
4. SITE 465: SOUTHERN HESS RISE1

Shipboard Scientific Party2

HOLE 465

Date occupied: 23 August 1978

Date departed: 24 August 1978

Time on hole: 20.75 hours

Position (latitude; longitude): 33°49.23'N; 178°55.14'E

Water depth (corrected m, echo sounding): 2161

Bottom felt (m, drill pipe): 2165.5

Penetration (m): 96

Number of cores: 11

Total length of cored section (m): 96

Total core recovered (m): 43.89

Core recovery (%): 46.0

Oldest sediment cored:
Depth sub-bottom (m): 96
Nature: Foraminifer nannofossil ooze
Age: Early Maastrichtian

Igneous basement: Not penetrated

HOLE 465A

Date occupied: 24 August 1978

Date departed: 28 August 1978

Time on hole: 83.2 hours

Position (latitude; longitude): 33°49.23'N; 178°55.14'E

Water depth (corrected m, echo sounding): 2161

Bottom felt (m, drill pipe): 2165.5

Penetration (m): 476

Number of cores: 46

Total length of cored section (m): 437

Total core recovered (m): 108.5

Core recovery (%): 24.8
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Oldest sediment cored:
Depth sub-bottom (m): 411.7
Nature: Limestone
Age: Late Albian
Measured velocity: 2.89 km/s

Igneous basement:
Depth sub-bottom (m): 411.7
Nature: Altered trachyte
Velocity range (km/s): 3.60 ± 0.12

Principal results: We drilled at Site 465 (Fig. 1) on southern Hess Rise
to determine the age of igneous basement, the ages and deposi-
tional environments of the sediments, and the paleoenvironmental
implications. Southern Hess Rise has been above the local CCD
since its formation. This large aseismic structure apparently
formed south of the mid-Cretaceous equator and moved north-
ward on the Pacific Plate as it subsided. Two holes (Holes 465 and
465A) were drilled. Hole 465 was cored to a sub-bottom depth of
96 meters. The entire sediment sequence and 64 meters of the vol-
canic basement (Fig. 2) were continuously cored in Hole 465A to a
sub-bottom depth of 476 meters.

In Hole 465, 11 cores of nannofossil ooze and foraminifer nan-
nofossil ooze range in age from early Maastrichtian to early
Pleistocene. A hiatus of almost 50 m.y. occurs between upper
Paleocene and lower Pliocene sediments, but there appears to be a
continuous record across the Cretaceous/Tertiary boundary. Chert
is a common constituent, and pyrite is present in trace amounts.
Hole 465 was abandoned because the ship drifted off the beacon,
making it necessary to pull the drill string above the mud line.

34°30'

34°00'

33°30'

178 30' 179°00' 179°30'

Figure 1. Location of DSDP Sites 465 and 466, southern Hess Rise.
Bathymetry from Chase et al. (this volume).
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SITE 465

Hole 465A was spudded in to 39 meters, and coring was contin-
uous from that depth to the base of the hole. The Albian to Pleis-
tocene sediments reflect the transition of the southern Hess Rise
depositional paleoenvironment from tropical to temperate lati-
tudes—because of horizontal movement of the Pacific Plate—and
from shallow to intermediate water depth, because of subsidence
of this aseismic rise. The trachyte (Unit III) is highly altered and
has some vesicles greater than 5 mm in diameter, suggesting
shallow water, or possibly even subaerial extrusion. Textures show
flow orientation of feldspar laths and microlites. Oldest sediments
(Unit II) consist of olive-gray, laminated upper Albian to Ceno-
manian limestone, in a unit 136 meters thick, which shows many
indications of current activity and redeposition along the former
sea floor. High organic-carbon contents indicate anoxic condi-
tions, probably related to a mid-water oxygen-minimum zone
along the submarine slopes of an archipelago. The overlying sedi-
ment (Unit I) is 276 meters thick and consists of Coniacian to
Pleistocene nannofossil ooze and foraminifer nannofossil ooze,
with intercalated chert. This unit reflects a slowly deepening, rela-
tively quiet depositional environment within an intermediate-depth
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Figure 2. Stratigraphy of Site 465.

water mass. Significant hiatuses occur from early Cenomanian to
late Coniacian, from Santonian to late Campanian, and from late
Paleocene to Pliocene. Calcareous oozes of Lithologic Unit I show
signs of intense dissolution, despite their shallow-water depth of
deposition. A highlight of this hole was the recovery of an ap-
parently complete sedimentary sequence across the Cretaceous/
Tertiary boundary, with well-preserved sediments of the G.
eugubina Zone in Core 3 of Hole 465A. A heat flow of 1.36 HFU
is similar to that of averaged North Pacific heat flow for crust of
this age.

BACKGROUND AND OBJECTIVES

Hess Rise is one of the major structural features of
the central North Pacific. It is bounded on the west by
the moat that lies east of the Emperor Seamounts, on
the northeast by the Emperor Trough, and on the south
by the Mendocino Fracture Zone. These three structural
lineaments outline a triangular, elevated, aseismic high
that lies above abyssal regions of the Pacific Plate which
are characterized as normal oceanic crust by Mesozoic
linear magnetic anomalies. Previous attempts to drill
Hess Rise during DSDP Leg 32 (Larson, Moberly, et
al., 1975) failed to reach basement, and the early origin
of Hess Rise has remained largely unknown. The oldest
sediments cored at Site 310 are of early Cenomanian to
late Albian age. Volcanic rocks reached at the bottom of
Hole 464 are overlain by sediments of early Albian (or
Aptian) age, suggesting a minimum age of northern
Hess Rise of approximately 110 m.y. However, age data
on the bottom sediment cores from Hole 464 are very
poor.

Previous coring on Hess Rise sampled sediments
from water depths >3.5 km (Site 310) and >4.5 km
(Site 464). Because hiatuses and, at least in part, unfos-
siliferous pelagic-clay sequences were found at both pre-
vious sites, the location of Site 465 (Figs. 3 and 4) had
been planned where a well-stratified, 400- to 500-meter-
thick sedimentary sequence above an apparently vol-
canic basement could be sampled in relatively shallow
water. There are several reasons for the choice of such a
location:

1) Southern Hess Rise is close to the northern bound-
ary of modern subtropical planktonic-foraminifer faunas
(Vincent, 1975). Well-documented sediment sections
from Hess Rise could allow a close correlation between
high- and low-latitude biostratigraphies elsewhere in the
central Pacific.

2) We expected the shallow water depth to provide us
with pelagic sediments containing well-preserved cal-
careous fossils.

3) The location close to the crest of Hess Rise (Fig.
4)—yet on a gently sloping plateau underlain by a clearly
stratified sedimentary sequence—may have been pro-
tected from reworking of older sediments, such as that
caused by slumping.

4) Because of the recognition of important and long-
lasting hiatuses in the Cenozoic section penetrated at
Sites 310 and 464, a shallow location might provide us
with an optimal chance to avoid a depth level which had
been affected by the current regime generating the
hiatuses.

5) Common chert layers in the Cretaceous section of
Sites 310 and 464 had resulted in a very poor recovery of
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Figure 3. Location map for sites drilled on Hess Rise. Site 310 was drilled during Leg 32 (Larson, Moberly, et al., 1975). Bathymetry
in fathoms (from Chase et al., 1971).

201



SITE 465

2— I

I4"

0500Z 0600Z 0500Z 0400Z 0300Z 0200Z 0100Z OOOOZ 23OOZ 2200Z 2100Z 200OZ 1900Z 1800Z
25 September, 1973

Figure 4. Glomar Challenger Leg 32 track line (Larson et al., 1975) across southern Hess Rise. Speed was about 10.5 knots, and course almost 150°,
from right to left.

the relatively soft chalks, claystones, marlstones, and
limestones. Both of the previously sampled sections are
therefore of limited value in reconstruction of the late
Mesozoic central Pacific paleoenvironment. By selec-
ting a shallow site, we hoped to avoid lithofacies rich in
silica and therefore unaffected by chert formation.

6) Although none of the previously drilled sites on
Hess Rise had revealed evidence for a shallow-water de-
positional environment during its early history, we
hoped to penetrate reef deposits or other shallow-water
sediments before reaching volcanic basement rocks.

7) We hoped that the location close to the rise crest
and the pinnacle-shaped configuration of the acoustic
basement would allow us not only to reach rocks of the
supposed volcanic edifice under the sediment cover of
Hess Rise, but also to penetrate any igneous basement
rocks to considerable depth.

We expected that, because of the continuous north-
ward horizontal movement of the Pacific Plate from a
position well south of the equator during mid-Creta-
ceous time to its present location under the oligotrophic
subtropical central North Pacific water masses (Lance-
lot and Larson, 1975), the sediments on southern Hess
Rise would show large variations in composition, as well
as in thickness, despite the shallow water depth. More-
over, by combining the results of Site 310 on central
Hess Rise, 464 on northern Hess Rise, and 465 on south-
ern Hess Rise, we planned to recover Upper Cretaceous
sedimentary sequences that could document the time
when this region crossed under the fertile equatorial
surface-current regime. Expanded stratigraphic sequences
caused by high biogenic-sedimentation rates were ex-
pected to provide an opportunity to study the timing of
the evolution of the mid- and Late Cretaceous cal-
careous and siliceous planktonic communities. The three

sites on Hess Rise are spread over a depth range of ap-
proximately 3 km, which could provide us with clues to
the position of the late Mesozoic CCD.

A position for Site 465 on southern Hess Rise which
seemed suitable to achieve the above-listed goals had
been selected along the Glomar Challenger Leg 32 seis-
mic-reflection profile across southern Hess Rise (Fig. 4)
(Larson, Moberly, et al., 1975).

OPERATIONS

We completed a short seismic-reflection survey of
Site 464 and steamed toward Site 465 on southern Hess
Rise, where a drill site had been chosen on the Glomar
Challenger Leg 32 air-gun profile. About 50 miles from
the proposed site, we intersected the Glomar Challenger
Leg 32 track line (1700Z, 24 September 1973) and
steamed along that profile to the site. We did not drop a
beacon on the proposed site (Fig. 4), but continued
another 15 miles along the GL32 profile to a more prom-
ising location. At 2045Z on 23 August, we dropped the
beacon and continued on course until 2145Z. After pull-
ing in the gear, we returned to the beacon (Fig. 5).

Site 465 is located in 2161 meters (corrected from
PDR) of water. This depth was chosen, rather than the
length of drill pipe, because of some difficulty in estab-
lishing the mud line. Several reflectors are apparent on
the air-gun seismic-reflection profile across the site (Fig.
6). Hole 465 was spudded in, and the first core was on
deck at 0715Z, August 24. After 11 cores had been cut
to a depth of 96 meters, the ship drifted off the beacon,
and the drill string was pulled above the mud line at
1800Z. We repositioned over the beacon until 1955Z,
when a second hole (Hole 465A) was spudded in, drilled
to a depth of 39 meters, and subsequently cored contin-
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Figure 5. Glomar Challenger Leg 62 track lines for approach to and
departure from Site 465.

uously to a sub-bottom depth of 476 meters (Table 1).
We began coring at 39 meters in Hole 465A, well above
the base of Hole 465, in order to sample the Cretaceous/
Tertiary boundary, which had not been sampled ade-
quately in Hole 465.

A hole-inclination test was made as we took Core 40,
which indicated that the hole was inclined about 4° from
the vertical. Heat-flow measurements were attempted
between Cores 10 and 11 in Hole 465, and between
Cores 6 and 7, 8 and 9, and 14 and 15 in Hole 465A.

The bit reached igneous basement at 411.7 meters in
Core 40. Coring was continued in the basement to a
depth of 476 meters (Core 46). When the core barrel was
dropped for Core 47, the drill string had become stuck
(August 27, 1300Z), and we were unable to circulate or
to loosen the string. An attempt was made to shoot off
the bottom-hole assembly, but the explosive charge for-
tunately failed to detonate. Subsequently, while raising
the drill string a small amount, it was apparent that
the drill string somehow had loosened. Thereafter, we
pulled out the drill string with no further problems.

Site 465 was abandoned at 0512Z on August 28, and
we departed for Site 466 (Fig. 5). Gear was streamed by
O53OZ, and we were under way for Site 466.

LITHOLOGIC SUMMARY

Lithologic Subdivision
The section recovered at Site 465 on southern Hess

Rise was subdivided into three lithologic units, on the
basis of composition, degree of lithification, and sedi-
mentary structures (Table 2; Fig. 2).

Unit I: Nannofossil Ooze and Foraminifer
Nannofossil Ooze (0-276 m)

Unit I consists of homogeneous, white (N9 and
lighter), moderately to highly disturbed nannofossil
ooze. The main variability within the unit is in the rela-

3-

1600Z 1700Z
8kt•
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SITE 465

1900Z 2000Z
-»-5kt

2100Z

Figure 6. Glomar Challenger Leg 62 air-gun seismic-reflection profile approaching Site 465, 23 August 1978.
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Table 1. Site 465 coring summary.

Core
No.

465-1
2
3
4
5
6
7
8
9
10
11

465A-1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Date
(August

1978)

24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27
27
27
27
27
27
27
27
28

Time
(L)

1915
1956
2036
2127
2218
2257
0011
0113
0205
0300
0535
0934
1020
1106
1204
1250
1347
1655
1741
2032
2128
2215
2300
2348
0048
0342
0436
0532
0623
0715
0806
0855
0946
1038
1130
1246
1436
1620
1814
1949
2050
2205
2315
0031
0149
0336
0457
0626
0751
0916
1137
1346
1529
1658
1854
2250
0044

Depth From
Drill Floor

(m)
Top Bottom

2165.5-2166.5
2166.5-2176.0
2176.0-2185.5
2185.5-2195.0
2195.0-2204.5
2204.5-2214.0
2214.0-2223.5
2223.5-2233.0
2233.0-2242.5
2242.5-2252.0
2252.0-2261.5
2204.5-2214.0
2214.0-2223.5
2223.5-2233.0
2233.0-2242.5
2242.5-2252.0
2252.0-2261.5
2261.5-2271.0
2271.0-2280.5
2280.5-2290.0
2290.0-2299.5
2299.5-2309.0
2309.0-2318.5
2318.5-2328.0
2328.0-2337.5
2337.5-2347.0
2347.0-2356.5
2356.5-2366.0
2366.0-2375.5
2375.5-2385.0
2385.0-2394.5
2394.5-2404.0
2404.0-2413.5
2413.5-2423.0
2423.0-2432.5
2432.5-2442.0
2442.0-2451.5
2451.5-2461.0
2461.0-2470.5
2470.5-2480.0
2480.0-2489.5
2489.5-2499.0
2499.0-2508.5
2508.5-2518.0
2518.0-2527.5
2527.5-2537.0
2537.0-2546.5
2546.5-2556.0
2556.0-2565.0
2565.0-2575.0
2575.0-2584.5
2584.5-2594.0
2594.0-2603.5
2603.5-2613.0
2613.0-2622.5
2622.5-2632.0
2632.0-2641.5

Depth Below
Sea Floor

(m)
Top Bottom

0.0-1.0
1.0-10.5

10.5-20.0
20.0-29.5
29.5-39.0
39.0-48.5
48.5-58.0
58.0-67.5
67.5-77.0
77.0-86.5
86.5-96.0
39.0-48.5
48.5-58.0
58.0-67.5
67.5-77.0
77.0-86.3
86.5-96.0
96.0-105.5

105.5-115.0
115.0-124.5
124.5-134.0
134.0-143.5
143.5-153.0
153.0-162.5
162.5-172.0
172.0-181.5
181.5-191.0
191.0-200.5
200.5-210.0
210.0-219.5
219.5-229.0
229.0-238.5
238.5-248.0
248.0-257.5
257.5-267.0
267.0-276.5
276.5-286.0
286.0-295.5
295.5-305.0
305.0-314.5
314.5-324.0
324.0-333.5
333.5-343.0
343.0-352.5
352.5-362.0
362.0-271.5
371.5-381.0
381.0-390.5
390.5-400.0
400.0-409.5
409.5-419.0
419.0-428.5
428.5-438.0
438.0-447.5
447.5-457.0
457.0-466.5
466.5-476.0

Length
Cored

(m)

1.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

Length
Recovered

(m)

0.89
8.31
5.98
5.56
8.57
6.96
0.07
0.04
0.06
7.42
0.03
1.5
0.02
8.27
0.12
0
0.06
0.80
0.64
8.03
3.85
6.33
2.38
0.3
0.05
4.53
5.74
2.38
1.95
2.72
3.48
2.30
0.10
0.15
0.11
0.06
1.20
2.54
2.06
2.38
0.58
0.35
1.50
2.99
2.15
0.59
3.25
2.38
3.77
2.42
3.0
3.07
2.04
2.04
3.45
6.0
3.29

Percent
Recovery

89
87.5
62.9
58.5
90.2
73.3

0.8
0.4
0.7

78.1
3.2

15.8
0.2

87.0
1.3
0
0.6
8.4
6.7

84.5
40.3
66.6
25.1

3.2
0.5

47.7
60.4
25.1
20.5
28.6
36.6
24.2

1.1
1.6
1.2
0.6

12.6
27.1
21.7
25.1

6.1
3.7

15.8
31.5
22.6

6.2
34.2
25.1
40.0
25.5
31.6
32.3
38.1
21.4
36.6
63.2
34.6

tive proportions of foraminifers and nannofossils. On
the basis of smear-slide descriptions (Appendix A),
foraminifers generally constitute less than 30% of the
sediment, and nannofossils more than 50%. Therefore,
most sediments in Unit I are classified as nannofossil
ooze (foraminifers < 10%) or foraminifer nannofossil
ooze (foraminifers 10-30%). Calcareous microfossils
are very well preserved throughout Unit I. Clay mineral-
ogy is given in Appendix B (see also Nagel and Schu-
mann, this volume).

The only observed macrofossils were large fragments
of Inoceramus, up to 3.5 cm in length and 1 cm thick, in
Cores 9A and 13A.

Most of the sediment recovered from Unit I is soupy
to stiff ooze; sediment firm enough and coherent
enough to be called chalk is rare, and was encountered
only in Cores 18A and 21 A. Undoubtedly, the in situ
abundance of chalk is much greater, but, because of
high pump pressures required to core chert, much of the
chalk was lost.

Chert was first encountered in the core catcher of
Core 2, and is a common constituent throughout the
unit. With few exceptions, the chert is medium to light
gray in color (N4 to N7).

Pyrite occurs as black blebs up to 1 cm in diameter in
Sections 3 and 4 of Core 3A. Smearing of black pyrite
with white ooze during the drilling process imparted a
gray color to the sediment in Section 3 of Core 3A.
Pyrite also occurs in trace amounts throughout the sec-
tion (Appendix A). Additional evidence for sulfate
reduction within the sediments of Unit I was the odor of
H2S from all cores when first opened. Also, chert frag-
ments from Unit I gave off a strong odor when cut.

Crystals and crystal aggregates of carbonate are com-
mon in the sediments throughout Unit I. Individual
crystals occur as "needles" (~2-4 µm wide and 10-15
µm long), as subangular to subrounded, equant grains
(-10-20 µm in diameter), and as a matrix of fine
crystals (< 1 µm).

The boundary between Units I and II is placed at the
bottom of Core 25A. Unfortunately, Cores 24A and
25A recovered only chert, so that the actual contact be-
tween ooze (chalk?) of Unit I and limestone of Unit II
was not observed. It is unlikely that any limestone of
Unit II occurs above Core 26A (276 m sub-bottom), al-
though some ooze (chalk?) of Unit I may have extended
into Core 26A and may have been washed out by the
high pump pressures that are required to cut the chert
and limestone.

Unit II: Laminated Limestone (276-411.7 m)

The dominant lithology of Unit II is limestone,
laminated on a scale of less than 1 mm, and colored
various shades of olive-gray (mostly olive-gray, 5Y 5/2
and 5Y 4/2, with some dark olive-gray, 5Y 3/2, and
light olive-gray, 5Y 6/2) (Fig. 7). The laminated lime-
stone is pelagic and similar in general petrographic char-
acteristics to the pelagic limestones of Lithologic Units
II, III, and IV at Site 463, in that it consists of silicified
radiolarians and foraminifers in a micritic matrix. The

Table 2. Lithologic units at Site 465.

Unit

I

II

III

Lithology

Nannofossil ooze and
foraminifer nannofossil ooze
Laminated limestone

Trachyte

Cores

1-11
1A-25A

26A-40A

40A-46A

Sub-bottom
Depth

(m)

0-276

276-411.7

411.7-476.0

Thickness
(m)

276

135.7

64.3

Age
(m.y.)

Pleistocene to late
Turonian (0-86 m.y.)
Early Cenomanian to
late Albian (98-103 m.y.)
Late Albian or older
(103+ m.y.)
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Figure 7. Core photograph of typical laminated olive-gray limestone
of Unit II, but with laminae showing a change in dip, 465A-40-1,
90-108 cm.

main differences are the laminated appearance of the
limestone at Site 465 and the much greater degree of si-
licification of the pelagic limestones at Site 463. The
laminated appearance of the limestone at Site 465 is
mainly the result of wispy, discontinuous, flaser-like
laminae of dark (organic?) matter (Fig. 8A, B), dif-
ferences in the degree of silicification (Fig. 8C), and
concentrations of radiolarians and foraminifers into
layers (Fig. 8D). The discontinuous laminae are dis-
torted around radiolarians and foraminifers, giving the
laminae a lens-shaped or "birds-eye" appearance in
thin section (Fig. 8B). The internal structure of radio-
larians and walls of foraminifers mostly has been de-
stroyed by silicification, but these features are preserved
in some samples.

Thin beds of gray (mostly N4 with some beds of N5
and N6), finely-crystalline limestone commonly occur
interbedded with olive-gray limestone throughout the

unit. They usually are less than 2 cm thick (Fig. 9), with
a maximum thickness of 22 cm in Core 29A, Section 1,
76-98 cm. About 5°7o of the rocks recovered from Unit
II are gray limestone, with a maximum of 30% in Core
29A. The massive gray limestone beds mostly consist of
micrite that has been silicified more than the laminated
limestone (Fig. 9). The laminated limestone generally
contains less than 5 °/o SiO2, whereas the gray limestone
beds generally contain more than 15% SiO2 (see Dean,
this volume). The contact between a gray limestone bed
and an underlying laminated olive-gray limestone bed is
always sharp. The upper contact of a gray limestone bed
is usually gradational with the overlying olive-gray lime-
stone, but may be sharp, and commonly exhibits evi-
dence of scour and erosion (Fig. 10).

The dip of laminae in the olive-gray limestone beds
appears to increase with depth in the hole, deviating
from the horizontal by as much as 15°. Some of this dip
change may be only apparent, caused by deviation of
the hole from vertical (an inclination test during collec-
tion of Core 40 showed a 4° deviation from vertical),
but most dip is real. Dips of laminae within any one
piece of limestone are usually the same, although
changes in dip of laminae of about 10° within a single
piece were observed (Fig. 7). Graded bedding was ob-
served only at the top of Unit II. Truncation of ripple(?)
lamination by overlying horizontal laminae also was ob-
served in several places within Unit II.

Chert is a common and persistent minor lithology
throughout Unit II. The color of the chert varies only
slightly and is mostly black (Nl and N2). The chert of
Unit II, like the chert of Unit I, gave off a strong sulfur
odor when cut. At several places within Unit II, chert
encloses a thin bed of what appears to be typical lami-
nated olive-gray limestone; however, thin-sections re-
veal that the chert has preserved the laminated fabric of
the original radiolarian- and organic-carbon-rich sedi-
ment, and that the limestone in the center of the chert
also has been silicified (Fig. 11). Radiolarians appar-
ently were a common constituent of the original sedi-
ment throughout Unit II, but they almost all have been
replaced by CaCO3 (Fig. 8B, C). As a result, very few
recognizable radiolarians were recovered from Unit II.
Veins filled with coarsely crystalline calcite and quartz
were observed at a number of places cutting across beds
of laminated olive-gray limestone.

The base of Unit II from 110 cm in Section 1, Core
40A, to the top of the trachyte (Unit III) at 65 cm in Sec-
tion 2, Core 40A, exhibits considerable lithologic varia-
tion. The first of several beds of massive clastic lime-
stone was observed from 110 to 115 cm in Section 1,
Core 40A. Many of the clasts in the clastic limestone
beds are of altered trachyte. The beds of clastic lime-
stone are usually intercalated between beds of olive-gray
limestone with abundant organic-carbon-rich laminae.

Volcanic ash was first observed from 143 to 148 cm in
Section 1, Core 40A, where it is intercalated with olive-
gray limestone, dolomite, organic-rich layers, and py-
rite. Beds and laminae of water-laid ash are common in
Section 2, Core 40A (Fig. 12). The trachyte of Unit III is
overlain immediately by a bed of horizontal and cross
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Figure 8. Photomicrographs of the laminated olive-gray limestone of Unit II. All bar scales equal 1 mm. A. 465A-28-2, 53 cm; cross-polarized
light; typical laminated limestone. B. 465A-28-2, 53 cm; cross-polarized light; enlargement of Figure 8A, showing partly to completely replaced
radiolarians and foraminifers, with discontinuous laminae of dark organic material which is distorted, giving a lens-shaped or "bird's-eye" ap-
pearance to the laminae. C. 465A-37-1, 134 cm; plane light; laminated gray limestone, illustrating the concentration of radiolarians and fora-
minifers into layers. D. 465A-28-2, 53 cm; cross-polarized light; darker silicified layers of olive-gray limestones and lighter layers of limestone
only partly replaced by silica.
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Figure 9. 465A-37-1, 126 cm. Contact between laminated olive-gray limestone (bottom) and mas-
sive gray limestone (top).

laminated ash (Fig. 13). Between 17 and 34 cm in Sec-
tion 2, Core 40A, is a bed of clastic dolomite containing
veins of large (~ 1 cm long), bladed crystals of dolomite
and large (up to 5 mm) crystal aggregates of pyrite.

Unit III: Trachyte (411.7-476 m)
The trachyte (see additional information in the next

section of this chapter) at the top of Unit III is brecci-
ated. The fragments of trachyte are held together by a
cement of calcite, dolomite, and barite. The trachyte
fragments in the breccia near the top of Unit III are
fairly well rounded and are usually "floating" in cal-
cite, dolomite, and barite cement. With depth, the tra-
chyte fragments become more angular. The amount of
cement decreases with depth until the cement is simply
vein-filling in fractures in the trachyte. At a depth of
about 429 meters sub-bottom, obvious trachyte breccia
ends and vesicular trachyte typical of Unit III begins.

Discussion
The sediments and rocks recovered at Site 465 con-

tain an incomplete record of carbonate sedimentation
on top of trachyte that apparently forms the volcanic
base of southern Hess Rise. Missing from the record are
sediments of early Cenomanian to middle Turonian age,
late Coniacian age, and early Campanian age.

The basement at Site 465 consists of trachyte flows
that apparently crystallized under relatively low hydro-
static pressure (<200 m). The first ash beds above the
trachyte are water-laid, with cross-lamination suggest-
ing deposition by lateral current flow (Fig. 12). Deposi-
tion of abundant organic matter and carbonate along
with ash is first recorded in the sediments from 0 to 4 cm

in Section 2, Core 40A. Graded beds of clastic limestone
with abundant organic matter occur in Core 40A, Sec-
tion 1, 116-135 cm. The dominant clasts in the clastic
limestone beds are of altered trachyte, and large mol-
lusk fragments are common. We interpret these beds to
represent unit A of a theoretical Bouma turbidite se-
quence; they probably are more-proximal (landward)
portions of turbidites. These few bits of evidence—shal-
low-water or subaerial cooling of the trachyte, current
deposition of the ash, high content of organic matter,
and graded clastic limestones with clasts of trachyte and
abundant mollusk debris—suggest that the first sedi-
ments deposited on volcanic basement at Site 465 during
the late Albian time were deposited in relatively shallow
water (on the order of several hundreds of meters or
less). Shipboard data on benthic foraminifers suggest
slope water depths in the Albian, deepening to upper
bathyal by early Cenomanian.

Sometime after (and perhaps during) the deposition
of the first meter of sediment, the sediments were sub-
jected to mineralization. The main manifestations of
this mineralization are (1) the abundance of pyrite as
disseminated crystals, crystalline masses, thin beds,
laminae, lenses, and stringers, (Fig. 14); and (2) the
abundance of dolomite as large crystal aggregates and
as rhombs replacing the limestone matrix and most of
the constituent particles. Typical laminated olive-gray
limestone of Unit II begins at about 105-cm in Section 1,
Core 40A.

We believe that the most likely mechanism for depo-
sition of the typical laminated limestone of Unit II is
turbidity currents. The main types of lamination are
concentrations of radiolarians and flaser lamination of
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Figure 10. Gray limestone and laminated olive-gray limestone inter-
beds in Unit II, 465A-36-2, 50-75 cm. A chert fragment occurs at
56 to 60 cm.

dark organic material in a micritic calcite matrix. The
laminae would be equivalent to upper parallel lamina-
tion (unit D) and(or) interturbidites (unit E) of a
theoretical Bouma turbidite sequence, interpreted as
representing deposition by low-density turbidity cur-
rents mixed with pelagic sediments. We conclude that
laminated limestone of Unit II represents turbidites that
originated up-slope on Mellish Bank. Because of recrys-
tallization, we have no way of knowing how much of

the CaCO3 was contributed as pelagic rain and how
much was brought in by turbidity currents. However,
the abundance of organic material reorganized into
flaser laminae, together with redeposited mollusk frag-
ments and shelf benthic foraminifers, suggests down-
slope movement. The reworking of radiolarians into
laminae (Fig. 7) is further evidence of current reworking
of pelagic components. The relatively high linear sedi-
mentation rate of the laminated limestone (48 m/m.y.)
also supports transport of additional sediment to Site
465 by turbidity currents.

Interpretation of the finely crystalline gray lime-
stones intercalated with laminated olive-gray limestone
is a greater problem. These limestone interbeds gener-
ally consist of very fine (< 1 µm) calcite crystals, and ex-
hibit only faint hints of bedding or lamination. They are
more silicified than beds of olive-gray limestones. We
have discounted the possibility that the fine-grained
limestone represents the pelagic component that follows
a theoretical Bouma sequence, because if this were the
case we would expect the fine-grained limestone to have
a gradational and possibly bioturbated lower contact
with the underlying laminated limestone, and a sharp
erosional upper contact with the overlying laminated
limestone. Usually, however, the opposite is observed:
the lower contact is sharp and the upper contact is either
gradational or sharp (Fig. 9). That the lower contact of
the beds of fine-grained gray limestone are sharp and
often scoured suggests lateral implacement by currents.
One possibility is that the gray limestone was derived
from a different, finer-grained source than the olive-
gray limestone.

A lacuna (early Cenomanian to Santonian), occurs
between the limestone of Unit II and nannofossil ooze
of Unit I. This is a relatively short hiatus, considering
the marked differences in degree of diagenesis and
composition between the olive-gray laminated limestone
of Unit II and the stark-white, almost structureless nan-
nofossil ooze of Unit I. Unfortunately, the nature of the
unconformity between Unit I and Unit II is not known
even approximately, because the bottom two cores of
Unit II recovered only fragments of chert. However, it
is unlikely that the ooze (chalk?), undoubtedly inter-
bedded with chert at depths of 258 to 276 meters sub-
bottom, is much more lithified than the ooze recovered
above 258 meters; otherwise, some of the more-lithified
sediments would have been recovered. Furthermore, the
marked difference in degree of lithification between
Units I and II suggests that a considerable amount of
material was eroded.

Unit I is a record of normal pelagic carbonate deposi-
tion that lasted 80 m.y. in waters that probably were
never deeper than at present and that were always above
the CCD. This carbonate record is interrupted by two
significant lacunas representing an unknown portion of
the early Cenomanian to Santonian and Santonian to
late Campanian. In addition, there is a major lacuna
between the late Paleocene and early Pliocene. Linear
sedimentation rates for sediments in Unit I range from 3
to 40 m/m.y. (late Campanian to early Maastrichtian),
but most are < 10 m/m.y. and are low to normal for

208



SITE 465

* * * • * • • • " %

'"2TMI - 4. • * 11,

?. •

%. # .. \ •*

" J k » * " '*%•

; . Λ <
w•.'

> • • i M

' • HEA* ** ii S i

•f•J= ,\ %'"

Λ « * • • "

p

1
1mm

Figure 11. Photomicrograph of contact between chert (right) and silicified limestone in Unit
II. Both lithologies contain recrystallized radiolarians and flaser laminations of dark
organic matter. Sample 465A-28-2, 53-55 cm (cross-polarized light).

Or

Figure 12. Organic-rich, pyrite-rich water-laid volcanic ash (465A-
40-2, 0-4 cm).

pelagic carbonate sediments. A high rate of biogenic
sedimentation coincident with passing of the site under
the equatorial zone of high productivity apparently is
not represented in the sediments recovered at Site 465.
Backtracking of the site using the plate-rotation model
of Lancelot and Larson (1975) and Lancelot (1978)

places the time of equatorial crossing of Site 465 at ap-
proximately 90 m.y. ago, during the Turonian. As dis-
cussed above, the difference in degree of lithification
between Units I and II suggests that a large amount of
sediment above the limestones of Unit II was eroded.
This sediment, now represented by a lacuna, would have
been early Cenomanian to Santonian in age and prob-
ably would have been thick as a result of the increased
sedimentation rate under the equatorial high-productiv-
ity zone. Assuming a linear sedimentation rate of about
48 m/m.y. over a period of about 12 m.y., as much as
600 meters of sediment may have been present and later
eroded. Thus, we have two independent lines of evi-
dence that a considerable amount of sediment may have
been eroded between early Cenomanian and late Conia-
cian time.

About 270 meters of remarkably uniform pelagic car-
bonate ooze were deposited at Site 465 between late
Coniacian and late Paleocene time, with only small
lacunas within that time (see biostratigraphy section,
this chapter). After about 55 m.y. of non-deposition,
and possibly some periods of erosion (late Paleocene to
Pliocene), the last events recorded at Site 465 is the
deposition of a little over 2 meters of nannofossil ooze
and foraminifer nannofossil ooze of Plio-Pleistocene
age.

IGNEOUS ROCKS

Introduction

Igneous rock representing acoustic basement was re-
covered between 411.7 and 476.0 meters in Hole 465A.
Recovery of these igneous rocks averaged 37.1% (23.9

209



SITE 465

60

651 -

Figure 13. Horizontal and cross-laminated volcanic ash in Unit II,
directly above trachyte (465A-40-2, 57-65 cm).

out of 64.3 meters drilled). The upper portion, from
411.7 to 429.0 meters, is breccia composed of bluish-
gray fragments cemented largely by calcite. Below the
breccia, from 429.0 meters to the bottom of the hole at
476.0 meters, the cores consist of highly altered, domi-
nantly fine-grained, vesicular trachyte with feldspar
microphenocrysts. The abundant feldspar is surrounded
by altered glass and shows varying degrees of flow align-
ment. Many of the rocks exhibit trachytic texture, al-
though flow orientation ranges from virtually none to
highly aligned. Abundant smectite and random mixed-
layer clay in all trachyte appears to be derived from
alteration of glass and some feldspar. Pyrite decreases
with depth; it occurs as disseminated crystals and as fine
veins in the trachyte. Numerous clots of greenish-brown
clay were observed in thin section; these may represent
altered mineral grains (perhaps pyroxene), or simply ag-
gregates of clay. No fresh mafic minerals were observed.

Lithology

The trachytes are divided into 30 layers that can be
grouped roughly into five units (Fig. 15). Some layers
display central regions with relatively coarse crystal size
and low abundance of vesicles; these regions grade both
up and down into regions with finer cry star sizes and
higher abundances of vesicles; these are termed flow
layers in this report. The remaining layers do not show
this kind of variation and are merely designated as
layers. Layers are characteristically fine grained and
highly vesicular throughout. Because recovery averages
37.1%, only an estimate of the minimum number of
layers penetrated is possible. Also, because no con-
tinuous core was taken across an entire flow layer,
layers listed as flows are probably parts of several dif-
ferent flow layers. It does seem likely, however, that the
dominance of fine-grained vesicular trachyte indicates
that the section consists dominantly of thin flows.

120 -
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130

•

Figure 14. Graded clastic limestone and organic-carbon-rich olive-
gray limestone, with pyrite as disseminated crystals, thin beds, and
lenses. Sample 465A-40-1, 119-134 cm.

Unit 1: Brecciated Trachyte

This unit extends from 411.7 to 429.0 meters and in-
cludes brecciated and fractured trachyte in layers 1
through 5. Individual fragments are blue-gray, grading
downward to gray, and may be either massive or lay-
ered. The layering is sometimes highly contorted. All
groundmass is highly altered to smectite. The dominant
cement holding fragments together is calcite covered
with a greenish coating, although a barite vein occurs in
one fragment. Pyrite is a common accessory mineral in
both cement and trachyte. Clasts range from angular to
well rounded, the degree of angularity increasing down-
ward. The angular shape of most fragments indicates
very little transport, and suggests that brecciation may
have been caused by explosive release of trapped vol-
canic gases.
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ROCK DESCRIPTION

Volcanic breccia

Fine-grained, massive
volcanic breccia

Fractured, fine-grained,
massive trachyte

Fractured and
brecciated trachyte

Fine-grained
vesicular trachyte

Medium-grained
trachyte

Medium-grained
slightly vesicular
trachyte

Medium to
coarse-grained
slightly vesicular
trachyte

Coarse-grained trachyte

UNIT

Unit 1
Largely
brecciated
and fractured
trachyte

Unit 2
Largely
medium-grained,
slightly vesicular
trachyte

Figure 15. Major units and layers in trachyte from Hole 465A.

Unit 2: Medium-Grained Vesicular Trachyte

This unit extends from 429.0 to 447.5 meters and in-
cludes layers 6 to 16. Layer 6 is fine-grained, but layers 7
through 14 and layer 16 are medium-grained, and layer
15 is coarse-grained. The trachyte is light gray and vesic-
ular, the abundant feldspar microphenocrysts showing
varying degrees of flow layering. Pyrite occurs both
as disseminated crystals and as thin veins. Layers 7
through 16 have the characteristics attributed to flows:
increasing vesicularity and decreasing crystal size away
from a central region with few or no vesicles and coarser
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ROCK DESCRIPTION

Medium-grained,
slighty vesicular
trachyte

Fine-grained, slightly
vesicular trachyte

Fine-grained, highly
vesicular trachyte

Fine-grained trachyte

Fine-grained trachyte

Fine-grained trachyte

Fine-grained trachyte

Fine-grained trachyte

Coarse-grained trachyte

Fine-grained, highly
vesicular trachyte

Fine-grained trachyte

Fine-grained trachyte

UNIT

Unit 2

Largely
medium-grained
slightly vesicular
trachyte

Unit 3
Largely
fine-grained,
highly vesicular
trachyte

Unit 4
Coarse-grained
trachyte

Unit 5
Largely
fine-grained
trachyte with
filled vesicules

crystal size. Layer 6 does not show these characteristics
and cannot be interpreted as a flow on the available evi-
dence. Vesicle size is generally less than or near 1 mm,
but some vesicles reach 5 mm. Many vesicles are filled
with a lining of smectite and a center of calcite.

Unit 3: Fine-Grained, Highly Vesicular Trachyte

Unit 3 extends from 447.5 to 462.5 meters and in-
cludes layers 17 through 26. These trachytes are domi-
nantly light gray, fine grained, and vesicular to highly
vesicular. The abundant lath-shaped feldspar micro-
phenocrysts and microlites frequently show well-de-
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veloped trachytic texture. Pyrite occurs as finely dis-
seminated crystals and veins. The vast majority of
vesicles are 1 mm or less in diameter, although they
range up to about 5 mm, indicating a shallow-water or
possibly a subaerial origin. Some vesicles are flattened
perpendicular to the length of the core. Layers 17
through 20, and layers 22, 23, 25, and 26 have the
characteristics of flows (vesicle abundance and mineral-
size variations). Units 21 and 24 represent regions of
fine-grained, highly vesicular trachyte that do not show
the variations expected of flows. A reddish color was
noted in some cores.

Unit 4: Coarse-Grained Trachyte
Unit 4 includes only layer 27; it extends from 462.5 to

466.5 meters, but there was little recovery in this region.
As usual, the trachyte is highly altered to soft smectite
and random mixed-layer clays; it is light gray in color.
Oriented feldspar microphenocrysts are present. Layer
27 appears to be a flow and has a significantly coarser
crystal size than do adjacent layers; consequently, it has
been designated as a separate unit.

Unit 5: Fine-Grained, Amygdaloidal Trachyte

Unit 5 extends from 466.5 meters to the bottom of
the hole at 476.0 meters; it includes layers 28 through
30. Layer 29 has the characteristics of a flow, but layers
28 and 30 do not. This light-gray trachyte is highly
altered and contains abundant flow-oriented feldspar
microphenocrysts and microlites. Occasionally an un-
identified bright-green mineral (smectite?) is observed,
and small amounts of pyrite are disseminated through-
out the trachyte. Most vesicles are filled with either a
green smectite or white carbonate material, although
some pieces of trachyte have little or no vesicle filling.
Vesicle size remains the same as in overlying trachyte,
being generally near or less than 1 mm, but ranging up
to approximately 5 mm.

Petrography

Petrographic studies of igneous rocks from Hole
465A reveal a dominant trachytic texture throughout
the cored section. Pervasive alteration has affected all
of the rock; the original glass and whatever mafic mate-
rials may have been present are altered to brown or
greenish-brown smectite and random mixed-layer clay.
Alteration of feldspar has also occurred, but to a much
smaller degree than alteration of glass.

All studied rocks contain at least one micropheno-
cryst phase. The original phenocryst assemblage con-
sisted of feldspar, and perhaps a mafic mineral; feldspar
is by far the dominant phase, accounting for 4 to 8% of
the total rock. Feldspar phenocrysts occur in two dis-
tinct sizes: large (0.5-1.0 mm), euhedral to rhombic
crystals, and smaller (0.04-0.3 mm) laths. The smaller
crystals are rarely zoned, but commonly show skeletal
growth.

The groundmasses of all studied samples consist of
altered glass and feldspar microlites which are usually
potash feldspar (Lee-Wong, this volume). Glass was the
dominant phase, accounting for 60 to 75% of the rocks.

The feldspar microlites range in volume from 12 to 30%
of the rock.

All samples can be described as having trachytic tex-
ture, with varying degrees of flow layering of lath-
shaped feldspar microphenocrysts. Three are vesicular,
with 2 to 9% irregularly shaped vesicles. Most vesicles
are empty, but some are lined with smectite and filled
with calcite. Feldspar microlites commonly are concen-
trated around vesicle walls.

Chemistry

Despite the extensive alteration of these rocks, it is
possible to determine chemically that they are trachytes
(Seifert et al., this volume). The major-element chem-
istry shows a considerable range for several oxides—
such as K2O and MgO—as well as considerable addition
of H2O and oxidation. Variations in SiO2, K2O, and
MgO correlate well with H2O, indicating that these
variations are the result of alteration. Nevertheless, the
least-altered sample, with the lowest H2O content, has
the composition of trachyte and is comparable to tra-
chytes from other oceanic regions.

The average percentage values for the trachytes are as
follows (compared to the freshest sample, 465A-43-2,
65-68 cm, values of which are in parentheses): SiO2,
59.50 (60.81); TiO2, 1.02 (1.02); A12O3, 18.73 (18.80);
Fe2O3, 2.98 (1.98); FeO, 0.67 (0.26); MnO, 0.034 (0.02);
MgO, 1.00 (0.31); CaO, 2.44 (1.94); Na2O, 5.10 (5.32);
K2O, 4.88 (6.27); P2O5, 0.36 (0.35); H2O + , 2.23 (0.86);
H2O-, 2.23 (0.64); CO2, 0.60 (0.59) (see Seifert et al.,
this volume).

In general, trace elements do not appear to be af-
fected by the alteration, and the rare-earth patterns are
very consistent, with strong LREE to HREE enrichment
and no significant Eu anomalies. The most interesting
feature of alteration in these rocks is the rough correla-
tion between Lu and H2O content; this has not been ob-
served before, to the authors' knowledge.

Average values (ppm) for trace-element concentra-
tions, compared to the least-altered sample (in paren-
theses), are: Zr, 715 (475); Sr, 308 (256); Ba, 631 (656);
Co, 16.6 (19.3); Th, 10.6 (10.2); Hf, 16.9 (15.0); Ta,
9.53 (9.38); Rb, 35.6 (34.3); Sc, 3.06 (2.85); Ce, 170
(167); La, 82.2 (89.1); Sm, 10.5 (9.32); Eu, 3.01 (2.98);
and Yb, 2.97 (2.24). Cr and Ni have concentrations of
less than 10 ppm in all samples.

Summary

Petrographic, X-ray-diffraction, and chemical stud-
ies reveal that the igneous rocks recovered from Hole
465A are altered trachytes. All of the original ground-
mass phases, and some feldspar laths, have been com-
pletely altered to one or more smectite minerals and ran-
dom mixed-layer clays; secondary carbonate minerals
are also present in these rocks. Vesicle fillings are com-
plex, with a rim of smectite and a central filling of cal-
cite and perhaps other minerals.

Chemical variations in these rocks correlate with
H2O content, indicating that the variations result from
alteration, not differentiation. Nevertheless, the least-
altered sample is chemically similar to trachytes from
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many oceanic islands. Judging from this, and the tra-
chytic texture, we interpret these rocks as trachytes
which probably represent late stage differentiates of
alkalic basalt magma.

The abundance and size of vesicles, and the red oxide
staining and lack of any glassy flow margins, indicate
shallow subaqueous or subaerial volcanism. This im-
plies that at least parts of Hess Rise were near or above
sea level prior to late Albian time.

INTERSTITIAL-WATER GEOCHEMISTRY

Results of shipboard measurements of pH, alkalin-
ity, salinity, calcium, magnesium, and chlorinity in in-
terstitial water from six whole-core sediment samples
are presented in Figure 16. The surprising feature of
these profiles is that none exhibit significant variation
with depth within the 235 meters of nannofossil ooze.
There is a slight tendency for calcium to increase with
depth (from 10.6 to 13.6 mM/1), and for magnesium to
decrease with depth (from 54.0 to 49.6 mM/1). An in-
crease in calcium concentration in interstitial waters is
commonly observed in carbonate-rich deep-sea sedi-
ments, and this is usually matched by a 1:1 molar de-
crease in concentration of magnesium (see interstitial-
water geochemistry for Site 463, this volume).

This marked inverse relationship between calcium
and magnesium concentrations is usually explained by
dissolution of CaCO3 and formation of dolomite at
depth. The lack of any trends at Site 465 implies that lit-
tle if any dolomite is forming within the upper 235
meters of sediment, and that either no dissolution of
CaCO3 is occurring, or dissolution and reprecipitation
are occurring at about equal rates. That nannofossils
and foraminifers are moderately well-preserved, and
that recrystallized carbonate was commonly observed in
smear slides (Appendix A), suggests that both dissolu-
tion and reprecipitation indeed are occurring. However,
the lack of significant variation in calcium concentra-
tion with depth (Fig. 16) suggests that the rate of car-
bonate dissolution is about matched by the rate of car-
bonate precipitation.

PHYSICAL PROPERTIES

Wet-Bulk Density and Sound Velocity

For unconsolidated sediments of nannofossil ooze
and foraminifer nannofossil ooze (Cores 1-10 and 3A-
21A), wet-bulk density was measured by analog GRAPE
method, and sound-velocity measurement was made oc-
casionally on the sample embedded in the liner tube
(Fig. 17). For limestone in Cores 26A to 46A, wet-bulk
density was measured at a few points per section for
whole core-size specimens by using the 2-minute GRAPE
method, before the sample was split.

Minicore samples were taken one or two per section
for Cores 26A to 46A, and 2-minute GRAPE and gravi-
metric wet-bulk density and sound velocities in hori-
zontal and vertical directions were measured. All of the
measured values of sound velocity, wet-bulk density,
porosity, water content, and thermal conductivity at
room temperature are shown in Appendix C.

The section recovered at Site 465 has been divided in-
to three major and two minor acoustic units. The major
acoustic units correspond well to the lithologic units.
The values of wet-bulk density and interval velocity are
averaged for each acoustic unit and listed in Table 3.

The least-squares fits to the minicore data of wet-
bulk density and velocity in Unit II show decrease of
values with sub-bottom depth (-0.53 g/cmVlOO m for
density, and -2.09 km/s/100 m for velocity), although
we cannot specify the cause of this decrease.

Thermal Conductivity and Sub-bottom Temperature

To estimate the terrestrial heat flow at Site 465, ther-
mal conductivity of recovered samples and four down-
hole temperature measurements were made. Thermal
conductivity was measured for each core by using QTM
(Quick Thermal Conductivity Meter, Showa Denko
Co., Ltd.). Down-hole temperatures, calculated by the
Tokyo T-probe technique (Uyeda and Horai, 1979;
Yokota et al., 1979), are 6.5 ± 0.3 °C at 86.5 meters sub-
bottom depth in Hole 465, and 10.0°C at 172 meters in
Hole 456A. The average value of the in situ thermal
conductivity of sediments is 3.32 mcal/cm s °C, and
the heat flow value of 1.36 HFU is obtained by the
method discussed in detail by Fujii (this volume).

PALEOMAGNETISM

Twenty-six samples of upper Albian limestone and 26
trachyte samples were taken for paleomagnetic mea-
surements (Sayre, this volume). Although most samples
carry stable components of magnetization, it is not
possible to construct an unambiguous reversal stratig-
raphy, because magnetic inclinations in both the lime-
stone and trachyte are very low. Variations in suscepti-
bility, the intensity of natural remanence, and Curie
temperature indicate that trachyte Units 1 and 2 are
highly oxidized and probably have acquired a second-
ary chemical remanence. In addition, low-titanium ti-
tanomagnetites and(or) large magnetic-grain sizes may
characterize the center of Unit 3. A paleolatitude esti-
mate indicates that the site was close to the equator dur-
ing formation of the trachytes.

CORRELATION OF SEISMIC-REFLECTION
PROFILES AND DRILLING RESULTS

Three major lithologic units at Site 465 correspond to
the acoustic units. The top unit consists of nannofossil
ooze and is 276 meters (0-276 m) thick. The second unit
is limestone, 136 meters (276-411.7 m) thick, and the
third is trachyte, encountered at a depth of 411.7
meters. Two major reflectors are apparent on the air-
gun seismic-reflection profile (Fig. 18). One is at 0.36
seconds two-way time, and the other is at 0.47 seconds.
These reflectors mark the boundaries between lithologic
units. Reflectors near the top of Unit I probably cor-
respond to acoustic interference caused by the air-gun
bubble pulse, but the remaining faint reflectors in that
unit are chert layers. The interval velocity (Fp) calcu-
lated for Unit I is about 1.53 km/s, whereas that calcu-
lated for Unit II is about 2.45 km/s. Velocities measured
on small samples in the shipboard laboratory are an
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Figure 16. Interstitial-water geochemistry, Site 465.

average of 1.58 km/s for Unit I (range 1.55-1.63 km/s),
an average of 2.89 km/s for Unit II (range 1.88-4.40
km/s), and 3.60 km/s for the trachyte. These values
agree well with those that were calculated from the
acoustic profile.

BIOSTRATIGRAPHY

Biostratigraphic Summary

Sediments of Pleistocene to late Albian age were re-
covered from two holes at Site 465 on Hess Rise. Most
samples contained planktonic foraminifers and nanno-
fossils; benthic foraminifers occurred throughout the
section to the upper Albian, but were absent from the
last four cores of the hole. Radiolarians occurred infre-
quently in the Cretaceous, in one sample from the San-
tonian, and in discrete layers in the Albian limestone.

A summary of the biostratigraphy of this site, based
primarily on nannofossils and planktonic foraminifers,
is shown in Figure 19.

Pliocene and Pleistocene sediments were recovered in
Cores 1 to 2, 0 to 10.5-meters in Hole 465. The lower
Pleistocene and Pliocene down to the middle lower
Pliocene are present. Rare diatoms occur in Section 1-1
and belong to the P. doliolus Zone of the Quaternary.
Below the lower Pliocene sediments there is a mixed
interval (Section 2-3, 46 cm to 2-6, 45 cm) containing
lower Eocene, upper Paleocene, and lower Pliocene
materials mixed into upper Pliocene sediments. Fora-
minifers are very badly dissolved throughout the Pleis-
tocene-Pliocene section.

The Paleogene section contains only Paleocene sedi-
ments (465-2,CC to 8,CC, 10.5 to 67.5 m; and 465A-
1,CC to 3-3, 144 cm, 39 to 62.4 m). The Paleocene sec-
tion includes all zones. The equivalent of the type Da-
nian is about 11 meters in length (465A, Core 3) and the
basal Tertiary "Globigerina" eugubina Zone occurs

from 465A-3-3, 40 cm to 3-3, 144 cm. This is the thick-
est "G." eugubina Zone yet recorded from DSDP
cores. Paleocene nannofossils and foraminifers are very
well preserved.

Cretaceous sediments were cored at 465-8 to 11, CC
and 465A-3-3, 146 cm to 40-1, 138 cm (39-411 m). This
section includes sediments of the Maastrichtian, upper
Campanian, Santonian, lower Cenomanian, and upper
Albian. The Cretaceous/Tertiary boundary was recov-
ered and is considered nearly continuous. Microfossils
from the Upper Cretaceous sediments are generally well
preserved, except in horizons where intense dissolution
has occurred. The middle and Lower Cretaceous fossils
are only moderately well to poorly preserved; recrystal-
lization of foraminifers is common, and nannofossils
are badly etched in the Cenomanian-Albian limestones
at the bottom of this hole.

Redeposition
Redeposited materials such as plant fibers, mollusk

fragments, shelf benthic foraminifers, brown clay, and
possibly glauconite, occur at several levels in the Creta-
ceous section. Redeposited materials are commonly
found in the upper Maastrichtian M. mura Zone, the
upper Campanian T. trifidus Zone, the G. concavata-
G. elevata Zone of the Santonian, and throughout the
lower Cenomanian to upper Albian limestone sequence.
Redeposited radiolarians are most common in the upper
Albian limestones.

Whereas the redeposited materials from the Albian to
the Coniacian can be attributed to the location down-
slope from a topographic high, the redeposition later in
the Cretaceous probably requires another explanation.

Dissolution Intervals

Dissolution, in the absence of diagenetic recrystal-
lization, is common in the Upper Cretaceous sediments
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Figure 17. Wet-bulk density and compensated velocity, Site 465.
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Table 3. Physical properties of acoustic units at Site 465.

Unit

I
1A
IB
II
III

Sub-bottom
Depth

(m)

0-276
0-135

135-276
276-412
412-

Densitya

(g/cm3)

1.54
1.60
2.26b (11)
2.30 (8)

Velocity8

(km/s)

_

1.58 (4)
1.56 (1)
3.06b (11)
3.60 (7)

DT
(sec)

_

0.17
0.18
0.09
—

Thermal
Conductivity8

(mcal/cm s °C)

3.50 (9)
3.56 (5)
4.41 (10)
3.38 (7)

Lithologic
Unit

I

II
III

a Number of samples averaged in parentheses.
" Averages neglecting data from Cores 39 and 40.

at Site 465. Undissolved foraminifers and coccoliths are
moderately well preserved. There are, however, discrete
levels where dissolution is so intense as to badly etch the
nannofossils and dissolve most of the globotruncanids.
In the upper Maastrichtian, there are even dissolution
levels where all planktonic foraminifers are removed.
Intervals intense dissolution include the upper Maas-
trichtian (M. mura Zone), the Maastrichtian to upper
Campanian {T. trifidus Zone), the lower Santonian, and
the upper Albian.

Nannoplankton
Nannofossils are present in the 11 cores of Hole 465,

and in all cores of Hole 465A to the trachyte (465A-40).
In the nannofossil and foraminifer nannofossil oozes of
Unit I, nannofossil assemblages of Pliocene to Pleisto-
cene age, of early Paleocene to late Campanian age, and
of Santonian to late Turonian age were recovered. In
the olive-gray laminated limestones of Unit II, nanno-
fossil assemblages are readily assignable to two zones of
late Albian to Cenomanian age. Samples from Section
465A-40-1, just above the trachyte, belong to the late
Albian Eiffellithus turriseiffeli Zone (100-104 m.y.).

Cenozoic
In samples from Core 1 and the top of Core 2 (to 2-1,

125 cm), well-preserved assemblages of the Pseudo-
emiliania lacunosa (NN19) Zone of early Pleistocene
age are present. Reworked Pliocene discoasters are pres-
ent in some of these samples. In samples from 2-1, 147
cm to 2-3, 41 cm, a diverse assemblage of discoasters,
abundant Pseudoemiliania lacunosa, and rare Reticulo-
fenestra pseudoumbilica are found. The joint occur-
rences of these species, without considering complica-
tions of possible reworking, place these samples in the
zonal interval NN14 to NN18. It is plausible that lower
Pliocene species such as Reticulofenestra pseudoumbil-
ica and Discoaster asymmetricus could be reworked into
upper Pliocene assemblages (NN16-NN18).

In samples from the interval 2-3, 46 cm to 2-6, 45 cm,
the nannofloras show a mixing of components of three
different ages in a random fashion (one of the follow-
ing, two of the following, all of the following): Pliocene
(NN14-NN18), early Eocene (NP13), and late Paleo-
cene (NP9). One set of samples in the interval 2-3, 46 cm
to 2-3, 147 cm includes an unmixed flora of late Eocene
age. Moderately well-preserved assemblages of the Dis-
coaster lodoensis (NP13) Zone are recognized. It is not
known whether this mixing occurs naturally or repre-
sents drilling disturbance. Natural mixing is considered
more likely, and the lower Eocene sediment is inter-
preted as displaced into the Pliocene.

A sequence of zones spanning the entire Paleocene is
recognized in Holes 465 and 465A. Most nannofloras
are moderately well preserved, often showing a com-
bination of etching and overgrowth. This makes it diffi-
cult to make a definite age determination in some inter-
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vals. Sample 2,CC contains a diverse nannoflora of the
Discoaster multiradiatus Zone of late Paleocene age.
Samples 3,CC and 4,CC are assigned to the Discoaster
mohleri (NPl)/Heliolithus riedelli (NP8) zonal interval
of late Paleocene age. Samples 5,CC and 1A,CC belong
to the Heliolithus kleinpellii (NP6) Zone of early Paleo-
cene age.

Sample 6,CC contains a poorly preserved nannoflora
of the Fasciculithus tympaniformis (NP5) Zone. Be-
cause of bad preservation, Sample 7,CC is assignable
only to the Chiasmolithus danicus (NP3)/Ellipsolithus
macellus (NP4) zonal interval. Sample 2A,CC, a better-
preserved sample, has a nannoflora indicative of the
Chiasmolithus danicus (NP3) Zone of early Paleocene
age. In Sample 8,CC, most coccoliths have etched cen-
ters, but specimens transitional from Cruciplacolithus
to Chiasmolithus are present. This sample is tentatively
assigned to the Cruciplacolithus tenuis (NP2)/Chiasmo-
lithus danicus (NP3) zonal interval.

In samples from 3A-1 to 3A-3, 128 cm, exceptionally
well-preserved nannofloras were observed. They are
characterized by an abundance of Thoracosphaera frag-
ments. Very small coccoliths (1-2 µm) are also present,
indicating that almost no dissolution of the Coccolith
assemblages has occurred. Rare to few Markalius inver-
sus and very rare Biantholitus sparsus are found in some
sample intervals. No specimens of Cruciplacolithus
tenuis or Chiasmolithus spp. were found; these samples
are assigned to the Markalius inversus (NPl) Zone of
earliest Paleocene age.

Mesozoic
Predominantly abundant and moderately well-pre-

served nannofossils are found throughout the Upper
Cretaceous section. Poorly preserved calcareous nanno-
fossils were commonly recovered from the Lower Creta-
ceous. A sequence of nine nannofossil zones or zonal in-
tervals has been recognized:

1) Upper Maastrichtian (3A-3, 120 cm to 3A,CC);
Micula mura Zone.

2) Middle to Upper Maastrichtian (9,CC to 11,CC;
4A,CC); Lithraphidites quadratus Zone.

3) Lower Maastrichtian (6A,CC to 11A-5, 8-9 cm);
Arkhangelskiella cymbiformis Zone.

4) Upper Campanian to Lower Maastrichtian (11 A,
CC to 19A,CC); Tetralithus trifidus Zone.

5) Upper Campanian (20A-1, 33-34 cm to 20A,CC);
Tetralithus gothicus Zone.

6) Lower to middle Campanian (21A-3, 135-136 cm
to 21A-4, 43-44 cm); Broinsonia parca Zone.

7) Coniacian to Santonian (21A,CC to 23A,CC); the
abundant assemblages in this interval are characterized
by the absence of certain index species important to the
zonation; the upper limit of this zonal interval is deter-
mined by the first occurrence of Broinsonia parca, and
the lower limit by the last occurrence of Lithraphidites
acutum, and by the first occurrence of Eiffellithus ex-
imius, Micula staurophora, and Lithastrinus grilli.

8) Uppermost Albian to Cenomanian (26A-1, 14-15
cm to 27A,CC); Lithraphidites alatus Zone.

9) Upper Albian (28A-1, 58-59 cm to 40A-1, 139-
140 cm); Eiffellithus turriseiffeli Zone.

Foraminifers

Neogene
Neogene sediments were recovered only in Core 465-1

and part of Core 465-2. Core 465-1,CC is of Pleistocene
age (N22), judging from the presence of Globorotalia
truncatulinoides. The foraminifer fauna is poorly pre-
served, as indicated by a very large amount of frag-
mentation. The planktonic assemblage is typical of tem-
perate water. Globorotalia inflata is abundant and
dominates the assemblage; Globigerina bulloides is
common. Rare species include Globigerinoides ruber,
Globorotalia scitula, G. crassaformis, and G. truncatu-
linoides. At nearby DSDP Site 310, the two temperate
species G. inflata and G. bulloides are also among the
main components of the Pleistocene planktonic fauna.
Neogloboquadhnapachyderma, however, which consti-
tutes 40% of the fauna in the uppermost sediments (up-
per part of Core 1) at the latter site, is very rare at Site
465. Uvigerina peregrina disrupta is the most common
benthic-foraminifer species, as is often the case in
Pacific benthic-foraminifer assemblages at this water
depth.

Paleogene
A nearly complete section of Paleocene sediments

can be assembled by the combination of the sections of
Holes 465 and 465A. Planktonic foraminifers are well
preserved throughout the section, particularly in the Da-
nian, which is about 11 meters thick in Hole 465A. The
controversial basal Tertiary "Globigerina" eugubina
Zone occurs at 465A 3-3, 40 cm to 3-3, 144 cm. This is
the thickest "G." eugubina Zone recorded in the deep
sea.

At the top of the Paleocene section, planktonic fora-
minifers occur in diverse assemblages typical of tropical
waters. Morozovella velascoensis is large, with wide,
open umbilici and almost cantilevered chambers. Moro-
zovellids and acarinids are very diverse; subbotinids in
Zone P4 are very large; chiloguembelinids are rare and
flat.

Foraminifer populations change in Zone P3b (465-5
to 6,CC), not only in species content, but also in morph-
otypic expression. Morozovellids become tightly coiled,
with closed umbilici, and benthic forms are more abun-
dant (6,CC).

The planktonic-foraminifer association in Zone PI is
unusual (465-8,CC; 465A-2-3, 144 cm). Chiloguem-
belinids dominate all faunas, while other species are
very rare. Guembelitria cretacea dominates the G.
eugubina faunas at lower levels, but it is replaced by G.
eugubina at higher levels. Little or no reworking of Cre-
taceous material is found in samples from 3-3, 40 cm to
3-3, 100 cm; this lack of admixed Cretaceous is unique.
Mixing of Cretaceous and the "G." eugubina fauna
progressively increases below 3-3, 110 cm to 3-3, 142
cm, presumably because of the disturbance of coring.

Cretaceous/Tertiary Boundary
The Cretaceous/Tertiary boundary is at 465A-3, 144

cm. The boundary is actually spread through a mixed
zone approximately 30 cm in length. Well-preserved
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Figure 19. Biostratigraphy of Site 465.
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latest Cretaceous fossils occur in discrete white stringers
through light-gray Tertiary sediments.

Cretaceous
Cretaceous sediments were recovered from Cores 9 to

11 ,CC in Hole 465 and 3-3, 146 cm to 4-2 in Hole 465A.

Maastrichtian. The A. mαyαroensis (465A-9 to
11,CC; 3-3 to 3-5), G. gαusseri (9-2 to 10-1), and G.
scutillα (10-2 to 14,CC) zones were recognized. Aside
from several levels (465-9,CC; 465A-12,CC; 465A-3-6,
50 cm) where most of the planktonic foraminifers are
dissolved, Maastrichtian planktonic foraminifers are di-
verse and well preserved. Benthic foraminifers are rare.
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Campanian. The G. calcarata (14,CC to 20-2) and G.
elevata (20-3 to 22,CC) zones were recognized. Fora-
minifers are well preserved; the benthic forms are rather
rare.

Santonian. The very short G. elevata Zone belongs to
the Campanian, according to accompanying nannofos-
sils. Thus, only the early Santonian G. concavata-G.
elevata Zone (23,CC) was determined. Foraminifers are
frequently highly dissolved; some of the benthic fora-
minifers appear to be redeposited.

Turonian-Coniacian. The G. rengi-G. sigali Zone
was recognized from 24 to 25,CC. In these samples, dis-
solution and recrystallization are intense. Inoceramus
prisms occur in the coarse fraction.

Albian. The R. apenninica-P. buxtorfi Zone (28-1 to
40-1) was recognized. The badly recrystallized plank-
tonic faunas were dominated by hedbergellids. Only one
specimen of P. buxtorfi was found throughout the inter-
val. The few moderately diverse assemblages (34-1) con-
tain Praeglobotruncana, Ticinella, and Rofalipara spe-
cies. At several levels, woody fiber and uniform-sized
mollusk fragments occur (40-1). Recrystallization and
distortion of foraminifers increase toward the bottom,
until all are dissolved below 40-1.

Coarse-Fraction (>63 µm) Components;
Abundance and Preservation of Foraminifers

A visual estimate of the relative abundance of the
main components of the sediment coarse fraction is pre-
sented in Appendix D.

In the Cenozoic and Upper Cretaceous oozes (Litho-
logic Unit I; Cores 465-1 through 465A-25), planktonic
foraminifers are the dominant constituent of the coarse
fraction. In these sediments, there are rare occurrences
of ostracodes, mollusk, and echinoderm fragments. Ra-
diolarians are rare in the Neogene (Core 465-1), and ab-
sent in the remainder of the interval except for one hori-
zon in the Santonian (Core 465A-21), in which they are
abundant, dominating the coarse fraction. Chert frag-
ments are rare to common throughout the Paleocene
and Upper Cretaceous.

Planktonic foraminifers are poorly preserved in the
Neogene (Core 465-1) and greatly fragmented. They are
well preserved in the Paleocene and upper Maastrichtian
(Cores 465-2 through 10 and 465A-1 and 2), except for
one interval with pronounced dissolution in the upper
Maastrichtian (Cores 465-10 and 465A-3), in which
planktonic foraminifers are rare or absent, so that ben-
thic species dominate the foraminifer assemblages. For-
aminifers are moderately well preserved in the lower
Maastrichtian to Santonian (Cores 465A-6 through 23),
and poorly preserved in the lower Santonian to upper
Coniacian (Cores 465A-24 and 25).

In the lower Cenomanian and upper Albian lime-
stones (Lithologic Unit II; Cores 465A-26 through 40,
Section 1), the coarse fraction is dominated by lime-
stone chips and planktonic foraminifers, each alternat-
ing as the main component. Throughout this interval,
planktonic foraminifers are poorly preserved, because
of significant recrystallization.

In Cores 465A-27 to 33, limestone chips dominate the
coarse fraction, except at one horizon in Core 32, in
which quartz grains are the main constituent.

Radiolarians

At Site 465, radiolarians are rare, and preservation is
generally poor (see Schaaf, this volume).

Only the first two cores of Hole 465 (up to 2-2, 120
cm) contained common to rare but poorly preserved
radiolarians of the Axoprunum angelinum Zone (late
Pleistocene). By comparison with Site 464, this fauna
includes more high-latitude species, although it lies at
lower latitudes; P. murrayana is the only low-latitude
species found in this assemblage. The Cenozoic sections
of Hole 465A are barren.

Two cores (21 and 29) contain radiolarians. In Core
21, a poorly preserved association with A. urna, P.
superbus, D. torquata, and D. duodecimcostata can be
assigned to the Artostrobium urna Zone. Core 29 con-
tains fairly abundant, well-preserved radiolarians such
as L. petila, H. barbui, A. cortinaensis, and A. stocki,
from the Dictyomitra somphedia Zone. The absence of
species of Subfamily Saturnalinae is noteworthy, as
these species occur commonly through the Cretaceous at
these latitudes.

SEDIMENTATION RATES

Average rates of sedimentation at Site 465 are shown
in Figure 20; data for the figure are given in Table 4.
Sedimentation commenced in the late Albian to early
Cenomanian at a rate at 48 m/m.y. with the accumula-
tion of limestone (Unit II) at this site. This is a very high
rate, which may be partly explained by the presence of
redeposited material.

Following the early Cenomanian, there is a 15-m.y.
hiatus spanning the interval from the lower Cenoman-
ian to the Santonian. Santonian rates are approximately
10 m/m.y. A hiatus of nearly 4 m.y. then precedes the
late Campanian, when rates were very high (about 40
m/m.y.), which is reminiscent of the high rates in the
Albian, and similar to the rate for the Maastrichtian to
late Campanian (52 m/m.y.; 42 m/m.y. for the Maas-
trichtian alone) at Site 463.

Upper Maastrichtian was recovered in both Holes
465 and 465A. Rates calculated for both holes are
slightly higher than for the lower Maastrichtian; for
Hole 465, the obtained rates are about 20 m/m.y. and
16 m/m.y., respectively. In the early Paleocene (Zones
PI and P2), sedimentation rates are lower than during
the late Maastrichtian, reaching only 4 m/m.y. for Hole
465. Late Paleocene sedimentation rates are again some-
what higher, nearly reaching 8 m/m.y.

After the Paleocene, there is a hiatus of nearly 50
m.y. Sediments after the hiatus consist of a highly
mixed zone containing Eocene fossils mixed with in situ
sediments of early Pliocene age. By Section 3 of Core 2,
normal continuous sedimentation of Pliocene fossils is
recorded, the rate of sedimentation for the early Plio-
cene through Pleistocene is 1 m/m.y. However, the late
Pleistocene is probably missing, so the rate is somewhat
higher.
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Figure 20. Sedimentation-rate curve for Site 465.

Table 4. Sedimentation rates at Site 465.

Age

Hole 465

Late Paleocene
Early Paleocene
Late Maastrichtian

Hole 465A

Paleocene
(P4-G. eugubina)
Late Maastrichtian
Early Maastrichtian to
late Campanian
Early Santonian to
late Coniacian
Early Cenomanian to
late Albian
Late Albian

Sub-bottom
Depth

(m)

10.5-48.5
48.5-67.5
67.5-96

39-62

62-86.5
134-219.5

250-276.5

276.5-411

295.5-411

Thickness
(m)

38
19
28.5

23

24
85.5

26.5

134.5

115.5

Time
(m.y.)

54.5-59
60-65
65-69

57-65

65-68
69-71

80-84

99-102

100-102

Average
Rate

(m/m.y.)

8
4
7

3

8
42

7

45

58

According to the conclusions of Lancelot and Larson
(1975), it is possible to reconstruct the movement of Leg
32 sites by taking into account Pacific Plate motions
and magnetic anomalies. Following their assumptions,
Sites 465 would have crossed the Equator just after 90
m.y. ago. Table 5 depicts the approximate latitudes ver-
sus age of Site 465, according to this model. These
authors suggest that two of the criteria indicating that a
site has crossed into the equatorial high-productivity
zone are high sedimentation rates and(or) increased
abundance of radiolarians. At Site 465, the highest sedi-
mentation rates occurred 100 m.y. ago, when the site
theoretically had just crossed into the high-productivity
area; radiolarians are abundant in sediments of this age.

LEGEND
Nannofossil data
Foraminifer data

Table 5. Proposed latitudes of Site 465 and sediment charac-
teristics.

Latitude Accumulation
Age (Lancelot-Larson Rate Radiolarian

(m.y.) model, Leg 32) (m/m.y.) Zone

60
70
80
90

100

16°N
11-12°N
6°N
1°N
4°S

4
42

7
(hiatus)

58

—
—

A. urna
—

D. somphedia

At 90 m.y., when this site is supposed to have been
just at the Equator, there is a hiatus in the sedimentary
succession. At 80 m.y., the site is supposed to have
passed out of the high-productivity zone; radiolarians
are again preserved at this site. The sedimentation rates
at this time were significantly lower, however, because
of a hiatus before and age uncertainties after this inter-
val. For this reason, the rate of 7 m/m.y. is only an
approximate.

At 70 m.y. accumulation rates were again very high;
the site supposedly was at 12°N. It is possible, as sug-
gested earlier, that this was a time of high oceanic fertil-
ity. At 60 m.y., in the early Paleocene, the sedimenta-
tion rate was relatively low, while the site is assumed to
have been close to 16°N.

SUMMARY AND CONCLUSIONS
The volcanic, tectonic, and depositional histories of

Site 465 on southern Hess Rise can be interpreted from
the 476-meter cored interval. The site is in 2161 meters
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of water just north of Mellish Bank, near the center of a
small, apparently fault-bounded basin. Plans were to
sample a calcareous section that had been above the
CCD for its entire history, and to sample the underlying
igneous basement.

Basement Rocks and Physical Properties

Deeply weathered trachyte and calcite-cemented
trachyte breccia underlie the sediment sequence at Site
465. Trachyte breccia makes up the upper 17 meters,
and the remaining 47 meters are trachyte flows. Based
on vesicle and grain-size changes, the sequence was di-
vided into 30 layers, which subsequently were placed in
five groups (Seifert et al, this volume). Many of the
layers represent individual flows, but in no place was a
complete flow unit recovered; apparently, the fine-
grained and clay-rich flow boundaries were washed out
during coring. No glassy flow margins occur in the
recovered sequence. Vesicles are abundant and range
from submicroscopic to more than 5 mm in diameter.
Many are filled with calcite and smectite. Although
most specimens are gray, the slight red coloration of
some pieces indicates a low degree of oxidation. Pyrite
is a common vein mineral, and barite was observed in
one vein. The fragments increase in angularity with
depth and the amount of fracturing decreases. The
cause of brecciation is unknown, but it probably oc-
curred in situ, and may have been caused by the ex-
plosive release of trapped gas. The trachyte breccia is
cemented together mostly by calcite.

Petrographic studies reveal mostly trachytic textures.
Pervasive alteration has affected the original miner-
alogy, so that only a few of the primary minerals re-
main. The original minerals were plagioclase, possible
pyroxene, and iron-ore microphenocrysts, set in a
groundmass of glass, iron-ore minerals, and feldspar
microlites. The present minerals include plagioclase as
phenocrysts, laths, and microlites; mafic-mineral pseu-
domorphs; and iron-ore minerals; set in a groundmass
of smectite and calcite.

The igneous rocks are altered trachyte with nearly
60% SiO2 and high percentages of Na2O and K2O. We
believe that these rocks are differentiated products of
alkali basalt magma and probably are the result of
oceanic-island or seamount volcanism. The large vesi-
cles and the lack of glassy flow margins suggest that the
eruptions occurred either subaerially or in very shallow
water. Rounded volcanic clasts and the presence of sev-
eral ash or volcanic sandstone beds in immediately over-
lying sediments indicate that a volcanic source was near-
by after sedimentation began, implying that the site also
may have been above sea level at some time in its his-
tory. Undoubtedly, parts of Hess Rise were above sea
level during the early stages of its growth, which further
suggests that it may have been a landmass of significant
size, or at least a large archipelago before late Albian
sediment deposition began.

Variations in magnetic intensity, susceptibility, and
Curie temperature indicate that trachyte Units 1 and 2
are highly oxidized and have been completely remag-
netized. In addition, it is possible that low-titanium

titanomagnetites and(or) large magnetic-grain sizes may
characterize the center of Unit 3. Paleolatitude esti-
mates indicate that the site was near the Equator during
formation of the trachytes. The measured velocities of
sediment and rock samples agree well with those calcu-
lated from the seismic-reflection profiles. Unit 1, nan-
nofossil ooze and chert, has a mean velocity of about
1.58 km/s. Unit 2, the olive laminated limestone, has a
mean value of about 2.89 km/s. The trachyte of Unit 3
has a low velocity compared to that of oceanic basalts,
averaging about 3.60 km/s. The low velocity for the
trachyte is caused in part by its intense alteration. Heat-
flow measurements were attempted at four depths in
Holes 465 and 465A. A value of 1.36 HFU was calcu-
lated for Hess Rise, which is similar to North Pacific
averaged data for crust 100 m.y. old, indicating that
Hess Rise is thermally extinct.

Hiatuses

Evidence from the igneous rocks, which were ex-
truded in shallow water or even subaerially, and from
the shallow-water fossils in the immediately overlying
sediments, indicates that the deposits recovered at Site
465 are from a depositional environment which has been
deepening from close to the sea surface in late Albian
time to more than 2 km water depth today. However,
the continuously cored sediments (Fig. 21) have major
hiatuses which represent approximately 75% of the time
elapsed between the deposition of the oldest limestone
and the thin veneer of Plio-Pleistocene deposits close to
the sea floor at Site 465. The sediments which document
the remaining 25 to 30 m.y. therefore offer relatively
short and discontinuous records of the depositional
regime at this site. The major hiatuses span the time
from early Cenomanian to Santonian, from Santonian
to late Campanian (exact time span unknown), and
from late Paleocene to early Pliocene. It is also un-
known whether the oldest sediments overlie nearly pene-
contemporaneous volcanic rocks, or if the volcanic
rocks are much older. If older, how many years elapsed
between the eruptions of the volcanic rocks and the in-
itiation of sedimentation? The highly altered state of the
volcanic rocks suggests that they have been exposed to
weathering for a considerable time.

Naturally, it is impossible to known how much and
what kind of sediments were deposited during the inter-
vals now. represented by hiatuses; however, the dif-
ferences in lithology and the degree of lithification and
diagenesis between Lithologic Units II and I (separated
by the early Cenomanian to Santonian hiatus) suggest
that a thick sedimentary sequence once was laid down at
Site 465 and subsequently was eroded.

Biostratigraphy

Nannofossils and planktonic foraminifers occur
throughout the entire sedimentary column at Site 465,
whereas benthic foraminifers seem to be lacking in the
deepest sediment cores, of Albian age. Rare radiolarians
are restricted to Cretaceous and Pleistocene deposits;
diatoms were not found. The youngest sediment inter-
val above the late Paleocene to early Pliocene hiatus
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Figure 21. Stratigraphic column and major lacunas, Site 465.

comprises Pliocene and lower Pleistocene nannofossil
oozes (upper Pleistocene deposits were not recovered at
Site 465), which are mixed with Eocene and Paleocene
sediments.

The late Albian to late Paleocene part of the column
at Site 465 comprises two of the hiatuses discussed
above, but it also encompasses some uniquely well-pre-
served parts of the stratigraphic column which only
rarely have been sampled in the history of DSDP. An
outstanding accomplishment at Site 465 is the appar-
ently complete recovery of sediments documenting the
transition from Cretaceous to Tertiary. A part of Core
465A-3 more than 100 cm thick, nannofossil ooze with
uniquely well-preserved fossil faunas and floras, be-
longs to the basal Tertiary G. eugubina Zone (Boersma,
this volume).

Although several horizons of extensive dissolution
were observed, and although recrystallization and etch-
ing of calcareous fossils increase down-core, nanno-
fossils from the Lower to Upper Cretaceous sediments
are usually moderately well preserved, allowing a very
detailed biostratigraphic zonation. Radiolarians were
observed only in discrete horizons in Upper Cretaceous
deposits, and most may be redeposited.

It is not possible to construct a reversal stratigraphy
for Hole 465A, because magnetic inclinations in both
the limestones and the trachytes are very low.

Lithostratigraphy

The biostratigraphic framework for Site 465 allows
us to date the deposition of the major lithologic units
(Fig. 20). A site-summary chart (Fig. 22) gives physical
and chemical data. The sedimentary section was de-
posited during four relatively short intervals spread over
more than 100 m.y.; only 25% of this time is actually
represented in the sedimentary column. It is somewhat
surprising, therefore, that the deposits are so remark-
ably uniform. Because of their uniformity, the sedi-
ments were grouped into only two lithologic units.

The older Unit II overlies altered trachyte of the vol-
canic basement (Unit III) and consists of olive-gray
laminated limestone of late Albian to early Cenomanian
age. The limestone consists dominantly of pelagic com-
ponents mixed with a small proportion of clay. Most
calcareous fossils are recrystallized and(or) etched,
whereas radiolarians have been almost entirely replaced
by CaCO3; their silica probably migrated into the chert.
Outstanding features of these limestones (> 130 m
thick) are the relatively high organic-carbon content and
the laminations. Gray, fine-grained limestones occur in
beds throughout this unit, their lower sharp and upper
gradational boundaries with the olive-gray limestones
suggest that they contain displaced material. Clear indi-
cations of current activity, such as truncated ripple
laminations, were observed at several places throughout
this unit, but horizons with graded bedding were ob-
served only in the top and bottom parts. The difference
in composition, degree of compaction, and diagenesis
between Unit II and the overlying Unit I is so striking
that it is assumed that a thick sediment pile, later
eroded, was deposited during early Cenomanian to San-
tonian time.

The thick Santonian to Pleistocene soupy to stiff
nannofossil and foraminifer nannofossil oozes of Unit I
are very homogeneous, but usually moderately to highly
disturbed because chert was a common component in all
cores except the most topmost one. The only macrofos-
sils in the oozes are large Inoceramus fragments in the
upper Campanian to lower Maastrichtian.

Depositional History

The planktonic faunas and floras in Site 465 sedi-
ments have changed in a very specific manner as the site
moved northward from a probable location just south
of the equator under tropical surface-water masses dur-
ing mid-Cretaceous time to its present location under
temperate to subtropical, oligotrophic central North
Pacific surface waters. The Cretaceous and Paleocene
planktonic foraminifers are therefore typical of tropical
surface-water masses, whereas the faunas of the Pleisto-
cene sediments resemble those of Site 310, farther to the
north, except that the Site 465 faunas contain fewer G.
pachyderma.

Besides their tropical planktonic-foraminifer faunas,
the olive-gray Albian to Santonian laminated limestones
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of Unit II display many features characteristic of sedi-
ment deposited in relatively shallow water (a few hun-
dreds of meters), beneath the fertile equatorial-current
regime. Although many of the features can be attributed
to distal turbidite sedimentation, the coincidence of
laminated sediments, high organic-carbon contents
(possibly in part terrigenous), an oxygen-poor deposi-
tional environment as indicated by the benthic foramini-
fers, high concentrations of radiolarians, and high bulk
sedimentation rates seem to indicate very fertile surface-
water masses of the equatorial-current regime. It is in-
teresting to note that the time of the Equator crossing
(applying the model of Lancelot and Larson, 1975) co-
incides with the Cenomanian to Coniacian hiatus, when
southern Hess Rise was a fairly shallow and possibly
large feature, which might have caused significant dis-
turbances of the equatorial-current regime.

Important chemical and physical changes of the sur-
face water during the global crises at the end of the
Mesozoic are indicated by the very small lowermost
Paleocene planktonic-foraminifer faunas and anoma-
lous nannofossil floras. The apparently complete recov-
ery of the Upper Cretaceous and lower Tertiary interval
allows a detailed assessment of changes in the surface
waters and bottom waters (Boersma and Shackleton,
this volume).

Changes in the depositional environment under the
influence of the bottom-water masses are much more
difficult to assess, because it is obvious that the depth of
deposition has changed from a few hundreds of meters
during mid-Cretaceous time to more than 2 km in
modern times. It is therefore difficult to tell whether
changes were caused only by subsidence, or if they were
caused by small changes of the bottom-water hydrog-
raphy. We have no indications that the water depth at
this site was ever greater than it is today, but it probably
was always shallower. The subsidence of the site can be
interpreted through geophysical data and evidence from
the Site 465 samples. The trachytic rocks underlying the
older sediments were extruded either subaerially or in
shallow water. Mollusk fragments and the oldest ben-
thic foraminifers in sediments which overlie cross-lami-
nated ash beds on top of the trachyte indicate a deposi-
tion depth of a few hundreds of meters during Albian
time, then rapid subsidence to lower bathyal depth.

The composition of the benthic-foraminifer faunas
and the laminated nature of Unit II point to oxygen-
poor (mid-water oxygen minimum) conditions close to
the sediment/water interface. However, despite this
fact, Unit II, which was deposited in a few hundreds of
meters of water, also displays sedimentary structures in-

dicating at least some bottom-current activity (graded
beds, ripple marks, clastic limestones with basalt peb-
bles, reworked material, size sorting of radiolarians,
etc.).

At present, it is not clear what hydrographic events
were responsible for the presence of the three important
hiatuses, and for the discontinuous occurrence of re-
worked sediment components (particularly in the upper
Maastrichtian, upper Campanian, and upper Albian to
lower Cenomanian). On the other hand, an apparently
complete sedimentary sequence across the Cretaceous/
Tertiary boundary was recovered.

The site apparently has remained well above the CCD
since mid-Cretaceous time, and the sediment sequence
represents a record of normal pelagic carbonate deposi-
tion. However, despite the relatively shallow water,
horizons of intense dissolution occur at irregular inter-
vals. We do not understand what hydrographic or chem-
ical changes near the benthic boundary layer are able to
drastically change the dissolution rate of calcareous par-
ticles. Although similar observations have been made at
Site 463, and at other DSDP sites, it is unknown
whether these dissolution events are local phenomena,
or if they can be correlated across the entire ocean.
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APPENDIX C
Physical-Property Measurements, Site 465 (Fujii, this volume)
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74
50-100
60-90

110
60-90
60-90
75-78

83
60-90
79-81
60-90
62-65

78
146-150
60-90
50-80

60-90
63-65

89
60-90

144-150
40-60
56-58

105
30-40

125-127
40-80

144-150
40-70
60-70

53
71

60-90
110-112

112
102-104
60-90
40-60

144-150
60-90
60-90
60-90

85
40-70
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30-70
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11-13
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32
33-35
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74-76
49-61
93-100

133-150
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1-3
39-41

104-110
41-52

6-12
5-7

Sub-bottom
Depth

(m)

0-1

1.0-10.5

10.5-20.0

20.0-29.5

29.5-39.0

39.0-48.5

77.0-86.5

58.0-67.5

124.5-134.0

134.0-143.5

143.5-153.0

172.0-181.5

181.5-191.0

191.0-200.5

200.5-210.0
210-219.5

219.5-229.0
229.0-238.5

276.5-286.0
286.0-295.5

295.5-305.0

305.0-314.5

333.5-343.0

343.0-352.5

352.5-362.0

362.0-371.5

Velocity
(km/s)

Vert.

4.40

4.32

3.82

3.73

3.05

2.03

2.64

3.57

Horiz.

1.56

1.58

1.55

1.63

1.56

4.48

4.60

3.95

3.77

3.28

2.15

3.27

3.96
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Density
(g/cm3)

1.66
1.66
1.54
1.50
1.47
1.51
1.55
1.53
1.51
1.50
1.54
1.55
1.56
1.54

1.57
1.52
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1.57
1.57
1.57
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1.65
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2.57
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2.48

2.31
2.29
2.27
1.95

2.04

2.32
2.19
2.05
1.80
2.32
2.49

Porosity

62.3
62.3
69.3
71.9
73.2
70.6
68.7
70.0
71.2
71.9
69.3
68.7
68.1
69.3

67.4
70.6

68.1
67.4
67.4
67.4
66.8
66.8
69.3
69.3
69.3
35.0
70.6
69.3

75.1
75.1
75.1
67.4

62.7
68.1
69.3
71.2

64.9
65.5
64.9
66.8
66.8
66.8
64.9
66.2
66.2
66.2
64.9
64.9

66.8
66.2
64.2
64.2
65.5
66.8
68.1
64.6
66.8
67.4
66.2
63.0
10.7

8.1

9.8

13.0

23.6
24.2 (W)
25.9 (W)
44.7 (W)

39.3

22.6
30.6 (W)
38.7 (W)
53.9 (W)
22.8 (W)
12.6

W.C.
(%)

36.8

35.0

38.5

34.5

33.0

34.5

34.8

32.4
5.02

6.2

6.5

7.9

9.1

19.9

10.2

6.4

Gra\
Porosity

(%)

(144-150)

62.8

58.4

57.2

58.5

59.1

55.9
12.2

14.7

15.5

18.8

21.0

38.5

22.9

15.1

imetric
Density
(g/cm3)

1.67

1.74

1.78

1.74

1.74

1.77
2.48

2.44

2.46

2.43

2.37

1.99

2.31

2.43

G.D.
(g/cm3)

2.76

2.73

2.78

2.74

2.77

2.72
2.68

2.68

2.73

2.76

2.73

2.59

2.68

2.68

Mean
Wet-Bulk
Density
(g/cm3)

2.50

2.51

2.50

2.46

2.34

2.02

2.32

2.46

Impedance
105 g/cm3/s

2.45

2.50

2.39

2.35

2.4S

11.00

10.84

9.55

9.18

7.14

4.10

6.12

8.78

Heat
Cond.
(R•T.)

/ meal \
Vcm s °c) Remarks

2.82 Nannofossil ooze and
foraminifer nannofossil
ooze

3.62

3.54

3.80

3.55

3.35

3.40

Nannofossil ooze and
3.12 foraminifer nannofossil

ooze

4.29

3.65
3.47

3.57

3.60

3.49

Limestone (olive-gray)
5.17 Limestone (olive-gray)

Limestone (olive-gray)
4.77 Limestone (gray, hard)

Limestone (gray, hard)
5.05 Limestone (gray, hard)

4.23 Limestone (gray, soft)

3.67 Limestone (olive-gray,
soft)
Limestone (olive-gray,
soft)
Limestone (olive-gray,
soft)
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SITE 465

Appendix C. (Continued).

Core Section
Interval

(cm)

Hole 465A (Cont.)

35

36

36

37

38

39

40

40

40

41

42

43
44

45

46

1

1

1

:

l

2

1

2

1
1
2

1

1

2

3

1
2

3

2
3

1

4

1

31-33
38-46
52-67
90-101

132-134
135
0-22

76-95
30-37
52-54
70-80

126-134
0-7

16-36
64-70

100-120
105-107
44-58

0-7
141-150

53-60
118-124
24-27
45-53

45-47

72-77

80-87
-85

100

15-21
23-35

35
35-37

91-99
103-109
108-110

24
24-26

134-136
124

120-122
81

83-85
80

77-79
120

117-119

Sub-bottom
Depth
(m)

371.5-381.0

375.5-810.0

381.0-390.5

390.5-400.0

400.0-409.5

409.5-419.0

409.5-419.0

419.0-428.5

428.5-438.0

438.0-447.5
447.5-457.0

457.0-466.5

466.5-476.0

Velocity
(km/s)

Vert.

2.11

(1.88)

2.09

3.85

3.59

3.51

3.43

3.70
3.53

3.70

3.73

3.47

3.69

Horiz.

2.15

(1.99)

2.20

5.15

4.29

4.06

3.58

3.41

3.12
3.98

4.09

4.06

4.07

4.16

Grape

Density
(g/cm3)

2.47
1.91
1.83
1.96

1.81
1.81
1.84
1.94
2.41
2.35
2.36
1.77
2.26
1.85
1.88
1.82
1.87
2.41
2.39
1.91

2.42

2.53

2.17

2.38
2.54

1.98
2.24

(2.31
2.30
2.27
2.18
2.22

2.19
2.29

2.31

2.33

2.20

2.35

Porosity
(%)

14.0 (W)
47.0 (W)
51.9 (W)
43.9

53.1 (W)
53.0 (W)
51.2 (W)
45.7
17.4 (W)
20.8 (W)
20.6 (W)
55.6 (W)
26.2 (W)
51.0 (W)
48.8
52.3 (W)
49.7 (W)
17.6 (W)
18.3 (W)
47.2 (W)

16.7 (W)

10.3

31.6 (W)

18.9 (W)
9.3

43.1(W)*
27.6(W)

23.2)*
29.9
32.0(W)
36.7(W)
34.7

36.0
30.5

29.8

28.5

35.5

27.5

w.c.
(%)

20.5

23.7

23.5

6.1

6.6

11.7

12.6

13.6
8.7

7.1

7.5

9.3

8.7

Gra

Porosity

39.4

43.4

42.8

14.7

15.7

26.3

27.2

29.1
19.7

16.5

17.4

21.1

19.9

vimetric

Density
(g/cm3)

1.97

1.88

1.87

2.45

2.43

2.31

2.20

2.18
2.34

2.40

2.39

2.33

2.35

G.D.
(g/cm3)

2.59

2.53

2.49

2.69

2.69

2.77

2.64

2.66
2.66

2.67

2.67

2.68

2.68

Mean
Wet-Bulk
Density
(g/cm3)

1.97

1.91

1.88

2.49

2.49

2.31

2.21

2.19
2.32

2.36

2.36

2.27

2.35

Impedance
105 g/cmVs

4.16

3.59

3.93

9.59

8.94

8.11

7.58

8.10
8.19

8.73

8.80

7.88

8.67

Heat
Cond.
(R.T.)

/ meal \

Vcm s °C/

5.40

3.71

3.32

4.02

4.76

4.09

3.18

3.43

3.37

3.12

3.24

3.21

Remarks

Limestone (olive-gray)

Limestone (olive-gray)
Limestone (olive gray)
Limestone (gray)

Limestone (olive-gray)

Chert (black)
Limestone
(light olive-gray)
Limestone
(light olive-gray)
Limestone
(light olive-gray)
Limestone (olive gray)
Limestone (olive gray)
Limestone (olive-gray)
black lamination
(Volcanic breccia)

Trachyte
Trachyte
Trachyte

Trachyte
Trachyte
Trachyte

Trachyte
Trachyte
Trachyte
Trachyte
Trachyte

Note: (W) whole core 2 minutes GRAPE; *) Grain density ρ g = 2.70 g/cc is assumed, other basalt: ρ g = 2.85.
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SITE 465

APPENDIX D
Coarse-Fraction (> 62 µm) Components, Site 465

Sample

465-1 ,CC
2.CC
3.CC
4.CC
5.CC

6.CC
7.CC
8.CC
9.CC
10.CC

465A-1.CC
2.CC
3,CC
6.CC
8.CC

9.CC
10.CC
11,CC
12.CC
15.CC

16.CC
17.CC
18.CC
19.CC
20.CC

21,CC
22,CC
23.CC
24.CC
25,CC

27-2, 150
28-1 (liner

scraping)
31-1, 19
32-1, 60

33.CC
.34-1, 142
35.CC
35-1, 61
36-2, 38

37-1, 37
40-1, 2
40-1, 115
40-1, 126
40-2, 65

c
o
cβ
>

u

(X

5J

'5
cβ

o
u.

P
G
G
G
G

G
G
G
P
G

G
G
P
M
M

M
M
M
P
M

M
M
M
M
M

M

M
P
P

P
P

P
P

P
P
P
P
P

P
P

'5
o
c
cβ

"3
$

C
VA
VA
VA
VA

VA
VA
VA

P
VA

VA
VA
R
A

VA

VA
VA
VA
A

VA

VA
A

VA
VA
VA

C

VA
A
A

C
A

C
R

R
A
A
A

VR

A
A

fc
Jt:
c
'g
c β

O

u.

C

OO

2£

c
R-C

R
R

R-C

R-C
R-C

R

R

R
R

R
R

R
R
R
R
R

R
R
R
R
R

R

R
C
R

i>
'2

1cβ

O

03

R
R
R
R
R

R
R
R
C
R

R
R
R

R

R
R
R
R
R

R
R
R
R
R

R

R

R

CΛ

C

.5

"o
-3
cβ

R

A

' c .
m

òoco

P

1
CJ

2
6

p

P
P

P

P

P

P

P

Coarse-Fraction Components

c

I
£
3
"o

P

co
r-fc
00

2
fa
Ë
<L>

-σ
|
x:
«

P
P

R*

P

P

R*
P

P

P

P

c
CJ

on
2

| T ,

o

P

I
2,

P?

R**
R *

R**

-α
µ•

a
in

<

C

i
o
'S
cβo

ö
N

& §

P
P

R
R

R
A

R
R
R

R-C

C
C

c
A
A

V

>,

α,

R

P
P

R

P

P

P

R

R
C
R

.d

o
Pi
i>

co
X)s

P
P

§
3
cβ

5

R
R

P

R
R
R

V

"S
00CJ
I M

oo
00

<

U

P

R
R

C

R-C
R-C

R

C
R

C

c
R-C

R
R

R

R

R

ó.
'£
ë
o

A
C

A
C

A
C
C

VA

R
C
C

CΛ

C
u

£oo
2
fa

U

R

C

R

C
C

R
P
A
C

R
P

C

R-C
C

R

R
C
C

P

R

C

R

P: present
R: rare < 5 %
R-C: rare to

common 5-25%
C: common
C-A: common to abundant

25-50%
A: abundant > 5 0 %
VA: very abundant

> 9 0 %
P: poor
M: moderate
G: good

Comments

?wood fiber (possible contaminant)
*silicified

large benthic forams

small amount of coarse fraction

**wood fiber (possible
contaminant?) and amber flakes
some with striate surface
(uncertain origin)
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SITE 465

Hole

465
465
465
465
465
465
465
465

465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A
465A

Core

1
2
2
3
4
5
6

10

1
3
9

10
10
11
11
12
15
16
17
18
19
20
29
37
38

Section

1
1
4
2
3
3
1
5

1
1
4
1
2
2
4
1
1
2
1
1
2
1
1
1
2

APPENDIX
Grain-Size Analysis

Interval
(cm)

22.0
52.0
52.0
77.0

106.0
75.0

110.0
110.0

30.0
50.0
46.0

120.0
62.0
30.0
30.0

100.0
90.0
37.0

120.0
111.0
103.0
22.0

137.0
104.0
83.0

Sub-bottom
Depth

(m)

0.22
1.52
6.02

12.77
24.06
33.25
40.10
84.10

39.30
58.50

119.96
125.70
126.62
135.80
138.80
144.50
172.90
183.37
192.20
201.61
212.53
219.72
306.37
382.04
392.83

E
, Site 465

Sand
(%)

19.2
18.3
3.4
1.4
5.9
4.0
5.1
9.0

6.0
9.0

14.2
12.1
11.2
0.3
3.4
5.7
1.7
3.8
3.7
0.2
3.7
4.9
1.2

18.7
3.7

Silt
(%)

43.5
36.7
65.4
62.3
52.7
46.4
44.3
29.9

41.6
53.6
34.2
33.5
50.1
37.1
38.7
44.5
42.4
45.3
37.6
37.3
40.9
43.2
35.1
40.6
40.6

Clay
(%)

37.2
45.0
31.2
36.3
41.3
49.6
50.6
61.2

52.4
37.3
51.6
54.4
38.7
62.6
57.9
49.8
55.9
50.9
58.7
62.5
55.4
51.9
63.7
40.8
55.7

Classification

Clayey silt
Silty clay
Clayey silt
Clayey silt
Clayey silt
Silty clay
Silty clay
Silty clay

Silty clay
Clayey silt
Silty clay
Silty clay
Clayey silt
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
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SITE 465 HOLE CORED INTERVAL 0.0 to 1.0 r SITE 4 6 5 H O L E CORE 2 C O R E D I N T E R V A L

AM AG C M RP

LITHOLOGIC DESCRIPTION

10YR 7/1

10YR 7/2

NANNOFOSSIL FORAMINIFER OOZE, highly disturbed to soupy.

Nannofossil foraminifer ooze light gray (10YR 7/1 and 7/2) and

white (10YR 8/2) in color. A layer of gray (10YR 6/1) is between

60 and 76 cm. The Core-Catcher is light brownish gray (10YR 6/2).

SMEAR SLIDE SUMMARY %

1-5 1-38 1-50 CC

Feldspar

RecrystallizedSiO2

Radiolaria

Sponge spicules

Silica and In

SiO2

n Content: 1-26

6.0%
Fe = 0.57%

Carbonate Content: * 130 = 89'

:_ JL .L

= Δ-

a

LITHOLOGIC DESCRIPTION

10YR 7/1
with mottles
of 10YR 8/2

10YR 8/2

of 10YR 7/1

NANNOFOSSIL OOZE AND NANNOFOSSIL FORAMINIFER
OOZE, highly disturbed to soupy, mostly white (10YR 8/1,
10YR 8/2, and lighter than N8).

0-120 cπ

120-150 c

150210 c

210-320 c

320-400 c

400-600 c

600-635 c

635-810 c

B (light gray. 10R7/1)

jssil ooze (N8) with white (N8) porcellanit

»n (10YR 5/3) chert.

SMEAR SLIDE SUMMARY %

2-1-19 1-60 1-120 2-20 2-130 3-30 3-43

—
5

40
55

Tr

3-130

Tr

15

Tr
—

32

68
Tr

Tr
20

5

75

Tr

4-40 4-80

4 10

—
5

15
80

5-45

3

Tr
15

5

80

Tr

6-40

10

Tr
10

2

88

—

CC

Tr

10

—
15

5

80

Radic
Chert

Silica

ilaπa

and 1

SiO2

Fe

Carbonate

ron
=

=

Con

Com

tent:

1-60,4-60

6.0%, 3.0%

0.51%, 0.09%

•1-57 = 91%

2-33=81%

•4-57 - 95%

5-33 = 90%

- 10YR 5/3 (Chert)



SITE 465 HOLE CORE 3 CORED INTERVAL 10.5 to 20.0
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LITHOLOGIC DESCRIPTION

— 10YR 7/2 NANNOFOSSIL OOZE, highly disturbed, mostly stark white

Lighter (lighter than N8). Light gray (10YR 7/2) at top (probable downhole
IhanNβ contamination); light gray (N7) chert chips at 195 and 210 cm.

SMEAR SLIDE SUMMARY

1-5 1-100 4-40

Carbonate unsp 20 10
Foraminifers 8 Tr

Radiolaria Tr

Silica and Iron Content: 2-60

Siθ2 = 15%
Fe = 0.04%

Carbonate Content: 3-66 = 90%

*2-65 - 98%

— I W

SITE 465 HOLE CORE 4 CORED INTERVAL 20.0 to 29.5 r
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LITHOLOGIC DESCRIPTION

— 2.5Y 6/4
NANNOFOSSIL OOZE, highly disturbed, mostly stark white (lighter
than N8). Light yellowish brown (2.5Y 6/4) at the top (probable

down-hole contamination). Light bluish white ooze (5B 8/11 at
Lighter than 260-300 cm. Gray (N6) chips of chert at 300 cm and 480 cm.

SMEAR SLIDE SUMMARY

1-51 2-117 2-75
Clay 3

Pyrite 2

Carbonate unsp. 1 15 5

Foraminifers 6 5 5

Nannofossils 88 80 90

Silica and Iron Content: 3-100

Siθ2 - 1.0%
Fe = 0.16%

— Carbonate Content: 3 59 = 88%
5B 8/1 "3-103 = 97%

-

Lighter than
N8



SITE 465 HOLE CORE 5 CORED INTERVAL 29.5 to 39.0 m

AG

- AG

AGAM B CC

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE, highly disturbed, mostly star!

(lighter than N8) ooze. Dark gray (N3) chert fragmem

255-265 cm and 380 cm and 775-790 cm and Core-Ca

SMEAR SLIDE SUMMARY %

Silica and Iron Conn

Siθ2 -

Carbonate Content:

2-80 4-80

366

1.0%
0.04%

"3-70=96%

3-109=88'

SITE 4 6 5 H O L E C O R E 6 C O R E D I N T E R V A L 39.0 to 4 8 . 5 m

AGAM

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE, highly disturbed, mostly stark white

(lighter than N8); small (2-3 cm), angular fragments of gray (N6

to dark gray (N4) chert scattered from 0-150 cm, and larger

fragments of the same color chert at 180 cm, 275 cm, 340 cm,

500-520 cm, 545 cm, and Core-Catcher.

SMEAR SLIDE SUMMARY %

1-70 3-70

Y-jl•:anic glass
Carbonate unsp.
For*

Nan

Rail

Silic

iminifers

nofossils

iolaria

a and Iron Con

Siθ2 -
Fe =

tent:

Tr
Tr

S

95

Tr

1-100
2.0%
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NTERVAL

Q CC 1

48.5 to 58.0 m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE AND CHERT, stark white (lighter than
N8) nannofossil ooze with fragments of gray (10YR 5/11 and dark
gray (10YR 4/1) chert.

SITE 465 HOLE CORE 8 CORED INTERVAL 58.0 to 67.5 i

_ :

LITHOLOGIC DESCRIPTION

CHERT, chips and pieces of dark gray (10YR 4/1) and gray

white (lighter than NS) NANNOFOSSIL CHALK.

SITE 465 HOLE CORE 9 CORED INTERVAL 67.5 to 77.0 r
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LITHOLOGIC DESCRIPTION

CHERT, several fragments of gray (N6) to light gray <N7) chert.
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77.0 to 86.5 m

Lighter
than N8

- I.W.

Lighter
than N8

Lighter
than N8

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE AND FORAMINIFERA NANNOFOSSIL
OOZE, soupy
are at 25-28 c
the intervals f

0-395 cm
450-600 cm
600-750 cm

mostly stark wh
n,260 cm. Cher
om 150-300 cm.

Nannofossil Ooz
Foramini fer Na
Nannofossil Ooz

SMEAR SLIDE SUMMARY %

Volcanic glass

Carbonate uns

Nannofossils

Silica and Iron

Siθ2 =
Fe =

Carbonate Co

1-70

6
9 3

Content: 5-100
4.0%
0.03%

tent: 5-16 =
'5-106

te (lighte

450-600

rthan
tsare
cm, a

ππofossil Ooze

3-10

—

6

94

90%
= 94%

4-70

3
15
8 2

N8);gray (N6) cherts
scattered throughout
d 720-735 cm.

5-120

Tr

4

9 6
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86.5 to 96.0 m

LITHOLOGIC DESCRIPTION

N 8 NANNOFOSSIL OOZE AND CHERT, soupy, white (N8I ooze.

Numerous small (2-3 cml fragments of very dark gray (N3I, dark

gray (N4), gray (N5 and Nβl, and white (N8I chert scattered

throughout. The Core-Catcher contains numerous chert fragments

ranging in size from 1 mm to 3 cm. Colors are mostly black (N2)

and very dark gray (N3). Fragments are in a soupy matrix of white

SMEAR SLIDE SUMMARY %

1-10 CC-20

Feldspar — Tr

Quartz — Tr

Volcanic glass — 60

Carbonatθ unsp. 65 25
Pyrite — Tr

Foraminifers 10

Nannofossils 20 25

Radiolaria Tr



OO

SITE 465 HOLE A CORE 1 CORED INTERVAL 39.0 to 48.5 m SITE 465 HOLE A

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE

Soupy, white (lighter than N9) ooze. A few small (1-2 r

CHERT fragments are scattered throughout; several largi

( > l cm) fragments are at 145-150 cm. A large piece is £

20-25 cm. Colors of the chert are shades of medium to

light gray (N4-N7), with most medium dark gray (N4|.

soupy nannofossil ooze.

SMEAR SLIDE SUMMARY: ',

Carbonate unspec.

Foraminifers

Nannofossils

Radiolarians

Silica and Iron Conte

S i O 2 =

Fe

Carbonate Content:

1-100

2

2

95

1

>πt:

•1-34

1-55

•i

1-37

2.0%

0.04%

= 97%

= 93%

1-88

4.0%

0.37%

SITE 465 HOLE CORE 2 CORED INTERVAL 48.5 to 58.0 r
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LITHOLOGIC DESCRIPTION

CHERT

2 cm long; medium dark gray (N4) with coatings of

white (N8) porcellanitel?).

CORED INTERVAL 58.0to67.5m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL FORAMINIFERA OOZE with
CHERT and PYRITE

Soupy, white (lighter than N9) ooze with medium
dark gray (N4) fragments of CHERT, up to 2 cm
long at 0-12 cm. Two pieces of very dark gray
(N3) chert are at 808-815 cm. Blebs consisting
mainly of pyrite (SS 3-143) are at 420-442 cm
and are very dark gray |N3). Smearing of the

color gradation from 365 cm (white, N8) to 420

cm (medium light gray, N6); mottles of dark gray

(N3) and light gray (N7) also occur at 455-480

-i white (5B 8/1) t

SMEAR SLIDE SUMMARY %
1-100 3-15 3-143 4-25 CC

20

55

30 40 20 59 75

40 30 — 30 5

Silica and Iron Content: 3-11 3-137 4-14

2.0% 11% 3.0%
0.05% 1.6% 0.07%

. Content: 2-70 = 90°Λ

*3-14 = 9 6 *

'3-90 = 919

4-70 = am



SITE 465 HOLE A CORE 4 CORED INTERVAL 67.5 to 77.0 r SITE 465 HOLE A CORE 7 CORED INTERVAL 96.0to105.5r
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LITHOLOGIC DESCRIPTION

CHERT

A drilling breccia of dark gray (N3) to medium light

gray (N6) chert chips ranging from several mm to 7

(N9) rind of porcellanite.

Site 465A, Core 5. 77.0-86.5 m: No sediment

recovered.

SITE 465 HOLE A CORE 6 CORED I N T E R V A L 86.5 to 96.0 r
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LITHOLOGIC DESCRIPTION

CHERT

Adrillin

(N7) tra

c m ( 7 p

g breccia

πsluceπt

•ns; chips

of medium

chert chips

range in siz

gray (N5)

with white

e from sev

to light gray

(N9) porcel-

ral mm to 5

VOID

AAAAAAA
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LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE

0—10 cm: A drilling breccia containing soupy

white (lighter than N9) ooze with chert fragrr

t o 4 r

aining angular.
CHERT

55—165 cm: A drilling brec

8 cm; their color ranges from very dark gray (N3)

to light gray (N7), with some pinkish gray (7.5YR

7/2). Some chert fragments contain rinds of white

(N9) porcellanite. Some fragments contain remnant

of white NANNOFOSSIL OOZE (as above).

SMEAR SLIDE SUMMARY %

Carbonate unspec.

Nannofossils

SITE 465 HOLE A CORE 8 CORED I N T E R V A L 105.5 t o 115.0 r

LITHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE

A highly disturbed soupy white (lighter than N9)

ooze. Fragments of gray CHERT are scattered

throughout. The largest (about 5 cm) is at 35 cm

and is dark gray (N4). A dark bleb at about 50

cm contains pyrite and chert chips.

SMEAR SLIDE SUMMARY %

1-22 CC-8

Carbonate Content: *1 14 - 97'

to
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SITE 465 HOLE A CORE 9 CORED INTERVAL 115.0 to 124.5 m SITE 465 HOLE A CORE 10 CORED INTERVAL 124.5 to 134.0 m

JTHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE
A highly disturbed soupy white (N9) oozβ. i
small fragments (most several mm) of chert
throughout mixed in with ooze; most are llg
to medium gray (N7-N4). Concentrations c
chert fragments occur at 310-330 cm and ^

cm, 320 cm, and 480 cm.

Carbonate unspec. 10

Silica and Iron Content:

* 3-51 '

4-82

LITHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE

A highly disturbed soupy white (lighter than N9I

ooze. Chert fragments are at approximately 0—47

cm, 105-115 cm, 360-370 cm, and are gray (N6)
to light gray (N7) in color.

SMEAR SLIDE SUMMARY %

Fe
Fo
Na

Sil

Idspa
'ramir

mnof<

icaaπ
SiO2

Fe

Carbon:

lifers
I>ssils

id Iron Cont
=

Ite Content:

1-60
—

25

75

eπt:

' 2 29 •
*3-29 •

3•64•

CC-5
Tr

15
85

2-30

2.0%
0.02?

= 97%

= 97%

• 96%



SITE 465 HOLE A CORE 11 CORED I N T E R V A L 134.0 to 143.5 m

L

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE

A highly disturbed white (lighter than IM9) ooze.

Chert fragments are at 0-20 cm (dark gray, N4).

SMEAR SLIDE SUMMARY %

1-60 3-60 CC-5

Feldspar — — Tr

Nannofossils

Silica and Iron Contei

SiO2

Fe

Carbonate Content:

i t : 2-12

1.0%

0.03'

"2-10

3-60

•4-10

9

S6

- 9 8
= 96

= 97
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153.0 to 162.5 m

LITHOLOGIC DESCRIPTION

CHERT
Fragments of chert (drilling breccia).

The dominant color is medium dark gray (N4) with some

medium gray (N5) and light gray (N7); several pieces

have a white (N9) rind of porcellanite.

An inoceramus fragment, 3 cm long and 9 mm thick

is at 28-31 cm.
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LITHOLOGIC DESCRIPTION

CHERT

Drilling b

mostly in

eccia of small (seve

shades of light gray

of inoceramus seve

ral m
(N6

ralm

m) chert fragments,

+ N7). Several

m long.
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143.5 to 153.0 m

LITHOLOGIC DESCRIPTION

N,9 FORAMINIFER NANNOFOSSIL OOZE and
| NANNOFOSSIL OOZE

A highly disturbed white (N9) ooze.
0-40 cm: Drilling breccia of ooze and chert
fragments, 2 mm to 4 cm, very dark gray (N3) to
light gray (N7).
An odor of H2S was apparent when the core
was opened.

SMEAR SLIDE SUMMARY %
1-80 CC-10

Opaques Tr
Carbonate unspec. 40 50
Foraminifers 10 1
Nannofossils 50 49

Silica and Iron Content: 2-13
SiO2 = 6.8%
Fe = 0.03%

Carbonate Content: "2-10 = 97%
2-72 - 94%
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SITE 465 HOLE A CORE 15 CORED INTERVAL 172.0 to 181.5 r SITE 465 HOLE A CORE 16 CORED INTERVAL 181.5 to 191.0 m

LITHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE
A highly disturbed white (N9) ooze, stiff, but not
firm enough to be called chalk.

Chert is found at 0—22 cm and in the Core-Catcher
There are numerous fragments, most several mm in

(N4-N7).

SMEAR SLIDE SUMMARY %
1-100 2-86 3-50 4-35

Carbonate unspec. — 10 5
Foraminifers 15 10 10 10
Nannofossils 85 90 80 85

Silica and Iron Content: 1-100
SiO2 - 2.0%
Fe - 0.06%

Carbonate Content: "1-106 = 98%
3-20 =93%

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE and FORAMINIFER
NANNOFOSSIL OOZE
Highly to moderately disturbed white (N9) ooze,
stiff, but not firm enough to call chalk. Chert

drilling breccia); and are various shades of
medium to light gray (N4-N7).

SMEAR SLIDE SUMMARY %
175 2-75 3-75 4-75

Carbonate unspec. 15 10 10 5
Foraminifers 5 Tr 10 12
Nannofossils 85 90 80 83

Silica an
SiO2

Fe

Carbona

d Iron Content:

-

te Content:

2-30
2.0%
0.02%

"2-33 =
4-37 =

9
9

SITE 465 HOLE A CORE 17 CORED INTERVAL 191.0 to 200.5 r

LITHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE
A moderately disturbed white (N9) ooze.
A drilling breccia of gray chert chips and o
is at 0 - 4 cm and in the Core-Catcher.

SMEAR SLIDE SUMMARY %

Carbonate unspec.
Foraminifers
Nannofossils
Radiolarians

Silica and Iron Con
SiO2

Fe

Carbonate Content

1-60
8

20
72

—

tent:

2-25
5
5

90
Tr

1-110
30%
0.03%

1-20 =93%
•1-114 = 95%
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SITE 465 HOLE A CORE 18 CORED INTERVAL 200.5 to 210.0 m

1- - I - . -L -

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE and FORAMINIFER
NANNOFOSSIL CHALK
0—12 cm: Drilling breccia containing fragments
of gray chert in ooze
12-150 cm: Intensely deformed, white (N9)

150-190 cm: Moderately deformed foraminife
nannofossil chalk; »ery light gray (N8)

SMEAR SLIDE SUMMARY %
1-75 2-20

Carbonate unspec. 15 8

Silica and Iron
SiO2

Fe

Carbonate Con

Carbon-Carbon
% Carbonat<
% Organic C

Content:

tent:

ate:
j

arbon

1-50
2.0%
0.01!

•1-55
2-4

CC-6
83.3

0.1

SITE 465 HOLE A CORE 19 CORED INTERVAL 210.0 to 219.5 m

=as

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE
A moderately to highly disturbed i
From 0-32 cm is a drilling breccis

SMEAR SLIDE SUMMARY %
1-24 3-20

Carbonate unspec. 15 5

<hite (N9) ooze,
of gray chert chip

Nanno

Silica!
SiO
Fe

Carboi

fossils

md Iron Cont

2

late Content:

76

ent:

87

2-127
2.0%
0.02%

2-92
*2-131

-94%
= 97%

SITE 465 HOLE A CORE 20 CORED INTERVAL 219.5 to 229.0 m

LITHOLOGIC DESCRIPTION

FORAMINIFER NANNOFOSSIL OOZE
Moderately to highly disturbed white (N9) 2
From 0—10 cm is a drilling breccia of gray che

SMEAR SLIDE SUMMARY %
1-95 3-137

Carbonate unspec. 10 15

Nannofossils 65 55

Silica and Iron Content 1-14
4.0%

Carbonate Content:



SITE 465 HOLE A CORE 21 CORED INTERVAL 229.0 to 238.51 SITE 465 HOLE A CORE 23 CORED INTERVAL 248.0 to 257.5 m
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LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE. FORAMINIFER NANNOFOSSIL
CHALK AND CHERT
0—60 cm: Drilling breccia of gray chert chips in ooze
(N9)
420-455 cm: Moderately to highly disturbed white (N9)

455-565 cm: Moderately to highly disturbed chalk.
Most is bluish white (5B 9/1), with one thin bed and
several streaks of light bluish gray (5B 7/1).
465-494 cm: A drilling breccia of chert fragments
and soupy ooze; several large fragments of chert
at the base.

Carbonate unspec. 5 — 40 20
Foraminifers 10 15 10 23
Nannofossils 85 85 50 42

10

Silica and Iron Content:
SiO2

Carbonate Contet "4-71 = 96%
4-75 - 92%

5B7/1

5B9/1

5B7/1
N6, N8,and 5G 8/1

SITE 465 HOLE A CORE 22 CORED INTERVAL 238.5 to 248.01

LITHOLOGIC DESCRIPTION

CHERT
Three larger pieces of chert (up to 6 cm long)
with smaller chips (several mm). All are mediui
dark gray (N3 and N4).
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LITHOLOGIC DESCRIPTION

CHERT and NANNOFOSSIL OOZE
0-2 cm: A dark gray (N3) chert.
2 - 6 cm: White (N9) nannofossil ooze.
6-23 cm: Dark gray to light gray (N3-N6)
chips and pieces of chert.

SMEAR SLIDE SUMMARY %
CC-3

Quartz 10
Opaques Tr
Carbonate unspec. 20
Foraminifers 9
Nannofossils 61
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257.5 to 267.0 m

LITHOLOGIC DESCRIPTION

CHERT
One piece (2.5x6.5 c
chert with a light blu
porcellaπite;the rest

breccia of chert chip

m) of m

sh gray

of the C

,2-4 rr

gray (N5, N6, and N7).

d
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um dark gray

3 7/1) coating
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NTERVAL

» !ö
J

267.0 to 276.5 m

LITHOLOGIC DESCRIPTION

CHERT
One piece of dark gray (N3) chert.



SITE 465 HOLE A CORE 26 CORED INTERVAL 276.5 to 286.0 r

LITHOLOGIC DESCRIPTION

LIMESTONE and NANNOFOSSIL OOZE

Minor amounts of nannofossil ooze, olive gray

(5Y 5/2) at 10 cm and 14-16 cm. Black (N2>

lithology is olive gray <5Y 5/2} with laminations

of slightly lighter and slightly darker colors;

turbidites are common as indicated in sedimentary

structures column; one bed of dark gray (N4)

limestone at 119-125 cm.

SMEAR SLIDE SUMMARY %

1-15 1-80
Feldspar 1 1

Opaques — Tr

Vo

Fe/Mn Nodules 3

Carbonate unspec. 51

Nannofossils

Silica and Iron Cont<

Carbonate Content:

SITE 465 HOLE A CORED INTERVAL 286.0 to 295.5 m

LITHOLOGIC DESCRIPTION

SITE 465 HOLE A CORED I N T E R V A L 295.5 to 305.0 r

5Y5/2
_ SY4/2
— 5Y 5/2

LITHOLOGIC DESCRIPTION

LIMESTONE AND NANNOFOSSIL OOZE

(5Y 4/2 and 6Y 5/2) with beds of black (N2)

fine-grained limestone at 124 cm and 145 cm;

to 176 cm consists of alternating layers of olivi

gray (5Y 4/2 and 5Y 5/2) and dark gray (N4)

(5Y 4/2) nannofossil ooze at 30-39, 52-80, a

130-136 cm. A bed of black (N2) chert with

thinner beds of laminated limestone (5Y 4/2)

"sandwiched" within it at 202-208 cm.

SMEAR SLIDE SUMMARY
1 20

Quartz and Feldspar —

Organic

Pyrite

Zeolite

Carbonate u.

Tr

ispec. 90

%

1-60
—

5
Tr

Tr

15

2-20

2

—

—

—

91

Silica and Iron Content:

SiO2 -
F

2-10 2-19

10% 23%

3.1% 1.1%

Carbon-Carbonate: 1-107 2-9 2-15 2-20

% Carbonate 10.8 80.8 70.0 55.8

% Organic Carbon 1.9 0.5 0.1 0.1

U
af•S

a
> p-ivr i

LIMESTONE

Olive gray (5Y 4/2), dark olive gray (5Y 3/2). light

olive gray (5Y 5/2), and grayish olive (10Y 4/21

streaks (0.5—1 mm) of white specks parallel to

stratification. Thin beds of black (N1) chert at

114-119 cm and 259-266 cm. Nannofossil ooze

is at 277-283 cm; light olive gray (5Y 5/2) in color

Vertical calcite veins are present from 175-183 cm

and 203-230 cm.

SMEAR SLIDE SUMMARY %
1-80 2-65 2-133

Quartz — — 10

Feldspar 2 — 1

Clay — — 5

Opaques — 3

Voles

Zeoli•

1

30

Silica and Iron Coπtt

Carbonate Contei

Organic Carbon: 2-89 = 0.50%



to
σ\ SITE 465 HOLE A CORED INTERVAL 305.0 to 314.5 m

LITHOLOGIC DESCRIPTION

5Y 3/2 to 4/2

andN5 LIMESTONE
Alternating beds of gray (N5) and olive gray (5Y 5/2)

to dark olive gray (5Y 3/2) limestone; olive-colored beds

usually finely laminated; most beds are on the order of

2—5 cm. Nannofossil ooze is at 150—154 cm; olive

gray (5Y 5/2) in color. Beds and nodules of dark gray

(5Y 3/1) and black (N2.5I chert at 124-128, 154, 174,

207-208, and 215-218 cm.

SMEAR SLIDE SUMMARY %
1-45 1-138 2-1

Feldspar 1 Tr Tr

Opaques — Tr —

Volc< c gla

Pyrite
Fe/Mn Nodule•

Zeolites

1

Silica and Iron Content:

Carbonate Content: 1 -93 = 58%

Organic Carbon: 1-93-0.04%

Carbon-Carbonate: 1-110 1-118

% Carbonate 75.8 55.8
% Organic Carbon 0.3 0.4

SITE 465 HOLE A CORE 30 CORED INTERVAL 314.5 to 324.0r

=-C/
P M B

1 S

III

LITHOLOGIC DESCRIPTION

LIMESTONE, CHERT, and NANNOFOSSIL OOZE
An olive gray (5Y 5/2), finely laminated and cross-

laminated limestone at 4 7 - 4 9 cm, 54-56 cm, and 60-63

cm. Olive gray (5Y 5/2) nannofossil ooze is at 18-25 cm.

Black (N2.5) chert is at 0 - 3 cm, 8- 16 cm, 26-45 cm, and

59-61 cm.

SMEAR SLIDE SUMMARY

Clay
Carbonate unspec.

Foraminifers

Nannofossils

1-20

10

2
10

78

Silica and Iron Content:
SiOj
Fe

Carbonate Content:

Organic Carbon:

Carbon-Carbonate:

% Carbonate
% Organic Carbo>n

1-65
—

90
10

—

1-59
7.2•

0.6'

1-71

1-71

1-23
32.5

6.1

a
%

= 90%

= 0.30%

1-58
70.8

1.7

SITE 465 HOLE A CORE 31 CORED INTERVAL 324.0 to 333.5 m

LITHOLOGIC DESCRIPTION

LIMESTONE, CHERT, and NANNOFOSSIL OOZE
Olive gray limestone (5Y 5/2) finely laminated at

0 - 8 cm; medium dark gray (N4) at 2 8 - 3 4 cm with

faint laminae and cross-stratification. Black (N2.5)

chert at 7-12 cm and 25-27 cm. Olive gray (5Y 5/2)

SMEAR SLIDE SUMMARY

Clay

Pyrite

Carbonate uπ!

Foraminifers
Nannofossils

Silica and Irot
SiO2

Fe

ipec.

1 Com
=

1-22

2

3

25

5
65

tent:

%

1-13
2.0%

0.07%

Carbonate Content: 1-15 = 9:

Organic Carbon: 1-15 = 0.36%

Carbon-Carbonate: 1-14

% Carbonate 87.5
% Organic Carbon 0.7

SITE 465 HOLE A CORE 32 CORED INTERVAL 333.5 to 343.0 r

LITHOLOGIC DESCRIPTION

LIMESTONE AND CHERT
Olive gray (5Y 5/2 and 4/2), finely laminated

(<1 mm) limestone alternating with beds of very

dark gray (N3) finely crystalline limestone, massi'

to faintly laminated. Black (N3) chert at 23-27 c

119-120 cm and 137-140 cm.

SMEAR SLIDE SUMMARY 7

1-15 1-35 1-79
Quartz and Feldspar — 5

Clay — 85

Pyrite

Carbona'

10 8
70 92

** clots of finely crystalline carbonate, some of which

Silica and Iron Content: 1-32 1-39 164 1-85
SiO2 = 14% 12% 4% 4%
Fe = 0.76% 0.17% 0.24% 0.29%

Carbonate Content:

Carbon-Carbonate:
% Carbonate
% Organic Carbon

1-32 1-38 1-63 1-84 1-9C

76.6 59.1 90.8 25.0 9O.£
0.2 2.0 0.1 7.1 3.(



SITE 465 HOLE A CORE 33 CORED INTERVAL 343.0 to 352.5 m

LITHOLOGIC DESCRIPTION

5Y4/2

—\5Y 3/2

LIMESTONE and CHERT
Olive gray (5Y 5/2 and 4/2) and dark olive gray
(5Y 3/2), finely laminated (< 1 mm) limestone with
layers of gray <N4) finely crystalline, massive-appearing
limestone at 29-32, 76 and 118 cm. Black (N2) chert
chips at 13—15 cm and 37—38 cm.

* * Brown clots, up to 0.1 r

and Iron Content:
SiO2

Carbon-Carbonate:
% Carbonate
% Organic Carbon

1-21 1-29 (gray, N4)
3 oy 23%
0.14% 1.3%

l 22 1-30 2-20
S8.3 59.1 89.1

SITE 465 HOLE A CORE 35 CORED INTERVAL 362.0 to 371.5 m

SITE

T
IM

E
 -

 
R

O
C

K
U

N
IT

U
p

p
er

 A
lb

ia
n

465

B
IO

S
T

R
A

T
IG

R
A

P
H

IC
Z

O
N

E
IR

. 
a

p
e

n
n

in
ic

a
-P

. 
b

u
xt

o
rf

i 
(F

)
E

. 
w

rr
is

ei
ffe

li 
(N

)

HOLE

FOSS
CHARAC

FO
R

A
M

IN
IF

E
R

S

1
z
z

F-C/
P•M

1 
R

A
D

IO
LA

R
IA

N
S

B

B

A

L
TER

| 
D

IA
TO

M
S

CORE 3 4 CORED I N T E R V A L

S
E

C
T

IO
N

1

2

cc

S

0.5—

1.O-

GRAPHIC
LITHOLOGY

1 ' 1 ' 1 '

§ 1
^ 3

-

1
• i .

352.5 to 362.0 m

LITHOLOGIC DESCRIPTION

5Y5/2
5Y 3/2 LIMESTONE and CHERT
5Y 5/2 Olive gray (5Y 5/2 and 4/2), and dark olive gray
5Y 4/2 (5Y 3/2), finely laminated (< 1 mm) limestone.
5Y3/2 Black (N2) chert at 83, 113-117, and 138-140 cm.
5Y4/2
5Y5/2 Silica and Iron Content: 1-10
5Y4/2 SiO2 - 2.0%

Fe = 0.07%
5Y5/2

— 5Y 4/2 Carbonate Content: 1-15-82%
5Y5/2
5Y 4/2 Carbon-Carbonate: 1-9

% Carbonate 89.1
% Organic Carbon 0.7

C-A/
P-M

LITHOLOGIC DESCRIPTION

5Y 3/2. 4/2, 5/2
LIMESTONE
Olive gray (5Y 5/2 and 4/2) and dark olive
I5Y 3/2) finely laminated (<1 mm) limes
Chert (black, N2) is at 17-19 cm and 40 e

Carbonate Con 1-37 =

Carbon-Carbonate:
% Carbonate
% Organic Carbon

1-10
52.5

4.4

SITE 465 HOLE A CORE 36 CORED INTERVAL 371.5 to 381.0 r

LITHOLOGIC DESCRIPTION

5Y4/2
5Y6/2. N5
5Y 5/2, 3/2

5Y 6/2, N6

5Y3/2

SY 4/2, 3/2

LIMESTONE and CHERT
Olive gray (5Y 5/2 and 4/2), light olive gray (5Y 6/2),
and dark olive gray (5Y 3/2) limestone, with thin beds
of massive-appearing, dark gray (N4 and N5) limestone
at 183-185, 206-207, 212-215, and 320-323 cm.
Black (N2I chert is at 115-118, 178-180,208-209,
and 273-277 cm.

and Iron Conti 262
2.0%
0.15%

Carbon-Carbonate: 2-61 2-64
% Carbonate 84.1 61.6
% Organic Carbon 0.5 0.5

to



-̂
SITE

T
IM

E
 -

 
R

O
C

K
U

N
IT

U
pp

er
 A

lb
ia

n

465

B
IO

S
T

R
A

T
IG

R
A

P
H

IC
Z

O
N

E

it
1

HOLE

FOSS
CHARAC

i

CP

o

2

Z

FP

1

B

A

L
TER

D
IA

TO
M

S

CORE 37 CORED INTERVAL

S
E

C
T

IO
N

1

2

M
E

T
E

R
S

05-\

1.0-

GRAPHIC
LITHOLOGY

* • :

S
E

D
IM

E
N

TA
R

Y

=

381.0 to 390.5 m

LITHOLOGIC DESCRIPTION

5Y 5/2, 4/2

5Y5/2 1 LIMESTONE
Ivlß j Olive gray (5Y 5/2 and 4/2), dark olive gray (5Y 3/2),
5Y 5/2 and light olive gray (5Y 6/2) finely laminated (< 1 mm)

— N 4 limestone. Beds of gray (N4, N5, and N6) massive-
5Y 4/2, 3/2 appearing to faintly laminated limestone at 75-77,

83,89, 110-113, 139-142, and 157-161 cm. Black
5Y3/2 (N2) chert is at 21-23, 65-66, and 132-136 cm.

— Y° ?2 SMEAR SLIDE SUMMARY %
N4 1-70 1-125 2-82

5Y 4/2,3/2 Quartz and Feldspar— 2 Tr

5Y5/2 C l a v 1 0

Pyrite Tr 8
- 5 Y 6 ' 2 Carbonate unspec. 95 85 60

111',! j NaZfoIf" 5 5 10

* * Brown clots of carbonate, probably are

Silica and Iron Content: 1104 1-111
SiO2 - 8.2% 2.0%
Fe - 0.50% 1.0%

Carbon-Carbonate: 1-103 1-112 2-20
% Carbonate 55.0 44.2 91.6
% Organic Carbon 3.5 0.1 7.5

SITE 465 HOLE A CORE 39 CORED INTERVAL 400.0 to 409.5 r

SITE 465 HOLE A CORE 38 CORED INTERVAL 390.5 to 400.0 r

LITHOLOGIC DESCRIPTION

LIMESTONE
Olive gray I5Y 5/2 and 4/2), dark olive gray (5Y 3/2),
and light olive gray (5Y 6/2) finely laminated (< 1 mm
limestone. CHERT: Black (N2) chert at 70 -71 , 133,
216-218, 230-232 and 322-327 cm.

* Light brown
up to 0.06

ilicaand Ir
SiO2

Carbonate Conten

ts of finely crystalline ca
>robably replaced forami

tent: 2-129 2-137
25% 3.0%

1.3% 0.09%

Carbon-Carbonate:
% Carbonate
% Organic Carbon

1-47
90.3

4.3

2-128
90.8

0.4

2-136
61.6

0.2
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LITHOLOGIC DESCRIPTION

5Y5/2
— 5Y 3/2

- 5Y3/2 LIMESTONE
- lyf/l Olive gray (5Y 5/2 and 3/2); finely laminated limestone

5Y 5/2 (< 1 mm) with two thin beds of very dark gray (N3)
" 5Y3/2 limestone at 36 36 cm and 64 65 cm. CHERT: Black

5Y 5/2 (N2) chert at 102-105, 174-176, 186 and 221 cm.

- 5Y.;j'2 SMEAR SLIDE SUMMARY %
5Y5/2 I M
5Y 3/2 Carbonate unspec. 97
! ? ! £ Foraminifers 3

Silica and Iron Content: 1111
SiO2 = 1.0%

5Y5/2 Fe - 0.06%

Carbonate Content: 2-34 - 83%

Organic Carbon: 2-25 - 0.83%

Carbon-Carbonate: 1-111 1-121
% Carbonate 68.3 90.8
% Organic Carbon 2.4 3.4

SITE 465 HOLE A CORE 40 CORED INTERVAL 409.5 to 419.0 r

LITHOLOGIC DESCRIPTION

5Y5/2
and
5Y4/2

i,Y h/2
5Y3/2

_ 5Y 4/2 & 3/2
5Y 4/2

LIMESTONE, VOLCANIC ASH, and TRACHYTE
0-107 cm: Olive gray (6Y 4/2 and 5/2) limestone
finely laminated (< 1 mm); CHERT: black (N2) at
24-27 and 71-72 cm.
107—141 cm: Limestone whose dominant colors are
olive gray (5Y 5/2 and 4/2) and dark olive gray (5Y 3/2)
and black (N2); massive to laminated; abundant pyrite,

143-215 cm: Gray (N4 to N7) massive to laminated
volcanic ash; abundant pyrite; a bed of clastic dolomite
with veins of dolomite is at 166-184 cm (white, N8;
gray, N4-N7; very dark olive, 5Y 3/2; and reddish
yellow, 7.5YR 8/4); organic-rich layers and dolomite,
143-148 cm.
215-285 cm: Trachyte.

— Tr
3 rhombs —

ca and Ire
SiO2

Carbona
Foramin
Naππofo

Pyrite

in Content 1-01 1-29 1-44 1-73 1-104 1-111

5.0% 5.5% 3.0% 7.8% 11% 2.0%

0.31% 0.27% 0.35% 0.48% 0.53% 0.72%

SiO2

Fe

Carbonate Content:

Carbon-Carbonate:

% Carbonate

% Organic Carbon

1-113
8.8%

0.55%

1-108

1-111

81.6

0.2

1-139 2-1
46% 53%

1.2% 4.4%

= 81%

2-32
14%

17%

2-56

2.0



62-465A-40 Depth: 409.5 to 419.0 m

SECTION 2: VOLCANIC (TRACHYTE) BRECCIA, medium
bluish gray (5B5/1)

Pieces 1-5 are fine-grained with visible plagioclase laths under the
binocular microscope. Highly altered; possible to mark with the
fingernail. Pyrite and calcite coatings on boundries. In Piece 4
a vein is dark red to white and may contain barite in addition to
calcite and pyritu.

Pieces 6-9 are larger and obviously brecciated. The volcanic rock is

plagioclase microphenocrysts. This volcanic rock is not so badly alterec
The veins are filled with calcite and a green mineral. The volcanic rock
contains fairly abundant pyrite in places. The volcanic rock pieces are
angular to subrounded.

SECTION 3: VOLCANIC (TRACHYTE) BRECCIA

the individual clasts varies from very fine-grained to medium-grained.
Thθ coarser grained clasts contain plagioclase laths that arε visible
under the binocular microscope. The clasts range in color from
gray (N5) to medium bluish gray (5B 5/1). Many of the clasts

interface. Flow layering, exemplified by alignment of feldspar crystals,

plagioclase. No holohyaline clasts were seen; some highly altered clasts
were found, however, that may represent altered glass.

TS (40-3, 31 cm): Hyalopilitic to pilotaxitic trachyte from the flow

mm in size, and 8% plagioclase phenocrysts, 0.25-0.75 mm in size.
The groundmass contains 15.4% plagioclase, dominantly microlites,
3.0% magnetite and ilmenite and 73.4% glass which is replaced by
clay. Alteration of the original trachyte to clays is extensive.

62-465A-41 Depth: 419.0 to 428.5 m

SECTION 1: TRACHYTE/VOLCANIC BRECCIA

Piece 1: Rubble of volcanic breccia. Clasts of varying grain sizes in a
calcite matrix. A smear slide of a light colored (light bluish gray,
5B 7/1) clast contained devitrified glass and feldspar crystals. The
clast is presumed to be an altered glass fragment; no crystals are large
enough to be seen even with the binocular microscope.

Pieces 2-5: Very fine-grained trachyte containing rare plagioclase
microphenocrysts; patches of altered glass are common. Thin coat-
ings of pyrite, with or without calcite, occur on several pieces. Color
is a fairly uniform light bluish gray (5B 7/1).

Piece 6: Consists of a rubble of small pieces of trachyte, some brec-
ciated and containing calcite and pyrite veins.

Pieces 7A-C: Breccia containing highly angular trachyte fragments
in a matrix of calcite. The trachyte is badly altered. Plagioclase
crystals, some apparently flow aligned, may be seen with the binoc-

varies from gray (N5) to medium bluish gray (5B 5/1), except one
clast which is about pinkish gray (5YR 8/1) and banded. Several
pieces show layering, probably flowage induced.

Pieces 8—11: Similar to above except that brecciatioπ appears to have
occurred in situ. Pieces are very angular and appear to fit together
across the calcite veins. Piece 9 shows flow layering that has been
folded. A green alteration mineral is abundant; it is either an alter-
ation product of glass, or a vesicle filling.

TS (41-1, 30 cm): Hyalopilitic trachyte containing 8.0% plagioclase
phenocrysts, 0.05-0.2 mm in size. The larger crystals are zoned. The
groundmass contains 12.3% plagioclase microlites and 1.2% magnetite.
jlass altered to clays makes up about 76.5%. Rare carbonate veins (0.2%)
ire present. Irregularly shaped vesicles filled with clay cover about 1.8%
>f the surface.
TS 141-1, 75 cm): Hyalopilitic trachyte from a breccia clast containing
3.2% phenocrysts of plagioclase laths 0.1 — 1.0 mm in size, some of
/vhich are zoned. The groundmass contains 26.8% plagioclase micro-
ites, 1.2% magnetite, and 65.7% glass which has been altered to clay.

SECTION 2: TRACHYTE

Altered trachyte , gray (N5-N7), that has been highly fractured;
fractures now filled with calcite occasionally with a bright green,
unidentified mineral. In contrast to the upper part of Section 1,
transportation of brecciated clasts does not appear to have occurred,
with the possible exception of Piece 6 in which calcite accounts for
about one-half of the specimen. Brecciation is most intense in the
upper 30 cm of the section.

Texturally, Piece 2 is fine- to medium-grained with visible plagioclase
laths and phenocrysts of plagioclase and pseudomophed olivine (?).
Grain size appears to decrease downward to at least Piece 14. Piece
15 is highly vesicular; Pieces 16 and 17 are also vesicular, but contain
fewer vesicles than Piece 15.

Alteration is pervasive and the rock can easily be scratched with a
spatula. A green material is ubiquitous, occuring as patches through-
out the trachyte. It is probably a replacement product of either

Layering is present in Pieces 12 and 13 and possibly in Piece 2. The
layering is presumed due to flowage. Layering in Piece 12 is folded.

TS (41-2,19 cm): A trachyte from a flow interior with microphenocrysts
of plagioclase. Magnetite and ilmenite are present in greater that 1%abun
dance. Calcite is present in veins and glass has been altered to clays.

TS (41-2, 82 and 137 cm): A hyalopititic trachyte from next to a
glassy margin. It contains both phenocrysts and microphenocrysts
oi plagioclase with some partly fresh plagioclase in the groundmass.
Magnetite and ilmenite are present in greater than 1% abundance.
Clays are abundant dominantly as altered glass.

SECTION 3: TRACHYTE, gray (N6)

Piece 1: Vesicular trachyte; number of vesicles appears to continue
trend noted at bottom of Section 2. Grain size is small.

Piece 2: Top of Piece 2C vesicular. Pieces 2B and 2C non-vesicular.
Number of open vesicles decreases from Piece 1 downward and
grain size increases to Piece 2C.

Gram size approximately constant from Piece 2C through 3B, then
decreases to Piece 4C. Piece 5 is fine-grained and vesicular. Grain
size increases from Piece 5 downward to bottom of core.

Degree of fracturing is reduced from top of core (see Sections 1 and 2),
but some fracturing is still present. Calcite fills virtually all of the
fractures. Fracturing is most intense in Piece 3C.

Pyrite is very sparse in this section. A dark green material is abundant
throughout the trachyte. It appears to be either replacing glass or
filling vesicles.
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62-465A-42 Depth 428.5 to 438.0 m

SECTION 1: TRACHYTE/BRECCIA

Pieces 1—3: Breccia containing very angular fragments of trachyte
that range in texture from fine-grained vesicular trachyte and

feldspars. The matrix is mostly calcite; an unidentified light-green
mineral, commonly occurring as crystals, is observed in the open
vugs between clasts. Several clasts are surrounded by pyrite. One
clast in Piece 3C is very different in appearance from the other
trachyte (olive gray, 5Y 4/1) and may represent a differentiate.

exhibits an interface of breccia with vesicular trachyte. The
vesicular trachyte is aphyric aphanitic.

Pieces 5—8: Aphyric aphanitic vesicular trachyte, gray (N6). Veins
of calcite occur in Pieces 5A, 5B, 6A-6F, and rubble in bag
(No. 7). Sparse pyrite dessimated throughout this interval.

TS (42-1, 127 cm): A hyalopilitic vesicular trachyte with 3.8%
plagioclase phenocrysts 0.06-0.4 mm in size. The groundmass
contains 0.7% magnetite and 27.5% plagioclase. Glass altered

and some are filled with calcite, 2.4%.

SECTION 2: TRACHYTE, light gray (N7)

Very fine-grained aphyric trachyte with many vesicules. Veins are
filled with calcite, Vesicule size is generally »1 mm but range up
to 1 cm and range from unaligned to fairly well aligned. Des-
siminated sulfides occur throughout. Vesicle fillings are generally
a rim of smectite? and a central filling of calcite.

Piece 5: Slightly larger plagioclase microphenocrysts.
Pieces 11 and 13: Slightly larger plagioclase microphenocrysts.

TS (42-2, 90 cm): A flow-aligned trachyte from next to a glassy margin
which contains phenocrysts and microphenocrysts of plagioclase. The
groundmass contains plagioclase which in part appears fresh, rare mag-
netite and ilmenite, and glass which has been altered to clay.

SECTION 3: VESICULAR TRACHYTE, light gray (N7)

Very fine-grained aphyric vesicular trachyte, badly altered. Most

Veins are filled with calcite.

poorly aligned to flattened elliptical, and well aligned.
Sulfides are dessiminated throughout the trachyte, but occurs in

In Pieces 9-11 the vesilces are filled; lined with smectite? and
the center filled with other material.

Flow unit, Pieces 6-9.
Flow unit. Pieces 9-15.

TS (42-3, 84 cml: A flow-aligned trachyte from next to a glassy margin
which contains microphenocrysts of plagioclase. The groundmass con-
tains plagioclase which in part appears fresh, rare magnetie and ilmenite,
and glass which has been altered to clay.
SECTION 4: TRACHYTE, gray (N5)
Altered trachyte, very fine-grained. Two pieces contain a few small

vesicles

62-465A-43 Depth 438.0 to 447.5 m

SECTION 1: VESICULAR TRACHYTE, light gray (N7)

Fine-grained highly altered vesicular trachyte. Small parallel to
subparallel plagioclase microphenocrysts throughout. Finely
disseminated pyrite in small amounts, concentrations in veins.

Flow unit. Pieces 1—5; with Pieces 2, 3, and 4 slightly coarser
grained and 1 and 5 finer grained and more vesicular.

Flow unit. Pieces 6-9.
Flow unit. Pieces 9-13.
Flow unit. Pieces 13-16.
Flow unit. Pieces 16-19.
Flow unit. Pieces 19-21.

Vesicle size ranges up to about one-half cm, but is generally about

TS (43-2, 69 cm): A trachyte which contains microphenocrysts of plagi
clase. The groundmass contains flow-aligned plagioclase which is mostly
fresh, rare magnetite and iimenite, and glass which has been alter to clay

TS (43-1, 91 cm): A hyalopilitic trachyte from next to a glassy
margin which contains phenocrysts and microphenocrysts of plagio-
clase. The groundmass contains partly fresh plagioclase, over 2%
magnetite and ilmenite, and glass which has been altered to clay.
TS (43-1, 105 cm): A hyalopilitic trachyte from next to a glassy
margin containing phenocrysts and microphenocrysts of plagioclase.

netite and ilmenite, and glass altered to clay.
SECTION 2: VESICULAR TRACHYTE, light gray (N7)
Very fine-grained highly altered vesicular trachyte. Vesicle size

ranges up to one-half cm but is generally near 1 mm or less.
Flow unit. Pieces 1-4C.
Pieces 5-7 all very vesicular and fine-grained with only small plagio-

Flow unit. Pieces 7-10.
Flow unit, Pieces 10-14.
Disseminated pyrite in small amounts throughout. Less in Core

43 than in Core 42.
Filled vesicles with smectite? linings and central calcite fillings in

Pieces 1,2, 8, and 9.

TS (43-2, 65 cm): A hyalopilitic trachyte with microphenocrysts
of plagioclase. The groundmass contains partly fresh plagioclase,
rare magnetite and ilmenite and glass altered to clay.
TS (43-2, 107 cm): A vesicular hyalopilitic-pilotaxitic trachyte
contains 4.1% plagioclase laths, 0.08-0.5 mm size. The groundmass
contains plagioclase microlites 31.1%, magnetite, 1.0%, and glass
altered to clay, 61.1%. Vesicles cover 2.5% of the surface.



62-465A-44 Depth 447.5 to 457.5 m

SECTION 1: VESICULAR TRACHYTE, light gray (N7)
Fine-grained highly altered trachyte with plagioclase microphenocrysts.

Vesicular throughout with vesicles ranging from > 1 mm in general

Some very finely disseminated pyrite,
Flow unit, Pieces 1-8B
Flow unit, Piece 8B-13B.
Flow unit. Pieces 13B-16B.

TS (44-1, 78 cm}: Trachyte with both phenocrysts and microphenocrysts
of plagioclase. The groundmass contains rather fresh plagioclase, rare
magnetite and ilmenite, and glass altered to clay.
SECTION 2: VESICULAR TRACHYTE, light gray (N7)
Fine-grained highly altered trachyte with plagioclase microphenocrysts.

Vesicles range from generaly >\ mm to one-half cm in size.
Finely disseminated pyrite in very small amounts.
Flow unit, Piece 1-3A.
Flow unit, Piece 3B-7C.
Flow unit. Piece 7C -9B?
Fine-grained and vesicular from 9A on through the remainder of core —

Piece 16.
TS (44-2, 37 cm): A hyalopilitic trachyte with microphenocrysts of
plagioclase. The groundmass contains partly fresh plagioclase, rare
magnetite and ilmenite and glass altered to clay.
SECTION 3: VESICULAR TRACHYTE, gray (N6)
Altered aphyric vesicular trachyte. Veins filled with calcite are common,
alteration of trachte present around veins Some vesicles are flattened
perpendicular to axial direction of core. Finely disseminated pyrite
occurs throughout section.
Pieces 6A and 6B show a very faint reddish color.



62465A-45 Depth 457.0 to 466.5 m

SECTION 1: VESICULAR TRACHYTE, gray (N6)
Altered aphyric aphanitic vesicular trachyte. Degree of vesiculation

variable; Pieces 4A—ß contain fewer vesicles than Pieces above

pieces. Several pieces contain fractures filled with calcite; alteration

throughout the trachyte. Pieces 6, 7A-B, 9, 10, 11, and 12A have
a faint reddish tint, especially surrounding some of the larger vei-

TS (45-1, 99 cm): A hyalopilitic trachyte with microphenocrysts of
plagioclase. The grouπdmass contains partly fresh plagioclase, rare
magnetite and itmenite, and glass altered to clay. Some carbonate
formed from plagioclase is present.

TS (45-1, 123 cm): A pilotaxitic trachyte with phenocrysts and micro-
phenocrysts of plagioclase. The ground mass contains mostly fresh
plagioclase, greater than 2% magnetite and ilmenite, and glass altered
to clay.

SECTION 2: VESICULAR TRACHYTE,,gray (N6)

Altered aphyric aphanitic trachyte. Vesicles commonly flattened

perpendicular to axis of core. Calcite veins common. Number and

size of vesicles decreases in bottom of Piece 3. Pieces 4-7 contain

more than bottom of 3, but less than 1, 2 and top of 3. Vesicle

size then increases from Piece 8 to bottom of section. Piece 17.

Pieces 3, 9, 10, 11, 14A-D, and 15A-B have a faint reddish tint.

TS (45-2, 6 cm): A hyalopilitic trachyte with microphenocrysts of

plagioclase. The groundmass contains partly fresh plagioclase, over

2% magnetite and ilmenite, and glass altered to clay. Some large crystals

of carbonate are present as an alteration product.

TS (45-2, 114 cm): A hyalopilitic trachyte with phenocrysts and micro-

phenocrysts of plagioclase. The groundmass contains mostly fresh

plagioclase, rare magnetite and ilmenite, and glass altered to clays.

SECTION 3: VESICULAR TRACHYTE, light gray (N7)

fresh piagioclase microphenocrysts. The olivine has been pseudo-
morphed by a bright green soft mineral, but has maintained good
euhedral outlines. Portions of the cut surface have a reddish cast.
Small amounts of pyrite are scattered throughout.

Flow unit. Pieces 8-18C continued.
Pieces 1-7 all fine-grained and highly vesicular.

SECTION 4: VESICULAR TRACHYTE, light gray (N7)
Fine- to medium-grained highly altered trachyte with varying amounts

cm. Abundant plagioclase microphenocrysts and a few euhedral,
bright green, olivine (?) pseudomorphs are observed. Pyrite veins are
disseminated throughout the core.

Flow unit, continued Piece 1-4.
Flow unit. Pieces 5-11C.
Flow unit. Pieces 11C-16.

TS (45-4, 31 cm): A pilotaxitic trachyte with phenocrysts and micro-
phenocrysts of plagioclase. The groundmass contains partly fresh
plagioclase, over 2% magnetite and ilmenite, and glass altered to clays.

SECTION 5: VESICULAR TRACHYTE, light gray (N7)

Fine-grained highly altered vesicular trachyte with plagioclase micro-

phenocrysts.



62-465A-46 Depth 466.5 to 476.0 m

SECTION 1: VESICULAR TRACHYTE, light gray (N7)

Fine-grained highly vesicular trachyte that is badly altered to smectite.
Fine plagioclase microphenocrysts throughout and occasional bright
green olivine (?) pseudomorphs. Pieces 6E, 6F, and 6G have abundant
bright green patches, perhaps olivine pseudomorphs in part. In Piece
9B similar green patches are partly olivine pseudomorphs and
partly vesicle fillings.

Finely disseminated pyrite occurs throughout.
Vesicle size generally is >1 mm but ranges up to one-half cm as in

TS (46-1, 37 cm): A trachyte with flow-aligned phenocrysts and micro-
phenocrysts of plagioclase. The groundmass contains partly fresh
plagioclase, rare magnetite and ilmenite and glass altered to clays.

SECTION 2: TRACHYTE, light gray (N7)

Fine-grained badly altered trachyte with plagioclase microphenocrysts
and occasional olivine pseudomorphs. Finely disseminated pyrite

Pieces 1-4 have the vesicles mostly filled with green or white material.
Flow unit. Pieces 4B-7.
Pieces 9-12 medium grained and vesicular.
Pieces 4C-12 are unfilled vesicles.

SECTION 3: VESICULAR TRACHYTE, light gray (N7)

Medium-grained vesicular trachyte with plagioclase microphenocrysts.
Highly altered throughout.

Vesicles are filled in Pieces 6, 8, 9A, and 10.
Vesicle size still the same, generally >1 mm but up to one-half cm.
Piece 7 is fine-grained.

TS (46-3, 16 cm): A hyalopilitic trachyte with phenocrysts and micro-
phenocrysts of plagioclase. The groundmass contains partly fresh
plagioclase, rare magnetite and ilmenite, and glass altered to clay.
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1—150
30-1 31-1
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SITE 465

465A-32
_3

Density (gem )

1.3

~ GRAPE
Q 2min.GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

G 2min. GRAPE
Φ Syringe

33.3

Compressional Wave
Velocity (km/sec)

1.8

M

- 1

t> Horiz. Sonic Vel.
+ Vert. Sonic Vel.
• • Undiff. Sonic Vel.

2.8

-a>Q×

r—0 cm

- 2 5

465A-33
-3Density (g cm )

1.3

~ GRAPE
Q 2min.GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

G 2 min. GRAPE
Φ Syringe

33.3

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + ^‰To° .V β '; .—•-Undiff. Sonic Vel.
1.8 2.8

M

— 50

—75

G B

-1
Q Q

-2

θ

—100

—125

1—150
32-1 33-1 33-2
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SITE 465

465A-34

3
Density (g cm )

1.3

~ GRAPE
Q 2min.GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

O 2min. GRAPE
Φ Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.
Velocity (km/sec) + v , e r t So™ V e L

—*• Undiff. Sonic Vel.
1.8 2.8

r-Ocm

- 2 5
M

- 1

G Q

Q

- 2
G — 50

465A-35

Density (g cm* )

1.6

~ GRAPE
Q 2min.GRAPE
X Syringe

2.6

Water Content (wt%)

73.3

O 2 min. GRAPE
0 Syringe

33.3

Compressional Wave l> Horiz. Sonic Vel.

Velocity (km/sec) + y,erJ- f ° " i c V e ' ;
—^Undiff. Sonic Vel

2.3 3.3

M

- 1

—75

—100

—125

1—150
34-1 34-2 35-1
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SITE 465

465A-36
3

Density (g cm )

.9

~ GRAPE
Q 2 min. GRAPE
X Syringe

1.9

Water Content (wt%)

86.6

G 2 min. GRAPE
Φ Syringe

46.6

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + y,er!. f ° " i c V e ' ; ,
—*-Undiff. Sonic Vel.

1.3

M

- 1

- 2

2.3

G a

G Q

HE> G
G G

G

r—0 cm

- 2 5

—50

465A-37
-3

Density (gem )

1.1

~ GRAPE
Q 2 min. GRAPE
X Syringe

2.1

Water Content (wt%)

73.3

G 2 min. GRAPE
0 Syringe

33.3

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + Y?T*:J*°™C V β.' '
-*- Undiff. Sonic Vel.

1.7 2.7
M

G

G

- 1

G

θ

—75

—100

- 2
G

—125

•—150
36-1 36-2 36-3 37-1 37-2
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SITE 465

465A-38
o

Density (g cm )

1.3

~ GRAPE
Q 2min.GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

Q 2min. GRAPE
Φ Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.

Velocity (km/sec)

1.8
Undiff. Sonic Vel.
2.8

r—0 cm

—25
M

Q

- 1

θ Q

- 2

Q Q

- 5 0

465A-39

Density (g cm" )

1.3

~ GRAPE
Q 2min. GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

G 2min. GRAPE
Φ Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.

Velocity (km/sec) + Yri:*™10 V e L

-*• Undiff. Sonic Vel.
3.5 4.5

M

G Q

- 1
Q Q

- 2

G G

- 3 -

—75

—100

-125

»—150
38-1 38-2 38-3 39-1 39-2
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SITE 465

465A-40

Density (g cm" )

1.3

~ GRAPE
Q 2min. GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

G 2min. GRAPE
0 Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.

Velocity (km/sec)

3.0
—^Undiff. Sonic Vel.

4.0

M

Q

r—0 cm

—25

- 1

Q
G D

- 2

- 3

-H>

- 4

465A-41

-3
Density (g cm )

1.3

~ GRAPE
Q 2min. GRAPE
X Syringe

2.3

Water Content (wt%)

73.3

O 2 min. GRAPE
0 Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.

Velocity (km/sec) + X ":J°!? lc V β ' ;
—^Undiff. Sonic Vel

1.8 2.8
i i i i__

M

- 1
G Q

- 2

2

<SW-

- 3

— 50

—75

—100

—•125

— 1 5 0
40-1 40-2 40-3 41-1 41-2 41-3
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SITE 465

465A-42

Density (g cm' )

1.6

~ GRAPE
Q 2min.GRAPE
X Syringe

2.6

Water Content (wt%)

73.3

G 2min. GRAPE
0 Syringe

33.3

Compressional Wave

Velocity (km/sec)

2.3

t> Horiz. Sonic Vel.
+ Vert. Sonic Vel.
-^Undif f . Sonic Vel.

3.3

M

- 1

- 2

- 3

G +

- 4

465A-43

Density (g cm" )

1.6

~ GRAPE
Q 2 min. GRAPE
X Syringe

2.6

Water Content (wt%)

73.3

G 2 min. GRAPE
Φ Syringe

33.3

Compressional Wave t> Horiz. Sonic Vel.

Velocity (km/tec) + V e r t • S o n i c V e L

2.3
Undiff. Sonic Vel.
3.3

M

- 1

- 2

Θ +
1-3

—0 cm

—25

— 50

—75

—125

—150

-100 *

42-1 42-2 42-3 42-4 43-1 43-2
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SITE 465

465A-44
3

Density (g cm )

1.6

~ GRAPE
Q 2 min. GRAPE
X Syringe

2.6*

Water Content (wt%) G 2 m i n GRAPE
0 Syringe

73.3 33.3

M

- 1

- 2

- 3

- 4

- 5

- 6

- 7

- 8

- 9

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + Y^!: *°" i c V β ' ;

2.3
Undiff. Sonic Vel
3.3

a Θ
×

—Ocm 2?-/

—25

— 50

—75

+ t>

—100

—125

—150
44-1 44-2
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SITE 465

465A-45

Density (gem )

1.6

~ GRAPE
Q 2min.GRAPE
X Syringe

2.6

Water Content (wt%)

73.3

Q 2min. GRAPE
0 Syringe

33.3

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + V e r t S o n i c V e L

2.3
-^Undif f . Sonic Vel.

3.3

M

QXθ +

r—0 cm

— 2 5

- 1

- 2

- 3

- 4

- 5

— 50

•75

Q Θ +

465A-46
.3

Density (g cm )

1.6

~ GRAPE
Q 2min. GRAPE
X Syringe

2.6

Water Content (wt%) G 2 m i n • GRAPE
Λ Syringe

73.3 33.3

Compressional Wave > Horiz. Sonic Vel.

Velocity (km/sec) + Xβ J i ^ 0 V β'; ,
-*-Undiff. Sonic Vel.

2.3 3.3

M

- 1

'100

^―125

a Θ +

JL150
45-1 45-2 45-3 45-4 45-5 46-1 46-2 46-3
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