT -7, /22 o F
TLB LU T LA BMICEFLSAERTFREET I HIC, RuF
TLB LU T LEETNEFNEMICBEFILELGEII OV TL FERERNE % T
B2 L 72 . (LMo FilIEIE, Ca, Mg, Sr, Baiz2wT, FHEFNH0ng/ L
(400), 1.35 ¢/ ¢(1.35), 8mg/ £(8), 0.03ug/ £(0.03) TH Y, RIENMEKNBIE (7~
IPUITRL 7)) ISR EZ Az,

DEICHIEICDOWTRNRS . AR L-TBE LV HL, EEMICENKI Z &
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BSrlUr"Ba® bL—H—¢ L THWR. y#i3 Nal >>Fr—a>h>
% —T, 400 channel 2SNV 2 A P TH 4 —%B\w, ZH X7 P LEREL
2. RAbBrFTLaEESr N 513 KeV oe— 27 #8 L, <) 7413 "Ba &R
1%FE La DG EAERE, “La 7 490 KeV B L 1r816 KeV Nbt— 7 # &L
TERLZ. B4, FERIC220D P L—H—%REIRICINZ 5 Z & ZFHEIL 7257,
“La 7 490 KeV, ®Sr » 513 KeV b —7»Ei N &5 28, BIfoEEE, =
DEBRTREFERNOBHEZ 2 2AFEL, ThLNS bL—H =238 BTN 2.
HEELIITo-TWBLBEZRBHBEESNFREZNONEICIZ, TNLI Ty HE
HYEMEE P L —H— & L TRV NESE, B Esdiug, B /TR,
RFRSE 2 SIS T, 322 ICRENLWHEREFILNEEZLNE. —
B, AN LANERIZEDTA%A VS XL—MBEICE - 7.

(BRBIUEE)

#F2ME & UP 3T, FNFI calcite B & U aragonite & £ L 2R NS
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Measurement of the distribution coefficient
of minor elements between carbonate

precipitate and solution

— Strontium-barium coexistent system —
Y. KITANO and H. TERAO

ABSTRACT
It has been known that the paleo-chemical composition of sea water is expected
from the minor element contents of marine calcareous skeletons. The authors have
measured the values of distribution coefficient of minor elements such as zinc,
copper, uranium, magnesium, strontium and barium between calcium carbonate pre-
cipitate and parent solution in the laboratory, to clarify the factors controlling the
minor element contents of calcareous skeletons. However, these values were mea-
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sured in solutions containing one kind of minor element, whereas in the natural
system various elements are dissolved in parent media together. Therefore, it is
questionable to apply the measured values to the natural system. It was already
reported that the coprecipitation of barium with calcium carbonate disturbs the
calcium carbonate lattice. And it is supposed that the coprecipitation of barium
may have some influence on the uptake of other minor elements present in parent
solution with barium. In the present paper, the authors show the measured values
of distribution coefficient of strontium and barium which are dissolved in parent
calcium bicarbonate solution together. And the value_s are compared with those
measured in solutions containing only strontium or only barium as minor element.
In conclusion, in their concentrations of the present sea water, any difference has
not been observed in both values.
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BIET=- 42— & L ToOEmEHBAR"
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B X CRUHCEMREZE OIS b, HEWENTICT 70 —FF 2354, HEL
HF OB BELIBERFTH S Z & 20Xed (RE, EAR1966), 4113 4
#116224E 7 Ra-226 & Piii6.74 7 Ra-228 DIENZEHF 2 LA EMHEM & NBLET
DD EE LIS, T BEE L TATKY ST TH 5 Pu-239 4 Ko gF&RD, JR
WABRBOBFERFERNDE=F— L L THRILDEFEZLNDE I LIZONTAHNL
.

REEH N 7 LB ERET ZBEENEWRIFREIEITRINE S, Ca &
U T7Ah) EMEFEICET 2 Ra »%, FPOLEENWZIZ, WK S 5K
BEAN T LIZE D) ZFENBZERLKREZLND. VT LRMEN I LT Z
CRINCET 2 EFR4o Ra-226 ICBHL T3, ZORKIET F> (Rn-222) sz =4
—L sV EICENDRMAEE L THBICHBNEL 5 20T, Ra-226 E&Ii3 ILEAY
HBOBEL L, FOWRIE, L) LEMIZITHNTHS. T4 b5, coral X oolite
2T, VICOBAERL LI, KB Ra/CaliFHIbE HF DIHR
LzcvwEaTe ) 2, (5~100x10"“gRa/g NilE THEET L. —H&HNE
Y Z DA IR £ &% T, gastropod T (0.2~3)x10"“gRa/g, pelcypod,
clam T (1~25)x10""“gRa/g, % 7> barnacles T/ 30X10""“gRa/g 23 % L D
{ % % (BROECKER, 1963).

W 3 “uptake factor” (H Bt E Ca nEFHLNH, B Ligkdh Tn
HA) DREH L, xR BEIZ DO T Ra Tl30.04~1.03 (F#0.36), U
T1320.001LA T ~0.36 (F#0.054) U B4 #58H2b—F, —#kicRaizU LY
ENZENRTL, LALTITH A PEADLDO ALY A PENBDIZHL Ra T
Watg, UTHTIEED ZFNRT VW ENIFR L H D (BLANCHARD and OAKES,
1965), itk & (Ll REHS D THALFE & D IEF @R LRe s nTv 5 (BLAN-
CHARD, et al., 1967). LA L & 5 BRI FEEMORRKRME, HTEOLFENEE,
ZD 4 F > 4E (Ca?* =1.06A, Ra®* =1524, U =1.05A,7F =/ AA>U0,>*T
IFE®E3.4A, HELAA) OB EHRENHEERI D LAD > HEREEZS
ns.

—%h, BKBDFZ I LBEIIT 7F /4 VEZENOTFER % BLEF TORFEIC

* Masanobu SAKANOUE : Determination of radium isotopes and the role of biogenic
calcium carbonate as environmental monitors.

" EIRKETER
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LEDTWTEDLTEFig. 10k 5ic% 2. ZoOBICIE ALK HEAE Pu-239, 238
DEGEDUEFEFHRMEND 7' — 5 (MIYAKE and SUGIMURA, 1968; SAKANOUE et
al., 1971; BOWEN et al, 1971; WONG, 1971) ®#FA LR L THh % A%, HISHhEE
ERINCIET 5 RSB MEALFE (Fig. 2 2 ) 2° % D RGN THRETFEAFRBERIz 2 =
EIZHR D BZBHETH 2. Paxe Thizid 2 it iEEcHER U IC I L3 ¢,
Fig. 1 TEMICZAWKEZDIIRLTH . 4B U0 lkoiisr, R—RFICE
92 P*Th/*Th t L O EMEIZ 7% <, Th-228 DEFAA S L5 45, T AUC 2l
ORI H 3 (Fig. 2 B8 ) Ra-228 DEE 4% #»E 2 51 5. #EKFP D Ra-
228 NERMEE LT, HikT 2 bbNOMERHERL, BEOLTHDIFEE NK
RELLICZDFEHEZRL 257U & ) tid AL I R 5. —Hilpk$ o Ra-226
EMMERIEL N £, REXRBKTIHIZIFE—TH5X10" 9 Ra/ ¢ TH 5 H,
WE X LI, BEEL CRBEL»SNBERIERICE MK %2517 1077

¢Ra/l %R >Z22230LH5BH, &bh < £IFBICOE Z il Fig. 1 IR T
ol EVEBMNICE E £ 5. 21T Ra-226 D EMI &K, ik THZ N
FORVCIRABENICO L ) B — LR IToNE2HTH B, KPP D, Ra-
226 DERICBIT BTN CHRIZZFN L DA ENRE ELIZ, 77> 7> &l
K H > Ra-226 NHHF3E% Bahama #E38T1T - 72 SZABO (1967) DICIZE £ S L
Twb.

XTI A% ) £ 1) Ra-226 A T Ra-228 EE 21T ) Z L WD 720,
Ra-228 I 2\ THOFERIZILABMELLIZ L b 5 A FiRNMKIZOVWTL BT
2. ARLILNOWRETEDWEICHD LB LN HEERMEL 20T, F
FEZRUIZODWTHAN, DWTEDREMB & PR Z 0 & 5 A AFEn LA
& DR F FERDIT TR S .

Ra-228 & Ra-226 M€ %
b LT T o7 42 FERBEL 2 L TL a4 ) Dhtd Ra-226 » 3
T3 EEF, BHUAL DB ZNRHEBHPML L ERTHDT, IKI ALK
Radium and Actinoid Nuclides in Occan Water
= U-238 (4ne2) Series]

m— U-235 (4ne3) * U-238 SERIES U-235 SERIES
@z Th232(4n ) *

Th-232 SERIES
0238

0234

=

- 235

107 107 10

(dpm 71000 1) Fig. 2 RAMRGHHR2RF)
Fig. 1 #kho 5 o Llilfitkss $Ue |
T I F /4 ¥ T
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— i 40keV ) L b v B R A Ra-228 # B s TIEIEE T 5 Z L I3T
D L. S, st E T LR TEUERE L T, ZaRlic
HEELZ Th228 #508EL, a A7 b ) —Iok ) BEEE R T 2% 5k % #H
L 7230 0 4EA 4 5 (MOORE, 1969b ; KAUFMAN 1968). L2 L Z N FHETIE 1
FEFL OWEHMZLE LT 20T, bitbiLUdTE %7211 RE0EEIC Ra-228 %
SIS 2 726>, % DOWUKELA 6. 131 ) Ac-228 (B k B #t= AL X—2.18
MeV 10%, 1.1 MeV 53%%) THbZ LIcHBEL, 2z, InX7I0E DK
SHESEMIC MR o8, BIET B2 HEREZ 2. TOHETIE Ac DA HH
T NENDT, FOLESMWSSMEZ TIILBEIRELATIZ L, L~
BMISEE V) IS X H BH7, WIMEBLTMED Ac-228% 2 x> 7L, %
DWGE % 1T - T Ra-228 SEI N FER MR LT 45 2R 283 5.

Ac I x> 70k E LTiz, HDEHP (Di (2-ethyl hexyl) phosphoric acid)
2k BEEAEE G2, SHDATIE P X Bl IR & 72 2 REERE A Ac
EATENR & LIZT B A%, T0I LB A A 2 E T AUSBOR (AL o &
WAC-228 A HETE B . ML y A7 P LR GEITE AR 4 s & ) B
& 72 (NOMURA, 1972). = #1& DA YLHENL L 72K B DTl % Fig. 3 1
R

I OHETIZIZ UOHAE ) 7 L EKBEILERD FEM L 21T 9 A%, ZDRBO
B RLEL D & O TTE MRS A &5 Th, Pa, U, PuZe ¥DT 7F /4 FRETHEE2 %
NEIBEKRILFESHEL, HFEHEMIEEZ DD, ZNLDHEHHAEREZITVI 5.
Determination of Ra228 in SeaWater FDDIALFIWNEE L 572HD F L ——

g lOOO, LTS HIE o ik & dickn iz n 2.
(spike” Th* Pa 1Y, with conc.

o RS VB BB a U PGd b L —F—s LT
odd Bd carrier

stand overnight *'Am L Z DG H ‘:)%Ifj‘ljﬁ_%) FEdLbibh

(starch powder}—|

w:,‘ ¢ Lo sup. NOWRETHFE L 72 (SAKANOUE ef al).
BiNog HeK, LW B AL TR CTHRTF L 72 BaSO. 13 AR IR
PRL(Bos0c ) sup. WERINC & ) TiEH O BaCOs 1o h» 2, £ %
ppgni’fﬂff?c‘é‘l“x sae g{wzm pH 1.3 0i&Hi & LCTHDEHP s & 2
GLHG overmandtionMethod Ac I X > FORN E T 557, BEh s i
i pHtobet3 LALFEMIED D LM S N B Z Dl E TO
org. aq, Ra DLEELEIE, # L F U DT Ra-
LT 206 GARD oA —2 3 P Bz Ic & B IE

o oqt;ijustocidity to be 3MHNO; ICENFHMiTE 2. Zd & Ac DIbEEaEE,

Dowex 50| 8mm x 15mm ST . - . ] ; o
3M HNO, ( eluted feed) IR B F T2 2 515 124, B

oo MG V= —AALH 25 5. LAL Bu
‘m;:'.monl F =57y DTG & D) Z R & Bk

Fig. 3 Ra-228 53 fik: on'S.Steel Plate :
¥ % & & (NAKATANI and SAKANOUE 1971).

HlA$ L0 Gd FAGLARIC 8IS thavd ),
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L Effect of Ba; Cfon Acmilking ZNHEL ~L B EDIHE + 7 B BTREME DS

3 5 HENT, AP —H—2HTRER—#%
¥ E#MELITV, = 3 BLUINTE DPREH—
FBIC LB E®MEPSH, TNEAWV.

%3, HDEHP D S vods< ) 2 44 F
o CIBED Ac DRI EDRERET 5L
- i i MEF L7257, Fig. 4I2RT < 1MZ Tl
KL T#HEIZ L. —F, {LABEHESET EE
i } YRHZEIRL , TOEMS HEBIE Ac b
S NTRPERURSTENENRITIS & SN O R SRR LU ER o

) CONCENTRATION (M) 7 L T Ra-228 SER A& & 1o REME I

F e T ar f%w55. AUSHELT, Ca f+>if

EH NI L F DR EA* HDEHP & Ac #3582 T L

2. LA LBRELYSZIDHAIZFig. 4 IR T X2 Ca A4 A BEIEVEflH

EHNELIET TS, ZREHIDE ITHILE L LT, BaSOs £ibigEE2 XT3 &

LTy, MDMEhni b~ il Ca tBanfb¥ o2 8H T 2 LEIH
N, BEZDHEDHRLEFTHL T 5.

LRI M 8 S L7 Ac-228 BMIBDRIEIX, ¥R 7 o —{KL LB #Rifll
ERRIC & BRI, ZORTEMBRERITIC & 5 Ac-228 iR & DAIDFERR (in-
tegral plot ZF|H) #4175 . &b. AHTHBEINZEL LB AT b A—¥
— "EaR—F =" 2L B B A7 P NI & o T Ac-228 DFEIRRIZE £ 1T - 72 (SA-
KANOUE et al, 1970). £ 72HB{K LV ~IWEAB HFE& L, TERBILBICHREENL
AT OBARL ~L BRIERIC L DHELITY, MENHKEBEI L ZL DL
(B EHIcBHLE.

P EbhbhoWes cls L 72 HDEHP Mt 2 MIA L 72 Ac 3 VX% > 7,
1FIZE L Z A8&E 30 TTA i FIH % (MOORE, 1969a) & W b, Acofliii %
S DEEMTITV ) 2OTEDIFEIATH 5.

ZHUCE ) Ra-228 DABRBEME L EREIIIMIEINZLDEEZTEY, &
#HInFEEBEAL THE2ORE, & CICIEAEBMEIC DV THOFRICT ~ TRE
LNEEZ TS,

7B Ra-226 DERICEL TZHEskH» 5, X2 ) —ICHAL 2R BEE» 5F
BEICELAZ T F> (Rn-222) # EBEMEICE DB L, IREIFSERVEMT2FAHALTE
HMERTMNET L HENMMTHLNTEY, bbb Zonkkick-72. L2L,
LITERERHMETIFELLT, a@B > FL—F—EnSk &) &L A
KEBICABUE, PoFLr— g P itfuc L 2 HEERLV~LAIEICERAEINT
$ 1) (LUCAS, 1957; BLANCHARD, 1963), lflFt & iIc L 2 ME L & iz, &R
HENRELNEEZ LND. B, bbbtz FrlEICEERBER, Lo
—Z2 - FA4 br—tickDa bt Ty 7ENHEHADOTMERLIT-> T2 (PHEF

L ® ¢ 5

£
o
T
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Ra-228 in_the North Pacific
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Fig. 5 Ra-228 5 fith5 4

1971). ZDi3h, WEHISOMEL, 7 F TOLEDEEFLC MBI H 557, BHiE
a WA Ra-226 # AHIMNE T e A7 b o X b)) —L#EkA2HY), FL—H—L&
LT Ra-225 (iitA14.8H, Mz *Ac, ®'Fr, *"At ) ) oYUM L 5%D
fE T H % (SMITH and MERCER 1970).

Ra-228 AIE R+ & UE£WRIBEREBRIEEMARSP D
Tk = LRALE
bRHNOBH L 72k Ra-228 Eitik ¥ ERICHA T 2 726>, FT19694FH,
BB ERRSE OIS & 2 FEHRPEABINIC 8w L, JUNPE RO JEIHHHE
B ETHlEARET Y v P vE Bk, Mk THAERMEE Eili%, LBREERBICFR,
Ac-228 I L%k > 7T Ra-228 SE it % 1T » 72 (SAKANOUE et al, 1970). 197043,
WA RN A BN ALK T KH 70-2 #iig i JARDEE S % 2 72 BIFRE D KFEE
HEFRREICE D, ERFEE RIS IC OV TOHEKRRK, LBIRIEDH LT E,
EREBICHR - 2B 5 D Ra-228 DEmIIThILZ. TNLDFHRER EICHE
AiEE L L2 Fig. 512" Y. B IO ENDT— DEF LB Ra-228/Ra-226
HAtREIE, Z N F NIRRT O WERE £ H B L TR 22 E THREKE & Tl
OB 2 10~ 15% DM EBRZEMBAN TRMT 2 LN TH L. —F, Filio 72
HEIK#I20 £ A2 513 Ra-226 S HMNEAD L WIZHBRENHETIEI KT L HED
WEHTEL W, F2T, HFENHNTEN Ra-228 N A (dpm/1000 L) (3, KiFEFE
JE7Kk o Ra-226 H R ERNPET— % £ ) 5x1071'g/10000/ & KE L, &RE
7 Ra-228/Ra-226tk it WHEHRL 2L TH S.
X ElcR L 2 fEid 5 bh 3 & 5 icHgikic £ Y Ra-228/Ra-2264£70.02~0.73, Ra
-228 IR BE T 1.7dpm/1000/~ 81dpm/1000/ & K EEH A LN B Z & ITHBR D 5.
LA2db, T)a—3ix > FEEL T3 17.8dpm/10007, & &5 ICZHiE Tl 81dpm
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/1000€ &, BEHIZ 3 WCIREDEK D Ra-228 ZH A% = & 13, Ra-228 Dk &
LB L 72k B 2 HETH B . 724U & L A WHTE IR Tl 2 Th/*2Th ik
SHBIL 352108 K& 2 WEMATZL S AL, 2Rah% b+ V) 7 Alal Lkl o 3512 e =
LM AR LT b S & 0T b . DMK RMO KK E LT, Al
PRSI Z > CERLDTH B I LICEZE TS IBIED Ra-228 DikIc
DUWTDFNN %2525 —75, KFEFEDRIE, Behto s L, HELIEL
TEZ D b5 DEBED Ra-228 DiF M % 5 1F12 < W ifFiko Ra-228/Ra-226 it »
Y&, ZoEH(F, Ra-228 il 6.7 £ T Ra-226 0 2= i ] 1622 4£.1=
HLUFLCARL, MR IHHIE L LIE L T, Ra-228 D e $H 5 = &I EHE
THEHEZLNS.

B & TICRKA 0 Ra-228 osg htfitiic L Tld, Viliod) LAZAREV & (1965)
ASHEN 20 SE i T, BiFDE LD EEKIZ DT 170~ 370 dpm/1000 ¢ O il %
HLTvB. —F, T2 #HD MOORE (1969 a,b) L # D gtz 2= & LT *Th
HERE FOMNEEREE B, KU, WA, b, FUEESOEMIBEKRKIZ DN
TN *Ra/**Ra b KD TH ), itk T3, RKEORFOMARIZILL ZD
o k&vEvg, bitbit e Elg, BRRENMMIZHREL Tv5. & 52 Moo-
RE (1969 a, b) 12, **Ra/*"Ra lLI3#EiliKTREL L2 flNnH b &, F2KF
VE L KVEEE R L L T { ) Ra-228 IRIEAS BN RE VDL, KFET
13 48 1 DL (OE B A X B 12 R W 2D TH D J EDRT B

L BURICETT S B 22ThiticonwT, L H#EA Ra-228 ¢ 1) = A%
2.3~ 9ENWIME#HL THIUE, L &N Ra-228 BHKS5+ 5% **Th »ER&K

LTwa ez y 0%, itk o Ra-228 & #4019 RHT3B. FL T
Ra-228/Ra-226 kb & L TKEERIZIEV & 2 ADRBOMIZ0.1~2.0 L EVfitiTH B
ZEEBHTND. '

Ik 5 ICLATEMREDT, PThiRARE2 L BL CEZNEFTHMlBNHEKND Ra
28BS —DEBEFLTILIE, EEITREEAKILIFETHS. L2
2Th DflsEIZa A7 b o 2 b )—i2k )% ) BRELV~LTL EMICITZ 20T,
HEKFAKD T ECRABMBLZHI0/UEEEmIZELLCEL L. Thbb AZEY
0.03~0.1 dpm/g? *®Ra it H* 5 H£FE L 72 *Th I 121310 ¢ BiEHRBTL &£ <,
GHFD 728 D KRIBKE L I FEIRE 2 A TEIFMAETH 5.

XLIIBUE = S — OB A TILAHE L CHEREADLEE, ZNEFL
FRE, THETHHMBILFETHERLATHEERHOBORR L, BREEH Rl 72
DOBEELRBEEEZ 5. 2L 218, BP0 Pu-239 B & U Pu-238 13, A& LML
EEBHENT +— AT MIEHEL, $72#%%12 SNAP#HEMREKICERL T,
SRS HML TV 5B, Thbbbilbilh Ra-228 MIEN 72 IC KK L 7274
BoAREHZDWT Y, B 7L =7 LRk % MET 2 & Fig. 6 DR %
2 72 (SAKANOUE ¢t al, 1971). L2 4, 5HEBEBRICEFT T 23t > o5 ross
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g, Fig. 6 I NIRRT =

SRk S L W

Sample  wter titde Lo ow Fozo  Puzs EC, ZoREHICLWS

Date StNo  body % PRi/ 0001 avyeto (2 Pu-239, Pu-238 i54Y

i o Q1 0o (2] ton

704265 NRxfc 397N BISTW 19 059 0% e E A L. TLCED L
51 St8 NPacfic 005N 1W0SW 8 Q61 :o® 0I5 oo 2o )

2k L 72 L) 3 o ik on

SIS NRwh SN WEOSW 1 0w b e Qe (- lff i) Ha3 o it k\' .

69 RG  NRawhc 422N 1852w 2 1o8ws  omos a2 s S A0 & HLEET B &, it

6% R4  NPaific 16N 1S646E 4 122 Beon 0% (RE (WML H 720D D Pu

B EstowaSa WON WHE B 0w GO 0 ELAGATILEL) & L C1000

. vl B 3 e -
0 T e N BB 4\’ 06w 0D ) Lo e 5. S0
CilKg

69326 “;"‘b::w 20UN WB2SE B 186 tenT O ren 042w 5| L N R A
* Concentration focr of plonium ictopes for coral Wi, BUSLRS Ge I o A7 1)

1~2r110 TIHRITH L. 2T
b =7 202D T Pu-238
/Pu-239 [kt i,
FAUNHIENIC B 72 Pu-238 B F OO & W L TEBETHS. Dk 57
S H 3 S5O ABUHYEAERE, § 7% b b St A & kL B SRR, *Co,
MMn % &0 & 5 A B B S U OB e = S —E LT )
BERFDGHHHTH S 5. —7F7, FA—lTHZ LMD & 1) = Zanhidk
WREIC & D RIRT 2HAE, T AUS MR I R A S 0D T R R TS L i s
DDTIE L EHZ L.

Fig. 6 7} = LRl ko W5 4s Y

Ra-228 RMIABENE#H & SR ORE
ATE L 72 & 9 12 Ra-228 DHFAER AT, €DK Ra-226 1216 LET O % ik
I3, Ra-228 -6 . 74 ¥ Ra-226 =l 16224 12 1h L ids ¢, BiEH & B4
DIFEHREBTL ZDRWEN B LMD EIck 2. 20k S 4584 kA3 Ra-228
DWFE» L EALMRAE S BHeMEDH 5 H, Fig. 7128% £ ) HIF, Fansic
DNTBRNTE LS.

(1) ARBDIRAHSE © LD 7205 3DODKMDR Y 7 ZEFNEHZ, ZHEHD
Ra-228 1% Ci, Co, Ca 2 b5 HIKMDIRAMIE Miz, Mas (/e + yr=CM/yy) % Ko
TAHES . ZOHAEERBATIE Ra-228 MIE I3 — T, %KM E S < iz Fl—
THBEREL T, EHREELFZ UL, Fig. 7, [ISTRT 2o0R %142 . Bk
W2, &3, DESIEZNENL, La k45, FRI2KM T2, 12A 2 Ra-228
B OOKS® T15 50 MoCy K3 T35 k0D MaCo) 55, k88 T2, & 0ikd 2 &t (K
B~ MiCe, K3 "3, ~oifiits MxC, & Ra-228 o i3 AxC.L,
D) ASHF L EBW22L 0, FRIZAM T3, 12 A 3 it MusCartk B T3, &y
DL KB T2 ) ~OHil MusCs & k8 T3, 9T Ra-228 o ikise ArCsLa
) ICHL W EBW2LnThs.

HAHTFR LD Mas = AxCsLs /(C2— Cs)
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Application o/ff;-?eoggn{):;fogﬁl studes ;it 7"): Ko kX My = Mo (Ce —(:Ca)é‘ ARC:L.
1—C2
I. Mixing Rate (M) of Water Masses : M %{'t}\ L T Mp= AR(CSLZ + Csz)
_~—l- ~_~'~- . MG, MaCyn MuCyo A4 oL, » MaCy = N Ci—C.
3 MunCoz MuCyo ALy
L le (mmemmnene, &% B, 72X 2IFRa-228BEL LT
Moo Mo Ci=20dpm/1000/, C>=10dpm/1000/,
II. Settling Rate(V Th i — > —
e o T e ve matter: C1 = 5P /1000, % 72 Ly = 2000km,
] e L. = 1500km D43 A= 0.105yr™" T %
z 4 505, Mz 349 160km/yr, M.z 13#9 290

IIL Vertical Ditfusion Rate(D) km/yr EHHEND. ZOLF L TTMLFE
§  in nearbottom water: e fif Hi{k L 2L D TH % HY, Ra-228 MEN

b » Y (o
oy I o 8 ety FKBIZDOT, ZOWHIZ B 5 U B 20
IV. Growth Rate(G ) of Ra concentr. material BLURSIZHCT, LDEIZEHONEM
o e MR, L Ra-226 DM LB ET
b =Gl -G FUUF | HERIC OV COHMIAL VWIFHE S 2 BRE

Fig. 7 Ra-228 #f% 00 id i ifii LFHPN ELDHG .
(@AM (1) b )7 20 © Ra-228 & 1) &
5 4. 94F ) Th-228 13 Z DILFEMMEEIC L ), # Ra-228 Ik L, Wity
FICRET AL L L THBENDHNKEL LT V. ZOEMEHE VIZFER—FRAND Ra
228 BL U Th-228 i (LR FH%E Ng, N1 & §2) Z2HETEILICENKDI 5.
7o HENIKIEIZ 5> Tid Th-228 7 Ra-228 & ) DAERE ANk I3, Z DRI
(R ANr L EEFE VN o) I2HFLvwEBIT 205,
ANk = ArNt+ VN7
.'.Vz(%;——l) Ar
3 L Th-228 N HFFEREH* Ra-228 & DG FHRN50% LA v & T4
jzﬂ% 2=2ThHoirb, Vahk % 5. T4bb |} Y7 LNKMMEIZ Th-2280
BT A I I TIFF L W s e h B
() #BER { NDEBEBIHILHGEE | Ra-228 DS MBE L2 S NBFEHICL ) 22
ZFTPN T2 ETEE, BELRED HLDEEFTHEK P D Ra-228 #BE C 1L,
WELTEE»LNEHMYICE N RL S, ZOBLIZEEBBILKOEE (JLHRE
D) & Ra-228 D@D MEMOIBEFRICE>TE X 5.
EFKETIE Fig. 7T ERXHIRIELT 2056, Tz e nT
C =Cofexp[—(A/D)¥- Y11
Tubb D = A[(In C/Co)/Y]7?
72& 2125 L, Ra-228 it (C) »HRE L R ICHET 2HEK P DOBE (Co) D¥T &
7 BERSyHS, MELEREH S 500m(Y=5X10'cm)D & ZATH 5 EFTHUEDITH
25cm?/sec EHEE I NG . A BBELICETLIHKDORKIAETHZELTY,
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WEL,»LOEEER Y, 8L Y NRE S 2 DNHFTN Ra-228 A Ci, C. 5l
FTENIFFig. 7 ISR L 2 TRIC & ) DA#HEZE & 1 5 (MOORE, 1969 a).

(V) 52942 S0RBOBRERE ROV KBHINLL TLTEDERNE VT
WAk ) ZhERRBICAEBEGCE > Th - & LEKIHZ EBHLNLHNIT,
Ra-228 & Ra-226 MEMMAN Hasw 2 FE L 2 RE S0 ERMNETH S . T4
LLEBRZNERD T P 7 AREGIKL (Ra-228/Ra-226=C,) Hi—5E, DFE Nz E
Z MO EAEBICESL TLEFNLIFELLITIUL, ¢ ZENTHL
BLE ~ B H4E T2 » 285 TlE, Ra-228 54 L THREL, —7 Ra-226 N3
WTE2NDT, Fig. 7, N LEROBET, £DESOREGIKL Cap H5EBFN t
2RKDS B, A BEORFHVRBNBENKALSLFEEAdNLZIATHNL, KE
HEG=Sy, Fig.7 NFRTRSH I 5.

2Nk S % Ra-228 midZE & FIE L 2 RN, KEHEREIImEE ) T4k
R E T BRI E & L AL e RERENBREDILBEAIZ DV THA
5TV B A (SAITO ef al., 1963), = DAl Ra-228 # % £ D IRFEIE DB RIS

L L7 S s LB A BREFIC L DFHMliT 2 HETH 72, bbb LD
L7 Ra-228 P HEIC LT, TNE I LE TP 7L ERREDIERLBMIE L
LN, T2AZ, RERSEOEYWEBERBIECOWT, &) EHCECFERNE,
REHEHENG L L D EEZ L. 12 LT WERE %2 HIF 51213, Ra-228
A EH0.1dpm/g LT & 5 % 3% Tld Ra-228 DN & £HERT 5720, » %D
KELRBTAITEL LT VEVIHIRIZD D . ABINL ) KRBV T L
SHEHZ DWW T Ra-228 ERIM SN2, Ac-228 HiHICWE L LB H NP 7L %,
S LERIBRE Lra oA BRI L B T O AKRBIETHREL, Z0khEE
B (L8 LTI L 72 b s w7 Z08WS & Ac I X > TEERITL O HED MG
L7zvs.

BHICZN LS RIS & D LEBEESOERITR L, £ A THEEZI
(Pu-239, 238 X Sr-90 % &) NE AR LFEIFICERL TEAL Z BB T S L
I2ED, BMOBRBMEEBEROER: L2 0 EAERLIMREZLLIBEELS.

Uk, #KkE & OLAEBHEEEICET 5 Ra-228 DIFZRIL, WEZHEIZIODW 2T
PN THBH, FNFIICENLREE & VIRV, MET—22TETHEL LIS,
EREFEA~DICHICL L DDA EEZ TS,

% E X ™
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Determination of Radium Isotopes and the
Role of Biological Calcium Carbonate as
Environmental Monitors
M. SAKANOUE

ABSTRACT

Radium isotopes are incorporated into marine biological carbonates from sea
water during their growth.

Though a popular radium isotope, Ra-226, in these samples has been well stud-
ied, the study of another radium isotope, Ra-228 (half-life, 6.7 yr.) has been very
few until now, because of its analytical difficulty. The new method for the deter-
mination of this nuclide has been developed by applying the milking of its daugh-
ter nuclide, Ac-228. Several sea water samples from the Pacific Ocean were suc-
cessfully analysed for Ra-228 by this method, the determination of plutonium iso-
topes in these same samples due to fall-out being also carried out. Together with
these results, the data about the content of Ra-228 in sea water are reviewed and
the application of Ra-228 for oceanographical study is mentioned. The geochron-
ological and environmental studies by both Ra-228 and artificial radionuclide in
carbonate samples are also discussed.



EREERYTEyaBLN B EDT
7 I LA - BKEO S ST » HEE R

AT KA FHRMT PILTERT

B L ®» (=

RSO > BICEWE Th B RMEA LS 7 213, Hil - BEOH
REMDLET, T7VvA - FBA - T7T54 P BLUOIERHDLDDHEE LT
FETD. TN, EWEEBE O DREEANL 7LD EEINLMETE
DBEL, 1) LT —RKTFE—, 2)L 205> TE T e 18R
EAHB ——, @ HICIF3)KE— SR EE—IC L WV HEEI N L Z LA FHTE
5. WMETHIT, MBEOWMBLTHRICHATIRRERESY L Y 20O SEER
KGS® i3, $FHMEEEECINEZ-oTLES.

L2 L, £YWEEEOHAIR, ELICRENT E, O)EWoMEIC L 2 £BIEHAD
ELLv)NE, BIEALTEFRIC L 5 HE—EFA9EIR M HEESDH LN B, 7z
EZAE, E—KIB TR UKBUCERL 2, [UILWRENTIHEL & 7 5 EWFED
Ty, METEREZRICT LI M50 T5 (LOWENSTAM, 1964). =N
Eix, EYHEEPOMETE R ERICEDOEERALG L, LBIRI B4, £ T
BB N T LRETHE. —F, TOEBIRIRDMEIE, 2% ), =
PIEBRRERATEIC & 2 Ml 5 DR, FASORERE (2 TIRAKIL
ER) o "#M” DBHKICLN ) 5. F#LEZHiZ, 41EI12H ODUM (1957),
LOWENSTAM (i), DODD (1967) iz & ), Rt Enilbr ~LmnEon K &
LTELZ5NTETEY, M#EMZHY, chemical taxonomy ICH V9 3 R TH
5.

ZOLT, AP OMBILEOMELRETIE, "B (HEKZ v LIZEKHE)
LR OB SEL, v RTHRIFEN S FEICHEAD ~ b BH%, —HTIE, &
AN 7 LT OMBLTEOTFEREDL, (DT VA EZIIHEA & DEIE
% QBDTHRE (72 & 2 ITHERIE - FRERLE - KER (LI &), QESEmICHT
544G, QEEY, ORKLEY LS RITHEEIBELNS
B> TETWwa (/2 213 DODD, 1967 DEHE). L Lahs, REEHILL
LM PICHMUBEEE T R e F AL, TI7VA (73 HBRA) DR
BTFRNT, Ca* A A > 2B HRT B IO KHF>THHZ L3, H—EMEL T, %
TN LWEZIATHB.

Kenji KonisHI, Akio OMURA, Tomoko HARADA and Chikako NAKAYAMA: Observed
partition coefficients of strontium between sea water and aragonite of hermatypic
corals and Tridacnid bivalves.

** BIRKFEEIMMMFERE
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Z ORI, WSRO MBRITEIC O SMELA»EE AN TCELPT, TIL
A - HEKEO St DSEERDBEREEY, ENER THIRL /2 KINSMAN &
HOLLAND(1969) NHF3Eid, MIZR TRt nfAIBRENZ L O, T EF TRE
B 2 b oIy AiEEE (72 & 21¥ DoDD, 1965: HALLAM & PRICE, 1968)

PR A AT 2 52 2 EE L BN TH - /2. KINSMAN (1969) i3, ~Ls + i &
I\/\‘7,§%E37)E’V'/ THNS mE, THEFNDEBHENOKIEL) &3 25EHKE
HER O mse/mear LD 5 ELE S LS FIME & Il L, liE At n 2 & h 5,
ZDITIN—TDEWL, HEKHLBEICV 725 T, mser/Mea DIFRAEE S 4,
2F ), EHAGEIREIEHSTHOEHE~THIKEY»TTLI L 2H#HL. &
B3R 57, LOWENSTAM(Fij ) b Bk Ac# i d XT3, 2o &id, muoy
/mca= 2 DNWT LW 2T, ZDITN—TDEHH—DD¥EHTH 5 (/NFE, 1971).

22T, ZOEBIBERIRMENTH AT > THOT SV EE ) RERWEH T, £k
) KINSMAN & HOLLANDDZRL 72, SEERNDMEKEE 2L TAEE, K
INRTIE, EBKBORL B, EEELD (FRE - WkREE - 5R/E8), &R

B (RE), 25428 (797 -, 757« #2232, P HE—NL), =2
—T7NT B (74 ngMa L )IREES N, EHEEEY > TEOBARE
EAHEDMEK F FHRHZ, ZNEND mse/mea-& D), RENT DS ELE #F KD TAH
72t 272 L, AWM (zooxanthellae) DHZMEE 12 LoD, BB % 5~ HEHLT
B 7202, FHTEEHE, &M T, »OEERBEEI LR, B, BAY
> THDII,IC, EEMGERIREZRT S v a7 4 (REBHWERK) L, SREBE
& Duke of York EEN L N %, MHikaEk & L ToHMHL 72,

=t i

AMRICHAL 2880 ) bEEEBENLNIL, SCEHEREMERIC & 51967
~68EFENF I A L, BRUEEMI FRANAT L KT-71-11 KD, WEF - 7
TL=a2a—7 )T BENL DI, WRIEBHENH7EAME RN KH-71-1 KA
DR, TNEFNIREINZDLNOTH S . ERMB~NDOBMET ~ D TTE - 2
&AM R & KHEFXCHIRICEC RS T2 L & Hic, ARHRBUCEB I T E -
72 EH - FEFWARR, DKM - AR Ly, WAHEFIRTER - &
HEDEMIZ, L osMlilB L EIF2RETHE. B2 T7 4 XBENTHNARAAIZE
LT, o> FR—NWESLHMERET L 7L v PR ED > AR—ILKEWERED
Py —writicit e i SAEE FTHC 2. BARXBoHE & bis, FEFRkL
5 IC RS RIZ DO THBOERT & » 2 MUK RIFEATOBIFFA & &R
ROREFAFOWIE-HIC LR ERBOT 2 BT 2.

PRy L—#IER e F 7 LREDKGHTL 2.
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f: 7
a0y
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et 30
K KKAI
ORON xCHICH
>0
2 GUAM
oW
o
p A
N
ids
T T
100" (3 12d 130 140" 150° ied

W1E GEREMER Y L TN (XENUZRTFRD 26k & SRR L 722 i)

dEAK (AL L KR 2 m LR EIFAK)

(1) FHN (129°42°E: 28°15'N) (1971 4F 8 F $:H0)

(2) AEZR® (142°11.5'E: 27°05'N) (19714 1 A $RIR)

(3) Pulau Ru (102°35’'E: 5°50'N) (19694 8 H )

(4) Singapore M /NG (103°50°E: 1°15'N)  (19694E 8 A $R£1L)

(5) New Britain ¥ Tawui Il (152°10°E : 4°08’S) (19714 2 H BH)

Th, BERBELT, K4 H50MAKLFHL 2.

(6) RESFIR AZE (129°15'E: 28°12.5'N)  (19714F 8 F $HL)

(7) Bamksanigsih (19714F 4 H HRE)

(8) LamEsZeteh (19714 4 B HRE)

(9) Guam k5 Toguan i% (144°39.5E: 13°16.5'N) (19714F 2 A $R1)
A 3 (e RE 3 m LX)

(1) ERBEBIRENIES (129°59E: 28°19'N) (19684 7 A 1)

(2) KB TREIAUE (142°12°E: 27°05'N) (197148 1 J $RHL)

(3) New Britain ki Tawui I (152°10'E : 4°08’S) (19714 2 H $iHX)

(4) Pulau Ru (102°35'E: 5°50'N) (19694 8 A $KHL)

(5) Pulau Kapas (103°15'E: 5°10'N) (19694 8  H#1k)

(6) Singapore BT /N i#ER (103°50°E: 1°15'N) (19694 8  $RHEX)
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(7) BEs 7 S F iR (128°25°E : 27°03.5°N) & Al 1) — 7 (128°28'E: 27°02' N)
(19684 4 H $&IK)

(8) sk BLER L HT AR IAMEE (128°34°E: 27°24'N) & X% V4900 (% ifik 5 (128°35.5°

E: 27°19.5'N) (19684 8 J] £RIK)

3. TyakA

(1) Bimky 3+ 28k (128°27°E: 27°03'N) i 8e4T _-1F. (19684 4 F $RIX)
Tridacna crocea.

(2) Duke of York LiPi (New Britain }& AL 4o §i#9204n)  (152°26.5'E: 4°
11'S) T squawmosa, T. maxima, T. gigas.

b2 w Vil &
1. ok
WEAKIZ IR, By HEREICKIR L 72 b D%, 0.45¢ membrane AT,
SrZIEFWESHHT (BARY 7L Iv - T v o 2 BTN B s i), Ca
1ot (LRC3EW % Rombaimicey ok, M) T, 21%240.3
mg-atom/1 ? Sr &% #k7EH &, 0.1mg-atom/] @ Ca KEdEF i 2 vy, 4 L R HER
METWME T - 72, 72> L Ca i, I & Ca 1% o — KB E M %
)bl E, 4 A ick BT ENT O, WEKRRE % SrCl. 0.1 % &L
FUlEARIC L THEL 72, WEERMZ RN TH B .

Sr Ca
- 460.7mp 422.7mp
153 T A TR 20mA
KFEHAE 0.7kg/cnr 0.7kg/cnr
22WIE 1.0kg/cm 1.0kg/cnt
TR 450V 450V
gain 6.9 78.0
damping 1 1

HEK P oiEFERNEIL, (LI N T2 Mohr DisEHIC & - 72
2. TIVA (AY>ITBLU0sya#q)

T ZVAPD S ki, U2 MEWILIF%, Spex R—IL I LT2004 2 2 L,
TSR L, SEX Mo (BLEERE, YORXBoPrsmaimg) 1ok 2 Rariss
E Db e BERKEHZIZ, SrCOs & CaC0s (& Iz bEitdE) DAY
(Spex Mixer T 1 I A) T SrCOs #%0.2% 12 0 ~2.0% £ TN AMPFHD L
DEM, SrKe D% & SriEDBIRZ Ry EER L, EhtdiT4 - 7.
WEIZEE L TOMETBAZIZRDEETH B 5%, 1ZHISEFEERE - BoMENTs - d s
L BBMENEILND. :
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Sr (ppm) Wataaz

7000 < <+ 1.3%
5000~ 7000 <% 1.7%
2500~ 5000 <+ 2.2%
1000~ 2500 <+ 4.2%

<1000 <=+20.2%

WEFEMHIZRNE) THB.

xR R W attenuation : 2
I EE © 50KV low level @ 240
BERE . 20mA window I 500
riekESs - LiF position : 1

T7vada Ca® &Iz, BERHF0.1g % 6N-HC] 1omliIZiEmig, sz L,
HBKDGE L FEIMRIC, REFHFITTL L.

bl € & 2R
K Sr, Ca i, Sr/Calt, IEFEBONERERIZ, F1RICKRLALEBEY TH
5. AV ITOEMB L UMHES B IIFFN, Sr, Ca®, Sr/CalbZRL72DHE
2RT, I Tld, FEMOEFEHKIENIH, 8B 1RICKRL 22RO mse/mcar
FAVCTRBNTOGEEREZ L EDTHRILTLTHS. FE3REFLr 27405
HHERERLZLDTHS.

£ &

'K

KB Sr/Ca iz 5 EICLEHMOMAEBICLNEREMTHEZINTETE
N, Ay (0.82~0.90) X 102 D#iHICA S & & Tv» 3 (MACKENZIE, 1964:
CULKIN, 1965). 7z & 2 {¥ KINSMAN (1969) (¥, F¥fE ¢ L T, (0.86+0.04) X 107°
PRAWTWS. LA2ALERICIE, SriBEN 35X (72& 21F ANGINO et al., 1966)
56 LFRINZIMLC, TAKRD OHUIBEZEA D L (72 & 21FE&7%, 1961) , 4END
SRV ERAEREZS 2 T3, 2L, BERBMo—Fl%KE, SrifE,
mse/mea AN D, &/HHT, MK FEP~EKEEBRL Y BEL 2HBEAICAS.
77 LB Toguan i, > ##®—), Pulau Ruld, EFE» S LHEEINBIHRC,
iy, AZECHELBOEKDOFEANS ZHBTH S .

AH a8

AH>THNAT SV AHD Sr/Ca fEiz>vTiz, THOMPSON & CHOW (1955),
ODUM (1957), LOWENSTAM (1964) #i3 L&>, W 20T iz iEHH 5. LOW-
ENSTAM IZ 472 7 7@ — ¥ T, Pulau Ru, Pulau Kapas, Singapore ¢ 3 {1 T,
A oH 2 RE L 72 S AKURAI (1970 MS) i3, Bl oikZic 4> I8 o A8
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RN E 2 BFHERRT 5 & & LIS, fMiricaRSGEe, AV TENLH»TLH, Ho
LN L B2 EEAED S B EERLA (5 2K). Pulau Ru* Pulau Kapas
Acroporidae (3 FY A4 %) & Pocilloporidae ?»—#Ri3, [E—REHLDLDEHC
LA Sr AT, ERENBL N L ER®L Tv 5. Acroporidae 2
BReFstEiz Ulc DT b s T (LA ICDvTik BROECKER ef al, 1968 :
Bl BN v TldkFHE A, 1969) . T #1h* Acroporidae D FF & L TR -,

B1FE HEKOGHRER

Sr mg-atom/l Ca mg-atomy, Sr/ca  x10° Cl °%

¥R 5 0.080 10.5 7.6 19.00
Lk (2R 0.092 10.0 9.2 19.23
Pulau Ru 0.089 10.5 8.5 18.3
Pulau Kapas — —_ — —
Singapore 0.084 10.0 8.4 17.8
PN 0.091 10.0 9.1 19.04
KESHRE (A7) 0.095 10.0 9.5 18.88

i ks Cviey) 0.102 9.5 10.7 19.25
Y aw s (3AE) 0.102 9.5 10.7 19.21
Guam
(Toguan Bay) 0.094 9.0 10.4 18.00

M2k mHr oz GhRkt) osiiR

SrALSE M
e XA Sr  ppm Ca mg-atomy, Sr/cax 10° (Sr/Ca)# > =
(Sr/Ca)ifE Kk

ki E Iy | Acropora sp. 8540+ 100 0.98 9.95 1.31
(24.0C) Favites virens - 7970% 100 0.95 9.52 1.25
Pocillopora sp. 8330+ 100 1.00 9.50 1.25

R E5 (2R ) | Galaxea fascicularis 7850+ 90 0.81 11.10 1.21
(23.6TC) Pocillopora sp. 7980 90 0.98 9.95 1.04
New Britain Seriatopora crassa 761090 0.99 v 8.77 0.96
(Tawui Point) | Favia palauensis 7570% 90 0.95 9.09 1.00
Favia paclida 7690+ 90 0.94 9.32 1.02

(28.0<7T) Orbicella curta 761090 0.98 8.87 0.97
Coceloseris mayeri 7630+ 90 0.95 9.16 1.01

Pulau Ru Acroporidae  5spp. 8190% 120 — - —
Fungiidae 6spp. 7800+ 95 — — -

Faviidae 2spp. 7665+ 215 — — -

(28~29C) Pocilloporidae 2spp. 7425+ 475 — — —
Pectiniidae 1sp. 7850 — - —

Pulau Kapas Acroporidae  4spp. 8380+ 90 — — —
Fungiidae 1sp. 7680 — — —

(28~297C) Pectiniidae 1sp. 7960 — — —
Pocilloporidae 1sp. 8080 — 9.71 1.15

Singapore Faviidae 3spp. 7870+ 140 — — —
(28~29C) Poritidae 2spp. 7930+ 630 — — —
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FIXK L amA DGR
(7272 LI BRI 4 B D ER T R b &)

SRS SE B
Sr ppm Ca  mg-atomy Sr/ca x10° (Sr/Ca)s + 2774
(Sr/Ca) ik
Triducna m 118050 0. 92 1. 46 ‘ 0. 16
gigas
(New Britain) g 1290+ 50 0. 99 1. 48 0. 16
Tridacna g 121050 0. 85 1. 64 0.18
Squamosa
(New Britain) g 1260+ 50 1.0l 1.43 0.16
(1) 1190%50 1. 04 1.31 0. 14
: 5] (2) 1490%50 0.89 1.91 0. 21
Tridacna I (3) 1250+ 50 1.02 1. 40 0.15
(4) 1260%50 0.99 1. 45 0.16
maxima
(1) 1130%50 0. 98 1. 32 0. 15
stai 7t (2) 1170%50 ). 99 1.34 0.15
(New Britain) W | (3 1070%50 ). 93 1.3l 0. 14
(4) 1110%50 0. 86 1. 47 0. 16
e, ] (1) 1570
Tridacna () 1620 _ - -
crocea
. 4 (1) 1990 _ _
(i) [ @ 1970 —
Glveymeris m 3800+ 100 _ — -
Yessoensts
) w 950 100 _ - -
(1) 2850
e o] (2) 3570 _ _ _
Cardinm i 3) 3180
(4) 3410
edule
(1) 1920
7t (2) 1360 _ _ —
(Europe) I (3) 2530
(4) 2630
U ppm
Tridacna ":i g: 832; ggg‘: _ - -
crocea
e st 0.479%0.011 _ _
(453 8y) ] 0.263%0.006 —

FRCRBEZINDEEL, —BRICHRKT, EREEIRL, KPS TE
ERNEZL 5 (TAMURA & HADA , 1932: GOREAU, 1961, 1963) 7 /v— 7 D%t H>
12, HBRFORNA DS . A THOEREREID, BRKEBEORLNAREGD
13h02, M, BKDES - RO hoMsy - BEOFEHL LICL VBHESND & F
255, JEMEMLMEY L IR L L Y s o, SRAENEE L D&
TEPEH > DL 223 AIc o b NS, St UsME (THOMPSON & LIVING-
STON, 1970) 4, MHZERNERBENEE L THRX B I EATES.

B, H2FIRENEEROES KA S (W, 1969 1 &, 1970 4210,
1937 : &#%, 19687 &), K Us & New Britain AW T4 ~ 5 CoEd, Lizd'-
CTEREAMNT O SEEROMMA TFHENLH, FIHERL, ZOFZZ2HEMIT T 5.
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St content (10° ppm )

7.0 7;5 8;0 8.’5
ACROPORIDAE (5) _(:)_
POCILLOPORIDAE (2 (>|<)
FUNGIIDAE ()I() (6)
FAVIIDAE (2
(3)
PORITIDAE
< (2)
PECTINIIDAE M x e PULAU RU
AHERMATYPIC W X PULAU KAPAS
DENDROPHYLLIDAE = SINGAPORE
' (n L

52 U A LY UERE LY > T o St
(SAKURAI, 1970 MS)

RIZLKBEDIZEAE L CHERBELETY, 27U ) DENFD 5 AL, EREE
DERLDBINDE—FEL 22O L BREND. 2512, SrmOARIC L BILIEE FT
Pulau Ru % Pulau Kapas & ¥/ E - 53 (8440 £ 155ppm, 3 AR D IEH)) - if
sk BEBES (8570 £ 45ppm, 3 KEA DY) % K #iPUzEES & OB T, Acroporidae 7%
TELOWERID, ERHEENES BRSO REL Tnd. o
ENT T VAEAETRD Sroi L KB D ADHIBEBEIZ, Acroporidae 13 Lo,
HAEWIZE M) BHEY > TTIRWEPICKIZ > TV 3. LA Ladrs, RKRSBFLEY
ot "RMToSEESR" #5 2 kil (KINSMAN & HOLLAND 1969) i1,
REOBI %R E, EROEBKIEE —KeT, % BERNETERADEG TV 23 =
EEWEE- T D, 4B, REITHEML 2 EENE L OIEOHIEIZ ST, Wi
FMICRETRTH B .

Sy abhA

T4 L NRSH L RINTOSEERE, Y THOZ N E N, T
MY, EBAYBIREIZHEE TS ), Sy ar{D extrapallial fluid #*, H3#% Wk
DD HT D mse/mea DY, WKDFIERL B & EREL T35, 5%
ki€ & New Britain LsEDMI T, 3GiHEE K < 7265, HEROBE BL L 20 v %, (K
12, SMED»RRMOMiLr—T0), RANT OMRERF L Ta 3 &, ilihl <
TR DEDFRS S, T L) ij s 5B D SEE KL D FED Kt >, 2)FlC & 2
ZE, HDVIL, NWEDHAEICLBLDEFZ LD, Milck2#& 1L Tl3, Pa-
lau Dl —FEHRES v 274 D5 5, T crocea s, NDEE (T elongata, T. cumin-
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gi, T. squamosa) 1= &~ Sr 2B # L Tv 2 35% (LOWENSTAM, 1964) 5 &, [F]
FENRHMENFZ 55 . L L, Mytilus edulis » PG (DODD , 1965) % Cardium
edule 5 JG (HALLAM & PRICE, 1968) |22\ T, #REROIYICHESL X 7> Sr & & Kis
DA DR AT Tridacna T L BRIL DT HREMEIZ TV .

Kz, M- SAEG T Sr ik ED, 5REE T. crocea T3 L WHIFE T, New
Britain B 7. squamosa %13 %, T. gigas=® T. maxima TlZ, oA & FHE L
HMEZEZELTAL . ODUM (1957) i3, MRZ &R &, 2 Bor 5 g i
Tmse/meaiCBIL, BENVENS LTV EHRL 2D, B—MEARNTL METHKRIBE
AL THE T EDREBICHONEHIC L > TE TS . Mytilus edulis D
BRIC, WAIEDS, TRENT Z2VAEFBA L), 2ODRL - 28 5
B A, HIKFEHEIC X D BIRTH BH%, Cardium edule R Glycymeris yesso-
ensis DI, TMHEL T I7VvA»S L ZHETYL, MEMTEENENDHDZ LM
REN TS (HALLAM& PRICE,AjH! : KONISHI & SAKAI,1972: 85 3 £&M).

S5 BRE T crocea Tlx, Sri3MEL N LATICBETLZ LI, ULNatH
Bo@Em»EH LS. B MZETIEH 54, New Britain BE T, gigasiz 2T
L, EoEA»FiAENS. LL, E—EMTL, T. squamosa D3FA13, M
BEICHEENEZY D B LIZRHHEL, T maxima T, TNEHEETIIH 357,
LLAAEEN LNBICIBET 2 25, LN Cardium edule® Glycymeris yes-
soensis L F LM%z @BH2 Z L HTES.

S anA0NTERNBIE, TRENNEREBZE TR E LS crossed lamellar
structure &, Y EBER THE E N5 complex crossed lamellar structure & \»
JEIEIHBH, ELIC—DONEERF L L T, extrapallial fluid #*5, (I < FEERIC L
fftE L, 1400 (accretion) I2 & D RFBICERL TP . L72d*> T, New Britain
B T spp. DFRICTHRHICT 7V ARNMEBETLTHEERLRENITOSEERICAHEEN
EEELLTVWILDFHIBRLRLT, SREE T. croceas EIZBH LN 5T
oA A»LEE LD . TR, TNLHEICLZ2ERE L CHYEL H 52, #IiC
New Britain ® 3fie 1 FEL WEI LW L, AKERICH T 2 KIBENL S %
NREGEDHEE L TEZBRIMZERL T3, i, NELHAETEBNE
BAEREICEN DD LERETI LN~ LA, WEH CHREERENR L 5 4
(SWAN, 1956: NELSON, 1963) 1, BLEFFICH 2 A0 4 BEH» LI BITAGE T
H5B. 2 Tlx, ZHHBH ST aHHf, WIS - SMEFEITTETTTH 5 LIZRS
¥, ®Miz & > TiE, ODUM (1957) Dfe#iL 22 hic, FIGHICHAA & ZRETRS A%
B, THHETLARG LY LAGICBEST 25 (T crocea) b HHET B L 28ET
Bz k w72, 4B Sr DOGHOTRLEEEIC DN TUL, ERFERCMEEKESL L
LBBEL T, REFEHKIT T 5.
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Observed partition coefficients of strontium
between sea water and aragonite of herma-
typic corals and Tridacnid bivalves

K. KONISHI, A. OMURA, T. HARADA and C. NAKAYAMA

ABSTRACT
Zooxanthellae-bearing hermatypic corals characterized with a very feeble phys-
iological discrimination against minor elements (U, Sr), and their inhabiting sea
water were collected from the tropical (New Britain and Malay Peninsula) and
subtropical (Ogasawara and Ryukyu Islands) localities, and the mse-/mea- of the
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coralline aragonite and sea water samples were measured in order to observe the
partition coefficients of strontium between them.

The result suggests some physiological control possibly attributable to a rate of
growth, operating to discriminate a slight amount of strontium even within the
hermatypic corals. Fast growing Acroporidae tend to concentrate more strontium
than the families with slower growth. Nevertheless, a temperature dependence of
the ‘observed partition coefficients is demonstrable in the zooxanthejlae-bearing her-
matypic corals with a similar growth rate. Tridacnid shells analyzed for compar-
ison show a distinct difference in strontium concentration between two structural
layers in 7. crocea from the Ryukyus, but almost uniform distribution in 7. gigas,
T. maxima and T. squamosa from New Britain. 7. crocea on hand concentrates
more strontium in the outer crossed-lamellar layer, in contrast to some aragonitic
bivalves previously reported (e. g. HALLAM & PRICE, 1968 ; KONISHI & SAKAI, 1972).



RESLIUEAY > TR S > DRBAEIZDODWLT*

FATHILE™ - TG - g

F L ®» (=

T2 CUBLUCTIF /752 (PU) EFNFNDORBEIETHE A A= L4
(®*°Th) BL - 7m b 7 7 F =7 2 (®'Pa) DRUREEL (P°Th/?*U % % v~ iz *°Th/
BU, B LU PPa/U) A, BURBUDERNEIZHEWTH S Z & »° BARNES &5
(1956) 35 & ¥ SACKETT and POTRATZ (1963) i & » TGS L TLIk, REgiE%
ERDETHEEOEYHMAMBICTEINTB Y52 o0TE, klmshak
L o>TER. I2L»S, AF=7B8L U070t Tr7F=voikEELr bR
5 LR ERMEERIZRFE-UEDOMERREZZR, H VT4 - TLITEBLIUNL
BT L R F I AEL ETIHERHEEIMRG E STV 28T~ +TTEL
AIOHEBHICII AN EFETHA ). Ly Luds, EELTHC-LILTE N
£, EHOEBERZEL THERENLZLDT, FOHBRBEONEI T IR
BINTAWBETIE, LR#EZEH DL I L THMEERICEHEZI LT
PUERIBROMB L > T B . T2 REIEIIHEIEL &E LR TRRDOEHT T
I3, E@BH5CIZHER/BRILL CICRESNIEBRIERZHEL YR T v, Fhuz
Lu>T, 77> ENENESICBEWHTIH,L, LRRFRNEEICE->TL oL
LEFRWLTEBETH ) 2d°5, RLTES TR L EIN TV B EIZVZ L.
AR TIE, EBER O RERMNEY > SomiETIs, YIS ok Sty
Moy, FREKULE2LHERMERZHT > T wEENs (HEREEIZKR
- /8, 1970, 2B E 2V LAHEEGEROY 7> 54 & 2L ¢, FEf
DGFHRY — DB LNDZ2ERFL, HAMREZELOTI I IZH]EL 2.
WERTLIICHRY, e A7 LKL DEEMOFFICIZ, R ETEE#HZ
3L HLET 2 ERKEREMBELFERBENZMLL S, FREFIFICBIT 58T
HFREICEEL TS, RIEKERTHFERMOIGATRK Z13 Ud & § 5 IR
DELD S, FHEFNEMEEZ(ED > TRl nwh, IR EE2ERT L. o
BAFERN—ERIZIZ, CWAREF R ZMHAL 2.

E ¥ :
AFRICH GV ZZREHE, BEY> T2, (bAEY > IT3WNFH BT, wFhd
WK EREME Y > T TH B .

*Akio OMURA, Kenji KONISHI and Takashi NAKANISHI: On the unhomogeneous distribution
of uranium in present-day and fossil corals.
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BAERE D G B, CEM-1 3k REBE EIRETIE T, Tk KERK50cm 2> 5 R
# & 7= Favia sp. T, 4K (colony) (3 EZFEA25em, (3T EETSH. CYM-7
13 53 BRI IL AL T £9500m DRER A (T#IRFOKER 1 m) TIRHE E L7z Porites
sp. T, BERIZTERBIK, BAEH30cn, HEH2BemNKREZLZHT 5. LB
ok L ERIERRIC, B (KD 7)) 2TELRLSUMML AL ICERL, BE
PIASREM CEREME L. Lizdts T, REOREERIZ, S8k L 2Rk (T
HLIRETEREICRbAZN.

AR E L THW 3BT LEERFImU L7y 70— TH 5.
CK-42 I3 ERBEFMERE (B L80.7TmohE) o> IiE» 5, CE3
Fimok BERE BIRMBERBORKYT > Il OKE6.m) 25, 72 CE-17 |3 & ETE
{35 (BRZesAhE, #ik1Smois) okl (1967) DWFIEE» HIRES .
CK-42 $ & U CE-17 DIRBEHAOAIKEF 2 T, REAFMERFELZE EFNK
By bR Z2BHELTCET DI EZ AL, > THELTHMNLIZLNTH D
EFmENS.

o W Vil &

Z s P)ILBEIUOT O VT 7F =27 anRMEAREE &£ CRIMAKIZ, a
7 P EREGW . AEORMIE T TICBERE AL O TEHRBC (KA - /N,
BIH) 2BHBLCWAZE v, 252 DHAFIcOWTiE, PHEs (1971) EFEL
T4 war s b Ty 2EEBCL. SROBRBPETRITICIE, REAKRFERFHFE
BAro» KUR 47 (H775,0000W) DREHHREE ( Pn-3; B8P ETREE, 2.34x10"°
REF et - F) - 5,0000W) AL, . Reldhor 7o EFRICELT,
FTy JEEHI0~10° b Ty 2/l B & SIS, MRETEER (FEERIZI32050H)
ERELN. £/, TICNERN—HL T4 v a3y - b Ty TEEIC Ko 2,
ZHUCIE, MIEFEEIRRTRSHIER, « A7 P LEICHVWSRZERLE (B
40~50g) ZRAL LA LKL, KiE£200~250mesh 12 % A 2 2 KR 2 H
vz, EEHSm, BEEHI0mD K ) ZF L FNKEIC, BAEE CERIFL TE
HER*ELICHELLZABZERZAN, ZoLicH2mnE S 2 REHME 2 —BIC
2%, BEHRBIUR)ZFLoBENETCTHAELZLIN (F1X) %2, 500D
a AR FPIWVETT T EFERIVRKOLN TR 2 E=9— LT, K &H
BRI BT 274> 2. EBREMHFIESEERLE L, KUR @ Pn-3 T204 4
(#hrpiE F3R122.8X 10" rh: F /o « 5,0000W) NI TH S . B %, e B L0
BEBNFUBFENRFELZEL, OZFLRHL, Eil(#20TC) -46% 7 v {bk#E
B THIB05 MG AL % L 72, JK¥k - BEKRTE, JLEUINER TL00fF Iciik LR %
T, TE=g—t LTHw2 Y ROBEMAED» L, MONBEE 74 v s
e F vz L THRBTEIHE (FHELOR (1) oK) 2K, Rt r5 >
BEFHIZE > TKeD.

L UZraMmEMBICIE, SRPICRERDT, FRUCBE T T BOE(LE
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KHbdFiEEE 72, L Ludsb, LraBayrign, BEEANICIZ—RL T8
WeZe "W RS LB > TR RE L Lo, axial & REF 2 E
LW s MELWEZS, ZAENOWH CTH 2 RUSRT & 5 2 Hr0ic s %
7z, EMHEDERICIRX S HIREREITIDIALE, #1—KF> FaB LU
b7 m— 22 A TELICTEREILLZ. SIS 5o 2ibse s LTHAZESR
TEESE, RUA—KRA[ FBIU “LoFdy—7" CTRELT, e T g %
Thotz., MEHE, AZR%2 LI ECOEL, BN BSE L 22 #Ic 2 - T, 0.3
mm T, 0.05mmiE )R & IC K] > 725k L 72 386 (Fif% 1.5X 10 em) %72,
“B74va>r - b7y 7ENBEBICOCTE, FHES (BIH) I2HLvoT,
I TIEEET .

~’¢ 1. \t_ ’ "‘
BAORE
rot ot |- Folyethylene Tube
10mm |33 50,
‘,(;:‘,‘f:':::,‘ —Absorbent Cotton
RO IR R
'\/\ N
PAPIIMNRY
2 “1—Sample Powder
= 7 Muscovite
T
35 /
551 W2E s TR R b T
ARG R D 12 DR

BIR 74va>-bTyriEct
577 CERNDIZH DR FIEEY Rk

1R 4 W H B

SAMPLE ISOTOPE CONTENT ACTIVITY RATIO APPARENT AGE
U (ppm) | ®Th(ppm) |*Th(dmg) |*'Padmg) [*U/™U 0Th/™Th | ®Th/™U | Pa/™U [*ThAger) | ™'Pa Agelyr)
CEM1 | 270 0.116 0.0788 0.0168 1.15 2.86 0.0316 0.184 3,800 9,500
0.07 +0.005 £0.0022 | %0.0008 | 0.03 £0.14 +0.0012 | +0.009 100 +500
cymz | 210 0.0143 0.00700 0.0108 1.10 2.06 0.00412 0.153 450 7,800
+0.04 +0.0012 [ %0.00043 +0.0005 | *0.03 +0.21 | =o0.00026 +0.007 +30 +400
CK-42 3.06 0.0873 0.114 0.0166 1.06 5.49 0.0477 0.160 5,300 8,200
0.07 +0,0062 | +0.004 +0.0008 | *0.03 +0.43 £0.0018 | +0.009 +200 %500
CE17 2.89 0.0742 1.32 0.0835 1.09 74.5 0.570 0.85 92, 000 90,000
+0.05 0.0072 [ 0.0 £0.0020 | *0.02 £7.4 +0.13 £0.024 +2,000 +3,000
CE3 3.04 0.0362 0.0867 0.0150 117 10.0 0.0331 0.146 3,600 7,400
+0.17 +0.0031 [ 0.0027 | o0.0004 | *0.09 £0.9 +0.0021 | *0.009 +150 +200
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#* p:S

@ A7 FPIVERIZE > TROLNLERZBPOTF - P )T LBEUY T LT
7 F =7 LRIGLIA N & R R 2, ReNT o4 7!‘:'72\2‘54: v7a b T 7F = LA
FERLELIIBIRIIRT. RETOFHNIS, EHSIIBE - LEREE L40g (7
FVADE®2.94E T2 KRS L T13.6em& 2 255, H> IBIKITEILHATH
Bz, RUTHEREUI LD KE W) OB Z2HCTW 3726, 1 ENEHEIL,
FHEFNDOREFNOERfLE L TEN DS .

TSR EMBIDICAT 2T 4w ay s VT 7ET, SEIZHMESE
LD EELNIEEFIORFPLULT LIS TIE L 728, 3 -4 - 58
U R, 77 rENEE, FUMEICHIERO L S ICEIT S BB D
FTy 2EEEEL, BENICE Ty 7BENELELTRLLIZLDTHE.
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On the unhomogeneous distribution of uranium
in present-day and fossil corals

A. OMURA, K. KONISHI and T. NAKANISHI

ABSTRACT
The fisson track method applied to examine a uranium distribution in hard
tissue of the coralline aragonite reveals a periodicity of 2 to 4mm in width of
growth increment along the axial growth direction of a hermatypic species, Favia
sp. Such periodicity may be caused by any yearly variable factors, because the
width corresponds to an annual growth rate reported from the same genus by
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VAUGHAN (1915). The variation of the uranium concentration was estimated to
be in the magnitude of 30 percent at the maximum.

These heterogeneities in uranium distribution have no effect on the deficient
ionium or protactinium dating of fossil coral samples which did not contain the
measurable amount of the daughter nuclides of uranium initially. Even though the
initial ionium and protactinium were contained, the heterogeneities offer no prob-
lem, if the daughter nuclides were distributed in an equal proportion to uranium.
As both fossil and present-day samples contain a measurable amount of thorium,
it is certain that they contained an appreciable amount of the initial ionium. Fur-
thermore, it is assumed that the initial thorium and protactinium isotopes are
not necessarily distributed in corallites together with uranium, because of the dif-
ference in chemical behavior between uranium and thorium or protactinium.

Hence, the apparent ionium and protactinium ages of present-day coral samples
may be discordant, at least, partly, and the ages of the fossil hermatypic corals
younger than 10* years can not be determined with satisfactory accuracy by these
methods. Yet the magnitude of the variation in uranium concentration may not
be large enough to affect the ages older than 10* years.
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Temperature Scales of Aragonite-Water and
Calcite-Water Systems

Y. HoORIBE and T. OBa

ABSTRACT

Aragonite- and calcite-water temperature scales were formulated by the use of
cultured Amnadara broughtoni and Patinopecten yessoensis in Mutsu Bay, Aomori Pre-
fecture, Japan. Horibe-Oba’s equation of temperature scales are for aragonite (Ana-
dara broughtoni), t=13.85—4.54(8¢ — 8w )+ 0.04(8¢ — 84 )?; and for calcite (patino-
pecten yessoensis), t=17.04 —4.34(8s — 8sw) +0.16(8s — 8w )*; where &8¢, and diw are
oxygen isotopic composition (SMOW) of carbonate and sea water, respectively. The
temperature scales were applied to calcite and aragonite layer of present day liv-
ing Neptunea arthritica and it was shown that Horibe-Oba's equations gave the
same temperature from both aragonite and calcite within experimental error.

The same method was applied to the fossil Neptunea arthritica which were found
at Kioroshi area. Oxygen isotopic compositions of calcite and aragonite layers
which were assumed to be formed at the same time in fossil Neptunea arthritica
were introduced in Horibe-Oba’s equations, and they gave the temperature of 9°C
and 8w = —1.45% as isotopic composition of sea water at the time of formation
of fossil Neptunea arthritica. This showed that the layers were influenced by the
meteoritic water which had lower oxygen isotopic composition. It was also pointed
out that the method could not be applied to the aragonite layer which contains
calcite crystals. Seasonal variations were found in both fossil shells of calcite form
(Rapana venosa) and aragonite form (Calista brevisiphonata) and the temperature
ranged between 27.7°C and 6.5°C.
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TELHHHTHSE. LAL N LEELERTIEIEEN TS bITTlE A ()
Z AL/, 1971).

EEAILBR T, R—HETLRIZ L5 80O DIE S22 EHFR LS. 2,
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Z DWW OV TH D, FERMZMLE THIZEKET L > Thleh &9 by

LT, ZOEFHRIZIEEEDKIETIRD T 2R7$ P88 3 Alla T,
™S 72 WRIZA97,2°C, MHHERED 3 B TI3#5.1°C, 3 CTI3M3.5C &%
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[ 3 /0 5 20 25c o 3 19 "5 2p 25%c
—_— —_
302 e o ° <4 402 ®ems  $éo <&
303 cam 0 o0 -] 405- . - o
4044 -
306 o
405 .
38 —_— o
308 -
407- o o ) o
3¢ )
3101 o o ° 408- . °
31 A . o 4104 . e o
372 “ o d o 4 o o °
314 L - <+ 443 . ° <

4 Globigerinoides ruber © Globigerina spp. & Globorotalia spp.
® Benthonic foraminifers

‘= Temperature range obtained from planktonic forams.

== Temperature range obtained from benthonic molluscs
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Paleotemperature analysis of the Pliocene Kake-
gawa group by means of oxygen isotope ratios in
the fossil calcium-carbonate

M. AqsHIMA and K. CHINZEI
ABSTRACT

Oxygen isotope ratios (**0O/'*0) in fossil calcium-carbonate of the Kakegawa
group have been analysed to obtain the temperature structure of the sea at the
time of deposition of the group. In the middle and upper Kakegawa group there
are two facies, a sandy facies in the west and a muddy facies in the southeast
(figs. 1, 2). The benthonic foraminiferal and molluscan assemblages also change
their composition from west to southeast. MAKIYAMA (1931, 1954 etc.) concluded
that the facies in the western area was deposited on the continental shelf while
in the southeastern area deposition was on the slope and in the geosynclinal trough
in front of the shelf.

The samples were collected along two tuff layers (T-4 and T-3) intercalated in
the middle and the upper horizons of the Kakegawa group. Analyses were made
of benthonic and planktonic foraminifers and benthonic molluscs. Each benthonic
foraminiferal sample is composed of individuals of a single species, and more than
two samples were analysed for each locality. Three molluscan shells were collect-
ed from the three localities along the. T-3 horizon, one in the west and the other
two in the southeast. In examining the molluscs serial samples were taken radially
across growth bands to determine the seasonal variation in temperatures.

Some aspects of the temperature structure of the sea, e. g., relative temperature
variations of the bottom water along the same stratigraphic horizons, differences
in temperature between the bottom and surface waters, extent. of seasonal varia-
tion of bottom temperature ete., may be estimated from the obtained variation of
oxygen isotope ratios (8'*0). There are some indeterminate factors, such as oxygen
isotope composition of the sea water at the time of shell deposition, difference in
metabolic effects by species upon the isotopic ratio of organic calcium-carbonate
etc., which control the isotopic ratios of fossil shells other than the water temper-
ature. The §'®*0 values from benthonic foraminifers show the average temperature
of bottom water (figs. 3, 4), while the values from a planktonic foraminifer (Globi-
gerinoides ruber) suggest the temperature of the surface water. Those from the
molluscs indicate annual fluctuations of bottom temperature (figs. 5-7).

The obtained §'0 values have been converted into temperature values accord-
ing to HORIBE and OBA’s temperature scale of calcite-water and aragonite-water
systems (1972). As shown in fig 8, the bottom temperature in the western area is
fairly uniform among the localities, with a seasonal fluctuation of about 7 °C. Those
in the western part of the southeastern area are approximately 5 °C lower than
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those of the adjoining western area, and decrease gradually southeastward. In the
southeastern area annual fluctuation also decreases southeastward from about 5°
to 3°C. The presumed surface temperature is about 10 °C higher than the average
bottom temperature in the western area. The difference between the surface and
the bottom temperatures becomes 15°to 20°C at the southeastern end of the studied
area.

When one accepts the earlier conclusion by MAKIYAMA that the sea became
deeper toward the southeast at the time of the Kakegawa deposition, the geo-
graphical change at the bottom temperatures would reflect the variation of water
temperature with depth. The paleotemperature structure during Kakegawa time
thus reconstructed is similar in general pattern with what is observed at present
along the Pacific coast of central Japan near the Kakegawa district.
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*Paleotemperatures measured from oxygen isotope and faunal analyses of the molluscan
shells from the Pleistocene Narita Group.

**Saburo KANNO, Kazuhiro TAIRA and Fujio MASUDA, BAUSCE KEER ¥ 50 2 Sty
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**HAR (1964) 12k 2
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I.  Mactra sulcataria—Tapes variegata var.—Gomphi oides.

Glycymeris yessvensis.

Solen krusensterni—Mactra suleataria.

Mactra suleataria—Umbonium costatum. 3 %' 13, Glycymeris yessoensis—

Umbonium costatum.

Pecten albicans—Limopsis forskalii—Callista chinensis

. Joannisiella cumingi.

Glycymeris pilsbryi.

Dosinia angulosa.

Theora lubrica— Racta yokohamensis.

Ostrea gigas.

Erodona amurensis.

e

TocwmNow

1225 TE&, T8IZ Solen krusensterni, Mactra sulcataria, Fabulina nitidula, Ra-
eta yokohamensis, Siliqua pulchella 70 ¥ DT\ % LHODZWE 2L L, KTEE
THERD L D & L LT 355, Mercenaria stimpsonii, Anadara broughtonii, Ero-
dona amurensis, Glycymeris yessoensis, Felaniella usta 7y &% % { PET % 5. TRX
R . #RIE Glycymeris vessoensts, Felaniella usta ) i KEp5 T, TEB
DLDE N (ZRMENTEEL TETS.

<SHENFRRED>

PRYS M L F U (R EROENNT, 25 1 @) A AR AR 491, 5km .
RRD EGLIC#8.5mn & BAbEPRIVIFEAH Y, ZH L3 ~4 m HHYH 2 7
L Tva(5EC). iz Glycymeris yessoensis p%3: b S8 T, % %S 25emf2
(R DD e DIRA L T3 . —fiiz i3 Spisula sachalinensis, Tapes philippina-
rum, Umbonium costatum, Sunetta menstrualis, Gomphina neastartoides, G. me-
lanaegis, Erodona amurensis, Anadara granosa bisenensis 7 ¥ H3A4 5L, FiZik
N FEMGEO LR, HE TR LG EIMABEYEICIE . PERIE Mactra
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sulcatarvia s L T8 Y, Umbonium costatum, Tapes philippinarum, Batillavia
zonalis, Neverita didyma 7y & TREEDIT LN 5. ZOFEEIZARTIGD L DOIZ{L
% h%, Umbonium H*% 2 & TRHHDL . ES5ICTHEICL BALIIAHFALET 527,
Z DRI TIE WA D S TIRIEETE 4o,

PR D R CRIHBSEINET, 551 ME®) ¥ HE AL IS5 . Sk o) L jE kg
FOEREGE R . SERE N A 2 mICAEFRIC DA S BIREWEN (B 1 m) Y, Efif
ICE LR o HE L 220 (1.3m), ki~ MEieplg (3.5m), X512 Lfri220~40
emfiLod Mactra sulcataria DEEAH 3D ), £ 1 m DRPRGE 12 E A T50emfEN AL
TR A SIS . W2 REL 2D Mactra DR IZFICR 2 HEHO S
oo hrizbEZ LT 5.

WINTBIGIEHEARS 1971a) I & > THEHKS L2 L DT, WEHRNMFEIC L 1L,
Z AL IR BALE & & A ZHUE L, CEE T & & MR &tk sk g oo W o s T
EFEZ LTz,

ExXRE)

PFRAERN ¢ WX o (LI ANTEA T, 51 XE) RN ZEH
BREGAAY 2. 3km. WIHHOEGHLTH ) W2 BILA e & L CTH L 2 ST H LA
THb. H2smDPRIIPIGH A SN Z P EfR#A1BmIc BLA »ENT S (85
D). ZoHBIbARMoOBYEIZRE { 320250F b Ls . THElE Glycymeris  pilsbryi
AR T Mactra sulcataria, Patinopecten tokyoensis, Glycymeris yessoensis 7x
EHUIMIZ A b AL B IEH, Aequipecten vesiculosus, Limopsis cummingi, Minolia
subangulata, Anomarocardia minuta, Granulifusus musashinoensis, Poromia fle-
xosaZs K EMET D . FBEYL I BEBENEL ) L LDRFHTHS. B Gl
cymeris yessoensis, Mactra sulcataria % E\3IFE LA 50T, THIWE -
WOMBIAE KA PEEL T, 20— TRAMFGPIZ Ry » FIRIZTEAA
TWBDNASNE . ZAUILA GO HERIEC BIT 500K (BAK) ks L0k
Bbids, CORTIZEEOEIIAES L (HLILTY 5. PEBIZ Glycymeris ye-
ssoensis & FK & T 55 LERT S EEYT, L AHENIZ Solen krusensterni, Ma-
ctra sulcataria, Fabulina nitidula 7y ¥ DO A" B % £, Patinopecten
tokyoensis, Mercenaria stimpsoni, Cadella lubrica, Siphonalia fusoides, Natica jan-
thostomoides, Olivella fabula 7x & L @Iz A SN S . “HE X% Fic L TE
B & PATICHLTIG B 4%, Panope japonica, Solen krusemsterni 7 &\ I3 &5, B
MOBEMERETRTLNOLH B . LI Glycymeris yessoensis HsH4s L, Merce-
naria stimpsoni, Patinopecten tokyoensis, Soletellina olivacea, Mactra sulcataria,
Peronidea venulosa, Cadella lubrica 7y &7 7 V) BAKY > IO 720 & 518705 .
ZHBEIRBRDOENKRUEDLDHEL, ELOBHIEDL L IBEEL TV 3.

ZOFEDBACAFIC OV THOWEIZZ . WE (1961) I HILBALA HOMET
b, PTEIIERRME THEMN ZEE2RL, LM ERAMETE ) R
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ICEEL T3 2 & 2T v3. FARS (1962) I3 BILABHNEBEMNELEFN,
TRLDIBB L EKE 2RI HEES L MUNTES L EKIELZ RYHEICELZ L 28
LI LT, EUNHEIREBO LEBILAHO LI LT3 2 & 2158
L7z. /N8 (1962, 1963) B L O4#E (1967) 22D RME X LIk I bHL, =
DEGHOLEEFRERF, THZEXELL T3, F£2KE (1968) 2L DLV
BIbABOJBEMEA R ENZ (B 7TR). KEIC LS, THOMEN S b
THEOHEIZ EIRIBEWHORERIE L, BEREOH BN L CBEE L HTR> THRIL
Tvb. ok ) wBEBRIE, BRBFOBTRMY, BEK - WKL EICE->T
I~ HEREERIC I, TIICHETAIRRRMOGMBENHEICRALIZLDEL,
ZDE I HBRIINERSRAT ML, BOMENKRET THAH ) L#HEEL T
Wh . TERZIRHE - JEBBREEMRAL, RRXRCFIREHHENRSEL, P
I3 ERBH T, L EZIFTEREPBRENL S L THIELZRETH ), b1tk
WIIEBROBE T X I LHERTHE L LTS,

(hEERE)

R g (BEEENINT, 581 @) A% BEAERBERE S #4. 5kn,
R OB, EHRIED 6 ~ 7T m O E DFRIA T T » 5 #950cm|Z 25~ 30cm > =1
~IEREFEAESH ), ZHOLETICRILA#HE*ALNS (BE5RE). ZHUivbw3
M EALE S ORE, 1935; HARS, 1962) THESPLHEEYT > IH%v. BILA
13 Glycymeris pilsbryi, Limopsis azumana, Polynemamussium intuscostatus, Aequi-
pecten vesiculosus, Siphonalia spadicea, Ancilla hinomotoens s, Asprella spp. 7t
EEZURRLTHEETH L. THIZHIRERBPRIICH ), HARS (1962) EHIL
BALEBES HIRBIAE L, FKS (1962) L BIbABENRE D S RIHOHER %
BTw3.

HEHMERL & BT R

B TNVHRIIU BRI ZEBICAGORIATS0mD 5\ i3 1 mERRIZ, #9510~
20emD L TFMUCHFET 2 RILAa#RELL. LECEL CEEBEICKRELL. 2
JILTRELZBILAED G b, SEABERMEKLONEICHEAL 72 L D3 Mactra
& Glycymeris ThH 5. MR E L TREHSEI LEBL, THOREKEKLZW. 2
BEOAE - NHBELT VAL LK->TEN, ZOHDOFRIZIIHZNBLNT
H 5. Mactra |3 HEBEHITWL, ZORFRED LEBOREIHEL LT V. W
I2 Glycymeris (38HE <, TR LEEORE» L, HEPIZERN BWHlA
WD

INLDBALE DTS S ENE L L O ERY, BES» L% T (Wi
3B )& 3~ 8mmilcIMT L, REEZWCHIVDED, Y 2¥KicLz. 2%
MCCREA(1950), UREY & (1951), $BER(1967, 1969) i=fit > CEe E RIALAR I % W %E L
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7z.
MERRIZIR I I— P NEBFZBE» LNRZEG®0) tLTEZLNE. K

B|EICHBIT S PO HIZ TN T PDB-1DEH»LNREMEE L TRYT. X8 8%0 N
WEBENOREEIZE0.1% TH 5.

BEROANE - B IUBERCA--RERR
RLT7SVAEDHERE»LLLHRTL, MENELLHNE LB T PO EHINE S T
HHI)ZEIFTFHETES. AREICHBITE2RBHIRICEN A L HICHNRTEA, S IE
BICW AR ENBEERRICHERICLZLDEZRW. 2 U Mactra sulcataria

§0"( %)

] -
+0.5+ !
- '
TN - \\
L N\ ! \
1 \ ] \
- / \ 1 \
——e / \ 1 \
N / — ' \
1N ' )
\ / \ ——
9 ! 5 ' \ ! \
t:% ! \ ! N ' K
1 AN N \ \
+ .
1.0 { ' \\ — \ : \‘
] v ! \ 1 v
] \ — ) \
-0 ' B ‘
AY
1 |’ ‘\
' ' \
| ¥
' v
1 l
! A
1.5+¢ - |
N —_

#3E LEtGFED Glycymeris yessoensis DRI - 72 R¥
(A~N) nEEFFEARIL AL, & UBRTE» 5B T
£4&Q, HEOQ, HRBONHRIEME.

*2FrF—FE L CABEREBORUAKRELZ A VTWwS. T3 PDB-1IIC#EL T—-3.6, »

YO MEEETRT .
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DFEDEE HTEL G E NBOFEEDTMON WD L2 &, B LU Glycymeris T
RA7Z2HUZ DV THIF ENFD sP0 N =N, & LICHMEDRHN TH- 72 725
THBY L LABIDHIZODCTL - 2T HLENSALS EH 2 5.

BERERERIZB > THID TN 7L T, ZOENREBRICBIT28BE
FLREENZEAL &N, 20 BDREIREOERKEMOZERE, EIPYE o
BifR A & & B~ 13 DA% 5 (BOWEN, 1966; HRE &, 1969; W5, 1969).
I SRERICIE - REEFRMALDOENELE ZOMETHW RN EK &
2572512, EEGF D Glycymeris yessoensis (2T, H 3R KLz L 5125k
BB T O EZNEL 2. JHUS LAUT S 2SR A 6%0 OB bh A 5 L
BRK 1.2% DELH - 72, HIF k}’HE iR ko 800 i3 1.0, % T, NGt
095 %, 7HR120.95% &\ 5 flihsHs N7z, Ble, B 3RISRL 72 & 5 BRI
%5 s O MNEILIBTNRBOREKMEEL SN TS, F>7) > rom%
BT EInE), SPOMOMKERADEIEL > b KEC 222 L IFTFHTE
5. DI EHHUBRIRA DR L E TEMAL 2D $P0EIZFDHORK
BRBDOFUEERLL TR0 EZLNE. T4bb&MNEREE12% L E
DOMAMEMEAFF->TwbZtiznd (BSEBHICHZBAMEIN &%
BRLTW3.). S : ' .

BALEBORMERMGEL O E RS
(RAE) -
CRTEIE> FooOs &k oHERIc BT 2 BILAE GO Glycymeris vestitahsmd 8'%0

§0%%) pop-1 O *! 2 3
T(°C) Epstein et al.(1953) 15 10: 5.
{ MEAN)
_KIOROSHI Mb. (053) 09O  ©
£ : (088) O oo
3
< KAMIIWAHASHI Mp, ' ''*) .83 oo
[t (1.52) oD o
= ’
3 (1.58) o o000 ©
KIYOKAWA Mb. " ® o o
(142) o 0B o oo
SEMATA Form. (231) . @% o o

J1ZODO Form., (1.52) o ™o

O Mactra ® Glycymeris

B THREOBFERE K

* FERLE$ N Glycymeris yessoensis 0 2RI DWT, #HEIC & 2 80 ftid 5 WE D& 51V
7=boir, TREN —0.0,, —0.1, Th-7z.
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fitti3F4)+ 0.5, T, Mactra sulcataria (35-3)+0.8, TH B (454 [X). Z L5 il Hh X
TOIEELNY % 80 DEAIZE 5 AR ) TH S, @#ific BT 21itils, kW
PHFEZLHILTWBFY, T4 bbihnnoh#ofiilz & (—%$ 5. Mactrah b
TS LIRS R & Glyveymeris SN L dix L S HIEHL TEILL T35, ke L TA
% &I TR T 80 A HIxIZ ’}cé WS T I>’C/J SN, PRTIh Uk E LS
) BT & L), kB TRE L

CEEFGIRE> KA o‘iﬂ)ﬂﬂiﬁlﬁmi iz ‘)UIT%(TE@; N Lo 1 soNlEil
+1.0% TRTEREALANWATMOMIZ—T 5. RFL D TFToll{fion 80 fitils,
Glycymeris yessoensts T+ 1.1s, Mactra sulcataria TH¥J+1.5,% & 75 (55 4
). TEMNLELEADBE, EEETHT PO MARIKMIZKE < 2 B IIA A
L5 (B5RB). F-—Igis TRYE L 72 Glycymeris 2 7122 CIE £ 4T% - 72
0.2, % DD - 72

SHENFERRE> HEFHE O BAbA B Tl T EMI B D BRI AT A 2o v hy, o b
DIZDNTIE RO filip PHEE L D K E < & » T 500D B . Glycymeris yessoen-
sis DIEHJT + 1.5 % T, Mactra sulcataria |\3F¥1+0.7, Tah B . F 72 Fl— gk TH
# L 72 Glvcymeris vessoensis (3 0.1, % Th - 72. FRHOBALG TP ERIZ
Mactra sulcataria DERERH 3 A S, F ZOIZEE+1.60% TH ), FHEFH
D BB & gk & S 4L, FINL v,

(X fE) Wi »BRALARFD 8®0 I Glycymeris yessoensis TH-1£]1.4,
%0, Mactra sulcataria T2.3:% T& % (i 4 Y. Zo B FiEd Clom~z L9
12, bAEBEE» S F b T2 349805, TEZDW Tt Glycymeris yessoensis
T+1.6.%, G pilsbryi TH)+0.99%, Mactra sulcataria TF¥)+2.3:% TH 5.
Z ALK L T BB TIE Glycymeris yessoensis TI-#)+ 1.1 %0, Muactra sulcataria
TH+23:TH 2. MHENLLEILEAD ETHNERETIE 80 ftin*—IE/ S L

SEHUKELS LGNS, PLHMOBFHTELINHA I ABLNDE (5
5XE). Glycymeris & Mactra 313 IHH L T35, HE LR TFHTIEIZNE
HIKE CRA L3 %% Dt A — e > Tz A b 7z & 2l LGS,
[i] U Glycymeris J& T 1, yessoensis & pilsbryi ¥ Flihnsf7r B & 8O s> T\ 5 =
Erbhh b . Blgi B F—Fidt o Glycymeris yessoensis Dik—~ 72 2 {HA&RN Tl
#30.4 26 7 8O D ZENH b LTz,

(2 E) BRI 31T 3 B @ T Glycymeris (yessoensis, pilsbry, rotun-
da) @ 8O HIZFEH)+15.%Thd (F4RXBLIUESHE).

R—E# 0 Glycymeris & Mactra DESER LA
FEFFALIR L D E D & BALHA OB KIENEIEE M B 12 12, 2o BALE 2Bl
HTHBZEWVETHS. THREBHNGE, £ 05T, Ktz & » Tilligi
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{a) KIOROSHI MEMBER

(o -1 §0"(%)
NAKANOKUCHI g‘g (=) PD8 15 URABE 05 .
X A . ;
d
@ /" o
4 l/
e / o
o/
(C) KIYOKAWA MBR.
YOSHINODA §0%%a) KAMIIZUMI § 0%,
1.0 20 15 20
! e L - —d
o6
—1 !
-] of.
- o
5 7 i
"" @/" %
T / o
~ ~ '
. HSS
ed )
o
I
R ]
g

H5H FHRIAGHEEELEKLNEENEL.
1.8, 2.7p, 3.B¢, 4.-83 2, 5.7, 6.223 )7, 7.iEH%, 8. B{tH,

9. | I(LA, 10.7 4.
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(8) KAMIIWAHASHI MBR.

6 0"™(%e)
OYARU 10 20
~ L L ) i s
215 [}

(0) SEMATA FORM.
§0( %)
-

30
e

O  Mactra sulcataria
® Glycymeris vestita
® yessoensis
@ G. pilsbryi
® G. rotunda

1

2

3

AEETEEE

(E) JIZODO FORM.

J1ZoDo
[ S |

"*(%%ee
0 §0%( )21)
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THLHEREN TV B LD, FOMWHED Mactra 70 & DRATIKIED 5 AT,
*ﬁﬁ’i’ﬂ?“fli%“‘)ﬁi<7*)‘6]3":@'1'17‘ DTl WEHESNS. T4bHITITH

MR TH DS v BHRIC T - CHEBEZHEL TLFELILVWFEIRZVLDL
MM?&&.L#LW*,:@%&%M&
20 . P fi7 b DM IREE, T2 TIF % ) ik
S Camitls / W B T b DM & LIS IEEI B
® G.pilsbryi o ThBEEZTND.

420 ® /" [l— g ilE* o Glycymeris (22T %0
5 o 0 omERK GRS RIE), HEE (

G»‘m oeng FNERRE ), WL = D v T AT
°"° e kﬁmt%wmmbmucwfu,ﬂam
e e o> 2 B IR )T S I D 72 7 F 4L Z 4L 0.2,
§0°%) 10 20 30 0.1:% Tik Wiz RL 2. —f#IZIZZ Nl

Mactra sulcataria

FOR g (ARG 2B05 R B
Glycymeris & Mactra ninis%Rfcfit  BOLNIZDWTIE, I E#o Glycymeris

(e ShR yessoensis T0.30 % DA LI, ZD

LLuDF b ORISR THEEND 5. HHX

_—‘4—‘

o
IS ATT)
Glygmeris G, Venemalps N'Mlll Crvnvlll :ln!mll‘ V-mﬂrﬂ lingicula  Felanieila ClinocardiumMercenaria N.nrl anllu Solen Cadella  Nuttalia Tectonatica Siphonaiia Olivella
minuta ferruginea doliaris. st califorrvense  stimpsons krusensterni lubrica  olivaces janthostomodes fusoiies  fabula
Nm‘“ u -4 31-41 3-37 ss 39 ]5 n -39 342 -2 W45 N 7-45 :n “@ o 35 3-45 39-42 30-41 -2 R-41 N-B
, l N1z HNan<-B N2y Na-d (N1) No-t N8 Ni-2) Nieny Nite) Nita) No-t Nz L N No Nraerd Moo N
(Type) < 4 A B2 A Az c c < B B c A < c c c c A
5 k- 1 7. =3
$7 R BT E OBIR (K, 19684 1))
a. XD BLEFRE X 4.
§0"(*%) PB-1 MEDIAN OF MIDPOINTS
Giycpiprs pesssensis et S LATITUDE () BEPTH Fiticiped Pteropoda AUTOCHTHONOUS g E FAUNAL
§ ® i P ) i 0 5 * 7 *”,é““""mw (%) 10 (%) H FOSSILS S .i ASSEMBUAGE
5 ? * z
. 3 S
— il gl
X - / &
s =1 F ¢ g ' L
- ! \ '
P / i N\ i
o / o '
d { | “ H
N \ ! TN
£ \ \ Y s 47 % !
; | ) N T
7 e
bl 3 "
A / i ] H :
* 7 % E
R " i I
-~ l i
. ks 1

b. ARG NZAL X B & DRIE.

HITEDH DI I THWTWw B E— G &, T NARE T RIC B W TRz L 512 5 ~10
emh % 4 - 72 Rl —HERE DR & 5 IR TH 5 .
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JEHENEW S IR T X T LWL ERERL TN T, ZHZ A2
DOPOMNEEKREL LTV B LDEHZ5NDE. F 2NN B THE O [E—
G# o Glycymeris yessoensis & G. pilsbryi D3 & LI K E <, F)0.65% D HEHS
HB. ZORFGHEL L) OFRNDES ZIRTHNCGRIEZ R . T4 b LA E -
PEBEETH - 2OBICRALZLATHE 2R TLoLLLNL V. 72
FRINTTH RIZIRN B Mactra & Glycymeris D3 X 5] U kD L ndhs, [68LIEH
@Wm@ﬁ“kbb%bmﬁbLnfw.

BAbE R o|EN) i FEEAMKRILNELE A B &, Mactra sulcataria & Glycy-
mevris yessoensis & B\ 3 G vestita DRI B EISAHIEL TEILL L Twv 3 57,
F— i DREHZ D\ TS OfEN RA 2DA b2 D . H 6 RIZE—FikIZHT 5
Glycymeris & Mactra @ 80O ftinh 72 &) 2R T 3. § 4% b b Glycymeris D)5
H—fIS Mactra £ ) /& Vv oPOHERY . ZHEIIHRNUEHIC LZE—FND 2
AR E DIZBH I KRE WL, BIXGTED Glycymeris yessoensis & G. pilsh
WICEZ bNAEFREMECTIIHEIO» . BRILTSVA» L 2 MET
o ZEIMLAMERERT I I, BHDVIIHIC L > T 0 DEA~DHD AtLEH
EoTWBIEERTLOLLLALY. L2 L INSDEEO@RRABEITET
MED b > LBREDBIZOWT, BERIMALNANELZITL I Z L THS. H—
[G#e> Mactra & Glycymeris 0 O D #EIZRE VAT, SHEHHTNEZ L
T, MREENZED 5O E L LIS RARMEETH S .

% =

B ERGARILONERE R E FNOHTHHEREHEZ s, BALEETICHMSNT
W B EEWEEN D S DB E DR EHE BT DL ERDIH I D,

SPO N EAUZ ED BT I BT HL—EN /S —o DA H5iLDd LI THD.
Thbbi FE & BT 8RO fitinsh#i L ) K& v, ThEKilnELE L THZ
5 BbARGHRIORE, IZAZARMLS ) A SEHL, BEuvBALEE %R L
ROLBUKBPETT2L 7 THS. HARS (1971a) FTHREHN S < 13k
BHBELAERBTHLE LTV 5L, Ml (1969) /B (1963) (= & 2 HERIESIN
[fl—s¢%—>D N2 LIZEHICHT 2. BERMELNAEZLIZALNE Z DY
4 7 Np, KT - BEIG - N0 &HEIC 1 E-Do, #IXFGCIE2@BH 5D

#BLABOMENE L sPOENEF BIELILE L T—BFFBE L HHE 2 DIk
THE & EEMGEHETH 2. iEIZEHEL VIR VERBIT CHML 22 13825
Mo TwWa., e B OMES ORI b g i (SCHENCK 5, 1939 ;
SCHENCK, 1945) 75 & %L, KTEHBEN LD & LEMGERFED L o Tl3HIEs
LT3 nENZSN, EEGMEEDNRERIINIT A, KTEFEDOHEEIZN
33.56~34" 2RV . FLINEBERLMMKLS, S AL E, 80 T0.64% D FEHS
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BN, TNFEKIZHRE THE3CTHNOEIZLZS. FEICAB TUAHEIZONT
13, BRI LT 2. ZN52MEELE L TEZ CLREZ TOHEYFEN

TR RETFEL L. KIE (1968) DEFEL VWA DEN B LA O BEEMBHT & xt
BERTLFFEL . Lo LiERD S liEG 0 TER<e 4 G iy B ibm
IZDOWTIZIBHR EDE Z AR GH, ZOBIEERMELONERTRERL S
RTHd. KEIFBRNXTHE LI ICEHNBOTEIZRRE AT TOMRITIZIZ W
EEZIUE, THOZEIIBRTE. 2 0WBEHIBHHEEN L 5 IZIRC-RIBETH
WM TIE WD T, T 80MEEKMIZIREL TS5 v, EPSTEIN 5
(1953) (3¥BEKDIEFHIE & SPOEAHB T B ¢ # R L /2. F /2 STANTON 5
meuW@ﬂ%towfmmmu%WTéiD%ﬁ%&W@EmF;Uk3<%
LT, BB SPOEIEHL LI L 2T 5., T4 b bEKED S RKMEIZ L
5271, SPOEANEL L BE I LNTHE. TRFEEN L H ik RiL
BHENLZCITTIE, BSBEDECICE DB L—ICALNDIZTTH ), 14
LR 2 E 2 B CIE DA KYIZ L >TLBTHASH. LrLls
[AFAAE L - S FRIATIE, BISHEXRLZESICBILARBII—EN /27— HB 515
s, METIASI LDV KRELEBANEEZ TWbEEZLND.

FERFML AR DMIEIZTERMSZ Z AWK B L) LMl LU TEILAB DL
JEZALEHETED L, &) FL CEHERIT-CHIMEN L BITEHASGLEL Ik
I2&N, ZOMNBESEKNFZHY 5 2 WigtEd b D), HERBHETICIIAEN L PR
LBETHAS. :

ZOMFRIE, ZLES72ESN)THY), —FHTIERBOERZ LI OB TL L
Ebiz, WMFTIIESHT—InEHPLL, ELICERLBICABR THOEELIL
EWHLPIZL, FMOBAIZIODVWTLREFE» 8k, B—G#EDKFEHLELE
LWL L T LEEEER LT3

E F3

MeREL RGN IC S 72 ), HEFHFICHET 22 0EigHE 2 V727220721
AHREBRFCERSORBREEM#HIE, BTH EMEL2ILHETIRMEEN
FRIZIECIEMT 5. ZOWRICH72->TH > 7NIREICRITEN, KIBHER%
Wi KRB FRENFAREBE LI L, BRICOVWTHNGREZ
T2F b ZRPENGE BHIR - EMREHIZIC BB L LS. F-EKEDN
AR - MEXBWKICIZERMECEL TEETEER 2 W22V, FEX
HFEHENAKRE BHHERICIZEEY "MXM B {tAEREL T,
BRICOVWTLHMBER 2 22wz, BICHHEOESEBRRICIZFFERME
IDWTHEREH 7. CHLNDHRICEREOHELRTS.

*EPSTEIN & (1953)i2 & 3.
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e £ 3 mk

HFARERITIA 8 £ (1962), MG H & VEBFGOERGIF & BibA BN EDIN. EH,
vol. 68, p. 507-517.

FHAREM(1964), AL - =AM G 0 Fit—EFHiotifGortit. milxi#His, vol. 29,
p. 100-105.

HAREE - BEBR(1971a ), KEHR—HFMEOM, ERB L URBROBILaH
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Paleotemperatures measured from Oxygen Iso-
tope and Faunal Analyses of the Molluscan Shells
from the Pleistocene Narita Group

S. KANNO, K. TAIRA, and F. MASUDA

ABSTRACT

The Molluscan fossils collected from the Pleistocene Narita Group in the north-
ern part of the Boso Peninsula were studied for comparison of the paleotempera-
tures estimated from the results of faunal analysis and oxygen isotope measure-
ments. Detailed samplings were made at the type localilies of the Kioroshi, Kami-
iwahashi, and Kiyokawa Members of the Narita Formation, and also from the
Semata and Jizodo formations of the Narita Group. The fossils from these strata
are well preserved and abundant in both species and individuals. The oxygen iso-
tope measurements were on the shells of Glvcymeris vessoensis (SOWERBY), G. vesti-
ta (DUNKER), G. pilsbryi (YOKOYAMA), G. rotunda (DUNKER), and Mactra sulcatria
(REEVE). The shell materials of those species consist largely of aragonite.

The average oxygen isotope compositions in the conventional-values of the Gly-
cymeridae are about 0.6 % lower than that of the Mactridae on the same deposi-
tional plane. These differences are called “Vital effect”.

In the respective shell beds of the formations named above, there is a signifi-
cant pattern of the oxygen isotope ratios and these change according to stratigra-
phic level, namely, the lowermost and uppermost shell beds have higher oxygen-18
content than the middle part. These results suggest that the marine temperature
increased progressively from the lowermost to the higher shell bed, and reached
the maximum in the middle part of shell bed. Subrequently there was a sudden
decrease of temperature towards the higher horizons.
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The average paleotemperature of the Kioroshi Member is about 3°C warmer than
that of the Kami-iwahashi Member. The shells from the upper part of the Semata
Formation and the Kami-iwahashi Formation indicate a temperature cooler than
that of the Kioroshi. The Kiyokawa Member was deposited under slightly lower sea
water temperature than the other formations. The lower part of the Semata For-
mation and the so-called “Jizodo Fossil Zone” do not indicate a warm water tem-
perature as judged from the faunal analysis of molluscan assemblages. However,
in general, the results of faunal analysis and geochemical measurements of the
molluscan shells from the Narita Group coincide with respect to paleotemperature.



General considerations on isotopic paleotemperature
determinations and analyses on Mesozoic
and Cenozoic Molluscs

Reiner JORDAN* and Wolfgang STAHL **

The original isotopic composition of a calcareous shell, which is charac-
teristic of the paleotemperature of the sea, has been changed in many cases
by isotopic exchange processes leading to wrong temperature data in paleo-
temperature determinations. Postmortal stress of aragonitic fossils, however.
can easily be recognized by the extent to which the primary aragonite has
been converted to secondary calcite, and the amount of secondary -calcite
can be used as indication of the degree of an isotopic exchange. So, paleo-
temperature analyses on aragonitic fossils should only be carried out, if the
sample material shows a good preservation of the aragonite. Unfortunately,
on the other hand, it often proves difficult to distinguish between the prima-
ry and the secondary calcite in calcitic fossils. Paleotemperature determina-
tions on calcitic fossils therefore should be carried out only if the samples
are in association with aragonitic fossils which show a good aragonite pre-
servation.

The suitability of these proposals for sample selection in oxygen isotope
analyses has been proved by paleotemperature determinations on Jurassic
and Cretaceous ammonites, nautiloids, belemnites, pelecypods and on Ceno-
zoic molluscs. Analysing the septa material of Jurassic and Cretaceous am-
monites and nautiloids seasonal temperature variations have been measured.
These data render the paleotemperature of the sea at that time and allow
for example the exact determination of the rate of growth of these fossils.
These investigations are described in detail in the following two publications:

STAHL,W. and JORDAN,R. : General considerations on isotopic paleotempera-
ture determinations and analyses on Jurassic ammonites. Earth and Planetary
Science Letters, 6, (1969), p. 173-178, 3 figs., 1 tab., Amsterdam 1969.

JORDAN, R. und STAHL ,W. : Isotopische Palaeotemperatur - Bestimmungen an
jurassischen Ammoniten und grundsaetzliche Voraussetzungen fuer diese Me-
thode. Geologisches Jahrbuch, 89, p. 33-62, 9 figs., Hannover 1970.

*Niedersaechsisches Landesamt fuer Bodenforschung, 3 Hannover-Buchholz, Alfred-Bentz-
Haus, West-Germany.

** Bundesanstalt fuer Bodenforschung, 3 Hannover-Buchholz, Alfred-Bentz-Haus, West-
Germany.
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Crystallization of Amorphous Silica of
Biogenic Fragments

M. INOUE

ABSTRACT

Crystallization of amorphous silica (opaline silica) of diatom frustules and sponge
spicules in diagenetic processes was discussed. ’

Frustules and spicules of Recent organisms are amorphous, but some fossil frus-
tules and spicules show evidences of crystallization.

Some diatom frustules were recognized as crystalline by means of X-ray dif-
fraction or electron diffraction of diatomites (Pliocene to Miocene). First stage of
crystallization is crystallization of amorphous silica to low cristobalite.

Some sponge spicules of Miocene also show evidences of crystallization to low
cristobalite, but spicules of Pliocene and some spicules of Miocene are amorphous.

Rate of crystallization may differ by kinds of organisms and especially by dif-
ferences of their size and form. Besides fine structures of brganisms may disappear
in process of crystallization (for example diatom frustules).
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Section 1: Morphology of pollen and spores of modern plants as applied
in phylogeny, systematics and the study of fossil flora (20~
22H).

MEfk: L. A. KUPRIYANOVA(USSR), D. P. ROWLEY(Sweden), K. FAEGRI(Nor-

way), P. S. SORSA (Finland).

G (22) :— USSR(12), India(3), Sweden(2), Norway(1), France(l), Finland(1),

E. Germany(l), Japan(l).

T. KAWASAKI: Studies on the fern spores in Japan.

Section 2: Morphology, nomenclature and systematics of fossil pollen and

spores (20~2211).

i N. A. BOLKHOVITINA(USSR), S. R. SAMOILOVICH(USSR), W. G. CHA-

LONER (Great Britain), E. BOLTENHAGEN (France).

ik{(17): — USSR(7), Great Britain(2), France(2), Poland(1l), Hungary(1), Bul-

garia(l), Netherlands(1), Italy(1), Brazil(l).

Section 3: Methodical problems in palynology (20~24H).

- Methods of interpretation of palynological data (20H).
MiE: A. M. MEDVEDEVA(USSR), N. BOSHOAIU (Rumania).
iiE(11) : — USSR(8), Denmark(1l), Netherlands(1), India(1).

- Mathematical research methods in palynology (21H).

FEfE : M. B. KABAILENE (USSR), A. TRAVERSE (USA).

#%i#(8) 1 — USSR(4), USA(2), Sweden(l), Netherlands(1).

- a) Electronic microscopy, b) Correlation between spore-pollen spectra

and genesis of deposits (22H ).

fif :  G. NORRIS(Canada)

#381 (11) : — USSR(7), BRD(1), Canada(l), Hungary(l), Czechoslovakia(l).

- New trends in palynology. Miscellaneous (23H).

HEE : L. K. KONIGSSON(Sweden), A. M. MEDVEDEVA(USSR).

i (11) - — USSR(10), Sweden(l).

Section 4: Palynology of Paleophyte and Proterophyte (20~24H).

+ Permian (20H).
fif : S. N. NAUMOVA (USSR), B. E. BALME (Australia).
WhiH (9) : — USSR(7), Australia(1), India(l).

- Carboniferous (21H).

Ff . E. I. WALZ(USSR), G. PLAYFORD (Australia)
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iR (11) : — USSR(5), Great Britain(2), Poland(l), Bulgaria (1), Belgium(l),
Argentine(1).

- Zofih (22~23H)
& : E. CHIBRIKOVA(USSR), M. STREEL (Belgium), G. G. KEDO(USSR).
#%i# (16) : — USSR(11), Great Britain(2), USA(1), BRD(1), Belgium(1).

- Section 4 & Section 8 HAF<L (24H)
HEH: S. N. NAUMOVA (USSR), T. F. VOZZHENNIKOVA(USSR).
#i# (11) : — USSR(6), Great Britain(2), BRD(1), USA(1), Czechoslovakia(l).
Section 5 : Palynology of Mesophyte (20~24H)
HEf : A. F. KHLONOVA(USSR), N. HUGHESs (Great Britain), V. A. VAKH-
RAMEEV (USSR), J. V. TESLENKO(USSR), J. TAUGOURDEAU (France), V.
N. SAKS (USSR), L. G. MARKOVA (USSR), N. A. BOLKHOVITINA(USSR), N.
D. MCHEDLISHVILI(USSR), D. D. PANT(India).
#i# (52) : — USSR(38), Great Britain(3), France(2), Canada(2), India(2), Ne-
therlands(l), Rumania(l), Poland(l), Jugoslavia(l), Czechoslovakia(l).
Section 6: Palynology of Cenophyte (before Pliocene) (20~24H).
e : E. D. ZAKLINSKAJA (USSR), S. ARKHANGELSKY (Argentine), M.
KONZALOVA(Czechoslovakia), E. P. BOYTSOVA (USSR), B. PACLTOVA (Cze-
choslovakia), K. TAKAHASHI(Japar{), G. M. BRATZEVA(USSR), S. CHERNY-
AVSKAYA(Bulgaria).
i (59) : — USSR(38), India(4), USA(3), Hungary(3), Rumania(3), Czechoslo-
vakia(3), Bulgaria(l), Japan(l), Canada(l), Australia(l), Argentine(1).

K. TAKAHASHI: Spore and pollen assemblages from the Upper Cretaceous

Futaba group, North-East Japan.

Section 7: Palynology of Pliocene, Pleistocene and Holocene (20~24H).

. North-West Europe (20H)
Mg : V. P. GRICHUK(USSR).
i (5) : — BRD(2), Poland(2), USSR(1).

« North-East Europe (20H).
£ J. C. OSZAST(Poland).
M i# (5) ;,— USSR(5).

- Holocene Palynology (20H).
fiE: N. A. KHOTINSKY (USSR), P. M. DOLUKHANOV (USSR).
#%i# (10) : — USSR(5), Poland(2), BRD(1), Norway(1), Finland(1).

- Ukraine, Centre of the European part of the USSR, Hungary (21H).
g : A. LEROI-GORHAN (France)
HiE (6) : — USSR(5), Hungary(1).

- Pre-Urals, western Siberia (21H).
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H2E Y. VASURI(Finland).
#iH (6) 1 — USSR(6).
- Mediterranean and Caucasus (22H).
2 : F. OLDFIELD(N.-Irland).
i (6) - — France(2), Netherlands(2), USSR(1), Italy(1).
- Caucasus. Middle Asia, Transbaikal (22H).
FEE : Van ZEIST(Netherlands).
i (6) 1 — USSR(6).
- Palynology of Holocene (22H).
# : L. R. SEREBRGANNY (USSR), E. LANGE (DDR).
i (11) 1 — USSR(6), DDR(3), USA(1), Japan(l).
N. Fuji: Principles for palynological research on the origin of rice ag-
riculture and its practical application in Japanese islands.
- North-East of the USSR (23H).
FE£ : J. C. RITCHIE(Canada).
i#%i3(6) : — USSR(6).
- North America, Kamchatka, Sakhalin and the Far East (23H).
FEE : G. BENG (BRD).
##i# (6) : — USSR(4), BRD(1), Canada(l).
- Marine Palynology (23H).
EE&: E. V. KORENEVA(USSR), A. TRAVERSE (USA).
#i# (9): — USSR(6), France(l), Italy(1), USA(1).
- Pliocene of Europe and Pleistocene of non-European countries (24H).
EEE : E. N. ANANOVA(USSR), V. P. GRICHUK (USSR).
i (9) : — USSR(4), Great Britain(l), Belgium(l), Poland (1), Hungary (1),
Mexico(1).
- Holocene (24H) #fing
Section 8: Phytomicroplankton, fungi and microfossils of uncertain sys-
tematic position (20~248).
FEf: T. F. VOZZHENNIKOVA (USSR), A. COMBAZ (France), B. V. TIMO-
FEEV(USSR), D. HABIB (USA).
i (19) 1 — USSR(13), BRD(2), USA(1), France(l), Belgium(l), Bulgaria(l).
22~23H (% Proterozoic ¢ Paleozoic DD DR & 5186 < .
Section 9: Air Palynology, Melittopalynology, Palynology in medicine 9.0
(23~24H).
HEE: A. D. ADO(USSR), F. PERLMAN (USA).
i#i (13): — USSR(9), France(2), USA(1), Bulgaria(l).
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7 B21H10.00~13.00i3 B MBLE TN EFN 4 DOREPBENON, HL TS 1D
RS, REEL72. EHIMIC L2 EWEECSML 2. ZOHOBME L IETR
12%5 - 72 REBEHREEFRENSIAETICEL, I EICESHLL LN
Tho720%, ZHOACHBEBROAETLEZ LD &) DIRE, ©X=LTHELE
LB VCHEIZESTIZFEFZLIZACHNREE L2, RN XE /N LETKRE
LTT, b B5|2EN 2 Tho72. BIEATHRIZEL DEAZAATIZBEESH
YAk, VoM RANICE ALK TEHE LB LT 28 E» T,
EFTLICHERTKR T 72,

5 2 M EFE S TEE B 20358 3 mIER 2@k IAP 22w TREM 285 N 3%
BT ST 720 i b » T President & & f Secretary #* & IAP o) 4825w~ T
B E CfF L TIRESI, FREE SN L TER 2% > Tz, ZAUS XL 1971
1 A20{+ Norway @ K. FAEGRIFE A 5 N ERERAE I A3 2 #H 35 & oogrit
RONXIEHRRICES L. ZOEME, BB TIRBRIN TV 5 &9 2 H0
R L AR B2 A M B LB ATL . /NE 2 working group #EY), &
Lottt 5t od Palynologists b [ifodsligkic Db v s . BEHIZH F ) IE L e iildia o
U, L1, 2hedE Lo, PR IUBS (244 2 #i{tr. 2) working
group (3 Palynology & Palaeobotany #% 1 -2¢) organization (Z &l &3 5 W gt %
FETEOICHITER L - T54 5. 3) IUBS + IUGS o #flfikod i T = ¢ organiza-
tion DL 2 EH DB NETH 5.

[ EH 2L IAPME2H ¢ ) 2% M, THUADKREIZ, o AMER
BTBEE) Loz, ZOBETIIIIEZL, VHRETH T —, MBS
JEFr?> M. NEISTADT ##%!= Palynology ¢ Erdtman » & W 24T b 4L, FEFie
DINKEHT2 72 2 b L7z

EEEEHS D IAP (o849 2 982 Lt FAEGRI DR EDE I » TS
nr.

Palynology (2 IPU & (% %8 L T IUGS &, # 7 Botanical Section & 73§
REHL CTIUBS %I BEL TE Y, s Nk International organiza-
tion (= 51T % Palynology D {irift # &1+ 3 L HTH 5. Palynology o i il
Z 15 2 Do International Unions & #l#MIcF 20T IFhiF L b5, < T
ICP iz 2 5 Sub-committees # i ¢ . 1-2(x Palaeopalynology <, 49 1-2i%
recent palynology T&h 5% .

ICP o Council iZ:k¢> members # i ¢ I ikE L 72.

President «teeeeceeeeceeens N. F. HUGHES (Cambridge, England)

Vice-President «:«------ D. C. BHARADWAJ (Lucknow, India)

Chairman of the Organizing Committee of the
Fourth International Conference on Palynology

Vice-President-:+--+-----:M. I. NEUSTADT (Moscow, USSR)

Chairman of the Palaeopalynology Subcommittee
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Vice-President:----««c---- J. MULLER (Leiden, The Netherlands)
Chairman of the Recent Palynology Subcommittee
Past-President «----«+----+ F. P. JONKER (Utrecht, The Netherlands)
Secretary .................. 5’&5&% (President A 5)
Members -ceereeeeraeeens ARCHANGELSKY, NAIR, ZAKLINSKAYA,fli 3 %3
FKiRE

4 MERS,Y) 2 oy —2ikld 4 > FEUF & Birbal Sahni Institute of Palaeo-
botany DEE&ic LV, 19764, A > Fo» Lucknow THIM E N BRIz » 7.
FHAKRIIESHITNE BN 2 2—20b Y, FEH I HBEOMFR L, HEDKMR
s 7z,
O &kl (7.11~7.18)
2 — . Moscow — Novosibirsk —Osinovoe Pleso—Krapivino—Kemerovo
— Novosibirsk
- Permian #:fi#—Kuznetsovskaya suite, Iljinskaya suite, Erunakovskaya
suite.
- Triassic & Jurassic HEfi{4.
- Lower Carboniferous HEfi'i4 .
- Upper and Lower Devonian 7Ry % RL2E.
West Siberian Geological Survey & Institute of Geology and Geophysics
of Siberian Division of the Academy of Sciences of the USSR.iz & % #H#.
%% : Y. S. NADLER, V. L. ILYINA.
BAE: #4195 Fu
BA»LnSmME: B WM (FIRKE).
2%« N#: Guide for an excursion to sections through the Paleozoic and
Mesozoic deposits of the Kuznetsk basin (2&37).
O &kt (7.25~8.1) (MATHE & <2 HH)
a— 2z : Novosibirsk —Moscow — Yaroslave — Moscow — Leningrad
—Moscow.
a) Rostov— Yaroslavsky [iff;f ¢ interglacial deposits 7 F, 2%
b) Leningrad Fffift  Shuvalovo Bog, Holocene R4y o) b2 .
VSENET & 7 —o) Institute of Geography (2 & ) M E 4172
F%MN#H: V. P. GRICHUK, N. A. CHOTINSKY.
H: %200 k.
HAD b S mE N - B - LI - .
%N Pleistocene of the central part of the Russian Plain
—Interglacial deposits in the Region of Rostov-Yaroslavsky.
- Guide to Field Route No. I-B—Holocene of the north-west of
the Russian Plain— Shuvaloff Bog.
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- Appendix to guide for Field Route No. I-B—The problem of the
boundary horizon, with special reference to the Shuvaloff peat
bog.

Ladies’ Committee |- & % program & £#iFiThHiL, KAITEBSmML /2.

ZFoff,, 7A24BICI3TEaEE, YHr LBl —T A &I, &M
d, VEFREIC L DRI EHERIC O R NVICENVRERL, BRENT
Wiz,

VH#BEET A T —I3EIMEMR ) S ur—LFEn o E R E BITL T 5.
FEOFTICHDIDIE, TRTCTEHLCHIEDIEDHRRLTAEABERNDE I LD
THd (&Tosxig).

- Institute of Geology and Geophysics, Siberian Branch : Floras Kainozoic
in Siberia to data of Palynology (ZEXXEH(T%). ‘

- Institute of Geology and Geophysics, Siberian Branch : Mesozoic micro-
fossils of Siberia and Far East. (ZE3xZTE#{+ %)

- Institute of Geology, Yakutsk branch of Siberian Division : Palynological
characteristics of the Palaeozoic, Mesozoic and Cainozoic deposits of Ya-
kutsk.

- Institute of Botany, Institute of Geological Siences, Academy of Sciences
of the Ukrainian SSR: Problems of Palynology.

- Institute of Geology, Academy of Sciences of the Kirgizskaya SSR : Dis-
persed Remains of fossil floras of Kirgizsk.

- Rostov-na-donu national University, Geological administration of the Vol-
ga-Don territorial area : Palynology of Lower Don and north Caucasas.

- Central Siberian botanical Garden, Siberian Branch: Characteristic fea-

tures of the plant cover of the Ob valley from Barnaul to Kryvoshenno.
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# 1 @ International Conference on Planktonic Micro-fossils {2, 19674k
ISP 2 x—7THHBEN, SEOBMBLTCNLHRRRBLOERLHEE A
THRINEBIZ#K b - 2. ZOREIZI69FERICTISR—2, 1URRHOKENA L L T
RFIENI2HY, FDAHICIE BLOWDIE AR HHAEILRSHICBIT 5 H KAk &
LWINEKRHLZIILSD, BEL DT INLRIAIHBWENT S

IS LI ERLNT, 19704 9 H29H L N10A 7B ETH 9 HiMlich 72
O — 2 REME TR B 2 BEHD, 36HE»LITEANEFELELEL,
IR LHSREEND L ERELRETHo72. L L, BEPLOHESH
BE1EDED S5 AL 5N, FAVERL RATOLEDEVHZAHEIN &R
KERTE BRI R BHE &, BT ERFRESIRER R ZEOEBTEAIC X
LERRENHETH-72. SLICREEINTZHRLLRRE Z0MHNFIREICL D 25
EWIMLETH- 2.

F 72, PR3 T » ) A D Office of Naval Research & 7 3 > b > R¥MEE I D
Contract (Nonr 477 (37), Project NR 083-012) »* & fk#¢#liph# 14 T L 72 =
T 5.

SO BRLIIKROEN T, BICIZFHOBETEICB LU 5L, TIFTFEBD
HeD Sz,

9 H29B &R - WEREA 7T N -1 —T 4

Bl HE#% : WEMCAEICEYsL >R eons, +> /777 icBT 5

PR L (24£H)

9 H30H I BTHMD 2 3 > K7 LDFEAT (2 &)

108 1 BT : AILERE SRS, 98 L Uittie

FHF#% : AILAEOSMH L EELS L CiBEERE (223%)

10 2 H : B HlER—) > 7FHEICET R >R 74

108 3 B : 0 —=iEBD R

10A 5 B4FAT . BNURFHFOM#S L AT R TH (2 £3)

[ B P4 . PAERBIF O

10A 6 8 : HE=ZRFGIF i}

10A 7 8 : HiE=RFF i

* Report on the II Planktonic Conference; Contr. No. 581 from the Department of
Oceanography, University of Washington, Seattle, Washington 98105, U. S. A.
** Hiroshi UJuE, [EsLRb06
+»» Hsin-Yi LING, University of Washington, Seattle, U. S. A.
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SHEERLBL THERIL, BEEWERKOFEHI»HWEHILICH Y, ZoOED
EFHELVZTIC, 108 2 HLUMOETEFEICET 283 FEEHLIBD SN
BWMOSEc b Vb ki ke, BB LITHEZELL, 2o TREYEN %
Re7z A3 MAEOREORINE V2 & 5. MILRICEEL TT7 2 ) 2 DERSH
BLOWERLE - FRND—DTh BiFMER—) > D, WHICHEEWEE LIC
$B24 =% F7TRE - HITENTVEH2 %100 2 BN > RP7 AIFIAEICR
LTtz (2720, ZD#HKHENAKESH Proceedings IR EN k> 72D
HETH3).

B, HILBICHT 53 - JWmcNd 58T, 7T BEREMMRBMS RO
SFEMTAE, vol. 23, no. 12, 197U DXL ENHINTEWMT S. F> /75> 7
Pz onTiz, FE2REBFED AL > - A X2 b e LTHEFLSELIFU2T LN
TW72750s, ZOWFERE»EEBREL 2. B L 2B TlE, MR E,LD
BEOBIHEELTUL, T2 /777> 7 > nmiEbR E L TORBIEI VA
EHLD2OH D2 2R TILARFIMESG DTSN . FRELEEL S/ —F 3
Z, ZoaBRROERLEEL, @RELTBLLA»o NI, F ) TT
7 b OGHEFENBICET LT, TnFRICAKBBEHEORTO—MIcTEL
WERDDITBLDL WA e THE. HEAMILA, BicF> 75>
EAATL TP NIZZDL > R 7 LAFPUI D TII A HET 5 .

TYNAN & WORNARDT AHHEEEA & % » T 1 HEIZHIT TIT X b2 BRI A
PRI TILE, —OICHRE2FEZ LIRFThoztvbhiFh bhv. ZDERE
EL T, EERERILH»LIALY T DFEEIHRETELr-722 8,
1967FED 47 > 7)) w2285 SCOR DL > R 7 LARE 1 [MDELFHENORINH &
MOBFEFRCTE T L, BHE, BEMNEIZVRXIRRINLZEL Y
EFLNE .

298 F1RIZREE RF D728, RIEDELA* PETRUSHEVSKAYA @) Nassellarian #
BHBEOHERL D) EOGFEICOWTORLEBALBIZERENE I LREREL -
7z, BEBIZREER—Y) > 73 HSEMBEAREF L oBR L SicER L. 3081
JERKOVIE? H¥FE MM N EEEIH (SEM) I & 2858, KLING? Triplean Hii s
@ dimorphism, SCHRADER D & 1) 7/KEE3000m F TI 3517 2 i3 15 M o Pt %
DIEBEFICBEI T 2L EhH o 2. ML R— ) > ZJMREEETIC BT 2 iR
NafE, TNFEILNFEELHERO HEHEESR & IUkBiIc>wT#HEL . L2rL,
DL DHhDERILICIT, BEHNT—INL WL, EXEFHEENBMHK -2
LD, HEVEILMNEEDITTELWLDL EHHY), 3FIC1IENEHBESHL
LTIRBHREVHOEDZ 2B adrbHo7z.

PRI LOMICIRE & N HRBILABFRARXII OV TL AN THELS .
Hzamﬁ@x—u/7ﬁrmy/m/7A¢f,REMLukﬁﬁubHéLﬁ-
I —Voidgsic £ 28%, 2% ) bt & ) Bitic i <o, 190 kKEiH L
AHEBEAL 7 (FEMIZFEIEHE O Initial Report D 1 %25 4 % F TL, FENGE
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IZEL S L7 Leg VIDER R ISEAN T 3). 72720, 25 EIEL v LE
HIEHFICIIEBED TROLNLT VW ENEH A LE LT L. BUICHEOMFTH S
SANFILIPPO (3, 10H 7 HIZ A4 &) —iliiHif 2z v Urh Fi e iR 2 8k L, AR
PESEIC D 5 DFER LI L 72 2T, 4 20 — TR KREETHZ 5 L 245 G H 4
LTk ETETENNEEATH B R L T2z, MARTINIASHE KD Leg VI D#E
Hex BLIC U TR ILE - Bl - BIRE S>> /7T 7 v - HEEEROZ N
FHUCE 29 2L 2 RERLZDBFHLVRATH- 2.

BMbDICHNEZNEZ LI, ZOLEOWMEITRAL S I, 1 EIZICET 3
RO (2MHZ DI TIEAR) & L TI9714E S HICHRE N T 2.5 T, HHE
T BMEEYFOBIRIC, Lo dY¥EL AL —TALRETH L. HMEER
N1 AT % FARINACCIEIZN G I & L w2 & 5. 7z, st /7
A P NVDBMRENIZEEMHEST, ZOBEICF> ) 75> 7 F > TFRED
E BT A AR KD D < S AL, TidHEREBIC 20k - Bk snTv3 (H
AAWFREE & L TE, FILKDOHILUBRIBR DA E AT DKL VIRY THB).

BB, KENZ 3EZIZ FA Vo Kiel THAPNETETHS.

A. FARINACCI,ed.: Proceedings of the II Planktonic Conference, Roma
1970; Edizioni Tecnoscienza, via Tevere 48, 00198 Roma, Italia, 1369 pp., 1971.



HigE£ypEES (IPU) 72 78R =2 —X - WI*

o & o

A TPU He[EEE A8 A (IUBS) oo i B P icmA L 72 2 3B il ) T
& % . IUBS oy & ittty P9 12 EFE o Wit a% (IOP) #"BEICIMA L T2 D
T, INERBO LRI IEEERFIPUS—FILL 22T, IPU < IUBS 2
MAT 254 T, #HMZEE S (N. F. HUGHES — UK, B. PACLTOVA — Czechoslo-
vakia flt) 2R HFTH 5.

B 19724 8 A25H Montreal To IPU # £ (2324 & 11 5 Constitution 33 & (*Bye-
Laws NWFTHERIZHHEEESL» 5 &2 Rl & 1Ty 5 (IPU-Notices, Vol.
1, No. 1 35 & tf Lethaia, Vol. 4, No. 34%%R). ZHHETERIINTLER
I3IBOREES E. GERRY BREHRHET LI L 2FLEL T 5. :

C Individual member 24, Subscription member 356, Corporate member 5
(Elk &% Figoa )

International Association of Mathematical Geology—J. E. KLOVEN (Cana-
da).

Palaeontological Association—W. S. MCKERROW (UK).

Paleobotanical Section, Botanical Society of America— H. P. BANKS (USA)
Geological Institute, Academy of Sciences of Cuba— N.A. MAYO (Cuba).
Palaeontological Society of Japan — B Rk

D @b o International Research Group (3K i@ ") .

International Bryozoologists’ Association—N. SPJELDNAES (Denmark).
Cambrian Internationale — A. R. PALMER (USA).

Deep sea Ostracoda of Tethys—R. H. BENsON (USA).

Saline Ostracoda of Tethys— N. KRSTIC (Yugoslavia).

Shallow Marine and Freshwater Ostracoda of Tethys — K. G.MCKENZIE (UK)
“Trace Fossils” m#Em % O. S. VIALOV (USSR) »sIf:t8H 1+ T v» 3 (24th. IGC,
2nd Circular, p. 22 ZH).

E 24 FEMEF¥SH (IGC) 8 7 5I2 5 CIZ1971410A 1 B8E, WXEE
105, MX59%ZHAL T3, FEL TVB 7T —=I3RDM@ .

1) Structure, chemistry and functional morphology of fossil invertebrates
— H. K. ERBEN (GFR).

2) Paleoecology —R. F. HECKER (USSR), R. WEST (USA).

3) Evolutionary rates, extinction and stratigraphic breaks — C. TEICHERT

*News on the Asian Filial of the IPU.
**Fuyuji TAKAI
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(USA), E. T. TOZER (Canada).

4) Mathematics in Paleontology—R. A. RAYMENT (Sweden).

5) Paleontological evidence for or against the relative movements of con-
tinental blocks—G. Y. KRIMHOLZ (USSR), A. HALLAM (UK).

6) Precambrian environment and the origin of life— M. F. G LAESSNER (Aus-
tralia), H. HOFMANN (Canada).

7) General papers.

8) Palaeobotanical facies and methods of time correlation of non-marine
with marine strata— N. F. HUGHES(UK), G. NORRIS(Canada).

F Directory of Palaeontologists of the World o4 3 it (1972) iz E. GERRY
(Israel) T LHTHEN, FHEHICEFTUTOFETH 5. 4T H R 2 HR
TE2ZEIChH>Tv5.

(1972¢4¢ 1 A12H7E)



Ei s e eEaE 9 ARSI AL T
R

[E] B% 2 4 #2358 A International Palaeontological Union (IPU) )45 9 A4 (3
19724¢ 8 A # 7 #[H Montreal ili TJ E L F % £ 3% International Geological Con-
gress (IGC) o> £ 2410l &5 & R I B A 4L 7= .

FEHIFEAREMRBOMC LY, IPUE 9 @ERSIZHET 2132, IGC 240 %

MENHBLES 2R ENRRRCLHEET L2264, x5 8A9HMBEL, 9
A17EBEL 2. IGC HiFEHE (A1) 13RN3BETH-» 2. FhARE— - HE—
(FEIn) - $HILEGE (TEAL) - DR - fid M - AIERL(FEXR)- HRET EmM)-
KRS BR(FEZE) - EHBM(ER) - E It - g 18 - AT R(ER) - kB
C WEEWIEGEXR) - 2 RIB(EEmM) - E R -aARE - ®HR -8k (5 -
IEHFRAL - WHLT - WHIEE - RNFEASR - PGS - FAES - IEIGEER (F
) - WEFHERIEGES ) T) - IKIEBLER - HRMARE (TE2R) - EAIEKES - H EIE
Ao AKRE= - AREKR - ELURT, )b IPUICHIBEL72DIL, FEEHEOM, i
ORE - AIGELE - FHEEIE - SEHFDLBTH- 2.

Sz 8 A22~29H T, #2132 Queen Elizabeth Hotel T, #LB LU > K
217 2113 Queen Elizabeth Hotel 45 & tf Hotel Chateau Champlain T1T7 7% b 1L
2. 7R 7T LIEKRDED .

8 A 22H(KX) 830—13:30 45 7 #84& : Structure, Chemistry and Functional Mor-

phology of Fossil Invertebrates.
14:15—17:00 Symposium 109: Late Neogene Epoch Boundaries.
23 HEK) 8:30—13:50 4% 7 4 : Paleontological Evidences for or against
the Relative Movements of Continental Blocks.
14:15—17:00 Symposium 109 (k)
24 H (KN 8:30—13:50 45 7 i< : Paleoecology.
14:15—17:00 Symposium 109 (%)
25 H &) 8:30—13:50 &5 7 #54 : Evolutionary Rates, Extinction and Strati-
graphic Breaks.
14:15—17:00 54
18:00—20:00 The Redpath Museum, McGill University R L
| A I
26 H () 8:30—9:30 #5 7 &4 : Mathematics in Paleontology

*Report on the 9th General Meeting of the IPU.
**Fuyuji TAKAL
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9:50— 10.50 Paleontological Evidences for or against the Relative
Movements of Continental Blocks (#%)
28 | (/) 8:50— 13:50 %5 7 ¥4 : Paleobotanic Facies and Methods of Time
Correlation of Non-Marine with Marine Strata.
29 F (K 8:30—14:10 #5 7 #34& : General Papers
WHBRESIEERRES L NARELE (21014 15) TRITHES~RILT 28%
MHICOWTHEL 7. xR 4 FE RS (DAVID({) - MENNER (USSR) - #5#:(1) -WES-
TERMANN()) 322 H 174 5B 4L, #itd 2 & 9 2 BUEE Wk LR L 22 5T
WEHS (23141 15) TIHHBME~IEHBT HiEIZ >V THREL 7.
25H 14 : 155> & ¥4 3 President o> B. BOUCEK Bl &D L & IZMEH S L, K
CHEERSEHED P. C. SYLVESTER-BRADLEY # &% Statutes # & UF Bye-
Laws (Lethaia |2 $8i§ N F5E) 122 THMEID ), HH —HTINERIRL 2.
Z D& & President o B. BOUCEK ?iiiiit (Foifit#i) & Secretary-General o> G.
E. G. WESTERMANN D5 (Foofefli) »4Tabil/z. 22 TI—v v/ ias
B2k HT, IPUDORRICSAKDHS 2 & 1172 Prof. M. LECOMPTE M % % v»
7o B BRIE & BT
KOTHERAHBESTHHL TN L I ZRWIEERIRRES I, TH—K
TARBIN.

President L. S. RUSSELL (Canada)

Vice-Presidents B. S. SokoLov (USSR)
N. F. HUGHEs (UK)
FAAGEER(H 7%)

Members-at-Large H. K. ERBEN (W. Germany)
A. J. Amos (Argentina)
G. E. G. WESTERMANN (Canada)
Treasurer E. L. YOCHELSON (USA)
Coordinator D. A. BROWN (Australia)

Z Z L. S. RUSSELL #* B. BOUCEK I2f{b» THERIZ D&, SEMENERE
#4T% - 72. % E. L. YOCHELSON #* 5 19734 % Colorado 4| Boulder #iiZ 35>
ThHit % F% & L Tv» % First International Congress of Systematic and Evo-
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