BSPE 97679-00-1113-7

XTEety £HXHE |88 17|1F AP

Paleoclimate Reconstruction Using Geochemical Tracers

1998. 12.
5 % F o4 ®
dFH G T A






A= E

HYETL 2% A%

¥ HuME “A7Hds 425 ol 7% AP BaMZ
A &g

19983 12%

ik

ATFHY A P

dTH sEd
HEA
o] 1 g






LB Bl kel Bh{HRT Tl ek rbdelh ® Whikd
B kRl #h b3 FL TR iRkl Bl SRYRT 2B h
+8
2 k2% klh w24 dlo it Pk WeRBTR REE 28 K«

)

i & &t ERlLR €

TR loF
Slelle e Ramdle kir Akt lKiegl BERT Bl 2 PR
EoRER kRE LD Bile hll Tlle T&k 3okik 2k BER
kdh (<léivicd 833 kb k& BREEERR 32 2% FAER £ Ikh
B TkioEgh Fod I LFRER bH AR HETRiE kS
lo#lr PR i & FLBE ‘Bl #F oD ZHAT BEL *lo lkoT

REZ B bE bRlLR T

B FlT R Blekd RplEtl




4, A/Aw d3

7t

w2 AEAY day T Ad YA FS Wi g8 S Wy ol
Yatdatidel Ao dej ] gol A EFLH F718Y AFE U] B
stglc] War] o fd WibPirgo] wokAWA £7]® #F0) @old {FR
gagol Frheiolo)

U3 Bd2YE 49 BN Ar)Ras) 48748 F47h 2Rg Polof
3 FAHY waE woled oRe HENSAN  dagagol
Fr1%o2 WaYsl RO ¢ old Usiga4d 7132 WHE BA
844 of AYd N 7 TE Frlog ¥HADE FE Judd

a

F3% @7 g dsty wAUY & dd¥ 9L Wiy Fod A
5 ARG Bol witn Ll gd FEds Fdsol s J¥E
ggich, 283 gkl M HsidRI fA8dn 75008 M ol RdE

FEMNL AR A%E @ol Pt



SUMMARY

1. Title

Paleoclimale reconstruction using geochemical aacers

2. Significance and Goal of the study

Huge amounts of anthropogenic carbon dioxide have emitted by use of fossil fusls. such as
petroleum, coal, and natural gas since 20 century, The increase of carbon dioxide causes global
warming through the green house effect, which threalens 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 paleoclimatic changes during the lare Holocene.

3. Contents and Scope of the Study

a. Foramiferal assemblage and CaCO, dissolwtion since the last deglaciation in the Maxwell
Bay, King George Island, Antarctica

b. Geochemisiry of carbon, silica, sulfur, and phosphorus in the Fransficld Stait sediments,
Antaretica

¢. Paleoceanographic records from the northern shelf of the East China Sea afler the Last

Glacial Maximum



4. Result of the Study

a. During (he last glaciation, extensive sca ice prevented the production of primary organisms
in the Maxwell Bay, King George Island, Anterclica, so thers was a low TOC and
foraminiferal abundance in the sediment, while after the glacial, higher Mux of organic

carbon from the higher primary productivity caused the foraminiferal proliferation.

b.In the Bransfield Soait 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 (he climate in the Brasfield

Strait has cyclically changed during the last several thousand years.

c. The foraminiferal fauna disclose the water mass history in the northern shelf of the East
China Sea. During the last glacial, the dominare water might be the coastal waler; and at the
end of the last glacial, the Yellow Sea cold water mostly affected this aren. Then it gave way
to the Yellow Sea Warm Current afier 10,000 yr B.P. and finally the warm water dominated

this area afler 7,500 yr B.P., due to enhancement of the Kuroshio Current.
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Chapter 2 Foraminiferal assemblage and CaCQO, dissolution since
the last deglaciation in the Maxwell Bay, King George Island,
Antarctica

2-1. Abstract

Down-core varistion of carbonate dissolution index and the comparison ameng gravity
cores of different water depths from the Maxwell Bay, King George Island, Anlarctica
indicated thar the water masses is one of the most important factors controlling the distribution
of benthic foraminifera during the glacial marine environment We suggest that tha dissolution
of carbonate and foraminifera shell is affecied by the shallow CCD connected to the water
masses in this aren The less influence of the Saline Shelf Water during tha last deglacimion
gave the carbonare a well-preservation; with the sea-level increasing and retreat of coastal ice
after the glacial, the erosive water mass and the higher CO, accumulated by more organic
material led to a serious dissolution of CalC0, and foraminifera sheil in the sediments.

The contrast of water surface environment between the lem glaciation and post glacial
causes the variation of benthic foraminiferal abundance by the surface primary productivity and
tha relevant flux of organic carbon in to the marine bottom. During the lamt glaciation,
exicnsive s¢a ice prevented the production of primary organisms, so there was a low TOC and
foraminifera) abundance in the sedimen; while after the glaciat, higher flux of organic carbon
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from the higher primary productivity caused the foraminiferal proliferation.

2-2. Introduction

The Antarctic continent snd its surrounding south Ocean represent one of the major
climate engines of the carth. The dynamic changes of Antarctic environment have play a key
ole in long term global palecenvironmental evolution {Kennetr & Warnke, 1992},

It was reported that the climate of South Shetland Islands of the northern Antarctica is
4 relatively warm with high levels of precipitation compared with other parts of the region
{Griffith & Anderson, 1989). This modern climate conditions produce 2 temperate to sub-polar
glacial serting which can be sensitive Lo changes in the environmenial faciors that influence the
advance and retreat of glaciers (Yoon, e/ al., 1997). For example, quantitative analysis of the
numercus lske deposic or fjord sedimenrs have recently disclosed a very frequent records of
cold-mild climate variations during the lalc Holocene (Bjorck er al., 1993, Park et af., 1995).

On the interest of the Glacial history of South Shetland Islands, many differerc
opinions on the Holocene Glacial and environmental changes have been presenred with much
disagreement. John (1972} and Sugden & Clapperton (1986) got the conclusion that the main
deglaciarion of this region occurred before 10,000 BP while Bjorck ef o/ (1991) suggested a
main mid-Holocene deglacistion phase in their lake sediment and moss bank studies,
Mausbeacher et af. (1989) dared the deglaciation of King George Island w 9000-5000 BP based
on the botrom sediments of three lakes. Therefore, there exits a series of stages for the last
deglaciation: 10,000 BP, 7000 BP, and 6000-5000 BP (Hjart e/ al., 1992; Inglolfason e of.,
1992).

Most of the paleoceanographic studies on the Antarctic area were conducted 1n the



deep sea basins though they recommended a potential analogue method to shallow warers in
discussing the faunal distribution connected with the modem oceanographic charscteristics of
these deep seas (Kemnetr, 1966; Berger, 1967; Andetson, 1975a; Osrermna and Kellogy, 1979;
Mackensen e al., 1989). Howewer, the changes between Shallow and decp waters have
apparenlly displaycd some differences in their paleoceanographic characteristics during the
glacial cycles (Anderson, 1975b; Grobe & Mackensen, 1992; Domack & McClennen, 19%6):
And compared wilb she lake records, the deep sea sediment from the Antarctica have a low
resolution records to recognize the fluctuations of Holocene Paleoceanography, such as in
Reddelt Sea and Ross Sea. Thus it is very important to get the mmtcrial in shaliow walers which
can provide high sedimentary rate, and preserve high-resolulion strata.

Recently. much work has been done o the investigation of the geological settings of
the shallow water ——Maxwell Bay, including the distribulions of minersls, sediments, and
microfossils (Li & Zhang, 1986; Chang &t of., 1988; Yoon ef al.,, 1992; Yoon ef al., 1994; Li &
Li, 1996; Woo et af.,, 1996; Yoon er af., 1997}, They have reconstruceed gsome paicoctimae and
paleoceanography of late Holocene Antarctica (Chang & Yoon, 1995; Park et al., 1995).
However, we still kmow few about (he changes of shallow weter properties in the glacial marine
environment and s influences on the sediments,

We try to use the marine sedimems recently taken from Maxwell Bay, King George
Isiand to add the kmowledge of the history of post-glacial climatic and paleoceanographic

changes of the shallow witers,

2-3. Material and methods

Three short gravity cores (A10-01, A10-02, end A10-08) were wken by the R V.



Erebus during the expedition of Korea Amtarctica Rescarch Program 9657 from the Marian
Cove and Potier Cove, Maxwell Bay, King Gearge Island, Antarctica (Fig. 2-1). The sediments
are composed of massive mud, weakly-stratified diamiction, massive clast moderase diamiction
or rhythmie (Fig. 2-2). The sample imterval is 5-10 ¢m in three cores, and total 106 samples are
analyzed for micropaleontology, sedimentology, geochemistry (Table 2-1).

The weighted dry bulk samples mre disaggregated by being soaked in water without
adding any chemical agent, thon washed through a sieve of 63 pum. The coarse fraction larger
than 63 |um was oven-dried and weighted, The focaminiferal specimen are picked up from the

coame fractions.

Foraminiferal and Stable Isotope Analyses

Every forsminiferal specimen is mounted on the paper-made slide, identified, and
counied. We follow the standard end descriptions on foraminifera of Crespin (1960}, Kennett
(1967), Be (1977), Osterman and Kellogg (1979), Setty ef al. (1980), Finger & Lipps (1981),
Milam & Anderson (1981), and Mackensen et al. (1990). We identified every specimen, which
can be recognized according to their aperture and crust omaments though sometimes broken
(Tables 2-2, 2-3 and 2-4).

AfRer identifying and counting all the individuals, 4-10 foraminiferal specimens from
¢ach sample are picked up for stable isotopic anmlysis. We use benthic species—
Globocassidulia biora (o1 Globocassidxling crassa rossensis when the former is 00 less) to get
the values of 6"Q and 8C. the stable isowpes were analyzed at the Depanment of

Geological Sciences and Marine Science Institute, Universicy of California (Tabie 2-5).

Analyses of Carbonate and Orgaric Carbon Contents, C/N ratio and AMS 'C Dating

Total organic carbon (TOC), carbonate contents and C/N ratio were determined using
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Figure 2-1, Locations of cores A10-01, 02 and 08 in the Maxwell Bay,
King George Island, Antarctica
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Table 2-1. Locations and analyses of three pislon cores in the research

Core Longiude | Water depth | Core length | Foraminifera 5"%0 ¢ date
& Latitude (m) (cm) sample number | number | number
Al0-01 | 58°49.7'W 110 235 36 10 2
62°11.3'§
Al0-02 | 58°47.5°W 85 270 49 21
62°13" 8§
Al0-08 | 62°39.7'W 40 105 21 18 3
62°13.7°'8
Tolal 5883 specimens analyzed

Table 2-2. Foraminifera species and their relative abundance in Core A10-01

Species appearance range| average
Globocassidulina biora {0-100%) 44.9%
Globocassidulina crassa ressensis (0-100%) 48.6%
Rosalina globularis {0-8%) *
Pullenia subcarinata {0-14%4) *
Astronenionantarcticus {0-11%) *
Astrononionecholsi {0-9%%) *
Miliammina arenacea {0-33%) *
Cassidul inoides parkerianus (0-33%4) *
Cibicides refulgens {0-15%) *
Elphidium incertum {0-8%) *
Nonionella bradii (0-40%) *

* Those species without average percentage values are seldom appearing mn (he samples

__21_




Table 2-3. Foraminifera species and their relative abundance in Core A10-08

Species abundance average
Globpcassidulina biora 41-95% 76.3%
Globocassidulina crassa rossensis 0-36% 10.2%
Elphidium incertum 0-13% *
Elphidium sp.l 0-14% *
Cassidulinoides parkerianus 0-31% 5.4%
Quinqueloculata seminula 0-25% 3.204
Rosalina globularis 0-1% *
Astrononionantarcticus 0-1% .
Pyrgo pentagonica 0-14% »
Globigerinita glutinara 0-1% ¥

* Thosc species without average percentage values are s¢ldom appearing in (he samples.

Table 2-4. Foraminifera species and their relative abundance in Core A10-02

Species abundance average
Globogassidulina biora 0-100% 30.4%
Globocassidulina crassa rossensis 0-58% 20.1%
Rosalina globularis 0-2.5% *
Pullenia subcarinata 0-29% *
Astrononion echolsi 0-14% *
Astrononionantarcticus 0.7.1% *
Miliammina arenacea 0-100% 32.6%
Cassidulinoides parkerianus 0-57% 10.1%
Cassidulinoides porrecta 0-1.6% *
Cibicides refulgens 0-18% .
Trifarina angulosa 0-25% *
Nonionella bradii 0-4 8% *
Lingulina translucida -4 8% *
Elphidium incertum 0-1.5% *
Elphidium sp.i 0-2.3% *
Quingueloculata seminula 0-0.17% »
Pyrgo pentagonica 0-1.2% *
Neogloboguadrina pachydermal 0-3.0% *
Globigerinita glutinata 0-1.6% *

* Those species without average percentage values are seldom appearing in the samples.
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Table 2-5. Stable isotope of benthic foraminifera in the three cores

AT0-01 A10-02 AlG-08
G.brora size 0.4-0.7mm G.biora size: 0.4-0 Tmm G.ohiora size (f 4-0.7mm
Depth number §¥0 3Tc | Depth number 3P0 §ioC | Depth number 50 §.'C
(cm) {em) {em}
10 4 3.828 07 0 4 3786 0382 0 8 3837 -0.534
25 7 3934 (.446] 1520 4 3811 0231 5 8 3.851 -0.115
40 P 3.83  0.522] 40 4 4.055 0.014] 10 10 3.803 0124
55 10 3921 Q.717F 60 2 3966 0.75| 15 10 3.914 0364
60 6 378 075 70 2 3992 0597 20 5 3773 -0.53%
80-95 7 3,786 0.433] 105 5 31841 Q297 25 5 3.885 -1.143
110 8 381 -0.057|115-120 7 3.821 0.3] 3035 14 4.09 -1.54%
120 6 375 0229 137 4 31,887 -0.164] 40 8 3.803 -1.132
145 5 3.86  0.021| 160 4 1747 0092 45 8 3872 -l1.161
160 3 3764 0.616] 175 6 3.761  0.803} 50 10 392 -0.39%
189 8 3785 0.406] 55 10 3.875 -0.401
240 g 3.718 0.24] 60 10 385 0214
210 4 377 0225 65 8 375 -0 148
220 8 3.833 0872 70 10 397 -1126
230 6 3.898 D505 75 8 384 -152
235 9 3.888 -0.118] 80 10 3938 -0.315
240 10 396 0.168] 85-90 7 3.971 -0.939
245 10 3.821 0.191)100-105 7 3.844 0551
255 11 3872 0603
260-265 17 3813 0.565
270 6 3.847 0.043




& Carlo-Erba CNS analyzer at the Stable Isotope Laboratory, Polar Research Center of Korea
Ocean Research and Development Institute. The materinl for 'C daring is the organic carbon of
bulk sediments The AMS "“C date were measured ot Lawrence Livermore National Laborstory,

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

Calculation of Benthic foraminiferal dissolution mdex (BD]) and Fragmeniation

We divided the shell appearance of benthic foraminifera in Lo three grades: well-
preserved (grade 1}, common (grade 0) and erosive-affected (grade -1). In the microscope, the
well preserved shell (grade 1) shows polished or smooth, opaque appearance while the etosive
one {grade -1) display a rough or vague surface. Their shell structure are shown in Fig. 2-3. We
counted their number in all the sample and caleulate the BDI by using their weighted avernge.

At the same time, we aiso got the fragmentation by counting the broken shells.

2-4, Results

2-4-1. Stratigraphy

According to the AMS “C dating, corrclation between changes of lithofacies and
microfossil fauna in the sediments, we define the strata of three short piston cores from last
deglaciation to early Holocene (Fig. 2-4). The main boundary is at depths of 40 ¢m, 115 ¢m,
and 125 ¢m in core A10-08, 01, and 02, respectively. The boundary age is about 10,000 cal. yr
BP. The lower pamy of (hree cores were the sediment of an ice-proximal environment,
composed of coarse diamiction (or rhythmite). While the upper pars of thres cores were
sediments of ice-distal environment, made up of massive mud. The ages of core-tops are 5508

and 5476 cal. yr BP in A10-08 and A10-01, respectively. Consequently, the sedimentary rute
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Table 2-6. Age dating of control point of the Cores

core depth (cm) MC age calendar year (BP)
5 5313 5660
A10-01 103 8646 9270
232 13461 15400
A10-08 10 6234 6680
38.3 9365 9990
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Figure 2-3. Shell structure of Foraminifera from four depths of Core A10-01

a and b show the surfaces of well-preserved shell in 115 and
230 cm, respectively; ¢ and d show the surface of erosive-
affected shell in 15 and 75 cm. respectively.
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are 27.1 and 21.1 cm/ka in the upper and lower parts of core A10-01 while core A10-08 have a
lower sedimentary rate of 8.53 com/ka in the upper parr. for lack of age dating in core A10-02,
we guess thel its sedimentary rme are like those of Core Al0-01 from the comparison of
lithefacies and gaochemical data.

All the sediments of three cores were well-preserved except for the interval of 160-270
cm in cors A10-02. From the surface appearance of benthic foraminifers in core A10-02 shown
in Fig. 2-5, there is a higher percemt of yellow shells at the interval of 160-270 cm, 50 we
suggest it might be a kind of redeposit affected by the retreat and advance of ice ground-line at

the jce-proximaf ares during the last deglaciation.

2-4-1. Foraminifera sssemblages in three cores

In the samples we examined, 19 benthic and 2 plankionic foraminifera species are
recognized (Appendix 2-1). The most abundant species are Globocassiduling biora,
CGlobocassidulina crassa rossensis, and they sometime account for 50 to 100 percentage of the
whole fauna Another calcarcous Cassidulinoides parkeriames and wn arenaceous AMiliamming
arenacea 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 abundances of Globocassrduling brora have a high value in the lower
pares of cors A 10-01 and 02, twice the value in the upper pars in average. It seems that the
change of G bicra can be corrclated with (he variation of coarse fraction (Fig. 2-7): higher
percentage of G. biora in coarse sediment. Cassidulimoides perkerranus have a contrary trend:
higher abundances in the upper pans. For example, in depth 10cm of core A10-02, all the
specimens are Ca. perkerianus.

Core A10-02, the deepest core of the three cores, has a much higher abundance of the

arenaceous Miliamming arenaceg and the foraminiferal fauna sometime consist of only this
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species, but core A10-08 constitures nonpe of this arensceous species. This may rellect the
different water masses in different water depth. Core A10-02 is influenced by erosive water,
even though it is just 50 m deeper than core A10-08

The foreminifera absolute abundances have a higher value in the upper parts of (hree
cores( cven though considering the differences of sedimentary rates in these two parts). The
higher foraminiferal abundances can be correlated to the higher contents of tolal organic carbon
(TOC, Fig. 2-9). The higher flux of organic material ino the sediments is regard as a
contribution to the higher precuctivity of benthic foraminifera.

The abundances of these species have a frequent large-range vibration cither in the
relative higher or lower percentage periods. We think it reflects the chamcteristic of the
Antarctic environment, more fluctuations than in the lower latitude areas. However, because
there is only a few age conmols, it is difficult to monilor the short time climatic changes and to

analyze their cycles.

2-4-3. Foraminifers] dissolution and paleoceanographic changes

2-4-3-1 Down-core varistion of Benthic foraminiferal dissolution index (BDI)

The specimens of core A10-08 are mostly polished, very shine in appearance (higher
value BDA, most higher than 0); while in core A10-02, the benthic foraminifera is composed of
shelis with vague, rough surface (lower value of BDI, less than ) (Fig. 2-8). The fragmentarion
also reflects the foraminiferal dissolution: In core A10-08, therc are few broken specimens
{lower fragmentation, less than 25 percent) while core A10-02 has much morc broken
shellsthigher fragmentation, sometimes 104 percent).

The down core variations of benthic foraminifera dissolution index show the same

trend. There is a higher value in the Jower parts of three cores, compared with those of their
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upper pare. This reflects the carbonan dissolution was weck 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 of benthic foraminifera Globocassiduling biora. As shown in Fig. 2-3,
the polished , shine shells have 2 smooth surface with very finely perforate micro-crystal n the
lower part of core A10-01 {depths 115 cm and 135 cm) while the shells of vague appearance
have a rough surface with erosive remnants of microcrystal in the vpper part of core A10-01

{depths 15 cm and 75 em).

2-4-3-2 Yanations of CaCQ, and TOC contents, C/N ratic 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% in average) in the lower parts
comparad with those (average 1% and 1.5%)} of the upper parts of core A10-01 and 02,
respectively. The higher CaCO, coments in the lower part indicate a week dissolution of the
sediment carbonate m three cores at the earlier sedimentation pericd (last glaciation).

As shown in Fig. 2-9, the lower CaCOQ, contem can be correlated with a higher content
of Total organic carbon {TOC) in Lhese cores. We consider the higher TOC content is one of
the reasons which led to the stronger dissolution in their upper pars. Higher content of organic
material ity the sediment increased the accumulating of more CO, content in sedimentary water
by the bacterial degenerstion and then enhanced Lhe dissolution of carbonate (both verrestrial
and marine soutces) in the vpper parts of the study cores. This suggestion was also supported
by the results of total sulfur contem (Kim #¢ a/., 1998), which implies a relatively higher mput
of organic marier of marine origin.

Though the stronger dissolulion happened in the upper parts of Lhree cores, we can see

Lhat benthic foraminifern still have a higher abundance in the sediment. Hence, the variation of
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the shundance mainly reflects the production connected with the food source. This can be
explained by the dissolution mechaniam of calcarecus foraminifera In modern oceans, the
living foraminifers is protected by the protoplasm from dissolution. The disseiution of
foraminifera mostly happen in the sediment after their death, Therefore, we can still observe the
stronger influence of CaCQ, dissolution from the surfsce soucture of the foraminiferal shell in
these sediments,

When comparing the CaCQ, of Core Al10-01, 02 wilh that of corc 410-08, we found
thar core A10-08 was less affected by the dissolution, with a generslly high conlent of
cerbonate( average 4.5%, twice more than those of core A10-0] and 02) and well-preserved
foraminifera shells (lower BDI).

The difference among the dissolution of three cores reflecied that the main factor
controlling the CaCO, is not the TOC but water masses in different water depths. In Antarctic
area the CCD is much shallow compared with that of lower latitude. Kennett (1966} repored a
shallow CCD of 500 m in: the Ross Sea duz to the high concentration of carbon dioxide. In the
Weddell Sca, the CCD may vary from 3000 0 250 m, because of the influence of water mass—
- the ergsive Saline Shelf Water (Andersan, 1975). From our observation from the sediment of
lhe Maxwel] Bay, the CCD is also much shallower (it mmy be cven around 100 m) because in
sediments with water depth more than ahowt 100 m, the foraminifern fauna mostly composed of

agglulinated specics (unpublished personal material}.

2-4-3-3 Paleoceanogmphic changes since the last deglaciation
Benthic foraminifera and geochemical analyses of cores A10-08,01 and 02 from the
Maxwell Bay provide the evidence of palenceanographic changes since the last deglaciation.
The last deglaciation (sbout 15,400-10,00¢ cal, yr BP) The water was covered by the

sea- ice with a very fow primary productivity based on Lhe lower TOC in sediment. The less
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flux of marine organic material resulted in the lower benthic foraminiferal productivity (Jower
abundance). However, lhe foraminiferal shell characleristics (BDIL, mnd Fragmentarion)
indicated a well-preservation of carbonate during this time. It is supposed that Lhe water was
less erosive duc to the weak influence of Saline Shelf Water at the jower sea level,

Post glacizl] {sbout 10,000-5,500 cal. yr BP) wilh the retrest of groundlime of coasml
glacier and less coverage of sea ice in the Maxwell Bay, Lhe surface primary productivity
increassd rapidly. This caused the high inpwt of marine organic material into the sediment
(higher TOC and lower C/N ratio in the upper parts of study cores), The water became more
erosive due to Lhe stronger influences of Seline Shelf Waier and enhanced by Lhe accumularion
of CQy in the sediment (degeneratad from higher TOC by the bacteria). Therefore, the CaCO,
in Lhe sediment is much lower Lhan that of Lhe last deglaciarion and the benthic foraminifora

also showed a stronger dissolution at this time.

2-5. Discussion

2-5-1. Ecology and ditribution of Globocassidulina biors and its relationship with
paleoenvironmenial changes in Antarctica

Calcarecus benthic foraminifera (Jobocassidulimg spp. (including G. subglobosa, G.
crassa, . crassarossensis and . biora) domnate the shallow shelf watcr {Milam and
Anderson, 1981}, mostly in the coarse-grained sediments. In the Great Wall Cove of Maxweil
Bay, only one species of G. brora was found on the modem coarse muddy-sand by Chen &
Zhan (1%91). Though many specics of benthic forammifera had been recognized and chey
displayed a high diversity in the surface sediments of Marian Cove (Chang & Yoon, 1995),

much lesy specics were reported from core sampies of late Holocene at the same area and G.
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biora mnged from 55% to 98% with the average value of 90% of totul Tauna (Park ef al., 1995;
Woo ef al., 1996). Therefore, it is Lhe most finportant species in understanding Lhe
paleoclimatic and paleoceanographic changes of the Antarctic shallow water

G biora, first described from recent Westfold Hill by Crespin (1$60), is a infauna-
type and free-moving benthic foraminifern, lived most in the anarctic shallow warer with
lemperature range from -1.95 0 «1.14C OC and salinity from 33.96 o 34.99 %a. It favors an
anoxia sediments with with low diversity (His} = 0.667-1.10) while other types of henthic
foraminifera rarely survive (Bemhard, 1987, Murray, 1991).

It was supposed thet benthic foraminifera G. biora hes kept a srong resisiance to the
high-energy-mechanical erosion because of its large and thick shell (Li & Li, 1996), which
often yiclds with a high abundance in the thanatocoenoses of coarse sediments than chose in the
living fauna or in the finc sediments. Thercfor, its appearance with high abundance often
implies the near-share shallow high-cnergy environment.

However, Maybe the imporam factors conirolling the changes of G. biora in the
studied area are water lemperature, salinity, dissolution, or nutrients which connected with the
climate change instead of sedimentary substrate. Due w only few work has been carried out on
the investigation of itx ccology, there is great Hmit to reconstruct paleoclimate using the change

of G biore m lae Quaternary sediments.

2-5-2. AMS '“C age problem

Park er af. (1995) and Yoon e a/(1998) suggested deglaciation arcund 4700 cal. yr
BP in the core 5-1% of the same area (Fig. 2-1), but our result proposed that the deglaciation
should happen around 10,000 cal. yr BP. Kim (1998) suggesed a “C reservoir correcrion of
5200 years in core A10-01, and 1200 yeare in core S-19. If sa, the climate history of these

study cores can be correlated with that of Core S-2 of Admiral Bay end Core 5-19 of Maxwell
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Bay in the King George Island. Domack ef 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 sampl¢ because of Lhe technology
of piston core, However, (his needs more work on the box cores and more "C dates 1o solve the

chronglogy difference of in such a near core (S-19 and A 10-01).

2-6, Conclusions

The foraminifcrs assemblages from the Maxweli Bay are conmolled by the placo-
environment. During the last glaciation, benthic forammifera had a lower abundance due to the
low productivity, bun they were well-preserved, consistent with the high content of CaCO, in
the sediments. The Globocassidultna biora showed some connection with the coarse sediment
(ice-proxomal diemiction or rhythmite), have a higher abundance in this deglaciation. Afler
glacial, with (he deepening and less ice-coverage of water, high surface productivity increased
the benthic foraminiferal abundance by providing more organic parlicles. At the same rime, the
high organic carbon accumulated in the sediments enhanced the dissolution of CaCO, deposit.

The difference of bemthic foraminiferal assemblage and CaCO, between core A10-08
and A10-02 implies two different water masses controlling these cores, even though the water
depth of cors A10-02 is only 50 m deeper than that of Corc A10-08. There exist lower CaCO,,
lower BDI, high fragmentation and higher percentage of arenaceous Miliamming arenacea in
core Al10-02. it might be affected by the srosive Saline Shelf Water even in the depth of 100 m.

Therefore, we think the most important factors affecting Lhe sediment in shallow
glacial marine environment of Maxwell Bay are the water masses (such as Saline Shelf Water)

and their controiling very shatlow CCD, besides the advance or reireat of coastal glacier with

sea-leve] changes during the late Quaternary glacial cycles.
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Chapter 3  Geochemistry of carbon, silica, sulfur, and phosphorus
in the Bransfield Sirait sediments, Antarctica.

3-1. Absmact

Downcore profiles af biogenic silica (Bsi), total organic carbon (TOC), total sulfur (TS),
calcium carbonate, and inoganic phosphorus (1P} contetns were determined to investigate the
major factors controlling their downcore variations in the Bransfield Surait sediments. These
biogenic elememnts show large downcore variations. The downgore variations of Bsi and TOC
conlents are mostly derived by biogenic production changes in the warer column. Especially,
the cyclical downcore variation of Bsi contemts reflects that marine productivicy has
periodically changes over times in Brasfild Semit. TS contents show a similar downcore
vanation with TOC comlents, implying thar sulfide mincrals we enriched in organic-rich
sedimenls. Calcium carbenalc contrms display quite different dowcore profiles wilh Bsi and
TOC conrents. IP contents show a contrary trend in their downcore distribution with Bsi and
TOC contents, suggesting that IP is mostly composed of detrital phosphorus minerals and that

authigenic phospherus mincrals do not form in Lhe Bransfield Strait sedimenns.



3-2. Introduction

Bransfield Strait 15 a basin that lics betwsen the South Shetland Islands and the tip of the
Amnlarctic Peninsula (Fig. 1). It is approximately 100 Jun wide hy 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
southwes: 1@ 2800 m un the nonheast, south of Elephant Island (Baker and Griffith, 1972),
Brans(ield Strait is an active margina! basin in a hack-are 1ectonic setting {Baker and Dalziel,
[983). Submarine volcanism and hydrothermal activity has been observed (Whiticar et al.,
1985). Duriug the austal winter sea ice covers enlirely Brasfield Strait resulting in minimal
pnimary productivicy, meanwhile, the se2a surface is completely ses ice-free in the summer,
giving rise to increased productivity {Wefer et al., 1990).

There are many researches to elucidate sedimentary processes in Bransfield Strait
(Andersen and Molnia, 198%; Jeffers and Anderson, 1990; Yoon e1 al., 1992; Yoon, 1996).
Biosiliceous ooze, lemrigenous muds, and ice-rafied gravels are domtinant components in the
bortom sedimenls of Bransfisld Strait (Yoon et al, 1992). Volcanic ash from submarine and
subaerial cruptions ars also considerably contained in the bonom sedimetus (Anderson and
Moinia, 1989). However, geochemical studies have been rarely conducted (Keller et a), 1991).
The main objective of this study is to describe downcore variations of biogenic ¢lements, such
as biogenic silica, crganic carbon, total sulfur, and morgenic phosphorus and to determine
major factors conwolling their downcore variations, We also try to elucidate
paleocnvironmentat changes in Bransfield Strai based on the downcoere variations of biogenic

elements.



3-3. Material and Methods

Two sediment cores were collected with a gravity corer from Bransficld Strait during Lhe
fifth Korea Antarctic research programs conducted by Korea Ocean Research and Development
Insitute Core S15 was obrained at 2 water depth of 1220 m in the southwest Bransfeld Strait,
and cors EB2 was sl a water depth of 2200 m in the northeast Bransficld Strait (Fig. 3-1).
Subsamples was taken at 10 cm inwrvals. Sediment graim size was analyzed by a Micometrics
Sedigraph 5000D for sik and clay fractions {4 w 10 ¢} and by dry sieving for sand fraction {4
to 4 ¢). Each sample was dricd at 80 °C for 4 days and then grounded to determine biogemic
silica, total organic carbon, towl sulfur, and inorganic phosphorus contents. Biogenic silica
contents were determined by leaching with 40 ml of a 2M Na,CO, solution for 5 hours at 85 °C
(Mortlock and Froclich, 1989). Total organic carbon contents were determined by a Carlo-Erba
CNS analyzer after eliminating inorganic carbon by 10 % HC. Total sulfur contents were also
measured by the same CNS analyzer. Calcium carbonate conlems were determined by
subtracting total organic carbon contents from total carbon contenls which were measured
without any treatment by the CNS analyzer. Inorganic phosphorus contents were determined

after continuous shaking for 16 hours in 1.0 N HCl at a room temperature {Aspila et al., 1976).

34. Results and Discussion

3-4-1. Biogenle silica
At core 515 biogenic silica (Dst) shows a large downcore variation, ranging from 19 to
20 wr, % (Fig. 3-2a). High Bsi contenls are observed at the sediment depths of 90, 130, 180,

290, 370, 470 cm, displaying somewhat 3 cyclical change with sediment depth. At core EB2
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Figure 3—1. Geography and bathymetry of Bransfield Strait. Black circles
indicate sediment core sites. KG! = King George Island, MB =
Maxwell Bay, NI = Nelson Island, Rl = Robert Istend, DI =
Deception island, S| = Smith Isiand, and Lol = Low Island
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Bsi contents vary from 16 to 40 w1, % and are almost twice as high as those at core 515 (Fig. 3-
3a). Bsi contents are relatively low in the upper 110 cm and consistently greater than 20 wi. %
below 110 c¢m. Basically, Bsi contents in marine sediments depend on three factors; biogenic
production in the water column, dissolwtion in the sediments, and dilution with terrestrial
materials (Leinen et al., 1986; Ree et al., 1991; Archer et al., 1992). If the dissolution ts a major
factor controlling Bsi conlenls in the sediments, Bsi contenwes would decrease vertically
because more dissolution ocurs at the desper sedimeznts. At bolh cores Bsi convens fairly
oscillate with sediinent depth, not showing clearly a downcore decrease trend (Figs. 3-2a and 3-
3a), which implies that Bsi contenls are not significantly influenced by the dissolution in the
sediments. Therefore, the downcore variations of Bsi contents are derived either by biogenic
production changes or by input ITux changes of terrestrial materials.

Smong surface currents {50 - 100 cm/s) have been observed in Bransfield Strait
(Huntley et al., 1991). Because the two core sites are located below 1000 m water depth,
bottom sediments are not directiy influenced by such strong currents, However, the suspended
sediments induced by srong currents in continental shelves or upper slopes can be mansporned
along steep slopes of Bransfield Strait and deposited in the decper besins. Therefors, many
turbidites and contourites have been often found in scveral sediment cores obtaned in
Bransfield Strait (Yoon, 1995). Several samli-scale {2-5 cm) comtourile deposils are also
observed at core 515 (Yoon, 1995), Because sediment samples are collected at the depth
intervals where contourite deposils are not found, however, Bsi conlenls a2 core S15 arc not
considerably influenced by conlourite deposits. At core $15 sediment grain size show a simall
variarion with sediment depth, ranging from 7.2 0 8.2 ¢ (Fig. 3-2b). Downcore variation of
sediment grain size docs not show any cormelation with thet of Bsj coneents (Figs. 3-2a and 3-
2b). Consequerntly, the downcare variations of Bai contenvs are most likely coused by biogenic

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 than at core 515 {Fig. 3-3b). Downcore variation of sediment grain size also
does not show any relatioship with ther of Bsi contents (Figs. 3-3a and 3-3b). At core ER2
turbidite deposits are found at a depth interval of 20 - 90 cm and well laminated sedimsnts are
dominant below 90 ¢m (KORDI, 1996). Bsi contents are relatively low at the turbidile deposits
and high at the laminmed sediments. Therefore, Bsi contents at the 20 — 90 cm depth interval
are affected by werrigenous sedimemation, and the downcore variation below 90 cm is mostly

derived by the biogenic production changes in the warer column.

3-4-2. Towal organic carbon

At core 515 tomi organic carbon (TOC) contents range from 0.43 o 0.82 wt. % and
display a large downcore variation {(Fig. 3-2¢). At core ER2 TOC contents fluctuate around an
average value of 1.0 w1, % with a maximum value of 1.8 wi. % at 130 cm sand a minimum of
0.6 wi % i the bottom of the core (Fig. 3-3c}. In general, TOC content of the modemn
sediments is controiled by biogenic production in the water column, preservation in the
sediments, and dilwtion by terrigenous sedimentstion and rewerking of bottom sediments
{Caivert, 1987, Berger et al., 1989; Domack et al, 1993). In the previous section, it is
suggested that at both cores the downeore variarions of Bsi contents are moslly caused by
biogenic production changes in the water column, except at the 20 - 90 ¢m depth interval.
TOC contents show a similar downcor: distribution pattern with Bsi contents(Figs. 3-2¢ and 3-
3c), reflecting that TOC comtents are also controlled mainly by biogenic production in the waler
column

At care 515 BsiTOC weight ratio varies from 17.4 to 28.2, with an average of 22.4 {Fig.
3-2d), and high BsiTOC ratios generally correspond (o high Bsi and TOC conlents. At core
EB2 BsiTOC ratio ranges from 15.7 to 40.3, with an average of 23.5 (Fig. 3-3d), which is

similar to that of cors S15. These Bsi'TOC ratios are about 30 times higher than that of living
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marine diatom (0.81) (Brzezinski, 1985). Leynacrt ¢t af. (1993} found that BsilTOC weight
ralios in parliculale matter collectzd in water cotumn of the Weddell Sea varied from 0.10 o
0.30, with an average of §.20. The extremely high BsiTOC ralios at these two cores 1mplies
that decomposition of organic mater is much more significant in the water columns and
sediments than Bsi dissolution in Brasfield Strait. The Bsi/TOC mtios in the Brasfield Strait
sediments are higher than those (an avernge of 14.2) in the Maxwell Bay sediments (Kim et al.,
1998), reflechng that decomposition of organic matter is more inwensively occurring it
Bransfield Sumit than in Maxwell Bay due to a deep water depth and a relatively low

scdimentrtion rale.

342, Total sulfur

At core 515 total sulfur (TS) also exhibits a similar downcore variation with TOC with
a mange of 0.25 - 1.07 wi. % (Fig. 3-2e). At core EB2 TS contents vary from 0.4 0 2.9 wi. %
and are somewhar higher than ar core S15 (Fig. 3-3¢). The downcore patiern in TS contenls
also parallels that of TOC contenis. TS is mostly composed of reduced sulfur, such as pyrile
which forms due Lo the reaction of hydrogen sulfide with reactive iron (Bemner, 1984). 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 helps to explaim the well
comrelation between TOC and TS.

The carbon-sulfur retationship has been actively used to interpret paleoenyironments of
both modern and ancient sedimentary sequences (Raiswell and Berner, 1985; Dean and Arthur,
1989, Morse and Emeis, 1990; Rac et al, 1994). In normal marine sediments the otganic
carbon o reduced sulfur (C/S) ratic averages 2.8 0.8 (Pemer, 1982). In the sediments of

freshwater or brackish environments, the C/S ratic is much higher than in norma! marine
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sediments because of much less diagenetic pyrite formation in the sediments laid down
freshwaler which conmins less dissolved sulfars comparcd to seawater {Berner and Raiswell,
1984). In anoxic environments such as the Black Sca, however, the C/S ratic is lower than the
normal C/S ratio because pyrite can form in Lhe water column, and sulfide can be supplied to
these sediments from overlying waters (Leventhal, 1933; Raiswell and Berner, 1985).

At core S15 TOC/TS weight rarios range from 0.75 (o 2.29 with an average of 1.58,
meanwhile at core EB2 they vary from .47 to 1.75 with an average of 1.01 (Fig. 3-4). At both
cores TOC/TS ratios arc lower than the C/S weight ratio {2.8 £ 0.8} in narmal marine sedimenis
These low C/S ratios are usually observed in anoxic ¢nvironments where hydrogen sulfide is
present in bottom walers {Leventhal, 1983; Rao et al, 1996), In Bransficld Strit, strong
surface currents are observed, end bottom warers below a 500 m water depth are highly
oxygenated {Gordan and Nowlin, 1978). Thus, it is unlike thar Bransfied Strait has experienced
en anoxic bortomn water condirion. Consequently, the low C/S ratios ebserved in the Bransfield
Strait sedimerts do ol seem 10 be derived by an anoxic bottom water condition, There may be
two possibilities w cxplain the low C/5 ratio. The first possibility is that a considersble amount
of organic suifiur may be contained in TS. In normal marine sediments, arganic sulfur usually
makes up ouly a few percent of the TS coment (Berner and Weswrich, 1985; Francoise, 1937).
In the sediments with high sulfate reduction rates, however, various unsaturated lipid react with
sulfide to yield sulfur-bearing organic compound (Mossmann et al., 1991: Wakcham ef al,
1995} In salt marsh and estuarine sadiments, 40 — 60 % of the sulfur can be present in the
organic fraction (Ferdeiman et al., 1991; Bruchert and Pratt, 1996). In order o elucidate this
possibility, we need more works, such as sulfur speciation. The other one is that detrital pyrite
is included in TS. 1t was supgested that the hyderthermai-orgin pyrite has been delivered in
Maxwell Bay from King George Island (Kim et al, 1998). Thus, detrita]l pyvite can be

transported into the Bransfield Strait. However, the extremely low C/S matios (less than 1.0)
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correspond to the high Bsi and TOC coments at both cores (Figs 3-2, 3-3 and 3-4). Terriganous
material is usually scarce in the sediments of high biogenic contents and thereby, detrital pytile
is relatively poor in these sediments. Therefore, this possibility is less significant compared o

the first ane.

344, Cakium carbonule

Caicium carbonale contents vary from 0.1 to 1.1 wt. % with en average of 0.4 wt. % at
core 515 and are relatively high at the upper snd lower part of the core (Fig. 3-21). At core EB2
they fluctuste around an svernge value of 0.82 wt. % and are somewhat higher than at core EB2
(Fig. 3-3f). These calcium carbonare conrents are significantly low compared 1o those at other
deep-sea sediments (Karfin et al, 1992; Howard and Prell, 1994). [n Bransfield Sumil,
foraminifera are rarcly found at the deeper than 1000 m water depth due to the shallow
carbonate compenaarion depth (CCD) (Yoon, 1995). The water lemperature of Bransfield Stait
is usually lower than 2 °C even in austral summer (Niler et ai,, 1991), of which cold water
causes the CCD 1o be shallower than 1000 m waler depth. Thus, the shallow CCD causes the
calcium carbonale content to be extremely low at both cores where waler depth is deeper Lhan
1000 m. At both cores the downcore trend of calcium carbonate is not correlated with those of
Bsi and TOC (Figs. 3-2 and 3-3), indicating that the downcore varistions of calcium carbonate

is not derived by the biogenic productiot changes an the water columan.

345, Inorganic phosphorus

At core S15 morganic phosphorus (IP) shows a large downcore variation, ranging from
19.4 o 23.8 pmol/g {(Fig. 3-2g). At core EB2 IP contents {luctuste around an average of 16.4
umolg with a large decrease at 120 ¢m sediment depth (Fig. 3-3g). At both cores IP contents

shows a quite different downcore variation from those of Bsi and TOC contenrs (Figs. 3-2 and



3-3). Phosphorus has been used for as a proxy for paleoproductivity on a geologic time scale
because phospherus acts as a limiting nuirient for marine productivity (Compton et al., 1993,
Kump, 1993; Filippelli end Delansy, 1994; Van Cappellen and Engall, 1994). Organic
phosphorus is transformed to IP by diagenctic processes in marine sedimems (Ruttenberg and
Bemer, 1993, Kim, 1996). Ir organic-rich sediments, organic phosphonm is remineratized by
bacteria metabolism, and dissolved phosphate, a by-product of organic phosphorus
remineralizalion, is produced and accumulaled in pore water. As the dissolved phosphate
concentration in pore water becomes high, awhigenic phosphorus minerals such as carbonate
fluorapatite can be precipitated directly form pore water and accumulated in the sediments.
Therefore, IP is enriched in organic-rich sediments.

At both cores, however, IP contents are negatively correlated with TOC contenrs (Fig. 3-
5), whuch indicaves that suthigenic phosphorus minerals do not form by the diagenetic process
in Lhese sediments. The anlhigenic phosphorus minerals do not form in organic-poor sediments
because the dissolved phosphate concentranon produced by organic phosphorus
remineralization cannot be high enough to precipitate the phosphorus minerals in these
sediments. In the Bransfiled Soait, phosphorus cannot be used as a proxy for paleoproductivity
because aulhigenic phosphorus minerals do not form in Lhese scdiments. The negative
correlation between IP end TOC contents alse implies that IP is mostly composed of detntal
phosphorus minerals because TOC contents usually decrease as input fluxes of detrital material
increase in marine sediments. IP contents are about 5 pmol/g higher at core S15 Lhan at core
EB2, and scdiment grain size is coarser at core $15 (Figs. 3-2 and 3-3), which indicates Lhat

input of lerrestrial materials is larger at core 515 than at core EB2,

3-4-6. Implications for paleoproductivity changes

At the surface sediments of core 519 Bsi and TOC contents are 10.4 and 0.50 wt. %,
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respectively (Fig. 3-2), which are almost two time lewer then those (21.3 and 0.98 wi. %) at the
surface sediments of core EB2 (Fig. 3-3). Based on the higher IP content and cosrser sediment
grain size at core 519, it was suggested Lhat input of terrestrial materials is larger at the core
§135 site (han at (he core EB2 site. Primary produclion at the core 515 site s 650 mg C m? d?
{KORDI, 1995), but is not available ar the core EB2 site. Considering that primary production
is generally higher in the southeastern Bransfield Strait than in the northwestern Bransifield
Strait (KORDI, 1995), however, it may be higher at the cors EB2 site. Thus, the higher Bsi and
TOC contents at core EB2 site are ascribed (o the less input of terrestrial materials and higher
primary production.

In the previous scction, it was suggested that at cores S15 and EB2 (he downcore
variation of Bsi contents is mostly derived by the biogenic production change m the water
column, except at the 20 - 90 ¢m depth inmerval of core EB2, At core 515 Bsi contents show a
cyclical downcore variation, implying (hat marine productivity has periodically changed over
times At core EB2 Bsi contents also show a somewhat cyclical downcore variation below 80
¢m. The cyclical change in marine productivicy may be derived by the climatic change: high
productivity occurred at warmn period, and low productivity at cold peried. In Antarctic Ocear,
warm climate canses the annual coverage of sea ice to be reduced (Jacobs and Comiso, 1993)
Thus, marine productivity may increase at the warm climatic condition. The cyclical chenges in
marine productivity are also observed in other Antarctic areas: Leventer et al. {1996) suggested
that marine productivity has cyclically changed by a period of 200 - 300 years in the Antarctic
Peninsula region. They also suggested that the cyclical productivity changes are caused by
climatic changes mediated by solar radiation modulation. Domack et al. (1993} found 300-year
cyclicity in organic matter preservation resulied from either temporal variations of marine

productivity or changes in the werrigencus sediment supply in the Antarctic ford sediments.



3-5. Summary

At the two sediment cores obtained from Bransfield Steait, the contenuy of biogenic
clements show large downcore variations. Bsi conlens do not secem o be significantly
influenced by ils dissolution in the sediments and terrigenous sedimemation. The dewancore
variation of Bsi contens is mostly derived by biogenic production changes i the warer column.
TOC conterns exhibit a similar downcore varjetion with Bsi contents, suggesting that they are
also controlled mainly by biogenic productien in the waler colurn. Bsi/TOC weight ralios vary
from 17.4 to28.2 at core 515 and frem 15.7 10 40.3 at core EB2, of which ratios are higher than
those in the Maxwell Bay sediments, reflecting that decomposition of organic matter is more
actively occurring in Bransficld Sweil TS coments show s similar downcore variation with
TOC contens, implying that sutfide minerals are enriched in organic-rich sediments. TOC/TS
weight ralios range from 0.75 to 2.29 with sn average of 1.58 at core 515 and from 0.47 w0 1.75
with an average of 1.01 at core EB2, of which ratios are much lower than those in normal
marine sediments. The reason for the lower TOC/TS ratio in the Brasfield Strait sediments can
not be clearly explained, and thereby, we need more works, such as sulfur speciation. Calcium
carbonale cortents are extremely low (0.1 o 1.3 wi, %} compared w those in other deep sea
sediments, which is due o shallow CCD caused by Lhe very cold scawaler tempereture. TP
concenis are negatively correlated with TOC contents, indicating that IP is mostly composed of
detrital phosphoms minerais and that authigenic phosphorus minerals do not form in the

Bransficld Strait sediments.
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Chapter 4 Paleoceanographic Records from the Northemn Shelf of
the East China Sea after the Last Glacial Maximum

4-1. Abstract

Both benthic and plankionic foramenifera from core 97-02 obtained in the northern East
China Sea arc quantitatively analyzed for reconstrucling the palcocenography of late
Cuaternary. Since the earliest time of the core sediment (not oider than 18,000 yr B.P.), the
paico-warer deprh has changed from less than 20 m to near 130 m at present, which are
reflected by the benthic foraminiferal assemblages: before 14,000 yr B.P,, the waner depth was
shailower than 20 m; from 14,000 to 7,500 yr B.P., 20-50 m in water depth; and after 7,500 yr
B.P., 50-100 m in water depth. The foraminiferal fauna alse disclose the warer mass history-
during the last glacial, the water dominated the study arca might be the coastal water; ar the ¢nd
of the last glacial (14,000-10,000 yr B.P.), the Yeliow Sea cold water mostly affecied this area;
then it gave way to (he Yellow Sea Warm Current after 10,000 yr B.P,; and finally the warm
water dominared this ares after 7,500 yr B.P., due ta the westward shift and enhancement of the

Kuroshio Current.



4-2.  Introduction

The last glacial cycle has been more concerned in the study of the East China Sea
paleoceanography (Wang, 1990, Yan & Thompson, 1991; Ujiie et af,, 1991). Through Lhe
interpretation of paleo-climate, we can understand much more shout the mechanism of climatic
change and have a better knowledge of what it will be in future. Most works have been done on
the paleoceanographic and paleoclimatic reconstruction through the continuous semi-deep sea
sediment in this area (Wang, 1992; Xu and Oda, 1994; Jian ef @l., 1996; Li er af , 1997). For the
reason of poor-preservation of the sediments during the glacial cycles, the land-ocean
mteraction belt or the shallow-water shelf sediment were often ignored. In fact, however, it
pravides 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 2 lot of |and areas into sea, and many cities will disappear
{(Mm & Wang, 1979; Yang, 1986).

Wilh the sea level changes, the Kuroshio Current had been shifted to the ourside of
Ryukyn [slands during the last glacial (Chinzei er af., 1987) and finally returned to the Qkinawa
Trough about 7,000 years ago (Jian et af,, 1998) The shelf of East China Sea has such a big
change from being exposed all above the water (Wang, 1992) in the last glacial maximum to
Lhe present status, Xu and Oda (1994) reported that there was a notable satinity decrease in the
narthern slope of East China Sea between 16,000 and 10,000 years ago dur Lo the huge amount
dischargs of fresh water from the paleo-Yellow River. In that case, there should exist more
evidence on the changes of salinity in the shelf erea.

Till now, the microfossil analyses of core DZQ-4 from the shelf of East China Sea
{Tang, 1996) and of core QC-2 from the Yeflow Sea (Yang ef af, 1996) are the most detailed

work on the shelves. However, since the waler depth of core QC-2 is only 42,05 m at presen, it
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has a srong shoricoming wn recording the continuous marine strat when the sea level dropped
more than 5¢ m below Lhe present during the late Quaternary as it disclosed from the result of
core QC-2; and core DZQ=4 has a stratigraphy of very low resolution for post-glacial case.
Thus they can not provide a confinuous and detailed information of paleoclimate and
paleoceanogaphy,

Recently, we have talien a serial cores from the northern East China Sea. Core 97-02
lies under the Yeflow Sea Warm Current (Fig. 4-1). The Coastal Currenit and Yellow Sea cold
waler also have an important effect on the sedimem of this area (Qin & Zhao, 1986). Though
this is only the preliminary results of foraminiferal analysis of core 97-02, it shows tself 2 good
presentation of foraminifera for studying the post-glacial changes of paleo-climale, water depth

ang water masses.

4-3, Material and methods

Core 97-02 is a 545 cm-long piston core (31°21.67'N, 126 *33.11’E) taken at the water
depth 93.9 m in Octeber, 1997. It is composed of silty clay (0-6¢ cm}), muddy sand (60-150 cm),
silt (150-250 cm) and fine sand (250-545 cm). Thirty-nine samples were collected for the
foraminiferal anatyses with an imerval of 10-28 cm (Table 4-1) and were processed by standard
microfossil Teament.

In sediment samples from the study arca, the benthic forsminifers were very amall-sized
and sometines there were fow specimens, so we used the CCl, to Moat the foraminifera, but we
giill checked the sediment after floating to make sure that all the foraminifera were picked up
Benthic foraminifera were analyzed for the larger than 63 pm fractions. The standard for

benthic foraminifera identification was based on Lhe deseription of He ef af.(1965), Zheng ef ai.
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Table 4-1. Samples of core 97-02 analyzed in this study

depth dry weight depth dry werght depth dry weight
(cm} (gram) (cm) (gram}) (em) (gram)
0-2 2 130-132 3 260-262 8
10-12 2 140-142 3 270-272 8
20-22 2 150-152 3 280-282 8
30-32 2 160-162 5 300-302 8
40-42 2 170-172 5 320-322 8
50-52 2 180-182 5 340-342 8
60-62 2 150-192 5 360-362 8
70-72 3 200-202 5 380-382 8
80-82 3 210-202 5 400-402 8
90-92 3 220-222 5 420-422 8
100-102 3 230-232 5 460-462 12
118-112 3 2403-242 5 480482 12
120-122 3 250-252 8 510-512 12




(1978) and Weng er af. (1988), The benthic foraminifcra specimens were mounted on the
cardboard slide and counted (Appendix 4-1),

Planiionic foraminifera were identified in the larger than 125 pm fractions {Appendix
4-2) for the comparison with those of other areas. The taxonomy of plankionic foraminifera
was followed by Be (1977), Thompson (1981) and Hemleben et of. (1988). We also counled
the o1zl number of plankionic foraminifera in a greater than 63 pm fractions. Therefors, the
planktonic ratio to total foraminifera is calculated based on the numbers of planktonic and
benthic foraminifern counted from the large than 63 pm fractions.

We used the Shannon-Wiener information function [H{S}] to calculate the faunal
diversity {(Gibson and Buzas, 1973). The equation is :

5
H(8=-ZP.*n P,

=1

where 5 is the number of species or subspecies and P, is the proportion of the 1 th species in
each sample High value of H(S) indicates great species diversity, and occurs when all species

are equally distributed.

4-4. Resulls

4-4-1, Stratigraphy

Planktonic foraminifera Puifeniating obliquiiocufata has shown an important and valid
role in subdividing the late Quaternary smatigraphy and reeonstructing paleo-ocean
environmems. The variations of its relative sbundance during the glacial/intergiacial cycles can

be correlated in the northwest Pacific marginal seas (Wang et af., 1996; Li, 1997; Li et al.,
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1997}

Without the age dating of core 97-02, it is thought a better method Lo compare his one
wilh core 255 (25*12'N, 123 %06°E, water deplh 1575 m) from the southern East China Sea.
There is a chronological model with a numerous age-control poims in core 255 (Li ef af., in
preparation). From Lhe changes of Puifeniatina obliquilocwlata between Lhe two cores (Fig. 4-2).
we presume (he 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 253,
respectively. According the average sedimentary rale of 20 cm/ky at the interval of 0 to 200 cm
n core 97-02, Lhe strata at depth of 150 cm was inlerpelated as 7,500 yr B.P.; while that at
depth of 300 ¢cm was ourerpolated as 14,000 yr B.P. based on the average sedimentary rate of
25 cm/ky at the core mierval of 200 to 250 cm.

During the last glacial maximum, the sea level of (he zast arca of China had been -150
to -160 m and the sea level began to rise very quickly after 15,000 yr B.P, (Zhao ef af , 1979).
According Lo our data, Lhere is no fresh-water microfossils found from Lhe botlom of the core.
Therefore, this core was deposiled after the siage of the sea-level rising, suggesting that the

botlom sedument may not be older than 13,000 yr B.P.

4=4-2, Foraminiferal assemblages in core 97-02

One hundred and rwenry-nine benthic and twenty planksenic foraminifera species or
subspecies are recognized {Appendixes 4-1 and 4-2). The most sbundant benthic specics
{>15%) in the core are Elpludium magetlanum, Boirvina robwsta snd Ammonia beccary var.;
the common species (5-15%) include Elpkidivm advenum, Quinquelocuiata vulgaris, Florifus
decorus, Cassidulina carinata, Ammonia kierziensts, Pararotolia rupponica, Bulimina
marginata, Epistominella naraenmis, Cribrononion subimcertum, Gyrouding mipponica and

Ammonia compressiusculo in order (Table 4-2).
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Table 4-2. The most abundant and cormmon benthic foraminifera species in

core 97-02
type species peak abundance and depth
abundant Elphidivm magellanium 43.2% in 380 cm
{more than 15% at Bolivina robusta 36.1% in 60 cm

least in one sample)

Ammonia pauciloculina
Ammonia becearii

18.1% in 0 cm
17.8% in 290 cm

common
{5-15% al least
in one sample)

Elphidium advenum
Ouingueloculata vulgaris
Florilus decorus
Cassiduling carmata
Aprvnonia kienziensis
Pararotalia nipponica
Bulimina marginata
Epistominella naraensis
Cribrononion subincertum
Gyroidina nipponica
Ammaonia compressiuscula

13.8% in 460 cm
13.4% in 210 cm
12.0% in 10 cm
9.7% in 150 cm
7.8% in 0 cm
7.7% in 270 cm
7.4% in 50 cm
6.9% in O cm
6.0% in 320 cm
5.3% in 20 cm
5.1% in 110 cm




Benthic foraminifera comsist of three kinds of species according o their modem
distribution in the surface sediments of the East China and Yellow Seas (Wang e af , 1985z,
Wang et al, 1985b; Wang ef af., 1985¢c; Wang er al., 1988). Assemblage A species (including
two sub-azsemblages with the boundary of 2¢ m in water depth, especially in the Yellow Sea)
mostly occur the coastal water and inner shelf water (water depih less than 40-50 m), such as
Ammonia beccarii var. (including A. beccaril, 4 tepida, and A. limbatobeccarii), Ammonia
comvexdorsa, Elphidium magelianicum, Florifus decorus, Cribromomion vitrewm, Elphsdium
advenum, Buccella frigrda, Cribrononion subincertum and Pararotalia nipponica. Assemblage
B species are often found in the middle shelf with water depths between 50-100 m, such as
Ammonia compresviusculo, Ammonio Ketiemzienss angulate, Bolivina robusta, Buiimina
marginata, Astrononion tasmanensis, and Harzawara nipponico. Assemblage C species, such
as Cassidulina cormata, Globocassiduling subglobosa and the Lagenids, mostly live in the
cuter shelf where the water depth is more than 100 m.

The assemblage A appears mainly in the fower part (§10-150 cm} of care 97-02, while
the asscmblages B and C dominale the upper part (300-0 cm) of the core (Fig. 4-3). These
species are mainly contrelled by water depth, connected with the influsnce of the water masses.

The plankionic foraminifera assemblage is mainly composed of Globigerinowdes ruber,
G sacculifer. Neogioboguadrina duiertrei, Globigerimta glutinata, Globigerina bullordes, G
calida, and Pulleniating obliquilocuiata (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 2f, 1997), core 97-02 has more leA-coiled Meogiobogquadrina
pachydermo (up Lo 14.3%) due to » generslly colder surface water while the leA-coiled species
could be barely seen in core 255, Only the Puflemating obliquiloculat displays an apparent
variation boundaries af the core depths of 300 and 20{ cro and & well correlation with that of

core 255 (shown in Fig. 4-2).
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Figure 4-2. Stratigraphy and cormelation of core 87-02 and care 255
from the southern East China Sea (after Li et al., 1997)

The chronology at depth of 200 and 250 ¢m in core 97-02
is cormelated to the ages 10,000 cal.yr BP (370 ¢m) and
12,000 cal. yr BP (430 ¢cm) in core 255



4-3, Down-core variations of benthic formminifera

Benthic foraminifera are mostly controlled by (he water depth in the East China Sea and
Yellow Sca arcas {Wang ef af., 1988). Their modern distribution ecology provide bases for the
reconstruction of palso-water depth during the lale Quaternary. Here are their down-core
variations in core 97402 (Fig. 4-3):

Ammoria beccarii var, distributes mostly in the warer lgss than 50 m in the East China
Sea, while it refleces a coastal water within 20 m in the Yellow Se¢a. In a low salinity swamp, 1s
content can sometimes reach more than 90% (Hong, 1982). In core 97-02, A. beccaris,
Pargrotalia ripponica. Elphidium magelianicum and Cribroromion subincertum percentapes
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
em (average 2.6%, 2.8%, 11.9%%, 1.0%, respectively), and almost bare in the top 150 cm, which
mmplics a water depth change st the core depths of 150 and 300 cm below 300 cm, the water
depth was much shallow about 0-20 m; above Lhe core depth of 300 cm, the water might
become deeper and deeper; and then above the core depth of 150 cm, he warer was deeper han
50 m.

Elphidiwm adverum is often seen i all the shelf of the East China Sea and more in the
inner shelf (Wang e ai., 1988). It gradually decreases from about 10%4 at the botiom wo abown
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. compressiuscula and Astrononion tasmanensis
have the same down-core varistions: at the core depth below 300 cm, there are a low value

{average 1.2 and 0.7%, respectively), and a relatively high value ar the upper part of the core
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Figure 4-3. Down-core variations of benthic foraminifera in core 97-02



{average 2.3 and 2.8%, respectively). This change reflects that the core mterval above 300 cm
had the water depth of more than 24 m, while that below 300 cm contained a water depth less
than 20 m.

Ammonia ketrerziensis angulata disoibutes 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 wacer
wgether with Astronomion tasmanensis. In core 97-02, us change shows two steps: from
average 0.7% below the core depth of 300 cm, Lo average 3.0% at the core interval of 300-150
cm and 10 averape 6.9% above the core depth of 150 cm, which implies that the core depths of
300 ¢cm and 150 cm ere the boundaries of paleo-water depths of 20 and 50 m, respectively.

Bolivina robusta, Bultmina marginata, Uvigertna canariensis and Cassiduling carinata
have the same trend in the down-core variation. They have a very low value (aimost 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

decpening of water depth

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

The down-core variations of benthic foraminifera species shown above have exhibited
the changes of the palco-water depth. From around shallower than 20 m {at the core interval of
510-300 cm), to abour 20-50 m { at the core inlerval of 300-150 cm) and w about 50-100 m {ar
the core interval of 150-0 cm). This can also be indicated by other evidences.

The absolute abundances of both benthic and planktonic formminifera have a trend to
merease sharply when water bacomes deeper in the shelf (Wang er 2f., 1985¢). 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 Lo surface

of the care. The ratio of planktonic to total foraminifera alse incrcases from a few to about 40
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percent at the same time (Fig. 44 and Appendix 4-3). All these indicate ther the paleo-water
depth of core 97-02 has become deeper after the last glacial maximum.

Benthic foramnifera can be subdivided into six groups according to the Lest component,
forrming of wall crystals, and arangement of chambers: the agglulinated, the porcelancous, the
Lagenids, the secrial hyaline, the planispiral hyaline, and ihe wochospiral hyaline, In the East
China Sea, the inner shelf is dominaled by the trochospirel snd planispiral hyeline groups,
while the deeper area of middle-outer shelf is mostly made up of the serial hyaline group; And
the Lagenids dominale much deeper arca like (he slope and ihe wough (Wang er al,, 1985c).
The planispiral and serial groups are the main cypes of benthic foraminifera and have a large
variation through the core. Figure 5 shows down-core variations of both groups. We can see
that (he serial group increased above the core depth of 300 cm (from 13.5 to 51.5%), while the
planispirel group increased below the core depth of 150 cm (from 20.8 to 58.7%), which
impties that the water depth of this lacation becomes deeper above the core depth of 300 cm
and much decper above the core depth of 150 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-water depth became
deeper and deeper from ihe bottom Lo the top of core 97-02. At the core interval of 510-300 cm
(before 14,000 yr B.P.), the water was much shallower than 20 meters, like the modem coastal
area with high percentage of Ammonia beccarii and a very high percentage of planispiral
hyalme benthic foraminifera; and then at the core interval of 300-150 cm (sbout 14,000-7,500
yr B.P), it beceme deeper about 20-50 meters (inner shelf) which was indicated by the still
high content of planispiral hyaline benthic forammifera; and at the core interval of 150 w 0 cm
(after 7,500 yr B.P.}, the palco-environment was much like the modern middle shelf arca, with

50-100 m water depths and higher perceatage of the serial hyaling benthic foraminifera,
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4-5.  Discussion

Planklonic end some typical benthic foraminifera species are good indicmtors of Lhe
paleo-warer wmperature and water masses (Figs. 4-2 and 4-6). The water was cold during the
period of lower sea-level because the benthic foraminifera were mainly composed of cold water
specics (3t the core interval of 510-300 cm) ; The water begen to get warmer afler 14,000 yr
B.P. (above the corc intcrval of 300 cm), which was indicaled by the increass of some warm
water benthic species Lenficuling spp., Hyalina balthica, and Ammonia pauciloculate.
However, it might be still cold because the cold water benthic species Buceella frigida (Wang
et al., 1988) shows a retarively high percentnge at the core interval of 300-150 cm (about
14,000-7,500 yr B.P.), and thc waler mass dominating this area was mostly similar to the
modern Yellow Sca cold water. Afler 7,500 yr B.P., the waler lemperature becomes warmer (it
may be the warmest since the last glacialy, which wen reflected by the lowen percentage of
cold water species (Buccelio frigide) and the highest percentages of warm waler species
(Lenticulina spp., Hyalina balthica and Ammoma pauciloculata),

The planktonic species Pullenioting obligurioculata, an mdieator of Kuroghio Current,
has ofien been regarded as a characteristic specics of warm and high salinity warer {Thompson,
1981; Wang et al., 1985¢c; Chinzei ef of,, 1987; Oda and Takemoto, 1992; Li ef af., 15%7). I
abundance increases apparently above the core depth of 300 cm, cspecially above 200 cm,
which implies that a certain warm water mass existed (such as the Yellow Sea Warm Cuwrent or
the “outer-shelf warer of the East China Sea”) and affect this area strongly after 10,000 yr B.P.
{(sbove the core depth of 200 cm), though it had begun o get warm since approximately 14,000
yr B.P. {ar the core depth of 300 cm).

It is thought chat the warm cwrrent began to have a swonger influence in the study area

._.?'3...
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by the post-glacial westward shift of the Kuroshio Curent. Jian ef o/, (1998} interpreted that the
Kuroshic Current eniered the Okinawa Trough (horoughly at about 7,000 years ago. For further
comparison of the current changes of the Fast China Sea, we need the detailed AMS C dales
of core 97-02.

The species diversity change of benthic foraminifera is shown in Figure 7. The
relatively higher diversity [H(5)] for bemthic foraminifera is shown ar the core interval of 300
0 100 em. This coincides with the high simple specics diversity (S, number of the spacies in
each sample)} ar this imerval, which reflects its adapration to he environment of the deeper
inner and middle shelves.

According 1 changes of the agglutinated group and Texmularia spp., there is an increase
above the core depth of 200 cm. which may inform the high-cnergy 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 supporicd by the high coarse fractions at this interval (Fig. 4-7)
and severe abrasion of large foraminifera specimens or mollusca shells observed during the

proceeding of foraminifeta 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 paleoceanographic changes. The foraminifera assemblages reflect
that che water depth deepens from about 0-20, to 20-50 and to 50-100 m at the cors depths of
510-300, 300-150 and 150-0 cm, respectively. At the same time, the absolure atundances of
both planktonic and benthic foraminifera increase rapidly from a foew to several thousands. The

plunktonic ratic in total foraminiferal fauna increases from a few lo 40 percent with the
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increase of water depth

Characteristic species of both benithic and planktonic foraminifera show that the water
temperature has increased on account of the enhancement of warm water mass (such as the
Yeilow S¢a Warm Current). and the weakening of both the Yellow Sea cold water and the
coastal water in Lhis arca since the last glacial. The Yellow Sea Warm Current might linally
dominated this area very smongly after 10,008 yr B.P. (above (he core depth of 200 cm) though
it had come to affect this area since 14,000 yrs B.P, {above Lhe core depth of 360 cm). wilh the
post-glacial westward shifl of the Kuroshio Current.

Temperature-indicated species also shows (hat the waler iemperature began w increase
after 14,008 yr B.P and reach the highest afier 7,500 yr B.F., 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 (Par)

Astrononion echalsi Kennett

Cassidulinoides parkerianus (Brady)
Cassidulinoides porrecta (Heron-Allen & Earland)
Cibicides refulgens Mantfort

Elphidium incertum (Williamson)

Elphidium sp.1

Globocassiduling biora (Crespin)
Globocassiduling crassa rossensis Kennett
Lingulino transtucida Heron-Allen & Earland
Miliammina arenacea (Champman)
Nonionella bradii (Champman)

Pullenia subcarinata (d'Orbigny)

Pyrgo pentagonica {d'Orbigny)
Quinguelocuiata seminula (Linne)

Rosalina globularis d'Orbigny

Trifaring angulosa (Williamson)
Globigerinita glutinara (Egger)
Neogloboquadrina pachyderma (Ehrenberg) L
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Appendix 2-2.

{continued)

depth BD] Fragmentation Yellow shell gravel sand silt clay coarse TOC C/N CaCO03
{em) %) ¢ 3] £ 3 (%) (%) LY ¢ 3 %}
0 0. 65 13.5 1] 14. 29 25. 09 24 52 36. 09 39,38 0220 5273 4.166
5 0.09 17. 6 1] 0. B8 11.38  J1.88 55. 86 12, 26 0287 4816 4.788
10 0. 34 23.1 0 1.77 14. 42 30.55 53.25 16. 19 0216 47109 4183
15 0.94 11.6 0 4, 08 18. 16 29.73 48. 02 22. 24 0.247 4873 5.063
20 0.00 7.6 0 0 10.0% 32,17 67.74 10, 09 0248 4.494 5023
25 0. 67 1.1 0 1. 14 15. 76 34. 74 48, 37 16.9 0228 5 509 4 855
30 0.18 18 2 0 4. 66 13.38 31.74 50, 49 18. 04 0.204 4.994 4.909
35 0.97 1.3 i KR 12.19 30 o8 51. 33 15. 69 92.152 5038 s
40 -0 43 16.7 14.B 4. 75 18. 81 34. 16 42, 29 23.56 0.159 5330 4321
45 0.63 12.5 ] 1. 49 26.8 3262 39 09 28 29 0071 5.518 4,872
50 09 9.4 6. 25 9. 47 24, 87 29. 36 36.3 34. 34 0.073 4330 5.067
55 0.91 4.3 a 5. 11 36, 92 24. 79 3318 42 0.113 54011 4 849
60 100 4.9 Q 0. 84 24,7 32.35 42,11 25, 54 0107 4963 4 607
65 0.84 8.0 0 35. 66 36. 22 10.51 17. 6 71.88 0.092 5.240 4371
70 0.85 9.7 0 B 44 19. 88 28. 47 43. 23 28.3 0148 4.941 4322
5 0. 87 7.4 0 511 20. 13 28.5 46. 25 25,24 0.082 4.150 4.987
30 0 95 14.7 1] 2.89 17. 33 32718 47 20 22 0085 4,705 392
83 0.94 17.6 0 6.96 27.5 25. 6 39.94 34, 46 0077 5052 4.083
90 0. 67 ¢.0 0 25.43 36. 45 12.51 25, 61 61. 88 0.029 2.903 4.348
a5 3249 32.93 10 98 23. 6 65 42 0028 3009 4736
100 1.00 00 0 22. 08 36.07 15. 06 26. 78 58. 15 0039 2927 4.860
105 .00 0.0 0 20. 31 35. 89 15. 67 28. 14 06,2 0.035 3.516 4 588




Appendix 2-3, BF percenteges (%), BF abundance, (BDI), fragmentation, yellow shell percentage,
CaC03 (%), TOC(%) and C/N ratio in core Al0-01

depth (cm)

0 5 10 15 20 25

30__40 45 50 55 BO

60 70

75

80

85 90

weight (grag)
Globocassidulinag biora

7.1 7.7 7.6 7.5 8.4 8.5
100 16.7 23.5 18.233.357.9

6.9 7.2 9.2 8.1 8.1 7.2
3683.242.922.2 40686.7

7.0 7.4 8.4 8.8 B.68.6
22.222,236.433.3 50

fr. crassa rossensis 66.T70.672.766.7T36.8 6416.742.977.856.733.3 100 77.863.666.7 50
Rosalina globularis 8.3

Pullenia subcarinata B.3 5.3 14. 3 1.7 11.1

Astroqonicn antarcticus h.9 11.1

Astrononion echolsi 91

¥ilianmina arenacea 1.7 1.1

tassidulincrdes parkerianus 33.3

Cibicides refulgens 11.1

Elphidium incertus

Nonionella bradii

Totel specimen 1 12 17 11 12 13 25 6 ? 9 60 15 2 9 9 22 6 2
Simpie diversity 1.0 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 2.02.0
Abundance (/gram) 0.1 1.6 2.2 1.5 1.4 2.2 3.6 0.8 0.8 1.1 7.4 2.1 0.3 1.2 1.1 2.5 0.70.2
ep1fauna 8.3 11.1

infauna 10091.794.190.9 100 100 100 100 100 10098.3 100 100 33.3 100 100 100 100
Agglutinated 1.7 11.1

Porcelanous

hyline 100 100 100 100 100 160 100 100 100 10098.3 160 100 8R.9 100 160 iQ0 100
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Appendix 2-3. {continued)

depth_{cm)

i : e
95 105 (10 115 120 145 156 160 170 180 180 195 208 215 225 230 235

weight (gram}
Globocassidulina biora
G. CrASSA ros55ensis
Rosalina globularis
Pullepia subcarinats
Astrononion antarcticus
Astrononian echoisi
¥iliammina arenscea

8. parkerianus
Cibicides refulgens
Fiphrdive 1ncertus
Monionelia bradil

Totel specimen

Simple diversity
Abundance (/gram)

ep1fauna
infauna

Agglutinated
Porcelanous
h¥line

9.1 8010.713.011.110.0 9.812.916.519.220.112.313.010.8 9.7 18.321.8

39.6 60831 5092.383.338.5 60 100 6071.4 5066.7 25 3.3
58.5 15.5 50 16.746.2 40 100 4028.6 50 75 100 66.7
1.4 333
1.9
i5.4
7.7
40
53 5 Tl 4 13 6 13 16 4 1 5 72 I 4 2 3
3.0 20 3.0 2.0 2.0 2.0 3.0 20 1.6 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 6.6 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 10098.6 100 100 10084.6 100 100 100 100 100 10066.7 100 100 100
1.4 33.3

100 10098.6 100 100 100 100 100 100 100 100 100 10066.7 100 100 100




Appendix 2-3. BF percentages (%), BF abundance, {(BD1), fragmentation, yellow shel] percentage,
CaC03 (%), TOC(%) and C/N ratio in core Al0-0l

depth {cm) 0 5 10 15 20 25 30 40 45 50 55 &0 65 70 T 8D 85 90
weight (gram) 7.1 7.7 7.6 7.5 8.4 8.5 69 7.2 9.2 8.1 8.1 7.2 7.0 7.4 8.4 8.8 8.6 8.6
Globocassidulina biora 10016.723.518.233.357.9 3683.342.922.2 4066.7 22.222.236.430.3 50
. crassa rossemsis 66.770.672.766.736.8 H416.7T42.977.856.733.3 100 T7.8BB3.666.7T &0
KRosalina globularis 8.3

Pullenia subcarinata 8.3 5.3 14.3 1.7 1.1

Astronanion antarcticus 5.9 11.1

Astropanion echelst 4.1

M1lramming arenaces I7 11.1

Cassidulinoides parkerianus 3.3

Cibicides refulgens 11.1

Elphidium incertum

Nonifonella bradi:

Total specimen 1 12 17 11 12 189 25 6 7 9 60 15 2 9 9 22 & 2
Simple diversity 1.0 4.0 3.0 3.0 2.0 2.0 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 2.6 0.8 0.8 1.1 7.4 2.1 0.3 1.2 1.1 2.5 0.7 0.2
epifauna 8.3 11.1

Infauna 1009],794.190.9 100 100 100 100 100 100 98.3 100 10033.3 100 100 100 100
Agglutinated 1.7 11.1

Porcelanous

hyline 100 10D 100 100 w0 100 100 100 100 100 98.3 10D IQDBR. 9 100 100 100 100




Appendix 2-3. {continued)

depth (cm)

95 105 110 135 120 145 155 160 170 180 190 195 506 215 205 230 235

weight {gram)
Globocassidulina biora
6. crassa rossensis
Rosalina globularis
Pullenia subcarinata
Astrononion antarcticus
Astrononion echolsi
iiiammina arenacea
8. parkerranus
Cibicides refulgens
Fiphidrus ncertus
Nanionella hradi:

Total specimen

Simple diversity
Abundance (/gram}

epfatns
Infauna

Agglutinated
Porcelanous
hyline

9.1 B.010.713.011.110.0 9.812.916.519.220.112.313.010.8 2.7 18.321.8
5092.383.338.5

39.56 60831
58. 5 15.5
1.4

L9

40

5 5 7!
3.0 2.0 3.0
5.8 0.6 6.6
98.1 10098.6
1.4
100 10098.6

50

e N
wo

100

7.1

13
2.0
1.2

100

180

16. 7 46. 2

15.4

& 13
2.0 3.0
0.6 1.3

15. 4
100 84.6

100 100

60
40

10

o e
® o

100

100

100

=
L )

100

100

100

=
—

100

100

60 71.4
40 28.6

i
N o

104

100

-

L
o
[
Mo

104

100

50 66.

5

33.

b

o

100 66.

33.

100 66.

T

7

7

25

33.3

75 100 66.7

o
- o

100

100

=0
_——

100

100

=N
-

100

100
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Appendix 2-3.

(continued)

depth BDI  FPragmentation Yellow shell depth gravel ssnd  zi1lt  clay coarse TOC C/N - CaCl3
{cm) %) (%) {cm) (%) ) ¢ 3] (%} % (%) (%)
0 0 [N 10.4 32.6 57.1 10.38 0.271 5.215 1.119
5 0.8 a0 20 5 0 8.8 340 572 8.75 0237 5543 1.401
10 -0.5 25 6.25 w o0 9.4 .7 59.9 9.43 0.219 5201 . 195
15 -1.0 4] 20 15 0 10.3 0.7 59.0 10.3 0.193 5393 1.174
20 -0.867 16. 67 o 22 0 6.9 332 59.9 6,91 0.200 5.418 | 022
25 -0. 83 38 89 5. 56 25 4.0 15. 4 28.4 H2.1 19.45 0.228 5.167 1 370
3 -0.72 32 52 3 90 8.7 302 610 873 0.241 5491 1.173
40 ~0. 83 33.32 16. 67 35 a 6.5 3.7 621 6.63 0.237 5373 1.163
45  -0.83 16. 67 3233 40 0 8.9 320 591 B.89 0.230 5.481 1, 148
50 -1 100 111 45 0 9.4 34.2 56.4 9.44 0.222 5 210 1. 150
55 -0.93 27.58 8.62 50 O 1.8 31.5 56.7 11.82 0.242 5,290 1,093
60 -1 53.33 0 55 0 9.8 31.7 58.5 5.8) 0.244 5591 1 124
&b ~1 0 0 B0 2.99% 16. 3 27.3 534 19.28 0.265 5 348 1 260
kil 0.5 0 0 65 0 14. 8 28.1 B7.1 14.76 0.249 5 B09 0. 965
75 -0, 89 4. 44 ] 0 238 16.3 27.4 54,0 18.69 0.239 5. 349 1.120
80 -0. 95 45, 45 22.73 75 ] 16.1 .8 530 1612 0.238 5. 366 1. 104
85 -0. 67 33.32 33.33 80 0 16.1 30.3 537 16,06 0.209 5.320 {.966
90 -1 Q g g 0 14,2 3.2 545 14,23 0,158 3,898 1,423
95 -0.92 32.69 36.04 87.5 0.273 5.405 1,541
100 -1 100 0 9 0 13.1  32.4 545 13.11 0.188 5.437 0.501
105 -0.67 [ 33.33 95 3.66 1LY 321 523 15689 0.138 5.425 0 717
110 -0.42 B8.70 21.43 100 [ 14,4 32.9 52.B 14.37 0.137 b.d62 0843
115 -0. 5 25 25 105 ¢ 15.1 31.7 B3.2 1511 0.136 5. 176 (. 946
120 -0.42 25 833 110 8 18.1 33.9 48,1 18.06 CG.0BE 5.732 1.168
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Appendix 2-3.

(continued)

depth BDI  Fragmentation Yellow shell depth gravel sand  silt clay coarse TOC C/N CaCD3
{cm) (%} % (cm) %) %) (%) %) %) (%) (%)

145 -0. 83 0 40 115 15.43 30.6 23.4 30.6 450! 0. 082 5. 441 1 546

155 -0. 27 909 2727 120 0.59 23.1 33.0 43.3 23.69 0.093 5. 370 1.402

160 0.3 30 i1 125 Q.55 21. 4 55.5 22,6 21.94 0.086 5.121 1. 312

170 -5 50 50 130 0 17.4 351 47.6 17.35 0.097 5.538 1.387

180 0 0 0 13 2.3 21.3 51.6 24.8 23.63 0.072 4.643 1.454

190 1 Ll 60 140 12.62 21.8 41.6 24.0 34.44 0.0B4 5.158 1.524

195 0. 57 42, 86 14.29 145 6.88 24.9 28,6 19.6 31.8B2 0,088 5.559 1.274

205 -0.5 100 0 150 272 14.0 56.3 27.0 16.69 0.102 5.053 1.562

215 -1 0 0 155 12.41 24,2 25.8 37.6 356.57 {.040 5.409 2. 554

225 ¢ 50 0 160 9.64 25. 5 25.7 39.2 3509 0.047 5.4B4 I 462

230 0 50 0 165 0.58 15. 7 44.6 39.2 16.28 0.103 6. 10% 1.299

235 0.33 33.3 0 170 10.82 28.9 22.4 379 39.74 0.065 B 461 ] Z15

175 49.62 369 50 8.4 86.58 0.022 9 430 1. 449

180 22.03 43.7 13.3 21.0 65.72 D021 8. 951 1.303

185 18.24 4.8 18.6 28.4 53.03 0.027 5. 142 1. 165

190 15.29 41.1 3.1 230.5 56.43 0.045 6. 149 1.668

195 12.89 35.9 2001 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 12.79 340 13,8 39.4 46.82 0. 100 5.467 1942

210 B.23 236 317 3.5 .82 0.066 & 191 1. 411

215 10.07 23,6 26,4 39.9 3363 0.050 5.603 2,139

220 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 4577 0.043 5.345 2.37§

230 16.33 36.3 21.0 26.5 ©52.08 0.043 6.827 Z.270

235 17.85 36.4  20.4 25.4 B54.29 0.047 7.645 2 276




Appendix 2-4. BF percenlages (%), BF abundance, (BDI), fragmentation, yellow shell
percenlage, CaC03(%), TOC(%) and C/N ratio in core A10-02

depth (cm) 0 5 10 15 20 25 I I5 40 45 S0 40

weight { gram) 93 105 $1 91 0% 122 92 101 111 93 76 1S
Globovassiduling hiora m 91 29 209 5 111 35 238
G crassa rossensis 20 388 171 116 25 111 15 19
Rosalina globulans 25

Putlenia subcarinata 75 138 13 20 286
Astrononion echolsi 75 136 57 47

Astrononion anuarcticus 13

Miiammina arenacea 15 134 43 302 25 556 %0 5 100 429 48
Cassidulinoides parkeriarus 275 114 100 171 233 22 10 571 95
Cassidulinorder porrecta

Cibirides refulgens 29 48
Trfarina angulosa 47 25 20

Nentonella bradi 48
Lingwitna transhicida 48

Elphudium eermum
Elphsdium spl
riimgueloculata semnula

Pyrgu pentagonica

Neogloboguadrina pachyderma L
Glibigerna glutinata

epifauna 175 134 371 02 25 556 M0 5 100 429 95
infauna 475 614 40 395 75 12 W M 00 762
Agglutinawed 15 136 343 102 25 356 0 5 100 429 4.8
Porcelanzsous

Hyaline 35 B4 100 857 628 TS5 M4 20 95 511 952
BF simple diversity 7 [ 1 [ B 4 4 2 & i 2 §
Abundance (number per gram) 43 42 02 3% 40 0% 10 05 1% 03 09 1%
specimens counted 4 a4 235 43 4 9 5 0 3 T2
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Appendix 2-4. (continued)

depth {cm) 65 0 7 M 90 95 100 105 11 115 120 125
weight {gram} 117 927 91 116 114 130 102 137 136 104 141 81
Globocassiduiina bisra 273 188 214 08 177 172 333 333 l0g
G cramsa rossensis 21 143 214 42 115 172 365 1
Rosalima globularis

Pullema subcarinata 273 I8} 71 143 16
Astromgnion echols

Astrononlon anlarclicus 71 16
Mifigmmina arenacea 100 364 313 100 571 286 625 69 448 127 12
Cassidulinordes parkeriarus 250 143 51 09 207 95 321
Casnidulinoides porrecta 16

Cibictdes refidgens 63 71 42 09

Trfarina angulosa 71

Nomonella bradu

Linguiling transtucida

Elplidium incerom

Elpfdium spl 12
{igqueloculata semumula

Pyrgo pentagonica 12
Neoglobaguadring pachyderma L 16
Glitngerinita glutinaa L&

epifaona 190 364 2375 100 571 35371 667 699 448 127 14
infauna 636 175 286 571 25 292 345 714 855 (00
Agglutinated 190 364 313 100 571 286 625 69 «48 127 12
Porcelaneous 12
Hyeline 836 688 429 714 275 31 552 £73 Wre 10O
BF simple diversity 10 40 50 10 5 L] 5 5 4 9 ] 1
Abundance {number per gram) 03 11 1% 062 12 11 23 82 21 61 60 01
specunens counted 40 110 160 24 14 14 24 112 29 63 34 2




Appendix 2-4. (continued)

depth (cm) 130 137 155 160 165 170 175 180 13% 195 200 205
weight (gram) 122 244 184 206 206 1223 211 1%4 203 192 197 17
Globocarsiduling brora 429 GHER 333 553 iz 336 176 702 557 10
G craxsa rosrenss 32 33 42 355 176 202 332
Roralina globularis

Pullenia subcarinatg

Astrononion echoln

Astrononion anmIclicus

Miliammina arenacea 571 333 267 100 X% 112 &7 92 100 {5 90
Carndulinoides parkerianuy 187 4 s
Cassidulinaudes porrecta

Cibicides refulgens

Triaring angulosa

Nomane!ln hradu

Linguhira transfucida

Ephidium incertum

Elphidium spl.

Curmguelocutars seminula

Pyrgo pendagonica 042

Neagioboquadring packyderma L

Cibigerinita glunmaia

cpifuna 571 333 267 100 $£8 121 47 92 10 05 W
infanna 429 100 6567 973 12 92 353 904 e 10
Agglotinaled 571 333 2467 100 BB 112 47 92 100 05 9%
Porcelaneous i}z

Hyaline 429 100 657 973 12 879 353 90% ®5 1D
BF simple diveryiry 2 2 k] 3 1 2 5 3 4 1 4 2
Abondance {number per gram) 057 065 033 728 024 102 508 OI8 i34 07 103 06
specimens counled 718 4 150 5 25 107 17 27 13 2d 10
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Appendix 2-4. {continned)

depth (em) 210 215 220 225 230 235 240 245 350 255 260 265 170
weight {gram) 141 187 195 152 15 138 182 23 &7 165 195 18! 158
Globocassidulinag bigra 622 726 458 212 452 409 502 6ES 392 526 592 265 87
G crassa roitenns 244 122 455 242 387 424 352 295 474 408 362 338 7%
Rosalina globularis 051

Pulferna rubearinata 129

Astrononton echole:

Astrononion anmrclicus o1t

Miltamming arenccea 421 549 598 303 129 909 033 079 124 152 263 294 222
Coasidulinordes parkerianus 84 759 137 302 455 189 118 408 197 103 133
Camndulinordes porrecta

Cibicrdes refulgens oM 182 0465

Trfarina angulosa 045

Nomonella bradu

Linguling transiucida

Elptdium inceroum 152

Elphidium spl 211 085 152 227 0351

Ouimqueloculata seminula a1

Pyrgo pentagonica

Neoglobagquadring packyderma L 103

Clibigerinita glutinata

epifsuna S04 549 615 212 135 S409 038 079 134 20«4 263 294 222
infeuna B66 869 923 455 BAS R4 977 OF BEE 939 054 603 B4
Agglutinated 42 549 598 303 129 909 038 0.7% 134 153 263 294 222
Porcelaneous o7

Hyaline 958 D4% ¥IE 97 BYL 909 996 992 W6H 985 974 0L 978
BF simple diversity 5 5 [ 6 7 [ k4 4 3 5 4 4 4
Abundance (number per gram} 246 127 %% 218 104 4% 145 221 519 119 TE 377 24
specimens counted 119 237 585 33 155 66 264 5D8 97 196 152 GR 45
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Appendix 2-4.

(cont inued)

Depth §‘I.J_I fragmentation Yellow shell  gravel sand silt clay coarse TOC C/N Cal3
{cm) {%) %) (%} %) (%) {%) %) (%} %)
0 -0.31 50 12.5 0 3.48 2746 69.06 348 0.48B4 5,413 [.736
5 -0. 86 9.5 0 0.223 348 29.46 66.83 L7l 0417 5.404 L. 892
i0 1] 1.6 3121 67. 19 1.8 0.380 5. 233 1. 697
15 -0.71 28. 6 ¢ .28 5.98 35.06 58. 68 6.26 0.2380 5. 436 1. BBS
20 -0 a0 357 0 0 6.75  33.55 59.7 6.78 0 392 5.282 1.616
25 -1 00 50 0 23. 64 4.61 25.98 45, 77 28.25 0 419 5.394 1. 49%
30 -1.00 100 0 1.88 6.19 3395 57.98 8.07 0.433 5.389 1. 510
35 -1.00 100 8 0 4.83 3238 6279 4.83 0.379  5.187 L BN
40 -0.90 20 0 0 403 36.36 59.61 4,03 0.342 5.150 1. 60g
45 -1. 00 100 0 0 2.81 32.2 6499 281 0350 4977 1,989
50 0 3.26 34.38 62.36 3.26 0,314 5357 1.501
55 0 4.97 31.06  63.97 4,97 0.349 5. 348 1. 241
] ~1.00 22.3 0 4 451 3699 58.5 451 0.345 5.324 1. 369
65 0 3.46 37.5  59.04 3.46 0.376  5.264 1.516
70 -1.00 50 0 3.51 135 3387 5947 6. 76 0.337 5.238 1 350
75 -1.00 1.3 0 ] 4. 89 3597 5914 4.89 0.322 5.302 1. 601
80 0 r.07 38 54.93 7.07 0,315 5.316 1.540
85 1] 707 38 54 53 7.07 0.284 5. 107 1. 452
11 -1L.09 50 o 0] 4, 87 33. 48 61. 65 4.87 0.261 5. 307 1. 362
a5 -0.50 50 0 6. 73 5.78 32.43 5506 12.51 0.281 5.328 1. 458
100 -1.00 813 0 0 4.92 3523 59.85 492 0.301 5.273 1. 472
105 -0.97 30.3 0 1 7.1 31.24 60,65 8. 11 0.304 . 247 1. 442
110 -0. 80 20 10 6.78 9. 86 29. 94 53. 42 16.64 0. 247 5. 066 1. 863
115 -0. 64 36. 4 4.5 0.28 1. 04 3134 58. 34 10,32 0.234 5. 290 1. 689
120 -0. 76 24.1 5. 6 2. 45 24,19 26. 83 48, 54 26.64 0,127 B. 291 1. 607
125 -0, 50 100 0 0.41 35.36 27.86 3637 3577 0.063 5.84% 2,000
130 .33 66. 7 33.3 1.08 26.8 34.81 3731 27.88 0.071 G.264 2307
135 0 40.82 26,16 3301 40.82 0.060 7. 448 2. 458
137 C0.88 25 37.5 P 29.49 45.96 2456  29.49 0.052 1B 092 2. 857
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Appendix 2-4.

{continued}

Depth BDI fragmentation Yellow shell  gravel sand s1lt clay coarse TOC C/N CaC03
(cm) {%) (%) )] {%} (%} (%) (%) %) %)
145 0 52.76 33.96 13.28 52.76 0.048 159.297 2.545
150 0 3.4 30. 33 36. 27 33.4 0.063 35.027 2,450
155 -1.00 100 50 0 3.5 36.05 29044 3451 0.089 21442 2,392
160 -0.99 36. 1 38.8 ¢ 3.5 36.05 29.44 3451 0.126 10.548 2.366
165 0 28.82 20.48 41.71 28.82 0.066 1..431 2260
170 -0. 67 100 66. 7 )] 41 26.31 127 41 0.069 8.472 2,219
175 -0.59 4.1 36.4 0. 11 25. 96 14. i8 59.75 26.07 0.119 11. 053 1. 757
180 ~1. 00 16,7 B6. 7 0.23 36. 49 33. 46 29, 82 36.72 0.049 4, 526 2.520
185 0.23 36. 49 33. 45 29,82 36.72 0.083 12.528  2.063
189 -0.89 32.9 32.1 0,050 47.141 2. 132
190 0. 37 33. 67 29. 06 36. 91 34.04 0,064 22.792 2127
195 -1.00 0 0 0. 23 34.71 27.41 37.65 34.94 0.08> 94.979 2.136
200 -D. 96 35.6 21.2 0 43.73 24 58 37 43.73  0.060 18. 051 2. 249
205 -1. 00 100 4] 0 25. 45 37.54 37.02 25,45 0.122 13. 807 1. 830
210 -0. 65 32 35 0. 28 17. 24 21.76 60. 72 17.52 0.184 7.313 1. 624
215 0. 55 12. % 15.1 1. 48 26.67 30.88 41,97 2715 0.132 5. 957 1. 85%
220 0,94 12.0 19.3 0. 31 ;.or i9. 58 45, 05 35.38 9.150 10. 857 1. 265
225 -0.20 6.7 13. 3 ] 135 3.3 4714 13.5 0.151 7.002 2036
230 -0. 63 13.8 4.6 0 9. 87 35.3 50,83 987 0.228 5.147 2. 46T
235 =0, 55 29.1 5.5 0. 76 10.07  35.51 53.66 10.83 0.214 5 073 1. 657
240 -0, 32 11.9 2.4 0.73  21.62 3B.09 39.56 2235 0.085 5 865 1. 81§
245 -0. 89 6.4 5.4 213 19. 31 43,63  33.93 22,44 0. 120 B 78§ 1. 506
250 -0, 98 34.5 54.8 Q.82 20.03 4361 35,54 20.85 0 046 5 130 2,072
255 -0. 64 16. 4 12 0. 85 19. 06 39.77 40, 22 20,01 0. 108 7. 168 2. 140
260 -0.10 6.9 15.9 0. 18 25.83 kY 36.3 26.01 0.113 10. 437 1. 944
265 -0. 85 14 6 9.8 0 25,88 35.98 3813 2589 0.128 8. 389 1. 825
270 0. 11 7.9 23.7 . 68 14.47 3223 5263 15. 15 0.163  7.256 1. 872
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Appendix 4-1. Benthic foraminifera (larger than 63um) percentages in core 97-02

species % depthicmy G 10 20 30 _40 ) 60 7D 80 w0 tO0 110 120 1) 140 150 160 370 180 190
Gaudryina haaringensis 02 a4 03020212 05 05

Proteosis spp. 0zl

Tertularia spEk 1.2 0.1 1R 1.4 21 21 L2 2024 1,918 26 342537 1615 1062
Tritaria danghafensss 0.1 0203

Varpeuilina sp. 0.7 [.1 0.8 0.1 02 06 L1 0.6 0.2 05

Ampogwiss:lina spp. 3102009 04010302 G302 0.2 0.3

Edeptostoming cultrata 130

iii1smmina spp. Gl 0320101 020933 1.2 2007 08140512 1,230907 0307
Prrgo alongata 0.5 03

Quingueiocolina contarta 0.6 1.4 as 0t 09
Qeingueloculina Inmarckiana 0.5

Qurngueioculipe rotunds 0.4 1205 0.2 2.0
Quingureloculina sabulosa 06 05 LL207 10041607 18100616 3129441927405 1.3
SQuinquelocufina seminuila 0.2 04 0.5 0.2
ingueloculing seminulangula 01 0203 0.5 0.6 1.2 1.5 14 0.2 21
Quingueiocul ina LXkutoensis 0.2 03
Qeinguefoculina vulgar:s .2 02 12 1.1 1% 133835128
Quingueloculing spp. . b2 02 02

Siqmorlina temiis 05 0402 0.4 0.4 01 03 0.3 0.4 03 05 0.2 02 02
Sigmoifing spp. U4

Sigmol fopris asperula 0.6 0.7 1.1 0.8 0.3 13 1.4 1.2 2.0 2.1 2.4 26 1.7 24 16 05 22 1.7 1.0 2.4
Sprarcioculata compunis 0.2 03 g2 02 04
Spiroloculina laavigata 0.4 0.3
friloculing tricarinata

Friloculina trigonula 0.2 a5 01 Q1 9.2 0.2 0.2
frifocuiine spp. 0.2
Asphicoryna sublineats 0.2 0z 02

Asphicoryna sp. 0.2
Botuloides sp. a2

Dogtalina of. basipianara Q2 ol

llentalina compunis 0.1 02

Danralina decapta 02
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Appendix 4-3. PF/(BF +PF} ratio, foraminiferal abundances, BF diversity [S, H(S)], BF assemblages

and coarse fraction (CF, »0.063mm) in the sediment

depth PFAPF+BF PF abundance BF soundance S BF H(S}aguitinated porcelanecus tagenids senal planispiral trochospirsi  CF

{cm) (%) per gram par gram (%) (%) (%) {%) (%) {%) (%)
i} 43.49 7004 10272 38 275 00 1.9 18 464 10.3 396 72
10 38.00 10860 10264 42 270 1.3 a2 20 455 76 40.4 9.2
20 3069 5200 11744 43 278 14 4.9 18 475 91 35.1 13
30 2747 5120 13520 50 288 28 28 11 483 93 355 16.4
40 28.13 6976 17824 53 259 2.4 s 12 483 78 37.0 14.4
50 2972 4550 10784 44 274 22 3.3 15 484 74 372 18.3
80  26.15 1640 4332 42 271 24 4.5 19 515 9.2 308 281
70 2494 2293 6601 49 262 18 38 13 465 8.2 36.4 295
80 2353 2347 7827 44 273 25 59 13 464 102 31.7 419
90  30.71 2752 6208 48 283 28 48 24 478 B8 332 498

100 28.73 1355 3380 48 273 35 48 28 443 111 335 50.4

110 3654 1520 2640 55 318 28 a5 20 341 91 438 55 4

120 41.41 784 1108 50 320 44 82 19 373 89 387 536

130 40.66 755 1101 50 327 39 1089 44 315 160 332 619

140  39.00 624 976 52 336 25 11.5 25 295 128 410 4

150 28.41 120 288 a4 315 42 88 18 308 208 338 4

160 1268 az 221 61 308 22 8.9 18 355 147 37.0 Frivg

170 1155 22 188 53 303 19 13.1 21 330 188 3141 237

180  17.05 24 117 44 315 1.0 88 21 284 264 32.2 467
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Appendix 4-3. (continued)

depth PF/PF+BF PF abundance BF ahundanca S BF H(S)sgulitneted porcstansous Lagands senat planispiml tochospral  CF

{em) %) per gram per gram {%) (%) ) %) %) (%}

180 4474 283 <+ 2 57 358 62 108 33 201 190 an4 78
200 23772 111 184 60 325 286 83 37 a2 155 aBe 145
210 1453 30 178 46 2.88 1.3 20.1 16 96 438 237 2986
220 13138 16 106 52 3N 1.1 6.8 34 218 259 41.0 4z
230 983 12 106 47 308 1.5 10.8 38 154 353 331 12
240 211 34 126 54 317 1.3 11.5 48 104 309 2.2 747
250 2000 17 66 465 3.27 1.1 8.0 23 182 239 4686 a1
280 18.43 28 114 50 308 04 53 1.5 164 351 412 396
270 1548 14 75 51 314 11 77 33 179 204 496 728
280 2269 52 178 57 325 1.4 49 14 288 205 427 635
e 10.11 12 102 48 283 07 8.3 12 134 304 398 02
azxn 370 1 29 38 287 09 77 00 51 a5 47.9 64
340 8.28 4 a8 43 254 1.0 55 26 52 432 428 ar
B0 111 7 57 456 254 089 57 1.5 55 520 344 "z
380 11.82 7 55 41 235 00 32 32 43 586 a7 70.3
400 10.08 6 54 3¥ 229 00 56 12 19 545 B8 58.9
420 653 6 82 3 242 15 24 24 33 587 316 529
480 11.78 3 20 ar an 1.3 a7 17 79 525 300 w5
480 365 1 18 B 252 0.0 10.4 14 71 555 256 961
510 8.73 1 10 a7 287 17 8.7 17 61 452 36.5 96







