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Bl A DFM, pHOZER FIZEWBBEIITE LvbLTwaH
(Bada, 1971; Bada and Schroeder, 1972; Bada and Schroeder, 1975; Bada
and Man, 1980; Schroeder and Bada, 1976). iRIEREIZBIT 5 KK L XN T
DIRM-BRKWMIEBF 2 N6OLMEMHUTE LD THY | fedb k3%

WNEN OO MIEDELTH S  (Bada and Schroeder, 1975), L AL
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Asp Asp

Fig. 1 Schematic illustration of the (Asp-Y), sequence.

Y 1ndicates glycine or other amino acids.
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COOH COOH

| > |

NH2z— C*—H Racemization H— (C* — NH2
| - |
R R

| .-amino acid D-amino acid

* Chiral carbon

R: Radical group

Fig. 3 Mechanism of racemization reaction of amino acids having one
chiral carbon.
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H

|
COOH — CH, — C*— COOH

|
NH,

H

|

NH, Glutamic acid

Aspartic acid

5
|
CH;CH,C*H— C'— COOH

| |
CH; NH, [soleucine

Fig. 4 Structual lormula of aspartic acid, glutamic acid, and 1soleucine
* mark indicates chiral carbon
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COOH COOH
| |

WhE— L =<H > H— C*—NH2
| Racemization |
Cl —C—=H ™= H — C*— CH3

|
(2Hs

l.-1soleucine

|
(C2Hs

D-1soleucine

Epimerization
COOH COOH
| |
HRE= k=] H— C*—NH>
J |
= LA CH3 — C*—H
| |
(C2Hs (mH5
[-alloisoleucine D-alloisoleucine

Keg=1.30

Fig. 5 Mechanism ol epimerization reaction of isoleucine
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1g. 6 A comparison of relative amount of planktonic foraminiferal

species in SC-8 and 9. The grouping of foraminiferal species is based

on Bé (1977).
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Fig. 7 Comparison of amino acid composition between the foraminiferal tests samples

of No.11 of SC-9 treated and untreated with hydrochlone acid.
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SC-8 NO.7(mass depth; 4.60g/cm?)
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Fig. 8 Gas chromatogram of derivatized amino acid recovered from hydrolysates of
| ik " 2] L ¥ : [
| [oraminiferal tests sample No.7, core SC-8. “L" and "D indicate isomers of amino

acid. Only glycine does not have isomer. Ala: alanine; Val: valine; Thr: threonine: Gly:

| glycine; Ile: 1soleucine; Leu: leucine: Ser: serine; Pro: proline; Asp: aspartic acid; Phe:

b phenylalanine; Glu: glutamic acid
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Fig. 9 Verucal distribution of the ratio ol aspartic acid isomers in the
foraminiferal tests from the core SC-8.
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Fig. 10 Vertical distribution of the ratio of aspartic acid isomers in the foraminiferal
tests from the core SC-9.
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ERLREHO T 2 /RBHLORRIX, T AT FMI20%, TNV

2 YERI2% . YN F11%. TII=210%.. Pl 2=2rgw. ) 8%
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Fig. 12(a) Vertical distribution of raw ""C ages of foraminiferal
tests from the core SC-8.
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Fig. 12(b) Vertical distribution of corrected ' 'C ages of
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29

L




Depth (cm)

10

15

20

25

30

35

Corrected '“C age (bulk foraminifera) x 10° yBP

0 2 3 6 8 10 12

T I 1 1 | 1 T I 1 T ] T I .

y . L0, S . |4 .
Fig. 13 Vertical distribution of corrected "'C ages of
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Table |, The calibrated "C age of bulk foraminifera

SC-8 SC-9
Depth age Depth age
(cm) (vBP) (cm) (yBP)
I 6400 (6390)£150 | 2350+ 90)
4 7440 (7400)+150 5 4480130
Fi 7760 (7750110 i) 3600+ 80
10) 8960 (8810)£140 10) S570+150
|13 12710 (11580)£150 I5 4720+ 8()
16 14330 (13070)£120 I8 7240+ 9()
19 18760 (16680)120 20) 7250170
22 19280 (17180)+190 25 88204100
23 - (21710%)x170 29 89104100
24 - (23310%)£210 3l [O820+] 30
25 - (24070%)%250

References for age datasets used: Stuiver and Braziunas (1993) and
Bard eral . (1993)

For SC-8, the raw "'C ages are given in parentheses.

* The age calibration were not carried out beyond 20,000 yBP

because the datasels of this program were to 20,000 yBP
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fLTwiz, T/ BSA I LTI, 200~400mg/ge . B2 6 #8
JidEnT £ TOAL AL FHZ oW T O RGN (Degens, 1968) & X { .72
HTHhHote T, MBAEOLT I/ BTHLZAF A= DGH ATV D
d, B L TALEELR D, WE O DA i Lt o (2 i 1L % 9 (T L
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WANGE & e > T D e 8 B 4
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HlAH % < (Faber et al., 1988). J§i(ZSpinosefli & IiXdL 4, e (222
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| Lde AAILIRDIETR, Kb 2 bl 4 8 22 il i S P fik L MERT D (21 5 L 22 188
| 2L A I A T, SR O AT R AT AL AR S I AF L T v A Al i |
Wd b o T HOHER P AZArAET 547 B 2547 4L @ 5k (2 SN0 (2 A |
! 2B LTWwWasIE L #X LIS Miller and Suess, 1977: Carter, 1978)0 |
SRR % L - O i Sk D i ic it 7 3 2RI A R L TWwa C
E G, AL AR WIS G RAY O ELH Y, Thelplkd b8 ]
| AT O IGEEL I L B E EFZLNLE, LD LA E, RMEEIbICY LT
R M St R b ot TCEFNLFR Ol Ed A LD O, [0]4GE
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Fig. 14 Relationship between the In[(1+D/L)/(1-D/L)] of aspartic acid

and 'C ages of foranmniferal tests from the core SC-8.
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acid and '*C ages ol foraminmiteral tests from the core SC-9.
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Table 2. Relative existence of planktonic foraminifera in SC-8

B First segment  Second segment
pecies "

Sample No. 1 Sample No. 22
b= R Globigerinoides ruber 11 14
' Shdl[u“f 1“ el f_}'a’ﬂhigerfnﬂfdﬂr sacculifer 48 11
g Globigerinoides conglobatus 9 4
Pulleniatina oblicuiloculata 56 5
*'Intermediate water" Globoquardrina dutertrei 20 42
species Orbulina universa - 1
Globigerinella aequilateralis 32 9
Globigerinita glutinata - ]

Globorotalia menardii I
Globorotalia tumida

Sphaeroidinella dehiscens

Globorotalia hirsuta

Globarotalia crassaformis

Globoquardrina conglomerata
Globogquardrina hexagona -
Globigerina digitata - -

*"Deep water”
species

— = J L i L

Benthic foraminifera | 4

Total specimens 200 200
I

* These groupingsof foraminiferal species are based on B¢ (1977).
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IV Pulleniatina obliquiloculataZ ||\ W/c 7 AN F 88D 7 1 (LU L

%8 2:20,0009E £ T O gl HE it @ AT s

V-1 I D s
WINFE T . M 2:20,000E 0 e MERT Y £ 0 I b Y L 2 R4 9L W
MBI T LS. @Micr L Tog W iiTld, 1EME% 7 4 3 (b0 b i

HEHDREDNHE LG EVHLI LB TE, 2T, LOHIERL S

I EBICEEESE RO G F T s, SHioEILLEMS> 0 Tz ¢ .

M DFFREEHILE ZH WL EBR M EZEZ RS,

TEVEA LIS, {2 HES50m 6 WwE TO LM v KiIEICER S
HAL (@ (2af L THEBME Wik 2 525 O % W) | 50m~100miE & o
PRg AR A, HO100mBLiE DAY R BB IS BT 5 0 (i M 12
of L TSk 2 F52 b DAYZ W) B AE T 5 (BE, 1977)s FilEPEAT L
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RTHWAAEIREAFISC-8 RUSC-9T., L FAENRBO LA, HEMRICH L
TIoweny v 2 FE 20 BEVE AL U2 L . Pulleniatina  obliquiloculata.
Globigerinella aequilateralis. Globoquardrina dutertrei, Globorotalia
menardii, Globigerinoides conglobatus™F#%dh 4., ANEWTIL, Z o th TE
Yl o5 Tdy - 7z Pulleniatina obliquiloculatal= il H L. #4056 % Wiikss
T O L, @ 2820,0004F 2 b7 A UEBEA o W — Fliod o7 558 78 A7 4L i 12
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Table 3 Comparison of amino acid concentration between the bulk foraminiferal species

and I? obliquiloculata.

Bulk foraminifera F. oblicuiloculata

Sample No. .

(ng amino acid/ mg) (ng amino acid/ mg)
i 252.4 629.2
4 246.5 578.0
T 250.6 575.6
10 328.4 547.0
13 302.2 482.0
16 311.0 498.2
19 241.7 511.0
22 288.2 4843
23 246.7 586.7
24 253.9 474.8
£ 245.5 294.7
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Fig. 17 Comparison of the aspartic acid D/L ratios in the bulk
| foraminifera (O) with P. abliquiloculata (@) in SC-8.
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Table 4. The corrected "C age of P. obliguiloculata

SC-8 SC-9
Depth age Depth age
(cm) (YBP) (cm) (yBP)
] A39(H 90 l
4 9260140 5 3400+310
7 4370150 J 30704130
() 898(+240 1() 4480270
13 9000£150 15 45104190
16 12620160 |8 3890+ 150
19 149704180 19 6390150
22 | 8800360 25 18404830
24 20690190 29 86204160
25 20000£550 30 DO0ES60

References for age datasels used: Stuiver and Braziunas (1993) and
Bard er af . (1993).
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Fig. 18 Relationship of In[(1+(D/L)/(1-D/1.)] of the aspartic
acid with radiocarbon ages of P. obliquiloculata from SC-8.
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Fig. 19 Relationship of In[(1+D/L)/( [-D/L)] of the aspartic
acid with radiocarbon ages of P. obliquiloculata from SC-9.
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Fig. 20 Relationship of In[( [4+D/L)Y/(1-D/L)] of the aspartic acid with radiocarbon

ages lor combined data of I obliguilocilata from cores SC-8 (©) and 9 (W),
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Zhao and Bada, 1989) | THED(FAENT ANSF U BEDI LY 2 ik D
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Table 5. Comparison between the observed and calcurated values of racemization rate constant

(k) of aspartic acid in foraminiferal tests and fossil bones.

KAsp 14C age T*
Location Sample e Wy ™ Ref
(<I0=yr™)  (x10%yBP) (")

Del Mar,California fossil bone .08 - ] (1)
Sunnyvale, California [ossil bone (.70 ; : (1)
Lindenmeire Site. Colorado tosstl bone (.86 10.8 9-10 (1)
Valley of Mexico, Mexico fossi] bone 3.30 10, 1 16 (1)
Muleta cave, Majorca, Spain fossil bone |72 8.6 |9 (2)
Olduvar Gorge. Tanzania [ossi] bone | .48 1 7.6 8.3 (3)
Palagawra, Iraq fossil bone 2.34 13.6 | 5-20) (4)
Murray Springs, Arizona fossil bone 4.84 5.6 | 5-20 (4)
Canbbean Sea foraminifera 0.078 4-420) 4 (5)
Caribbean Sea foraminifera ().02 [ 80-2000 4 (3)
Western equatorial Pacific Ocean P oblicuiloculata (.84 20.0 2.0 :!":
study

Reference (1) ; Bada and Helfman (1975), (2): Schroeder and Bada ( 1973), (3); Bada and Protsch
(1973). (4); Badaet al.,(1974). (5) : Kvenvolden et al., (1973)
“The temperature of fossil bones represent present mean annual air temperature.
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Table 9

Agpes calculated by Asp racemization reaction chronology nnd glacial-interglacial

vatiation of &' ()

depth Asp Asp age 6"'0 age difference*
__(em) /L value (x10" yBP) (10" yBP) (x10)
1. (.14 1.6 19.9 -12.3
bl (.25 2].2 28.2 -7.0
Yl 3, (26 32.0 36T -4.7
16.3 (.28 48.3 49 .2 -0.9
7 B, .29 62.6 61.7 (1.9
663 .33 107 .4 74 .4 33.0
R4 .33 104.0 85.9 18,1
05.0 (). 34 | 14.2 1003 13.9
109.7 035 1314 |24 .7 6.7
124.3 0,36 l44 ] 130.9 13.2
139.0 (). 1831 136.4 46.6
2024 ().d | 193.9 194.6 -0.7
2206.8 ().4 ] 2016 223.3 -19.7
2803 (). 44 2357 270.0 -34.3
132.9 (.44 6.8

*Difference = Asp age - 870 age
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