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SUMMARY 

L Title 

Paleoclimate reconstruction using geochemical tracers 

2. Significance and Goal of the study 

Huge amounts of anthropogenic carbon dioxide have emitted by use of fossil fuels. such as 

petroleum, coal, and natural g115 since 20 century. The increase of carbon dioxide causes global 

wanning through the green house effect, which threatens the human life in near-future. In order 

to predict climatic changes in near-future that affects directly human life, therefore, we must 

figure out the palcochmatic thilllgcs during the late Holocene. 

3. Contents and Scope of the Study 

a. Foraminifcral assemblage and caco, dissolution since the last deglaciation in the Maxwell 

Bay, King George Island, Antarctica 

b. Geochemistry of carbon, silica. sulfur, and phosphorus in the Bransfield Strait sediments, 

Antarctica 

c. Palcoceanographic records from the northern shelf of the East China Sea after the Last 

Glacial Maximum 
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4. Result of the Study 

a. During the last glaciation, e1<tensive sea ice prevented the production of primary organisms 

in the Maxwell Bay, King George Island, Antarctica, so there was a low TOC and 

forammiferal abundance in the sediment; while after the glacial, higher flu1< of organic 

carbon from the higher primary productivity caused the foraminiferal proliferation. 

b. In the Bransfield Strait sediments, organic carbon and biogenic silica show cyclical 

downcore variations, which are mostly caused by periodic productivity changes in the water 

column over times. The periodic productivity changes imply that the climate in the Brasfield 

Strait has cydica.lly changed during the last several thous1111d years. 

c. The foraminiferal fauna disclose !he water mass history in the northern shelf of the East 

China Sea. During the last glacial, the dominate water might be the coastal water; and at the 

end of the l~t glacial, the Yellow Sea cold water mostly affected this area. Then it gave way 

to the Yellow Sea Warm Current after 10,000 yr B.P. and finally !he wann water dominated 

this area after 7 .~lOO yr B.P ., due to enhancement of the Kuroshio Current. 
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Chapter 2 Foraminiferal assemblage and CaCO3 dissolution since 

the last deglaciation in the Maxwell Bay, King George Island, 

Antarctica 

2-1. Abstract 

Down-core variation of carborllte dissolution index and the comp.rison among gravity 

cores of different Willer depths from the Maxwell Bay, King George bland, Antarctica 

indicated that the water masses is one of the most important factors controlling the distribution 

of belllhic foraminifcra during the glacial marine environment We suggest that the dissolution 

of carbonate and foraminifcra shell is affected by the shallow CCD connected to the water 

masses in this area. The less influence of the Saline Shelf Water during the last deglacintion 

gave the carbonate a well•prexrvalion; with the xa-levcl increasing and retreat of coastal ice 

after the gbu:ial, the erosive water mass and the higher CO, accumulated by more organic 

material led to a serious dissolution of CaCO, and foraminifenl shell in the sediments. 

The contrast of water surface cnvironmenc between the last glaciation and post glacial 

causes the variatioo of bcnthic foraminiferal abundance by the swface primary productivity and 

the relevant flux of organic carbon in to the marine bottom. During the la.st glaciation, 

extensive sea ice prevented the production of primary organbrns, so there was a low TOC and 

foraminiferal abundance in the sediment; while after the glacial, higher flux of organic carbon 
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from the higher primary productivity caused the fol1111liniferal proliferation. 

2-2. Introduction 

The Antarctic continent and its rurrounding 50uth Ocean represent one of the major 

climate engines of the earth. The dynamic changes of Antarctic environment have play a key 

role in long term global palcoenvironmental evolution {Kennett & Warnke, 1992). 

It WIIS reported that the clill\lte of South Shctlaml hlands of the northern Antarctica is 

a relatively warm with bigh levels of precipitation compared with other parts of the region 

(Griffith & Andenon, 1989). This modem climate conditions produce a temperate to wb-polar 

glacial setting which CIII be sensitive to chang5 in the environmental factors that influence the 

advance and retreat of glacicn; (Yoon, el al., 1997). For example, quantiutive analysis of the 

numerom lake deposits or fjord scdimems have recently disclosed a very frequent records of 

cold-mild climate variations during the late Holocene (Bjorck et al., 1993, Park ~t al., 1995). 

On the interest of the Glacial history of South Shetland Islands, many different 

opiniom on the Holocene Glacial mid environmental changes have been presented wifh much 

disagreemenL John (1972) and Sugden & Clappcnon (1986) got the conclusion that the main 

deglaciation of this region occurred before 10,000 BP while Bjorck el a/.(1991) suggested a 

main mid-Holocene dcglaciation phase in their lake sediment and mo" bank studies. 

Mausbeacher et al. (1989) dated the deglacia1ion of King George Island to 9000-5000 BP based 

on the bottom sediments of three lakes. Therefore, there exits a series of su.ges for the last 

dcglaciation: 10,000 BP, 7000 BP, and 6000-S0OO BP (Hjort el al., 1992; lnglolfsson et al., 

1992). 

Most of the paleoceano~hic studies on the Antarctic area were conducted m the 
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deep sea basins though they recommended a potential analogue method to shallow Wllters in 

di.5cussing the fauna! distribution connected with the modem oceanographic characteristics of 

these deep seas (Kennett. 1966; Berger, 1967; Anderson, 1975a; Osrermna and Kellogg, I 979; 

Mackensen et al., 1989). However, the ch1111ges between Shalfow and deep waters have 

apparently displayed some differences in their paleoceanographic characteristics duting the 

g4<:lal cycles (Anderson, 1975b; Grobe & Mackensen, 1992; Dmnack & McClennen, 19%): 

Ami comp¥Cd with the lake records, the deep sea sediment from the Antarctica have a low 

resolution records to recognize the fluctuations of Holocene Paleoceanography, sl.lCh as in 

Reddel! Sea and Ross Sea. Thm it is very imponant to get the material in shallow waters which 

can provide high sedimentary mte, and preserve high-resolution strata. 

Recently. much work ha, been done on the investigation of the geological settings of 

the shallow water --Maxwell Bay, including the distributi= of minerals, sediments. and 

microfo$sils (Li & Zhang, 1986; Chang et al., 1988; Yoon et al., 1992; Yoon el al., 1994; Li & 

Li, 1996; Woo et al., 1996; Yoon et al., !997}. They have reconstruco,d rome pakod.imate atid 

paleoceanography of late Holocene Antarctie& (Chang & Yoon, 1995; Park et al., 1995). 

However, we still know few about the changes (lf shallow water properties in the glacial marine 

environment and its influences on the sediments. 

We try to use the marine sediments ~tly taken from Maxwell Bay, King George 

bland to add the knowledge of the history of poSl•glacial climatic and paleoceanographic 

changes of the shallow waters. 

2-3. Material and methods 

Three short gravity cores (AI0--01, AIQ-02, 1111d AJ0.()8) were taken by the RV. 
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Erebus during the expedition of Korea Antuctica Research Program 96197 from the Mlri111 

Cove and Pouer Cove, Maxwell Bay, King George Island, Antarctica (Fig. 2- I). The sediments 

lll'C composed oflllMsive mud, weakly-stratified diamiction, massive c!a.,t moderaie diamiction 

or rhythmice (Fig. 2-2). The sample interval is 5-10 cm in three cores, and total 106 samples are 

analyz.ed for micropaloontology, sedimentology, geochemistry (Table 2-1 ). 

The weighted dry bulk wnples are disaggregated by being $0Ued in waier without 

adding any chemical agent, them washed through a sieve of 63 µm. The coarse fraction larger 

than 63 µm was oven-dried and weighted. The foraminifcral specimen are picked up from the 

coarse fractions. 

Foramlnifual and Stable #otope Analyses 

Every foraminiferal specimen is mounted on the paper-made slide, identified, and 

counted. We follow the standard 111d descriptions on foraminifera of Crespin (1960), Kennett 

(1967), Be (1977), Osterman and Kellogg (1979), Setty et al. (I 980), Fmger & Lipps (I 981 ), 

Milam & Anderson (1981 ), and Macken.sen el al. ( 1990). We identified every specimen, which 

C1111 be recognized according to their aperture and crust ornaments though sometimes broken 

(Tables 2-2, 2-3 and 2-4). 

After identifying and counting all the individuals, 4- IO foraminiferal specimens from 

each sample are picked up for stable isotopic analY3is. We use benthic species

Globc,camdu/uz b/ora(or GlobocasslduJ.ina crassa rossens1s when the former is too less) to get 

the values of 6110 and 6"C. the stable isotopes were analyz.ed at the Department of 

Geological Sciences and Marine Science Institute, University ofC.lifomil (Table 2-5). 

A.naiysu of Carbonate and Orgamc Carbon Contents, C/N ratio and A.MS "C Dating 

Total organic carbon (TOC), carbonme contents and C/N ratio were determined using 
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LEGEND 

Figure 2-1. Locations of cores A10-01, 02 and 08 in the Maxwell Bay, 
King George Island, Antarciica 

-19-

"' 

•• 

,., 

•. 
•. 



A10-1 A10-2 A10-8 

Weight percent Weight percent Weight percent 

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 

0 0 0 

50 50 50 

100 100 100 

' w 18 i 1so_.FE $ I 150 I 150 

• 
O 200., - c..--~- • i 200~ I 200 

' - Gravel 
- Sand 

250 ~ 1 2so p_ I 2501 
1-Silt 

Clay 

300 300 300 

Figure 2-2. Size distribution (content of gravel, sand, silt and cly) in cores A10-01, 02 and OB 



Table 2- L Locations and analyses of three piston cores in the research 

Core Longitude Water depth Core length FoTlllllinifera 6110 1~C date 

& Latitude <ml lcml sam11lenumber number number 

A\0-01 58°49.?'W llO rn 36 '° ' 62°,u·s 

AI0-02 58°47.5'W "' 270 49 " 62"13' S 

A\0-08 62"39.7'W 40 '" " " 3 

62"13.7'S 

Total 5883 specimens analyzed 

Table 2-2. Foraminifcra species and their relative abundance in Core AI0-01 

Soecies 
Globocassidulina biora 
Globocassidulina crassa rossensis 
Rosalina globular1s 
Pullenia subcarinata 
Astrononion antarct1cus 
Astrononion echo ls i 
Miliammina arenacea 
Cassidulinoides parker1anus 
Cibicides refulgens 
Elph1dlum incertum 
Nonionella bro1dii 

(0-100%) 44.9% 
(0-100¾) 48.6% 
(0-8%) + 

(0-14¾) • 
(0-l 1¾) • 
(0-9%) • 
(0-33¾) • 
(0-33%) • 
(0-15¾) • 
(0-8%) • 
(0-40¾) • 

• Those species without average percentage values arc seldom appC11Iing m the samples 
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Table 2-3. Foraminifcra species and their relative abundance in Core A!0-08 

s ,., abundance avera11e 
Globocassidulina biora 41-95% 76.3% 
G1obocassidulina crassa rossensis 0-36% 10.2% 
Elphidium incertum 0-13% • 
Elphidium sp.l 0-14% • 
Cassidulinoides parkerianus 0-31% 54% 
Quinqueloculata seminula 0-25% 3.2% 
Rosalina globular is 0-1% • 
As tronon1 on an ta rct i cus 0-1¾ • 
Pyrgo pentagonica 0-14% • 
Globigerin.ita glut1nata 0-1% • 
• Those species wnhout average percentage values are seldom appearing in the samples. 

Table 2-4. Foraminifera species and their relative abundance in Core Ato-02 

Species 
Globocassidul1na biora 
Globocassidul1na crassa rossens.is 
Rosalina globularis 
Pullenia subcarinata 
Astrononion echolsi 
Astrononion antarct1cus 
Mi 1 i anUnina arena cea 
Cassidul1no.ides parkerianus 
Cassidul1noides porrecta 
Cibicides refulgens 
Trifarina angulosa 
Nonionella bradii 
Linqulina translucida 
Elph1dium incertum 
Elphid1um sp.l 
Quinqueloculata sem1nula 
Pyrgo pentagonica 
Neogloboquadrina pachyderma L 
Globigerinita glutinata 

abundance 

0-100% 
0-58¾ 
0-2.5% 
0-29% 
0-14¾ 
0-7.1% 
0-100¾ 
0-57'1'0 
0-1.6o/o 
0-18% 
0-25% 
0-48% 
0-4.8% 
0-1.5% 
0-2.3% 
0-0.17% 

0-1.2% 
0-3.0% 
0-1.6% 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• 

average 
30.4% 
20.1% 

32.6¾ 
10.1% 

• Those species without average percentage values are seldom appearing in the samples. 
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Table 2-5. Stable isotope ofbcnthic foraminifcra in the three cores 

AIO-Ol AI0-02 Al0-08 
G.blO!"d SlZC 0.4-0. 7mm G.biora s1zc: 0.4-0 7mm G.bioid SIZC" 0 4-0.7mrn 

Dq,O number ,"o ;' C D<pO number 5110 ,"c D<pO number 5110 511C <=) <=l <=l 
JO 4 3.828 07 0 4 3.786 0.382 0 8 3837 -0.534 
2S 7 3.934 0.446 15-20 4 3.81 I 0.231 5 8 3.851 -0.115 
40 2 3.83 0.522 40 4 4.055 0.014 JO JO 3.803 -0 124 

55 )0 3.921 0.717 60 2 3.966 0.75 )5 JO 3.914 -0.364 

60 6 3.78 0.75 70 2 3.992 0.597 20 5 3.773 -0.539 
80-95 7 3.786 0.433 )05 5 3.841 0.297 25 5 3.885 -1.143 

110 8 3.81 -0.057 l\5-120 7 3.821 0.3 30-35 1' 4.04 -l.549 

120 6 3.75 0.229 137 4 3.887 -0.164 40 8 3.803 -1.132 

145 5 3.86 0.021 160 4 3.747 0.092 45 8 3.872 -1.161 
160 3 3.764 0.616 175 6 3.761 0.803 50 10 392 -0.399 

189 8 3.785 0.406 55 JO 3.875 -0.401 

200 8 3.718 0.24 60 JO 3.85 -0.214 

2JO 4 3.77 0.225 65 8 375 -0 148 

220 8 3.833 0.872 70 10 ) 97 -l 126 

230 6 3.898 0.505 '5 8 3.84 -I 52 

235 9 3.888 -0.118 80 10 3.938 -0.315 

240 JO 3.96 0.168 35.90 7 3.971 -0.929 

245 10 3.821 0.191 100-105 7 3.844 -0.551 

255 II 3.872 0 603 
260-265 17 3.813 0.565 

270 6 3.847 0.043 
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a Carlo-Erbe. CNS anal.yz.er at the Stable Isotope Laboratory, Polar Research Center of Korea 

Ocean Research and Dc:vclopment Institute. The material. for "C dating is the organic carbon of 

bulk stdiments The AMS "C date were measured at Lawrence Livermore National Laboratory, 

U.S.A. (Table 2-6). 

Calculation ofBenthicforammifuo./ dissolut1on mdex (BDI) and Fragmenlation 

We divided the $hell appearance of benthic foraminifera in to three grades: well

preserved (grade I), common (grade 0) and erosive-affected (grade •I). In the microscope, the 

well preserved shell (Dade I) shows polished or smooth, opaque appearance while the erosive 

one (grade ·I) display a rough or vague swfacc. Their shell structure arc shown in Fig. 2-3. We 

coWJtcd their number in all the sample and calculate the BDI by U5ing their weighted average. 

At the same time, we also got the fragmentation by COWJting the broken shells. 

2-4. Results 

2-4-1. StntiJrapby 

According to the AMS "C dating, correlation between chmiges of !ithofacies and 

microfossil fauna in the sediments, we define !he strata of three short piston cores from last 

deglaciation to early Holocene (Fig. 2-4). The main boundary is at depths of 40 cm, 115 cm, 

and 125 cm in core AI0-0&, 01, and 02, respectively. The boundary age is about 10,000 cal. yr 

BP. The lower parts of three cores were !he sediment of 1111 ice-proximal environment, 

composed of coarse diamiction (or rhythmite). Whik the upper parts of three cores were 

sediments of ice-distal environment, made up of mllSSive mud. The ages of core-tops arc 5508 

and 5476 cal. yr BP in AIO-0S and AI0-01, respectively. Consequently, the sedimentary rate 

-24-



Table 2-6. Age dating of control point of the Cores 

core denth (cm) 1'C a<!C calendar vear fBP) 

5 5313 5660 

AI0-01 103 8646 9270 

232 13461 15400 

AI0-08 10 6234 6680 

38.3 9365 9990 
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a b 

' 
d 

Figure 2-3. Shell structure of Foraminifera from four depths of Core A 10-01 

a and b show the surfaces of well-preserved shell in 115 and 
230 cm, respectively; c and d show the surface of erosive-
affected shell in 15 and 75 cm. respectively. 
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are 27. J and 21.1 cm/bin the upper and lower pll'ts of core A!0-01 while core A\0-08 have a 

lower sedimentary rate of 3.53 cm/ka in the upper part. for lack of age dating in core A I 0-02, 

we guess that its sedimentary rate arc like those of Core AI0-01 from the comparison of 

lithofac1es and geochemical data. 

All the sediments of three cores were well-preserved except for the interval of 160-270 

cm in core AI0-02. From the surface appearance ofbenthic foraminifera in core AI0-02 shown 

in Fig. 2-5, there is a higher percent of yellow shel!s at the interval of 160-270 cm, so we 

suggest it might be a kind of redeposit affected by the retreat and advance of ice ground-line at 

the ice-proximal area during the last deglaciation. 

2-4-2. Fo111minifera anemblaaes in three cores 

In the samples we examined, 19 benthic and 2 planktonic foJ"lllllinifera species are 

recognized (Appendix 2-1). The most abundant species are Gfobocassidu/ina biora, 

Globocassiduli,w crm!a roMemis, and they sometime account for 50 to JOO percentage of the 

whole fauna. Another calcareous Cassidulino1du parW,ama and an arenaceous Miliammina 

annacea are the secondary dominant species. 

Fig. 2-6 shows the down-core variations of relative abundance of major species in the 

three cores. The relative abundancel of Gfoboca.mdu/1,w biora have a high value in the lower 

paru of core A 10-01 and 02, twice the value in the upper part£ in average. It seems that the 

change of G bioro cm be correlated with the variation of come fraction (Fig. 2-7): higher 

percentage of G. biora in COlll1le sediment. Camdu/111oidu perW,anw; have a contrary trend: 

higher abundances in the upper partS. For example, in depth 10cm of core AJ0-02, all the 

specimens arc Ca. perkuianw;. 

Core A I 0-02, the deepest core of the three cores, has a much higher abundance of the 

arenaceous Miliammina arenaceo and the foraminifera.l fauna sometime consist of only this 
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species, but core A I 0-08 constitutes none of this arenaceoll!l species. This may reflect the 

different water masses in different water depth. Core AI0-02 is influenced by erosi~ water. 

even though it 1s jllllt 50 m deeper than core AI0-08 

The forlllllinifera absolute abundances ha~ a higher value in the upper parts of three 

cores( even though considering the differences of sedimentary rates in these two parts). The 

higher fol"lllllinifera! abundances can be correlated to the higher contents of total organic carbon 

(TOC, Fig. 2-9). The higher flux of organic material inr.o the sodiments is regard as a 

contribution to the higher productivity ofbenthic foraminifi:ra. 

The abundances of these speciH have a frequent large-range vibration either in the 

relative higher or lower percentage periods. We think it reflects the characteristic of the 

Antarctic environment, more fluctuations than in the lower latitude areas. However, because 

there is only a few age controls, it is difficult to monitor the short time climatic changes and to 

analyze their cycles. 

2-4-3. Foraminiferal dissolution and paleoce1001raphic ch1n1es 

2-4-3-1 Down-core variation ofBenthic foraminifernl dissolution index (BDI) 

The specimens of core AI0-08 are mostly polished, very shine in appearance (higher 

value SDI, most higher than 0); while in core AIQ-02, the benthic foraminifera is composed of 

shells with vague, rough surface (lower value ofBDI, less than 0) (Fig. 2-8). The fragmentation 

also reflec~ the foraminiferal dissolution: In core AI0-08, there are few broken specimens 

(lower fragmentation, less than 25 percent) while core AI0-02 has much more broken 

shells(highcr fragmentation, sometimes I 00 percent). 

The down core variations of benthic foraminifi:ra dissolution index show the same 

trend. There is a higher value in the lower parts of three cores, compared with th~ of their 
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upper parts. This reflects !he carbonate dissolution was week in the lower parts and stronger in 

the upper parts of the cores. The difference of dissolution can be observed from the shell 

surface microstructure ofbenthic foraminifera Gfobocassidu/ina biora. As shown in Fig. 2-3, 

the polished, shine shells have a smooth surface with very finely perfonitc micro-crystal m the 

lower part of core AI0-01 (depths 115 cm and 135 cm) while the shells of vague appearance 

have a rough surface with erosive remnants of microcrystal in !he upper part of core AI0-01 

(depths 15 cm and 75 cm). 

2-4-3-2 Vanatiom of CaCO, and TOC contents. C/N ratio and the factors controlling the 

carbonate dissolution 

The carbonate contents also reflect the variation of the dissolution in three cores. In 

Fig. 2-9, CaCO, show a higher percentage (about 1.7% and 2'Yo in average) in the lower parts 

compared with those (average 1% and 1.5%) of the upper parts of core AI0-01 and 02, 

respectively. Tm: higher CaCO, contents in the lower pnrt indicate a week dissolullon of the 

sediment carbonate in three cores at the earlier sedimentation period (last glaciation). 

As shown in Fig. 2-9, the lower CaCO,content cllll be correlated with a higher content 

of Total orgilllic carbon (TOC) in these cores. We consider the higher TOC content is one of 

the reasom which led to the stronger dissolution in their upper parts. Higher content of orgamc 

material in the sediment increased the accwnulating of more CO, content in sedimentary water 

by the bacterial degeneration and then enhanced the dissolution of carbonate (both terrestrial 

and marine sources) in the upper pllffl of the study cores. This suggeS!ion was also supported 

by the results of total sulfur content (Kim cl al., 1998), which implies a relatively higher input 

of organic matter of marine origin. 

Though the stronger dWOlution happened in the upper parts of three cores, we can sec 

that benthic foraminifcra still have a higher abundance in the sediment. Hence, the variation of 

-35-



the abundance mainly reflects the production connected. with the food source. Thi! CllII be 

explained by the dissolution mechanism of calcareoWI foruninifera. In modem OCCIID!l, the 

living foraminifcra is protectod by the protoplasm from ~lution. The dissolution of 

foraminifcra mostly happen in the sediment after their death. Therefore, we can still observe the 

stronger influence of CaCOi dissolution from the surf•cc structure of the foraminifcral shell in 

these scdimcnu. 

When comparing the CaCO, of Core AI0-01, 02 with that of core AI0-08, wc found 

that core AI0--08 was less affected by the dissolution, with a generally high content of 

carbonate( average 4.5'Y., twice more than those of core AI0-01 and 02) and well-preserved 

foraminifcra shells (lower son. 

The difference among the dissolution of three cores reflected that the main factor 

controlling the CaCO, is not the TOC but water masses in different w&cr depths. In Antarclic 

area the CCD is much shallow compared with that of lower latitude. Kennett (1966) rcportOd a 

shallow CCD of SOO m in the Ross Sea due lo the high conccntrt.lion of carbon dioxide. In the 

Weddell Sea, tbc CCD may vary from 3000 to 250 m. because of the influence of water mass-

- the erosive Saline Shelf Water (Ander,on, 1915). From our observation from the sediment of 

the Maxwell Bay, the CCD is also much !hallowcr (it m.y be even around 100 m) because in 

scdimenu with v.-.tcr depth more than about IOO m, tbc for1I11inifcra faun• mo.stly composed of 

agglutinated sJ)0Cie5 (wtpublished personal material). 

2-4-3-3 Paleoccanographic changes since the last deglaciation 

Benthic fol"llllinifcra and geochemical analyses of cores AI0-08,01 and 02 from the 

Maxwell Bay provide the evidence of paleoccanographic changes since the last deglaciation. 

The last dealaciatioo (about IS,400-10,000 cal. yr BP) The water wu covered by the 

sea- ice with a very low primary produclivity based on the lower TOC in sodiment. The less 
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flux of marine organic material resul!ed in the lower bcnthic foraminifend productivity (lower 

abundanCJ:). However, the foraminiferal shell characteristics (BDI, and Fragmentation) 

indicated a well-prescrwtion of carbonate during this time. It is SU))poscd that the water was 

less erosive due to the weak influence of Saline Shelf Water at the lower sea leveL 

Post glm:ial {about 10,000-5,500 cal. yr BP) with the retreat of groundlime of coutal 

glacier and less coverage of sea ice in the Maxwell Bay, the surface primary productivity 

increased rapidly. This caused the high input of marine organic lllatcrial into the sediment 

(higher TOC and lower C/N ratio in the upper parts of study cores). The water became more 

erosive due to the stronger influences of Saline Shelf Water and CW\illced by the accumuhltlon 

of CC\ in the sediment (degenerated from higher TOC by the bacteria). Therefore, the CaCO, 

in the sectiment is much lower than that of the hut deglacilltion llld the bcnthic fonmtinifcra 

also showed a stronger dissolution at this time. 

2-5. Discussion 

2-5-1. Ei:ology aad distribution of Globocassidulin• bioni •nd its relationship with 

palcoenvironmental changes in Ant11n:tia 

Calcareous benthic forammifmi Globocan1duJi110. spp. (including G. i;ubglobwo, G. 

crasso., G. crasstUwaensis and G. bioro.) dommatc the shallow shelf water (Milam and 

Anderson, 1981), mostly in the coarse-grained sediments. In the Great Wall Cove of Maxwell 

Ba.y, only one species of G. b1ora was found on the modem coanie muddy-sand by Chen & 

Zhan (1991). Though many species of benth1c foraminifera. had been recogniz.cd and they 

displayed a high diversity in the surface sediments of Marian Cove (Chang & Yoon, 1995), 

much le$$ species were reported from core samples of late Holocene at the same area and G. 
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biora ranged from 55% to 98o/o with the average value of90% of total fauna (Park et al., 1995; 

Woo et al., 1996). Therefore, it is the most important species in understanding the 

paleoclimatic and paleoceanographic changes of the Antarctic shallow water 

G biora. first described from recent Westfold Hill by Ct-iispin (1960), is a infauna

type and free-moving henthic foraminifefll, lived most in the antlll"Ctic shallow water with 

temperature range from -1.95 to -1.14[ DC and salinity from 33.96 to 34.99 '16o. It favors an 

anoxia sediments with with low diversity (H(s) = 0 667-l.l0) while other types of ilenthit 

foramimfera rarely survive (Bernhard., 1987; Murray, 1991 ). 

It was supposed that henthic foraminifera G. bwra bas kept a strong resistance to the 

high-energ>-mechanical erosion because of its l.irge and thick shell (Li & Li, 1996), which 

often yields with a high abundance in the thanatocoenoses of coarse sediments than those in the 

Ji.,.ing fauna or in the fine sediments. Therefor, its appearance with high abundance often 

implies the near-shore shallow high-energy environment. 

However, Maybe the important factors controlling the ch1111ges of G. bwra in the 

studied area are water temperature, salinity, dissolution. or nutrients which connected with the 

climate change mstead of sedimentary substrate. Due to only few work hns been carried out on 

the investigation of its ecology, there is great !imil to reconslruct paleoclimate using the change 

of G bwra m late Quatenuuy sediments. 

l-5-l. AMS "Cage problem 

Park ~t al. (1995) and Yoon tt al.(1998) suggested deglaciation around 4700 cal. yr 

BP in the core S-19 of the wnc area (Fig. 2-1), but our result proposed that the deglaciation 

should happen around 10,000 cal. yr BP. Kim (1998) suggested a "C reservoir correction of 

5200 yean in cott. AI0-01, and 1200 yean in core S-19. If oo, the climate history of tM~ 

study cores can be conelated with !hit of Core S-2 of Admiral Bay and Core S-19 of Maxwell 
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Bay in the King George Island. Domack et al. {1989) also reported an old age of surface 

sediment of East Antarctic continental Shelf. It might be possible: to have a "C reservoir of 

~5000 years Another possibility is that we lost some surface sample because of the technology 

of piston core. However, this needs more work on the box cores and more "C dates to solve the 

chronology diffi:rence ofin such a near core {S-19 and A 10-01). 

2-6. Conclusions 

The foraminifeB l!S$emblages from the Maxwell Bay are controlled by the plaeo

envirorunent. During the last glaciation, benthic foranunifera had a lower abundance due to the 

low productivity, but they were well-preserved, consistent with the high content of CaCO, in 

the sediments. The Glabocassidulma b1ora showed some connection with the coarse sediment 

(ice-pro,mmal diamiction or rhythmite), have a higher abundance in this deglaciation. After 

glacial, with the deepening and less ice-coverage of water, high surface productivity increased 

the benthic foraminiferal ablllldance by providing more organic parttcles. At the same rime. the 

high organic carbon accumulated in the sediments enhanced the diuolntion of CaCO, deposit. 

The difference ofbenthic foraminifi:ral assemblage and CaCO, between core AI0-08 

and A I 0-02 implies two different water masses controlling these cores, even though the water 

depth of core A\0-02 is only 50 m deeper than that of Core Al0-08. There exist lower CaCOi, 

lower BDI, high fragmentation and higher percentage of arenaceous Miliammma arenacea in 

core AI0-02, it might be affected by the em$ive Saline ShttfW&tet ~en in the dep-th of 100m. 

Therefore, we think the most important factors affecting the sediment in shallow 

glacial marine environment of Maxwell Bay are the water masses (such as Saline Shelf Water) 

and their controlling very shallow CCD, besides the advance or retreat of coastal glacier with 

sea-level chan~ during the late Quaternary gl•cial cycles. 
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Chapter 3 Geochemistry Of carbon, silica, sulfur, and phosphorus 

in the Bransfield Strait sediments, Antarctica. 

3-1. Abstract 

Downcore profiles ofbiogenic silica (Bsi), total organic carbon (TOC), total sulfur (TS), 

calcium carbonate, and inoganic phospbo~ (IP) contetns were determined to investigate the 

major fw:tors controlling their downcore variations in the Bransfield Strait sediments. These 

biogenic elements show large downcore variations. The downcore variatioru; of Bsi and TOC 

contents arc mostly derived by biogenic production changes in the water column. Especially, 

the cyclical downcore variation of Bsi contents reflects that marine productivity hu 

periodically changes over times in Br:ufild Stn1it. TS contents show a similar downcore 

vanation with TOC contents, implying that ~ulfide minerals arc enriched in organic-rich 

sediments. Calcium carbonate conh:nts displ•y qui1c different dowcore profi!CB with Bsi and 

TOC con1.ents. IP contents show a contrary trend in their downcore d.iittibution with Bsi and 

TOC contc-nts, suggesting that IP is mostly composed of dctrital phosphorus minerals and that 

authigenic phosphorus minerals do not form in the Bransfield Strait sediments. 
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3-2. Introduction 

Bransfield Strait is a basin that lies between the South Shetlam.l Islands and the tip of the 

Antarctic Peninsula (Fig. I). JI is approximately 100 km wide by 400 km long and is bounded 

on the northwest by steep normal faults. The axial depth of the basin varies from 1100 m in the 

~Ollthwest to 2&00 mm the nonheast, wmh of Elephant Island (Baker and Griffith, 1972). 

Bransfield Strait is an acuve marginal basm in a back-arc tectonic setting (Baker and Dall:iel, 

1983). Submarine volcanism and hydrothermal activity has been observed (Whit1car et al., 

1985). During the austral winter sea ice covers entirely Brasfield Strait resulting in minimal 

pnmary productivity, meanwtiik, the sea surface is completely sea ice-free in the summer, 

giving rise to increased productivity {Wefcr et al., 1990). 

There arc many researclles to elucidate sedimentary processes in Bransfield Strait 

(Anderson and Molnia, 1989; Jeffers and Anderson, 1990; Yoon et al., 1992; Yoon, 1996). 

Bios11iceo11S ooze, terrigenous mu~. and ice-railed gravels are dominant components in the 

bottom sediments of Bransfield Strait (Yoon et al, 1992). Volcanic ash from submarine and 

subaerial eruptions are also considerably contained in the bottom sediments (Anderron and 

Molnia, 1989). However, geochemical studies tiave been rarely conducted (Keller ct al, 1991). 

The main objective of this study is to describe downcore variations ofbiogcnic clements, sucti 

as biogenic silica, organic carbon, total sulfur, Md rnorganic phospllorus and to determine 

maJor factors controlling their downcore variations. We also try to elucidate 

palcoenvironmenta! ctianges in Bransfield Strait based on tile downcore variations ofbiogcnic 

elements. 



3-3. Materia1 and Methods 

Two sediment cores were collected with a gravity corer from B=ficld Strait during the 

fifth Korea Antarctic research programs conducted by Korea Ocean Research and Development 

Institute Core 515 was obtained ata water depth of 1220 min the southwest Bransfield Strait, 

and core EB2 was at a water depth of 2200 m in the nonheast Bransfield Strait (Fig. 3-1). 

Subsamples was taken at 10 cm intervals. Sediment gniin size was analyzed by a Micometrics 

Sedigraph 5000D for silt and day fractions (4 to JO I)) and by dry sieving for sand fraction {-4 

to 4 I)). Each sample was dried at 80 "C for 4 days and then grounded to determine biogemc 

silica, total organic carbon, total sulfur, and inorganic phosphorus contents. Biogcnic silica 

contents were determined by leaching with 40 ml ofa 2M NaiCO1 solution for 5 hours at 85 "C 

(Mortlock and Froelich, 1989). Total organic carbon contents were detennined by a Carlo-Erba 

CNS 1111alyzer after eliminating inorganic carbon by JO % HCI. Total sulfur contents were also 

measured by the same CNS analyzer. Calcium carbonate contents were determined by 

subtractmg total organic carbon contents from total carbon contents which were mensured 

without any treatment by the CNS ~lyzer. Inorganic phosphorus contents were determined 

after continuous shaking for 16 hours in 1.0 N HCI at a room temperature (Aspih1. ct al., 1976). 

3-4. Results and Discussion 

3-4-1. Biogentc silica 

At core Sl5 biogenic silica (Bsi) shows a large downcore varintion, ranging from 10 to 

20 wt % (Fig. 3-2a). High Bsi contents are observed Ill the sediment depths of 90, 130. 180, 

290, 370, 470 cm, disp!nying somewhat a cyclical change with sediment depth. At core EB2 
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Bsi contents vary from 16 to 40 wt. % and arc almost twice as high as those at core S 15 (fig. 3 -

311). Bsi contents are relatively low in the upper I 10 cm and consistently greater than 20 wt.% 

below 110 cm. Basically, Bsi contents in marine sediments depend on three factors; biogenic 

production in the water colnmn, dissolution in the sediments, and dilution with terrestrial 

materials (Leinen ct aL, 1986; Rea ct al., 1991; Archer ct al., 1992). If the dissolution is a major 

factor controlling Bsi contents in the sediments, Bsi contentes would decrease vertically 

because more dissolutmn occi= at the deep,e.r ~ts. At OOtn = Bsi. contents faiI\y 

oscillate with sediment depth, not showing clearly a downcorc decrwe trend (Figs. 3-2a and 3-

3a), which implies that Bsi contents arc not significantly influenced by the dissolution in the 

sediments. Therefore, tne downcore variations of Bsi contents are derived either by biogenic 

production changes or by input flux changes of terrestrial materials. 

Strong surface currents (50 - 100 cm/s) have been observed in Bransfield Strait 

(Huntley et al., 1991 ). Because the two core sites arc located below l000 m water depth, 

bottom se(liments arc not directly influenced by such strong currents. However, the suspended 

sediments induced by strong currents in continental shelves or upper slopes can be transponed 

along steep slopes of Braru;field Strait and deposited in the deeper basins. Therefore, many 

turbidites and contourites have been often found in several sediment cores obtained in 

Bransfield Strait (Yoon, 1995). Several saml!-scalc (2-5 cm) contourite deposits llCC also 

observed ~t core SIS (Yoon, 1995). Because sediment samples are collected at the depth 

intervals where contourite deposits lll'C not found, however, Bsi contents at core S15 are not 

considerably influenced by contourite deposits. At core SIS sediment grain size show a small 

variation with sediment depth, Tlllging from 7.2 to 8.2 • (Fig. 3-2b). Downcorc variation of 

sediment grain size docs not show any correlatioJI with that of Bsi C()Illents (Figs. 3-2a and 3-

2b ). Consequently, the downcore ,;uiatiom. o{ Bsi oontent!. ai-e mo& likely cam.ed by b1oicnic 

production changes in the water column. At core EB2 sediment grain size varies from 9.0 !O 
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10.9 • and is finer lhln at core SIS (Fig. 3-3b). Downcore vviation of sedimenl grain size also 

does not show any relatioship with !hit of Bsi contents (Figs. 3-31 and J-3b). At core EB2 

turbidite deposits are found at a depth interval of 20 - 90 cm and well \aminatod sediments are 

dominant below 90 em (KORDI, 1996). Bsi contents are relatively low at the turbidite deposits 

and high at !he laminated sediments. ~fore, Bsi contents 111 the 20 - 90 cm depth interval 

are affected by terrigenous sedimentation, and the downeore variation below 90 cm is mostly 

derived by the biogenic production changes in the water column. 

3-'-2. Total organic carbon 

At core SIS total organic carbon (TOC) contents range from 0.43 to 0.82 wt.¾ and 

display a large downcore variation (Fig. 3-2c). At core EB2 TOC contents fluctua.te around an 

11verage value of 1.0 WI. % with a maximum value of 1.8 wt. ¾ 11t 130 cm and a minimum of 

0.6 wt. ¾ at the bottom of the core (Fig. J-3c). In general, TOC content of the modem 

sediments is controlled by biogenic production in the water column, preservation in the 

sediments, and dilution by terrigenous sedimentation and reworking of bottom sediments 

{Calvert, 1987; Berger el 11\., 1989; Donw:k et al., 1993). In the previous sect.ion, it is 

suggested that at both cores the downeore variations of Bsi contents are mostly e&1.1sed by 

biogenic production changes in the water column, except at the 20 - 90 cm depth interval. 

TOC contents show II similar downcore distribution pattern with Bsi contenb(Figs. 3-2c and 3-

3c), reflecting that TOC contents are aho controlled mainly by biogenlc production in the water 

rol-

At core SIS Bsi/fOC weight ratio varies from 17.4 to 28.2, with an average of22.4 {Fig. 

J-2d), and high Bsi/I"OC I"lllios gcnemly correspond to high Bsi and TOC contents. At core 

EB2 Bsi/I"OC ratio ranges from 15.7 to 40.3, with an average of 23.5 (Fig. 3-3d), which is 

similar 10 that of core SIS. These Bsi/I"OC ratios are about 30 times higher lhan that of living 

-48-



marine diatom (0.81) (Brzezinski, 1985). Lcynaert et al. (1993) found that Bsi/TOC weight 

ratios in particulate matter collected in water co!Ulllll of the Weddell Sea varied from 0.10 to 

0.30, with an average of 0.20. The extremely high Bsi/TOC ratios at these two cores implies 

that decomposilion of organic ffilttC!' is much more significant in the water colwnns and 

sediments than Bsi dissolution in Brnsficld Strait. ~ Bsi/TOC nitios in the Brnsfield Strnit 

sediments arc bigher than those (an average of 14.2) in the Maxwell Bay sediments (Kim et al., 

1998), reflectmg that decomposition of organic matter is more intensively occurring in 

Bransfield Strait than in Maxwell Bay due to a deep water depth and a relatively low 

sedimentation rate. 

3-4-3. Total 1airur 

At core SIS total sulfur (TS) also exhibits a similar downcore variation with TOC with 

a range of 0.25 - 1.07 wt. ¾ (Fig. 3-2e). At core EB2 TS contents vary from 0.4 to 2.9 wt. % 

and are somewhat higher than at core SIS (Fig. 3-3e). The downcore plttern in TS contents 

also parallels that of roe contents. TS is mostly composed of reduced sulfur, such as pyrite 

which forms due to the reaction of hydrogen sulfide with reactive iron (Berner, 198.4). Bacteria

mediated sulfate reduction occurs intensively in organic-rich marine sediments. As a result, 

hydrogen sulfide, a by-product of sulfate reduction, forms and reacts with reactive iron to form 

pyrite. Thus pyrite is enriched in organic-rich sediments, which helpt1 to explain the well 

correlation between roe and TS. 

The carbon-sulfur relationship has been actively used to interpret paleoenvironments of 

both modern and ancient sedimenwy sequences (Raiswel! and Berner, 1985; Dean and Arthur, 

1989; Morse and Emcis, 1990; Rao et al.. 1994). In normal marine sediments the organic 

carbon to reduced wlfur (C/S) nitio averages 2.8±0.8 (Berner, 1982). In the ~dimcnts of 

freshwater or brackish environments, the C/S ratio ~ much higher tlwt in nonnal marine 
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sediments because of much les.s diagenetic pyrite formation in the sediments laid down 111 

freshwater which contains Jess di3solved sulfate compared to seawater (Bemer and Raiswell, 

1984). In anoxic environments such u the Black Sea, however, the CJS ratio is lower than the 

normal CJS ratio because pyrite can form in the water column, and sulfide can be supplied to 

these sediments from overlying waters (Leventhal, 1933; Raiswell and Berner, 1985). 

At core SIS TOC/TS weight ratios range from 0.75 to 2.29 with an average of 1.58, 

meanwhile at core EB2 they vary from 0.47 to I.75 with an average of LOI (Fig_ 1-4). At both 

cores TOOTS ratios are lower than the C/S weight ratio (2.8±0.8) in normal marine sediments 

These low C/S ratios are usually observed in anoxic environments where hydrogen sulfide is 

present in bottom waters (Leventhal, 1983; Rao et al., 1996). In Bransfield Strait, strong 

surface currents are observed, and bottom waters below a 500 nt water depth are highly 

oxygenated (Gordon and Nowlin, 1978). Thus, it lS unlike that Bransfied Strait has experienced 

an anoxic bonom water condition. Consequent])', the low CJS ratios observed in the BrailSfield 

Strait sediment$ do no\ = to be derived by an anoxic bottom water condition. There may be 

two possibllmes to explain the low C/S ratio. The fir:st possibility is that a considerable amount 

of organic sulfur may be contained in TS. In normal marine sediments, organic sulfur usually 

makes up only a few percent of the TS content (Bemer and Westrich, 1985; Francoise, 1987). 

In the sediments with high sulfate reduction rates, however, various 1111saturated lipid react with 

sulfide to yield sulfur-bearing organic compound (Massmann et al., 1991; Wakeham et al., 

1995) In salt marsh and estuarine sediments, 40 - 60 % of the sulfur can be present in the 

organic fraction (Ferde!man et al., 1991; Bruchert. and Pratt, 1996). In order to elucidate this 

possibility. we need more works, such IU sulfur speciation. The other one is that detrital pyrite 

is included in TS. It w:u suggested that the hyderthennal-orgin pyrite has been delivered in 

Maxwell Bay from King George bland (Kim ct al, I 998). Thu!.. detriU.I pyrite can be 

transported int.o the Bransfield Strait. However, the extremely low CIS ratios (less than I.OJ 
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Figure 3-4. Downcore variations ofTOC!TS ratio at rore S15 and (b) core EB2. 
Hatched area indicates the range ofTOCfTS ratios m normal marine 
sediments (Bemer, 1982) 
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correspond to the high Bsi and TOC contents at both cores (Figs 3-2, 3-3 and 3-4). Terrigenous 

material is usu.ally SCll'Ce in the sediments ofhigh biogenic contents and thereby, dctrital pyrite 

is relatively poor in these sediments. Therefore, this possibility is Jess significant compared to 

the first one. 

3-4--t. C1lciam carbonate 

Calcium carbonate contents vary from 0.1 to LI wt.% with an average of0.4 wt. 'Yb at 

core SIS and arc relatively high 11 the upper and lower part of the core (Fig. 3-2f). At core EB2 

they fluctuate around an average value of0.82 wt.% and are somewhat higher than at core EB2 

(Fig. 3-3f). These calcium carbonate contents arc signifiCllltly low compared to th05e at other 

deep-sea sediments (Karlin et al., 1992; Howard and Prell, 1994). In Bnlllllfield Strait, 

foraminifcra arc rarely found at the deeper than I 000 m water depth due to the shallow 

carbonate compensation depth (CCD) (Yoon, 1995). The water temperature of Bransfield Strait 

is usually lower than 2 "C even in austral summer (Niter et al., 1991), of which cold water 

cal1Se5 the CCD 10 be shallower than 1000 m water depth. Thus.. the shallow CCD causes the 

calcium carbonate content to be extremely low at both cores where water depth is deeper than 

IO00 m. At both cores the downcorc trend of calcium carbonate is not correlated with those of 

Bsi and TOC (Figs. 3-2 and 3-3), indicating that the downcore v.-iations of calcium c.-bonate 

is not derived by the blogcnic prodUClion changes III the water column. 

3-+5. Inorpnic phospbora1 

At core SIS inorganic phosphorus (IP) shows a large downcore variation, ranging from 

19.4 to 23.8 µmol/g (Fig. 3-2g). At core EB2 IP contents fluctu,,te around an average of 16.4 

µmol/g with a large decrease al 120 cm sediment depth (Fig. 3-3g). At both cores IP contents 

shows a quite different downcore variation from those ofBsi and TOC con1ents (Figs. 3-2 and 
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3-3). Phosphorus has been used for as a proxy for paleoproductivity on a geologic time scale 

because phosphorus acts as a limning nutrient for marine productivity (Compton et al., 1993; 

Kump, 1993; Filippelli and Delaney, 1994; Van Cappellen and (ngall, 1994). Organic 

phosphorus is transfonncd to IP by d1agenetic processes in marine sediments (Ruttcnberg and 

Bemer, 1993, Kim, 1996). In organic-rich sediments, organic phosphorus is remineralized by 

bacteria metabolism, and dissolved phosphate, a by-product of organic phosphorus 

remineralization, is produced and accumulated in pore water. As the dissolved phosphate 

concentration in pore water becomes high, authigenic phosphorus minerals such as carbonate 

fluorapatite can be precipitated directly form pore water and accumulllted in the sediments. 

Therefore, IP is enriched in organic-rich sediments. 

At both cores, however, IP contents arc negatively correlated with TOC contents (Fig. 3-

5), which indicates that auth.igenic phosphorus minerals do not form by the diagenetic process 

in these sediments. The authigenic phosphorus minerals do not form in organic-poor sediments 

because the dissolved phosphate concentrat10n produced by organic phosphorus 

reminera\ization cannot he high enough to precipitate the phosphorus minerals in these 

sediments. In the Bransfiled Strait, phosphorus cannot be used 11.'J a proxy for paleoproductivity 

because authigenic phosphorus minerals do not fonn in these sediments. The negative 

correlation between IP and TOC contents also implies that IP is mostly composed of dctntal 

phosphorus minerals because TOC contents usually decrease as input fl=s of detrital material 

increase in marine sediments. IP contents are abont 5 µmol/g higher at oore SIS than at core 

EB2, and sediment grain size is coarser at core S15 (Figs. 3-2 and 3-3), which indicates that 

input of terrestrial materials is larger at core S15 than at core EB2. 

3-4-6. Implications for paleoproductivity changes 

At the surface sediments of core S19 Bsi md TOC contents are 10.4 and 0.50 wt. 'Yo, 
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respectively (Fig. 3-2), which are almost two time lower than tho.se (21.3 and 0.98 wt.%) at the 

surface sediments of core EB2 (Fig. 3-3). Based on the higher IP content and coarser sediment 

grain size at core S19, it was suggested that input of terrestrial materials is larger at the core 

SIS site than at the core EB2 site. Primary production at the core S\5 site is 650 mg Cm' d' 

(KORDI, 1995), but is 1101 available at the core EB2 site. Co11Sidering that primary productm11 

is generally higher in the southeastern Bransfield Strait than in the northwestern Brans1field 

Strait (KORDI, 1995), however, it may be higher al the core EB2 site. Thus, the higher Bsi and 

TOC contents at core EB2 site are ascribed to the less input of terrestnal materials and higher 

primary production. 

In the previous section, it was suggested that at cores SIS and EB2 the doWI1core 

variation of Bsi contents is mostly derived by the biogenic production change m the water 

column, except at the 20 - 90 cm depth interval of core EB2. At core S 15 Bsi contents show a 

cyclical doWI1core variation, implying that marine productivity has periodically changed over 

times At core EB2 Bsi contents also show a somewhat cyclical downcore variation below 90 

cm. The cyclical change in marine productivity may be derived by the climatic cha11ge: high 

productivity occurred at warm period, and low productivity at cold period. In Antarctic Ocean, 

wann climate causes the annual coverage of sea ice to be reduced (Jacobs and Comiso, 1993) 

Thus, marine productivity may increase at the warm climatic condition. The cyc!icnl changes in 

marine productivity are also observed in other Antarctic areas: Leventer et al. (1996) suggested 

that marine productivity bu cyclically changed by a period of 200 - 300 years in the Antarctic 

Peninsula regmn. They also suggested that the cyclical productivity changes are caused by 

cllmatic changes mediated by sollll" radiation modulation. Domack et al. (1993) found 300-year 

cyclicity in organic matter preservation resulted from either temporal variations of marine 

productivity or changes in the tcrrigenous sediment supply in the Antarctic fjord sediments. 
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3.5_ Swnmary 

At the two sediment cores obtained from Bransfield Stralt. the contents of biogenic 

clements show large downcore vuiatimu. Bsi contents do not seem to be significantly 

influenced by its dissolution in the sediments and terrlgcnous sedimentation. The downcore 

variation ofBsl contents is mostly derived by biogenic production changes m the w1tcr column. 

TOC contents exhibit a similar downcore variation with Bsi contents, suggesting that they arc 

also controlled mainly by biogcnic production in the water colUIJUl. Bsi/TOC weigh! ratiOll vary 

from 17.4 to 28.2 atcoce Sl5 and from 15.7 to 40.3 at core EB2, of which ratios arc higher than 

those in the Maxwell Bay sediments, reflecting that decomposition of organic matter is more 

actively occurring in Bransfield StraiL TS contents show a similar downcorc variation with 

TOC contents, implying that sulfide minerals are enriched in organic-rich sediments. TOCffS 

weight ratios range from 0.75 to 2.29 with III average of 1.58 at core SlS and from 0.47 to 1.75 

with 1111 average of 1.01 at core EB2, of which ratiOll arc much lower than those in normal 

marine sediments. The reason for the lower TOOTS ratio in the Brufield Strait sediments can 

not be clearly explained, and thereby, we need more works, such as sulfur spcciation. Calcium 

clll"bonate contents arc extremely low (0.1 to 1.3 wt.%) compared to those in other deep sea 

sediments, which is due to shallow CCD caused by the very cold seawater tcmpcnturc. IP 

contents are negatively correlated with TOC contents, indicating that IP is mostly composed of 

dctrital phosphorus minerals and that authigcnic phosphorus minerals do not form in the 

Bransfield Strait sediments. 
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Chapter 4 Paleoceanographic Records from the Northern Shelf of 

the East China Sea after the Last Glacial Maximum 

4- L Abstract 

Both benthic and planktonic foraminifcra from core 97-02 obtained in the northern East 

China Sea are quantitatively analyzed for reconstructing the paleocenography of late 

Quaternary. Since the earliw time of the core sediment (not older than 18,000 yr B.P.), the 

paleo-water depth has changed from less than 20 m to near I 00 m at present, which are 

reflected by the benthic foraminifcral usemblages: before 14,000 yr B.P., the water depth was 

5hallower than 20 m; from 14,000 to 7,500 yr B.P., 20-50 min water depth; !llld after 7,500 yr 

B.P., 50-100 min water depth. The foraminifcra! fauna also disclose the water mass history· 

during the last glacial, the water dominated the iitudy area might be the coastal water; It the end 

oflhe last glacial (14,000-10,000 yr B.P.), the Yellow Sea cold water mostly affected this area; 

then it gave way to the Yellow Sea Warm Current after 10,000 yr B.P.; and finlllly the Wllm:t 

water dominated this as-e. after 7,500 yr B.P ., due to the westward shift and enhancement of the 

Kuroshio Cw-rent 
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4-2. Introduction 

The last glacial cycle has been more concerned in the study of the East Oiina Sea 

paleoceanography (Wang, 1990, Yan & Thompson, 1991; Ujiie et al., 1991). Through the 

interpretation ofpaleo-dimate, we can understand much more about the mechanism of climatic 

change and have a better knowledge of what it will be in future. Most works have been done on 

the pakoceanographic and paleoclimatic reconstruction through the continuous semi-deep sea 

sediment in this area (Wang, 1992; Xu and Oda, 1994: Jian et al .. 1996; Li et al, 1997). For the 

reason of poor-preservation of the sediments during the glacial cycles, the land-ocean 

interaction belt or the shallow-water shelf sediment were often ignored. In fact. however, it 

provides a direct record of the climatic changes on the near land, and at the same time, the 

paleoceanographic changes in these shelves may affect the coastal life very much. For example, 

the rising of the sea level will change a lot of hind areas into sea, and many cities will disappear 

(Mm& Wang, 1979; Yang, 1986). 

With the sea level changes, the Kuroshlo Current had been shifted to the outside of 

Ryukyu Islands during the last glacial (Chinz.ei et al., 1987) and finally returned to the Okinawa 

Trough about 7,000 years ago (Jian et al., 1998) The shelf of Enst China Sea has such a big 

change from being exposed all above the water (Wang, 1992) in the last glacial maximum to 

the present status. Xu and Oda (1994) reported that there was a notable salinity decrease in the 

northern slope of East China Sea between 16,000 and 10,000 years ago due to the huge amount 

discharge of fresh water from the paleo-Yellow River. In that case, there should exist more 

evidence on the changes of salinity in the shelf area. 

Til! now. the microfossil analyses of core DZQ-4 from the shelf of East China Sea 

(Tang, 1996) and of core QC-2 from the Yellow Sea (Yang et al., 1996) are the most detailed 

work on the shelves. However, since the water depth of core QC-2 is only 49.05 mat present, it 
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h3.'l a strong shortcoming in recording the contmuous marine strata when the s« level dropped 

more than 50 m below the present during the late Quaternary as it disclosed from the result of 

core QC-2; and core DZQ-4 has a !ltratigraphy of very low resolution for post-glacial case. 

Thus they can not provide a continuous and detailed information of paleoclimate and 

palcoceanogaphy, 

Recently, we have taken a serial cores from the northern East China Sea. Core 97-02 

Hes under the Yellow Sea Wann Current (Fig. 4-1). The Coastal Current and Yellow S« cold 

water also have an important effect on the sediment of this area (Qin & Zhao, 1986). Though 

this is only the preliminary results of foraminifcral analysis of core 97-02, ii shows itself a good 

presentation offoraminifcra for studying the post-glacial changes ofpalco-climate, water depth 

and water masses. 

4-3. Material and methods 

Core 97-02 is a 545 cm-long piston core (31"2L67'N, 126"33.l l 'E) taken at the water 

depth 93.9 min October, 1997. It is composed of silty clay (0-60 cm), muddy sand (60-150 cm). 

silt (150-250 cm) and fine sand (250-545 cm). Thirty-nine samples were collected for the 

foraminiferal analyses with an interval of 10-20 cm (Table 4-1) and were processed by standard 

microfossil treatment. 

In sediment samples from the study an:a, the benthic foraminifcra were very small-sized 

and sometimes there were few specimens, so we used tile CCl, to float the foraminifi:ra, but we 

still checked the sediment after floating to make sure that all the foraminifi:ra were picked up 

Benthic foraminifi:ra were analyzed for the larger than 63 µm fractions. The standard for 

benthic foraminifera identification was based on the description of He el a/.(1965), Zheng el al. 
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Figure 4-1. Core location and bathymetry of the Easrt China Sea 
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Table 4-1. Samples of core 97-02 analyzed in this study 

dop<h ., weight dop<h dry weight a.,• dry weight 

'=' ,, '=' 
_, 

feml ,, 
0-2 2 130-132 3 260-262 8 

10-12 2 140-142 3 270-272 8 

20-22 2 150-152 l 280-282 8 

30-32 2 160-162 5 300-302 8 

40-42 2 170-172 5 320-322 8 

50-52 2 180-182 ' 340-342 8 

60-62 2 190-192 ' 360-362 8 

70-72 l 200-202 ' 380-382 8 

80-82 l 210-202 ' 400-402 8 

90-92 l 220-222 5 420-422 8 

100-102 l 230-232 5 460-462 12 

110-112 l 240-242 5 480-482 12 

120-122 l 250-252 8 510-512 12 
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(1978) and Wang et al. (1988). The benthic foraminifcra specimens were mounted on the 

cardboard slide and counted (Appendix 4-1 ), 

Planktonic foraminifera were identified in the larger than 125 µm fractions (Appendix 

4-2) for the comparison with those of other areas. The taxonomy of planktonic foraminifcra 

was followed by Be (1977), Thompson (1981) and Hemlebcn el al. (1988). We also counted 

the total number of planktonic foraminifera in a greater than 63 µrn fractions. Therefore, the 

planktonic ratio to total foraminifcra is calculated based on the numbers of planktomc and 

benthic foraminifcra counted from the large than 63 µrn fractions. 

We used the Shannon-Wiener information function (H(S)] to calculate the fauna! 

diversity (Gibson and Buzas, 1973). The equation is: 

H(SJ~ -LP.* In P, 

F' 
where S is the number of specie, or subspecies and P, is the proportion of the I th species in 

each sample High value of H(S) indiclltes great species diversity, and occurs when all species 

are equally distributed. 

4-4. Results 

4--(.t, Stratigraphy 

P!anktonic foraminifera Pllileniatina obl/qlliloc,,Jata has shown an important and valid 

role in subdividing the late Quaternary stratigraphy and reconstructing palco-ocean 

environments. The variations of its relative abundnnce during the glacial/interglacial cycles can 

be correlated in the nonhwcst Pacific marginal seas (Wang et al., 1996; Li, 1997; Li er al., 
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1997). 

Without the age dating of core 97-02, it is thought a better method to compare this one 

with core 255 (25 °12'N, 123 '06'E, water depth 1575 m) from the southern East China Sea. 

There is 11 chronological model with a numerous age-control points in core 255 (Li et al., in 

preparation). From the changes of Puil,niatina obliqu1loculata between the two cores (Fig. 4-2). 

we presume the strata at depths of 200 and 270 cm in core 97-02 can be correlated to that of 

370 cm (about 10,000 yr B.P.) and roughly at 430 cm (about 12,000 yr B.P) in core 255, 

respectively. According the average sedimentary rate of 20 cm/ky at the interval of O to 200 cm 

111 core 97-02, the strata at depth of 150 cm was interpolated as 7,500 yr B.P.; while that at 

depth of JOO cm was outerpolated as 14,000 yr B.P. based on the average sedimentary rate of 

25 crnlky at the core interval of200 to 250 cm. 

During the last glacial maximum, the 5Ca level of the east lll'Ca of China had been -150 

to -160 m and the sea level began to rise very quickly after 15,000 yr B.P. (Zhao et al, 1979). 

According to our data, there is no fresh-water microfoS5ils found from the bottom of the core. 

Therefore, this core was deposited after the stage of the 5e1-levcl rising, suggesting that the 

bottom Sedllllcnt may not be older than 11,000 yr B.P. 

""4-2. Foramlniferal 1m:mbl11cs in con 97-0l 

One hundred and twenty-nine benthic and twenty planktonlc foraminifera spe.:ies or 

subspe.:ies arc recognized (Appendixes 4-1 and 4-2). ~ most abundant bcnthic spe.:ics 

(> 15%) in the core are Efph1di1'm mage//amum, Bolrvma robusta and Ammama beccam var.; 

the common species (5-15%) include Elphidiwn advenwn, Qumque/ocuiata vulgaris, Flori/us 

decor-us, Cassidulina carinaJa, Ammonia kienzie11$1!i, Pararotalia mpponica, Bulimina 

marginata, Epistommelfa narae/1$/S, Cribrononion sub/llcertum, Gyro1dma mpponica and 

Ammonia campressiuscu/a in order (fable 4-2). 
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Table 4-2. The most abundant and common benthic foraminifera species in 
core 97-02 

typ< species peak abundance and depth 

abundant Elphidium magellanium 43.2% in 380 cm 
(more than 15%at Bolivina robusta 36.1%in60cm 
least in one swnple) Ammonia pauciloculina 18.1%in0cm 

Ammonia beccarii 17.8% in 290 cm 

Elphidium atWenum 13.8% in 460 cm 

Quinquelocu/ata vulgaris 13.4% in 210 cm 
Flori/us decorus 12.0% in IO cm 

common Crusidu/ina carmata 9.7%inlS0cm 
(5-15%atleast Ammonia kienziensis 7.8% in 0 cm 

in one sample) Parurotalia nipponica 7.7% in 270 cm 

Bulimina marginata 7.4% in 50 cm 

Epistominella naraemis 6.9% in 0 cm 

Cribranonion subincertum 6.0% in 320 cm 

Gyroidina nipponica 5.3% in 20cm 
Ammonia comnressiuscu/a 5.l¾inl!0cm 



Benthic foraminifera consist of three kinds of species according to their modem 

distribution in the surface sediments of the East China and Yellow Seas (Wang el al, 1985a, 

Wang et al., !98Sb; Wmig et al., 198Sc; Wang er al., 1988). Assemblage A species (including 

two sub-usemb\ages with the boundary of20 min water depth, especially in the Yellow Sea) 

mostly occur the coastal water and inner shelf water (water depth less than 40-50 m), such as 

Ammonia beccarii var. (including A. beccarii, A tepida, and A. limba1obeccar11), Ammonio 

com,ador5a, ElphidJum mageflamcum, Fforilu$ decorus, Cribrononion vitreum, Elph1dium 

advenum, Bucceflafhg1da, Cribrononion submcertum and Pararota/10 nippomca. Assemblage 

B species are often found in the middle shelf with water depths between SO- JOO m, such as 

Ammonia compressiwscula, Ammonio Ketienziensu angulata, Bolivma robwsta, Bu/imina 

marginatQ, Astrononion tasmant/11!/is, !lDd Hanzawa,a nipponica. Aasemblage C species, such 

as Cassidu!ina carmata, G/obocassidulina subg/obosa and the Lagenids, mostly live in the 

outer shelf where the wlller depth is more than 100 m. 

The assemblage A appears mainly in the lower part (510-150 cm} of core 97-02, whik 

the assemblages B and C dominate the upper part (300-0 cm) of the core (Fig. 4-3). These 

species are mainly controlled by water depth, connected with the influence of the water masses. 

The planktonic foraminifera assemblage is mainly composed of G/ob1germouies rubt1r, 

G sacC11lifer. Neogloboqucubina duurtrei, Glob1gerimta glutinata, Globigerina OU/lo1des, G 

calida, and Puileniatina obliquiloculata (Appendix 4-2). They are the species mostly occurring 

in the temperate water of the north Pacific (Be, 1977). Compared with the core 255 of the 

southern Okinawa Trough (Li et al, 1997), core 97-02 has more left-coiled Neog/oboqtradYina 

pachydernia (up to 14.3%) due to • gene111lly colder surface water while the left-coiled species 

could be barely seen in core 255. Only the Pul/emahna obliquilocu/at displ.11ys an apparent 

variation boumiaries .111 the core deplh.s of 300 Md 200 cm and a wcJJ COJTClation with that of 

core 255 (shown in Fig. 4-2 ). 
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Figure 4-2. Stratigraphy and correlation m core 97-02 af\d core 255 
from the southern East China Sea (after Li et al., 1997) 

The chronology at depth Of 200 and 250 cm in core 97-02 
is correlated to the ages 10,000 cal.yr BP (370 cm) and 
12,000 cal. yr BP (430 cm) in core 255 
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4-3. Dow11-eore v1rlatlons or benthic roniminifera 

Benthic foraminifcra arc mostly controlled by the water depth in the East China Sea and 

Yellow Sea areas (Wang ti al., 1988). Their modem distribution ecology provide bases for the 

reconstruction of pa\eo-water depth during the late Quiltcmary. Herc are their down-core 

variations in core 97-02 (Fig. 4-3): 

A.mmama b,,ccarii var. distributes mostly in the water less than 50 m in the East China 

Sea, while it reflects a coastal water within 20 m in the Yellow Sea. In a low salinity swamp. its 

content can sometimes reach more than 90% (Hong, 1982). In core 97-02, A. beccari1, 

Pararotalia nippomca. Elphzdium magellanicum and Cr1bra11011/011 submcertum percentages 

have the similar down-core variation trend: a high value at depth of below 300 cm (average 

13.1%, 6.4%, 32.6%, 2.9%, respectively), medium-to- low value at the core interval of 150-250 

cm (average 2.6%, 2.8%, 11.9%, 1.0%, respectively), and almost bare in the top ISO cm, which 

implies a water depth change at the core depths of 150 and 300 cm below 300 cm, the water 

depth was much shallow about 0-20 m; above the core depth of 300 cm, the water might 

become deeper and deeper; and then above the core depth or 150 cm, the water was deeper than 

50m. 

Elphid1um adverrum is often seen in all the shelf of the East China Sea and more in the 

inner shelf (Wang el al., 1988). It gradually decreases from about 10"/o at the bottom to about 

2% at the top of the core, which implies that the water depth became deeper gradually. 

Ammonia compressiuscula is most abundant in the middle-shelf with water depths of 

50-100 m, but in the Yellow Sea, it has a high percentage in water of 20-50 m where the 

Yellow Sea cold water dominates (Fig. 4-1). A. compreniuscula and A.stronanion tasmanensis 

have the same down-core varilltions: at the core depth below 300 cm, there 11rC a low value 

(average 1.2 and 0.7%, respectively), and a relaiively high value at: the upper part of the core 
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(average 2.3 and 2.1%, respe,::tive\y). This change reflects that the core interval above 300 cm 

had the water depth of more than 20 m, while that below 300 cm contaiaed a wnter depth less 

than 20 m. 

Ammonia kehemiens,s ongi,lota distributes in the water deeper than 20 m, but it is very 

abundant in water deeper than 50 m, and becomes the domain species of Yellow Sea cold water 

together with Astronomon tasmanensis. In core 97-02, its change shows two steps: from 

average 0.7% below the core depth of300 cm, to average 3.0% al the core interval of 300-150 

cm and to average 6.9% above the core depth of 150 cm, which implies that the core depths of 

300 cm and 150 cm are the boundaries ofpaleo-watcr depths of20 and 50 m, respectively. 

Bolivina robusta, Bul,mma margmata, Uvigerma canariensi.l 1111d Cassidulina carinata 

have the same trend in the down-core variation. They have a very low value (almost zero) 

below the core depth of 300 cm and increase gradually in the upper part up to 40, 7, 4 and 8%. 

respectively. These deeper water species increase in the upper part of the core, reflecting the 

deepening of water depth 

4-4. Paleo-water depth reconstruction or core 97-02 

The down-core variations or benthic foraminifera species shown above have exhibited 

the changes of the paleo-watcr depth. From around shallower than 20 m (at the core interval of 

510-300 cm), to about 20-50 m ( at the core interval of 300-IS0 cm) and to about 50-100 m {at 

the core interval of 150-0 cm). This can also be indicated by other evidences. 

The absolute abundances of both bcnthic and planktonic foraminifera have a trend to 

increase sharply when water becomes deeper in the shelf (Wang et al., 1985c). Both benthic 

and planktonic foraminiferal abundances of core 97-02 also show a rapid down-core change 

from a few to several thousands specimens per gram of dried sediment from bottom to surface 

of the core. The ratio ofplanlaonic to total foraminifera also increases from a few to about 40 
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percent at the same time (Fig. 4-4 and Appendix 4-3). All these indicate Ihm the paleo-watcr 

depth of core 97-02 has become deeper 1£1:erthe last glacial maximum. 

Bcnthic forammifcra can be subdivided into six groups according to the test component, 

forrnmg of wall crystals, and arrangement of ch3mbcrs: the agglutinated, the porce!aneous, the 

Lagenids, the serial hyaline, the planispiral hyaline, and the trochospiral hyaline. In the East 

China Sea, the inner shelf is dominated by the trochospiral and planispira\ hyalinc groups, 

while the deeper area of middle-outer shelf is mostly made U{I of the serial hyaline group; And 

the Lage,iids dominate much deeper area like the slope and the trough (Wang et al .. 1985c). 

Toe planispiral and scnal groups are the main cypcs of bcnthic fonirninifcra and have a large 

variation through the core. Figure 5 shows down-core variations of both groups. We can sec 

that the serial group increased above the core depth of 300 cm (from 13.5 to 51.5%), while the 

planispiral group increased below the core depth of 150 cm (from 20.8 to 58.7%), which 

implies tJtat the water depth of this location becomes deeper above the core depth of 300 cm 

anO mm:h oecpcr aOO\lc the core dep,h of l 50 cm. 

On the basis of the above analysis, we think that the most striking changes in the shelf 

environment of the East China Sea is the paleo-water depth. The paleo-watcr depth became 

deeper and deeper from the bottom to the top of i:;orc 97-02. At the core interval ofSI0-300 cm 

(beforc 14,000 yr B.P.), the water was much sha11ower than 20 meters, like the modem coastal 

area with high percentage of Ammonia !nct:arii and I very high percentnge of pllllispiral 

hyaline bcnthic foraminifcra; and then at the core interval of 300-150 cm (about 14,000-7,500 

yr B.P.), it became deeper about 20-50 meters (inner shelt) which was indicated by the still 

high content of planispiral hyaline bcnthic foraminifcra; and at the core interval of 150 to O cm 

(after 7,500 yr B.P.). the palco-environment was much like the modem middle shelf area, with 

SO- I 00 m water depths and higher percentage of the ~ hyaline benthic furam.inifera. 
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4-5. Discussion 

P\anktonic and some typical benthic foraminifera species are good indicntors of the 

paleo-water t.emperature 1111d water mll.'ises (Figs. 4-2 and 4-6). The water WllS cold during the 

period of lower sea-level because the benthic fonmiinifera were mainly composed of cold water 

species (at the core interval of 510-300 cm); The water began to get wmmer after 14,000 yr 

B.P. (above the core interval of 300 cm), which was indicated by the increase of some warm 

water benthic species Lenticu/ina spp., Hya/ina balthica, and Ammonia pouciloculota. 

However, it might be still cold because the cold water benthic species Buccellafr1g1da (Wang 

et al., 1988) shows a relatively high pe=tage at the core interval of 300-150 cm (about 

14,000-7,500 yr B.P.), and the water mass dominating this area was mostly similar to the 

modem Yellow Sea cold water. After 7,500 yr B.P., the water temperature becomes watmer (it 

m1y be the warmest since tlle \ut glacial}, which Wa:!. reflected by the lowest pen:tD.\age of 

cold water species (Buccef/a frig1da) and the highest perctD.tagcs of w11rn1 water species 

(Lenticulina spp., Hyalma balth1ca and Ammonia pauciloculata). 

Tue planlctonic species Pullmiatrna obliqu1laculata, an indicator of Kuroshio Current, 

has often been regarded llS a characteristic species of wmm and high salinlcy water (Thompson. 

1981; Wang et al., 1985c; Otinzei et al., 1987; Oda and Takemoto, 1992; Li et al .. !997). Its 

abundance increases apparerttly above the core depth of 300 cm, especially above 200 cm, 

which implies that a certain warm water man existed (such as the Yellow Sea Warm CWTCI!t or 

the "outer-shelf water of the East China Sea'') and affect this area stronsfy after 10,000 yr B.P. 

(above the core depth of200 cm), though it had begun to get warm since approximately 14,000 

yr B.P. (at the core depth of300 cm). 

It is thought that the warm current began to have a. stronger influence in the study area 
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by the pon-glacial westward shift of the Kuroshio Current. Jian el o/. (1993) interpreted that the 

Kuroshio Current entered the Okinawa Trough thoroughly at about 7,000 years ago. For further 

com~son of the current changes of the East China Sea, we need the detailed AMS ••c dates 

of core 97--02. 

The species divenity change of henthic foraminifera is shown in Figure 7. The 

relatively higher diversity [H(S)] for henthic foraminifera is shown at the core interval of 300 

to 100 cm. This coincides with the high simple species diversity (S, number ofthe species in 

each sample) at this interval, which reflects its adaptation to the environment of the deeper 

inner and middle Mlelves. 

According to changes of the agglutinated group and Textu/ario spp., there is an increase 

above the core depth of ZOO cm, which may inform the high-energy coastal environment in the 

lower part of the core. The high energy of sea water prevents the formation and preservation of 

agglutinated test. This is also supported by the high coarse fractions at this interval (Fig. 4-7) 

and severe abrasion of large foraminifera specimens or mol1W1Ca shells observed during the 

proceeding offoraminifera samples. 

4-6. Conclusions 

Core 97-02 of the northern East China Sea may disclose the strata after the last glacial 

maximum and shows evident paleoce1111ographic changes. The foraminifera assemblages reflect 

that the water depth deepens from about 0-20, to 20-50 and to 50-100 mat the core depths of 

510-300, 300-150 and 150-0 cm, =pectively. At the same time, the absolute abundances of 

both planktonic and henthic foraminifera increase rapidly from a few to several thousands. The 

p\anktonic ratio in total foraminiferal fauna increases from a few to 40 percent with the 
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increase of water depth 

Characteristic species of both benthic and planktomc foraminifera show that the water 

temperature has increased on account of the cnh1111cement of warm water mass (such as the 

Yellow Sea Warm Cmrenl), and the weakening of both the Yellow Sea cold water and the 

coastal water in this area since the last glacial. The Yellow Sea Warm Current mlght finally 

dominated this area very strongly after 10,000 yr B.P. (above the core depth of200 cm) though 

it had come to affect this area since 14,000 )TS B.P. {above the core depth of 300 cm), with the 

post -glacial westward shift of the Kuroshio Current. 

Temperature-indicated species also shows that the water tcmJ)Crature began to increase 

after 14,000 yr B.P and reach the highest after 7,500 yr B.P., which may reflect the thorough 

entering of the Kuroshio Current into the East China Sea at that time 
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Appendix 2-1. Foraminifera systematics 

Astrononion antarcticus (Parr) 

Astrononion eclwlsi Kennett 

Cassidulinoides parkerianw; (Brady) 

Cassidulinoides porrecta (Heron-Allen & Earland) 

Cibicides rejulgens Mantfort 
Elphidium incertum (Williamson) 

Elphidium sp.1 

Globocassidulina hiora (Crespin) 

Globocassidulina crassa rossensis Kennett 
Lingulilw translucida Heron-Allen & Ear land 

Mi/iammina arenacea (Champman) 

Nonionella bradii (Champman) 

Pullenia subcarinata ( d'Orbigny) 

Pyrgo JUntagonica ( d'Orbigny) 

Quinqueloculata seminu/a (Linne) 

Rosalilw globu/aris d'Orbigny 

Trifarina angulosa (Williamson) 

Globigerinita glutinata (Egger) 

Neogloboquadrina pachyderma (Ehrenberg) L 
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Appendu 2-2. (continued) 

depth BDJ Frapentation Yell"" shell gravel sand silt clay coarse rnc C/N CaCOl 
(cm) ('1 '" "' "' "' (\) "' "' 0 o. 65 13. 5 D 14. 29 25. 09 24 52 36. 09 39. 38 0 220 S.273 4.166 

5 0. 09 17. 6 0 0.88 IL 38 3L 88 55. 86 12. 26 0 2g7 4 816 4.78g 

JO 0. 34 23. I 0 L 77 14. 42 30. 55 53. 26 16. 19 0 216 4.709 4 183 

'5 0. 94 IL 6 0 4. 08 18. 16 29. 73 48. 02 22. 24 0.247 4.873 5.063 

20 0. 00 17. 6 0 0 10. 09 32. 17 57. 74 10. 09 0 248 4.494 S.023 
25 0. 67 1 L I 0 L 14 15. 76 34. 74 48. 37 16. 9 0 228 ""' USS 
30 o. 18 '"' D 4. 66 13. 38 31. 74 50. 49 18. 04 0.204 '"' '·""' 35 0. 97 L3 0 3. 5 12 19 30 98 53. 33 15. 69 0.152 5.038 S 201 

' -0. 43 16. 7 14.8 4. 75 18. 81 34. 16 42. 29 23. 56 0.159 s.no 4.&21 ill " 
' 

45 0. 63 12. 5 0 I. 49 26. 8 32. 62 39 09 28 29 0.071 S.518 U72 
50 0,6 9 .• 6. 25 9.47 24. 87 29. 36 36. 3 34. 3'\ 0.073 4 330 5.067 

55 0. 91 •. 3 0 5. II 36. 92 24. 79 33 18 42 03 0.113 S.011 4 849 

60 I. 00 !4. 9 0 0. 84 24. 7 32. 35 42. 11 25. 54 0 107 .(963 ""' 65 0. 84 ,. 0 D 35. 66 36. 22 JO. 51 17. 6 71. 88 0."'2 5.240 4 871 

,0 0. 85 9.' D 8. 44 19. 86 28. 47 43. 23 28. 3 0 J.(8 4.941 4322 

" 0. 87 , .. 0 5. 11 20. 13 28. 5 46. 25 25. 24 0.082 4.150 4_9g7 

80 0,6 14. 7 0 2. 89 17. 33 32 78 " 20 22 0085 4.705 3.921 

85 0. 94 J7 6 0 6. 96 27. 5 25. 6 39. 94 34. 46 0077 S 052 4.Qg] 

" 0. 67 0. 0 0 25. 43 36. 45 12. 51 25. 6! 61. 88 0.029 2.903 4.348 

95 32 49 32. 93 10 98 23. 6 65 42 00,8 3 009 036 

JOO 1. 00 0 0 0 22. oa 36. 07 15. 06 26. 78 58. 15 0039 2927 4.860 

JDS l. 00 0. 0 0 20. 31 35. 89 15. 67 28. 14 56. 2 0.035 3.516 4 588 



,\ppend1x 2-3. BF percentages (%), BF abundance, (BDI), fragmentation, yellow shell percentage, 

CaC03(\), TOC(%) and C/N ratio in core Al0-01 

de th (cm) 0 5 10 15 20 25 30 40 45 50 55 60 65 70 75 80 85 90 

•eight (gram) 7. l 7. 7 7. 6 7.5 8.4 8.5 6. 9 7.2 9.2 8.1 8.1 7.2 7. 0 7. 4 8. 4 8. 8 8. 6 8. 6 

GJobocllSsidulim,. biorB 100 16. 7 23. 5 18. 2 33. 3 57. 9 3683.342.922.2 40 66. 7 22. 2 22. 2 36. 4 33. 3 50 

G. cra.ssa rossensis 66. 110. 6 72. 7 66. 7 36. 8 6416. 7 42. 911. 8 56. 7 33. 3 100 77. 8 63. 6 66. 7 50 

Rosalina globularis 8. 3 
Pullenia subcarinata 8. 3 5. 3 H.3 1.7 11. 

Astrononion antarcticus 5.9 11. 

Astronon10n echolsi 9. l 
J/ilia.-1na arenacea l. 7 II. 1 

' 
Cass1dul1no1des parkenanus 33. 3 

:!I Cibicides refulgens 11. 1 

' ElphidilJIJI inci'rtu111 
Nonionf.'lla hradii 

Total spec111en l 12 17 11 12 19 25 6 7 9 60 15 2 9 9 22 6 2 

Simple diversity I. 0 4. 0 3. 0 3. 0 2. 0 3.0 2.0 2.0 3.0 2. 0 4. 0 2.0 I. 0 6. 0 2. 0 2. 0 2. 0 2. 0 

Abundance (/grara) 0. l t.6 2. 2 1.5 1.4 2.2 3.6 0.8 0. 8 l.l 7. 4 2.1 0.3 1.2 l.l 2.5 0. 7 0.2 

ep1fll11na 8. 3 11. l 

infauna 100 91. 7 94. 1 90. 9 100 100 100 100 100 100 98. 3 100 100 33.3 100 100 100 100 

Aulutinated l. 7 11. l 

Porcelanous 
hylrne 100 100 100 100 100 100 \00 \00 100 100 98. 3 100 100 88. 9 100 100 100 100 



' ,s 
' 

Appendix 2-3. (continued) 

depth {cm) 
weight (gram) 
Globocassidulina b10ra 
G. crassa rossensis 
Kosalrna globularis 
Pullenia subcarrnata 
Astrononion antarcticus 
Astrononion echols1 
Jlil1a•lina arenacea 
la. parkerianus 
Cibicides refulgens 
Elph1d1u11 wcertu111 
Nonionella brad11 

Total specimen 

Simple diversity 
Abundance (/lj"ram) 

ep1fauna 
infauna 

Agglutinated 
Porcelanous 
hyline 

95 105 110 115 120 145 155 160 170 180 190 195 205 215 225 230 235 
9.718.321.8 

25 33. 3 
75 100 56. 7 

9.1 
39. 6 
58. 5 

19 

53 

8. 0 10. 7 13.0 II. l 10.0 9.8 12. 916. 5 19.2 20.112.313. 0 10. 8 
60 83. I 50 92. 3 83. 3 38. 5 60 100 60 71. 4 50 66. 7 

15. 5 50 16. 7 45. 2 40 100 40 28. 5 50 

1. 4 33. 3 

15. 4 
7. 7 

40 

5 71 4 13 6 13 10 4 5 7 2 3 4 2 3 

3.o 2.0 3.o ~o 2.0 2.0 3.o 2.0 1.0 1.0 2.0 2.0 2.0 2.0 2.0 1.0 2.0 
5.8 0.6 6.6 0.3 1.2 0.6 1.3 0.8 0.2 0.1 0.2 0.6 0.2 0.3 0.4 0.1 0.1 

15. 4 
98.1 100 98. 6 100 100 100 84. 6 100 100 100 100 100 100 66. 7 100 100 100 

1. 4 33. 3 

100 100 98. 6 100 100 100 100 100 100 100 100 100 100 66. 7 100 100 100 



Appendix 2-3. BF percentages (%), BF abundance, (BDlJ, fragmentation, ye I low she 11 percentage, 

CaC03(%), TOC('\) and C/N ratio rn core AJ0--01 

de th (cm) 0 5 10 15 20 25 30 40 45 50 55 60 65 70 75 80 85 90 

weight (gram) 7. I 7. 7 7. 6 7. 5 8.4 8.5 6.9 7. 2 9. 2 8. I 8. I 7.2 7. 0 7. 4 8. 4 8. 8 8. 6 8. 6 

Globoca.ssidulina. biora 100 16. 7 23. 5 18. 2 33. 3 57. 9 36 83. 3 42. 9 22. 2 40 66. 7 22. 2 22. 2 36. 4 33. 3 50 

G. cra.ssa rossens1s 66. 7 70. 6 72. 7 66. 7 36. 8 6416. 7 42.977.8 56. 7 33.3 100 77. 8 63. 6 66. 7 50 

Rosa.Jina. globula.ris 8.3 
Pullenia. subca.nna.ta 8.3 5.3 14. 3 1.7 IL 

Astrononion antarcticus 5. 9 IL 

Astrononion echo/sf 9.1 
Jh 1 u111/61na are nae ea I 7 11. I 

' 
Cassidulino,des pa.rl!erianus 33. 3 

"' Cib1cides refulgens 11. 1 

' E!phidiu. incertl.1IIT 
Nonionella brad11 

Total specimen I 12 17 11 12 19 25 6 7 9 60 15 2 9 g Z2 6 2 

Simple diversity LO 4. 0 3. 0 3. 0 2. 0 3. 0 2. 0 2. 0 3. 0 2.0 4.0 2.0 1.0 6.0 2.0 2.0 2.0 2.0 

Abundance (/gram) 0.1 1.6 2. 2 1.5 1.4 2. 2 3. 6 0. 8 o. 8 1.1 7. 4 2. I 0.3 1.2 I.I 2. 5 0. 7 0.2 

epifauna 8.3 11. 1 

infauna. 100 91. 7 94. I 90. 9 100 100 100 100 100 100 98. 3 100 100 33.3 100 100 100 100 

Agglutinated 1.7 1 I. 1 

Porcelanous 
h1_line 100 100 100 100 100 100 100 100 100 100 98. 3 100 100 88. 9 100 100 100 100 



Appendix 2-3. (continued) 

de!:!th (cmJ 95 105 110 115 J,O 145 155 160 170 180 190 195 2~5 215 2~5 2~0 235 
•eight (gram) 9. I 8.0 10. 713.0 II. 110.0 9.812.916.519.220.112.3 13.0 10.8 9. 7 18.3 21.8 
Globocassidulina biora 39. 6 60 83. l 50 92. 3 83. 3 38. 5 60 JOO 60 71. 4 50 66. 7 25 33. 3 
G. crassa rossens1s 58. 5 15. 5 50 16.746.2 40 100 40 28. 6 50 75 100 66. 7 
!i'osalrna globularis 
Pulhmia subcarinata 
Astronon1on antarcticus 
Astronon1on echolsi 
J/iliaJJJJJJina arenacea I. 4 33. 3 
la. parkenanus I. 9 

' 
Cibir::ides refulgens 15. 4 

IB Elphidwm rncertu11 7. 7 

' Nomonella brad11 40 

Total specrn,en 53 5 '1 4 13 5 13 10 4 I 5 7 2 3 4 ' 3 

Sinple d1vers1ty 3. 0 2. 0 3.0 2.0 2.0 2.0 3.0 2.0 LO 1.0 2.0 2.0 2.0 2.0 2.0 I. 0 2. 0 
Abundance (/gram) 5.8 0.6 6.6 0.3 1.2 0.6 1.3 0.8 0.2 O. I 0.2 0.6 0.2 0.3 0.4 0. I 0. I 

ep1fauna 15. 4 
infauna 98. I 100 98. 6 100 JOO 100 84. 6 100 100 100 100 100 100 66. 7 100 JOO JOO 

Agglutinated I. 4 33. 3 
Porcelanous 
hyline JOO 100 98. 6 100 100 100 100 100 100 100 100 100 JOO 66. 7 100 JOO JOO 



Appendix 2-3. (continued) 

depth SDI fr->a<'ntation YellO"O' shell depth gravel sMd Silt clay coarse roe C/N c .. coJ 
(c~ "' '" (c~ "' '" '" '" '" 1"1 

,,, 
0 0 0 0 10.4 32. 6 57. I 10.38 0.271 5. 215 I. 119 

s -o. 8 30 20 s 0 '' 34. 0 57. 2 8. 75 0 237 5.543 I. 401 

JO -0. 5 25 6. 25 JO 0 9.' 30. 7 59. 9 9.4J 0.219 5. 201 1. 195 

JS -1. 0 so 20 JS 0 10. 3 30. 7 59. 0 10. 3 0. 193 5. J93 I. 174 

20 --0. 67 16. 67 0 20 0 6. 9 " ' 59. 9 6. 91 0. 200 5. 418 l. 022 

" -0. 83 38 89 5. 56 " ,. 09 15. 4 28. 4 52. I 19. 45 0. 228 5. 167 1 370 

30 -0. 72 32 S2 30 0 ,. 7 30. 2 61. 0 8. 73 0. 241 5. 491 L 173 

'° -0. 83 33. 33 16. 67 as 0 6. 6 31. 3 62. I 6. 63 0. 237 5. 373 I. 163 .. -0. 83 16. 67 33. 33 '° 0 ,. 9 32. 0 59. l 8. 89 0. 230 5. 481 I. 148 

§ ;o - ) JOO 1 I. 11 ., 0 9.< 34. 2 56. 4 9. 44 0. 222 5 210 l. 150 

< 
55 -0. 93 27. 59 8. 62 so 0 11.8 31.5 ~6. 7 11.82 0.242 5. 290 l.093 

60 - ) 53. 33 0 55 0 9.' 31. 7 58. 5 9. 83 0. 244 5. 591 I. 124 

6S -) 0 0 so '99 16. 3 27. 3 53. 4 19. 28 0. 265 5. 348 I. 260 

70 0. 5 0 0 65 0 1-t. 8 28. 1 57. 1 14. 76 0. 249 5. 809 0. 965 

7S -0. 89 44.« 0 m 2, 38 16. 3 27.4 54. 0 18. 69 0. 239 5. 34:9 I. 120 

,0 -0. 95 45. 45 22. 73 '5 0 16. I 30. 8 SJ. 0 16. 12 0. 238 5. 366 L 104 

BS -0. 67 33. 33 33 33 ,0 0 16. 1 30. 3 
53 ' 

16. 06 0. 209 5. 320 0. 966 

90 -I 0 0 " 0 U..2 31. 2 >I.S l4. 23 0. 159 3.8% 1.423 

95 -0. 92 32. 69 36. 54 87. 5 0. 273 5. 405 l. 541 

JOO -I JOO 0 90 0 13. 1 32. 4 54. 5 13. 11 0. 188 5. 437 0. 901 

105 -0.67 0 3J. 33 95 3. 66 11. 9 32. 1 52. 3 15. 59 0. 138 5.425 0 777 

BO -0.42 8. 70 21. 43 mo 0 14.4 32. 9 52. 8 14. 37 0. 137 5.462 0. 843 

H5 -0. 5 25 25 ,05 0 15. I 31. 7 53. 2 15.11 0. 136 5. 176 0. 946 

120 --0. 42 25 8. 33 HO 0 18. 1 33. 9 '8. I IB. 06 0. 088 5. 732 I. 168 



Appe11du 2-3. (cont1nuedl 

depth BDI Fro.pontatlon Yello,r shell depth gravel snnd silt day coarse TOC c;, CaC03 

(clO) ,,, 
'" (c11) '" '" '" '" '" l'l l'l 

'" -0. 83 0 .,, HS 15. 43 30. 6 23. 4 30. 6 46. OJ 0. 082 5. 441 I. 546 
I55 -0. 27 9 09 27 27 ''° 0. 59 23. 1 33. 0 43. 3 23. 69 0. 093 5. 370 I. 402 
I60 0. 3 30 " '25 0. 55 21. 4 55. 5 22. 6 21. 94 0. 086 5. 121 I. 312 

'" -0. 5 50 50 ''° 0 17. 4 35. 1 47. 6 17.35 0.091 5. 538 I. 387 

'"° 0 0 0 >35 2. 3 21. 3 51. 6 24. 8 23. 63 0. 072 4. 643 I. 454 
I90 I '° 60 ,.,, 12. 62 21. 8 41. 6 24. 0 34. 44 0. 084 5. 158 I. 524 
I95 --0. 57 42. 86 14. 29 '" 6. 88 24. 9 28. 6 39. 6 31. 82 0. 088 5. 559 I. 274 
20, -0. 5 ,00 0 I50 2. 72 14.0 56. 3 27. 0 16.69 0.102 5. 553 I. 562 
2I5 -I 0 0 I55 12. 41 24. 2 25.8 37. 6 36.57 0.040 5. 409 2. 554 - 22S 0 so 0 mo 9. 64 25. 5 25. 7 39. 2 35. 09 0. 047 5. 484 2. 462 

0 '30 0 so 0 I65 0.58 15. 7 44. 6 39. 2 16. 28 0. 103 6. 109 1. 299 -
' 23S 0. 33 33. 3 0 "° 10. 82 2Il. 9 22. 4 37. 9 39. 74 0. 065 8. 461 1 215 

'" 49. 62 35 9 ;a 8.' 86. 56 0. 022 9 430 1. 449 
mo 22. 03 43. 7 13. 3 21. 0 65. 72 0. 021 8. 951 1. 303 

'"' 18. 24 34. 8 18. 6 28. 4 53 03 0. 027 5. 142 1. 165 
I90 15. 29 41. 1 13. 1 30. 5 56. 43 o. 045 6. 149 l. 658 
I9S 12. 89 35. 9 20. I 31. 2 48. 74 0. 048 5. 482 1. 775 
200 9.08 24. 9 28. 4 37. 6 34 0. 082 5 211 1. 622 
205 12. 79 34. 0 13.8 39. 4 46. 82 0. 100 5. 467 L 942 
2IO 8.23 23. 6 3I 7 36. 5 31. 82 0. 066 s. 191 1. 411 
2I5 10. 07 23. 6 26. 4 39. 9 33. 63 0. 050 5. 603 2. 139 
2'0 20. 56 34. 0 17.8 27. 6 54. 59 0. 042 5. 308 2. 422 
225 7. 13 38.6 21. 7 32. 5 45. 77 0. 043 5. 345 2. 375 
230 16. 33 36. 3 21. 0 26. 5 52. 58 0. 043 6. 827 2. 270 
235 17. 85 36. 4 20. 4 25. 4 54.29 0.047 7. 645 2 276 



Appendix 2-4. BF percentages(%), BF abundance, (BDI), fragmentation, yellow shell 

percentage, CaCOJ(¾), TOC(¾) and C/N ratio in core AI0-02 

depth (cm) 0 " " 
,. 

" " " " " 
,. .. 

weight (gram) " 
,., 

" " , .. '" " '" " ' " " 11.S 

Globocamd11/ina bwra ,. 
" "' , .. " " ' " "" 

G ~,a,sa rosnn.srs ,. 
'" '" '" " " ' " " Rosalina globular,. " Pul/en11,1 ,ubcormala " 
,,. 

" 
,. 

"' As1ro110mon rc~ol,i " 
,,. 

" " Astrononion anwcticus " M<l,a111M1NJ arena~M " '" 34.3 '"' " 
,,. .. ,oo "' .. 

Ca.<J<dul,nai/Us parlwriamu "' '" ,oo 17.1 "' m " "' " Casmivhnmde.r porrecta 

C,bic,tk.s rtfulgens " ... 
Trfar,na ang,,losa " " 

,. 
Non,ontlla bradu ... 
Ungulma /ran.slucida .. 
Elplud,um ,ne,ru.m 

E/ph,d1um sp 1 

Qu,nqur/oc11/ata ••mmula 

Py,go pemagoni~a 

Neogloboquadrma pacl,ydtrma L 

Glib,g~nnua glutinata 

epifauna '" 
,,. 

"' 
,., 

" SS.6 .. ,oo "' " '""""" "' 61.4 '" "' " "·' ,. ,0 ., 
'" Agglutinated " 

,,. "' '" " '" .. ,oo "' •• 
Porce!aneow; 

Hyaline " ... ,., 65.7 "' " «.• ,. 
" "' '" 

BF simple divomty ' • • • • ' • 
Abundance (number pc:r gram) 0 " .. , " '" 

., 
" 

., 
" 

., .. " ~ecimens counted " « ' " " • • ,. 
" 
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Appendix 2-4. (continued) 

depth \cm) " '" " w '" " '"" '"' "" '" "" "' weight (gn,m) " ' " " " ' '" "" 10.3 13.7 "' '"' '" " ' G/obocazsidu/ma bw,a '" ". ". w, "' '" '" m '"" G crazsa rosuns!J " "' '" " " ' "' "' " Rosa//"'1. globularis 

Pullenia ,ub,,arinala "' ". " '" " Astrona11ion «halsi 

A,tronmuon 1111tarct1cus " " Mrltam,,.,na OM114Cta ,oo '" '" '"" '" m "' "' ... "' " Cas,id,,l,1101<k, park,riamu "" "' "' "' '"' " '" CazJ1du/111ouk, par=ta " C,bicuks rtfa/gtns " " " "' T,far,na O"lfl'losa " No,..on,1/a brad11 

Lingulina lranslucida 

Elphid111m 111cer/J/m 

Elphidium sp I " Qu,,,q,udoculara ~mmula 

Pyrgo ~111agon1ca " N,ogloboquadnna pacl,yd,rma L " G/ib,~r/11,ta glutinata '' 
epifauna ,oo '" "' ,oo "' "' "' "'' ... "' ,. mfauna "' "' 28.6 '" " "' "' 71.4 65.5 ,oo 
Agglutinated ,oo '" " ' ,oo "' "" "' "' «. '" " Porcc:lancous " Hyaline "' "' 42.9 '" "' " "' "' m ,oo 

BF simple di~cn,ty '" '·" '" '" ' • ' ' Abundance (number per gram) "' " ,., "' " " " " " " '" "' 
spccuneru counted '" "" "" '" " " 

,. '" " " .. 
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Appendix 2-4. (continued) 

!!9!!!!\cml BO "' "' ,w "' "' "' m "' "' ,oo ,., 
weight (gram) "' w lU , .. , .. n, '" , .. '" "' "' " Glob.xa.mdu.lma bum, 42.9 ~· "' '" " B • ". "' '" " G cratSa ro•~,,su "' 33.3 ., 

"' '" 20.2 33.3 

Rmalina globulans 

Pi,1/en,a .... bcarinata 

Mtronomon ,chois, 

A1trono111on ant!U'ctlcus 

Miliammina D1"1l/lDUD '" "' 2.67 ,oo .. H > M, " ,oo ., ., 
Camdu.lmouit!• par~r•= '" .. ., 
Cass/dulirwidtl porrtcta 

C.bicid,, nfalge,u 

T,fari11a ,mgu.lma 

N0111DMl/a brad.I, 

Long,</Jrw tra,u/u.c,da 

EJphidiu.m mcuhl.m 

EJphidi""' spl. 

Q,m,qu.eloculata senunu.la 

Pyrgo ptnlogonica o,a 
Neog/obaqu.adn11apachy<Mrma L 

Gl,b,g,,rmna glu.n/lala 

ep!llwna '" "' "' ,oo .. '" 647 92 ,oo ., ., 
infauna '" ,oo M, "' " w, JS 3 904 ,,. 

" Aglutinaled '" 33.3 '" ,oo .. H > 647 92 WO ., 00 

Porcclancous o,a 
Hyalme "' ,oo M, "' " '" H l 901 .. , " 
Bf simple di~crsity ' ' ' • • ' Abundance (number per gram) 0.51 O.M 0.33 "' 0.24 1.12 ,~ o .. ". ., 

"' .. 
~imcn, counted " • "o " >ITT " m " ,~ " 
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Appendix 2-4. (continued) 

depth (cm) "" m "" m m m uo m "" m ,w ,., 
"" wcight{gam) '" '" ,,, ll.2 " '" 18.2 " '" '" '" '" ' ,,. G/oboca.md,,/ina bw,a '" n • "" "' "' ~· w, '"' "' '" "' "' "' G crassa ras,ensi, u, '" .. ., 2U '" 

,,. 35.2 "' "' , .. "' "" "" Rosalina globularis 0" 

Pul/enu, ,ubcarill<llo '" 1btrona111on ~cltofo 

Aslrononion antarcticus 0" 

M,l,amm,na annat:•a ., ,., ,., ;o; ,,. 
'"' "" "" 13.4 ' " "' "' "' Co,,;d,,/ino,du p/ll"Mr,amu , .. "' '" 30.3 "' "' "' '"' '" '"' '" 

Ca.mdullnoade• pon-t!Clll 

Ciblc,<ks r-efa/gens OM '" "" T,farrna ang,,losa "" No111ontlla brad11 

Ling11.lina tran.slucida 

Elphad,um mcerltlm '" Elphad111m sp I ' " 0" ' " 2.27 0" 

Qr,.inqiu,/oculata seminula 
0 " 

Pyrgo ~111agon,ca 

N,og/oboq11odrinapachydmna L 'o; 
Gllblg~rmlla gllllmata 

cpifauna '™ ,.. .,, 
"' '" '"' "" "" '" '™ "' 

, .. "' infauna '" ... "' ., ' "' ... "' " ... ,,. 
'" '" "' Agglutinated " '" 

,., ;o; ,,. 
'"' 0.38 "·" '" '" "' "' "' Porcelancous "" 

Hyalinc ., . ~, "' " "' ~· "·' ,,, '" 98.S "' 
,., 

"' 
BF liimplc diversity ' ' ' • • • • 
Abundance (number per gram) '" '" "' "' '"' " '" u, "' ". " rn '" ~cimens counted "' m "' " '" " '" , .. " '% '" " " 
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Appendix 2-4. (continued) 

Depth BDI fragaientat ion Yellol' shell gravel ,~, silt clay coarse rnc C/S CaCOl 
(c11) (\) "' "' "' '" "' '" "' '" D -0. 31 50 12. 5 0 3. 48 27. 46 69. 06 3<8 0. 484 5. 413 I. 736 

s -o. 86 ,. s 0 0. 23 HB 29. 46 66. 83 3. 71 0 417 5. 404 1. 892 
JO 0 J.S 31. 21 67. 19 J.S 0. 380 5. 233 1. 697 

JS -0. 71 28. 6 0 0. 28 5. 98 35. 06 58. 68 6. 26 0. 390 5. 436 l. 685 

20 -0 50 35. 7 0 D 6. 75 33. 55 59. 7 6. 75 0 392 5. 382 I. 616 

25 -1. 00 50 0 23. 64 4. 61 25. 98 45. 77 28. 25 0 419 5. 394 I. 4g9 

30 - l. 00 )0-0 0 I. 88 6. 19 33. 95 57. 98 8. 07 0. 433 5. 389 I. 510 

35 -1. 00 JOO 0 0 4.83 32. 38 62. 79 4. 83 0. 379 5. 187 1. 53l 

'° -o. 90 20 0 0 4. 03 36. 36 59. 61 4. 03 0. 342 5. 150 1. 600 

<S -1. 00 JOO 0 0 2. 81 32. 2 M." 2. 81 0 350 4. 977 1. 989 
50 0 3. 26 34. 38 62. 36 3. 26 0. 374 5. 357 I. 501 
ss 0 4. 97 31. 06 63. 97 4. 97 0. 349 5. 348 I. 241 

§ "' -1. 00 22. 2 0 0 4. 51 36. 99 58. 5 4. 51 0. 345 5. 324 L 369 
"5 0 3. 46 37. 5 59. 04 3. 46 0. 376 5. 264 I. 516 
rn -1. 00 50 0 3. 51 3. 25 33. 87 59. 37 6. 76 0. 337 5. 238 l 350 
,s -1. 00 33. 3 0 0 4. 89 35. 97 59. 14 4. 89 0. 322 5. 302 l. 601 
,0 0 7. 07 3B 54. 93 7. 07 0. 315 5.316 l. 540 
"5 0 7. 07 3B 54 93 7. 07 0. 284 5. 107 I. 452 
50 -1. 00 50 0 0 4. 87 33. 48 61. 65 4.87 0. 261 5. 307 I. 362 

95 --0. 50 50 0 6. 73 5. 78 32. 43 55. 06 12. 51 0. 281 5. 328 I. 458 
JOO -I. 00 83. 3 0 0 4. 92 35. 23 59.85 • '2 0. 301 5. 273 I. 472 

JOS -0. 97 30. 3 0 ) 7. 11 31.24 60.65 8. ii 0. 304 5. 247 1. 442 

uo -0. 80 20 JO 6. 78 9. 86 29. 94 53. 42 16. 64 0. 247 5. 066 1. 863 

us -o. 64 36. 4 4. 5 0. 28 lO. 04 31. 34 58. 34 10. 32 0. 234 5. 290 1. 689 

120 -0. 76 24. I 5. 6 2. 45 24. 19 26. 83 46. 54 26. 64 0. 127 5. 291 I. 607 

l2S -0.50 JOO 0 o. 41 35. 36 27.86 36 37 35. 77 0. 063 5. 849 2. 000 

'" --0. 33 66. 7 33. 3 1. 08 26. 8 34.81 37. 31 27.88 0. 071 6. 264 2. 307 

'" 0 40.82 26. 16 33. 01 40.82 0. 060 7. «8 2. 458 
)37 ·0._88 ---"- 37. 5 0 29.49 45. 96 24. ~6 29 49 0. 052 18. 092 ~ 7 



Appendix 2-4. (continued) 

Depth '" fragmentation Yellow shell gravel ,~a silt d11y coarse TOC C/N CaCOJ 
(c111) ,,, 

"' 
,., 

"' '" '" 
,., (>I ,., 

145 0 52. 76 33. 96 13. 28 52. 76 0. 048 159. 297 2. 545 
'50 0 33. 4 30. 33 36. 27 33. 4 0. 063 35. 027 2. 490 
iS5 -1. 00 )00 50 0 34. 51 36. 05 29. H 34. 51 0. 059 23. 442 2. 392 
160 -0. 99 36.1 38. 8 0 34. 51 36. 05 29. 44 34. 51 0. 126 10. 548 2. 366 
165 0 28. 82 29 . .(8 41. 71 28. 82 0. 065 11. 431 2. 260 
1,0 -0. 67 IOO 68. 7 0 ., 26. 31 32/ ., 0. 069 8. 472 2. 219 

"' -0. 59 34. I 36. 4 0. 11 25. 96 14. 18 59. 75 26. 07 0. 119 11. 053 I. 757 
150 -1. 00 16. 7 66. 7 0. 23 36. 49 33. 46 29. 82 36. 72 0. 049 4. 526 2. 520 
195 0. 23 36. 49 33. 46 29. 82 36. 72 0.083 12. 528 2.063 
1'9 -0.89 32. 9 32. 1 0. 090 47. 141 2. 132 
190 0. 37 33. 67 29. 06 36. 91 34. 04 0. 064 22. 792 2. 127 

sj 195 -1.00 0 0 0. 23 34. 71 27. 41 37. 65 34. 94 0. 085 94. 979 2. 136 

' 
200 -0. 96 35. 6 27. 2 0 43. 73 24. 58 31. 7 43. 73 0. 060 18. 051 2. 249 
205 -1. 00 IOO 0 0 25. 45 37. 54 37. 02 25. 45 0. 122 13. 807 I. 830 
2)0 -0.65 " " 0. 28 17. 24 21. 76 60. 72 17. 52 0. 184 7. 313 I. 624 
2'5 --0. 55 12. 9 15. 1 I. 48 25. 67 30. 88 41. 97 27. 15 0. 132 5.%7 I. 859 
220 --0. 94 12. 0 19. 3 0. 31 35. 07 19. 58 45. 05 35. 38 0. 150 10. 857 I. 265 
225 --0. 20 6. 7 13. 3 0 13. 5 39. 35 47. 14 13.5 0. 151 7. 002 2. 036 
2,0 -0. 63 13. 8 4 6 0 9. 87 39. 3 50. 83 

' 8/ 
0. 228 5. 147 2. 467 

2'5 -0. 55 29. 1 5. 5 0. 76 10. 07 35. 51 53. 66 10. 83 0. 214 5 073 I. 657 
240 -0. 32 11. 9 2. 4 0. 73 21. 62 38.09 39. 56 22. 35 0. 085 5 865 I. 819 
245 -0. 89 6. 4 5. 4 3. 13 19. 31 43.63 33. 93 22. 44 o. 120 8 789 I. 506 
250 -0. 98 34. 5 54.8 0. 82 20. 03 43.61 35. 54 20. 85 0 086 5 130 2. 072 
255 -0. 64 16. 4 12 0.% 19.06 39. 77 40. 22 20. 01 0. 108 7. 168 2. 140 
260 -0. 10 

6 ' 
15. 9 o. 18 25.83 37. 7 36. 3 26. 01 0. 113 JO. 437 I. 944 

265 -0. 85 14 6 9.8 0 25.89 35. 98 38. 13 25 89 0. l28 8. 389 I. 825 
2,0 0,11 7.' 23. 7 0. 68 14.47 32. 23 52. 63 15. 15 0. 163 7. 256 I. 872 



Appendix 4-1. Benthic forfllllinifera (larger than 63Uln) percentages in core 97-02 

seec,es ~ deethfc111l 0 " '" ,, .. "' ., 
" 

., !Kl \00 HO \20 130 \~ \~0 160 \10 \SO 191.f 
Gt!udryu,a. hlJeringensis ., .. 030.20.2120.5 OS 
Prouon,,, spp. 0 2 0 1 
Texwlaria spp. 1.2 0.1 1 a 1.4 2.1 2.1 1.2 2.0 2.4 t.9 111 2.6 34 2.5 3.7 1.6 19 10 62 
Trituia dt.mghaiensis 0.' 0 2 0 3 
l'erneui hna sp. 0. 7 l. 1 0.11 0. I O 2 0. 6 I.I 0.6 0.2 "' "--ss1lina spp. 03 10 20 09 0.4 01 0.3 02 0 3 0 2 o.' o., 
Edentost~im, cultrat,, 0.' 
lli/1-ina spp. 0.3 03 01 0.1 12 0.9 0.3 1.2 2.0 0.7 0.11 1.4 05 12 1.l 23 09 07 0.3 07 
f'Tr10 efon6at(I 0' " (/u,nqut!locoliIM contorta 

0 ' ' ' 0~0.10.9 
QuinquelocuJir,,, llUIIJTClrit!IM 0.' 
()uinqueloculiIM rotund" o., l 2 0 5 0.' ,.o 
()uinqueloculil1lJ sabufosa 06 05 l.2 0.7 10 0.4 16 0.7 11110 0.6 1.6 3.1 29 4.4 1.9 27 05 " I Q«inqueloeu/u,lJ seainuilJ 0.' .. .. o., - Ouinqueloeu/inlJ s~wullJl!gullJ 0.' 0 2 0. 3 0.5 0.6 1.2 1.5 I 4 0.2 2. 1 @ 
QuinqueloculinlJ tifrutot!mns o., ., 
OuinqueloeuJ,n,. vul11..r1s 02 02 l2 LI 19 !3 9.3 5.! 29 
(Juinuut>loculi/llJ spp. " 0.2 0 2 
Sif!E)ilin,. teriuis 05 0.4 02 o.4 o.4 " 030.30.4 03050.202 " Sig,Wi!illlJ spp. .. 
SiJlll{Jl iOPsis (ISpaullJ 0.6 0.7 1.1 0.11 0.3 I 3 1.4 1.2 2.0 2.l 2.4 2.6 1.7 2.4 16 0 5 2.2 1.7 1.0 2.4 
SpiorolocuilJt/J c,-unis 0.' ., o. 2 O 2 .. 
Spi,-olocuffIM lt!t!VilflJt/J o.• 0.' 
Triloculina tric1Jr1nata 
Triloculim, rrigonula 0.' (l.~ 0 l 0. I 0.2 0.2 o., 
Tnloeuhn,, gpp. 0' 
Nlf)hicorm,, subhne/JtlJ o., ., " 4,phicorma sp. 0.' 
Botuloides sp. " Oenta.lint! cf. basipllJ[Ja!lJ " " !Jentalrn/J c,-unis 0. ., 
lknulina dt!Ct!f!.l/J " 
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Appendix 4-3. PF/(BF+PF) ratio, foraminiferal abundances, BF diversity [S, H(S)I, BF assemblages 
and coarse fraction (CF, >0.063mm) in the sediment 

depth PF/PF+BF PF abundllnoe BF .ouod1na. S BF H(S)aguhlinaled p0rcelan,:,oosu,gen1ds Hna1 planispiral truchcspiral c, 
I=) (%) pergn,m pergn,m 1%) ,., (%) (%) (%) ,., ,., 

0 43.49 790< 10272 39 2.75 00 1.9 19 ""·' 10.3 39.6 " 10 36.09 10880 19264 •2 2.70 1.3 3.2 20 -45.5 7.6 -40.4 ,.2 

20 30.69 5200 11744 "' 2 78 1.• •.9 1.9 47.5 9.1 35.1 1' 

30 27.47 5120 13520 so 263 2.8 2.8 1.1 '83 9.3 35.5 18.4 

•O 28.13 61)76 17824 53 2.59 2.• 3.5 12 '83 7.8 37,0 14.4 
so 29.72 •560 10764 4• 2" 22 3.3 15 •8.• 7.• 372 111.3 

~ 60 26.15 1640 •532 •2 2.71 2.1 45 1.9 51.5 9.2 30.9 '" ~ 
~ 

70 24.9" 2293 8901 " 2.62 
' 

1.8 3.9 13 •8.5 8.2 36.4 2,0 

80 23.53 23•7 7827 " 2.73 25 59 1 3 •84 102 31.7 ., ' 
90 30.71 2752 6208 .. 2 83 2.9 •.8 2., 476 8.9 33.2 ... 
100 28.73 1355 3360 •8 2 73 3.5 •.8 2.9 4•.3 11 1 33.5 50.4 
110 36.5• 1520 26•0 55 3.18 26 8.5 2.0 3• .1 9.1 436 '" 120 41.41 78• 1109 so 3.20 ,.1 82 1.9 37.3 8.9 39.7 "' 130 •0.66 755 1101 50 3.27 3.0 109 4.• 31 5 16.0 33.2 "' 1•0 39.00 ,2• 976 52 3.36 2.5 11.5 2.5 295 12.8 41.0 .,, 
150 29.41 120 288 4• 3.15 •.2 8.8 19 30.8 20.8 33.8 , .. 
160 12.66 32 221 61 3.09 2.2 8.9 18 35.5 14.7 37.0 27.T 

170 11.55 22 188 53 3.03 1.9 13.1 21 33.0 18.8 31.1 23' 

160 17.05 2• 117 .. 3.15 1.0 99 21 28.4 26.4 32.2 .. ' 



Apeendix 4-3. icontinued) 

depth PF/PF+BF PF abundance BF •bundance S BF H(S)agulttlnllled po.-ceta,,.ouslaljtlnr:ls senal plllnispiral trochosp,r•I " <=I (%) per gram per gram ,., (%) (%) ,., "' ,., (%) 

190 .. ,. 293 362 57 3.59 6.2 106 3.3 201 19.9 39.4 '" 200 3772 111 1 .. 60 3.25 2.6 8.3 3.7 312 15.5 388 "' 210 1453 30 179 .. 2.88 1.3 20.1 16 9.6 '3.6 23.7 '" 220 1336 16 106 52 3.31 1.1 6.8 3• 21.8 25.!I 41.0 ,., 
230 9.83 12 106 " 3.08 1.5 10.9 38 15.4 35.3 331 " 2•0 21.11 ,. 126 54 3.17 1.3 11.5 ,.8 19.4 30.9 32.2 '" 250 2000 " 66 .. 3.27 1.1 8.0 2.3 18.2 23.9 '8.6 " 280 18.43 26 11' 50 306 o., 5.3 1.5 16.4 35.1 41.2 ,06 

" 
270 15.49 " 75 " 3.14 11 77 3.3 17.9 20.4 49.6 "6 

' 280 22.69 52 178 57 3.25 1A " 1' 28.9 20.5 42.7 605 
300 10.11 12 102 " 2.83 0.7 8.3 12 13' "·' 399 '"' 320 370 1 29 38 2.87 0.9 7.7 0.0 5.1 38.5 47.9 ~ 

3'() 8.28 ' 39 " 2.9' 1.0 55 2.6 5.2 43.2 42.6 37 

360 11 11 7 57 " 254 0.9 5.7 1.5 5.5 52.0 3H 71 2 

380 11.82 7 55 " 2.35 00 3.2 3.2 ,.3 58.6 307 70.3 

"'° 10.06 6 " 37 2.29 00 56 1.2 1.9 54.5 36 8 58.9 

'20 6.53 6 82 33 2.42 15 " 2., 3.3 58.7 316 52.9 

"" 11.78 3 20 37 2.72 1.3 67 17 79 52.5 30 0 '" ,so 3.65 1 18 38 2.52 0.0 10.4 " " 55.5 256 '" 510 8.73 1 10 37 2.67 17 8.7 17 " '" 365 '" 




