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6. PLIOCENE-PLEISTOCENE
PALEOCEANOGRAPHY IN THE EAST PACIFIC
OFF COSTA RICA DETERMINED

BY PLANKTONIC FORAMINIFERS'

Masako Ibaraki?

ABSTRACT

Biostratigraphic and paleoceanographic analyses using planktonic
foraminifers were made on a total of 148 samples from Ocean Drilling
Program (ODP) Leg 170, Cores 170-1039B-1H through 18X (~160 m in
thickness), and a total of 92 samples from Cores 170-1043A-18X
through 30X (~130 m in thickness). The sediments from Cores 170-
1039B-1H through 18X are assignable to Zones N19-N23 (Pliocene to
Pleistocene) and sediments from Cores 170-1043A-18X through 30X to
Zones N17-N23 (late Miocene to Pleistocene). In Zone N19, surface sea-
water temperature temporarily and abruptly drops and high salinity—
tolerant species decrease. The divergence of both surface- and interme-
diate-water dwellers is recognized around the base of Zone N22. These
changes in planktonic foraminiferal assemblages might be related to
the closing of the Central American Seaway.

INTRODUCTION

The drill sites of Ocean Drilling Program (ODP) Leg 170 are located
on the lower continental slope and the bottom of the Middle American
Trench off the Nicoya Peninsula, Costa Rica (Fig. F1) (Kimura, Silver,
Blum, et al., 1997). Based on planktonic foraminiferal analyses, the sed-
iments of Cores 170-1039B-18X through 1H are assignable to Zones
N19-N23, which are Pliocene to Pleistocene in age, and those of Cores
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170-1043A-30X through 18X are included in Zones N17-N23, which
are late Miocene to Pleistocene in age. As areas off Costa Rica are lo-
cated in low latitudes (~9°N), planktonic foraminiferal components typ-
ically are assemblages rich in warm-water species.

In this article, biostratigraphic and chronostratigraphic analyses and
quantitative examinations of planktonic foraminifers on ODP samples
are made and paleoceanographic changes during the Pliocene-Pleis-
tocene are suggested.

LITHOFACIES OF HOLES 1039B AND 1043A

Hole 10398 is located at 9°38.405°N, 12°037°W on the bottom of the
Middle American Trench at a water depth of 4353 m (Fig. F2). Two sedi-
mentary units are recognized in Cores 170-1039B-1H through 18X.
Unit U1 consists of dark olive-green diatomaceous ooze with ash layers.
Subunit U1A (0-5.55 meters below seafloor [mbsf]) is distinguished by
abundant graded sand layers interpreted as turbidities. This subunit
grades downward into Subunit U1B (5.55-84.4 mbsf), in which graded
sand layers are sparse to absent. Below a sharp contact, Unit U2 is dis-
tinguished by a sharp decrease in biogenic sediments. Subunit U2A
(84.43-132.87 mbsf) consists of dark olive-green silty clay and grades
downward into Subunit U2B (132.87-152.49 mbsf). Subunit U2B is dark
olive-green silty clay interbedded with light olive-green calcareous clay;
ash layers are common throughout Unit U2 (Fig. F3). An age-depth
model calculated from the combined last and/or first occurrence da-
tums of index microfossils yields average sedimentation rates of about
46 m/m.y. (0-120 mbsf) for the Pleistocene and 6 m/m.y. for the late
Miocene and Pliocene interval (120-200 mbsf).

Hole 1043A is located at 9°39.273°N, 86°11.160°'W on the lowest
continental slope of the Middle American Trench at a water depth of
4312.7 m (Fig. F2). Four lithologic units are recognized: T1, U1, U2, and
U3, in descending order. Unit T1 consists mainly of thick clay and silty
clay interbedded with a relatively thin matrix-supported breccia. Sub-
unit U1A consists of turbidite-rich facies that are 5.55 m thick. Subunit
U1B consists of olive-green to grayish green diatomaceous ooze with
disseminated volcanic glass. Subunit U2A consists of olive-green to
grayish green clay and silty clay with minor interbeds of vitric and crys-
tal-vitric volcanic ash. Subunit U2B consists of olive-green silty clay in-
terbedded with lighter green siliceous nannofossil ooze and calcareous
clay with nannofossils. Subunit U3A consists of ivory white siliceous
nannofossil ooze interbedded with light green calcareous clay and dark-
colored clay with diatoms. In Unit Ul (150-194 mbsf), age-depth rates
range from 52-40 m/m.y.; in Unit U2 (194-263 mbsf), the rate is 15 m/
m.y.; and in Unit U3 (below 263 mbsf), the rate is <12 m/m.y. (Kimura,
Silver, Blum, et al., 1997).

WORKING METHODS

Biostratigraphic and chronostratigraphic analyses of planktonic fora-
minifers presented here were made by the author’s shipboard examina-
tions of all core-catcher samples and subsequent onshore examinations
of additional samples.

Samples of 10 cm3? (except core-catcher samples) were washed
through a 250-mesh screen (0.062 mm) and dried in an oven. Plank-

F2.Bathymetric map of the Middle
American Trench and the lower
continental slope off the Nicoya
Peninsula, Costa Rica, p. 9.

'\\\\\\\\\\\\\\\\\\&L&k&\\\\\\\\\\&\
e

F3. Planktonic foraminiferal bio-
stratigraphy of Cores 170-1039B-
1H through 18X, p. 10.

Hole 10398




M. IBARAKI
PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY

tonic foraminifers >0.125 mm were selected from the washed residue,
and the frequency of occurrence of each species was calculated.

The biostratigraphic zonation of planktonic foraminifers is that of
Blow (1969), and chronologic calibrations of Blow’s zones are based on
those given by Berggren et al. (1995).

PLANKTONIC FORAMINIFERAL
BIOSTRATIGRAPHY OF HOLES 1039B AND 1043A

Sediments of Cores 170-1039B-18X through 1H correspond to Zones
N19-N23, which are Pliocene to Pleistocene in age (Fig. F3). From Cores
170-1039B-1H through 18X, a total of 148 samples were examined. Per-
centages of respective species to the total planktonic foraminiferal as-
semblage are shown in Table T1. The last occurrence (LO) of Globigerina
nepenthes is recognized in Sample 170-1039B-17X-2, 46-49 cm, which
indicates an age of 4.2 Ma. The first appearance of Globorotalia tosaensis
is recognized in Sample 170-1039B-15X-1, 46-48 cm, which indicates
an age of 3.35 Ma, assignable to the base of Zone N21 of the Pliocene.
Therefore, the lower sequences, Core 170-1039B-18X through the mid-
dle part of Core 15X, are assignable to Zone N19 of the Pliocene. In this
interval, occurrences of G. nepenthes, Dentoglobigerina altispira altispira,
Globorotalia margaritae, and Sphaeroidinellopsis seminulina are examined.
The top of Zone N21 cannot be established; however, the horizon is
tentatively assignable to the base of Section 170-1039B-12X-CC. The
LO of Globigeinoides extremus is recognized in Sample 170-1039B-11H-3,
46-49 cm, indicating that the sample is approximately correlative with
the Pliocene/Pleistocene boundary (1.77 Ma). The LO of G. tosaensis is
recognized in Sample 170-1039B-5H-7, 45-47 cm, which indicates an
age of 0.65 Ma, correlating to the base of Zone N23. Changes in the
coiling direction of Pulleniatina are recognized at three intervals (Fig.
F3). The coiling change from sinistral to dextral between Samples 170-
1039B-16X-4, 46-49 cm, and 15X-4, 46-48 cm, is estimated at 3.95 Ma
(Berggren et al., 1995).

Cores 170-1043A-30X through 18X correspond to Zones N17-N23,
late Miocene to Pleistocene in age (Fig. F4). Planktonic foraminifers
were obtained from 92 of the 108 samples examined. Percentages of re-
spective species are shown in Table T2.

The base of Zone N18 is recognized in Sample 170-1043A-30X-3, 45—
47 cm (276.05 mbsf), in which the first appearance of Globorotalia tu-
mida is examined. The sequences below Zone N18 are, therefore, assign-
able to Zone N17 of late Miocene age. The Miocene/Pliocene boundary
is located in Sample 170-1043A-28X-4, 45-47 cm, based on the occur-
rence of abruptly decreased Miocene planktonic foraminifers. Samples
170-1043A-28X-4, 45-47 cm, through 26X-CC are assigned to Zone
N19 based on the LO of G. nepenthes and the coiling change from sinis-
tral to dextral in Pulleniatina. Samples 170-1043A-26X-CC through 22X-
2, 45-47 cm, are assigned to Zone N21, based on the occurrence of G.
tosaensis, S. seminulina, and dextral-coiling Pulleniatina. Samples 170-
1043-22X-2, 45-47 cm, through 20X-2, 45-47 cm, are assignable to
Zone N22, as horizons above this one are assigned to Zone N23 based
on the dextral-coiling Pulleniatina and the absence of G. fosaensis. Sam-
ple 170-1043A-21X-CC contains well-preserved specimens of G. extre-
mus, of which the LO is 1.77 Ma, corresponding to the Pliocene/
Pleistocene boundary. In Cores 170-1043A-30X through 18X, changes

T1. Percentages of planktonic fora-
minifers in Samples 170-1039B-
1H-CC through 18X-CC, p. 19.

F4. Planktonic foraminiferal bio-
stratigraphy of Cores 170-1043A-
18X through 30X, p. 11.

Hole 1043A

T2. Percentages of planktonic fora-
minifers in Samples 170-1043A-
18X-2, 46-48 cm, through 30X-6,
46-48 cm, p. 25.




M. IBARAKI
PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY

in the coiling direction of Pulleniatina are recognized in five intervals
(Fig. F4). The coiling change from sinistral to dextral between Samples
170-1043A-27X-CC and 27X-2, 44-46 cm, is estimated at 3.95 Ma
(Berggren et al., 1995).

PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY
OFF COSTA RICA

Planktonic foraminiferal analyses were made on samples from the
Pliocene to Pleistocene sediments of Holes 1039B and 1043A. The total
number of planktonic foraminifers in each sample, the ratio of warm-
water planktonic foraminifers to the assemblage, the ratio of Globiger-
inoides sacculifer, the ratio of surface-water dwellers (Globigerinoides
group), and the ratio of intermediate-water dwellers (Neogloboquadrina
group and Globorotalia menardii) have been estimated.

In Cores 170-1039B-18X through 1H, planktonic foraminifers in
each sample are barren or rare in Zone N19 and Zone N21. In younger
horizons, however, they are continuously and commonly found in each
sample (Fig. F5). The ratio of warm-water planktonic foraminifers to the
total assemblage temporarily decreases in Sample 170-1039B-18X-2, 46—
49 cm, which is assignable to Zone N19 (Fig. F6). The horizon is esti-
mated at older than 4.2 Ma, prior to the LO of G. nepenthes. It is sug-
gested that the sea-surface temperature temporarily and abruptly drops
in this horizon. In Zone N21, there is a high percentage of warm-water
dwellers. These are recognized in fluctuations in Zone N22 and gradu-
ally decrease from Zone N19 to Zone N23.

G. sacculifer is a high salinity-tolerant, warm surface-water species. In
the Caribbean Sea, the species became enriched at about 4.6 Ma, coinci-
dent with the closing of the Central American Seaway (Keller et al.,
1989; Farrell et al., 1995). In Hole 1039B, the ratio of G. sacculifer shows
~10% percent through Zones N19-N23 (Fig. F6). No salinity change is
therefore recognized on the East Pacific side in the duration. The maxi-
mum divergence of both surface- and intermediate-water dwellers of
Hole 1039B begins in the lower part of Zone N22 and continues up to
the present (Fig. F7).

In Cores 170-1043A-30X through 18X, planktonic foraminifers are
barren or rare in Zone N19 and in the middle part of Zone N21 (Fig. F8).
The ratio of warm-water planktonic foraminifers to the total assemblage
abruptly decreases in Sample 170-1043A-27X-CC of Zone N19. In the
horizon, there is a high percentage of cold-water planktonic foramini-
fers and the upwelling dweller Globigerinita glutinata is commonly
found. The horizon is estimated at ~4.2-3.95 Ma, based on the coiling
direction of Pulleniatina and the LO of G. nepenthes. The occurrence of
G. sacculifer abruptly decreases in the lower part of Zone N18 and con-
tinues to Zone N19, temporarily increasing in the lower part of Zone
N21 (Fig. F9). It appears that the surface seawater conditions changed
in Zone N19. The maximum divergence of both surface- and intermedi-
ate-water dwellers in Hole 1043A is recognized in two horizons. Abun-
dances of surface-water dwellers are recognized in Zone N17 and the
lower to middle part of Zone N18, and the abundances of intermediate-
water dwellers are recognized in the duration from the top part of Zone
N21 to Zone N23 (Fig. F10).

Holes 1039B and 1043A can be correlated with each other based on
planktonic foraminiferal biochronostratigraphy (Fig. F11). In Holes
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1039B and 1043A, planktonic foraminifers are barren or rare in Zones
N19 and N21 and are commonly found in most samples of Zones N22
through N23. Planktonic foraminiferal components of sediments con-
sist of rich warm-water specimens. The ratio of warm-water planktonic
foraminifers to the total assemblage temporarily decreases in four hori-
zons (i.e., in Zone N19, the top part of Zone N21, the lower part of Zone
N22, and the top part of Zone N22, respectively) in both holes (Fig.
F11). These ratios indicate that the surface seawater temperature proba-
bly changed in those horizons. The surface seawater temperature drops
in Zone N19 are dated at 4.2-3.95 Ma in Hole 1039B and 5-4.2 Ma in
Hole 1043A. Those cooling events of Zone N19 are considered to be re-
lated to the closing of the Central American Seaway.

During the Pliocene to Pleistocene, the emergence of the Panama
Isthmus is estimated to have occurred, separating the equatorial Pacific
and Atlantic Oceans and the Caribbean Sea. This event strongly influ-
enced peripheral regions, seawater temperature, ocean circulation, sur-
face-water salinity, and faunal changes of planktonic foraminifers and
radiolarians (Saito, 1976; Keigwin, 1982a, 1982b; Keller et al., 1989;
Moore et al., 1993; Coates et al., 1992; Ibaraki, 1992, 1997).

The ratio of warm-water dwellers to the total assemblage gradually
drops from the Pliocene to Pleistocene. G. sacculifer, a high salinity—tol-
erant species, has low occurrences in Zone N19. No salinity change is
recognized on the East Pacific side.

Maximum divergence of both surface- and intermediate-water dwell-
ers in Holes 1039B and 1043A begins at the top of Zone N21. This event
considered to be related to the final closure of the Central American
Seaway at that time.

The planktonic foraminiferal fauna changes ~4.6 Ma in the Carib-
bean Sea and changes in the planktonic foraminiferal assemblage in
Zone N19 off Costa Rica might be related to the closing of the Central
American Seaway.

SUMMARY

Pliocene to Pleistocene planktonic foraminifers from Holes 1039B
and 1043A have been quantitatively analyzed. In Zone N19, few occur-
rences of planktonic foraminifers and an abruptly decreasing ratio of
warm-water planktonic foraminifers are recognized. This suggests that
drops of the surface seawater temperature in Zone N19 are dated at 4.2—
3.95 Ma in Hole 1039B and 5-4.2 Ma in Hole 1043A. G. sacculifer, a
high salinity—tolerant species, is rarely found in Zone N19; therefore,
no salinity change is recognized on the East Pacific side. The divergence
of both surface- and intermediate-water dwellers is recognized around
the top of Zone N21 in Hole 1039B. In Hole 1043A, the divergence is
recognized in two horizons, that is from Zone N17 to the lower part of
Zone N18 and the upper part of Zone N21. These changes in the plank-
tonic foraminiferal assemblages might be related to the closing of the
Central American Seaway. The maximum divergence of both surface-
and intermediate-water dwellers in the basal part of Zone N22 might
also be related to the final phase of the closing of the Central American
Seaway.
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Figure F1. Location of ODP Leg 170 drill sites off the Nicoya Peninsula, Costa Rica.
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Figure F2. Bathymetric map of the Middle American Trench and the lower continental slope off the Nicoya
Penmsula, Costa Rica. Dotted lines show the locations of seismic lines, including line CR-20 on which Sites
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Figure F3. Planktonic foraminiferal biostratigraphy and lithology of Cores 170-1039B-1H through 18X. S
= sinistral, and D = dextral.

Hole 1039B | N
Planktonic foraminifers
Core tlrm Lithology Zone Age
0 S D
TUIA L
2 ~ 8]
10 — — 0
MM © (é) ™
|| A7 S S
M M—
30 N ~E 8
S aYa)= 8
40 — N : o
6 aYeY = O GC.)
50 uiB | E 3
7 ~NE =
60 — N E @ e o
8 ~A g S
o 70 — aal= o 2
2 o | |27E E 2 |
£ NN o g A
= 80 — aYe == O] © 3 <
= 10 Iava) A= IS
5 s 5
O 90— o o | = a
11 — =
- — = © S
e o | (U C
100 — Ty o | = 2
12 _0_-__ % 8 |
e o | -l\—n -6
10— 13 u2Aa [« = | & © S 2 —
I E Q § % Al
14 * c N o Z
120 — [0) o S o)
° o[ — Q © E (]C.)
~ — [)) =
15 o o | - = % 8
130 — o ] - S : =
e o Q) 9 %)) o
16 - &
4 L
140 — U2B o] E 9_3
17 i j___ © =
150 —| .
| =
18 |usA F = :
160 — FT—T-=

Diatom ooze Izl Silty clay @ Siliceous nannofossil
ooze and calcareous clay

with sand

Diatom ooze Silty clay and

calcareous clay



M. IBARAKI

PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY

11

Figure F4. Planktonic foraminiferal biostratigraphy and lithology of Cores 170-1043A-18X through 30X. S
= sinistral, and D = dextral.
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Figure F5. Total numbers of planktonic foraminifers and the ratio of warm-water dwellers to the total as-
semblage in Cores 170-1039B-1H through 18X.
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4H-7, 44-46 cm B9
5H-3, 45-46 cm
5H-7, 45-46 cm E—— =
6H-3, 45-48 cm iv
6H-7, 45-48 cm EE——————————
TH-3, 46-49 i e
ey = e
8H-2, 46-49 cm N 92
8H-6, 46-49 cm
9H-2, 46-49 cm é
OH-6, 46-48 cm —— ——0
10H-2, 46-49 cm I———
11H-1,5355cm £
11H-5, 46-49 cm —*— o
12X-2, 47-49 cm
12X-6, 45-47 cm

13X-3, 41-43 cm B — N N21

13X-CC S====—

14X-4, 46-48 cm
15X-1, 46-48 cm 4\’\0
15X-5, 45-47 cm
16X-2, 46-49 cm

>
16X-6, 46-4
6X-6, 46-49 cm N19
17X-3, 46-49 cm y
17X-CC 2 4

o
18X-4, 46-49 cm ,%‘
18X-CC === 1 1 1 1 1 1 1

0O 10 20 30 40 50 60 70 80 90 100
Ratio of warm-water dwellers (%)

= Planktonic foraminifers €O—@ Warm-water dwellers
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Figure F6. The ratio of warm-water dwellers to the total assemblage and ratio of G. sacculifer in Cores 170-

1039B-1H through 18X.
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6H-1, 45-48 cm
6H-3, 45-48 cm
6H-5, 45-48 cm
6H-7, 45-48 cm
7H-1, 46-49 cm
7H-3, 46-49 cm
7H-5, 46-49 cm
7H-7, 46-49 cm
8H-1, 46-49 cm
8H-2, 46-49 cm
8H-5, 46-49 cm
8H-7, 46-49 cm
9H-1, 46-49 cm
9H-3, 46-49 cm
9H-6, 46-48 cm
10H-2, 46-49 cm
11H-4, 46-49 cm
13X-2, 46-49 cm
13X-4, 45-47 cm
14X-6, 46-48 cm
15X-1, 46-48 cm
17X-1, 46-49 cm
17X-CC

18X-3, 46-49 cm
18X-5, 46-49 cm
18X-7, 3-5

o 9 °

.I “ ,l
¢

]
L 4

e
‘¢ o0 o

I.I.IQ

N 23

N 22

N19

—=u

20 30 40 50 60 70 80
Ratio of G. sacculifer (%)

90 100
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Figure F7. Ratios of surface- and intermediate-water dwellers to the total assemblage in Cores 170-1039B-

1H through 18X.

Sample

170-1039B- 0 1

Ratio of surface-water dwellers (%)

0 20 30 40 50
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60 70 80 90 100
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4H-CC

5H-2, 45-46 cm
5H-4, 45-46 cm
5H-7, 45-46 cm
6H-1, 45-48 cm
6H-3, 45-48 cm
6H-5, 45-48 cm
6H-7, 45-48 cm
7H-1, 46-49 cm
7H-3, 46-49 cm
7H-5, 46-49 cm
7H-7, 46-49 cm
8H-1, 46-49 cm
8H-2, 46-49 cm
8H-5, 46-49 cm
8H-7, 46-49 cm
9H-1, 46-49 cm
9H-3, 46-49 cm
9H-6, 46-48 cm
10H-2, 46-49 cm
11H-4, 46-49 cm
13X-2, 46-49 cm
13X-4, 45-47 cm
14X-6, 46-48 cm
15X-1, 46-48 cm
17X-1, 46-49 cm
17X-CC

18X-3, 46-49 cm
18X-5, 46-49 cm
18X-7, 3-5cm

e . 1 1 1

! L e ! !

N 23

N 22

N19

o

10 20 30 40 50

60 70 80 90 100

Ratio of intermediate-water dwellers (%)

& Surface-water dwellers

—& Intermediate-water dwellers
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Figure F8. Total numbers of planktonic foraminifers and the ratio of warm-water dwellers to the total as-
semblage in Cores 170-1043A-18X through 30X.

Sample Total number of planktonic foraminifers Zone
170-1043A-
100 200 300 400 500 600 700 800 900 1000
18X-1, 46-48 cm &—— ' ' ' ' N ' ' '
18X-CC = *

19H-3, 46-48 cm N 23
19H-6, 46-48 cm
20X-1, 46-48 cm ) .

20X-4, 45-47 cm ij’

21X-2, 46-48 cm A N 22
————e
21X-5, 46-48 cm

22X-1, 45-47 cm
22X-4, 45-47 cm

22X-7, 42-44 cm H
23X-2, 46-48 cm

23X-5, 46-48 cm

24X-2, 46-48 cm

24X-5, 46-48 cm N 21
25X-1, 46-48 cm g

25X-4, 46-49 cm L
25X-7, 41-48 cm E ?\
26X-2, 45-47 cm E N

26X-5, 45-47 cm

27X-2, 44-46 cm
27X-5, 46-48 cm N19
28X-1, 46-48 cm p

b

0\'\Y1

28X-4, 45-47 cm
28X-7, 36-38 cm
29X-2, 46-48 cm
29X-5, 46-48 cm

29X-CC
30X-3, 45-47 cm
30X-6, 46-48 cm

- N18

. N17

10 20 30 40 50 60 70 80 90 100
Ratio of warm-water dwellers (%)

== P|gnktonic foraminifers +—¢ Warm-water dwellers
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Figure F9. The ratio of warm-water dwellers to the total assemblage and ratio of G. sacculifer in Cores 170-
1043A-18X through 30X.

Sample Ratio of warm-water dwellers (%) Zone

170-1043A-
0 20 30 40 50 60 70 80 90 100

18X-2, 46-48 cm |®

. i ¢.
19H-2, 50-52cm ¢ N23

19H-4, 46-48 cm | &

20X-2, 48-50 cm
20X-CC |
21X-3, 46-48 cm 4 N 22

21X-CC |
L 4

22X-2, 45-47 cm
22X-4, 45-47 cm
22X-6,45-47cm | ,®

22X-CC

23X-2, 46-48 cm

T T
T

25X-2,46-48cm | N2

25X-6, 46-48 cm | < _
25X-CC 3
26X-3, 44-46 cm | o
26X-CC IR ol S
28X-4, 45-47 cm 8. N19
28X-7, 36-38 cm
20X-1, 46-48 cm :I\
e N18
20X-3, 46-48 cm 3«

29X-7, 45-46 cm $.

30X-2, 46-48 cm R 4

A N17
30X-4, 46-48 cm o

0O 10 20 30 40 50 60 70 80 90 100
Ratio of G. sacculifer (%)

m—a Warm-water dwellers &--- G. sacculifer
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Figure F10. Ratios of surface- and intermediate-water dwellers to the total assemblage in Cores 170-1043A-

18X through 30X.

Sample
170-1043A- 0

Ratio of surface-water dwellers (%)

90
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22X-2, 45-47 cm
22X-4, 45-47 cm
22X-6, 45-47 cm

22X-CC
23X-2, 46-48 cm
25X-2, 46-48 cm
25X-6, 46-48 cm

25X-CC
26X-3, 44-46 cm

26X-CC
28X-4, 45-47 cm
28X-7, 36-38 cm |
29X-1, 46-48 cm ¢-
29X-3, 46-48 cm |
29X-7, 45-46 cm |
30X-2, 46-48 cm |

30X-4, 46-48 cm |

N23

N22

N21

N18

N17

10 20 30 80
Ratio of intermediate-water dwellers (%)

* —

90

® Surface-water dwellers

100

Intermediate-water dwellers



Figure F11. Biochronologic correlation of Holes 1039B and 1043A. Ratio of warm-water planktonic foraminifers and G. sacculifer to the total as-
semblage are indicated for each hole. Solid line = ratio of warm-water dwellers; dotted line = ratio of G. sacculifer; S = sinistral; and D = dextral.
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Table T1. Percentages of planktonic foraminifers in Samples 170-1039B-1H-CC through 18X-CC. (See table note.

Continued on next five pages.)
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170-1039B-
TH-CC 1.90 13.2 6.2 111 25 04 119 0.8 12.0 2.5
2H-5 8.19 7.1 1.3 16.2 1.3 84 11.7 13.6 1.3
3H-CC 20.43 11.2 2.2 3.2 0.7 9.0 14 14.4 0.4
4H-1, 44-46 21.44 | 3.6 6.8 1.9 23 7.2 44 1.7 4.0 04| 1.3
4H-2, 44-46 2294 | * * * * * * * *
4H-3, 44-46 24.44 | 1.0 6.8 1.9 1.0 29 58 58 1.0 1.9 14.6
4H-5, 44-46 27.44 | 1.8 5.5 0.9 09 09 1.8 3.7 64 1.8 7.3 0.9
4H-6, 44-46 2894 | 7.2 3.0 1.7 1.5 79 25 15 1.5 9.7 2.0 0.7
4H-7, 44-46 3044 | 1.6 111 4.8 1.6 48 1.6 111 6.3 3.2
4H-CC 30.50 4.7 3.2 3.2 153 6.3 6.1 0.3 0.5| 1.6
5H-1, 45-46 30.95 4.0 4.0 2.0 51 20 1.0 8.1
5H-2, 45-46 32.45 4.0 1.3 0.6 1.3 20 1.3 53 6.7 2.0 27.3
5H-3, 45-46 3395 | 28 24 1.3 0.2 0.7 0.4 1.7 28 19 35 0.2 10.6 1.7
5H-4, 45-46 35.45 | 3.3 4.5 2.6 0.2 0.2 0.2 0.7 33 1.7 05 4.5 0.2 6
5H-5, 45-46 36.95 3.2 4.5 0.6 0.6 39 13 11.0
5H-6, 45-46 38.47 * * *
5H-7, 45-46 39.97 | 4.0 6.9 2.1 0.6 0.6 0.6 71 0.6 0.4 15.6 1.7
5H-CC 40.38 | 34 7.7 3.7 84 03 0.7 54 4.0 9.8 0.3 0.3| 3.7
6H-1, 45-48 40.45 6.3 3.2 1.6 1.6 6.3 4.8
6H-2, 45-48 41.95 9.2 1.3 2.6 39 26 11.8 2.6 2.6
6H-3, 45-48 43.45 3.8 1.1 1.6 6.0 2.2 1.6 14.7 0.5
6H-4, 45-48 4495 | 2.8 23 1.0 1.3 26 23 05 57 49 21 0.5 5.4 3.9
6H-5, 45-48 46.45 | 1.9 5.6 0.7 05 23 0.2 1.4 1.2 45 31 02 0.7 0.2 25.8 1.2| 4.5 05 1.2 1.2
6H-6, 45-48 4795 | 7.0 4.7 1.2 23 10.5 128 8.1 7.0 1.2 18.6 23 23
6H-7, 45-48 49.45 1.9 0.8 2.1 0.6 9.3 8.6 1.0 1.0 4.7 6.0
6H-CC 49.78 8.1 3.2 1.1 05 0.4 5.8 6.1 9.1 02 1.1 6.7 6.0
7H-1, 46-49 49.96 0.7 0.7] 09 5.7 2.5 6.1 13.6 0.7 2.0 4.5 0.2 23| 6.8 0.2 0.2
7H-2, 46-49 51.46 | 5.6 16.6 21 0.8 29 11.0 40 05 08 18.7 1.6/ 3.2
7H-3, 46-49 52.96 2.3 2.3 1.1 05| 04 20 1.8 0.2 74 62 11 20 13.1 1.4 3.2 0.2
7H-4, 46-49 5446 | 7.8 6.1 1.1 2.2 0.6 1.7 78 28 0.6 6.1 0.6
7H-5, 46-49 55.96 42 84 1.7 0.8 15.1 08| 1.7
7H-6, 46-49 57.46 0.4 04 1.1 79 4.1 2.6 0.4| 3.4
7H-7, 46-49 58.96 | 0.3 0.3 0.3 1.3 104 4.1 0.3 3.5
7H-CC 59.00 29 3.7 6.3 3.2 02 1.0 0.7 02| 03 126 3.8 16.0 0.2| 1.2
8H-1, 46-49 59.46 | 0.3 1.0 1.4 0.3 2.8 0.7 104 56 03 14 1.0 7.6 1.0 0.3
8H-1,120-123| 60.17 | 9.1 1.1 0.9 20 03| 1.4 20 1.1 03| 06 3.7 88 2.6 10.5 4.0 03 1.7
8H-2, 46-49 60.96 (11.7 4.3 1.0 1.2 1.4 1.9 05| 1.0 153 3.6 1.4 12.0 1.0
8H-3, 46-49 62.46 1.3 1.3 0.4 08 1.7 0.8 79 1.7 40.2 1.3
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Table T1 (continued).
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170-1039B-
1H-CC 1.90 3.7 0.4 12 37 12 0.4 29(20.6 2.1 3.3
2H-5 8.19 19.5 0.6 45 0.6 32| 84 13 06
3H-CC 20.43 325 1.1 1.1 5.8/12.6 43
4H-1, 44-46 21.44 25.2 2.1 0.2 1.7 0.6 0.4 570231 13 21 25 1.7
4H-2, 44-46 22.94 * * * * LI *
4H-3, 44-46 24.44 29.1 1.0 1.0 5.8 39(126 1.0 1.9 1.0
4H-5, 44-46 27.44 36.7 0.9 0.9 0.9 7.3|17.4 0.9 09 1.8
4H-6, 44-46 28.94 13.2 0.7 1.2 1.0 42(28.1 1.7 85 2.0
4H-7, 44-46 30.44 8.0 11.1]27.0 6.3 1.6
4H-CC 30.50 26.1 0.5 0.3 0.5 1.1 2.1 2.4(24.7 1.3
5H-1, 45-46 30.95 222 1.0 1.0 1.0 3.0/26.3 1.0 15.2 3.0
5H-2, 45-46 32.45 14.7 0.6 10.0 0.6 4.0(10.0 0.6 7.3
5H-3, 45-46 33.95 21.2 0.7 163 1.3 0.2 1.5 1.1 33/15.6 02 3.2 5.4
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5H-6, 45-46 38.47 * * s *
5H-7, 45-46 39.97 20.6 02 04| 0.2 143 04 0.6 0.6 46| 79 1.0 5.0 3.8
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6H-5, 45-48 46.45 | 2.1 13.9 33 14 49 07 05 0.7 0.9 0.7 0.7] 9.2 0.2 4.0
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7H-4, 46-49 54.46 20.0 0.6 44 11.1 21.7 0.6 39 06
7H-5, 46-49 55.96 44.5 1.7 1.7 25 0.8] 4.2 5.0 6.7
7H-6, 46-49 57.46 37.5 7.1 22 31.1 1.9
7H-7, 46-49 58.96 28.2 0.3 0.6 6.3 3.2/34.2 4.4 2.2
7H-CC 59.00 20.4 2.0 33 0.3 10 01| 0.7 44| 88 0.1 6.2
8H-1, 46-49 59.46 35.1 2.1 0.3 14 03 35 24 14139 07 45
8H-1,120-123 | 60.17 21.4 0.9 1.4 0.9 0.3 2.0 0.9 26[145 1.4 28
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DIVAVL] ‘W

AHAVIIONVIIOATVd ANHIOLSIHTIJ-ANIOOI'TJ

0c



Table T1 (continued).
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8H-CC 68.88 123 0.3 0.3 29 03 49 43 10.6 0.3| 2.0
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11H-4, 46-49 92.46 | 1.3 51 25 0.6/ 1.9 19 70 13 3.8 158 0.6 0.6
11H-5, 46-49 93.96 | 0.6 1.3 1.6 0.6 40 03 0.3 16.2 3.2 0.6 12.7 1.6
11H-CC 97.37 * * * * *
12X-CC 106.71 *
13X-1, 46-48 | 103.96
13X-2,46-49 | 105.46 | 7.6 51 25 13 2.5 2.6 1.3 8.2 2.5 8.9 1.9
13X-3,41-43 | 10691 | 1.6 3.0 1.6 242 1.6 1.6 16.7 1.6
13X-4, 45-47 | 108.45 25 2.5 25 38 8.8 25 1.3 7.5
13X-5, 39-41 | 109.89 *
13X-6, 43-45 | 111.43 *
13X-CC 113.09 0.7 0.2 1.3 04 20 64 231 9.8 33 0.7 5.1 1.3 0.2
14X-2, 46-48 | 115.06 * * *
14X-6, 46-48 | 121.06 37 24134 1.2 2.4 110 1.2 1.2 24 9.8 1.2
14X-CC 122.70 | 1.1 1.7 1.1 23 1.1 23 23 29 154 5.1 1.1 1.1 9.7 0.6
15X-1, 46-48 | 123.16 1.7 5.1 13.6 6.8 5.1 85 1.7 10.2
15X-2, 46-48 | 124.66 *
15X-3, 46-48 | 126.16 * *
15X-4, 46-48 | 127.66 * * * * * * * *
16X-4, 46-49 | 137.16 54 65 8.7 10.9 11 4.3 1.1 22 14.1 3.3
16X-5, 46-49 | 138.66 * *
16X-6, 46-49 | 140.16 * * * * * * *
16X-CC 141.77 * * * * * *
17X-1, 46-49 | 142.26 14171 21 0.7 13.7 2.7 14| 34 34 1.4/13.7 0.7
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Table T1 (continued).

3 o g S §
o . = c
3 s g 5§ § S 5 Z £ £T/8 3 £ S 5§85 f B ¢
£ = & g | S E T R - 3 S S 2 2|53 & 53 8 (8 s 3
s 5 T8 flfefseslis s s .ty TeriiTYeosoblsofoi
S § § £ g§/8 8 € 2 /3 §E E & 2|8 % 5 s & £ £ £ £/§ £ £ £ £/ 8 8 ¢ s
£ £ £ £ 8/8 83 3 8 s/ 3 3 S ¥/ 3 5 8 g/ 58 § ¥F O¢8)T T OTOETROTR IOEOESEOELE OSSOz
& & &8 & 2|8 & &8 & 2|/&8 &2 & &2 &2|2 S 3 S 8|/ o 2 3 3/ 3 3 3 3|2 2 o o5 oE
S 8§ 8 % §8|8%8 § ® § ©®|T ® 8 T Tl &£ £ £ B3|t £ g8 g8 g8|/g &8 % 8% 8|z 3 3 B o
S & % 8 8|8 © 8 & gl 8 & &g ©|/8 § § LT T|E B 8 8 8|8 8 8 8 8|8 & g v &
Core,section | Depth [ &8 & & & £[|8& &8 &§ & 8§ /8§ & 8 £ &8 118 2 2 22 § D oD DD D DIy § g 8 3
N ! S Q S o o o S S S o S S S ) S S ) ) ) T = = S S S S S S S S/Ss £ < ) S
intervalcm) [ (mbs) [ & C © G |6 © & O ©|6 O O 6 O] & O 0 &|& & 2z 2 2|z 2 2 2 2|8 & & G &
8H-5, 46-49 65.46 495 44 6.6 1.1 11.0 1.1 1.1
8H-6, 46-49 66.96 243 1.8 36 1.8 1.8 6.3 1.8/11.0 5.4
8H-7, 46-49 68.46 35.7 0.2 02 34 0.7 12.0 7.3/16.6 0.5 1.7
8H-CC 68.88 26.1 0.6 0.6 2.6 0.9 6.0 5.5(14.9 4.6
9H-1, 46-49 68.96 11.3 0.3 49 05 05 03 20.1 440162 08 2.1
9H-2, 46-49 70.49 54.4 0.4 3.7 04 10.0 1.7/12.9 0.8
9H-3, 46-49 71.99 19.1 0.4 6.4 11 14 0.7[12.4 49(14.2 45
9H-4, 46-49 73.49 * * * *
9H-5, 46-48 74.99 | 0.3 5.4 0.6 0.9 0.6 0.3 10.7 14.9 1.8
9H-6, 46-48 76.49 28.7 45 06 0.3 12.7 1.7/10.7 0.3 2.5
9H-7, 46-48 77.99 * * * *
9H-CC 78.37 15.3 0.5 7.9 0.5 0.5 1.9 32| 88 5.6
10H-2, 46-49 | 79.96 47 0.4 33 04 0.4 11 14 4.0 6.2 4.4
10H-3, 46-49 | 81.49 * * * * *
10H-4, 46-49 | 82.99 * *
10H-CC 87.98 0.3 0.3 0.7 13.2 1.7/11.5 1.7 0.3
11H-4, 46-49 | 92.46 19.0 0.6 57 06 32 5.7 38| 89 7.6 25
11H-5, 46-49 | 93.96 21.6 1.0 0.3 3.2 03 13 1.0 6.7 0.615.2 1.3 35
11H-CC 97.37 * * * * * *
12X-CC 106.71 * * * * *
13X-1, 46-48 | 103.96 *
13X-2, 46-49 | 105.46 21.5 25 0.6 25 4.4(17.7 6.3
13X-3, 41-43 | 106.91 24.2 1.6 1.6 3.0 3.0 76 1.6 6.1
13X-4, 45-47 | 108.45 27.5 1.3 3.8 6.3 6.3 3.8/10.0 10.0
13X-5, 39-41 | 109.89 * s
13X-6, 43-45 | 111.43 * * * *
13X-CC 113.09 | 0.2 9.3 0.9 15 0.7 5.8 09 05 20 2.4 3.5/11.5 0.9 5.6
14X-2, 46-48 | 115.06 *
14X-6, 46-48 | 121.06 17.1 1.2 3.7 11.0 6.1 6.1 1.2 2.4
14X-CC 122.70 18.9 0.6 5.1 143 1.7 5.1 1.1 5.1
15X-1, 46-48 | 123.16 5.1 1.7 1.7 34 119 1.7 5.1 16.9
15X-2, 46-48 | 124.66 * * * *
15X-3, 46-48 | 126.16 *
15X-4, 46-48 | 127.66 * * * * * * * *
16X-4, 46-49 | 137.16 27.2 6.5 54 33
16X-5, 46-49 | 138.66 o * *
16X-6, 46-49 | 140.16 s * * * * s
16X-CC 141.77 * * *
17X-1, 46-49 | 142.26 233 55 0.7 41 3.4 0.7

DIVAVL] ‘W

AHAVIIONVIIOATVd ANHIOLSIHTIJ-ANIOOI'TJ

cc



M. IBARAKI

PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY

Table T1 (continued).

SISUIIZOID DIJPI0IOGO[D

SIULIOJDSSDID DI{DI0IOGO[D

1ZapnuiIaq pljp30I0goID

DIODHUD DIDIOIOGOID)

DSIIAIUN DUINGIO

4.9

29

1.2
1.6

4.2

SIpININS LUINGIO
b3pqojIq LUINGIO
ap.ayiod pyutiabigosn
o301 DYUAbIGO|D

pipUNIb DULIDIGO|D

4.5

7.1
11.6

0.7| 0.7

10.9

6.7
12.7

psoqoyb vidsiyp buabigojboiuag
puidsio padsip puabigojbojuag
pipijojopnasd puLponboqo|n
pIpIaWOIbUOD PULIPPNbOGOID

SISUBUOW0IDG DULIPLNbOGOD

12| 7.4

3.7

1.9

20(11.8

20

20
5.0

1.6/ 6.3

1.7

0.6

snqoju} sapiouiiabiqoln
snjjaua;y saprouabigorn
134|n22pS sapjouliabiqoln
1aqnJ sapioutiabiqojn

sippiwpiAd sapiouiabiqojn

4.9

3.8| 0.6

5.7

3.9
29

11.8

4.3

3.4

3.1
27

50| 04 04

1.6 3.1
5.0

3.1

3.3
9.1

24| 06

snnbijqo sapioutiabigorn
sninyowiw) sapioutiabiqoln
SnwiaIxa sapiouliabiqon
snpbuoja sapiouliabigo|n

sNwio3sojaAd sapioutiabiqojn

4.9

4.9

1.9 7.6 146

7.8

1.4 129

9.5

6.2
15.6
1.7 16.7
3.0 11.5

0.8

1.6

snpqojbuod sapioulabigo;n
suadxsaqgn. bulabiqo|n
pqojanbuinb pulabiqorn
sayjuadau puliabiqoln

o3pljo PULIALIGO|D

7.4

1.2

1.3

3.9

1.7] 0.7

08| 2.7

3.1

3.3

1.7

0.6

SISUaU02[by PULIbIGO]D
p12dpI023p DULIBIGOID
saplojing puLabiqo|n
pinado pulabiqoln

pIL2IIqUINIISNBUD DULIBbIGO]D

1.2

1.2

4.9

39 20

57
75 48 03

3.9
4.7

7.8

1.6
1.7

1.7
8.5

1.2

Depth
(mbsf)

143.76

145.26

146.76

149.76

151.19

151.86
153.36

154.86

156.36

157.86

159.36

160.43

160.97

Core, section
interval (cm)

17X-2, 46-49
17X-3, 46-49
17X-4, 46-49
17X-6, 46-49

17X-CC

18X-1, 46-49
18X-2, 46-49
18X-3, 46-49
18X-4, 46-49
18X-5, 46-49
18X-6, 46-49

3-5

18X-7,

18X-CC

Trace (<50 specimens found in sample).

Note: *
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M. IBARAKI

PLIOCENE-PLEISTOCENE PALEOCEANOGRAPHY

Table T1 (continued).

DpIIU DUIBPUDD
pUOBDXAY SIPIO[DI0I0GOID)
suadsiyapgns sisdojjauipiosanyds
pulnujwas sisdojjaulpiosanyds

SU2ISIYAP DjauIpIoIDYdS

3.7

3.7

140 58 3.8

2.0
10.0

03 34

1.4

2.7

23

7.8
15.0

6.6

1.2 3.0 42

puwuapAyood purponbogojboaN
p3dwodur buLponbogoiboaN
psosawiny pulppnboqojboaN
1abba puponbogojboaN

1213423np DULIPONBOGOIBOIN

0.7

4.7

IMojq puliponboqojboaN
Ioupsp puLppnboqojboaN
SISUaD3s02D PULPLNbogoIBoaN
siowid punpiuajing

Dp30jN20(INbIIGO DUNDIUBING

4.9

62 74

0.6

59
4.3

224 34

12.8

3.1
10.0

4.8

o103bIp Djj2g

Dsaqo pjjauLiabiqorn

Dpijd DjjaULIAbIGO|D
sIj01230]inbap pjjauLbIGOID

153/iM DJjpI010GO[D

2.5

121

1.3

235

114

29

24

0.8 15.1

03 03

1.8

DJOIA DIjD3010GO|D)
pioINBUN DIPICIOGOID
DppIWNg PPIWING DIIDICI0GO[D
DSONXayy LPIWNY DIPIOIOGOID)

SISUADSO) DIIPICIOGO[D

11243y} pip10I0gOID
DjN3IdS DIjPI0I0GOD
p30/n2132UNd DIPIOIOGOID
oljiwind pipjoi10qo;H

sinuayad pljp3010qo[D

1.2

1.9

20
29
0.7

1.2
1.6
1.7
1.2

D2IUDAIO DIPIOIOGO[D
DIDIWIDIIFNW DIDIOIOGO[D
1IpADUAW DIfD}0I0GO|D)
aDIIDBIDW DIDI0IOGO[D

DIDYUI DIIDIOIOGO[D

222

159

20 78

1.4 28.6

20.1

248 04
32.8

20.0

28.5

Depth
(mbsf)

143.76

145.26

146.76

149.76

151.19

151.86
153.36

154.86

156.36

157.86

159.36

160.43

160.97

Core, section
interval (cm)

17X-2, 46-49
17X-3, 46-49
17X-4, 46-49
17X-6, 46-49

17X-CC

18X-1, 46-49
18X-2, 46-49
18X-3, 46-49
18X-4, 46-49
18X-5, 46-49
18X-6, 46-49

3-5

18X-7,

18X-CC
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Table T2. Percentages of planktonic foraminifers in Samples 170-1043A-18X-2, 46-48 cm, through 30X-6, 46-48 cm. (See table note.

on next three pages.)

Continued

£ 3
2 S
S " 9 2 s £ 3
E 58 . . s % 3 -
= . S 3 2 2| S S g2 g2 J L& = ~ g
. P glg e LS 2 EIEiELs Sl sliEEc s 35
Y 8§58l T g L5285 s Ef§ 8 8L glgeg g sy oo § 3 %
2 2 2 £ s|s & 2 85 8/]¢8 & % E|§ &8 3 %8 S§|E B 8§ § |5 ot 2% sl 3z & E g om
= [S) o ¥ I ) S = i el Q o hsi > S = = A = o “@
2 8§ 3 8 £/ 5 2 ¢ g8l £ 8 & £/ £ 28 8 £/%8 g g 3z /T £ 5 3 §/8g ¢z 5§ 8 § ¢
5 § 8 3 &g & 2 £ 3|3 ¥ 2 R LTI ¥ o R oIz £ £ £ £/%8 S 5 o0s S/3 2 2 2 2 o3
S 8§ T § T (% T T § ©|% T © 8 T|s & S ST S s s 5 5 v L = &£ F3|5 5 & £ £ 8
£ £ £ £ £|£ £ £ £ £|£ £ £ £ £|g£ £ £ £ £/ 8 8 8 8|5 5§ & = 2 S 8 S 3
$ § § % §$|%8 % § % §/% § § § §/% §&§ § § §/%§ 2 % 2 2/ = & § 2|8 g 8 s v s
) > 2 ®» D DD D L D OO L O DO O LT T T TS| £ 5 5 5 o
Core;section, | Depth 1 & & & § §15§ § § § §/3 § § 5§ 5|3 £ 5§ 5 5 £ £ 5 5 $5|s £ 5 5 8/ 8 8 5 5 35 3
interval(cm) | (mbsf) |G & G © G| & & 6 U6 U U 6 6|8 U U G U6 U B8 VU G|lda da T B 8|S oG B G O
170-1043A-
18X-2, 46-48 | 159.46 2.7 1.2 1.2 0.9 66 1.8 0.9 10.4 0.9 0.6 0.3
18X-3, 42-44 | 160.92 *
18X-CC 161.52 49 13 0.5 29| 03 135 3.6 0.8 49 1.8 03 0.3
19H-1, 46-48 | 167.56
19H-2, 50-52 | 169.10 3.8 9.4 3.8 15.1 1.9
19H-3, 46-48 | 170.56 6.0 1.5 1.1 04 0.4 0.2 53 11.7 79 0.2 9.9
19H-4, 46-48 | 171.76 7.4 0.3 1.8 0.6 28 5.2 4.0
19H-5, 46-48 | 173.26 * * * * * * *
19H-6, 46-48 | 174.76 * o o
19H-CC 176.90 | 1.1 6.8 2.1 1.5 2.1 6.0 47 04 1.1 0.6 7.0 1.7 0.6
20X-2, 48-50 | 178.58 10.3 1.7 1.7 1.7 8.6 224 69 69 15.5 1.7
20X-3, 46-48 | 180.06
20X-4, 46-48 | 181.56 3.1 0.5 1.4 1.2 3.1 1.4| 0.2 92 68 9.2 2.2 0.2
20X-CC 181.89 3.0 39 0.2 0.2 2.7 09| 09 148 5.7 0.7 7.5 0.9
21X-1,45-48 | 186.45 | 2.5 13 04 08 29 0.8 4.2 46 0.8 13
21X-2, 46-48 | 187.96 * * *
21X-3, 46-48 | 189.46 44 29 1.5 0.7 1.5 0.7 15.4 17.6
21X-4, 45-47 | 190.95 0.3 13.0 3.0 0.3 0.3 1.0 57 1.0 17.3 1.3
21X-5, 46-48 | 192.46 * o
21X-6, 46-48 | 193.96 * * o * o * *
21X-CC 195.13 1.8 09 0.7 22 04 1.1 6.0 5.1 13 17.3 02 07 0.2
22X-1, 45-47 | 196.05 1.6 1.6 1.6 113 4.8 19.4
22X-2, 45-47 | 197.55 1.0 0.2 14 14 0.2 11.0 1.4 28.8 0.7
22X-3, 45-47 | 199.05 3.6 1.8 0.6 0.6 24 30 29.5
22X-4, 45-47 | 200.55 9.1 6.2 1.1 22 34| 1.7 131 29 21.7 0.6
22X-5,45-47 | 202.05 8.6 1.4 0.3 0.7 03| 0.3 14 24 438 03 03 1.0
22X-6, 45-47 | 203.55 3.4 1.0 14 1.0 3.4 48 53 29 5.8 2.4
22X-7, 42-44 | 205.03 8.9 1.0 26 0.5 183 0.5 6.8 0.5
22X-CC 205.45 40 04 1.1 1.8 09 09 3.1 3.6 251 43 04| 09 0.5 13.4 2.0
23X-1, 46-48 | 205.66 1.8 26 0.6 1.2 24| 06 11.8 3.6 24.9 0.6
23X-2, 46-48 | 207.16 44 2.0 16 28 3.2 3.6 179 4.4 26.2 08 1.2
23X-3, 46-48 | 208.66 *
23X-CC 214.47 26 13| 26 39.0 3.9 9.1
24X-6, 46-48 | 222.76 * * * *
24X-CC 224.53 * * x| * * o
25X-2, 46-48 | 226.46 53 48 3.5 09 09 26| 1.6 9.6 4.4 22 31.6 0.4 0.4
25X-3, 46-48 | 227.96 * = o= * x| * * *
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Table T2 (continued).

S | o 2
S ) S £ & S IS
2 s 23 £ : PRI AN N S I
v 818 2 8 3 E g kS| £ % s/ s z £ 2|8 g & 3 ¢
2 = E|2 £ % 2 & 3 g g 3|5 § 3 3/ 2§ 8 %8/ ¢ § 8 §
s § % 5|5 5 § o - 8 5 3 % 2 5 3 88 o 8 8 5|3 2 £ 8|8 2 8 3 8
£ 8§ 3 8 3|8 &8 3 ¥ f|]g § ® % S| 32 Q 3|3 8§ & g o z|z oz oz oz oz|zs g og B
S €8 5 § §5|/S ¢ & & 2| § E £E |8 ¥ T € &g £ £ £ E£|&£ £ £ £ £/&£ = g8 g
= £ £ £ £ g 3 Q N S | < o S S < N S © °© 3 S & - © ® | © © © T |T S ) o ] ‘g
== el T e O A A S 8 &8 ©/8 &8 5§ & T8 & © © T (8 I T T T =
£ & & & &8 &£ & & &8 /8E & & & &S T T Y | oZT T ORI 2T ST 2 R|ET £ £ £ s =
5 8 8 8 8|8 &8 &8 8 8|8 &8 8 8 8|8 £ £ £ £|/f £ £ £ g/ £ £ £ c|lg T T T B s
S © ¢ g S| ¢ g 2 9/g & & S 9]¢ 8 & T Z|(8B 8 83 8 8|8 83 8 & 8|3 £ g g g §
. S S S [} S S S S S S S S S S [S] S B -2 B < S < S o o o o & o> L 1 L <) >
Core,section, | Depth /& 8§ & 8§ §/§ § § § 8|2 £ § § §/8§8 S S 85 222 ¢ ¢ 8|8 88 g g8 & & &8 8 ¢
interval cm) | (mbsf) |G & & G G |6 © O U |G U U O |G U 6 6 &|& & 2 2 2|2 2 2 z2 2|2 & & & G ¢
170-1043A-
18X-2, 46-48 | 159.46 19.4 2.4 0.6 16.1 0.9 3.6/15.2 1.8 3.0 9.6
18X-3, 42-44 | 160.92 * * *
18X-CC 161.52 45.2 1.6 1.8 0.3 0.5 1.3 3.1/ 8.8 23
19H-1, 46-48 | 167.56 * * * * *
19H-2, 50-52 | 169.10 41.5 3.8 1.9 1.9 5.7 3.8 5.7
19H-3, 46-48 | 170.56 26.3 1.5 0.3 8.8 0.4 0.9 2.2 91 1.8 0.4 15 2.2
19H-4, 46-48 | 171.76 49.1 0.6 2.7 1.5 0.3 8.0/13.8 2.1
19H-5, 46-48 | 173.26 * * *
19H-6, 46-48 | 174.76 *
19H-CC 176.90 11.1 11.7] 6.8 1.1 0.6 0.4 3.6/17.1 4.5 0.2 7.0
20X-2, 48-50 | 178.58 3.4 2 1.7 5.2 1.7 5.2
20X-3, 46-48 | 180.06 * *
20X-4, 46-48 | 181.56 225 1.0 0.2 0.2 2.4 21.3 1.7| 0.7 11.4
20X-CC 181.89 24.6 1.1 0.4 0.9 0.2 3.4 25.5 2.7
21X-1, 45-48 | 186.45 35.4 2.1 3.8 1.715.0/18.3 1.7 0.4
21X-2, 46-48 | 187.96 * * * * * *
21X-3, 46-48 | 189.46 32.4 1.5 0.7 0.7 14.7 0.7 2.9 1.5
21X-4, 45-47 | 190.95 12.3 0.7 1.3 3.7 1.7 4.0 4.0[24.7 43
21X-5, 46-48 | 192.46 *
21X-6, 46-48 | 193.96 * * *
21X-CC 195.13 | 0.2 39.6 0.4 1.8 0.4/ 0.4 0.4 3.1/ 0.2 0.9 8.6 5.8 0.2
22X-1, 45-47 | 196.05 37.1 1.6 3.2 6.5
22X-2, 45-47 | 197.55 24.5 0.7 2.2 0.7 0.5 0.5 3.8 1.912.2 0.5 6.2
22X-3, 45-47 | 199.05 33.1 2.4 0.6 3.0 6.0 3.0, 0.6 4.2 3.6 0.6 1.2
22X-4, 45-47 | 200.55 11.4 51 23 0.6 5.1 1.1 1.1 1.7 4.0 5.1
22X-5, 45-47 | 202.05 3.8 0.7 6.8 6.2 5.5 8.9 1.7 5.5
22X-6, 45-47 | 203.55 15.5 0.5 26.6 1.0 11.1 3.4 29 3.9 1.4 0.5 1.9
22X-7, 42-44 | 205.03 36.6 2.6 11.5 1.0/ 0.5 1.0 5.2 2.1
22X-CC 205.45 18.4 0.2 6.3 0.2 5.4 3.6 0.9 2.5
23X-1, 46-48 | 205.66 28.4 3.6 1.2 1.8 1.8 4.1 23 1.8 1.8 3.0
23X-2, 46-48 | 207.16 13.1 4.4 3.2 1.6 5.2 0.8 4.0
23X-3, 46-48 | 208.66
23X-CC 214.47 13.0 6.5 1.3 1.3 15.6 3.9
24X-6, 46-48 | 222.76 * * *
24X-CC 224.53 * * * * .
25X-2, 46-48 | 226.46 0.4 3.9 4.4 1.3 2.2 3.5 3.5 11.8
25X-3, 46-48 | 227.96 * *
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Table T2 (continued).

£ 3
S 2 § S § "§
s § 8 . 3 5 . £ s . 8% 9 v
= Q@ = = = = =
$ 28§85y g 52 g Ef 8 EoElg s g ogsosoE g 3 §
S £ 3 5§ 5§/ g2 g 8lg s s E|S 3T 8 TS 8 8% ¥ s s s S zleg & Eogow
S 9 0= S O S £ 3 S Py PN P PN P “ P PN Py “ « “ S S S s | S & 2 2 ] S g S IS S I
5§ & 3 8| 382 5 2|3 3 2 2 s |z 2 2 % osiz £ £ 8 S8y g o3zl OYososs
S 8§ § § T |(% T T § ©|% T © S S| & S S S s s 8 =5 v L = &£ 3|5 5 & £ L 8
£ £ £ £ £|/§ £ € £ £/ £ £ £ £/f £ £ £ £/f g8 S8 S22 f £ gz s £ 2 2 OGC
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) > & > > D > 9 ) < < < o o o o
. 2 3 D D D P L D I P B LI OD IS T T T TIPS S E[(E E 5 5 5 5

Core section, | Depth /5§ § § § §/8§ § 8 8§ 3/8 £ 8 8§ S/ 8 8 S 8 88 8 8 8 28/ § 3 8 £/8 & 28 8 38 3

interval cm) | (mbsf) |G & & G G |6 G O G |G U U O G| U 6 6 GG U O G GU|/da &4 8 G O & T G G O

25X-4, 46-48 | 229.46 *

25X-5, 46-48 | 230.96 23 09 05 3.7 1.4 14 28 51| 05 21.7 88 3.2 0.5 1.5

25X-6, 46-48 | 232.46 32 13 1.0 25 1.0 51] 10 225 29 1.9 0.3 7.9 0.6

25X-7,41-48 | 233.91 34 1.7 1.7 69 10.3 13.8 5.2 19.0

25X-CC 234.33 28 05 0.5 0.5 82| 33 125 87 33 2.0 2.8 0.5

26X-1,45-47 | 234.55 7.4 6.2 1.2 62| 25 14.8 3.7 1.2 13.6

26X-2, 45-47 | 236.05

26X-3, 44-46 | 237.54 6.5 4.3 22 22| 65 194 54 5.4 17.2

26X-4, 46-48 | 239.06 * * * * * * *

26X-5, 45-47 | 240.55 1.6 4.8 3.2 32| 24 13.7 89 16.1 0.8 0.8 13.7

26X-CC 24191 | 1.0 06 1.8 04 08 1.8 1.0 2.6 6.0 9.7 81 10 02 0.8 4.4 1.4

27X-1,42-45 | 244.12 *

27X-2,44-46 | 245.64 * * *

27X-5, 46-48 | 250.16 * *

27X-6, 43-45 | 251.63 *

27X-CC 253.55 203 1.7 1.7 08 59 3.4 34 4.2 18.6 1.7

28X-2, 45-47 | 255.25 * *

28X-3,45-47 | 256.75 *

28X-4,45-47 | 258.25 2.8 1.9 1.9 56 19| 75 0.9 238 1.9 15.0

28X-5,45-47 | 259.75 | 3.4 1.7 1.7/10.3 6.9 5.2 1.7 8.6 1.7

28X-6, 45-47 | 261.25 * * * * * * * *

28X-7,36-38 | 262.66 | 0.3 0.7 24 0.3 1.0 21 0.3]21.8 21 35 4.8 2.4 5.2 1.0 0.7

28X-CC 263.13 2.4 0.7 0.5 1.2 29 34163 02 05 22 3.9 3.9 3.9 2.7

29X-1, 46-48 | 263.45 5.6 5.6/37.0 1.9 3.7 1.9 1.1 19 37

29X-2,46-48 | 264.96 | 0.8 1.3 13 1.3 4.7|15.7 59 7.6 1.7/ 1.7 04 7.2 0.4

29X-3, 46-48 | 266.46 24 71 0.6 1.8 47 0.6 1.8 1.8/18.2 1.8 2.4 24| 6.5 6.5 0.6

29X-4, 46-48 | 267.96 ok * * *

29X-5, 46-48 | 269.46 * * * * * * *

29X-6, 46-48 | 270.96 87 58 1.0 1.9 1.0/ 87 1.0 3.8 19 96 1.9 1.0

29X-7, 45-46 | 272.45 9.4 1.9 09377 1.0 0.9 4.7 19 1.9

30X-1, 46-48 | 273.06 36115 06| 1.8 3.6/16.4 7.3 55 3.6/ 3.0 42164 0.6

30X-2, 46-48 | 274.56 50 1.8 2.4 1.2 1.5 83|189 1.2 1.5 6.8 03 6.8 1.2 8.0 0.3 0.9

30X-3,45-47 | 276.05 | 1.9 0.8 6.5 8.0 1.9 1.5 0.4 1.1 3.1)238 4.6 19/ 1.5 17.6 0.4

30X-4, 46-48 | 277.56 1.0115 1.6 8.9 0.5 2.1/20.0 0.5 94 3.1 0.5 4.2 15.7

30X-6, 46-48 | 280.56 1.0 115 6.3 3.1 21.9 20.8 20.8| 2.1 10.4 1.0

Note: * = trace (<50 specimens found in sample).
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Table T2 (continued).

. 2 g e s §
g . 3 g 3 = s S . |3 1 I
g 3|8 2 8 2 £ S 3 £ 8 s/53 8 ¢ 5 2/% ¢ £ 3 ¢
S = E|& E E e 2 3 g £ 3|5 g 2 8/ 5 ¢ 8/g ¢ § s 8
s § §8 £ 2|8 2 € & =s/s € 8§ 8 8|, 3 £ g =8 ¢ 3 LYY YO oS s o4 o2 3
£ 8 &5 3% §|/8 & % % S2|g .8 % 3|z > ¥ g 3/3 T g 8% Tl oz oz 8 og|zg s g oyg o8
£ § 5§ § 3|3 £ 38 S5 £/ 8 8§ 8 P2 § 8 8 £/8 £ £ £ £/ £ £ £ El8¢F 8 ¢8 3% s
£ £ £ £ E|l§ 3 8 8 3| & 2 2 5|/ 5 5 5 §/8 §8 3 P OZ )T B OB ® oglzT g 22 ¥ ¢z
S & & & &8 & & & &|&E & & &8 &8|&E S T T S|z o5 22 2l T L S 2|2 g g £ 5 oE
T T T T TS T T T TS T T T T |t & £ £ £ £ § % S/§ T ST ZT ST T B T o
§ 5 5§ & 8|l 5 5§ & 8|l 8 5 & &l v s 3 5|8 B S S S§|/8§ S S S S§/8 ¢ g oo os
Core,section, | Depth | & § § § £/8 § £ § 8/ § § £ § 8§53 E/§ § o ool s & 8¢
o ! 9 © © © © | © © © © | © © © Ol © © o = |= = S & §1/18 & 8 S 8 g £ £ < S S
interval(cm) | (mbsf) |5 G S G T |53 U O G U|6 U & G U8 U G O &|& & z 2z 2|2 2 z2 2 2|z & & &G S8
25X-4, 46-48 | 229.46 *
25X-5, 46-48 | 230.96 8.3 0.9 5.1 0.9 2.3 1.4 3.7 5.5 0.9 6.9
25X-6, 46-48 | 232.46 9.5 2.5 13 03 0.6 2.2 12.7 2.5/12.0 2.2 0.3 2.9
25X-7, 41-48 | 233.91 19.0 5.2 1.7 3.4 3.4 5.2
25X-CC 234.33 8.2 1.5/ 0.3 0.3 2.8 3.1 7.7 10.2 2.8 3.1 0.3 14.0
26X-1, 45-47 | 234.55 8.6 1.2 1.2 7.4 1.2 7.4 3.7 12.3
26X-2, 45-47 | 236.05 *
26X-3, 44-46 | 237.54 6.5 2.2 6.5 4.3 3.2 8.6
26X-4, 46-48 | 239.06 * * * * *
26X-5, 45-47 | 240.55 8.1 2.4 2.4 0.8 8.1 4.0 4.8
26X-CC 241.91 1.2 20.0 0.6 1.0 5.8 13.5 5.8 0.4 1.2 4.0 0.4 4.2
27X-1, 42-45 | 244.12 * *
27X-2, 44-46 | 245.64 * L * * *
27X-5, 46-48 | 250.16 * *
27X-6, 43-45 | 251.63 *
27X-CC 253.55 4.2 6.8 5.1 5.9 5.9 1.7 5.1 3.4
28X-2, 45-47 | 255.25 *
28X-3, 45-47 | 256.75 * *
28X-4, 45-47 | 258.25 2.8 28.0 1.9 0.9 0.9 0.9 15.9 2.8 3.7
28X-5, 45-47 | 259.75 43.1 5.2 6.9 3.4
28X-6, 45-47 | 261.25 * * L
28X-7, 36-38 | 262.66 1.4 29.8 2.1 2.4 2.1 2.1 52 1.0 5.2
28X-CC 263.13 0.7 35.7 1.0 0.7 4.4 1.7 19 27 6.6
29X-1, 46-48 | 263.45 7.4 3.7 1.1 1.9 3.7
29X-2, 46-48 | 264.96 4.2 22.0 0.8 0.8 4.2 0.8 1.3 10.6 2.5 2.5
29X-3, 46-48 | 266.46 1.8 1.213.5 21.2 1.2 2.4
29X-4, 46-48 | 267.96 * *
29X-5, 46-48 | 269.46 * * o
29X-6, 46-48 | 270.96 8.7 17.3 3.8 17.3 3.8 1.0 1.9
29X-7, 45-46 | 272.45 1.9 35.8 0.9 0.9
30X-1, 46-48 | 273.06 0.615.2 0.6 1.2 1.8 1.2 1.8
30X-2, 46-48 | 274.56 0.6 15.6 0.6 0.6 0.6 5.6 0.6
30X-3, 45-47 | 276.05 0.4 1.1 0.8 0.4 6.1 6.9 2.7 5.4 1.1
30X-4, 46-48 | 277.56 2.6 0.5 0.5 6.3 4.2 2.1 4.2 1.0
30X-6, 46-48 | 280.56 1.0
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