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33. HIGH-RESOLUTION FORAMINIFER, PALYNOLOGIC, AND STABLE ISOTOPIC RECORDS
OF UPPER PLEISTOCENE SEDIMENTS FROM THE LABRADOR SEA: PALEOCLIMATIC AND

PALEOCEANOGRAPHIC TRENDS!
A. E. Aksu,? A. de Vernal,? and P. J. Mudie*

ABSTRACT

Faunal and stable isotopic data in Sites 646 and 647 provide a ~ 0.9-Ma paleoclimatic and paleoceanographic record
for the Labrador Sea, that is supported by a floral record for the past ~0.3 Ma. At both sites, most glacial stages gener-
ally are dominated by polar fauna and flora with low species diversity. Although minor occurrences of subpolar species
also were observed in lowermost parts of several glacial stages in Site 646, the faunal classification of Ruddiman and
Mclntyre (1976) suggested the presence of polar ecological water masses in the area during most of the glacial periods.
In several glacial stages at Site 647, both the faunal and floral data indicate that early periods were marked by subpolar
and transitional ecological water masses. The interglacials are characterized by a polar fauna at Site 646 and by polar
and transitional faunas and floras at Site 647. However, several interglacial stages in Site 646 include a subpolar flora, in
contrast to a planktonic foraminifer fauna similar to that found in the glacial stages. The occurrence of subpolar water
masses in several glacial isotopic stages indicates significant northward advection of warmer waters into the Labrador
Sea during the early glacial periods, which provided a corridor of oceanic warmth extending from mid- to high latitudes
and contributed an additional source of moisture for continental ice-sheet growth. Similar conditions also were docu-

mented in the northwest Labrador Sea, Grand Banks, and the North Atlantic.

INTRODUCTION

The Labrador Sea forms the western branch of the Atlantic
Ocean and constitutes a major conduit between the Arctic and
Atlantic oceans (Fig. 1). During Ocean Drilling Program (ODP)
Leg 105, four holes were drilled at two sites in the Labrador Sea
(Fig. 1; Table 1). Site 646 (Holes 646A and 646B) was drilled on
the north flank of the Eirik Ridge, which is the most northerly
of several large sediment drifts in the northwest Atlantic. Site
646 is situated beneath the present-day subarctic West Green-
land Current. Site 647 (Holes 647A and 647B) is located about
100 km south of the Gloria Drift in the southern Labrador Sea.
The site is situated beneath the northernmost part of today’s
North Atlantic Drift (Fig. 1).

Studies conducted with shorter piston cores from the Labra-
dor Sea and the North Atlantic and raised marine deposits on
the Canadian Arctic Archipelago and Greenland provide paleo-
climatic and paleoceanographic data that have led to conflicting
models to explain the timing, driving mechanism, and magnitude
of glacial/interglacial climatic oscillations (Mudie and Aksu,
1984; Aksu and Mudie, 1985). The “North Atlantic Model” is
based primarily on the synthesis of foraminiferal oxygen iso-
topic data and faunal and floral indicators of sea-surface tem-
perature and salinity (Ruddiman and McIntyre, 1981a, 1981b).
The model suggests a long-term buildup of continental ice sheets
over ~ 100,000 yr, with an initial rapid phase that is followed by
a longer, gradual phase and southward advance of the polar
front and that culminates in rapid deglaciation in less than
10,000 yr. The final disintegration of the marine-based ice
sheets apparently was caused by initial warming and melting of
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ice. This was followed by a rise in sea level, which triggered
rapid calving and deflation of the ice sheets (Denton and Hughes,
1983). Warming and melting cycles of lower amplitude are
thought to be induced by increased solar insolation related to
the 23,000-yr precessional cycle (Ruddiman and Mclntyre,
1981a, 1981b).

The “Arctic Model” is based largely on radiometric dating
of raised marine deposits from the Canadian Arctic Archipel-
ago and Greenland (Andrews et al., 1983). The terrestrial data
suggest rapid buildup of ice sheets in less than 15,000 yr, near
the end of interglacial/interstadial intervals characterized by the
northward advection of subarctic water masses into the north-
ern Labrador Sea and Baffin Bay and by equally rapid glacial
terminations. Piston core data from deep-sea areas of the Lab-
rador Sea and southern Baffin Bay support the “Arctic Model”
in part, but the oxygen isotopic and dinoflagellate data confirm
a global signal (Mudie and Aksu, 1984; Aksu and Mudie, 1985).
Comparison of the planktonic foraminifer and dinoflagellate
data revealed that the subarctic dinoflagellate peaks did not
match precisely the occurrence of subarctic foraminifers, which
suggests that carbonate dissolution may have affected the cal-
careous fauna (Aksu and Mudie, 1985).

The primary scientific objectives for drilling the Neogene sec-
tion in the Labrador Sea were (1) to determine the timing, mag-
nitude, and periodicity of high-amplitude, late Cenozoic cli-
matic fluctuations in high latitudes, which responded to Lau-
rentide, Innuitian, and Greenland ice-mass fluctuations; (2) to
determine the late Cenozoic paleoclimatic and paleoceanographic
variations along the north-south transect in the Labrador Sea;
and (3) to test the validity of conflicting models of glaciation.

MATERIAL AND TECHNIQUES

To determine a high-resolution stratigraphy for the Pleistocene to
Holocene sediments recovered in the Labrador Sea sites, approximately
930 foraminifer and stable-isotope samples (~ 10 cm® volume) were re-
trieved at depth intervals of 20 cm in all core sections in the upper 90
and 55 m of Sites 646 (690 samples) and 647 (240 samples), respectively.
Because of incomplete sediment recovery in Site 646, cores from both
Sites 646A (105-646A-1H through 105-646A-8H) and 646B (105-646B-
1H through 105-646B-9H) were sampled for detailed analyses. Core re-
covery was excellent in Site 647; and only Cores 105-647B-1H through
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Figure 1. Bathymetric map of the Labrador Sea showing the locations of Sites 646 and 647 and the position of today’s surface water circulation.
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Table 1. Location and water depth of Sites 646
and 647, Leg 105.

Latitude Longitude  Water depth
Hole (N) W) (m)
105-646A  58°12.559'  48°22.147' 3461.7
646B  58°12.559' 48°22.147' 3458.7
647TA  53°19.876'  45°15.717' 3869.0
647B  53°19.876'  45°15.717' 3870.7

105-647B-6H were sampled for foraminifer and stable-isotope analyses.
Sedimentation rates that were calculated based on the paleomagnetic
data (Clement et al., this volume) and the oxygen-isotope stratigraphy
(discussed below) suggested that the 20-cm sampling interval provides a
temporal resolution of ~2200 and 4400 yr for Holes 646 (composite)
and 647B, respectively.

For foraminifer study, samples were disaggregated in 1% Calgon so-
lution and wet sieved through a 63-um screen. The coarse fractions were
dried in an oven, then weighed; the fine fractions were saved for further
studies. All samples were dry sieved again through a 149-um screen.
Planktonic foraminifers were separated at >149-um fraction, identi-
fied, and counted following the methods described by Aksu (1985). To-
tal foraminifer abundances were converted to “specimens per gram dry
weight sediment,” whereas individual species abundances were displayed
as percentages of the total planktonic foraminifers. Oxygen and carbon
isotopic variations in Neogloboquadrina pachyderma (sinistral) were de-
termined in the upper 90 and 55 m of Sites 646 and 647, respectively.
About 250 to 500 specimens of N. pachyderma were handpicked from
each sample for the stable-isotope analyses (a few analyses were per-
formed on < 100 specimens). The foraminifer shells were cleaned in dis-
tilled water and dried in an oven at 90°C. Foraminifer shells were trans-
ferred into double-arm reaction vessels and placed in water at 50°C for
about 2 hr. They were acidified with 100% phosphoric acid. The reac-
tion vessels were transferred into a vacuum line where the water in the
evolved CO, was trapped with a dry-ice and methanol mixture
(~ —85°C). The purified CO, was collected in 6-mm pyrex tubes, sealed,
and stored for stable-isotope analyses. The isotopic ratios of 180,160
and '*C/'>C were determined using a VG Micromass 903E triple collec-
tor mass spectrometer at the Memorial University of Newfoundland.
Several duplicate analyses performed on the laboratory standard MUN-
1 and selected samples showed that the reproducibility varied from +
0.04 to +0.08. The isotopic ratios are expressed as per mil (%0) differ-
ence between the '%0/!%0 and '3C/'2C in the samples and the labora-
tory standard. Here, isotopic data are reported relative to Chicago
PDB-1.

Palynological analyses were performed only in the upper ~27 m of
Holes 646A and 646B. A known volume of sample (usually 5 to 10 cm?)
was dispersed in distilled water with 1 mL of calibrated suspension of
Eucalyptus globulus pollen grains. Each sample was sieved through 10-
and 125-um screens to eliminate the fine and coarse particles. The car-
bonates were destroyed by 10% cold HCI; the silicates were removed by
repeated treatment of 48% hot HF for 1 to 12 hr. Fluorosilicates formed
during the HF treatment were removed by 10% hot HCI treatment (15
min). Samples were rinsed with distilled water, again sieved with a 10-
pm screen, and mounted on slides in glycerine jelly. Palynomorphs were
counted systematically for each sample. Palynomorph concentrations
were determined following the marker-grain technique (see Matthews,
1969). The spike of Eucalyptus globulus marker grains was calibrated
and counted several times on a hemacytometer. The marker-grain method
yields accurate results to approximately 10%-12% for a confidence in-
terval of o = 0.95 (de Vernal et al., 1987). The Index of Genera and
Species of Lentin and Williams (1985) was used as a reference for the di-
noflagellate cyst nomenclature.

Planktonic foraminifer and stable isotopic analyses on planktonic
foraminifers were conducted by A. Aksu at the Memorial University of
Newfoundland. Palynological analyses were performed by A. de Vernal
at the Université du Québec a Montréal.

RESULTS

Site 646

Two APC holes were cored at Site 646. Core recovery for the
first nine cores in Holes 646A and 646B (~ 82 m) varied from

73.5% to 99.8% and 0% to 153.7%, respectively (Srivastava,
Arthur, et al., 1987). From these results we could see that none
of these holes alone were suitable for detailed paleoenvironmen-
tal studies. However, visual core descriptions and examination
of whole-core photographs indicated the presence of several cal-
careous silty clay beds, which allowed us to establish a detailed
lithostratigraphic correlation between Holes 646A and 646B (Sri-
vastava, Arthur, et al., 1987). This correlation provides a virtu-
ally complete upper Pleistocene to Holocene section for Site 646
(Fig. 2).

Here, the planktonic foraminifer and stable isotopic data
from Holes 646A and 646B are presented separately (Figs. 3 and
4). A composite section was constructed using shipboard litho-
stratigraphic correlations between Holes 646A and 646B (Sri-
vastava, Arthur, et al., 1987) and the foraminifer abundance
peaks and stable isotopic values (Fig. 5). The data are tabulated
in Appendix A.

Oxygen Isotopes and Chronostratigraphy

Planktonic foraminifers were picked for stable isotopic stud-
ies from the same suite of samples used to determine the fora-
minifer assemblages. The oxygen isotopic data in Holes 646A
and 646B fluctuates from 4.5%o to 1.6%o (Figs. 3 and 4). Be-
cause of poor recovery in both holes, isotopic stages could not
be assigned based solely on these data. The composite isotopic
data from Site 646 show alternating cycles of heavy and light
oxygen isotopic values (Fig. 5). Based on character and ampli-
tude, these heavy and light isotopic intervals are correlated with
oxygen isotopic stages 1 through 24 (Fig. 5). Below stage 24 the
sampling interval of 150 cm and sparse occurrence of plank-
tonic foraminifers do not allow further isotopic stage defini-
tions. The amplitudes of the isotopic data from Site 646 are
comparable to those obtained from the North Atlantic (i.e.,
DSDP Leg 94; Ruddiman et al., 1987).

The first appearance datum (FAD) of Emiliania huxleyi was
found between Samples 105-646A-2H-6, 102-104 cm, and 105-

646A-2H-5, 102-104 cm, in Hole 646A (Knuttel et al., this vol-
ume). This datum occurs within isotopic stage 7 (0.244 to 0.190
Ma) in Site 646 (Fig. 5), but was reported as occurring in iso-
topic stage 8 (~0.275 Ma) elsewhere (Berggren et al., 1985). We
are not sure why the FAD of this taxon is apparently younger at
Site 646. In Hole 646A the last appearance datum (LAD) of
Pseudoemiliania lacunosa occurs between Samples 105-646A-
4H-6, 96-98 cm, and 105-646A-4H-5, 96-98 cm (Knuttel et al.,
this volume). This datum occurs near the middle of isotopic
stage 12 (Fig. 5), which is consistent with the age reported for
the LAD of this taxon at ~0.474 Ma (Berggren et al., 1985).
Both the oldest studied samples from Holes 646A and 646B lie
above the LAD of Calcidiscus macintyrei (Knuttel et al., this
volume).

The Brunhes-Matuyama magnetic chron boundary occurs
near the upper part of isotopic stage 19 (Fig. 5). Elsewhere, this
boundary was reported to occur in isotopic stages 19 through 20
(Shackleton and Opdyke, 1976). The top of the Jaramillo sub-
chron was found to occur within isotopic stage 24. In general,
the magnetostratigraphic and biostratigraphic data discussed
above collectively support the chronology suggested by the oxy-
gen isotopic data.

Planktonic Foraminifers

The downcore plots of total planktonic foraminifer abun-
dances show large fluctuations ranging from <10 to >100,000
specimens per gram sediment (Figs. 3 through 5). These fluctua-
tions may be the result of (1) cyclic changes in the preservation
of calcium carbonate debris on the seafloor, (2) changes in the
sedimentation rate associated with the climatic cycles, or (3)
changes in the oceanographic circulation patterns accompanied
by changes in biological productivity. To use the faunal data for
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Figure 2. Lithostratigraphic correlation (C-1 to C-14) between Holes
646A and 646B (Srivastava, Arthur, et al., 1987), which allowed the con-
struction of the composite section. Unrecovered sediments indicated by
black areas.

delineating the paleoclimatic and paleoceanographic history of
the Labrador Sea, one must determine the effects of these varia-
bles on these data. In general, dissolution preferentially removes
planktonic foraminifers, which leads to higher benthic to plank-
tonic ratios (B/P) (Thunell, 1976; Berger, 1979). In areas of ex-
tensive dissolution, sediments are often barren of planktonic
foraminifers, and benthic foraminifers have a chalky appear-
ance and irregular and enlarged pores and sutures (Aksu, 1983).
No sample examined in Holes 646A or 646B was barren of
planktonic foraminifers and, in all samples examined, the B/P
ratios were < < 1, which suggests that extensive calcium carbon-
ate dissolution did not take place in the Labrador Sea during the
last ~1 Ma.
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Increased fragmentation of foraminifer tests is another indica-
tor of milder dissolution (Berger, 1970; Thunnell, 1976). Down-
core plots of foraminifer test fragmentation in Holes 646A and
646B (Figs. 3 through 5) show broad cyclicity in about the up-
per 30 m and ranges from <10% to 60%. Except for a few
shorter intervals, the test fragmentation between ~ 30 and 70 m
remains relatively low (10%-30%) and increases slightly to 20%-
40% below 70 m. Comparison of the downcore plot of total
foraminifers with that of foraminifer test fragmentation reveals
that except for a few isolated intervals where increased test frag-
mentation correlates with lower total planktonic foraminifers,
there is no one-to-one correlation between these two variables.
Together with the low B/P ratios , these data collectively suggest
that the fluctuations in the total planktonic foraminifer data
cannot be ascribed to dissolution. Comparison of the downcore
foraminifer test fragmentation with the isotopic and faunal data
shows that low test fragmentation is often associated with inter-
glacial stages that are characterized by lower total foraminifer
abundances and high subarctic and transitional planktonic as-
semblages. In contrast, test fragmentation dramatically increases
in glacial stages, which correlates with the decline or disappear-
ance of subarctic and transitional fauna. Dissolution-suscepti-
ble planktonic foraminifers, such as Globigerina quinqueloba,
G. bulloides, Globigerinitida uvula, and G. glutinata occur pre-
dominantly in intervals of reduced test fragmentation. Their
general absence in intervals of higher test fragmentation sug-
gests that the faunal record at Site 646 experienced preferential
dissolution, the extent of which cannot presently be quantified.

The deposition rates for individual glacial and interglacial
stages were calculated using oxygen-isotope stratigraphy and the
chronology of Martinson et al. (1987) for stages 1 through 8
and Shackleton and Opdyke (1976) for stages 9 through 18. The
deposition rate varied from 11.5 to 5.0 cm per 1000 yr (cm/k.y.)
in interglacial stages 1 and 9, and 15.0 and 7.3 cm/k.y. in glacial
stages 10 and 4, with a glacial and interglacial average of 10.5
and 9.7 cm/k.y., respectively. Magnetostratigraphic and bio-
stratigraphic data generally support the overall sedimentation
rate of 10.1 cm/k.y. suggested by the oxygen isotopic stratigra-
phy. Figure 5 shows the cyclic changes in the percentage of sedi-
ment that is coarser than 63 um in Site 646. This fraction in-
cludes the biogenic materials that are mostly foraminifers as
well as the terrigeneous sand- and gravel-sized debris. In gen-
eral, the interglacial stages are characterized by low sand con-
tent and glacial stages by high sand influx. Comparison of
downcore plots of the >63-um data with those of total plank-
tonic foraminifer abundances shows that except for a few iso-
lated zones, there is little correlation among these variables.
This lack of correlation suggests that the >63-um fraction is
controlled largely by the terrigeneous influx and probably re-
lates to episodic spillovers from the North Atlantic Mid-Ocean
Canyon and/or periods of increased ice rafting during glacial
stages. Thus, temporal variation in sedimentation rates does not
appear to be a major factor controlling the downcore fluctua-
tions in total foraminifer abundances in Holes 646A and 646B.
An increase in deposition rate should cause a reduction in the
concentration of planktonic foraminifers; however, the data pre-
sented in Figures 3 through 5 illustrate that changes in deposi-
tion rate had little effect on total faunal concentrations. Thus,
we concluded that the abundance variations in the total plank-
tonic foraminifers represent first-order biogenic productivity in
the eastern Labrador Sea.

Comparison of the faunal and the oxygen isotopic data re-
veals that several interglacial stages have few foraminifers (such
as stages 1, 7, 9, 11, 15, 17, and lower stage 5). In contrast, iso-
topic stages 13, 19, and 21 and the upper part of stage 5 are rich
in foraminifers. In general, glacial stages are dominated by N.
pachyderma (sinistral) with minor occurrences of N. pachyderma
(dextral). Minor occurrences of G. bulloides and G. quinque-
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loba also were observed in lowermost portions of isotopic stages
2, 6, and 12 and sporadic occurrences in stages 8, 14, 18, 20,
and 22, with scattered occurrences of G. uvula, G. glutinata,
and Globorotalia inflata (only in stage 14). Several interglacial
stages (i.e., 1 through 13, and 17) are dominated by N. pachy-
derma (dextral), G. bulloides, and G. quinqueloba, with smaller
percentages of N. pachyderma (sinistral), G. uvula, and G. glu-
tinata. Globorotalia inflata occurs as a significant percentage of
the fauna only in interglacial stages 5, 11, and 17, but also spo-
radically occurs in stage 13. However, interglacial stages 15, 19,
21, and 23 include a planktonic foraminifer fauna similar to
that found in the glacial stages.

Dinoflagellates

Dinoflagellate cysts are relatively abundant in Pleistocene
sediments of Site 646. However, concentrations show large fluc-
tuations ranging from about 100 to 25,000 cysts/cm? (Fig. 6).
Assuming uniform sedimentation rates of approximately 10 cm/
k.y., the dinocyst concentrations should reflect strong changes
in the influxes and range from <1 to 225 cysts/cm?/yr. Com-
parison of dinoflagellate data with the oxygen isotopic record
shows that dinocyst influxes follow a cyclical trend, with high
dinocyst concentrations corresponding to interglacial isotopic
stages 1, 5, and 7, and low dinocyst concentrations correspond-
ing to glacial isotopic stages 2, 6, and to a lesser extent, 8. These
data suggest that the primary productivity was one to two or-
ders of magnitude higher during interglacial episodes. Concen-
trations of foraminifer linings (from juvenile planktonic or small
benthic foraminifers) show similar cyclical trends, which further
suggests an overall increase in biogenic productivity during the
interglacial periods.

A relatively high dinoflagellate cyst diversity characterizes
the Pleistocene thanatocoenose at Site 646 (Fig. 7). Although
cool-temperate to subarctic taxa generally dominate the micro-
plankton assemblage, warm-temperate to subtropical and arctic
components also occur throughout the sedimentary sequence.
The influx of warm-temperate to subtropical taxa Impagidinium
strialatum, I. aculeatum, I. patulum, and Lingulodinium ma-
chaerophorum (Harland, 1983; Turon, 1984), is almost continu-
ous. Because of very low concentrations, the occurrence of
warm dinoflagellate taxa indicates penetration of North Atlan-
tic waters into the Labrador Sea during the late Quaternary. The
incursion of North Atlantic waters into the Labrador Sea is also
supported by the high-resolution palynological record of Core
84-030-003 (Site 647 survey core; de Vernal and Hillaire-Marcel,
1987).

The episodes of high dinoflagellate productivity correspond-
ing to interglacial stages are marked by assemblages dominated
by Operculodinium centrocarpum, Nematosphaeropsis labyrin-
thea, and Spiniferites ramosus, which constitute a temperate-
subarctic association (Fig. 7) similar to that recorded in modern
sediments from the Labrador Sea (Mudie and Short, 1985; de
Vernal, 1986). In addition to the above species, the noticeable
occurrence of temperate taxa such as Bitectadinium tepikiense
and S. mirabilis (Harland, 1983; Turon, 1984) characterizes the
dinocyst assemblages. These taxa predominantly occur in iso-
topic stages 5 and 7, indicating that the surface waters were
warmer (?more temperate) than today’s waters. The occurrence
of Achomosphaera andolousienis in the lowermost part of stage
7 suggests relatively temperate conditions in surface waters.

In addition to the temperate and subarctic components, the
late Quaternary dinocyst record of Site 646 is marked by peaks
of Brigantedinium simplex, which today is associated with low-
salinity (<30°/00) conditions in surface waters (Mudie and
Short, 1985). Peaks of B. simplex generally correspond to peri-
ods of pronounced depletion in the 6'*0 record and occur nota-
bly in isotopic stage 8, in the middle part of stage 7, in late stage

5 (5a), stage 3, and at the stage 1/stage 2 transition, which prob-
ably reflects brief episodes of dilution in surface waters from
meltwater transits through the West Greenland Current.

Pollen and Spores

In the middle and upper Pleistocene sediments of Site 646,
pollen and spore concentrations vary from about 10 to 2000
grains/cm?, indicating strong changes in influxes in response to
variations in the vegetation density of the source area (Fig. 8).
On the whole, changes in pollen concentrations correlate with
the 6'®0 stratigraphy: the highest concentrations are recorded in
deposits that correspond to isotopic stages 1, 5, and 7, while the
lowest concentrations characterize glacial stages 2 and 6; how-
ever, isotopic stage 8 is marked by fluctuating pollen concentra-
tions.

The relative abundance of terrestrial palynomorphs in Site
646 is illustrated in Figure 8. Most of the pollen and spore spec-
tra are dominated by Pinus, which is usually over-represented in
deep-sea sediments because its bisaccate morphology favors long-
distance atmospheric and hydrospheric transportation (Mudie,
1982; Heusser, 1983). Picea is also dominant in the tree pollen
assemblages, but the occurrence of other tree pollen grains (e.g.,
Quercus, Carya, Tsuga) is sporadic. Shrub taxa are relatively
well represented, notably by pollen of Alnus crispa, Betula glan-
dulosa, and/or B. unana, (grain diameter <25 pm; Richard,
1970; Rousseau, 1974; Usinger, 1975). Herb pollen grains, nota-
bly Artemisia, Gramineae, Cyperaceae, and Leguminosae are
common in a few intervals but rarely dominate the assemblages.
Peridophyte spores (Lycopodium spp., undifferentiated Polypo-
diaceae, and Osmunda) are abundant in several spectra, and
Sphagnum moss spores are common throughout.

Most of the pollen and spore taxa listed above are from ane-
mophilous plants and are easily dispersed over long distances by
atmospheric transportation, along with Gramineae and Arfe-
misia herb pollen and Sphagnum spores (Mudie, 1982). Indeed,
with the exception of Osmunda, these taxa contribute, in varia-
ble proportions, to the modern pollen and spore assemblages of
marine sediments off northeastern Canada (Mudie, 1982; Mu-
die and Short, 1985; Heusser, 1983). These taxa also constitute
the main component of long-distance influxes recorded in surfi-
cial snow and ice of the Canadian High Arctic (Bourgeois et al.,
1985) and the Arctic Ocean (Mudie, 1985). A large part of the
pollen and spore assemblages probably corresponds to influxes
controlled by atmospheric circulation. The prevalence of Picea
pollen indicates an origin in eastern Canada, with subsequent
transport in the southeastern/northwestern summer air mass
trajectories over the Labrador Sea (Barry and Chorley, 1982).
This interpretation is further supported by the Holocene paly-
nostratigraphy at Site 646 and at a nearby core Site 75-37 (de
Vernal, 1986), which allow direct correlation with the continen-
tal palynostratigraphy of southern Labrador Sea (Lamb, 1980;
Engstrom and Hansen, 1985). However, the atmospheric circu-
lation patterns may have changed throughout the late Pleisto-
cene, and one cannot assume that the geographical source area
has remained the same. In addition, influx from Greenland
through glacial runoff and/or fluvial transportation and subse-
quent oceanic circulation cannot be ignored.

The assemblages in isotopic stage 8 are characterized by rela-
tively high pollen and spore concentrations, dominated by Pi-
cea, Pinus, and Sphagnum. These data suggest the existence of
relatively dense spruce forest in the source area. The fluctuating
percentages and concentrations reflect cyclical variations of the
vegetational cover throughout isotopic stage 8. In addition, the
general increase in herb and shrub taxa in the upper part of
stage 8 may indicate a change toward a shrub-tundra vegetation.
Persistent occurrence of tree pollen associated with relatively
high total pollen and spore concentrations strongly suggests in-
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Figure 6. Palynomorph concentrations and '®0 curve in a composite upper Pleistocene sedimentary se-
quence from Site 646.
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fluxes of southerly air masses into the Labrador Sea during iso-
topic stage 8. The flora in isotopic stage 7 is marked by pollen
and spore assemblages related to influxes from spruce forest and
forest-tundra vegetation. In particular, the middle part of this
stage is characterized by an assemblage similar to that observed
in the Holocene. Pollen and spores are very rare in sediments
correlated with isotopic stage 6. This probably results from the
paucity of vegetation in ice-covered areas onshore and/or the
absence of southerly air masses in the eastern Labrador Sea
during this time.

Maximum pollen concentrations are recorded in sediments
of isotopic substage Se, indicating high influxes from a dense
vegetation. However, the assemblages, which are dominated by
Pteridophyte taxa (Lycopodium and Osmunda) and shrub taxa
(Betula and Alnus), indicate the existence of large amounts of
open shrub tundra in the source area. Data from onshore sec-
tions reveal the extension of dense mixed forest in Atlantic Can-
ada during the Sangamonian (substage 5e; de Vernal et al.,
1986; Mott and Grant, 1986). The flora observed at Site 646 re-
flect influxes from several sources: a southerly source contribut-
ing Pinus and deciduous tree pollen and a large influx from a
shrub tundra-type vegetation. The latter may be attributed to a
predominantly westerly air flow into the Labrador Sea, com-
bined with meltwater/fluvial influxes from northern Canada
and southern Greenland.

Large changes in pollen and spore assemblages follow the cli-
matic maximum of isotopic stage 5e: a decrease in concentra-
tion and increase in Picea percentages are recorded. This trend
suggests main air-mass influxes from a southerly source. Paly-
nological data from several cores, including Sites 646 and 647,
indicate that isotopic stage 3 is dominated by south-southwest/
north-northeast flowing air masses (de Vernal and Hillaire-Mar-
cel, 1986). Pollen assemblages correlative with the last glacial
stage (isotopic stage 2) are dominated by Pinus and character-
ized by small but significant percentages of deciduous tree taxa
(Ulmus and Quuercus), which indicate atmospheric influxes of
southern origin. However, many samples from late stage 5 to
early stage 2 are almost barren of pollen and spores, indicating
intervals of minimum pollen and spore influxes.

Site 647

A single APC hole (647B) was drilled at Site 647. Recovery
during the first five APC cores varied between 95.1% and
104.3%. Initial foraminifer and stable isotopic results in Hole
647B indicated that the upper ~ 110 cm of the mudline core was
missing. Data from the Hudson site-survey Core 84-030-003 (see
also Scott et al., this volume) were used to splice the missing
portion of Hole 647B (Fig. 9). The data are tabulated in Appen-
dix B.

Oxygen Isotopes and Chronostratigraphy

The oxygen isotopic data for Hole 647B show a typical re-
cord extending into isotopic stage 20 (Fig. 9). We were unable to
determine isotopic stages below stage 20 because of the lack of
independent chronostratigraphic data and two relatively long
sections where no samples were available (i.e., intervals 105-
647B-5H-1, 0-150 cm and 105-647B-6H-1, 0-100 cm). However,
we assigned tentative stages 21 through 35 and will explain these
further after completion of the benthic foraminifer isotopic re-
cord (in progress) for Hole 647B.

The FAD of E. huxleyi was found between Samples 105-
647B-1H-7, 114-119 cm, and 105-647B-1H-9, 130-132 cm, in
Hole 947B (Knuttel et al., this volume), within isotopic stage 7
(Fig. 9). However, studies in the Site 647 survey Core 84-030-003
indicate that the FAD of this taxon occurs within the upper part
of isotopic stage 8 (Hearn, 1986). In Hole 647B the LAD of P
lacunosa occurs between intervals 105-647B-3H-3, 120-125 ¢m,
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and 105-647B-3H-2, 80-85 cm (Knuttel et al., this volume).
This datum occurs in approximately the middle of isotopic stage
12 (Fig. 9), which is consistent with the age reported for the
LAD of this taxon at about 0.474 Ma (Berggren et al., 1985).
The oldest studied sample in Hole 947B lies above the LAD of
C. macintyrei (Knuttel et al., this volume).

The Brunhes-Matuyama magnetic chron boundary occurs in
isotopic stage 19 (Fig. 9). Detailed paleomagnetic data will be
needed to evaluate fully the chronostratigraphy of the older sec-
tion in this hole.

Planktonic Foraminifers

Figure 9 shows that downcore planktonic foraminifer plots
in Hole 647B exhibit large fluctuations in abundance values. No
sample examined in Hole 647B was barren of planktonic fora-
minifers, and all samples showed B/P ratios < <1, which sug-
gests that extensive calcium carbonate dissolution did not take
place at Site 647 during the last ~ 1.2 Ma. Foraminifer test frag-
mentation in Hole 647B varies between 10% and 30%, with oc-
casional spikes reaching 50% (Fig. 9). Comparison of the test
fragmentation with the isotopic and faunal data shows that
there is no apparent correlation between the climatic cycles and
the preservation of the foraminifer debris on the seafloor. These
data suggest that the faunal record in Site 647 experienced little
preferential dissolution, and these data together with the very
low B/P ratios suggest that the fluctuations observed in the to-
tal planktonic foraminifer data cannot be explained by dissolu-
tion.

Figure 9 shows the percentage of sediment coarser than 63
um in Hole 647B. This size fraction includes biogenic sediments
as well as terrigeneous sand- and gravel-sized debris. In general,
there is a good positive correlation between the planktonic fora-
minifer abundance and the >63-um fraction, suggesting that
the sand fraction is largely controlled by the biogenic influx at
the site. Sedimentation rates for individual glacial and intergla-
cial stages were calculated using oxygen-isotope stratigraphy and
the chronology of (1) Martinson et al. (1987) for stages 1 through
8, (2) Shackleton and Opdyke (1976) for stages 9 through 18,
and (3) Ruddiman et al. (1986a) for stages 19 through 35. The
deposition rates in the upper ~33 m (stages 1 through 19) var-
ied from 8.7 to 2.1 cm/k.y. in stages 13 and 11, and from 6.8
and 2.4 cm/k.y. in stages 4 and 6, respectively, with a glacial
and interglacial average for each of 4.7 cm/k.y.. Similar calcu-
lations for stages 19 through 35 reveal higher average deposition
rates of 6.5 and 5.6 cm/k.y. for the interglacial and glacial
stages, respectively. An overall sedimentation rate of 4.7 cm/
k.y. for the upper ~33 m generally supports the rate of 4.5 cm/
k.y. suggested by the magnetostratigraphic data. Thus, temporal
variations in sedimentation rate do not appear to be a major
factor controlling the downcore fluctuations in total foraminifer
abundances in Hole 647B (Fig. 9). Abundance variations in the
total planktonic foraminifers largely represent first-order bio-
genic productivity in the southern Labrador Sea.

Comparison of foraminifer data with the oxygen isotopic
curve shows that interglacial isotopic stages 1, 5, 7, and 9 have
few planktonic foraminifers, while stages 11, 13, 15, 17, and 19
include abundant foraminifers. Most glacial stages (2, 4, 6, 8,
10, 12, 16) have few planktonic foraminifers; but stages 14 and
18 include abundant planktonic foraminifers. In general, the
glacial stages are characterized by lower species diversity where
the fauna is dominated by N. pachyderma (sinistral), with vary-
ing percentages of G. bulloides, G. quingueloba, and N. pachy-
derma (dextral). Interglacial stages are characterized by higher
species diversity where the fauna is dominated by N. pachy-
derma (dextral), G. bulloides, G. quinqueloba, and G. inflata,
with smaller percentages of N. dutertrei, G. tumida, G. usci-
tula, G. hirsuta, G. crassaformis, G. menardii, and G. truncatu-
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linoides. Several glacial stages, such as 6, 8, 10, 14, 18, also in-
cluded small peaks of N. dutertrei and Globorotalia species.

Dinoflagellates

The palynostratigraphy of the site-survey Core 84-030-003
for Site 647 is described in detail by de Vernal and Hillaire-Mar-
cel (1987). The salient features can be summarized as follows:

1. Both subarctic and subtropical dinocyst species are present
throughout isotopic stages 1 through 8. Subarctic dinoflagel-
lates are similar to those found in northern Labrador Sea cores
(Aksu and Mudie, 1985); subtropical dinoflagellates include
mainly Impagidinium spp. (I. patulum, I. aculeatum, I. striala-
tum, I. paradoxum, and I. sphaericum). These data indicate
continuous flow of warm surface water into southern Labrador
Sea during the past ~0.3 Ma.

2. Major changes in total numbers of dinocysts/cm? show
fluctuations that generally indicate reduced phytoplankton pro-
ductivity during glacial intervals, although productivity remains
relatively high during the early parts of stages 6 and 8.

3. Total numbers of O. centrocarpum, N. labyrinthea, Spi-
niferites spp., and Bitectadodinium tepikiense, the main subarc-
tic water mass indicators in Davis Strait and southern Baffin
Bay cores, also have peaks in the early parts of stages 4, 6, and
8, thus showing good correlation with the dinoflagellate records
of Cores 77-027-017, 77-5-1, and 75-009-37 that were studied in
northern Labrador Sea, Davis Strait, and eastern Labrador Sea,
respectively (Mudie and Aksu, 1984; Aksu and Mudie, 1985; de
Vernal, 1986).

Pollen and Spores

Pollen and spore concentrations are relatively low through-
out the southern Labrador Sea cores, as expected from the dis-
tance offshore and the pelagic nature of the sediments (Mudie,
1982). Peaks of pollen concentration (mostly Picea) mark the
upper parts of interglacial stages 5 and 7; significant numbers
of Picea pollen also persist into early parts of glacial stages 4
and 6. This pattern of the influx of tree pollen is similar to that
found in the Davis Strait cores. In Core 84-030-003, a large
peak in pollen concentration at the top of isotopic stage 8 re-
flects increases of both Picea tree pollen and Artemisia shrub
and herb pollen.

DISCUSSION

During the last decade, numerous scientists studied the pa-
leoclimatic and paleoceanographic history of the Labrador Sea
(Fillon and Duplessy, 1980; Mudie and Aksu, 1984; Fillon, 1985;
Aksu and Mudie, 1985; Fillon and Aksu, 1985; de Vernal and
Hillaire-Marcel, 1987), the North Atlantic Ocean (Ruddiman
and Mclntyre, 1976, 1981a, 1981b; Ruddiman, 1977; Shackle-
ton et al., 1984; Ruddiman et al., 1986b), and the Norwegian
and Greenland seas (Kellogg, 1976, 1977). These studies con-
tributed considerable knowledge to our understanding of atmo-
sphere-hydrosphere-cryosphere relationships during the glacial/
interglacial cycles in the Northern Hemisphere. The salient find-
ings of studies in the Labrador Sea are listed as follows:

1. During the summers of early to middle stages of major
ice-growth phases, surface waters in the northern Labrador Sea
were relatively warm (subpolar) and free of sea ice. A corridor
of oceanic warmth apparently extended from the central North
Atlantic into the northern Labrador Sea during the early stages
of most major late Quaternary glaciations. The existence of an
intense thermal gradient between the frigid glaciated continents
and warmer ocean provided optimal conditions for ice-sheet

growth by contributing a large source of moisture and a mecha-
nism for channelizing the moisture through movement of south-
erly storms northward into the Labrador Sea (Ruddiman et al.,
1980).

2. Later phases of glacial periods were marked by a south-
erly shift of the Arctic-Atlantic air front and subsequent domi-
nance of the northern Labrador Sea by drier westerly arctic air
masses, accompanied by a southerly shift of the subpolar West
Greenland Current and extensive year-round sea-ice formation
in the Labrador Sea.

3. Transitions from glacial to interglacial periods were marked
by the development of a low-salinity surface layer, which was
maintained by a continuous supply of meltwater from the de-
caying ice sheets.

4, Paleoceanographic conditions and atmospheric circula-
tion during the interglacial periods were similar to those ob-
served today.

The oxygen isotopic data from Sites 646 and 647 show that
the transitions from glacial to interglacial stages were rapid and
were accompanied by equally rapid faunal changes. Figures 10
and 11 summarize the faunal and isotopic data for Holes 646A
and 646B (composite) and for Hole 647B. The designations of
planktonic foraminifer species to ecological water masses follow
those described by Ruddiman and McIntyre (1976). These are as
follows: polar water = > >75% polar species (N. pachyderma
sinistral); subpolar water = <75% subpolar species and <35%
transitional species (Gr. inflata, N. dutertrei); transitional water
= >35% transitional species and <15% subtropical species
(Gr. hirsuta, Gr. truncatulinoides, Gr. scitula, Gr. crassaformis,
Globigerinoides ruber, Gs. conglobatus, and G. rubescens). In
both holes no distinction was made between the cold and warm
subtropical water masses, simply because the warm subtropical
taxa only occur as auxillary species in insignificant quantities.

A north-south ecological water-mass history across the Lab-
rador Sea, reconstructed from the planktonic foraminifer as-
semblages for Holes 646A, 646B (composite) and 647B (Figs. 10
and 11), is illustrated in Figure 12. The site of Holes 646A and
646B is dominated mainly by a polar water mass with subpolar
water masses advecting northward predominantly during the
early interglacial stages 5, 7, 9, 11, and 17, and with shorter du-
ration penetration of subpolar water masses in stages 15 and
possibly 25. This northward advection is probably related to a
current similar to today’s West Greenland Current. However,
during interglacial stages 1, 13, 19, and 21, planktonic foramin-
ifers indicate dominance by polar water masses throughout the
entire duration of the interglacials. These data suggest the ab-
sence of the West Greenland Current from Site 646 during these
periods. The planktonic foraminifer assemblage in isotopic
stage 1 includes up to 20% subpolar species, which is about 5%
less than the limit for the subpolar water mass (Ruddiman and
Mclntyre, 1976). Similarly, the dinocysts indicate warm-water
advection during isotopic stage 1. Today, subpolar surface water
masses dominate the area of Site 646. Therefore, the ecologic
water-mass designations reconstructed using the criteria sug-
gested by Ruddiman and Mclntyre (1976) should be regarded as
first-order estimates of water masses. In general, Hole 647B is
dominated by subpolar water masses with periodic incursions of
polar water masses during glacial stages 2, 4, 6, 12, 16, and 22.
Total domination of this site by polar water masses during these
periods indicates southward migration of the polar front and in-
creased influence of a cold current similar to today’s Labrador
Current. Glacial stages 8, 10, 18, 23, and 26 also show the pres-
ence of subpolar water masses during their early periods, which
suggests that a corridor of oceanic warmth persisted in the Lab-
rador Sea and was possibly related to the presence of a subpolar
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Figure 9. Planktonic foraminifer and oxygen isotopic data in Hole 647B. Detailed comparisons of
the faunal and isotopic data of Hole 647B with the site-survey cores revealed that 1.1 m of sedi-
ment was missing at the top of Core 105-647B-1H; this section is spliced from the site-survey Core
84-030-003 and a trigger-weight core. Stable isotopic data for 84-030-003 are from de Vernal

(1986).

gyre between the West Greenland Current and the Labrador
Current. The most striking feature of the water mass migration
in the area is the spatial continuity observed in both the long in-
tervals of major subpolar water mass migrations (i.e., lower
stages 5, 9, and 11) and in short-duration intervals (i.e., stages 7
and 17). These features indicate great stability for the oceanic
currents in the Labrador Sea. The other prominent aspect of the
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water migrations is the abrupt terminations of subpolar water
masses between 53°N and 58°N.

The areal distribution of water masses in the Labrador Sea
cannot be determined with only two sites, simply because of the
presence of complex interactions between the Labrador Cur-
rent, West Greenland Current, and the North Atlantic Drift.
The observed water mass migrations reflect north-south migra-
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tions of water masses and changing patterns of the ocean cur-
rents. For example, during isotopic stage 5, data from the south-
ern site (Hole 647B) show subpolar water masses only during
the first ~ 18,000 yr (from ~ 129,000 to 111,000 yr b.p.) and
for a short period between 84,000 and 80,000 yr b.p. In con-
trast, data from Site 646 indicate subpolar water masses during
most of interglacial stage 5 (129,000 to 90,000 yr b.p.), with
only two short-duration (8,000 yr) polar water pulses. The per-
sistent presence of subpolar water masses at Site 646 during iso-
topic stage 5 can be explained by the domination of the West
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Greenland Current at this site, compared to greater influence of
the Labrador Current at Site 647. Similarly, the presence of the
West Greenland Current at Site 646 can be inferred for the early
stages of 7, 9, 11, and 17 and sporadically in stage 15. The water
mass migrations at Site 647 are probably the result of a complex
interplay between the Labrador Current and the North Atlantic
Drift. The southward penetration of polar water masses via the
Labrador Current during several glacial periods displaced the
subpolar or transitional water masses associated with the North
Atlantic Drift. In other glacial intervals, the polar water masses
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Figure 10. Summary planktonic foraminifer and stable isotopic records for Site 646 (composite). Water masses are reconstructed using
the ecological water mass designations of planktonic foraminifers described in Ruddiman and Mclntyre (1976).
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Figure 11. Summary of planktonic foraminifer and stable isotopic records for Site 647. Water masses are reconstructed using the ecological water
mass designations of planktonic foraminifers described in Ruddiman and Mclntyre (1976).

appear to have been more restricted to the westernmost part of
the Labrador Sea and Site 647 was occupied by the North At-
lantic Drift.

Site 646 is situated beneath today’s subpolar West Greenland
Current, with water temperatures in the upper ~ 100 m of the
water column of 4° and 9°C for February and August, respec-
tively. The uppermost samples in both Holes 646A and 646B

and in cores collected during the site-survey cruise include up to
23% subpolar species. Based on the planktonic foraminifer eco-
logical water mass designations of Ruddiman and Mclntyre
(1976), these fauna indicate the presence of polar water mass at
Site 646. True polar surface waters with <5°C summer temper-
ature generally include more than 90% polar species; summer
surface temperatures in subpolar waters range from 5°C to about
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15°C, with up to about 70% subpolar species (Tolderlund and
Bé, 1971). Water mass determinations using CLIMAP’s plank-
tonic foraminifer assemblages and paleoecological transfer func-
tions (Ruddiman and Mclntyre, 1976) have limited value in po-
lar and subpolar waters, and one must be careful when distin-
guishing between ecologically defined water masses and
physical oceanographic water masses, as illustrated by the con-
flicting faunal and floral data from Site 646.

Previous studies with shorter piston cores suggested that the
surface waters in the Labrador Sea remained subpolar and free
of sea ice during the summers of early glacial stages 6 and 8
(Mudie and Aksu, 1984; Aksu and Mudie, 1985). This interpre-
tation was based primarily on the persistent occurrence of sub-
polar planktonic foraminifers and the occurrence of warm-wa-
ter indicator dinoflagellate assemblages in early glacial stages.
Foraminifer data from Site 646 show no evidence for subpolar
water masses during isotopic stages 6 and 8 (maxima of <3%
and <10% subpolar species, respectively), in contrast to dino-
flagellate data that show large peaks in early stage 8 and smaller
peaks in early stage 6. However, data from Site 647 show the
presence of subpolar water masses during the early stage 8, con-
firming the northward advection of subpolar waters into the
northern Labrador Sea. The faunal data in stage 6 of both Sites
646 and 647 show the presence of polar water masses with only
up to 10% subpolar species; whereas the fauna in isotopic stage
6 in the northwestern Labrador Sea cores show subpolar waters
with up to 28% subpolar species. This is perplexing and will re-
quire more studies of cores from the western Labrador Sea.

In summary, the data presented here support the paleoceano-
graphic model developed from earlier studies in the Labrador
Sea (Mudie and Aksu, 1984; Aksu and Mudie, 1985) and pro-
vide a continuous high-resolution paleoclimatic and oceano-
graphic record for the last ~0.9 Ma. Continuing studies on coc-
coliths, stable isotopes in benthic foraminifers, dinoflagellates,
pollen and spores, and diatoms with the same set of samples
presented here will provide the necessary database to evaluate
completely the paleoenvironmental history of the Labrador Sea.

CONCLUSIONS

Preliminary data for planktonic foraminifers and stable iso-
topes on N. pachyderma sinistral, organic-carbon and nitrogen
isotopic data, and palynological data reveal the following sali-
ent conclusions:

1. Faunal and stable isotopic records in Sites 646 and 647
provide a ~0.9-Ma paleoclimatic and paleoceanographic record
for the Labrador Sea. At both sites, most glacial stages are gen-
erally dominated by polar faunas and floras with low species di-
versity. Minor occurrences of subpolar species also were ob-
served in the lowermost parts of several glacial stages in Site
646. The fauna suggest the presence of polar ecological water
masses in the area during most of the glacial periods. In several
glacial stages at Site 647, the early periods are clearly marked by
subpolar and transitional ecological water masses. The intergla-
cials are characterized by polar fauna in Site 646 and polar and
transitional fauna in Site 647. However, several interglacial stages
in Site 646 include a planktonic foraminifer fauna similar to
that found in the glacial stages.

2. The occurrence of subpolar water masses in several glacial
isotopic stages indicates significant northward advection of
warmer waters into the Labrador Sea during the early glacial pe-
riods, which provided a corridor of oceanic warmth that ex-
tended from mid- to high latitudes and contributed an addi-
tional source of moisture for the continental ice-sheet growth.
Similar conditions also were documented in the northwest Lab-
rador Sea (Mudie and Aksu, 1984; Aksu and Mudie, 1985), the
Labrador slope and Grand Banks (Alam et al., 1983), and the
North Atlantic (Ruddiman et al., 1980).
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APPENDIX A

ODP Holes 646A and 646B composite of foraminifer and stable iso-
topic data. PF, BF = planktonic and benthic foraminifers per dry
weight sediment, respectively; N.p-s, N.p-d = N. pachyderma sinistral
and dextral, respectively; Gr.i = G. inflata; G.b = G. bulloides; Ga.u
= G. uvula and G. glutinata; G.q = G. quingueloba; test = foramini-
fer test fragmentation; 6'C and 6'%0 = carbon and oxygen isotopic
values in N. pachyderma sinistral.

APPENDIX B

Foraminifer and stable isotopic data for ODP Hole 647B. PF, BF =
planktonic and benthic foraminifers per dry weight sediment, respec-
tively; N.p-s, N.p-d = N. pachyderma sinistral and destral, respec-
tively; N.d = N. dutertrei; G.b = G. bulloides; G.q = G. guinqueloba;
Gr.i = G. inflata; Gr.sp = G. tumida, G. scitula, G. hirsuta, G. crassa-
formis, G. tenardii, and G. truncatulinoides; Ga.u = G. uvula and G.
glutinata; test = foraminifer test fragmentation; 6'%0 and 6'°C = oxy-
gen and carbon isotopic values in N. pachyderma sinistral.



HIGH-RESOLUTION RECORDS OF UPPER PLEISTOCENE SEDIMENTS

APPENDIX A.
ODP Hole 646A and 646B (composite). Foraminiferal and stable isotopic data. PF, BF (planktonic and benthic
foraminifers per dry weight sediment, respectively), N.p-s, N.p-d (N. pachyderma sinistral and dextral, respectively),
Gr.i (Gr. inflata), G.b (G. bulloides), Ga.u (Ga. uvula and Ga. glutinata), G.q (G. quingueloba), test (foraminiferal
test fragmentation), 5'C and 5'®0 (carbon and oxygen isotopic values in N. padchyderma sinistral).

Gr.i G.b Ga.u G.q test &3¢ §'%0

depth >63im PF BF N.p-s
(%) (%) (%) (%) (¥} %o oo

(mbsf) (%) perg perg (%)

=
_:
=3

POOOOPOOPOOODO&)%E‘!}&&&Q

0.00 1.80 185.00 4.80 B5.63 1.44 0.00 7.76 0.29 4. 15.40 0.55 2.24
. 1.60 1000.00 22.00 87.89 2.86 0.00 4.8 0.22 4. 23.80 0.56 2.13
= 1.00 200.00 4.80 91.76 3.23 0.00 . .08 0. 32.00 0.75 2.49
. 1.23 1015.00 28.90 89.21 2.04 0.00 . .81 2. 19.00 0.47 2.01

0.79 1075.00 223.20 81.02 7.46 0.00 = 03 7. 45.00 0.55 2.59
. 0.85 999.10 7.40 B1.19 5.45 0.00 . .48 7. 13.50 . 1.80
. 1.23 361.80 37.30 B86.81 4.08 0.00 . .72 4. 22.70 . 2.40
. 0.70 120.20 7.50 88.94 1.15 0.00 . 00 6. 24.60 . 2.70
. 43 1514.30 14.30 93.02 0.57 0.00 . 00 5. 8.60 » 3.32
. 40 2445.90 12.70 91.45 1.81 0.00 . .26 5. 20.40 4.30
00 1750.50 15.00 98.85 0.00 0.00 . .00 1. 30.50 3.55
. .12 1.20 0.00 100.00 0.00 0.00 .00 0. 20.30 . .
.24 505.50 5.20 99.48 0.52 0.00 . .00 0. 26.70 Y &
.42 814.10 23.50 98.84 0.58 0.00 - .00 0. 45.50 . .
2 1120.80 11.30 98.32 1.62 0.00 . .00 0. 26.60 . .
. 50600.75 945.90 95.82 0.33 0.00 33 2. 19.10 . .
. 13075.30 196.60 90.83 0.75 0.00 15 4. 19.10 . 5
0.49 0 00 o
0.00 0. 0 0
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4. 13

T 05

7. 18
2.1 15 3.95
5.2 04 4.42
6.4 30 4.15
2.2 20 4.08
0.00 05 3.93
5.00 29 3.45
. 4.00 1382.00 6.70 99.03 . 00 ¥ 26.70 38 3.60
. 2.20 142.80 1.30 100.00 . 00 . . 61.40 .40 3.72
3.27 44.90 0.60 100.00 .00 00 . . . 48.90 .43 3.75
.2 1.24 139.90 1.80 98.73 27 00 . . 61.00 47 3.65
3 1.89 340.00 6.00 98.92 08 00 . . 61.00 .45 3.70
4 2.25 996.00 16.10 98.92 08 .00 . 52.20 .25 3.45
7 4.00 4410 10 86.10 97.56 95 .00 % 32.30 .40 3.67
-9 4.15 3408.10 29.00 98.01 29 .00 . . 24.10 .35 3.77
14 15.00 2407.75 8.85 97.79 .84 .00 4 . . 7.00 25 3.41
<3 0.84 503.11 2.41 98.56 1.44 00 " .00 . 42.60 0.76 3.32
.6 5.89 1455.92 20.22 98.26 1.56 0.00 5 .00 ¥ 14.90 0.70 3.40
5.7 2.88  2080.00 9.06 99.27 0.73 0.00 .00 0.00 O. 51.70 0.78 3.72
5.9 0.68 1411.76 18.82 99.33 0.67 0.00 0.00 0.00 O. 39.30 0.77 3.68
6.1 4.98 2293.85 10.36 98.19 1.81 0.00 0.00 0.00 O. 22.60 0.90 3.75
6.3 3.00 82.20 0.00 98.21 1.79 0.00 0.00 0.00 O. 39.30 1.35 3.82
6.5 3.58 3.21 0.00 100.00 0.00 0.00 0.00 0.00 O. 50.00 0.70 3.40
6.7 2.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O. 0.00 0.26 3.55
6.9 1.62 30.41 2.64 100.00 0.00 0.00 0.00 0.00 O. 39.10 -0.21 3.45
7.1 0.99 19.39 1.27 99.49 0.51 0.00 0.00 0.00 O. 35.35 0.04 4.04
7.3 1.30 19.63 0.61 100.00 0.00 0.00 0.00 0.00 0.00 50.00 0.00 3.41
7.5 2.25 56.67 4.00 97.65 2.35 0.00 0.00 0.00 0.00 57.65 0.10 4.60
7.7 3.47 6448.95 30.59 99.15 0.85 0.00 0.00 0.00 0.00 18.69 0.29 3.46
7.9 7.20 3095.78 24.28 98.56 1.44 0.00 0.00 0.00 0.00 6.07 0.17 3.49
8.1 4.91 2586.30 26.30 100.00 0.00 0.00 0.00 0.00 0.00 42.20 -0.16 3.39
8.32 4.89 3095.78 15.44 99.25 0.50 0.00 0.00 0.25 0.00 34.16 0.26 3.41
8.50 2.60 2367.27 25.45 98.62 1.23 0.00 0.00 0.00 0.15 21.00 0.29 3.57
8.55 1.30 1373.93 3.50 98.20 1.80 0.00 0.00 0.00 0.00 22.70 0.30 3.31
8.71 2.00 6623.97 39.20 46.70 4.80 0.00 1.70 3.00 43.90 2.50 0.32 2.93
8.92 1.90 4266.67 58.99 60.14 15.21 1.38 5.88 2.31 16.24 28.00 0.56 2.86
9.20 4.88 9857.93 80.60 23.71 11.77 2.58 6.05 7.36 50.78 14.00 0.50 2.38
9.40 1.58 154B.93 42.56 4.48 32.97 3.75 9.34 3.29 12.91 9.60 0.18 2.98
9.60 1.50 880.60 20.15 37.07 27.46 2.56 9.84 5.95 19.68 16.00 0.45 2.28
9.80 2.80 1912.92 27.55 35.60 23.45 3.50 6.38 2.06 32.51 7.90 0.21 2.08
10.01 1.12 1018.00 28.00 73.38 19.21 1.19 6.48 0.00 0.93 9.90 0.35 2.03
10.21 0.68 340.00 24,00 78.27 14.92 0.00 2.36 0.00 4.45 20.20 0.56 2.29
10.40 0.35 275.00 11.00 92.20 6.42 0.00 0.46 0.23 0.69 15.14 0.20 2.44
10.54 0.28 100.89 3.58 93.16 3.80 0.00 0.25 0.76 2.03 27.60 -1.31 2.57
10.72 0.38 373.00 9.00 59.04 5.58 0.00 3.85 1.54 30.00 2.90 -1.00 1.%90
10.91 0.35 218.85 5.34 96.75 1.95 0.00 0.33 0.00 0.98 15.80 =-1.00 3.51
11.12 0.99 5.00 0.20 52.27 6.82 0.00 2.27 22.73 18.18 4.60 -0.80 3.57
11.32 1.20 16.60 0.80 9.92 57.85 4.10 23.97 4.13 4.13 20.70 -0.62 3.97
11.51 9.52 1022.40 3.30 98.70 1.30 0.00 0.00 0.00 0.00 10.70 -0.08 2.87
11.72  9.50 1160.34 9.07 98.44 1.56 0.00 0.00 0.00 0.00 23.80 0.09 4.49
11.91 6.35 1628.44 14.97 99.26 0.74 0.00 0.00 0.00 0.00 21.30 0.06 4.44
12.10 9.29 1697.87 9.10 99.20 0.80 0.00 0.00 0.00 0.00 8.90 -1.01 4.34
12.30 4.62 2677.82 13.39 99.17 0.83 0.00 0.00 0.00 0.00 26.30 -0.29 4.77
12.51 0.23 4.00 0.10 100.00 0.00 0.00 ©0.00 0.00 0.00 45.70 =0.18 4.26
12.67 5.45 1240.03 15.37 98.14 1.86 0.00 0.00 0.00 0.00 18.20 =-0.41 3.99
12.80 12.02 455.30 4.20 99.07 0.93 0.00 0.00 0.00 0.00 47.70 -0.26 4.09
13.00 6.93 1692.90 19.90 98.43 1.57 0.00 0.00 0.00 0.00 17.60 =0.10 4.24
13.15 2.84 4399.50 37.90 99.14 0.8 0.00 0.00 0.00 0.00 53.30 0.05 4.14
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Appendix A (continued).

test 4'3c §'%0

depth >63um PF BF N.p-s
(%) °/oo °/oo

(mbsf) (%) perg perg (%)

g
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13.30 6.89 5818.20 45.50 99.18 0.82 0.00 0.00 0.00 0.00 24.50 0.00 4.09
13.45 14.62 4111.20 17.30 99.58 0.42 0.00 0.00 0.00 0.00 21.30 0.07 4.38
13.63 4.03 1771.60 11.10 99.38 0.63 0.00 0.00 0.00 0.00 67.00 0.10 4.08
13.85 6.31 3609.10 67.30 99.38 0.62 0.00 0.00 0.00 0.00 32.80 -0.06 4.19
14.10 3.79 0.50 0.50 100.00 0.00 0.00 ©0.00 0.00 0.00 75.00 -0.03 4.18
14.30 5.39 1222.60 7.50 98.77 1.23 0.00 0.00 0.00 0.00 39.10 0.02 4.19
14.50 3.73 426.00 23.60 99.08 0.92 0.00 0.00 0.00 0.00 64.00 0.12 3.85
14.67 1.09 383.10 6.50 100.00 0.00 0.00 ©0.00 0.00 0.00 58.50 0.25 3.57
14.80 6.49 4640.00 19.30 98.99 1.01 0.00 0.00 0.00 0.00 41.40 0.43 3.55
14.95 7.50 14724.00 83.70 98.30 1.70 0.00 0.00 0.00 ©0.00 45.00 0.48 3.45
15.10 1.99 2623.80 10.30 98.04 1.96 0.00 0.00 0.00 0.00 31.60 0.43 3.15
15.33 0.34  2025.00 9.15 98.28 1.72 0.00 0.00 0.00 0.00 28.99 0.42 3.19
15.60 4.62  1303.40 9.00 98.62 1.38 0.00 0.00 0.00 0.00 26.40 0.41 3.08
15.80 2.79 2.20 0.00 100.00 0.00 0.00 0.00 0.00 0.00 35.30 0.37 3.74
15.99 1.23 0.40 0.00 100.00 0.00 0.00 0.00 0.00 0.00 37.50 0.37 3.91
16.15 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 3.92
16.30 2.29 1.10 0.00 100.00 0.00 0.00 0.00 0.00 0.00 15.40 0.34 4.05
16.42 0.41 1.80 0.00 93.75 0.00 0.00 6.25 0.00 0.00 5.90 0.35 3.67
16.60  2.95 19.70 0.30 95.71 2.86 0.00 1.43 0.00 0.00 45.90 0.33 2.43
16.78 0.42 152.00 3.80 96.88 0.63 0.00 0.00 0.00 2.50 49.90 0.42 2.89
17.02  2.49 239.70 6.50 95.74 1.94 0.00 0.39 0.00 1.94 59.10 0.32 2.74
17.30 2.32 97.80 8.90 95.10 2.80 0.00 0.70 0.00 1.40 54.10 0.22 2.57
17.77 0.83 737.20 31.90 94.59 1.08 0.00 0.00 0.00 4.32 47.90 0.34 2.89
17.97 0.49 64.40 2.10 68.52 5.09 0.00 3.70 0.25 22.69 20.10 0.11 2.86
18.10 1.99 510.00 5.40 87.14 2.14 0.00 3.21 0.36 6.79 13.70 =0.12 2.94
18.30 0.93 65.30 5.20 77.78 4.32 0.00 5.56 1.23 11.11 18.80 -0.30 3.02
18.53 8.40 434.10 1.90 95.58 3.98 0.00 0.44 0.00 0.00 21.70 -0.06 3.26
18.65 4.39 0.50 0.10 100.00 0.00 0.00 0.00 0.00 0.00 16.70 -0.04 3.39
18.80 0.05 0.50 0.65 94.26 0.25 0.00 2.63 0.23 2.63 15.70 -0.02 3.49
19.10 0.19 62.80 1.20 80.84 0.93 0.00 8.88 0.47 7.48 14.50 =-0.02 3.54
19.31 0.58 2.50 0.20 100.00 ©0.00 0.00 0.00 0.00 0.00 73.60 0.19 3.57
19.50 2.98 286.00 6.50 97.74 2.26 0.00 0.00 0.00 0.00 38.30 0.38 3.61
19.75 4.22 480.00 4.40 100.00 0.00 0.00 0.00 0.00 0.00 50.00 0.58 3.56
19.92 2.01 1157.60 6.99 99.40 0.60 0.00 0.00 0.00 0.00 18.70 0.61 3.35
20.10 1.18 1076.98 6.19 99.71 0.29 0.00 0.00 0.00 0.00 20.40 0.49 3.03
20.31 3.83 4717.47 53.24 70.88 4.29 0.00 1.58 0.46 22.80 3.20 0.45 2.84
20.50 2.33 2351.75 17.95 91.60 0.76 0.00 2.86 0.38 4.39 9.20 0.36 2.38
20.69 0.36 68.50 0.40 31.18 3.04 0.00 0.76 1.90 63.12 5.90 0.18 2.69
20.90 0.17 12.19 0.91 11.21 3.74 0.00 6.54 0.94 77.57 7.50 0.15 3.07
21.02 0.65 14.00 9.60 73.33 26.67 0.00 0.00 0.00 0.00 26.70 0.13 3.25
21.21 9.87 311.79 3.73 94.31 4.19 0.00 0.90 0.30 0.30 7.50 0.08 3.64
21.40 4.13 584.57 8.66 99.26 0.74 0.00 0.00 0.00 0.00 19.30 0.05 4.09
21.80 8.01 372.92 3.07 99.18 0.82 0.00 0.00 0.00 0.00 23.00 0.20 4.29
22.01 2.72 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 4.29
22.40 5.99 32.30 10.74 97.82 2.18 0.00 0.00 0.00 0.00 44.00 =-0.57 4.70
22.60 3.10 0.47 0.47 100.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.40 3.77
22.84 2.33 819.72 11.27 95.53 0.69 0.00 0.00 0.00 3.78 5.80 -0.28 4.04
23.01 2.60 1140.14 11.40 99.50 0.50 0.00 ©0.00 0.00 0.00 25.80 =0.24 4.23
23.18 15.01 150.00 2.11 94.60 3.19 0.00 0.00 0.14 2.08 0.83 -0.20 4.24
23.32 6.53 4691.60 17.00 99.28 0.72 0.00 0.00 0.00 0.00 11.20 -0.16 4.27
23.50 5.69 2210.00 15.92 98.77 1.23 0.00 ©0.00 0.00 0.00 27.40 =0.31 4.05
23.70 6.91 689.00 12.07 98.90 1.10 0.00 0.00 0.00 0.00 27.10 -0.52 3.42
23.91 8.05 907.75 19.07 98.95 1.05 0.00 0.00 0.00 ©0.00 22.50 0.04 4.43
23.99 2.73 451.76 13.59 99.31 0.69 0.00 0.00 0.00 0.00 38.20 -0.15 3.71
24.20 5.13 3995.53 8.94 99.33 0.67 0.00 0.00 0.00 0.00 19.90 0.00 3.84
24.49 3.01 3700.00 18.10 96.06 3.45 0.00 0.00 0.00 0.49 25.50 0.22 3.85
24.71 1.31 40.50 3.20 99.35 0.65 0.00 0.00 0.00 0.00 49.00 0.31 4.45
24.93 0.55 35.70 1.10 95.52 2.24 0.00 0.75 0.00 1.49 27.10 0.41 4.14
25.35 4.11 2.80 1.60 100.00 0.00 0.00 0.00 0.00 0.00 45.20 0.25 3.93
25.52 1.05 312.80 9.80 98.95 1.05 0.00 0.00 ©0.00 0.00 52.30 0.22 3.88
25.73 2.51 1548.80 39.90 98.90 1.10 0.00 0.00 0.00 0.00 35.10 0.13 3.80
25.99 3.50 3770.00 44.50 94.51 3.59 0.00 1.80 0.00 0.00 9.90 0.23 3.59
26.20 1.00 3405.00 76.30 93.00 3.25 0.00 2.00 0.00 1.75 12.00 0.30 3.91
26.35 6.31 2935.50 31.10 98.41 1.58 0.00 0.00 0.00 0.00 37.90 0.46 3.96
26.62 7.60 2618.90 7.50 98.27 1.73 0.00 0.00 0.00 0.00 26.60 -0.08 3.34
26.80 3.00 1740.00 60.50 99.13 0.87 0.00 0.00 0.00 0.00 21.40 0.01 3.14
26.97 0.85 565.00 35.40 99.31 0.69 0.00 0.00 0.00 0.00 26.60 0.26 2.80
27.13  6.79 2.10 0.90 100.00 0.00 0.00 O0.00 0.00 0.00 70.80 0.29 2.32
27.29 5.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 2.51
27.49 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.52 2.89
27.62 1.28 1000.00 64.72 78.15 15.00 0.00 3.15 0.25 3.70 11.90 0.59 2.58



HIGH-RESOLUTION RECORDS OF UPPER PLEISTOCENE SEDIMENTS

Appendix A (continued).

depth >63um FF BF N.p-s N.pd Gr.i G.b Ga.u G.q test 6'3c é6'%0
(mbsf) (%) perg perg (%) (%) (%) (%) (%) (%) (%) °/oo °/oo
27.89 0.60 352.00 31.65 13.27 66.33 0.00 13.27 1.02 6.12 37.20 0.05 2.99
28.10 0.59 145.00 26.71 30.67 68.00 0.00 0.00 0.00 1.33 33.33 -0.03 2.67
28.28 0.18 2.00 12.00 26.32 73.68 0.00 0.00 0.00 0.00 21.00 =-0.08 2.62
28.50 0.19 66.30 13.90 58.21 41.79 0.00 0.00 0.00 0.00 34.40 =-0.17 2.24
28.71 0.23 12.30 20.50 10.96 83 56 0.00 2.05 1.37 2.05 32.20 -0.19 2.41
28.92 0.36 33.00  4.20 3.45 84.83 0.00 4.14 0.34 5.86 13.10 -0.20 2.36
29.19 12.59 1.78 0.00 37.50 62.50 0.00 0.00 0.00 0.00 12.50 -0.25 2.31
29.40 10.01 0.88  0.00 100.00 0.00 0.00 0.00 0.00 0.00 16.70 =0.26 2.24
29.59 2.38 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 =-0.29 3.25
29.80 3.20 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 =-0.32 4.04
30.00 2.43 145.00  7.90 100.00 0.00 0.00 ©0.00 0.00 0.00 36.70 -0.35 3.94
30.20 8.54 2632.07 62.67 99.40 0.60 0.00 0,00 ©0.00 0.00 13.20 -0.11 3.71
30.41 2.78 915.90 8.77 99.32 0.68 0.00 0.00 0.00 0.00 14.00 0.21 3.80
30.70 5.22 122.90  4.33 98.55 1.24 0.00 0.00 0.00 0.21 29.00 0.13 3,97
30.90 3.11 2566.71  4.19 99.18 0.82 0.00 0.00 0.00 0.00 10.30 0.45 4.08
31.09 15.09 5417.43 26.56 98.77 1.23 0.00 0.00 0.00 0.00 8.09 0.60 4.10
31.29 6.99 4069.00 6.72 98.66 0.50 0.00 0.00 0.00 0.84 0.80 0.56 3.99
31.49 2.39 2330.31 14.30 94.68 1.84 0.00 0.51 0.20 2.76 3.58 0.51 3.26
31.69 4.50 2843.19 3,76 98.94 0.92 0.00 0.00 0.00 0.13 6.20 0.80 3.05
31.88 3.21 3022.38 23.29 95.86 1.45 0.00 0.29 0.00 2.41 4.60 0.51 3.26
32.20 6.30 2245.00 16.52 98.54 1.46 0.00 0.00 0.00 0.00 22.60 0.60 3.82
32.40 1.22 2656.00 71.26 97.32 1.61 0.00 0.50 0.00 0.57 10.00 0.75 3.10
32.70 1.02 6098.00 126.00 91.70 6.50 0.00 0.22 0.22 1.12 8.97 0.71 2.68
32.80 1.03 2237.00 46,00 92.78 7.22 0.00 0.00 0.00 0.00 9.79 0.70 2.55
32.99 1.00 1029.00 21.00 87.94 10.95 0.00 0.00 0.19 0.93 15.77 0.59 2.75
33.20 0.81 745.00 32.00 81.49 14.23 0.00 0.36 0.00 3.91 9.61 0.48 2.13
33.37 0.98 533.00 37.00 88.94 5.99 0.00 0.92 0.00 4.15 7.37 0.21 2.26
33.57 0.39 189.00 22.00 91.67 5.80 0.00 0.36 0.00 1.09 7.25 0.75 1.88
33.79 0.06 9.00 1.00 86.87 6.06 0.00 1.01 0.00 6.06 19.19 0.16 1.87
33.92  1.00 113.00 4.00 77.26 6.46 0.52 3.10 0.52 12.14 12.40 -0.19 1.85
34.18 0.54 158.00 10.00 78.38 12.61 0.00 1.80 1.25 7.21  5.41 -0.09 2.57
34.30 1.29  446.00 15.00 86.21 6.40 0.00 0.99 0.99 5.42 12.81 0.55 2.42
34.45 0.95 635.00 25.00 88.80 5.39 0.00 1.87 1.66 2.28 6.43 0.34 1.85
34.68 0.82 1415.00 39.00 88.52 5.52 0.00 3.09 0.66 1.55 9,27 0.24 2.50
34.88 0.70 1005.00 8.00 96.58 3.42 0.00 0.00 0.00 0.00 11.32 0.54 2.43
35.08 2.63 3721.00 57.00 95.93 2.54 0.00 0.51 0.00 1.02 5.34 0.45 2.61
35.29 1.92 2646.00 24.00 74.19 16.13 0.46 1.38 0.46 7.37 15.20 0.25 2.40
35.44 3.61 100.00  4.00 71.13 21.30 2.11 2.11 0.00 3.52 9.15 0.17 3.00
35.65 0.89 310.00 12.00 42.31 28.85 1.04 13.46 2.88 10.58 17.31 0.10 2.79
35.80 1.02 365.00  9.00 50.37 11.19 2.61 7.09 2.24 26.49 4.48 0.03 2.80
35.97 1.05  462.00 8.00 48.10 2.89 1.73 22.15 4.15 14.18 3.81 -0.13 2.75
36.07 1.09 1052.00 55.00 62.84 6.28 0.55 12.02 1.64 15.85  7.92 =-0.24 3.42
36.20 1.11 537.00 6.00 58.33 6.25 0.00 9.38 2.08 23.96 10.42 -0.31 3.59
36.40 14.03 39.00 5.00 93.24 0.00 0.00 1.35 0.00 5.41 21.62 -0.26 3.55
36.58 11.00 351.00 2.00 94.86 1.93 0.00 0.64 0.00 2.57 31.83 =0.35 3.74
36.78 14.99 7.00 2.00 97.67 2.33 0.00 0.00 0.00 0.00 16.28 -0.55 3.86
36.94 13.55 0.00  0.00 100.00 0.00 0.00 0.00 0.00 0.00 50.00 -0.44 3.97
37.17 6.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 =-0.25 4.14
37.28  6.30 4,00 2.00 97.06 2.94 0.00 0.00 0.00 0.00 35.29 =0.17 4.26
37.48 1.26  400.00 5.00 98.75 1.25 0.00 0.00 0.00 0.00 29.10 -0.09 4.50
37.59 6.85  525.00 8.00 99.05 0.95 0.00 0.00 0.00 0.00 27.13 -0.10 4.55
37.69  4.99 53.00 3.00 98.87 1.13 0.00 0.00 0.00 0.00 6.21 -0.05 4.50
37.90 2.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 4.26
38.05 5.20 7.00  8.00 100.00 0.00 0.00 0.00 0.00 0.00 22.54 0.01 3.98
38.24 4.84 6500.00 36.00 99.44 0.56 0.00 0.00 0.00 0.00 12.85 -0.01 3.57
38.47 15.00 1.00  0.00 100.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 3.88
38.66 8.80 4857.00 36.00 99.07 0.75 0.00 0.00 0.00 0.19 21.49 0.05 4.20
38.80 9.98 3915.00 22.00 99.18 0.82 0.00 0.00 0.00 0.00 18.14 0.07 3.83
38.98 8.84 4511.00 42.00 98.37 1.63 0.00 0.00 0.00 0.00 7.21 0.15 4.00
39.00 7.73 394.00 7.00 97.78 2.22 0.00 0.00 0.00 0.00 11.67 0.22 3.32
39.20 10.95 15578.00 208.00 98.00 2.00 0.00 0.00 0.00 0.00 13.00 0.25 3.48
39.30 4.00  200.00 5.00 90.79 3.95 0.00 0.00 0.00 5.26 10.53 0.27 3.57
39.50 4.80  418.00 4.00 96.04 2.64 0.00 0.44 0.00 0.88 18.50 0.30 2.75
39.70 8.06 1573.00 6.00 97.81 1.59 0.00 0.00 0.00 0.60 3.58 0.39 3.82
39.91 3.10 3064.00 25.00 98.35 1.24 0.00 0.00 0.00 0.41 10.74 0.75 3.07
40.10 1.59 1963.00 6.00 96.37 0.66 0.00 1.32 0.66 0.99 11.55 0.72 3.87
40.33 1.68 1879.00 19.00 90.37 1.66 1.33 3.32 0.00 3.32 15.61 0.30 2.24
40.50 1.03 673.00 9.00 99.56 0.44 0.00 0.00 0.00 0.00 31.56 0.82 1.96
40.70 1.80 1066.00 5.00 94.66 3.88 0.00 0.49 0.00 0.97 22.33 0.56 2.14
40.80 1.92 2361.00 29.00 98.76 1.24 0.00 0.00 0.00 0.00 16.77 0.60 1.79
41.00 3.13 1796.00 20.00 98.29 1.71 0.00 0.00 0.00 0.00 28.41 0.59 2.79
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Appendix A (continued).
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41.10 3.42 1740.00 5.00 91.29 2.10 0.00 1.50 0.60 4.50 12.31 0.61 2.01
41.20 4.39 3744.00 17.00 91.86 2.26 0.00 2.26 0.00 4.07 14.48 0.74 1.79
41.40 5.09 9953.00 205.00 95.47 1.23 0.00 0.82 0.00 2.47 12.76 0.70 2.12
41.60 3.05 4100.00 34.00 93.70 2.10 0.00 0.00 0.00 4.20 12.61 0.62 2.86
41.79 2.14 843.00 16.00 84.68 1.39 0.00 0.84 0.56 12.53 22.56 0.68 1.91
41.99 3.27 2842.00 17.00 95.41 1.22 0.00 ©0.92 0.61 1.83 22.94 0.58 2.75
42.20 2.09 1696.00 26.00 99.39 0.61 0.00 0.00 0.00 0.00 35.60 0.62 3.79
42.30 2.10 1234.00 8.00 96.57 2.05 0.00 0.68 0.00 0.68 26.03 0.24 3.52
42.44 2.00 1600.00 9.00 97.19 1.51 0.00 0.00 0.22 1.08 22.03 0.86 3.82
42.79 1.79 800.00 2.00 98.14 1.24 0.00 0.00 0.00 0.62 17.08 0.72 3.45
42.89 4.29 1695.00 28.00 96.72 1.64 0.00 1.09 0.00 0.55 16.94 0.66 3.57
43.10 2.33 818.00 6.00 99.27 0.73 0.00 0.00 0.00 0.00 24.82 0.28 3.78
43.30 2.26 3598.00 17.00 B85.65 4.00 0.00 3.53 0.47 6.35 4.00 0.50 3.57
43.49 2.49 1244.00 15.00 B86.34 1.86 0.00 4.97 0.00 6.83 19.88 0.30 3.72
43.70 3.25 4507.00 40.00 88.00 1.78 0.89 4.89 0.89 3.56 12.00 0.25 3.46
43.80 3.31 4031.00 19.00 94.76 1.42 0.00 1.90 0.00 1.90 16.59 0.21 3.73
44.00 4.30 8082.00 111.00 88.53 3.67 0.00 1.83 0.00 5.96 14.22 0.13 2.98
44.10 3.62 8657.00 93.00 79.57 3.44 1.51 3.23 1.51 10.75 5.81 0.05 2.98
44,20 3.00 2723.00 31.00 81.82 5.68 0.76 5.68 0.00 6.06 4.55 0.25 3.32
44.40 7.52 3807.00 22.00 92.35 3.12 0.00 0.57 0.00 3.97 4,53 0.22 3.01
44.61 3.78 3847.00 22.00 86.44 4.52 0.00 5.65 0.00 3.39 3.95 0.15 2.84
44.75 3.32 2249.00 17.00 97.74 1.13 0.00 0.38 0.00 0.75 9.43 0.09 2.74
44.98 5.18 6885.00 44.00 96.84 1.58 0.00 0.32 0.00 1.26 20.25 0.04 3.03
45.21 5.43 417.00 7.00 100.00 ©0.00 0.00 0.00 0.00 0.00 13.09 -0.03 3.69
45.30 10.00 200.00 14.00 100.00 0.00 0.00 0.00 0.00 0.00 60.71 =0.12 3.80
45.50 7.11 12178.00 96.00 95.55 2.62 0.00 0.00 0.00 1.83 15.18 0.40 4.13
45.60 5.59 2444.00 24.00 96.50 1.17 0.00 0.00 0.00 2.33 32.63 0.35 4.54
45.70 7.00 10129.00 138.00 95.68 1.82 0.00 0.00 0.00 2.50 16.82 0.34 4.57
45.90 3.94 6522.00 22.00 95.%92 2.72 0.00 0.00 0.00 1.36 18.03 -0.12 3.64
46.08 12.12 72.00 18.00 100.00 ©0.00 0.00 0.00 0.00 0.00 50.00 0.10 3.87
46.30 6.17 7381.00 232.00 96.00 3.14 0.00 0.29 0.00 0.57 50.28 0.42 4.41
46.90 5.09 5102.00 13.00 96.03 0.50 0.00 0.50 0.00 2.48 7.6 =0.13 3.09
47.10 2.39 2916.00 46.00 97.62 1.99 0.39 0.00 0.00 0.00 13.49 =0.27 2.70
47.30 10.05 3284.00 9.00 96.60 2.62 0.00 0.26 0.00 0.52 19.90 0.01 2.99
47.50 7.13 16291.00 45.00 97.53 2.47 0.00 0.00 0.00 0.00 18.68 0.04 2.88
47.70 3.80 5000.00 36.00 95.59 0.74 0.00 1.10 0.00 2.57 5.88 0.34 2.62
47.89 5.16 9877.00 22.00 86.85 1.59 0.00 0.23 0.00 11.34 6.12 -0.12 2.46
48.02 1.12 1662.00 7.00 88.68 2.88 0.00 0.41 0.62 7.41 4.94 =-0.60 2.07
48.24 3.58 4931.00 27.00 91.67 2.18 0.00 0.41 0.00 5.60 2.18 -0.21 2.45
48.40 4.65 2289.00 9.00 93.22 0.97 0.00 0.00 0.19 5.62 6.39 =0.39 2.11
48.56 5.49 1731.00 12.00 96.67 1.33 0.00 0.00 0.00 2.00 38.00 -0.46 2.06
48.80 0.37 839.00 3.00 96.67 1.00 0.00 0.00 0.00 2.33 22.67 -0.35 2.64
49.00 0.90 1131.00 66.00 87.63 2.75 0.00 0.00 0.69 8.93 16.84 -0.26 2.58
49.18 0.42 387.00 1.00 53.12 6.24 0.89 1.66 3.06 35.03 5.99 -0.37 2.30
49.39 0.93 948.00 4.00 99.56 0.44 0.00 0.00 0.00 0.00 51.53 0.30 3.28
49.68 3.41 2203.00 11.00 99.25 0.75 0.00 0.00 0.00 0.00 23.75 0.10 2.80
49.99 9.09 1970.00 25.00 100.00 ©0.00 0.00 0.00 0.00 0.00 26.48 0.13 3.00
50.00 7.97 2240.00 15.00 96.35 2.33 0.00 0.17 0.17 1.00 12.46 0.28 3.44
50.20 2.05 252.00 9.00 100.00 ©0.00 0.00 0.00 0.00 0.00 19.39 0.35 3.52
50.40 1.34 4298.00 15.00 99.60 0.38 0.00 0.00 0.00 0.00 39.47 -0.31 3.12
50.59 1.40 2997.00 20.00 99.32 0.68 0.00 0.00 0.00 0.00 18.29 =0.32 2.77
50.80 0.44 911.00 11.00 99.60 0.40 0.00 0.00 0.00 0.00 24.41 -0.18 2.74
51.00 1.96 300.00 12.00 99.49 0.51 0.00 0.00 0.00 0.00 8.59 0.25 2.91
51.21 7.21 5100.00 10.00 99.22 0.78 0.00 0.00 0.00 0.00 20.43 =-0.25 3.57
51.39 2.55 3237.00 10.00 96.91 1.23 0.00 0.00 0.00 1.85 8.02 -0.34 3.71
51.50 10.21 405.00 3.00 98.34 0.99 0.00 0.00 0.00 0.66 8.31 -0.49 3.41
51.70 5.03 17.00 12.00 100.00 0.00 0.00 0.00 0.00 0.00 27.22 -0.57 3.59
51.90 9.80 5.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 1.75 =0.90 3.90
52.10 5.51 245.00 12.00 99.33 0.67 0.00 0.00 0.00 0.00 29.97 -0.25 4.34
52.29 2.71 21.00 7.00 95.38 4.62 0.00 0.00 0.00 0.00 47.69 =0.51 4.04
52.50 8.01 1484.00 4.00 99.11 0.89 0.00 0.00 0.00 0.00 9.82 -0.69 4.70
52.78 4.41 37.00 12.00 100.00 ©0.00 0.00 0.00 0.00 0.00 40.65 =-0.29 4.51
52.90 11.39 481.00 3.00 100.00 0.00 0.00 0.00 0.00 0.00 12.80 -0.25 4.23
53.04 9.87 708.00 15.00 97.91 2.09 0.00 0.00 0.00 0.00 10.45 -0.50 4.21
53.20 2.79 39.00 4.00 99.42 0.29 0.00 0.00 0.00 0.29 13.41 -0.24 4.34
53.39 4.60 435.00 10.00 100.00 ©0.00 0.00 0.00 0.00 0.00 13.97 -0.69 3.88
53.60 4.22 200.00 3.00 100.00 0.00 0.00 0.00 0.00 0.00 26.38 =-0.35 4.10
53.80 3.55 2886.00 54.00 99.44 0.56 0.00 0.00 0.00 0.00 29.05 =-0.70 4.09
54.00 3.99 3810.00 21.00 100.00 0.00 0.00 0.00 0.00 0.00 20.59 =-0.35 3.74
54.20 3.77 62.00 1.00 99.09 0.921 0.00 0.00 0.00 0.00 7.24 -1.00 3.70
54.38 10.30 127.00 34.00 100.00 0.00 0.00 0.00 0.00 0.00 28.81 -0.29 4.06
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Appendix A (continued).

depth >63um PF BF N.p-s N.pd Gr.i G.b Ga.u G.g test 6'3c §'%0
(mbsf) (%) perg perg (%) (%) (%) (%) (%) (%) (B %o /oo
54.47 7.48 0.00  0.00 100.00 0.00 0.00 0.00 0.00 0.00 9.00 -0.34 4.02
54.70 5.23 1.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 9.09 =-0.47 3.94
54.87 1.04 2.00  0.00 100.00 0.00 0.00 0.00 0.00 0.00 38.89 -0.60 3.85
55.08 8.12 856.00 17.00 100.00 ©0.00 ©0.00 0.00 0.00 0.00 9.18 -0.35 3.64
55.30 5.54 9313.00 96.00 98.97 1.09 0.00 0.00 0.00 0.00 14.38 -0.90 3.60
55.50 4.21 15888.00 92.00 98.27 1.73 0.00 0.00 0.00 0.00 7.80 0.10 3.12
55.70 2.82 4376.00 15.00 98.60 1.40 0.00 0.00 0.00 0.00 5.06 0.35 2.74
55.87 1.75 6012.00 29.00 98.55 1.45 0.00 0.00 0.00 0.00 11.33 0.26 2.50
56.04 1.68 1678.00 61.00 97.93 1.81 0.00 0.00 0.00 0.26 11.39 0.17 3.88
56.18 0.77 1036.00 24.00 96.77 1.90 0.38 0.00 0.00 0.95 19.58 =-0.08 2.84
56.40 0.56 354,00 3.00 64.08 12.62 6.80 0.97 6.80 8.74 8.74 0.02 2.76
56.60 0.30 110.00  2.00 60.44 10.44 7.69 2.75 7.69 9.89  3.85 0.05 2.50
56.80 0.79 484.00 14.00 87.14 9.29 1.43 0.71 0.71 0.71 12.86 0.10 2.66
57.00 0.69 254,00 5.00 85.79 4.06 1.52 0.51 0.51 7.61 6.60 -0.05 2.59
57.20 0.85 364.00 2.00 73.65 5.99 5.39 1.19 6.59 7.19 9.58 =-0.04 2.50
57.40 1.13 1431.00 95.00 57.83 8.43 18.07 2.41 4.22 9.04 4.82 =-0.05 2.74
57.50 1.00  719.00 19.00 65.12 9.97 13.29 1.99 1.99 7.64  4.99 0.00 2.44
57.59 0.31 176.00  1.00 68.00 12.57 2.29 2.29 2.29 12.57 9.71 0.00 2.29
57.90 0.99  508.00 12.00 74.90 7.33 1.93 0.77 5.79 9.27 3.86 =0.05 2.75
58.08 0.65  380.00 3.00 73.45 4.13 0.00 0.00 2.95 19.47 6.78 -0.47 2.71
58.29 0.94 513.00 7.00 92.83 3.59 1.35 0.45 0.45 1.35 7.17 =-0.40 3.10
58.50 1.79 3982.00 47.00 57.81 15.62 3.91 1.56 3.91 16.79  3.12 =-0.29 2.81
58.68 0.95  606.00 5.00 66.95 12.71 0.00 0.85 4.24 15.24 4.24 0.00 2.64
58.78 1.29 527.00 24.00 97.85 0.86 0.00 0.00 0.00 1.29 17.17 -0.31 3.14
59.00 1.59 984.00 48.00 96.54 0.92 0.00 0.00 0.23 2.31 21.94 -0.20 3.34
59.19 10.44 386.00 12.00 93.68 2.11 0.00 0.00 0.00 4.21 16.14 =-0.72 3.66
59.60 11.00 11.00 1.00 96.94 3.06 0.00 0.00 0.00 0.00 35.71 =-0.49 3.59
59.85 1.59 30.00 3.00 98,37 1.63 0.00 0.00 0.00 0.00 19.11 -0.34 3.55
60.03 3.38 2598.00 11.00 95.10 0.82 0.00 0.82 0.00 3.27 7.35 =0.40 3.48
60.20 6.40 61.00 1.00 98.04 1.96 0.00 0.00 0.00 0.00 21.57 -0.42 3.33
61.20 2.00 3.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 100.00 -0.42 3.45
62.01 10.74 3.00 0.00 93.12 3.12 0.00 0.00 3.12 0.00 12.50 =-0.52 3.85
62.23 3.85 2.00 1.00 100.00 0.00 0.00 0.00 0.00 0.00 19.05 -0.63 3.92
62.51 0.70 28.00 0.00 94.11 5.88 0.00 0.00 0.00 0.00 16.18 -0.95 3.46
62.61 3.68 1.00 0.00 86.67 0.00 0.00 0.00 0.00 13.33 33.33 =-0.68 3.40
62.83 2.00 198.00 12.00 99.39 0.61 0.00 0.00 0.00 0.00 23.24 -0.26 3.25
63.00 2.59 8.00 1.00 93.15 1.37 1.37 0.00 1.37 2.74 8.22 -0.35 3.49
63.25 9.50 128.00 8.00 98.59 1.41 0.00 0.00 0.00 0.00 18.31 =-0.38 3.92
63.44 2.97 2872.00 31.00 98.91 1.09 0.00 0.00 0.00 0.00 25.93 0.08 2.64
63.69 5.61 11575.00 124.00 97.86 2.14 0.00 0.00 0.00 0.00 2.85 -0.29 2.56
63.83 2.95 6363.00 37.00 91.76 1.18 1.18 4.71 0.00 1.18 2.94 -0.37 2.41
64.01 2.05 5653.00 80.00 90.91 4.83 1.42 1.99 0.00 0.85 B8.81 -0.74 2.15
64.14 2.32 1080.00 18.00 94.18 3.42 0.00 0.34 0.34 1.37 5.82 =0.98 1.64
64.38 0.55  448.00  7.00 100.00 0.00 0.00 0.00 ©0.00 0.00 13.37 -0.30 2.68
64.50 2.60  430.00 3.00 98.63 1.03 0.00 0.00 0.00 0.34 11.64 -0.69 2.79
64.74 6.39 33.00 3.00 94.74 4.21 0.00 0.00 0.00 1.05 26.32 -0.58 3.66
64.95 7.88 72.00 5,00 92.00 2.00 0.00 2.00 2.00 2.00 7.00 -0.45 3.23
65.15 15.03 1812.00 53.00 99.28 0.72 0.00 0.00 0.00 0.00 13.41 =-0.11 4.27
65.35 12.51 1626.00 34.00 99.48 0.52 0.00 0.00 0.00 0.00 15.63 0.15 4.19
65.53 4.54 3093.00 24.00 98.43 1.57 0.00 0.00 0.00 0.00 18.11 0.08 3.25
65.65 5.34 2912.00 67.00 98.73 1.02 0.00 0.00 0.00 0.25 36.80 0.09 3.42
65.80 6.40 1767.00 16.00 100.00 0.00 0.00 0.00 0.00 0.00 39.64 0.10 3.25
66.00 6.09 3725.00 11.00 99.39 0.61 0.00 0.00 0.00 0.00 18.79 0.06 3.00
66.23 9.17 298.00 1.00 97.74 2.26 0.00 0.00 0.00 0.00 7.89 -0.07 2.99
66.42 11.78 3195.00 167.00 97.39 1.31 0.00 0.65 0.00 0.65 8.50 =-0.26 3.17
66.67 5.19 1579.00 10.00 94.04 1.99 0.00 1.32 0.00 2.65 3.97 -0.65 3.13
66.82 3.70 1908.00 78.00 80.12 2.63 0.00 0.8 0.58 12.87 3.22 -1.29 2.72
67.03 9.93 10334.00 268.00 98.49 1.08 0.00 0.00 0.00 0.00 11.23 =-0.50 2.83
67.10 5.76 3537.00 40.00 98.71 0.65 0.00 0.00 0.00 0.65 7.43 -0.46 2.84
67.30 6.29 2905.00 23.00 100.00 0.00 0.00 0.00 0.00 0.00 12.60 -0.41 2.45
67.52 1.60 839.00 12.00 99.57 0.43 0.00 0.00 0.00 0.00 15.45 =-0.21 3.25
67.72 12.47 842.00 16.00 98.46 1.54 0.00 0.00 0.00 0.00 21.92 -0.29 3.14
67.90 6.79 7443.00 43.00 96.26 1.44 0.00 0.57 0.57 1.15 11.21 -1.06 2.74
68.13 4.65 5898.00 38.00 99.34 0.66 0.00 0.00 0.00 0.00 9.87 -1.12 2.62
68.31 2.69 5230.00 20.00 97.27 1.56 0.00 0.39 0.78 0.78 8.98 -1.04 2.30
68.58 5,22 357.00 5.00 97.85 1.08 0.00 0.36 0.36 0.36 20.43 -0.72 2.59
68.64 15.00  202.00 19.00 75.90 4.68 1.44 3.60 1.44 12.95 5.40 -0.90 2.54
68.80 10.06 0.00  0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.82 2.66
69.03 12.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.69 2.90
69.22 11.20 1.00  0.00 100.00 ©0.00 0.00 0.00 0.00 0.00 14.10 -0.58 3,08
69.41 12.74 76.00 11.00 96.48 0.59 0.00 0.88 0.59 1.47 14.08 -0.49 3.20
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Appendix A (continued).
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HIGH-RESOLUTION RECORDS OF UPPER PLEISTOCENE SEDIMENTS

APPENDIX B.
ODP Hole 647B. Foraminiferal and stable isotopic data. PF, BF (planktonic and benthic foraminifers per dry weight sediment,
respectively), N.p-s, N.p-d (N. pachyderma sinistral and dextral, respectively), N.d (N. dutertrei), G.b (G. bulloides), G.q (G.
guingueloba), Gr.i (Gr. inflata), Gr.sp (Gr. tumida, Gr. scitula, Gr. hirsuta, Gr. crassaformis, Gr. menardii and Gr. truncatulinoides),
Ga.u (Ga. uvula and Ga. glutinata), test (foraminiferal test fragmentation), 5'%0 and 5"*C (oxygen and carbon isotopic values in N.
padchyderma sinistral).

depth >63pm FF BF N.p-s N.pd N.d G.b G.g Gr.i Gr.sp Ga.u test ¢§'% ¢§'3cC
(mbsf) (%) perg perg (%) (%) (%) (%) (%) (% (% (%) (®) °foo oo
0.00 13.50 3866.00 102.00 7.95 17.88 1.32 37.09 26.82 4.30 0.33 4.30 22.85 2.09 0.28
0.20 13.88 3200.00 51.00 11.20 12.00 2.40 38.40 25.60 6.40 0.00 0.00 43.20 2.67 0.17
0.40 13.15 92.00  3.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.20 0.09
0.60 12.20 47.00  1.00 95.73 3.42 0.00 0.00 0.85 0.00 0.00 0.00 100.00 4.19 0.26
0.72 13 19 832.00 13.00 96.15 3.85 0.00 0.00 0.00 0.00 0.00 0.00 60.77 3.84 0.05
1.10 12.69  2790.00 64.00 88.53 2.29 0.00 4.17 5.05 0.00 0.00 0.00 6.88 3.86 0.27
1.29 14.67  2320.00 42.00 96.39 3.01 0.00 0.60 0.00 0.00 0.00 0.00 8.43 3.45 0.06
1.48 14.68  4444.00 33.00 91.04 4.48 0.00 2.24 1.49 0.75 0.00 0.00 11.19 3.75 0.30
1.70 12.62  3379.00 39.00 96.57 1.71 0.00 1.71 0.00 0.00 0.00 0.00 32.00 3.71 0.35
1.90 12.26 12179.00 78.00 92.99 0.64 0.00 5.10 0.00 1.27 0.00 0.00 49.68 3.62 0.30
2.10 13.10  4331.00 48.00 70.00 16.11 0.56 11.67 0.00 1.67 0.00 0.00 37.78 3.50 0.29
2.30 12.61  6763.00 29.00 87.88 3.03 0.00 9.09 0.87 0.87 0.00 2.60 16.45 3.73 0.29
2.50 9.24 848.00  5.00 96.30 3.13 0.00 0.57 0.00 0.00 0.00 0.00 9.97 3.85 0.34
2.80 9.00  3700.00 67.00 90.91 6.36 0.00 1.82 0.00 0.91 0.00 0.00 12.73 3.11 =0.07
3.00 9.48  6884.00 61.00 87.50 8.93 0.00 3.57 0.00 0.00 0.00 0.00 23.21 3.05 -0.06
3.20 8.96  4291.00 59.00 82.88 4.11 0.00 11.67 0.68 0.00 0.00 0.68 15.07 3.26 =0.30
3.40 7.24 622.00 17.00 97.28 2.72 0.00 0.00 0.00 0.00 0.00 0.00 21.74 3.54 -0.08
3.60 8.50  2847.00 48.00 77.31 9.24 0.00 7.56 5.04 0.00 0.00 0.84 21.85 3.16 -0.12
3.80 6.75  3065.00 16.00 81.47 4.67 0.00 5.87 6.13 0.13 0.00 1.73 22.13 3.19 =0.23
4.00 6.25  4642.00 83.00 77.84 2.40 0.00 10.18 8.83 0.60 0.00 0.60 9.58 3.77 -0.07
4.30 5.64 376.00  4.00 99.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00 33.50 4.12 0.13
4.50 5.65  2096.00 90.00 95.70 2.69 0.00 0.54 0.00 1.08 0.00 0.00 39.78 3.89 0.22
4.70 7.55  5073.00 63.00 73.83 10.28 0.00 9.35 1.56 4.05 0.00 0.62 30.84 3.07 0.24
4.90 11.75  2034.00 14.00 95.89 2.74 0.00 0.00 0.68 0.00 0.00 0.68 20.55 2.57 =0.01
5.10 12.75  1069.00 3.00 98.20 1.80 0.00 0.00 0.00 0.00 0.00 0.00 7.19 3.20 0.23
5.30 13.25  2013.00 57.00 92.96 7.04 0.00 0.00 0.00 0.00 0.00 0.00 38.03 2.95 0.11
5.50 12.39  1686.00 42.00 97.03 2.97 0.00 0.00 0.00 0.00 0.00 0.00 7.43 2.55 =0.05
5.80 13.05 765.00 34.00 95.51 3.37 0.00 1.12 0.00 0.00 0.00 0.00 16.85 3.94 0.00
6.00 12.80  3045.00 33.00 93.52 2.38 0.00 1.73 0.65 1.08 0.22 0.43 12.96 2.44 -0.01
6.20 11.85 10791.00 28.00 43.49 17.19 0.26 20.57 8.07 3.39 1.30 5.73 35.16 2.65 -0.16
6.40 15.08 19911.00 85.00 40.94 12.79 0.43 22.39 10.02 5.54 0.64 5.54 18.34 2.79 =0.13
6.60 13.50  7520.00 60.00 52.13 16.22 0.27 14.36 7.71 2.93 0.00 5.85 24.47 2.15 =0.26
6.80 14.36 14292.00 51.00 48.65 14.18 0.90 14.36 12.21 2.87 0.00 6.46 25.85 1.52 =0.09
7.00 16.16 15795.00 84.00 51.68 12.52 0.88 10.05 17.11 2.12 0.54 5.11 21.69 2.91 -0.05
7.30 7.02  3283.00 64.00 99.22 0.78 0.00 0.00 0.00 0.00 0.00 0.00 9.38 4.18 -0.24
7.51 8.20  6299.00 50.00 99.60 0.40 0.00 0.00 0.00 0.00 0.00 0.00 9.60 4.14 -0.09
7.73  9.05  2628.00 13.00 99.04 0.96 0.00 0.00 0.00 0.00 0.00 0.00 7.69 4.50 0.17
8.10 7.50 313.00  3.00 90.00 7.00 0.00 1.00 1.00 0.00 1.00 0.00 25.00 4.27 0.34
8.30 7.07  2584.00 17.00 85.91 12.08 0.00 1.34 2.68 0.00 0.67 0.00 55.70 4.14 0.54
8.50 13.55  3534.00 44.00 83.28 5.57 0.00 6.81 3.10 0.62 0.00 0.62 41.18 4.25 0.25
8.70 20.05 41704.00 128.00 2.46 8.62 1.54 82.46 11.69 1.85 0.93 2.15 13.23 2.56 0.27
8.90 20.00 415.00 11.00 98.17 1.37 0.00 0.00 0.46 0.00 0.00 0.00 30.14 3.11 0.24
9.10 7.55  1208.00 25.00 43.08 17.95 1.00 21.54 8.76 1.03 0.00 5.64  5.13 3.14 -0.26
9.30 11.86  3373.00 28.00 83.61 1.64 0.00 5.74 4.10 2.46 0.00 2.46  9.84 3.41 -0.28
9.59 9.32  1066.00 21.00 38.16 12.50 0.00 25.00 20.39 0.66 0.66 2.63 47.37 2.50 0.09
9.80 7.30 257.00  5.00 81.21 5.45 0.00 2.42 9.70 0.00 0.00 1.21  7.88 4.15 -0.25
10.00 9.50  4001.00 30.00 91.35 3.76 0.00 2.26 1.13 1.13 0.00 0.38 25.19 4.19 0.37
10.20 10.55 442.00  2.00 41.67 10.14 0.36 23.91 18.48 0.36 0.00 4.71 27.90 2.34 0.18
10.50 B.84 13009.00 38.00 67.06 9.04 0.87 5.83 14.58 1.17 0.58 0.87 2.33 2.44 -0.05
10.70 7.24 145.00  6.00 88.27 3.47 0.00 1.60 5.07 ©0.53 0.00 1.07 17.33 3.12 -0.04
10.90 7.80 816.00 14.00 84.48 5.17 0.00 5.17 2.59 0.00 0.86 1.72 10.34 3.84 =0.32
11.10 20.10 757.00  3.00 58.80 9.80 0.00 2,00 22.72 0.00 1.11 5.57 2.90 2.53 =0.05
11.30 11.11  4669.00 23.00 86.93 11.06 0.00 0.50 0.50 0.00 0.00 1.01  4.02 3.49 =-0.32
11.50 20.00 21894.00 97.00 77.88 9.73 0.00 0.88 7.96 0.00 0.88 2.65 6.19 4.06 -0.58
11.70 7.95 9846.00 25.00 82.00 3.00 0.25 6.50 10.75 1.50 1.25 1.25 9.25 4.23 0.09
11.90 10.97 13860.00 49.00 84.71 2.81 0.00 5.98 4.04 0.88 0.70 0.88 8.26 3.28 0.04
12.09 11.26 10270.00 100.00 89.81 0.97 0.00 2.92 2.92 0.49 2.43 0.49 6.31 3.58 0.18
12.30 10.46 18192.00 165.00 76.92 3.17 0.00 8.14 7.24 0.90 1.36 2.26 14.03 4.04 -0.14
12.60 8.82  7317.00 34.00 85.18 4.94 0.24 4.24 2.35 1.88 0.48 0.71 9.41 5.73 -0.20
12.80 10.05  7539.00 22.00 84.16 3.23 0.59 3.23 4.69 0.88 1.17 2.05 7.92 4.08 0.16
13.00 9.60  6250.00 48.00 88.08 3.08 0.00 4.23 2.31 0.00 0.00 2.31 8.46 3.96 0.00
13.20 9.32  7766.00 27.00 54.48 14.14 0.34 14.48 8.62 0.34 1.38 6.21 23.10 3.80 0.08
13.40 8.41  8181.00 20.00 58.96 9.95 0.75 12.94 10.20 0.50 1.00 5.72 14.33 4.15 0.13
13.59 7.59  6666.00 12.00 48.70 15.06 0.74 11.34 14.13 1.67 0.93 7.43 14.50 3.96 -0.04
13.80 7.74  3597.00 76.00 50.79 9.52 0.00 17.99 12.17 1.06 1.59 6.88 27.51 4.22 0.00
14.11 10.00 11228.00 59.00 45.03 9.42 0.00 34.55 5.24 2.09 1.57 2.09 18.32 2.79 -0.06
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Appendix B (continued).

Ga.u test é'%0
(%) (%)

3

depth >63im PF BF N.p-s N.p~d N.d ;
(mbsf) (%) per g per g (%) (¥}) (%) (%) (%) (%)

&8

o
o™
o

14.30 12.48 4341.00 14.00 61.41 8.68 0.96 20.58 3.22 0.64 0.96 3.54 22.51 2.74
14.50 10.96 2596.00 42.00 53.63 8.47 0.00 20.16 6.85 0.40 1.61 8.87 25.40 2.94
14.69 11.10 8575.00 53.00 54.04 9.11 0.83 12.84 16.36 0.41 1.24 5.18 18.22 3.62
14.90 10.45 9978.00 82.00 55.74 6.56 0.00 18.85 10.66 0.82 0.82 6.56 22.95 3.30
15.10 11.72 8765.00 48.00 46.17 9.84 1.09 30.60 4.10 2.73 0.55 4.64 20.49 3.10
15.30 12.25 17432.00 91.00 14.40 23.56 2.62 23.30 15.97 12.30 1.05 6.81 17.80 2.20
15.60 14.00 38569.00 319.00 12.40 28.93 4.13 22.31 13.22 9.92 3.31 4.13 23.14 1l.64
15.80 9.48 16090.00 53.00 13.91 32.78 0.99 21.19 11.92 11.26 0.33 7.62 14.24 2.76
16.00 18.85 14860.00 51.00 20.07 29.93 2.04 20.07 6.80 14.63 1.02 4.42 6.80 3.00
16.20 14.25 9333.00 77.00 22.10 23.48 2.76 11.60 19.06 14.92 0.55 3.59 11.05 3.00
16.40 14.05 21164.00 239.00 21.43 22.18 1.13 17.29 18.05 10.90 0.75 7.89 20.30 2.51
16.60 17.37 26367.00 86.00 30.29 20.52 1.30 26.71 16.61 1.63 0.00 2.61 21.82 3.05
16.80 5.66 14000.00 58.00 73.35 8.50 0.90 8.7 7.50 1.00 0.00 0.00 21.50 4.10
17.10 7.63 1085.00 6.00 97.88 1.59 0.00 0.00 0.00 0.00 0.00 0.53 20.63 3.85
17.30 5.50 1482.00 16.00 97.62 2.16 0.00 0.00 0.22 0.00 0.00 0.00 11.23 4.15
17.50 5.50 1664.00 26.00 95.38 3.08 0.00 0.77 0.00 0.77 0.00 0.00 22.31 3.73
17.79 8.45 2747.00 11.00 85.66 5.81 0.00 0.78 6.20 0.78 0.00 0.78 13.57 3.84
18.40 11.50 3009.00 18.00 43.50 16.92 1.21 28.40 3.93 4.23 0.30 1l.21 14.50 3.33
18.60 11.35 8348.00 43.00 59.59 14.83 1.28 14.83 1.28 7.16 0.52 0.51 11.25 3.82
18.80 17.20 7771.00 25.00 12.62 21.68 0.97 51.78 4.21 3.56 0.32 3.88 21.04 3.01
19.00 16.55 5236.00 17.00 54.26 11.04 0.00 12.30 16.72 1.58 1.58 2.52 28.71 3.62
19.29 11.05 2647.00 18.00 67.22 10.37 0.00 11.37 7.36 2.01 0.00 1.67 21.74 3.80
19.50 8.74 4173.00 22.00 74.23 9.28 0.00 5.15 7.22 2.58 0.52 1.03 25.77 3.35
19.70 13.35 6665.00 189.00 42.05 31.82 2.84 7.39 4.55 7.39 0.57 3.41 48.30 2.12
19.90 9.80 9643.00 80.00 20.17 39.50 2.76 4.97 15.47 8.84 1.39 6.91 29.28 1.50
20.09 10.18 20426.00 450.00 22.47 28.63 0.44 6.17 24.67 11.01 0.00 6.17 36.56 2.31
20.30 11.55 6908.00 37.00 11.76 30.48 5.88 6.95 0.53 40.11 1.07 3.21 6.95 2.32
20.50 15.84 2176.00 67.00 23.77 23.77 0.82 2.46 23.77 15.57 0.82 8.20 4.10 2.11
20.80 20.10 2029.00 8.00 14.52 36.69 1.21 3.63 5.24 27.42 0.81 10.08 18.95 1.63
21.00 0.33 647.00 8.00 10.26 33.65 0.00 28.85 13.14 7.05 1l.60 4.81 4.49 2.64
21.20 4.54 77.00 9.00 97.18 2.82 0.00 0.00 0.00 0.00 0.00 0.00 23.47 4.55
21.41 3.99 152.00 8.00 94.17 4.17 0.00 ©0.00 0.42 1.25 0.00 0.00 19.17 3.82
21.60 9.54 95.00 7.00 84.62 14.69 0.00 0.70 0.00 0.00 0.00 0.00 18.88 3.93
21.80 8.19 378.00 2.00 96.60 2.55 0.00 0.28 0.28 0.28 0.00 0.00 9.63 3.77
22.00 11.88 13641.00 138.00 55.07 21.28 1.69 5.41 6.08 4.39 0.00 6.08 14.86 2.00
22.30 20.10 4329.00 11.00 84.91 5.12 0.77 3.58 3.32 1.53 0.00 1.53 10.23 2.56
22.50 11.05 4058.00 10.46 87.11 4.38 0.77 3.61 2.58 0.00 0.26 1.29 8.25 2.22
22.70 18.65 58563.00 173.00 39.35 31.66 1.78 11.83 2.07 11.24 0.00 2.07 51.18 2.49
22.90 20.13 143079.00 175.00 9.80 21.57 2.45 44.12 0.98 14.22 2.94 2.94 35.29 1.42
23.10 19.00 26868.00 94.00 16.43 16.08 2.10 38.11 8.74 8.04 1.40 8.04 8.04 1.52
23.30 11.01 15629.00 78.00 34.00 23.08 2.48 19.85 4.96 8.44 0.75 5.71 14.39 2.05
23.50 10.50 12376.00 147.00 32.74 30.36 2.98 15.18 3.27 11.61 0.60 3.27 30.65 1.99
23.79 1.03 6167.00 25.00 3.59 33.86 3.98 23.51 1.59 24.70 2.00 3.19 21.51 1.00
24.00 20.00 709.00 12.00 8.70 28.70 3.48 37.39 6.09 9.57 0.87 5.22 8.70 2.00
24.21 13.55 14262.00 68.00 30.09 23.22 1.18 23.22 13.51 4.50 0.24 3.08 2.84 2.01
24.39 9.10 6144.00 21.00 91.84 5.10 0.00 0.68 2.04 0.34 0.00 0.00 18.03 1.64
24.60 15.40 19942.00 84.00 76.79 4.22 0.00 0.84 18.14 0.00 0.00 0.00 10.97 3.50
24.80 18.81 36200.00 274.00 58.19 10.58 0.00 1.76 25.19 2.27 0.00 2.02 13.10 3.95
25.00 14.51 46.00 0.00 52.63 15.26 0.53 18.95 4.21 2.63 0.53 5.26 4.21 3.65
25.31 19.17 26420.00 89.00 73.83 8.05 1.34 0.67 14.77 1.34 0.00 0.00 8.05 3.60
25.50 20.00 7997.00 33.00 90.65 4.07 0.00 0.41 3.66 0.41 0.00 0.8l 5.28 3.29
25.70 13.30 7218.00 24.00 71.80 4.59 0.00 1.97 18.69 1.97 0.00 0.98 5.90 3.14
25.90 15.70 12918.00 72.00 52.39 8.73 0.85 8.17 20.28 5.07 0.28 4.23 10.70 2.55
26.10 10.56 4385.00 17.00 89.72 7.91 0.00 0.79 0.79 0.79 0.00 0.00 20.16 2.59
26.30 18.84 15216.00 45.00 45.99 6.82 0.89 5.64 37.98 1.19 0.59 0.30 10.68 2.25
26.50 18.35 33975.00 190.00 20.11 9.50 0.56 4.19 57.82 2.23 0.28 5.31 4.47 1.89
26.80 14.02 29705.00 95.00 23.64 9.27 0.00 3.51 56.23 1.60 0.96 4.79 3.19 1.45
27.00 14.74 3480.00 21.00 54.17 9.23 0.00 5.95 18.45 7.74 0.00 4.17 15.48 1.99
27.40 15.70 19556.00 121.00 49.07 21.74 0.00 13.04 8.70 4.35 0.00 3.11 22.36 2.79
27.59 20.10 176.00 1.00 41.88 18.51 0.00 6.49 25.00 3.57 0.00 4.22 8.77 3.04
27.80 7.25 4639.00 42.00 98.18 1.36 0.00 0.00 0.45 0.00 0.00 0.00 36.82 4.35
28.00 1.46 1004.00 9.00 78.77 1.89 0.00 0.47 18.40 0.00 0.00 0.47 20.28 3.72
28.20 5.95 3648.00 27.00 99.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 19.95 3.40
28.40 7.73 162.00 8.00 97.74 1.81 0.00 0.00 0.45 0.00 0.00 0.00 18.25 3.62
28.60 8.25 395.00 4.00 100.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.83 3.51
28.90 5.58 4252.00 52.00 89.88 5.26 0.00 1.21 ©0.00 3.64 0.00 0.00 13.36 3.97
29.10 16.50 640.00 17.00 94.74 3.29 0.00 0.00 0.00 1.97 0.00 0.00 32.89 3.54
29.30 6.64 4.00 4.00 91.53 6.78 0.00 1.69 0.00 0.00 0.00 0.00 33.90 3.60
29.50 12.09 1113.00 4.00 98.36 0.98 0.00 0.33 0.00 0.00 0.00 0.33 7.21 3.07
29.70 10.10 10332.00 21.00 43.90 20.93 0.61 1.83 20.93 6.30 0.41 4.88 6.30 2.00
29.90 13.25 17919.00 60.00 76.51 3.02 1.01 2.68 7.72 5.70 0.00 3.02 11.41 2.79
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HIGH-RESOLUTION RECORDS OF UPPER PLEISTOCENE SEDIMENTS

Appendix B (continued).

depth >63um PF BF N.p-s N.pd N.d G.b G. Gr.i Gr.sp Ga.u test §'%0 §'3c
(mbsf) (%) perg perg (%) (%)) (%) (%) (%) (¥) (%) (%) (%) °/oo  °/oo
30.10 9.50 11307.00 67.00 92.04 1.18 0.00 0.29 2.65 2.36 0.29 0.88 5.60 1.83 =-0.05
30.40 8.00 6180.00 42.00 20.68 46.44 2.37 1.02 0.00 23.73 1.02 3.39 26.44 2.21 -0.20
30.60 20.00 7194.00 63.00 25.22 22.17 0.87 3.91 3.91 39.13 2.17 1.30 27.46 1.45 -0.30
30.81 20.05 60.00 0.00 37.93 16.09 0.57 4.60 16.67 13.22 0.58 9.20 3.45 1.96 =0.43
31.00 9.12 6.00 0.00 76.67 7.78 0.00 4.44 3.33 5.56 0.00 2.22 17.78 2.26 -0.06
31.20 6.84 3095.00 37.00 98.10 1.66 0.00 0.24 0.00 ©0.00 0.00 0.00 15.88 3.33 0.27
31.40 10.55 381.00 16.00 98.58 0.94 0.00 0.00 0.00 0.47 0.00 0.00 26.42 2.98 -0.04
31.60 13.83 3035.00 16.00 85.86 3.14 1.05 5.24 0.52 0.52 0.00 3.66 19.90 2.99 -0.22
31.92 20.00 379.00 3.00 93.09 4.36 0.00 1.45 0.00 0.73 0.00 0.36 8.36 2.81 -0.19
32.10 8.97 14133.00 243.00 74.42 9.56 0.52 5.68 0.78 9.04 0.00 0.00 10.08 2.62 -0.10
32.30 10.24 12734.00 33.00 50.91 15.93 0.00 7.05 13.84 6.53 1.31 3.66 14.10 2.55 -0.58
32.50 2.25 1772.00  4.00 41.67 17.82 0.23 5.32 17.82 4.40 1.39 11.34  2.08 1.92 -1.12
32.70 8.80  7489.00 18.00 67.55 7.45 0.00 3.61 7.45 8.65 0.24 4.57 9.62 2.38 -0.72
32.90 5.00 2.00 0.00 90.00 3.33 0.00 0.00 3.33 3.33 0.00 0.00 23.33 3.00 -0.43
33.11 8.75 637.00 17.00 97.37 2.63 0.00 0.00 0.00 0.00 0.00 0.00 36.84 3.60 =-0.16
33.40 11.58 1785.00 24.00 90.05 2.26 0.00 0,00 0.00 7.69 0.00 0.00 41.18 2.53 =-0.22
33.59 9.85 57.00 3.00 72.32 12.50 0.00 7.14 0.89 6.25 0.00 0.00 22.32 3.18 =0.26
33.80 10.57 32632.00 261.00 63630 10.00 0.00 12.40 6.00 4.00 1.20 2.80 20.40 2.32 -0.41
33.99 13.20  5922.00 50.00 90.65 4.25 0.00 1.13 1.70 1.13 0.00 1.13 15.58 1.77 -0.31
34.20 18.36 4719.00 16.00 73.20 7.70 0.00 6.30 6.60 4.50 0.00 1.70 13.90 2.90 =0.06
34.40 17.26 15853.00 38.00 76.08 6.94 0.00 6.94 4.07 5.02 0.24 0.72 5.98 2.10 =-0.17
34.60 9.75 4724.00 16.00 42.22 23.08 0.00 13.33 3.76 10.77 1.02 5.81 11.45 1.31 -0.58
34.89 20.00 58.00 1.00 70.10 10.30 0.00 2.30 5.70 6.90 0.00 3.40 4,60 2.79 -0.08
35.10 3.24 26.00 0.00 69.00 12.00 0.00 10.00 4.00 2.00 0.00 3.00 8.00 2.78 0.03
35.30 5.31 66.00 4.00 94.50 2.50 0.00 1.80 0.60 0.60 0.00 0.00 39.90 4.26 =-0.02
35.49 8.11 4053.00 26.00 97.15 2.85 0.00 0.00 0.00 0.00 0.00 0.00 50.32 3.64 -0.12
35.70 14.82 11145.00 174.00 96.88 2.34 0.00 0.00 0.00 0.78 0.00 0.00 20.31 3.71 0.23
35.91 10.44 4470.00 21.00 91.20 2.78 0.00 0.93 2.78 1.39 0.00 0.93 11.57 3.32 0.09
36.10 20.00  6485.00 28.00 94.30 1.32 0.00 0.88 1.32 1.32 0.00 0.88 3.95 3.08 -0.11
36.40 15.55 10442.00 21.00 71.77 3.23 0.00 4.84 12.50 4.23 0.40 3.02 7.06 2.63 -0.41
36.60 20.00 12721.00 70.00 70.17 8.29 0.00 4.42 14.92 1.10 0.55 0.55  4.42 2.72 -0.40
38.60 9.60 1831.00 18.00 90.86 5.19 0.00 0.49 1.23 0.99 0.74 0.49 29.14 3.15 -=0.06
38.80 5.31  2139.00 6.00 72.14 11.40 0.00 2.79 4.74 5.29 0.28 3.06 10.31 2.79 =-0.29
39.00 6.11  4321.00 60.00 72.14 11.40 0.00 2.79 4.74 5.29 0.28 3.06 10.31 2.79 =0.29
39.20 6.12 4024.00 55.00 79.18 10.53 0.23 2.29 2.75 2.52 0.92 1,60 15.10 2.79 =0.36
39.40 7.50 6185.00 17.00 72.22 12.78 0.00 0.83 7.50 3.89 0.28 1.94 15.83 2.80 -0.45
39.60 8.77 40479.00 152.00 74.13 8.39 2.45 4.55 4.90 2.45 1.05 2.10 15.38 2.77 -0.10
39.80 11.59 12287.00 62.00 68.35 13.67 0.25 3.80 3.29 6.33 1.01 3.04 14.94 2.64 -0.55
40.11 16.01 5138.00 44.00 82.83 7.94 0.00 1.07 1.72 3.86 0.64 1.93 5.58 2.72 -0.81
40.30 7.50 24.00 3.00 65.22 14.29 1.24 6.21 4.97 3.11 3.73 1.24 8.70 2.95 =0.71
40.50 7.76 5.00 3.00 58.67 16.00 0.00 10.67 2.67 6.67 1.33 4.00 12.00 3.01 -0.54
40.70 10.05 10.00 0.00 77.78 11.11 0.00 3.70 5.19 1.48 0.00 0.74 2.22 3.09 -0.41
40.91 6.19 1269.00 58.00 98.47 1.53 0.00 0.00 0.00 0.00 0.00 0.00 73.28 3.14 =-0.26
41.10 19.95  8637.00 177.00 94.20 4.10 0.00 0.00 0.00 1.71 0.00 0.00 26.96 2.85 =0.35
41.30 8.18 1751.00 76.00 94.32 4.37 0.00 0.00 0.00 1.31 0.00 0.00 36.68 1.60 =0.61
41.60 6.05 52.00 4.00 96.43 3.57 0.00 0.00 0.00 0.00 0.00 0.00 39.29 2.38 -0.29
41.80 12.49 27904.00 128.00 71.56 3.67 0.00 15.60 3.21 3.67 1.38 0.92 13.30 2.87 =-0.02
42.00 9.24 1722.00 16.00 93.21 3.17 0.00 0.00 0.00 3.17 0.45 0.00 32.58 1.96 =-0.14
42.20 15.84 23620.00 273.00 94.22 2.89 0.00 1.73 0.58 0.00 0.00 0.58 16.18 2.49 0.05
42.40 15.75 12303.00 38.00 96.95 2.44 0.00 0.30 0.30 0.00 0.00 0.00 7.62 2.65 0.30
42.60 11.25 8685.00 19.00 84.03 10.07 0.00 0.66 2.19 1.53 0.22 1.31 33.48 2.54 -0.17
42.80 11.35 26093.00 123.00 96.45 1.42 0.00 1.42 0.00 0.47 0.00 0.24 15.13 3.54 0.76
43.10 11.13 10.00  1.00 74.58 11.02 0.00 7.63 3.39 0.85 1.75 0.85  7.63 3.53 0.64
43.30 20.05  4241.00 23.00 95.03 2.76 0.00 1.10 0.55 0.00 0.00 0.55 10.50 3.52 0.55
43.50 10.10 23063.00 79.00 91.58 5.33 0.00 0.86 0.86 0.69 0.00 0.69 8.24 2.42 0.50
43.70 10.35 12064.00 39.00 63.41 16.91 0.49 5.04 6.02 4,39 0.00 3.74 18.37 2.78 0.05
43.90 13.50 1393.00 8.00 57.38 12.02 0.00 10.38 15.30 2.19 0.55 2.19 8.20 2.78 0.03
44.10 20.10 31338.00 78.00 81.25 4.00 0.00 2.25 9.25 1.75 0.00 1.50 12.00 2.82 0.04
44.30 2.03 2458.00 5.00 60.37 17.80 0.18 6.61 8.99 2,57 0.18 2.57 9.17 2.27 0.07
44.59 15.36 29569.00 59.00 87.43 3.00 0.00 1.80 3.19 2.99 0.00 0.60 13.37 1.55 -0.05
44.79 9.27  7839.00 52.00 63.12 7.14 0.33 4.15 12.96 6.64 0.50 4.98 10.80 1.48 -0.02
44.99 19.10 10198.00 176.00 81.05 7.26 0.40 6.05 2.82 1.21 0.00 0.81 15.73 2.34 0.32
45.20 9.00 5559.00 54.00 75.78 4.49 0.00 10.74 3.37 2.34 0.78 2.3¢ 20.12 1.30 0.25
45.40 5.61 11648.00 64.00 57.69 13,74 0.00 12.09 10.99 3.30 0.00 2.20 9.89 2.27 0.35
46.10 10.25 956.00  4.00 77.57 7.48 0.47 5.14 5.61 3.27 0.00 0.47 12.62 2.84 0.00
47.60 14.21 2863.00 18.00 87.70 6.35 0.00 2.46 2.46 0.82 0.00 0.20 6.76 2.64 0.04
47.81 15.56 6760.00 39.00 83.38 5.83 0.00 3.79 4.37 2.04 0.29 0.00 19.53 1.64 0.04
48.00 20.00 140756.00 352.00 81.50 4.75 0.00 3.50 7.50 0.75 0.50 1.50 9.50 1.08 -0.14
48.30 8.24 5833.00 18.00 86.83 1.88 0.00 5.64 1.88 0.94 0.31 2.19 13.17 1.58 -0.04
48.50 3.27 2724.00 17.00 93.02 1.90 0.00 2.22 1.90 0.64 0.00 0.32 9.52 1.48 =-0.07
48.70 2.25 4297.00 16.00 89.69 1.91 0.00 3.82 1.93 1.15 0.38 1.15 15.65 1.37 -0.17
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Appendix B (continued).

depth >63um PF BF N.p~s N.p~d N.d G.b G.q Gr.i Gr.sp Ga.u test ¢'80 &'3c
(mbsf) (%) per g per g (%) (%) (%) (%) (%) (%) (%) (%) (%) T
48.90 1.52 2111.00 4.00 88.31 1.21 0.00 3.67 3.43 1.01 0.20 2.02 12.30 1.50 =0.44
49.10 2.05 2269.00 11.00 87.91 2.02 0.00 4.28 3.78 0.25 1.00 0.50 13.85 2.23 -0.33
49.30 2.49 2100.00 7.00 87.00 2.00 0.00 4.75 4.75 0.50 0.00 1.00 13.50 3.07 =-0.31
49.50 1.52 996.00 4.00 93.33 1.85 0.37 0.74 1.85 0.74 0.74 0.37 14.81 2.51 -0.24
49.80 15.20 14705.00 41.00 56.02 10.36 0.56 6.72 3.08 15.31 1.40 5.32 13.17 1.79 =0.16
50.00 13.30 20087.00 179.00 42.67 14.67 1.33 13.33 4.89 14.22 2.22 5.78 14.22 1.90 -0.10
50.21 17.48 9389.00 168.00 47.09 14.35 0.90 3.14 0.45 27.35 4.94 0.90 35.87 2.17 -0.03
50.40 20.00 16391.00 88.00 47.85 5.91 2.69 8.60 4.84 25.81 3.23 0.54 38.71 2.20 0.09
50.60 11.31 5355,00 18.00 50.00 7.88 0.68 8.56 15.07 12.67 1.02 2.40 7.19 1.69 -0.78
50.80 2.03 769.00 6.00 63.64 3.72 0.00 4.96 9.92 7.44 4.55 5.79 4.55 2.62 -1.12
51.00 B8.52 1.00 1.00 100.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 62.50 2.38 =0.75
51.30 14.09 15825.00 133.00 56.30 15.13 0.00 9.24 4.20 12.61 0.00 2.52 5.88 2.05 =-0.31
51.50 17.18 36338.00 176.00 88.35 6.31 0.00 0.49 1.94 2.91 0.00 0.00 15.53 3.36 0.49
51.70 14.24 10805.00 106.00 95.42 2.61 0.00 0.33 0.65 0.98 0.00 0.00 8.50 4.29 1.30
51.90 12.11 6.00 6.00 93.55 3.23 0.00 0.00 2.15 1.08 0.00 0.00 8.60 3.10 0.51
52.10 12.60 83818.00 56.00 74.39 5.66 0.00 2.43 11.32 2.16 0.00 3.50 4.04 1.87 -0.28
52.30 18.01 99597.00 82.00 76.16 3.97 0.00 1.99 15.23 1.32 0.00 1.32 12.58 1.29 0.10
52.50 9.00 10265.00 21.00 92.14 2.42 0.00 1.01 1.61 1.21 0.80 0.60 30.24 1.07 -0.18
52.80 13.83 7439.00 125.00 39.11 32.40 1.68 3.35 0.56 17.88 1.68 5.59 51.40 1.62 =-0.07
53.00 13.50 28842.00 54.00 64.93 20.90 2.99 3.73 2.24 3.37 0.75 0.75 24.63 1.98 0.00
53.20 20.00 52.00 10.00 51.40 23.66 0.00 3.05 1.53 19.08 0.51 0.76 23.16 2.30 0.08
53.40 4.60 24.00 16.00 54.86 6.86 0.00 0.57 1.14 36.00 0.00 0.57 32.00 3.44 =0.09
53.59 6.48 28.00 9.00 63.00 10.00 0.00 2.00 2.00 22.00 0.00 1.00 10.00 3.60 0.50
53.80 6.74 4480.00 59.00 67.40 9.25 0.00 0.88 14.10 5.29 0.44 1.76 16.30 3.49 0.06
54.00 10.55 9235.00 71.00 43.24 10.81 0.00 1.93 32.82 6.95 1.17 2.32 4.63 3.33 -0.27
54.30 14.54 313.00 9.00 60.97 5.48 0.00 0.65 22.90 1.61 0.00 8.39 5.81 3.10 -0.85
54.50 16.50 86.00 22.00 19.66 60.68 0.00 0.00 0.00 19.66 0.00 0.00 29.06 2.85 -=0.22
54.69 11.55 365.00 27.00 15.60 70.64 0.00 0.00 0.00 13.76 0.00 0.00 34.86 3.96 =-0.53
54.90 17.99 8230.00 36.00 7.08 41.59 0.00 3.54 20.80 21.86 0.44 4.42 7.96 3.00 0.00
55.10 4.71 10.00 1.00 8.00 66.00 1.00 2.00 4.00 14.00 0.00 5.00 12.00 3.50 0.49
55.30 5.35 809.00 12.00 3.73 74.63 0.75 1.49 7.46 11.19 0.00 0.00 18.66 2.11 =-0.17
55.50 9.60 17254.00 70.00 4.88 70.33 0.00 2.03 10.57 9.76 0.41 2.03 35.47 2.30 0.10
55.80 10.52 251.00 20.00 22.22 41.11 0.00 3.33 10.00 18.89 1.11 3.33 11.11 2.36 0.14
56.00 9.55 7427.00 20.00 8.78 55.59 0.00 6.91 10.90 15.96 0.27 1.60 39.89 0.00 0.00

652



