3. SITE 448: PALAU-KYUSHU RIDGE

Shipboard Scientific Party!

HOLES 448, 448A

Date occupied: 13 February 1978

Date departed: 26 February 1978

Time on hole (hrs): 99 (Hole 448); 203.5 (Hole 448A)
Position: 16°20.46°'N; 134°52.45'E

Water depth (sea level; corrected m, echo-sounding): 3483
Water depth (rig floor; corrected m, echo-sounding): 3493
Penetration (m): 584.5 (Hole 448); 914 (Hole 448A)

Number of cores: 65 (Hole 448); 66 (Hole 448A)

Total length of cored section (m): 583 (Hole 448); 467.5 (Hole 448A)
Total core recovered (m): 234 (Hole 448); 214.7 (Hole 448A)
Core recovery (%): 40 (Hole 448); 46 (Hole 448A)

Oldest sediment cored:
Depth sub-bottom (m): 456 (Hole 448); 802.2 (Hole 448A)
Nature: Volcaniclastic breccia (Hole 448); laminated fine vitric
tuff (Hole 448A)
Age: Middle Oligocene—NP 23 (Hole 448); Middle Oligocene—
NP 23 (Hole 448A)
Measured velocity (km/s): 2.0-2.9 (Hole 448); 2.1 (Hole 448A)

Basement: Oceanic basement was not reached in either hole. But arc
basement, defined by the first arc-type lavas encountered, was
reached.

Basalt flows with interbedded volcaniclastics were first drilled
at 319.5 meters sub-bottom in Hole 448; measured velocity
range was 3.3-4.3 km/s.

Basalt flows with interbedded volcaniclastics were first reached
at 291 meters sub-bottom in Hole 448A; measured veloc-
ity—4.3 km/s.

Principal results: Site 448 is located on the western edge of the Palau-
Kyushu Ridge. Two holes, 448 and 448A, were drilled at the site.
The former was terminated at 583 meters sub-bottom because no
core was recovered in the bottom 28.5 meters drilled. Hole 448A
was terminated at 914 meters sub-bottom, despite good drilling
conditions, because of scheduling commitments for the balance of
the Leg. Except for several cored intervals missed in Hole 448,
Hole 448A was washed to 527 meters, just above the depth at
which the last core was recovered in the first hole. Hole 448 was
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tied stratigraphically both by paleontologic and lithologic hori-
zons; Hole 448A encountered equivalent horizons approximately
19 meters above those in the former hole. Also, the decrease in the
drilling rate at the first basalt encountered in each hole was used
for correlation.

The combined sequence of units penetrated in the two sections,
from top to bottom, is as follows: Unit 1, 107.5 meters of pale-
brown nannofossil ooze deposited from the middle Miocene to late
Oligocene; Unit 2, 64 meters of gray to grayish brown, mottled nan-
nofossil chalk of the upper Oligocene; Unit 3, 14 meters of olive-
gray interbedded chalk and tuff deposited from the middle to late
Oligocene; Unit 4, 95 meters of greenish gray tuffs and lithic tuffs
deposited in the middle Oligocene; Unit 5, 39 meters of interbedded
pale-yellow to white nannofossil chalk and brown to gray fine vit-
ric and vitric tuff deposited in the middle Oligocene; below Unit 5
lie 17 to 20 units of basalt flows interbedded with 20 units of
volcaniclastic sediments, and 7 to 10 dikes and sills. The basalts
range from aphyric to plagioclase-clinopyroxene-orthopyroxene-
pigeonite-olivine phyric; two of them contain cognate breccias.
Volcaniclastic sediments range from coarse, unsorted, unoriented
breccias through tuffaceous breccias, tuffs, and fine tuffs with
either yellowish brown or dark-green colors prevailing. Clasts in
the breccias are predominantly tholeiitic basalts but rare
andesitic(?) extrusive and dioritic intrusive clasts are also present.
Native copper veinlets are found throughout much of the breccias.
Three breccias adjacent to dikes were hydrothermally altered at
moderate temperatures and contain disseminated pyrite and
chalcopyrite(?) rather than native copper. The oldest paleontologic
age, obtained 100 meters above the bottom of Hole 4484, is mid-
dle Oligocene. Strata are inclined from 15° to 45°, increasing
down-section.

BACKGROUND AND OBJECTIVES

The crustal evolution during initiation and growth of
island arcs is considered one way by which continents
may have been created from oceanic lithosphere. The
chemical processes associated with repeated magmatic
and related metamorphic events that operate in island
arcs and facilitate the crustal evolution are also thought
to be associated with the metallogenesis and emplace-
ment of ore deposits. Yet, relatively little first-hand
knowledge of the processes involved in the origin and
evolution of active island arcs is available, and even less
is known about the remnant or back arcs associated
with marginal basin complexes. The objective of
drilling Site 448 on the Palau-Kyushu remnant arc was
to add to the understanding of the origin and petrologi-
cal evolution of remnant arcs.

The origins of interarc basins have been linked by
various hypotheses to that of island arcs (Karig, 1971,
1975; Uyeda and Ben-Avraham, 1972; Hilde et al.,
1977). Therefore by drilling into the western flank of the
Palau-Kyushu Ridge at Site 448 (Fig. 1) an investigation
into the genetic role of the Palau-Kyushu Ridge in both
the tectonic events of the West Philippine Basin to the
west and the development of the Parece Vela Basin to
the east was planned. Significant questions posed were:
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Figure 1. Location of Site 448 and geographic features discussed in the text for the Palau-Kyushu Ridge

1
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apd vicinity. (The concentric point locates Site 448 [Holes 448 and 448A] and the solid circle locates
Site 296 on the Palau-Kyushu Ridge. The two triangles north of Site 448 are stations 1397 and 1396

[northward, respectively] dredged by the Dmitry Mendeleev in 1976 [International Working Group on
the IGCP Project “‘Ophiolites,’”” 1977].)

Are major events in the arcs reflected in the history of
the basins; e.g., does the timing of onset and cessation
of subduction along with other tectonic events in the
arcs correlate with sedimentary, tectonic, or igneous
events in the basins? Are basin vertical tectonics in the
back-arc region related to the timing of arc tectonics?
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How accurately are volcanic episodes on the arcs
recorded within sedimentary columns of the adjacent
basins? Is the petrological history of volcanism on the
Palau-Kyushu and West Mariana remnant arcs com-
parable to that on the active Mariana arc? Can a
petrological evolutionary trend be recognized from arc



to arc or does each arc individually repeat the same
intra-arc trends? Is there any indication from the pe-
trology and geophysics where and at what point in arc
evolution a marginal basin begins to form? Does the
volcanism on a remnant arc cease as soon as a marginal
basin begins to form? Obviously, the answers to such
questions must be sought by drilling not only within the
basins but also within the arcs themselves, such as at
Site 448.

The northern end of the Palau-Kyushu Ridge was
drilled on DSDP Leg 31 at Site 296 (Karig, Ingle, et al.,
1975). Although arc igneous basement was never
reached, 634 meters of lower to upper Oligocene vol-
caniclastic debris were encountered below 453 meters of
upper-Oligocene to Pleistocene ash-bearing, clay-rich
nannofossil oozes and chalks. Pyroxene andesites
formed the major lithic type. The boundary between the
calcareous upper and the volcaniclastic lower part of the
section is interpreted as marking the initiation of
spreading of the Parece Vela Basin in the late Oligocene.

Limited geophysical data for the Palau-Kyushu
Ridge were available prior to drilling, Murauchi et al.
(1968) note that crustal thickening beneath the Palau-
Kyushu Ridge is associated mainly with the 3.5- and
5.7-km/s layers (2.5 and 2.9 km thick, respectively) and
that the thickness of Layer 3 (3.56 km of 6.6-km/s
material) is almost normal. Site surveying in prepara-
tion for drilling revealed a broad, relatively flat crestal
region of the Palau-Kyushu Ridge located immediately
to the north of the refraction line of Murauchi et al.
(1968) and about 150 km south of the proposed Active
Margin Panel drilling transect. Based on the seismic-
refraction measurements, sediment on the crest of the
ridge is interpreted to be thick except near isolated
peaks. Volcanic rocks, dredged from a steep westward
face in the southwestern corner of the surveyed area, are
reported to be very vesicular, suggesting emplacement
at shallow depths (perhaps even under emergent condi-
tions).

Some petrological information in addition to the high
vesicularity of the rocks was available prior to drilling at
Site 448. Subalkalic basalts, basaltic andesites, ande-
sites, two-pyroxene gabbros, and low-grade pumpel-
lyite-prehnite or greenschist-facies metamorphic rocks
were reported to have been dredged from the Palau-
Kyushu Ridge (International Working Group on the
IGCP Project ‘‘Ophiolites,”” 1977). Study of these rocks
by the working group has shown petrological trends
typical of island arcs. According to the group, arc vol-
canic activity ceased during the Oligocene.

A detailed site survey, conducted by Lamont-
Doherty Geological Observatory (L-DGO) prior to Leg
59, had delineated an extensive, high region of the
Palau-Kyushu Ridge nearly 2° south of the 18°N tran-
sect. The survey, made up of a series of closely spaced
traverses (Fig. 2), revealed two ridges in the northern
part of the survey area (Fig. 3) about 30 km apart,
separated by a steep-walled axial valley at the crest of
the Palau-Kyushu Ridge. Here the ridge itself appears to
have two small right lateral offsets, which are suggestive
of east-west trending transcurrent faults. The site ini-
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Figure 2. Location of L-DGO Site Survey track lines in the vicinity of
Site 448 (Conrad 11-07 and Vema 34-02 cruises, 1977).

tially targeted for drilling was located near the western
flank of the westernmost ridge (Fig. 4). As can be seen
in the reflection profile, the area appears to be devoid of
any sediment cover; apparently, the presence of thick
sediment had been inferred from the recognition of a
thick 3.5-km/s layer in the seismic-refraction data of
Murauchi et al. (1968).

The objectives of drilling the Palau-Kyushu Ridge at
Site 448 were as follows:

1) to determine the sedimentary history and the envi-
ronment of deposition on a remnant arc;

2) to determine the age and petrologic evolution of
the arc volcanism and compare it with that of the West
Mariana remnant arc and the Mariana active arc;

3) to determine the timing and style of formation of
deep structures within the Palau-Kyushu Ridge and
relate this to arc tectonic evolution and adjacent basin
evolution; and

4) to determine the paragenesis of hydrothermal
metamorphism and its role in arc metallogenesis.

Because the presite survey seismic-reflection profiles
did not give any indication of the presence of sediment
or the depth of true arc basement at the site originally
targeted (and because sediment thickness there had been
interpreted on the basis of seismic-refraction data), it
seemed advantageous for us to move the site farther to
the south where a sediment pond was known to exists.
Thus, the site was relocated about 4.5 km south of the
initial target site in a steep-walled valley containing
about 0.25 s of ponded transparent sediment (Fig. 5),
which was adequate to spud into and bury the bottom
hole assembly.

OPERATIONS

Site 448 is located about 190 km southeast of Site
447. The vessel arrived in the area about 0100 local time
(L) on 13 February, at which time presite surveying
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Figure 3. Bathymetry in the vicinity of Site 448 (according to L-DGO Site Survey data). (Depth is indi-

cated in 200-meter intervals.)
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Figure 4. Seismic-reflection profile (L-DGO Site Survey data)
showing original Site 448 location.
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Seconds

began (Fig. 6). The proposed drill site lay in a relatively
small sediment pond, and precise coordination with a
reference profile of an earlier site survey was essential.
Unfortunately, the critical reference profile of the ear-
lier survey was mislocated some distance west of where
it should have been, and we had to spend five additional
profiling hours to locate it. On arrival at the target site,
the reflection profile did not reveal sufficient sediment
for spudding in; an alternate site was chosen about 4.5
km south of the initial target site in a steep-walled valley
where an adequate sediment thickness was located.

Hole 448

After the beacon was dropped and the ship posi-
tioned, the drill string was run to just above the sea
floor. The water depth by precision depth recorder
(PDR) was 3493 meters. After the bit had been lowered
to 3498.5 meters the core barrel was retrieved; however,
no sediment was recovered. Another 9.5-meter joint of
pipe was added and the procedure repeated. Rig-weight
indication and the position of the core recovered placed
the water depth at about 3503 meters.

About 170 meters of calcareous ooze was cored,
followed down-hole by a sequence of vitric tuffs (Table
1). The first basalt flow probably was encountered at
about 320 meters sub-bottom where the drilling rate
substantially decreased; unfortunately no basalt was
recovered until 337.5 meters sub-bottom. Farther down-
core the basalt tended to be highly vesicular with flows
alternating with volcaniclastic breccia and tuffs to total
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Figure 5. Seismic-reflection profile (L-DGO Site Survey data) showing steep-walled valley containing
ponded sediment in the vicinity of the relocated Site 448.
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Figure 6. Track of the Glomar Challenger in the vicinity of Site 448 showing details of pre- and postsite
surveys. (The solid circle marks the position of the beacon.)
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Table 1. Coring summary for Holes 448 and 448A.

Date Local Depth from Depth below Length Length

Core (February, Time Drill Floor Sea Floor Cored Recovered Recovery

No. 1978) (L) (m; top-bottom) (m; top-bottom) (m) (m) (%)
Hole 448

1 13 1620 3503.0-3508.0 0.0- 5.0 5.0 2.9 58.0
2 13 1725 3508.0-3517.5 5.0- 145 9.5 9.5 100.0
3 13 1825 3517.5-3527.0 14.5- 24.0 9.5 3.5 36.8
4 13 1925 3527.0-3536.5 24.0- 33.5 9.5 9.1 95.8
5 13 2035 3536.5-3546.0 33.5- 43.0 9.5 1.6 16.8
6 13 2155 3546.0-3555.5 43.0- 52.5 9.5 6.2 65.3
7 13 2300 3555.5-3565.0 52.5- 62.0 9.5 1.5 15.8
8 13 2359 3565.0-3574.5 62.0- 71.5 9.5 5.9 62.1
9 14 0103 3574.5-3584.0 71.5- 81.0 9.5 0.0 0.0
10 14 0201 3584.0-3593.5 81.0- 90.5 9.5 9.4 99.0
11 14 0303 3593.5-3603.0 90.5-100.0 9.5 9.7 102.1
12 14 0404 3603.0-3612.5 100.0-109.5 9.5 9.0 94.7
13 14 0504 3612.5-3622.0 109.5-119.0 9.5 9.6 101.1
14 14 0700 3622.0-3631.5 119.0-128.5 9.5 8.0 84.2
15 14 0800 3631.5-3641.0 128.5-138.0 9.5 9.0 94.7
16 14 0905 3641.0-3650.5 138.0-147.5 9.5 9.5 100.0
17 14 1015 3650.5-3660.0 147.5-157.0 9.5 9.5 100.0
18 14 1128 3660.0-3669.5 157.0-166.5 9.5 0.0 0.0
19 14 1239 3669.5-3679.0 166.5-176.0 9.5 6.9 72.6
20 14 1345 3679.0-3688.5 176.0-185.5 9.5 3.7 38.9
21 14 1500 3688.5-3698.0 185.5-195.0 9.5 5.2 54.7
22 14 1620 3698.0-3707.5 195.0-204.5 9.5 1.3 13.7
23 14 1730 3707.5-3717.0 204.5-214.0 9.5 1.5 15.8
24 14 1855 3717.0-3726.5 214.0-223.5 9.5 3.7 38.9
25 14 2008 3726.5-3736.0 223.5-233.0 9.5 5.0 52.6
26 14 2135 3736.0-3745.5 233.0-242.5 9.5 53 55.8
27 14 2250 3745.5-3755.0 242.5-252.0 9.5 4.7 49.5
28 14 2353 3755.0-3764.5 252.0-261.5 9.5 2.6 274
29 15 0055 3764.5-3774.0 261.5-271.0 9.5 5.1 53.7
30 15 0205 3774.0-3783.5 271.0-280.5 9.5 0.3 3.2
31 15 0302 3783.5-3793.0 280.5-290.0 9.5 4.6 48.4
32 15 0408 3793.0-3802.5 290.0-299.5 9.5 0.1 1.0
33 15 0509 3802.5-3812.0 299.5-309.0 9.5 0.2 2.1
34 15 0635 3812.0-3821.5 309.0-318.5 9.5 3.0 31.6
35 15 0805 3821.5-3831.0 318.5-328.0 9.5 1.1 11.6
36 15 0919 3831.0-3840.5 328.0-337.5 9.5 trace 0.0
37 15 1408 3840.5-3850.0 337.5-347.0 9.5 1.8 18.9
38 15 1526 3850.0-3855.0 347.0-352.0 5.0 1.7 37.8
39 15 1526 3855.0-3859.5 352.0-356.5 4.5 2.8 62.2
40 15 1904 3859.5-3869.0 356.5-366.0 9.5 3.2 33.7
41 15 2038 3869.0-3874.5 366.0-371.5 5.5 2.3 41.8
42 15 2152 3874.5-3878.5 371.5-375.5 4.0 0.1 2.5
43 15 2316 3878.5-3888.0 375.5-385.0 9.5 1.5 15.8
44 16 0045 3888.0-3897.5 385.0-394.5 9.5 1.6 16.8
45 16 0415 3897.5-3907.0 394.5-404.0 9.5 0.0 0.0
46 16 0835 3907.0-3916.5 404.0-413.5 9.5 1.4 14.7
47 16 0953 3916.5-3926.0 413.5-423.0 9.5 1.7 17.9
48 16 1130 3926.0-3935.5 423.0-432.5 9.5 4.4 46.3
49 16 1250 3935.5-3945.0 432.5-442.0 9.5 0.8 8.4
50 16 1455 3945.0-3954.5 442.0-451.5 9.5 7.3 76.8
51 16 1638 3954.5-3964.0 451.5-461.0 9.5 4.9 51.6
52 16 1818 3964.0-3973.5 461.0-470.5 9.5 2.1 22.1
53 16 1953 3973.5-3983.0 470.5-480.0 9.5 2.6 21.0
54 16 2140 3983.0-3992.5 480.0-489.5 9.5 0.3 32
55 16 2310 3992.5-4002.0 489.5-499.0 9.5 3.7 38.9
56 17 0118 4002.0-4011.5 499.0-508.5 9.5 6.9 72.6
57 17 0350 4011.5-4021.0 508.5-518.0 9.5 2.1 22.1
58 17 0558 4021.0-4030.5 518.0-527.5 9.5 6.8 71.6
59 17 0743 4030.5-4040.0 527.5-537.0 9.5 3.6 37.9
60 17 1140 4040.0-4049.5 537.0-546.5 9.5 0.1 1.0
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Table 1. (Continued).

Date Local Depth from Depth below Length Length
Core (February, Time Drill Floor Sea Floor Cored Recovered Recovery
No. 1978) (L) (m; top-bottom) (m; top-bottom) (m) (m) (%)
Hole 448
61 17 1450 4049.5-4059.0 546.5-556.0 9.5 39 41.0
62 17 1732 4059.0-4068.5 556.0-565.5 9.5 0.0 0.0
63 17 2002 4068.5-4078.0 565.5-575.0 9.5 0.0 0.0
64 17 2140 4078.0-4083.0 575.0-580.0 5.0 0.0 0.0
65 18 0109 4083.0-4087.5 580.0-584.5 4.5 0.0 0.0
Total 584.5 235.3 40.3
Hole 448A
1 18 1858 3503.0-3508.0 0.0- 5.0 5.0 9.4 190.0
wash
2 18 2102 3536.5-3546.0 33.5- 43.0 9.5 9.6 101.0
wash
3 18 2217 3565.0-3574.5 62.0- 71.5 ' & 9.3 98.0
4 18 2326 3574.5-3584.0 71.5- 81.0 9.5 9.3 98.0
wash
5 19 0355 3726.5-3736.0 223.5-233.0 9.5 0.7 7.0
wash
6 19 0537 3755.0-3764.5 252.0-261.5 9.5 38 40.0
7 19 0800 3764.5-3774.0 261.5-271.0 9.5 2.7 28.0
8 19 0910 3774.0-3783.5 271.0-280.5 9.5 4.0 42.0
9 19 1017 3783.5-3793.0 280.5-290.0 9.5 0.6 6.0
10 19 1200 3793.0-3802.5 290.0-299.5 9.5 5.0 53.0
11 19 1343 3802.5-3812.0 299,5-309.0 9.5 2.8 29.0
12 19 1745 3812.0-3847.0 309.0-344.0 35.0 1.1 wash
13 20 0845 3847.0-3987.5 344.0-484.5 140.5 4.0 wash
14 20 2105 3987.5-4030.5 484.5-527.5 43.5 7.0 wash
15 20 2305 4030.5-4040.0 527.5-537.0 9.5 6.2 65.0
16 21 0115 4040.0-4049.5 537.0-546.5 9.5 33 35.0
17 21 0307 4049.5-4052.5 546.5-549.5 3.0 2.2 73.0
18 21 2140 4052.5-4059.0 549.5-556.0 6.5 1.0 15.0
19 21 2330 4059.0-4068.5 556.0-565.5 9.5 0.6 6.0
20 22 0127 4068.5-4078.0 565.5-575.0 9.5 5.0 53.0
21 22 0338 4078.0-4087.5 575.0-584.5 9.5 0.9 9.0
22 22 0658 4087.5-4097.0 584.5-594.0 9.5 1.6 17.0
23 22 0935 4097.0-4106.5 594.0-603.5 9.5 0.1 1.0
24 22 1112 4106.5-4110.5 603.5-607.5 4.0 0.9 22.0
25 22 1238 4110.5-4116.0 607.5-613.0 5.5 3.1 56.0
26 22 1455 4116.0-4120.5 613.0-617.5 4.5 4.1 91.0
27 22 1615 4120.5-4125.5 617.5-622.5 5.0 2.2 44.0
28 22 1835 4125.5-4135.0 622.5-632.0 9.5 1.0 4.6
29 22 2045 4135.0-4144.5 632.0-641.5 9.5 0.3 3.2
30 22 2228 4144.5-4154.0 641.5-651.0 9.5 5.5 58.0
31 23 0025 4154.0-4163.5 651.0-660.5 9.5 0.7 7.4
32 23 0205 4163.5-4166.5 660.5-663.5 3.0 2.0 67.0
33 23 0415 4166.5-4173.0 663.5-670.0 6.5 4.1 63.0
34 23 0608 4173.0-4182.5 670.0-679.5 9.5 5.2 55.0
35 23 0748 4182.5-4192.0 679.5-689.0 9.5 6.0 63.0
36 23 0945 4192.0-4201.5 689.0-698.5 9.5 5.3 56.0
37 23 1215 4201.5-4211.0 698.5-708.0 9.5 3.0 30.0
38 23 1430 4211.0-4215.5 708.0-712.5 4.5 2.4 53.0
39 23 1615 4215.5-4220.5 712.5-717.5 5.0 2.6 52.0
40 23 2015 4220.5-4230.0 717.5-727.0 9.5 3.5 38.0
41 23 2320 4230.0-4239.5 727.0-736.5 9.5 3.7 39.0
42 24 0145 4239.5-4249.0 736.5-746.0 9.5 6.2 65.0
43 24 0355 4249.0-4258.5 746.0-755.5 9.5 3.9 41.0
44 24 0601 4258.5-4268.0 755.5-765.0 9.5 2.0 21.0
45 24 0805 4268.0-4271.0 765.0-768.0 3.0 1.7 57.0
46 24 1115 4271.0-4277.5 768.0-774.5 6.5 1.9 29.0
47 24 1309 4277.5-4282.5 774.5-779.5 5.0 4.3 £6.0
48 24 1630 4282.5-4286.5 779.5-783.5 4.0 0.9 22.0
49 24 1900 4286.5-4295.5 783.5-792.5 9.0 5.1 57.0
50 24 2126 4295.5-4304.5 792.5-801.5 9.0 3.8 42.0
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Table 1. (Continued).

Date Local Depth from Depth below Length Length

Core (February, Time Drill Floor Sea Floor Cored Recovered Recovery

No. 1978) (L) (m; top-bottom) (m; top-bottom) (m) (m) (%)
Hole 448A

51 25 0030 4304.5-4313.5 801.5-810.5 9.0 4.1 46.0
52 25 0353 4313.5-4322.5 810.5-819.5 9.0 3.6 40.0
53 25 0552 4322.5-4331.5 819.5-828.5 9.0 3.7 41.0
54 25 0922 4331.5-4340.5 828.5-837.5 9.0 2.9 32.0
55 25 1135 4340.5-4343.5 837.5-840.5 3.0 2.4 80.0
56 25 1510 4343.5-4349.5 840.5-846.5 6.0 2.4 40.0
57 25 1904 4349.5-4358.5 846.5-855.5 9.0 3.0 33.0
58 25 2224 4358.5-4367.5 855.5-864.5 9.0 3.5 39.0
59 26 0152 4367.5-4372.0 864.5-869.0 4.5 3.2 71.0
60 26 0550 4372.0-4381.0 869.0-878.0 9.0 3.6 40.0
61 26 0840 4381.0-4390.0 878.0-887.0 9.0 3.2 36.0
62 26 1145 4390.0-4399.0 887.0-896.0 9.0 1.8 20.0
63 26 1518 4399.0-4403.0 896.0-900.0 4.0 2.6 65.0
64 26 1756 4403.0-4408.0 900.0-905.0 5.0 4.0 80.0
65 26 2115 4408.0-4413.5 905.0-910.5 5.5 4.2 76.0
66 27 0640 4413.5-4417.0 910.5-914.0 3.5 2.8 80.0

Total 486.5 214.6 44.1

depth. Most of the volcanic material, including the
basalts, tended to disintegrate, and a low recovery rate
prevailed. The tendency of the material to disintegrate,
however, resulted in a relatively rapid rate of penetra-
tion. The high vesicularity of the basalts seemed to
facilitate this disintegration.

On several occasions empty inner core barrels failed
to produce sufficient pump pressure upon arrival at the
bit. This indicated an obstruction, probably a core frag-
ment, which prevented the barrel from seating properly
and becoming latched down. Repeated runs with the bit
depluggers successfully dislodged the obstruction.

Despite low core recovery, some core consistently
entered the core barrel before the core catcher or liner
became jammed. Core 61 recovered 3.9 meters of
basalt, but following this no core was recovered in four
attempts over a 28.5 meter interval. Penetration rate
and all drilling parameters were normal, except that
torque was abnormally low. Two runs with the bit de-
plugger were followed by unsuccessful core attempts. It
was concluded that some component of the bit or down-
hole coring equipment was malfunctioning, and the hole
was terminated because of the inability to recover core.

When the drill string was retrieved, the bit was found
to be in excellent condition; no fault was found with the
remainder of the coring system. The close tolerance be-
tween the core diameter and inner diameter of the core
barrel may have prevented recovery.

Hole 448A

Following the bit change, the drill string was again
lowered with the goal of significant additional penetra-
tion. This was considered feasible in light of the fact
that the previous bit had penetrated 245 meters of igne-
ous section and was in good condition after 23.3
rotating hours.

The round trip was delayed 2.25 hours because of
mechanical problems with the pipe-racker skate and air-
control valving. The second hole at Site 448 was spud-
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ded in at 1815 hours on 18 February and a mudline
punch core was recovered. The hole was drilled ahead
with spot cores taken to cover core intervals not re-
covered from the first hole. Continuous coring com-
menced at 527.5 meters sub-bottom, 57 meters above
the total depth of Hole 448 (Table 1). During this
period, a total of 28.5 operating hours were lost owing
to successive failures of both of the ship’s Bowen power
subs.

Except for three extra wire-line runs, occasioned by
failure of overshots to engage, no additional opera-
tional problems were encountered in continuous coring
to a total depth of 914 meters sub-bottom. Although
core diameter and reduced penetration rate indicated
progressive bit failure, core recovery was still good
when scheduling considerations forced termination of
drilling operations. By 0645 L on 27 February, the last
core was recovered along with the bottom-hole assem-
bly. A short reflection-profiling survey was undertaken
before departure, and by 1030 L the Challenger was
under way for Site 449.

SEDIMENTARY LITHOLOGY

At Site 448 two holes were drilled. The first, Hole
448, penetrated 583 meters of sedimentary rocks and
basalt flows. Total thickness of sediment above the up-
permost flow is 319.5 meters, in which five distinct
lithologic units are recognized (Fig. 7).

Unit 1, 107.5 meters thick (Cores 1 through 12), con-
sists of upper Oligocene to middle Miocene nannofossil
ooze and is mostly very pale brown and light yellowish
brown throughout. The principal mottling is white (nan-
nofossil concentration), very dark brown (iron oxides
and micronodules), and light gray (foraminifers and
nannofossils). Mottling is moderate to intense in Cores 4
through 6 and 11 through 13 (overlapping the boundary
between Units 1 and 2). Discoasters dominate the nan-
nofossil assemblage and decrease slightly down-hole
relative to coccoliths. A few pumice fragments are scat-



tered through all but the first core, with minor
enrichments in Cores 8 and 11. Cores 2 through 11 (ex-
cluding Core 8) contain traces of volcanic glass. Zeolites
occur in Cores 5 through 8 and in Core 11. The ooze is
fairly homogeneous with few laminations and struc-
tures. Drilling deformation is generally intense with
minor, moderately deformed zones. The base of Unit 1
is arbitrarily set near the bottom of Core 12 at the top of
Section 6, which consists of drilling biscuits of in-
durated chalk separated by intensely disturbed layers.
Relative induration is the only difference between Unit 1
and underlying Unit 2.

Unit 2, 64.1 meters thick, consists of upper Oligocene
nannofossil chalk and occurs from Core 12, Section 6 to
Core 19, Section 4 (except for the lowermost part of
Unit 2, which is middle to upper Oligocene). The domi-
nant colors are light gray and very pale brown, with
white, grayish brown and dark grayish brown mottles.
Locally, mottling is moderate to intense and is scattered
throughout the unit. Pumice fragments are also com-
monly scattered, with minor local concentrations. The
sediments have a fairly uniform iron-oxide content of
about 1%. Cores 13 through 16 possess trace amounts
of volcanic glass in the chalk; the first minor ash layer
occurs in Core 14, Section 2, with similar minor layers
in Cores 15 and 16. The ash content increases downward
in Cores 17 and 19 (there was no recovery in Core 18).
Core 17 sediments also contain significantly less fora-
minifers and radiolarians than do overlying sediments.
Unit 2 displays no visible structures; drilling disturbance
was moderate to intense. The contact between Units 2
and 3 falls in Core 19, Section 4 at the top of a 3.7-meter
vitric tuff.

Unit 3, 13.9 meters thick, consists of middle to
upper Oligocene interbedded vitric tuff and minor
chalk; it occurs from Core 19, Section 4 through Core
20. The vitric tuff is generally olive-gray and dark olive-
gray and contains partially devitrified silt and sand-
sized glass shards. Sedimentary structures in the tuff in-
clude parallel laminations, normal grading, and load
casts. The nannofossil chalk is gray to olive and occurs
in four horizons from 3 to 33 c¢m thick in Cores 19 and
20. The contact between the base of each chalk horizon
and the top of the underlying tuff is usually moderately
to intensely bioturbated. Drilling disturbance in this
unit varies from slight to intense, depending on lithifica-
tion of the sediment.

Unit 4, Cores 21 through 30, is 95.0 meters thick and
consists of middle Oligocene vitric tuff (except the up-
permost part of Unit 4, where it is middle to upper
Oligocene); the vitric tuff is generally greenish gray, but
in lower cores is dark gray to olive-gray. Bioturbation is
rare and is seen only in Cores 21, 25, and 29; this mott-
ling and burrowing is colored gray, dark gray, olive-
gray, greenish gray, and black (Fig. 8). These variations
in color are locally moderate to intense in zones marking
the tops of tuff beds. A green clay constitutes approx-
imately 4% of the tuff from Core 21 down through
Core 25. Feldspar, also a minor constituent of the tuff,

SITE 448

occurs in all cores within the unit and ranges from 2 to
25% down to Core 29, at which point the percentage
drops to little more than a trace for the remainder of the
unit. The vitric tuff is interbedded with fine vitric tuff
and tuffaceous volcaniclastic breccia in Cores 24 and
26; Cores 27 and 28 contain interbedded vitric tuff and
fine vitric tuff; finally, Cores 29 and 30 are composed of
fine vitric tuff alone. Graded and laminated zones are
present in nearly all cores (grading is absent in Core 22).
Drilling disturbance is generally slight to moderate.

Unit 5 (Cores 31 through 35) is 39.0 meters thick and
consists of middle Oligocene interbedded chalk and
vitric tuff locally coarser near its base. The top of the
unit is a pale-yellow and white nannofossil chalk with a
few interbedded thin, light-gray vitric tuff intervals, 4 to
10 cm thick. The chalk in Core 31 has localized zones of
moderate to intense pale-yellow and light-gray mottling
and bioturbation. Cores 32 and 33 are represented by
core-catcher samples only, which contain bioturbated
and mottled nannofossil chalk. Volcanic-glass content
increases in these chalks from 2% in Core 31 to approx-
imately 10% in Core 33. Core 34 is a gray-brown and
olive-gray vitric tuff interbedded with 15- to 20-cm-
thick minor zones of pale-yellow and white bioturbated
nannofossil chalk. Core 35 is also an olive vitric tuff in-
terbedded with minor intervals of lithic vitric tuff and
pale-yellow and white bioturbated nannofossil chalk.
The coarser clasts near the base of Unit 5 are weathered
basalt and pumice. The drilling disturbance in this unit
is uniformly moderate. No core was recovered between
the core-catcher sample of Core 35 and the top of Core
37. The sediment/basalt contact probably occurs at
319.5 meters sub-bottom (Core 35); based upon drilling-
rate data, the basalts of Core 37 may be representative
of this missing interval.

A series of basalts interbedded with volcaniclastic
breccias and tuffs begins with the basalts of Core 37
(Unit 6). As seen in Figure 7, Units 7, 10, and 12 com-
prise volcaniclastic lithologies. The upper breccias con-
tain angular, unsorted, unoriented clasts of fresh vesicu-
lar plagioclase-olivine-phyric basalt set in a matrix of
devitrified glass and have a clast to matrix ratio of 4:1.
Lower breccias include increasing amounts of weath-
ered basalt, altered glass fragments, and pumice, with
increasing content of zeolites and carbonate cement in
the matrix. Color variations from green to yellow occur
in the breccia matrix down-hole and are probably the
result of postdepositional changes in pore-water chemis-
try. Comparative reducing conditions are suggested by
the green color of the breccia matrix. Yellow hues prob-
ably indicate comparative oxidizing conditions.

“Hole 448 was abandoned at a depth of 583 meters
because of poor core recovery and drilling problems.
Using the same beacon, we drilled Hole 448A nearby in
order to core sedimentary intervals unrecovered in Hole
448 and penetrate farther into basaltic material. Hole
448A penetrated a 914-meter sequence of sediment,
volcaniclastic rocks, and basalt that was discontinu-
ously cored above 223.5 meters, continuously cored be-
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Figure 7. Lithology.‘ age, and core recovery at Site 448 for Holes 448 and 448A.. (Correlation between the holes by lithology and drilling rate is indi-
cated. 'll'ops of pillow-lava units are indicated by heavier outline of the uppermost pillows. Dashed line in age column indicates an imprecisely
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volume.)
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484.0

Figure 7. (Continued).

UNIT 10 1427.0-456.0m), VOLCANICLASTIC
BRECCIA.
UNIT 11 (456,0—489.5 m). Pl—Cpx=Dpx~Pig—
Ol— PHYRIC BASALT, § flows.
UNIT 12  (489.5-521.0 m). VOLCANICLASTIC
BRECCIA, olive-brown st the top and
base of the unit, dusky-green elsewhere WASH 14
UNIT 13 (621.0-550.6 m). Pl-Cpx—Opx—Pig—
PHYRIC BASALT, 8 flows. 15
r >
J UNIT 14 1537.0-575.5 m), Pl-Cpx-Opx- 18
e PHYRIC BASALT, extremely vesi-
cular pillow lavas.
19
UNIT 15 (575.5-6135 m) VOLCANICLASTIC BRECCIA
and TUFF: basaltic and altered glass clasts, dusky-
green and grayish green matrix.
UNIT 16 (613.5-6155 m). PI-Cpx—PHYRIC BASALT,
i How.
UNIT 17 (615.5-623.0 m). TUFF and VOLCANICLASTIC
BRECCIA,
UNIT 18 (623.0-632.0 m}. Cpx~PI-PHYRIC BASALT,
flow.
UNIT 19 [632.0-6605 m), VOLCANICLASTIC BRECCIA,
lecally crudely badded,
UNIT 20 (660.5-670.0 m]l. APHYRIC BASALT, flow.
UNIT 21 (670.0-694.0 m]. VOLCANICLASTIC grading into
TUFFACEQUS VOLCANICLASTIC BRECCIA,
UNIT 22 [694.0-6995 m). OI-PI-Cpx—PHYRIC BASALT)
flow.
UNIT 23 (699.5-714.5 m}. APHYRIC BASALT! cognate
breccia, flow.
UNIT 248 (714.5-718.0 m}. PI-Cpx—PHYRIC BASALT,
flow.
UNIT 25 (718.0-727.0 m). VOLCANICLASTIC BRECCIA,
dusky grayish green.
UNIT 26 {727.0-728.0 m), PI-FHYRIC BASALT, dike
dipping 70°.
UNIT 27 (728.0-731.5 m). APHYRIC BASALT, dike.
UNIT 28 (731.5-736.5 m). PI-Cpx—-0OI—-PHYRIC
BASALT, dike. )
UNIT 29 57505 ml. LCANICLASTIC
BRECCIA and TUFFACEQUS VOLCANI-
b CLASTIC BRECCIA, grayish green matrix
UNIT30 (750.5-757.0 ml. HYDROTHERMALLY
ALTERED TUFFACEDUS VOLCANICLASTIC
BRECCIA, grayish green matrix, WE.
UNIT 31 {757.0-788.5 m). Pi—Cpx—PHYRIC BASALT, flow.
UNIT 32 (768.5-769.5 m). HYDROTHERMALLY
ALTERED VOLCANICLASTIC BRECCIA,
green and brown clay matrix.
UNIT 33 [769.6--783.5m). PI—Cpx—PHYRIC
BASALT, flow or sill,
UNIT 34 {7B3.5-792.5m). VOLCANICLASTIC BRECCIA
UNIT 35 (792.5—-794.5 m). PI-Cpx-FPHYRIC
BASALT, dike (?) dipping 60
UNIT 36 (794.5-802.0 m). VOLCANICLASTIC BRECCI&
grading into LAMINATED FINE VITRIC TUF
dark greenish gray to medium bluish gray, -
UNIT 37 (802.0-B06.0 m). Pl-Cpx—PHYRIC
BASALT, dike dipping 80°,
UNIT3E (806.0-B10.5m). LAMINATED FINE VITRIC ’
TUFF, dark graenish aray to medium bluish gray,
UNIT 39 (B10.5-813.5m), PI-Cpx—PHYRIC BASALT,
flow (7).
UNIT 40  (B13.5-832.0m). VOLCANICLASTIC BRECCIA,
green,
UNIT 41 (832.0-841.5m), PI—Cpx—PHYRIC BASALT,
cognate breccia, flow (7).
UNIT 42 {841.5-8450m), TUFFACEQUS VOLCANI-
CLASTIC BRECCIA and LAMINATED FINE
VITRIC TUFF, duslt rayish green matrix.
UNIT 43 1845 0-B48.0 ml APHYRIC BASALT, flow.
UNIT 44 (B4B.0-B58.5m). VOLCANICLASTIC BRECCIA,
Qreen matrix,
.5—864.5ml. PI-Cpx— .
sill (7).
UNIT 46 BG64.5—-866.5m). TUFF
CLASTIC BRECCIA.
UNIT 47 (B66.5-867.5 m).PI-PHYRIC BASALT, flow or sill
UNIT48  {B67.5-887.0m). TUFFACEOUS VOLCAN ASTIC
BRECCIA, dark green matrix.
UNIT49  (887.0-896.0m). PI-Cpx—Opx—PHYRIC
BASALT, highly porphyritic dike.
UNIT 50 (896.0-902.0 m). VOLCANICLASTIC BRECCIA,
greenish hlack matrix.
UNIT 51 (902.0-914.0m). APHYRIC BASALT, dike
dipping BO° .
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65

70

Figure 8. A rare but impressive example of bioturbation in the vitric
tuff of Unit 4.

tween 223.5 and 309 meters, then washed to 527.5
meters. Below this level the hole was continuously
cored.

Hole 448A encountered equivalent horizons approxi-
mately two core lengths (19 meters) above those levels
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encountered in Hole 448; this offset was established
from both paleontologic and lithologic data. The litho-
logic change from vitric tuffs to nannofossil chalk at a
depth of 261.5 meters in Holes 448A corresponds to
the boundary between Units 4 and 5 in Hole 448 at a
depth of 280.5 meters, a difference of 19 meters. The
total thickness of sediment overlying Unit 6 in Hole
448A is 291.5 meters.

Cores 1 through 4 extend to a depth of 81.0 meters
and correspond to the Unit 1 lithology described for
Hole 448. They contain very pale-brown and brownish
yellow nannofossil ooze, with similar compositions and
structures to those described in Unit 1 of Hole 448.

Sediments in Cores 5 and 6, from the interval 223.5
to 261.5 meters correspond lithologically to Unit 4,
Hole 448. The sediments consist of fine vitric tuffs and
vitric tuffs and, in Core 5, a tuffaceous volcaniclastic
breccia with dominant colors of olive, olive-gray, and
dark-gray.

Sediments continuously cored in Cores 7 through 9
between 261.5 and 290.0 meters correspond to the Unit
5 sediments of Hole 448. They comprise white, light-
gray, and very pale-brown interbedded nannofossil
chalk and olive-gray and dark-gray vitric tuffs. Below
Core 9, the lithology changes to interbedded volcani-
clastic breccias, basalt flows, and tuffs that are litho-
logically similar to Units 7 through 12 in Hole 448.

The sequence is similar to that expected in a sub-
merged island-arc environment. In Units 6 through 13
the vesicularity of the basalt flows and the thickness of
the volcaniclastic breccias indicate extrusion of volatile-
enriched basalts in a relatively shallow island-arc-type
environment. Posteruption tectonics, as evidenced by
slickensides on fractures cutting basalt flows, also may
have contributed to the formation of cognate basaltic
breccias.

Unit 5 records the termination of major volcanism in
the arc during the middle Oligocene. Eruptive prove-
nance diminished, providing only minor amounts of ash
and breccia to the nannofossil accumulations.

Ash production temporarily increased from middle
to late Oligocene, diluting the nannofossil sediment with
thick sequences of tuff (Unit 4). After this resurgence of
volcanism, volcanic activity diminished, allowing nan-
nofossil rich sediments to be preserved as interbedded
layers between ash falls (Unit 3). The absence of signifi-
cant ash layers in the overlying upper Oligocene nan-
nofossil chalk (Unit 2) and nannofossil ooze (Unit 1) at-
tests to the termination of intensive volcanism near this
site before the early late Oligocene. Continuing fluctua-
tions in more distant, regional volcanism until the mid-
dle Miocene provided the minor amounts of pumice
scattered throughout the upper chalk and ooze units.
Pumice fragments are sparsely scattered through the
majority of cores in Units 1 and 2. Minor amounts oc-
cur in Cores 6, 10, 14, and 16 of Units 1 and 2, with
notable amounts in Cores 8 and 11 of Unit 1. The upper-
most 5 meters of nannofossil ooze at the top of the hole
are barren of pumice.

Inclination of bedding surfaces is apparent in both
holes at this site, indicating either the primary bedding
attitude acquired during the formation of the volcanic



arc or some early tectonic displacement in the area. The
apparent dip measured from maximum apparent angles
is approximately 45° in the breccias of Cores 30 to 61
(641.5-878 m depth) in Hole 448A. Above this, in Hole
448, the apparent dip decreases considerably in the tuffs
of Cores 26 and 27 from 45° at 338 meters to 19°at 311
meters. Above this level the dip is indeterminate and
thus no other tectonic inferences can be drawn.

BIOSTRATIGRAPHY

At Site 448 calcareous nannofossils are present
throughout the sedimentary column of both holes. Nan-
noplankton Zones NN 9 (Discoaster hamatus Zone,
middle Miocene) down to NP 23 (Sphenolithus pre-
distentus Zone, middle Oligocene) were identified. In
the vitric tuff with minor chalk (Lithologic Unit 4), oc-
currence of calcareous nannoplankton is restricted to
the chalk layers, as indicated by the barren intervals be-
tween Cores 21 and 27 of Hole 448. Preservation is good
only in the uppermost core and moderate throughout
the remaining cores, becoming poor in the lowest sedi-
ment layers and in the sediment intercalated between
basalt flows.

Planktonic foraminifers were found from Core 1
down through Core 19 in Hole 448, indicating that the
top of this interval is probably middle Miocene and the
bottom upper Oligocene. Because zonal markers are
rare in many samples or too poorly preserved to be
properly identified, assignment to certain zones proved
to be difficult and is rather imprecise. Below Core 19,
core-catcher samples are either barren or contain only a
few nondiagnostic durable forms. The lowest occur-
rence of foraminiferal fragments was noted in Core 34
of Hole 448. Core-catcher samples in Cores 1 to 4 of
Hole 448A contain foraminiferal assemblages similar to
those at the equivalent levels in Hole 448 and probably
indicate the middle Miocene (Core 1), the lower
Miocene (upper portion of Core 2), and the upper
Oligocene-lower Miocene (for core-catcher samples
from Core 3).

Radiolarians occur in numbers sufficient for zona-
tion from Cores 1 to 17 in Hole 448 and from Cores 1 to
4 in Hole 448A, assemblages being richest in Cores 2
and 3 of Hole 448. Several zones, from the Dor-
cadospyris alata Zone (middle Miocene) at the top to the
D. papilio Zone (upper Oligocene) at the bottom, could
be identified in Hole 448. A limited occurrence of radio-
larians in Cores 32 and 33 of Hole 448 also indicates the
Oligocene. Preservation is generally poor, and evidence
of strong silica solution can be noted in virtually every
sample. Other siliceous fossils, the diatoms and silico-
flagellates, are absent throughout the cores. There is no
apparent reworking in the three fossil groups in-
vestigated at this site.

Calcareous Nannoplankton

Hole 448 provided a continuous sequence from the
middle Miocene (Zone NN 9—Discoaster hamatus
Zone) down to the middle Oligocene (Zone NP 23—
Sphenolithus predistentus Zone). The youngest basalt
flow was recovered from Core 37 (337.5-347.0 m)
which, according to the nannofossils from a trapped
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sediment lense, is of the middle Oligocene (Zone NP
23). Sediment lenses trapped within or between basalt
flows in Cores 40, 48, 49, and 51 also contain nannofos-
sils of Zone NP 23. Parts of Cores 20 to 27 (176.0-252.0
m) and Cores 37 to 65 (337.5-584.5 m, terminal depth),
with the exception of the trapped sediments just men-
tioned, are barren of calcareous nannoplankton.

Within Core 1 (0.0-0.5 m), Zones NN 6 (D. exilis
Zone) through NN 9 (D. hamatus Zone) are present,
with the boundary between Zone NN 7 (D. kugleri Zone)
and Zone NN 8 (Catinaster coalitus Zone) cored twice,
probably because of resampling or disturbance of mate-
rial within the liner. Cores 2 to the upper part of 4 (5.0-
~30.0 m) can be placed in Zone NNS5 (S. heteromor-
phus Zone). Because the marker species of the top of
Zone NN 4, Helicosphaera ampliaperta, is absent in this
area, the first occurrence of D. exilis tentatively was
used to identify the boundary between Zones NN 4 and
NN 5 (Martini and Worsley, 1971). (The preservation of
discoasters at this level is rather poor, however, and
identifications are somewhat questionable.) This is also
indicated by the last occurrence of Orthorhabdus ser-
ratus in Sample 448-4-3, 0-1 cm, which normally seems
to have its last occurrence in the upper part of Zone NN
4. The lower-Miocene calcareous nannoplankton Zone
NN 3 (S. belemnos Zone) could not be identified in
Sample 448-4,CC. Zone NN 2 (D. druggi Zone) is pres-
ent in Core 5. Core 6 to Core 8 (43.0-71.5 m) can be
placed in Zone NN 1 (Triguetrorhabdulus carinatus
Zone). The base of this zone, indicated by the last occur-
rence of S. ciperoensis, is taken as the Oligocene/Mio-
cene boundary. Below, Zone NP 25 (S. ciperoensis
Zone) was identified down to Core 12 (~81.0-109.5 m),
where the last occurrence of 8. distentus was noted. As
at Site 447, the first specimens of S. ciperoensis and
Coccolithus abisectus do not occur at the same level.
This may be the result of the high sedimentation rate,
which would tend to separate these first occurrences,
generally reported at approximately the same chrono-
logical level (Miuller, 1970). At present, the part that
contains S. ciperoensis is identified as Zone NP 24
(~109.5-299.5 m); that without S. ciperoensis, but still
containing C. abisectus, is labelled NP 23 (below
299.5 m)

Zygrhablithus bijugatus, which appears in Core 10,
has its most common occurrence in Cores 16 to 18, coin-
ciding with an increase of the sedimentation rate in the
upper part of Zone NP 24. This form is also present
with changing frequency in cores below that level. Z. bi-
Jjugatus is a neritic species and is commonly found in
abundance in ‘‘near-shore’” environments. A similar
occurrence of Z. bijugatus was previously reported
from the upper Oligocene of the Rockall Plateau (Leg
12, Perch-Nielsen, 1972), the Iceland-Faeroe Ridge (Leg
38, Miiller, 1976), and the Reykjanes Ridge (Leg 49,
Martini, 1979), indicating the relatively shallow position
of these areas. Thus a decrease in water depth can also
be postulated for the area around Site 448 during part of
the Oligocene.

Preservation of calcareous nannofossils is fairly good
in Core 1, but below, deeper in both holes, specimens
are slightly etched and discoasters are more or less

123



SITE 448

heavily overgrown by calcite; this is also true for Z. bi-
Jugatus in the Oligocene. Poor preservation is generally
noted in the lowest sediment layers as well as in sedi-
ment trapped within or between basalt flows.

In Hole 448A an attempt was made to recover
material from the poorly represented intervals of Hole
448. Core 1 (0.0-9.5 m) contained well-preserved cal-
careous nannoplankton dominated by discoasters of
Zone NN 8 (Catinaster coalitus Zone) at the top through
NN 5 (S. heteromorphus Zone) at its base. The level
equivalent to Core 5 in Hole 448 was successfully sam-
pled in Core 2 (33.5-43.0 m) of Hole 448A, but nan-
noplankton found belong to the lower-Miocene Zone
NN 1 (7. carinatus Zone), with the exception of the up-
permost part, which can be placed in Zone NN 2. The
Oligocene/Miocene boundary, as indicated by the
calcareous nannoplankton, is between Cores 3 and 4 at
a depth of approximately 71.5 meters. Nannoplankton
assemblages in samples from the Oligocene Zones NP
25 (Core 4, 71.5-81.0 m), NP 24 (Cores 5 and 6,
223.5-237.0 and 252.0-261.5 m), and NP 23 (Cores 7 to
9, 261.5-290.0 m), and from the sediment lenses be-
tween basalt (Cores 13, 26, 49, and 51) or out of casts in
breccias (Core 42) do not differ from those found in
Hole 448. The NP 25 assemblage in the core-catcher
material of Core 6 must be contamination from up-hole
because a Zone NP 24 assemblage overlies it in Section 3
of Core 6. Sphenoliths with long projections are abun-
dant in the S. predistentus-S. distentus-S. ciperoensis
group, and this aspect seems to follow a distributional
trend.

Foraminifers

Hole 448

Poorly to moderately well-preserved Miocene to
Oligocene foraminiferal assemblages are present in sam-
ples from Cores 1 through 19 of Hole 448. Below Core
19 foraminifers occur rarely and sporadically and are
nondiagnostic.

The interval from Core 1 through Core 2, Section 1
contains only benthic and robust planktonic fora-
minifers (e.g., Sphaeroidinellopsis seminulina) which
precludes precise dating of this interval. Rare occur-
rences of Orbulina universa, however, indicate a middle
Miocene or younger age; the overlapping ranges of S.
seminulina and Globoguadrina dehiscens advena prob-
ably suggesting the middle Miocene.

Core 2, Section 2 contains one specimen of Prae-
orbulina glomerosa, a species that ranges from upper
lower to lower middle Miocene (Zones N.8-N.9).

Globigerinoides diminutus, which indicates the lower
to middle Miocene (Zones N.7-N.9), occurs sporadi-
cally from Core 3, Section 2 to the upper portion of
Core 4.

The lower portions of Core 4 and Core 5 contain
lower-Miocene assemblages. Globigerina tripartita s.l.
(Zone N.67 or older) has its highest stratigraphic occur-
rence near the base of Core 4 and is common in most
samples below this through Core 17. Rare occurrences
of Catapsydrax dissimilis (Zone N.6 and older) were
also noted in Core 5.
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Globorotalia kugleri has its stratigraphic top in Core
6, Section 1 and is common in samples from Core 6
through Core 10. This species ranges from the upper-
most Oligocene to the lowest Miocene (Zones P.22
[=N.3]-N.4).

Samples from Core 11 typically contain Globigerina
ciperoensis, G. angulisuturalis, and other small glo-
bigerinids. These samples mark the interval between the
lowest occurrence of G. kugleri and the highest
occurrence of Globorotalia opima opima, and conse-
quently were deposited during the late Oligocene, within
the lower portion of Zone P.22, equivalent to the
Globigerina ciperoensis ciperoensis Zone of Bolli
(1966).

The interval from Core 12 through the base of Core
17 contains upper-Oligocene (Zone P.21) foraminiferal
assemblages. Globorotalia opima opima (Zones
P.19/20-P.21) and G. opima nana (Zone P.22 and
older) are present in Cores 12 through 17. Chilo-
guembelina cubensis (mid-P.21 and older) has its
stratigraphic top within Core 13 and occurs consis-
tently, commonly quite abundantly, down to the base of
Core 17, and sporadically below Core 17. Globigerina
angulisuturalis, which does not occur below Zone P.21,
is still present in the core-catcher sample of Core 17, and
rare (displaced from uphole?) specimens were noted in
Core 19, Section 1.

There was essentially no recovery for Core 18. Core
19, Section 3 contains the stratigraphically highest ob-
served occurrence of G. ampliapertura and probably
was deposited within the upper Oligocene portion of
Zone N.20. Samples examined below Section 19-3 do
not contain age-diagnostic foraminiferal assemblages.

Hole 448A

Core-catcher samples from Cores 1 through 4 of
Hole 448A were examined for foraminifers. Sample
1,CC contains a probable middle-Miocene assemblage
similar to that in Cores 1 and 2 of Hole 448. Samples
from the core catchers of Cores 2, 3, and 4 of Hole
448A all contain Globorotalia kugleri (Zones P.22-
N.4), as do samples from Cores 6 to 10 of Hole 448.

Radiolarians

Radiolarians are mostly confined to the upper 17
cores (0.0-157.0 m) drilled in Hole 448, and only minor
amounts of their skeletons reappear lower in the section
(Samples 32,CC, 33,CC). In Hole 448A, radiolarians
were seen only in Cores 1 through 4; none were seen
below this point. Although clearly equatorial in compo-
sition, the assemblages never are as diverse and abun-
dant as found in samples from comparable depths in the
central Pacific. On the contrary, except for the rich
thanatocoenoses of Cores 2 and 3 of Hole 448, the
abundance of radiolarians varies from very rare to com-
mon, preservation normally being poor. Evidence for
strong silica solution prevails in“virtually every sample;
individuals of fragile species are often absent or
fragmentary, and there is a preponderance of specimens
lacking abdomens, spines, and other ornamentation.
This situation rendered precise identification of some
species impossible, particularly in the genera Dor-



cadospyris and Calocycletta. The solution-induced
anomalies compounded other stratigraphic problems;
for example, two key zonal guide fossils, Lychnoca-
noma elongata and Theocyrtis annosa (both typically
abundant in their respective zones), were found only as
traces.

From youngest to oldest, the radiolarian zones that
were recognized are: (1) the D. alata Zone, spanning
Cores1, 2, and the top of 3 (Hole 448); (2) the C. costata
Zone, in Core 3 to Core 4, Section 2 (Hole 448), and in
the core-catcher sample of Core 1 (Hole 448A); (3) the
Stichocorys wolfii Zone, in samples from Core 4, Sec-
tion 2, to the bottom of Core 4 (Hole 448); (4) the S.
delmontensis Zone in Core 5 (Hole 448); (5) the Cyr-
tocapsella tetrapera Zone, in the interval from Core 6
through Core 7 (Hole 448) and possibly in Core 2 (Hole
448A); (6) the L. elongata Zone in Core 8; and finally
(7) the upper-Oligocene D. papilio Zone, which ap-
parently extends from the top of Core 10 to the base of
the radiolarian-bearing sequence in Hole 448, and from
Core 3 to Core 4 in Hole 448A.

The Oligocene/Miocene boundary, in terms of radio-
larian stratigraphy, should fall between Cores 8 and 10
of Hole 448 (it may, in addition, correlate with a level
just above Core 3 of Hole 448A), because the L. elon-
gata Zone contains this boundary (Theyer and Ham-
mond, 1974).

PALEOENVIRONMENT

All three fossil groups studied (nannofossils, radio-
larians, and foraminifers) indicate that a tropical cli-
mate persisted in the area of Site 448 through the middle
Oligocene to middle Miocene. Although nannofossils
are present throughout the sedimentary section at Hole
448, radiolarians and foraminifers are mostly confined
to the upper 19 cores. Preservation of fossils is generally
poor to fair, with the exception of the nannofossils in
Core 1, where the preservation is good. The generally
poor preservation of calcareous fossils in the upper
cores, especially the planktonic foraminifers, suggests
that these samples were deposited near the foraminiferal
lysocline. Poor preservation of fossils in some of the
lower cores might be the result of diagenesis, because
the transition from ooze to chalk occurs within Core 12.
The lower portion of the sediment column contains in-
creased amounts of ash. The change from chalk to tuff
occurs within Core 19 and, with it, the end of diagnostic
foraminiferal assemblages and (with a few exceptions)
radiolarians.

In Hole 448, benthic foraminifers characteristic of
lower abyssal environments (e.g., Stilostomella antillea,
S. spinea, thin Cibicides wuellerstorfi, C. kullenbergi?)
occur commonly in samples from Core 1 through Core
12, with an increase in arenaceous benthic foraminifers
(possibly indicating the deepest portion of the interval)
in Cores 7 through 12. Many of the deep-water species
common in Cores 1 through 12 were not noted in Cores
13 through 19, suggesting a possible deepening from
middle or upper bathyal for the upper portion of the
sedimentary section. Nannofossil data lend support to
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this suggestion of a deepening trend, because Zygrhab-
lithus bijugatus, which is thought to be a neritic species,
appears in fair numbers in Cores 16 to 18 (see the sec-
tion on Biostratigraphy, this chapter).

ACCUMULATION RATES

Nine successive biostratigraphic zonal boundaries
identified in the cores of Hole 448 were used to estimate
the sediment accumulation rates at Site 448 (Fig. 9). The
dominant feature of the resulting curve is a smooth
decrease in accumulation rates with time at this site.
This decrease expresses an ever-diminishing influx of
volcaniclastic components (tuff, pumice, glass) to the
sediments. The greatest influx occurred below Unit 5,
where lavas and volcaniclastic breccia accumulated. The
decrease in volcaniclastic influx began during the late
Oligocene with the deposition of sedimentary Unit 5 and
continued with a relatively sharp decrease in Unit 3 (Fig.
7). It culminated in the later part of the early Miocene,
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Figure 9. Accumulation rates estimated for the sedimentary sequence
recovered from Hole 448. (The time-scale for the Neogene is from
LaBreque et al. [1977]; for the Oligocene, Martini’s [1971] scheme
is employed. Definition of the nannofossil zonal boundaries is that
given by Martini [1971]; that of the radiolarian zonal boundaries is
after Riedel and Sanfilippo [1974]. Calibration of the nannofossil
zonal boundaries to the time scale is taken from Theyer et al.
[1978]. The line representing accumulation rate is dashed where it
is extrapolated to fit lithologic boundaries in the absence of more
detailed paleontological control.)
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when volcanic glass can no longer be detected in the
sand-sized fraction of the sediments that comprise the
upper portion of Unit 1.

During construction of the volcanic-arc basement,
the accumulation rate of lavas and related volcaniclastic
products was in excess of 300 m/m.y. Then, during
deposition of the mostly tuffaceous sedimentary Units 5
through 3, which range from the middle to the upper
Oligocene, sediment accumulation rates averaged 48
m/m.y. While the mainly biogenic Unit 2 and basal part
of Unit 1 were deposited in the late Oligocene, average
accumulation rates rapidly diminished to more typically
pelagic values of about 19 m/m.y.; during deposition of
the central part of Unit 1, the rate decreased to about 9
m/m.y. Finally, a further drastic slowing down of the
depositional process must have occurred during the
early and middle Miocene with a rate of 5 m/m.y.

The few nannofossil-bearing volcaniclastic lenses,
which were found intercalated between the basalts down
to about 810 meters (Hole 448A), all correspond to
Zone NP 23. This zone only lasted about 2 m.y. (Mar-
tini, 1976). Thus the approximately 500 meters of
basalts and volcaniclastic breccias drilled in Hole 448A
above the last nannofossil date took, at the most, less
than 2 m.y. to be deposited.

ORGANIC GEOCHEMISTRY

The two gas shows at Site 448 (Sections 17-2 and
19-2) were sampled and investigated using procedures
outlined in the Introduction (this volume). Results
similar to those for Site 447 were obtained by gas
chromatography: methane is absent and minor amounts
of CO, are present; thus it is possible to make deduc-
tions similar to those for Site 447.

The methods used for determination of organic car-
bon and nitrogen contents are also presented in the
Introduction (this volume). The results at Site 448
(Table 2, Fig. 10) are generally similar to those at Site
447, with low amounts of organic carbon (mean values
between 0.1-0.4 wt. % carbonate-free sediment) and
nitrogen (0.01-0.04 wt. %) and little variation in the
value of the C to N ratio (10-27). The higher nitrogen
content of the uppermost sediment may be a reflection
of microbial activity at this level.

Methods of Rock Eval analyses are presented in the
Introduction (this volume). The results for the 18
samples investigated are summarized in Table 3. The
nannofossil oozes and chalks of Units 1 and 2 give only
nominal hydrocarbon responses, reflecting the dearth of
pyrolyzable organic matter. The S, peak maximizes at
550°C in the fine tuff-rich silt-size lithologies of Units 3
and 4. This S, peak character is analogous to the
response found in clay-rich lithologies and is not di-
rectly representative of the degree of maturation of the
organic matter. In the sample from Section 26-2, the S,
response maximizes at 438°C and also appears to be a
spurious feature of this lithology rather than a genuine
indication of organic matter within the oil zone of
maturation, especially because of the evidence of the
low carbon content and production index [S,/(S; + S,)].
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Table 2. Organic carbon and nitrogen contents (after carbonate
dissolution).

Lithologic Sample Organic Carbon  Nitrogen C:N
Unit (intervals in cm) (wt. o) (wt. %) (atomic ratio)

1 1-1, 9-10 0.42 0.049 10.0

0.35 0.046 8.9

1 1-1, 69-70 0.27 0.038 8.3

0.33 0.046 8.4

1 1-2, 28-29 0.31 0.037 9.8

0.28 0.034 9.6

0.25 0.034 8.6

1 2-2, 144-145 0.44 0.028 18.4

0.24 0.015 18.7

0.36 0.023 18.3

1 2-5, 98-99 0.28 0.017 16.5

0.34 0.020 19.9

0.31 0.019 19.1

1 2-6, 2-3 0.17 0.020 9.9

0.15 0.020 8.8

0.20 0.021 11.1

1 3-1, 30-31 0.18 0.019 11.1

0.17 0.015 133

0.18 0.017 12.4

1 4-3, 22-23 0.19 0.020 11.1

0.23 0.020 134

1 4-5,7-8 0.26 0.019 16.0

0.34 0.021 18.9

0.33 0.021 18.4

2 17-1, 50-51 0.19 0.018 12.4

0.20 0.017 13.8

0.30 0.021 16.7

2 17-3, 128-129 0.26 0.023 13.1

0.30 0.027 13.0

0.29 0.020 17.0

3 19-4, 104-105 0.20 0.012 19.0

0.10 0.008 14.6

4 24-3, 30-31 0.14 0.009 18.2

0.14 0.008 20.5

0.24 0.015 18.7

26-2, 65-66 0.24 0.009 26.7

29-3, 120-121 0.08 0.007 12.1

0.15 0.009 19.5

0.07 0.005 15.4

The organic-geochemical value of these lithologies
and the information that can be deduced from such
analyses are greatly diminished by the low amounts of
organic carbon and the absence of significant hydrocar-
bon responses on pyrolysis.

INORGANIC GEOCHEMISTRY OF
INTERSTITIAL WATER

Six samples from Hole 448 and one from Hole 448A
were collected for interstitial water analyses (analytical
methods are discussed in the Introduction to this vol-
ume). The data obtained from the shipboard measure-
ments are plotted against depth in Figure 11. Little
variation with depth occurs in the parameters investi-
gated. Within the nannofossil ooze of Unit 1 the values
are approximately those of sea water and show no
discernible diagenetic trend. The lowest two samples
from Hole 448 diverge slightly from the uniformity of
the Unit 1 samples. Section 21-3 shows an enhanced
chlorinity and salinity relative to the overlying sedi-
ments. This increase is unusual because diagenetic ef-
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Figure 10. Results of organic carbon and nitrogen analyses plotted
versus sub-bottom depth in meters.

Table 3. Qualitative estimate of the relative amounts of free
hydrocarbons, bound hydrocarbons, and CO, from kerogen
(and carbonate-rich sediments) based upon sizes of §,, §;, and
S, peaks, respectively, from Rock-Eval analyses.

Free Bound CO,; from
Lithologic No. of Hydrocarbon Hydrocarbon Kerogen
Unit  Samples S1) (52) (53)
1 and 2 14 -/ + - +/++
3 1 + ++ +
4 3 + +/++ +
Note: — = undetectable, —/-+ = undetectable to minor;

+ = minor, +/+ + = minor to moderate, + + = moderate
relative amounts.

fects, principally the expulsion of water low in chloride
from clay minerals, normally lead to decreases in salin-
ity and chlorinity. In addition, the horizon itself seems to

SITE 448

M Salinity Chlorinity | Alkalinity Calclum Magnesium
{%bo) %00) {meg/) [maq/l) {meg/1)
78 35 36 37|18 19 20 2 4 5 10 15 40 45 50 55 60 65
I SO A P ] Ll al ol I | 1 ) - T | L
IaPS0| @ ® @ ® @
SSW @ é O] ® ® ®

OF 4 ﬁ ﬁ [ \i =

20+

a0}
80}

120+

Sub-bottom Depth (m)

1601

1801

2004+
2201
y ) 8
240 l L
®
260 -

Figure 11. Results of interstitial water samples plotted against sub-
bottom depth in meters. (¢ = data for Hole 448; ® = data for
Hole 448A; IAPSO standard and surface sea water (SSW) analyses
are shown for comparison.)

be too distant from hydrothermal mineralization for
this phenomenon to have been influential. Section 26-2
possesses a pH value of 8.5, considerably lower than the
other samples, and an unusually low Mg2+ concentra-
tion, although its alkalinity is similar. The most plausi-
ble explanation for these observations is that the values
reflect reaction of pore waters with basaltic glass at low
temperatures: The lower Mg2+ content of this sample
suggests an enhanced incorporation of Mg2* into clay
lattices, and the high pH suggests use of the hydronium
ion in hydration of basaltic glass. Both Cores 21 and 26
are vitric tuffs that are altered in part to clays (see
Aldrich et al., this volume). The commonly observed
reaction of basaltic glass with sea water at low tempera-
ture shows a decrease in Mg content of the glass, requir-
ing a concomitant increase in Mg?+* in the aqueous
phase (Thompson, 1973); however, the presence of Mg-
rich clays may reverse this trend. Data for the single
sample taken from Hole 448A are analogous to those of
Unit 1. In summary, characteristic changes in interstitial
water chemistry attributable to diagenesis of commonly
absorbed sediments are absent at Site 448 but may be
related to reactions between vitric tuffs and pore water.

IGNEOUS PETROGRAPHY

The volcanic rocks recovered from Hole 448 consist
of highly vesicular lava flows and rare pillow lavas with
interbedded tuffs and volcaniclastic breccias. In Hole
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448A, continuous coring was begun at 527.5 meters—357
meters above the bottom of 448—and continued to a
final depth of 914.0 meters. In 448A dikes and sills and
hydrothermally altered zones were also encountered
below the total depth of Hole 448. As was previously
discussed, correlation between the two holes was made
at the lithologic break between Units 4 and 5; this boun-
dary was found at 280.5 meters sub-bottom in Hole 448
and 261.5 meters sub-bottom in Hole 448A. For clarity,
the lithologic and petrographic units distinguished will
be numbered consecutively.

Hole 448

Although Core 1 contains no volcanic clasts, the
171.5 meters of middle-Miocene nannofossil ooze and
upper-Oligocene nannofossil chalks of Units 1 and 2
contain scattered fragments of pumice (2 cm) and rare,
thin (1-2 cm) ash layers. A distinctive set of lithologies
consisting of middle- to upper-Oligocene interbedded
tuffs and chalks is recognized in Units 3, 4, and 5.
Within this interval (171.5-337.5 m), the amount of
volcanic debris sharply increases down-hole. These
debris are partially oxidized tuffs that consist of frag-
ments of olivine-clinopyroxene-plagioclase-phyric and
aphyric basalts with variolitic and hyalopilitic ground-
masses and fragments of plagioclase, clinopyroxene,
olivine, and altered volcanic glass. The first lava flow
occurs at 319.5 meters sub-bottom. Below this, inter-
bedded vesicular basaltic flows, volcaniclastic breccias,
tuffaceous volcaniclastic breccias, and tuffs are present
to a depth of 556 meters sub-bottom.

The major subdivisions below 319.5 meters are based
on the differences between volcaniclastic units and the
petrographically distinct submarine extrusive igneous
units. Eight main units are thus identified as five ex-
trusive units and three intervening volcaniclastic units.
Each of the petrographic extrusive units may be com-
posed of one or more eruptive cooling units. Although
no attempt was made to subdivide formally the petro-
graphic units into cooling units, up to 18 single cooling
units or lava flows were recognized, ranging in thickness
from 0.5 meters to 2.5 meters. As discussed in the Site
447 report, cooling units consist of flows, pillow lava
flows, and pillowed massive flows. Flows are the most
common type of cooling unit. Glass rims of flows
(0.5-3.0 cm thick) enclose variolitic zones that, in turn,
enclose mostly crystalline interiors. Flow surfaces are
commonly brecciated with rock and glass fragments
cemented by finely crystalline carbonates and zeolites.
In the only pillow lava flow recognized (10.4 m thick, in
Unit 8), pillows range from 30 to 40 cm in diameter. A
pillowed massive flow is thought to comprise Unit 6
(20.5 m thick).

High vesicularity (up to 40%) and a possible inter-
granular porosity(?) are characteristic features of all
eruptive units in Hole 448. Vesicles are spherical or oval
and range from 1 to 3 mm in diameter. Irregular inter-
granular pores are 0.1 to 0.5 mm in diameter. Margins
of flows are especially enriched in vesicles and irregular
vugs that in some cases are partially filled with car-
bonates, zeolites, and smectites.
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The volcaniclastic units (Unit 7, 18.5 m; Unit 9, 29.5
m; and Unit 11, 31.5 m) comprise about one-third of the
recovered sequence. The petrography of these units re-
mains relatively uniform. The clast:matrix ratio is rarely
lower than 3:1. The clasts are angular, subangular to
subrounded, and vary in size from 15 cm to 0.5 mm in
diameter. In general, little sorting or orientation of
clasts is recognizable. The composition of the clasts
generally is the same as that of interbedded flows.
Although volcaniclastic units are relatively rich in glassy
and variolitic basalt clasts and palagonite, rare clasts of
highly altered andesite(?) and quartz-andesine-horn-
blende diorite are also present.

The coarse volcaniclastic matrix is composed of small
pieces (<4 mm) of variolitic, glassy, and aphyric
vesicular basalts and devitrified glass cemented with
zeolites and carbonates. Occasionally this tuff forms
separate thin layers 40 to 50 cm thick. The oxidized
matrix has yellowish brown colors above Unit 7 and
changes into dark green colors down-hole.

Both petrographic investigations and x-ray fluo-
rescence (XRF) studies of the igneous units indicate
these lavas are tholeiitic basalts (see R. Scott, this
volume; Mattey et al., this volume). The basalts are
subdivided on the basis of phenocrysts: Unit 6, a plagio-
clase-clinopyroxene-orthopyroxene-olivine-phyric basalt
(20.5 m); Unit 8, a plagioclase-olivine-clinopyroxene ba-
salt (27.5 m); Unit 9, an aphyric basalt (23.0 m); Unit
11, a plagioclase-clinopyroxene-orthopyroxene-pigeon-
ite-olivine-phyric basalt (33.5 m); and Unit 13, a plagio-
clase-clinopyroxene-orthopyroxene-pigeonite-phyric
basalt (35.5 m).

Most of the extrusive and volcaniclastic rocks display
moderate to intensive low-temperature hydrothermal
alteration (see Aldrich et al., this volume). Two types of
alteration exist: One displays the yellowish brown col-
ored matrices typical of oxidation, and the other dis-
plays the greenish colored matrices typical of reduc-
tion. Both types are more extensively developed in the
matrices of volcaniclastic units, pillow margins along
flow boundaries, zones of brecciation, and zones adja-
cent to sills and dikes. Both types of alteration are
associated with low-temperature secondary minerals
(smectites, hydromicas(?), carbonates, and zeolites),
but the smectitic green clays are restricted to the green
matrices, and the iron hydroxides are restricted to the
yellowish brown matrices. These same mineral associa-
tions fill vesicles, vugs, and thin (1-3 mm) veins. In
many cases, olivine, orthopyroxene, and glass are exten-
sively altered to green smectite clays and zeolites,
whereas clinopyroxene and plagioclase remain relatively
fresh.

Hole 448A

As discussed earlier, Unit 13, the last igneous unit
recovered from Hole 448, was successfully correlated
with the igneous unit recovered from the top of the con-
tinuously cored part of Hole 448A (527.5 m sub-
bottom). However, between sub-bottom depths of 291.0
meters and 303.0 meters an aphyric to plagioclase-
phyric pillow lava basalt was recovered. Apparently this



basalt unit is the upper part of Unit 6, unrecovered in
Cores 35 and 36 of Hole 448. In fact, the core-catcher
sample for Core 35 has small basalt fragments in a
volcaniclastic breccia that may have washed from more
elevated portions of Unit 6 elsewhere. Based on this
reconstruction, Unit 6 may be as much as 38 meters
thick in Hole 448 and perhaps 48 meters thick in Hole
448A, using the Unit 4/Unit 5 boundary for correlation.
The assumption that basalt was reached at approxi-
mately 319.5 meters sub-bottom is substantiated by the
sharp decrease in drilling rate at this position. The
lithologies of material recovered from 448A below this
level are very similar to those of 448 with the exceptions
that (1) the basalts are less vesicular with increasing
depth, (2) dikes and sills occur, (3) moderate-tempera-
ture, hydrothermally altered zones are present, and (4)
basaltic andesites are present.

The lithology and petrography of the 45 volcanic
units from Holes 448 and 448A are summarized in Table
4. In the petrographic descriptions in this table, the
abundance of phenocrysts, groundmass, and vesicles
are given as percentages of the whole rock (for example,
4% phenocrysts, 75% groundmass, and 20% vesicles),
whereas the abundance of individual phenocrysts or
groundmass constituents are given as percentages of
total phenocrysts or groundmass (for example, 4%
phenocrysts: Pl [65%], Cpx [35%]; 75% groundmass:
Pl [45%], Cpx [20%], opaques [5%], and glass [30%]).

The middle- to upper-Oligocene volcanic sequence
recovered from the Palau-Kyushu Ridge (Sites 448 and
448A) consists predominantly of tholeiitic basalts,
which differ significantly from mid-ocean ridge (MOR)
basalts typical of oceanic crust (layer 2) in that the abun-
dance of explosive volcaniclastic debris, the high vesicu-
larity of extrusive units, the wide distribution of hyper-
sthene, both as phenocrysts and in the groundmass, and
the presence of pigeonite all suggest island-arc affinities.
Also the occurrence of dikes of basaltic andesites and
clasts of andesites(?) and diorites in the volcanic debris
reinforce this conclusion.

A volcaniclastic sequence very similar to that of Site
448, except for the absence of flows and intrusions and
the presence of abundant andesite clasts, was encoun-
tered at Site 296 at the northern termination of the
Palau-Kyushu Ridge (Karig, Ingle, et al., 1975). The
recovered volcanic section is ~ 600 meters thick and is
described as “‘lapilli tuffs, volcanic sandstones and
siltstones’’—equivalent to our volcaniclastic breccias,
tuffs, and fine tuffs. An abundant type of clast in these
breccias is a porphyritic pyroxene andesite with oscil-
latory-zoned plagioclase, hypersthene, augite, and, in
some cases, hornblende phenocrysts in a pilotaxitic to
hyalopilitic glassy matrix. Clasts of individual crystals
also occur within these breccias and resemble pheno-
cryst phases of andesites. Other abundant lithic
fragments include vesicular basalts, pumice, and brown
glass. Clasts are poorly to moderately sorted. Many of
the tuffs occur in 3-meter-thick, well-defined units that
grade upward from tuffaceous volcaniclastic breccias to
tuffs. The age of the volcanics varies from early to late
Oligocene. They are covered with clay-rich nannofossil
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chalk (~109.5 m) with extensive interbeds of ash and
clayey nannofossil chalk (61.5 m) from the late
Oligocene to early Miocene.

Although the similarity of Site 296 and 448 is obvi-
ous, there are differences between the volcanism of the
northern and the central parts of the Palau-Kyushu
Ridge. Whereas the northern part predominately pro-
duced andesite (probably of calc-alkalic character), the
central part of the ridge produced predominately
tholeiitic basalts. Karig (1975) considered the Palau-
Kyushu Ridge to be a remnant arc abandoned at the
time of formation of the Parece Vela Basin in the late
Oligocene. Data obtained from Sites 296 and 448 do not
contradict this hypothesis. The cessation of volcanic ac-
tivity along the Palau-Kyushu Ridge occurred between
the middle and late Oligocene.

METAMORPHIC PETROGRAPHY

Although no evidence of widespread regional hydro-
thermal metamorphism of basalts or coexisting volcani-
clastic rocks exists, there is good evidence that low-
grade local hydrothermal metamorphism has affected
rocks below about 750 meters sub-bottom where abun-
dant intrusive units are found (see Aldrich et al., this
volume).

The only apparent alteration in the ashes and tuffs
above 337.5 meters sub-bottom in Hole 448 is ambient
temperature sea-water weathering at the sea floor or
diagenetic sediment alteration after burial.

Coarse volcaniclastics have yellowish brown matrix
colors above 357 meters sub-bottom, but below the first
basalt flow, matrix colors in the volcaniclastic breccias
grade from yellowish brown colors typical of slightly
oxidized matrices of mafic volcaniclastic rocks, to olive
colors near 358 meters, to more bluish green colors
below 442 meters. However, the olive to green matrix
colors are not ubiquitous below 358 meters; within ma-
jor breccia units yellowish brown zones and olive to
green zones occur between 358 and about 575 meters
sub-bottom. Below 575 meters sub-bottom, few yellow-
ish brown matrices occur, and almost the entire breccia
matrix has various shades of dark grayish green to gray-
ish blue-green. Even though these matrices have under-
gone significant color changes, the large clasts appear to
be unaffected. Below 718 meters sub-bottom, the matrix
colors change gradually to darker shades of green and
greenish black. Below 750 meters, three zones of exten-
sively altered breccia contain disseminated sulfides and
acquire a grayish blue to grayish blue-green matrix.
Breccias unaffected by this form of alteration retain
greenish black matrices.

Mineralogically, this progressive change in character
of breccia and ash matrices is quite difficult to describe
because no access to an X-ray diffraction facility was
available aboard ship. Thus, we can only make tentative
identification. Within both the yellowish brown and
green matrices, veins of phillipsite are common, veins of
analcite are less common, and vuggy coatings of calcite
are rare. The color change from yellows to greens is
probably the result of reduction of ferric-oxide altera-
tion minerals to green smectites(?) and other green
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Table 4. Descriptions of volcanic units in Site 448.

Depth in m
Unit (thickness) Lithology Petrography Comments
6 337.5-358.0  Pillowed massive flow P1-Cpx-Opx-Ol-phyric basalt Highly vesicular; oxidized,
(20.5) 16.5 m of vesicular pillow basalt under- Phenocrysts: 2%; P1 (50%, 1-3 mm,  carbonate and zeolite veins
lain by a 4 m massive flow base, ~Angg4, glomerophyric); mafics 50%o; common.
Ol (0.5-1 mm as smectite pseudo-
morphs).
Groundmass: 65%; 0.1-0.5 mm,
75% crystalline, hyalopilitic, intersertal
to subophitic; (60% PI, 30% Cpx, 5%
0Ol (altered), 5% Opq).
Vesicles: 30%; 1-2 mm, empty.
7 358.0-376.5  Volcaniclastic breccia (C:M 4:1)
(18.5) Clasts: vesicular P1-Ol-phyric basalts
and altered glass; angular; avg. 2-4 cm,
max, 15 cm.
Matrix: olive-yellow (5Y 6/6-5/4)
devitrified glass and silica cement.
8 376.5-404.0  Pillow lava flows and flows P1-O1-Cpx-phyric basalt Highly vesicular; oxidized.
(27.5) 4 cooling units of pillow lava flows and Phenocrysts: 4%; Pl (<50%, 0.5- Up to 5% Pl and Ol
single flows, 0.5-10 m thick, separated 1.5 mm, laths); Ol (tr, 50%, 0.4 mm, accumulation in few flows.
by thin (10-20 cm) bands of cognate pseudomorphs); Cpx (tr, 0-4 mm).
breccia. Groundmass: 75%; fine, 70-80%
crystalline, pilotaxitic to ophitic; (60%
Pl, 25% Cpx, 5% Ol, 5% Opq).
Vesicles: 20%; bimodal, 50%
1-6 mm, 50% 0.1-0.4 mm; empty to
lined with zeolites, carbonate, and
smectite.
9 404.0-427.0  Pillowed massive flow Aphyric basalt Alteration of glass to
(23.00 One cooling unit—upper section Phenocrysts: none clays rare.
pillowed, basal flow section; highly Groundmass: 70%; <0.2 mm, 70%
vesicular; glassy margins brecciated, crystalline, intersertal to hyalopilitic;
replaced by smectite. (40% PI1, 25% Cpx, 5% Opq. 30%
glass).
Vesicles: 30%; 0.2-2 mm, irregular.
10 427.0-456.0 Tuffs, tuffaceous volcaniclastic breccias Clasts: Quartz-andesine-hornblende-diorite  Tuffs contain Mn dendrites.
(29.0) and polymictic breccias Pl (55%, | mm, Ans4-Anpg (rim);
From top downward: Cpx (tr, altered to amphibole);
Sub-unit 10a: 14.5 m tuff and vol- Fe oxide (5%); Opx (altered to
caniclastic breccia; C:M 8:1. amphibole); Qtz (15%, micrographic);
Clasts: fresh and altered glass, Apatite (1%); Hornblende (20%o, 1
vesicular P1-Ol basalt; angular; avg. mm}; possible tremolite, granitic texture.
2 cm; max. 15 cm; 10 YR 5/4. Andesite(?) clasts; phenocrysts ~5%;
Matrix: zeolites, altered glass; 5Y 7/2, Pl (90%, 0.5 mm, glomerophyric),
8/2, 8/4. Cpx (tr, 1.5 mm); groundmass 95%:
Sub-unit 10b: 10 m volcaniclastic trachytic; Pl (5%, 0.1 mm, Anjp);
breccia; C:M 5:1. Clasts: basalts, =30% glass; 65% microlites.
andesite(?), rare granodiorite; avg. 1 cm;
max. 15 em. Matrix: 5G 3/2-10G 4/2;
zeolites, green smectite, calcite.
Sub-unit 10c: 3 m tuff similar to that
in 10a; contains andesite clasts; C:M
4:1. Matrix: 2.5Y 7/6-7/8.
Sub-unit 10d: 1.5 m yellow tuff, 2.5Y
7/6, 5Y 7/3, and polymictic breccia.
Clasts: pillow fragments (25 cm, glass
rims) and white, §Y 8/1 nannofossil
chalk. Matrix: white nannofossil chalk,
carbonate cement.
11 456.0-489.5  Basalts flows Pl-Cpx-Opx-Pig-Ol-phyric basalt Vesicles empty. Abundant
(33.5) 5 cooling units 1-9.5 m thick. Phenocrysts: <2%; PI (tr, 1-2 tube vesicles 1 cm diameter.
mm, laths); Ol (tr, 0.4 mm, pseudo-
morphs); Cpx and Opx (tr).
Groundmass: 70%; fine, 85%
crystalline, hyalopilitic; (50% P1, 10%
Cpx, 7% OI, 5% Opq, 20% glass).
Vesicles: 25%; bimodal, 40% 0.5-2.0
mm, 60% 0.1-0.4 mm.
12 489.5-521.0  Volcaniclastic breccia (C:M 5:1) P1-Cpx-phyric basalt clasts: pheno- Contains native Cu (1%,
(31.5) Clasts: 75% P1-Cpx-Opx phyric crysts ~15%; Pl (95%, 1-2 mm, cores 0.1-1 mm) associated with

vesicular, fresh and altered basalt; 20%
altered glass; 5% reddish (10R 3/2)
andesitic or oxidized basalt; angular;
avg, —2 cm, max. 3-8 cm.

Matrix: zeolites, carbonate, and
altered glass; olive-brown (2.5Y 5/5-5Y
6/4) at top and base of unit, dusky-
green (SG 3/3-10G 4/2) elsewhere.

altered to green smectite), Cpx (5%,
0.5 mm); groundmass 85%; fine, 75%
crystalline, hyalopilitic to pilotaxitic;
(50% Pl, 5% Cpx, 3% Opq, 25% glass).
Cpx-Opx-phyric basalt clasts: pheno-
crysts 5%, Pl (25%, 0.3-0.7 mm), Cpx
(50%% 0.4-1.5 mm), Opx (tr, 0.03-0.2
mm); groundmass 65%; fine, 70%
crystalline, hyalopilitic; 40% P, 15%
Cpx, 5% Opq, 40% glass; vesicles 30%,
0.5-3.0 mm.

disseminated oxides.
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SITE 448

Depth in m
Unit (thickness) Lithology Petrography Comments
13 521.0-556.5  Basalt flows PI1-Cpx-Opx-Pig-phyric basalt Very rare gabbroic xenoliths
(35.5) 8 cooling units 3-6 m thick with highly Phenocrysts: 20%; P1 (80%, <1 em.
vesicular cognate breccias between 0.5-3.0 mm, euhedral); Cpx (10%,
flows. 0.3-1.0 mmy); Opx (tr, 5%, 0.2-0.7
mm); Ol (tr).
Groundmass: 45%; fine, 75%
crystalline, hyalopilitic; (20-45% PI,
5-15% Cpx, 2-5% Opqg, tr-1% Opx,
25%, glass).
Vesicles: 15-35%; 0.5-5.0 mm,
empty or lined with zeolites, carbonate,
or smectite.
14 537.5-575.5 Pillow lavas P1-Cpx-Opx-(Ol)-phyric basalt Petrographically similar to
(38.0) Thick sequence wherein eruptive units Phenocrysts: 20%; Pl (80%, Unit 13. Calcite veins
are difficult to distinguish. Up to 40% 0.4-3.5 mm, euhedral laths or glomero- common.
vesicular. Calcite fillings in vugs and phyric with Cpx); Cpx (10%, 0.2-1.0
between pillows common, mm, 2V ~30-50); Opx (tr-5%, 0.4-2.0
mm, euhedral, partly or wholly altered);
Ol (tr).
Groundmass: 40%; fine, intersertal:
(15-25% PI, 10-20% Cpx, 3-5% Opg,
Opx tr, 10-20% glass).
Vesicles: 10-40%, 0.3-5 mm, many
filled with carbonate and zeolites.
15 575.5-613.5  Volcaniclastic breccia and tuff (C:M 4:2)  Pl-Cpx-phyric basalt (one clast) Basalt clasts very fresh. Rare
(38.0) Clasts: vesicular aphyric to fine, Phenocrysts: 3%; Pl (65%, reddish andesite(?) and
sparsely Pl-phyric basalts, altered glass, 0.4-2 mm, euhedral); Cpx (35%, gabbroic(?) clasts.
angular to subangular, unsorted, 0.5 mm, subhedral).
unoriented; avg. 2-3 cm, max. 13 cm. Groundmass: 75%; fine, hyalopilitic
Matrix: dusky-green (5G 3/2) to (45% P1, 20% Cpx, 5% Opq, 25-30%
grayish green (10G 4/2). Composed of glass).
altered basalt clasts 0.5-1 ¢cm, replaced Vesicles: 20%; empty.
by green smectite; cemented with zeolites
and carbonate. Basal 35 cm of unit is
dusky blue-green tuff (SBG 3/2);
0.1-1 cm laminations dip 35°.
16 613.5-616.5 Basalt flow P1-Cpx-phyric basalt
2.0) Vesicular basalt; vesicularity high in Phenocrysts: 2%; Pl (50%, 1-2 mm,
interior. altered); Cpx (50%, 1-2 mm,
subhedral).
Groundmass: 75%; finely crystalline,
intersertal; (30% Pl, 20% Cpx, 10%
Opq, 20% glass, 20 smectite).
Vesicles: 20%, avg. 1 mm, max
4 mm.
17 615.5-623.0 Tuff and volcaniclastic breccia Tuff composed of Pl, Cpx, and Native Cu disseminated
(7.5 Upper 4 m pale green (10G 6/2) tuff, glass fragments. throughout unit.
clay to silt size, crudely laminated, len-
ticular and cross laminar near base.
Coarser 3.5 m breccia (C:M 4:1), avg.
~1 cm, max. 2.5 cm. subrounded,
subspherical. Composed of highly
altered basalt and glass.
Matrix: dark green (10GY 5/2)
altered glass with zeolite cement.
18 623.0-632.0 Basalt flow Cpx-(Pl)-phyric basalt
(9.0) Phenocrysts: <2%; Cpx (75%,
0.4 mm); P1 (tr, 0.5 mm).
Groundmass: 75%; fine (0.1-0.7
mm) 90% crystalline, intersertal; (50%
Pl, 35% Cpx, 5% Opg, 10% glass).
Vesicles: 20%o.
19 632.0-660.5 VYolcaniclastic breccia (C:M 3:1 [top]- Similar to Unit 17; dip
(28.5) 1:1 [base]) 45-50°,
Clasts: avg. 0.5-1.0 cm, max. 3 cm,
rare 7 cm; green (5G 2/2); crudely
bedded.
Matrix: zeolites and clays.
20 660.5-670.0 Basalt flow Aphyric basalt Highly altered common green
9.5) Nonvesicular Microphenocrysts: Pl (tr, 0.5 mm). smectites. Thin veins contain
Groundmass: 0.05-0.5 mm, inter- native Cu,
sertal; 30% PI (Ansg_gg), 30% Cpx,
<5% Opq; 15-30% glass.
21 670.0-694.0  Volcaniclastic breccia (C:M 3:1-1:2
(24.0) as in Unit 19).
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Table 4. (Continued),

Depth in m

Unit (thickness) Lithology

Petrography Comments

22 694.0-699.5  Basalt flow
(5.5) Massive, vesicular

OI1-P1-Cpx-phyric basalt

Phenocrysts: 10%; Ol (50%,
0.7-3.0 mm, clay pseudomorphs); Pl
(30%, 0.4-1.1 mm); Cpx (10%,
0.4-1.0 mm).

Groundmass: 65%; 50% Pl (Angs)
25% Cpx, 15% Opq; 10% glass.

Vesicles: 23%; avg. 0.1-0.4 mm,
max. 1.0-2.0 mm; irregular; 50% clay
filled.

23 699.5-714.5 Cognate basalt breccia (C:M 5:1)
(15.0) Angular clasts, avg. 1-3 cm, max. 5 cm.
Less brecciated in flow center.
Abundant carbonate and zeolites.

Aphyric basalt
Groundmass: 80%; 30% Pl (Angs),
35% Cpx, 15% Opq, 20% glass.
Vesicles: 20%; 0.1-1.0 mm,
irregular; empty or filled with smectite.

24 714.5-718.0  Basalt flow
(3.5) Glass margins are in contact with
breccia zones 30-50 cm thick.

PI1-Cpx-phyric basalt

Phenocrysts: 10%; Pl (80%, 1-2
mm An74); Cpx 20%, 0.4-0.7 mm).

Groundmass: 45% Pl (An3s), 30%
Cpx, 10% Opq, 15% glass.

Vesicles: 15%, 0.2-0.5 mm and
1.0-3.0 mm; irregular; 60% smectite-

filled.
25 718.0-727.0  Volcaniclastic breccia (C:M 7-5:1) Lithology same as Units 19
(9.0) Clasts: Avg. 0.5 cm, max. 5 cm; and 21.
become rare toward base; dusky grayish
green (SG 7/5). Abundant calcite and
zeolite cement.
26 727.0-728.0  Basalt dike Pl-phyric basalt Relatively fresh; no veins,
Loy Steeply dipping (~ 70°) intrusive Phenocrysts: 5%; Pl (1-2 mm,
igneous contact with parallel bands of glomeromorphic).
vesicles. Groundmass: B0%
Vesicles: 5%; 1-2 mm, concentrated
in bands, lined with smectite.
27 728.0-731.5  Basalt dike Aphyric basalt
3.5) Upper contact parallel to lower contact Groundmass: 90%; 25% crystalline;

of Unit 26, separated by thin band of
volcaniclastic breccia.

15% Pl, 5% Cpx, 1% Opg, 75% glass.
Vesicles: 10%; 0.5 mm; empty or
lined with carbonate.

28 731.5-736.5  Basalt dike
5.0) Poorly recovered dike(?); no contacts
revealed. No veining.

PI-Cpx-Ol-phyric basalt

Phenocrysts: 10%; Pl (80%,
1-2 mm, An7s glomerophyric); Cpx
(10%, 0.5-1 mm, subhedral; Ol (10%,
0.5-1 mm, subhedral pseudomorphs).

Groundmass: 80%; fine, 75%
crystalline, intersertal; 45% P, 25%
Cpx, 5% Opq, 25% glass.

Vesicles: 5-7%; 0.2-3 mm, empty or
lined with smectite and zeolites.

29 736.5-750.5  Volcaniclastic breccia
(14.0) Upper 3 m—C:M 4:1

Clasts: 80% altered basalt, 10%
fresh basalt, subrounded, unsorted,
ungraded, unoriented; avg. 1 cm, max.
5-T7 cm.

Matrix: greenish gray altered basalt
fragments and glass; calcite and zeolite
cement.

Lower 11 m—C:M 2-3:1

Clasts: as above but smaller, avg.
0.25-0.5 cm, max. 3 cm.

Matrix: as above but finer,

<0.1 mm.

Some vesicles in fresh,
aphyric, finely crystalline
basalt filled or lined with
carbonate, zeolites, and
smectite.

30 750.5-757.0  Hydrothermally altered volcaniclastic
(6.5) breccia C:M 2:1

Clasts: altered vesicular basalts and
pumice; angular to subangular;
unsorted, unoriented; avg. ~0.3 cm
max. 2 cm.

Matrix: grayish blue (5BG 3/2)
altered volcanic glass; zeolite cement.

Rock is soft. Pyrite grains
(~0.01 mm) are present.




Table 4. (Continued).

Depth in m
Unit (thickness) Lithology Petrography Comments
il 757.0-768.5  Basalt flows a) PI-Cpx-phyric basalt (glass margin) a) pyrite grains (~0.12 mm)
(11.5) a) upper ~9 m basalt flows have glass Phenocrysts: 10%; P1 (90%, 0.4- fill some veins
margins (~1 cm). 3.0 mm, An . gp, eu- to subhedral); Cpx  b) interflow breccia
b) cognate basalt breccia. (< 10%, 0.3-0.5 mm).
c) lower =2 m basalt as in (a). Groundmass: 70%; fine, 35%
crystalline; 15% PIl, 3% Cpx, 3% Opq,
75% altered glass.
Vesicles: 20%; 0.5-1 mm, sub-
spherical.
¢) PI-Cpx-phyric basalt
Phenocrysts: 5%; Pl (90%, 0.5-
1 mm); Cpx (tr).
Groundmass: 75%; fine, 80%
crystalline, subophitic; P1, Cpx, Opq,
glass.
Vesicles: 15-20%; empty or filled
with carbonate, zeolites, and smectite.
32 768.5-769.5  Hydrothermally altered volcaniclastic Contains disseminated pyrite.
(1.0) breccia.
Clasts: extremely altered, vesicular
basalt.
Matrix: green and brown clays,
carbonate and zeolite.
KX] 769.5-783.5  Basalt sill(?) P1-Cpx-phyric basalt Numerous fractures and
(14.00 Thick massive flow (possibly a sill). Phenocrysts: 20%; Pl (90%, 0.4- slickensides. Carbonate and
Prominent slightly coarser, opaque 2.5 mm, Ansg-65); Cpx (tr-10%, zeolite veins common.
mineral-rich bands, 0.2-0.5 cm wide, 0.4-1.5 mm, euhedral).
1- cm apart (Fig. 12). Finely crystal- Groundmass: 70%; fine (0.02-0.4 m)
line chilled margin was ruptured prior intersertal or hyalopilitic, 80-90%
to final solidification by a further crystalline; 40% Pl, 30% Cpx, 10%
magma pulse(s) forming a microbreccia Opq, 15% glass.
10-20 cm wide. Origin of banding Vesicles: 2-10%; 0.5-2 mm, filled
unclear. with carbonate, zeolites, and clays.
34 783.5-792.5  Volcaniclastic breccia C:M 5:1
(9.0) Clasts: 75% altered basalt, 25%
glass; avg. | cm, max. 3 cm.
Matrix: SGY 2/1 becoming almost
black (N2) near base; composed of
smectites with zeolite cement.
35 792.5-794.5  Basalt sill(?) PI-Cpx-phyric basalt
(2.0) Well-preserved, fresh glass contacts Phenocrysts: 10%; Pl (80%o,
dip 60°. Pl phenocrysts are flow 0.5-2 mm, Angs); Cpx (20%, 0.4-
differentiated. 1.0 mm).
Groundmass: 85%; 0.5 m, 80-90%
crystalline, hyalopilitic; 50% P1, 30%
Cpx, 5% Opq, 15% glass.
B Vesicles: 2%; 0.5 mm, empty.
+.5-802.0  Volcaniclastic breccia grading into Compaction faults, 1 cm
(7.5) laminated tuff displacement
Breccia (upper 2 m) as in Unit 34.
Tuff: fine to coarse silt, dark
greenish gray to medium bluish gray (5G
4/1-5B 5/1). Fine lenticular, convolute,
and graded bedding. Dip 60°; cross-bed
(20-30° intersection) near base.
7 802.0-806.0 Basalt dike PI-Cpx-phyric basalt
4.0) Sharp, linear glass contact perpendicular Phenocrysts: 10%; Pl (85%, 0.4~
to tuff lamination (Fig. 13). Alignment 2 mm, Angg); Cpx (10%, 0.4-0.6 mm).
of vesicles suggests 50° dip. Groundmass: 85%; fine (0.05 mm),
60% crystalline, hyalopilitic; 45% PI,
30% Cpx, 10% Opg, 15% glass.
Vesicles: 2%; 0.2 mm.
38 806.0-810.5 Laminated tuff
4.5) Same as base of Unit 36.
39 810.5-813.5  Basalt flows(?) P1-Cpx-phyric basalt
3.0) Two flows (possibly sills) separated Phenocrysts: 10%; Pl (90%,
by 10 cm of breccia. 0.4-2 mm, Angs); Cpx (tr-10%,
~0.5 mm).
Groundmass: 90%; 0.1-0.5 mm,
60-75% crystalline, intersertal to
hyalopilitic; 35% PI, 20% Cpx, 7%
Opq, 35% glass.
Vesicles: none.
40 813.5-832.0 Volcaniclastic breccia C:M 4:1
(18.5) Clasts: Angular to subrounded

vesicular basalts extremely altered to
green (5G 2/1) smectite. Avg. 1-3 cm,
max. 5-15 cm.

Matrix: composition similar to clasts;
zeolite cement.
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Table 4. (Continued).

Depth in m
Unit (thickness) Lithology Petrography Comments
41 832.0-841.5 Basalt flow(?) and cognate breccia Pl-Cpx-phyric basalt Glass replaced by clays.
9.5) Upper 5§ m of basalt flow(?) overlying Phenocrysts: 15%; Pl (95%, 0.3~
a basalt breccia, Lower 4.5 m ruptured 4.0 mm, An _ 5, subhedral).
flow(?); C:M 1-4:1. Clasts: highly Groundmass: B5%; very fine, 75%
angular. Matrix: fine-grained basalt crystalline, intersertal; 50% PI, 30%
fragments. Cpx, 20% Opq, and altered glass.
Vesicles: rare.
42 841.5-843.0 Volcaniclastic breccia and laminated tuff
(1.5) C:M 1-2:1
Clasts: subangular to rounded basalt,
avg. 0.5-1.0 cm, max. 4 cm.
Matrix: medium to coarse silt-sized
basalt grains, dusky gray-green (5G
7/5). Cross-laminations present.
43 B43.0-848.0  Basalt flow(?) Aphyric basalt
(5.0) Flow interior coarser-grained. Microphenocrysts: <3%; Pl (~70%,
0.2-0.5 mm, Angy, eu- to subhedral);
Cpx (~30%, 0.2-0.5 mm, laths).
Groundmass: 85%; very fine, in-
tersertal; 50% PI, 30% Cpx, 20% Opq,
and altered glass.
Vesicles: 10%; 0.3-1.0 mm,
spherical; filled with clays.
44 848.0-858.5  Volcaniclastic breccia C:M 2:1
(10.5) Clasts: basalt and altered glass (ratio
5:1), avg. 0.2-0.5 cm, max. 1-2 cm.
Matrix: green (5G 4/1) altered basalt
and glass grains.
45 B58.5-864.4  Basalt sill(?) PI-Cpx-phyric basalt
(6.0) With glassy margin in contact with Phenocrysts: 10%; P1 (90%,
overlying Unit 44, 0.2-2.0 mm, An g5, eu- to subhedral);
Cpx (10%, 0.2-0.5 mm, subhedral).
Groundmass: 80%; fine, 70%
crystalline, hyalopilitic; 50% PI1, 30%
Cpx, 20% Opq, and altered glass.
Vesicles: 10%; 0.2-2.0 mm,
spherical, empty or clay-filled.
46 864.5-866.5 Volcaniclastic breccia C:M 1-4:1 Bedding dips 20°
2.0) Clasts: altered basalt and glass(?);
avg. 0.2-0.4 cm, max. 1 cm (top and
base); avg. 0.2 cm, max. 0.5 cm
(middle).
Matrix: fine basalt grains altered to
green (5G 4/1) smectite.
47 866.5-867.5  Basalt flow or sill Pl-phyric basalt
1.0 Well-preserved glassy margin, 3 cm wide Phenocrysts: < 5%; glomerocrysts
dipping 50-60° at contact with breccia. of Pl, 1-3 mm.
Groundmass: >90%; intersertal.
Vesicles: <5%, 1-2 mm filled with
dark green smectite.
48 B67.5-887.0  Volcaniclastic breccia C:M 3:1 Contains disseminated pyrite.
(19.5) Clasts: angular and subrounded,
altered vitrophyric or aphyric basalt;
avg. 2-3 mm.
Matrix: dark green (5G 2/1) hydro-
thermally altered.
49 887.0-986.0  Basalt dike PI-Cpx-Opx-phyric basalt
9.0) Highly porphyritic (Fig. 14). upper Phenocrysts: 40%; Pl (85%, 1.5-4
chilled contact preserved. 4 mm). Cpx (10%, 0.4-1 mm, glomero-
phyric with Pl and Opx); Opx (5%,
2-3 mm, partly replaced by smectite.).
Groundmass: 60%; 0.05-0.5 mm,
B0%, crystalline, subophitic (hyalopilitic
near chilled margin); 30% P1, 30% Cpx,
10% Opq, 20% glass.
Vesicles: none,
50 896.0-902.0  Volcaniclastic breccia C:M 2:3 Clasts increase in abundance
(6.0) Clasts: highly altered vesicular and and size down unit where C:M
glassy basalt; avg. 0.3 cm, max, | cm. 2:1 and max. 4 cm.
Matrix: greenish black smectite (SGY
2/1); rare zeolite cement.
51 902.0-914.0  Basalt dike Massive aphyric basalt Disseminated pyrite with large
(12.0) . Fine-grained bands have dip ~60°. Groundmass: fine, 90% crystalline, (1 c¢m) crystals in fractures.

Slight brecciation in 20 cm bands
(1-2 cm fragments). Hydrothermally
altered.

sub-ophitic to ophitic.

Note: Pl = plagioclase, Cpx = clinopyroxene, Opx = orthopyroxene, Ol = olivine, Pig = pigeonite, Opg = opaque, An = anorthite, 2V = optic
axis angle, C:M = clasts: matrix ratio, tr = trace, max. = maximum, avg, = average. Units 6 through 13 are from Hole 448; those from 14
downward are from Hole 448A.
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Figure 12. Magmatic segregation bands that consist of concentrations
of opaque minerals in Unit 33. (Note that the darker bands are ad-
jacent to thick bands that seem depleted in dark minerals relative
to the average—for example, see the dark band at about 112 cm.)
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Figure 13. Dark glass marking a sharp dike contact with light layered
sediments.

alteration phases caused either by ambient temperature
diagenesis or by hydrothermal alteration. Although
celadonite and chlorite are possible candidates, some
complex smectite is more likely.

Within the green volcaniclastic breccia, a significant
number of veinlets of native copper are found to the ex-
clusion of any sulfides, oxides, or carbonates of copper.
Thus a relatively restricted field of stability is inferred:
log Pc, <-50 atm, log Ps, <-40 atm, and log Pc, >0
(for pure H,O at 25°C and P = 1 atm; Garrels and
Christ, 1965). In other words, very little oxygen or
sulfur is chemically available in the system, whereas CO,
is abundant. The mineral assemblage calcite and green
smectites, with the absence of sulfides and iron oxides,
fits this chemical environment. Not only is native cop-
per found as veins and blebs within the breccia but it is
also found as disseminated growths within vesicles and
pore spares of altered basalt flows. In flows that contain
native copper, the plagioclase crystals are highly altered
and are partially replaced with the unidentified green
clay.

Below a depth of about 694 meters sub-bottom, fairly
abundant dikes and sills are found in the same regions
of the core as three hydrothermally altered zones; prob-
ably intrusion of these bodies triggered this localized
hydrothermal activity. The hydrothermally altered brec-
cias (750.5-757.0 m, 768.5-769.5 m, and the central 5 m
or the 867.5-887.0 m interval) are much softer and more
friable than unaffected breccias; they have a distinctive
grayish blue color, the clasts within the breccia are
highly altered, and small crystals (0.01-0.1 mm) of
pyrite and chalcopyrite(?) are disseminated throughout
the rock. Most of the basalts and andesites at this depth
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Figure .14‘ A highly porphyritic basalt dike of Unit 49. (The high
plagtg:c!ase—phenocrysl content suggests that this rock may be
transitional between basalt and basaltic andesite.)
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have vesicles filled with a pale bluish green clay and a
dark green clay(?) mineral, neither of which has been
identified. The basalt at the base of Hole 448A has
1-cm-diameter pyrite crystals along slickensided sur-
faces. Tentatively, these observations are explained as
resulting from injection of dikes and sills, which locally
increased the temperature enough to induce seawater-
basalt reactions, in turn creating fluids rich in Fe, Mn,
Cu, other metals, and reduced sulfur species, and poor
in oxygen (Hajash, 1975). As the temperature dropped,
these fluids precipitated metal sulfides. Fluids depleted
in oxygen and sulfur species but still rich in metals rose
into cooler rocks, and copper was precipitated, prob-
ably from copper-chloride complexes.

CONTACT RELATIONS AND STRATIGRAPHY

Contact relations of cooling units were used to dis-
tinguish dikes and sills from the volcaniclastic units and
flows they cut in the sequence of flows and sedimentary
breccias cored at Site 448.

A total of ten intrusive units were noted: Unit 26,
basalt dike, 727.0-728.0 m; Unit 27, basalt dike,
728.0-731.5 m; Unit 28, basalt dike(?), 731.5-736.5 m;
Unit 33, basalt sill(?), 769.5-783.5; Unit 35, basalt
sill(?), 792.5-794.5 m; Unit 37, basalt dike, 802.0-806.0
m; Unit 45, basalt sill(?), 858.5-864.5 m; Unit 47, basalt
sill(?), 866.5-867.0 m; Unit 49, basalt dike, 887.0-896.0
m; and Unit 51, basalt dike, 902.0-914.0 m. In general
the intrusive units are significantly thinner (6 m average)
than are the flows (15 m average), although this obser-
vation does not by itself support an intrusive origin.

Several diagnostic features serve to distinguish in-
trusive units from extrusive units. These include:

1) In a few cases, laminated fine-tuff bedding is cut
at high angles by igneous contacts.

2) Massively bedded breccia-igneous contacts dip at
60° to 70°, significantly steeper than contact attitudes
observed elsewhere in sediments and volcanic units;
flow and sediment contacts dip between 20° and 45°.
These steeper igneous contacts are considered to be
discordant.

3) The chilled margins of some igneous units are
deformed by subsequent pulses of injection.

4) Flow differentiation of vesicles or phenocrysts
into parallel bands is interpreted as the result of laminar
flow that is parallel to contacts found in intrusive cool-
ing units rather than in more turbulent flow typical of
extrusive units. Two types of flow differentiation are
found in these dikes and sills. One is characterized by
60° to 70° dips of parallel bands of vesicles; these may
be interpreted either as flow differentiation of vesicles
or as flow differentiation of volatile-rich portions of
magma that subsequently exsolved to form vesicles.
Presumably these parallel-flow differentiated bands are
parallel to the contact and therefore the unit is discor-
dant with the lesser dips of sedimentary beds. The other
type of flow differentiation is exhibited by plagioclase-
phenocryst abundances; the plagioclase phenocrysts are
distributed in parallel bands with a maximum of 5%
plagioclase phenocrysts in the center of the unit and
symmetrically placed secondary maxima of 2% closer to



each margin. Such laminar-flow differentiation is con-
sidered to be evidence of flow confined to a sill or dike
with a symmetrical cooling history.

An example of deformation of chilled margins by
subsequent injections is demonstrated by Unit 33 that
has a highly brecciated upper chilled contact. Fingers of
unfractured basalt from the interior of the cooling unit
that project into the microbrecciated marginal zone are
bent to form 20° angles to the contact. Presumably later
injections of magma have bent these fingers into this
present attitude, where a large viscosity gradient and
flow-velocity gradient is concentrated near the margins,
creating drag features. This unit is interpreted to be a sill
because its contacts are essentially parallel to the max-
imum dip of the strata (45°).

PALEOMAGNETISM

Paleomagnetic studies were conducted on the sedi-
ments and basaltic flows cored at Site 448, The sampling
was limited, however, because few rocks suitable for
paleomagnetic study were recovered. The trend of shal-
lowing inclinations is evident in this data set (Tables 5
and 6). Because of the extremely high sedimentation
rate at this site and the brevity of geologic time re-
corded, it seems unlikely that this trend records tectonic
movement of the ocean plate. Instead, the trend is inter-
preted as a polarity reversal recorded in the sediments
and flows. Several other possibilities also exist, how-
ever; the variation in inclination may be the result of (1)
a magnetic-pole excursion, (2) secular variation, or (3)
structural tilting of the strata.

No cores were sampled for paleomagnetic study from
280.5 to 356.5 meters because no suitable material was
recovered from this interval. The mean inclination for
the basaltic flows was found to be 17.1° The paleolati-
tude estimated on the basis of this inclination was 8.7°.
Structural dips were obvious in some of the rock units
from this site. Corrections for these dips were not made
at the time of the preliminary measurements summa-
rized here. This subject is discussed in more detail in
subsequent paleomagnetic chapters (see Keating, and
Keating and Herrero, this volume).

Table 5. NRM measurements of sediments from Hole 448,
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Table 6. NRM measurements of basalts from Holes 448 and 448A.

Sample Sub-bottom

(core-section, depth of Depth Inclination  Declination Intensity

interval in cm) (m) (°) ) (emu/cm3)

Hole 448
40-1, 40 356.90 2.00 164.4 0.2745 x 1073
43-2, 45 377.45 ~38.46 56.6 0.1434
50-1, 50 442,50 —25.60 259.0 0.5303 x 1074
53-1, 99 471.49 ~21.90 126.1 0.1808 x 1072
59-2, 89 529.89 9.30 256.9 0.9890 x 1073
61-3, 100 560.00 21.33 149.2 0.5766 x 1073

Hole 44BA
153, 112 531.62 2.90 375 0.5422 x 1073
16-3, 24 540,24 -3.90 9.5 0.9517 x 1073
17-2, 56 548.56 —26.40 —41.8 0.4105 x 10°2
18-1, 102 550.52 16.30 -87.1 0.3030 x 10°2
203,75 569.25 ~6.30 96.0 0.1196 x 102
2711, 37 617.87 ~16.40 1146  0.8956 x 106
28-1, 76 623.26 -0.60 201.8 0.7262 x 1073
30-1, 123 642.73 ~7.00 ~89.0 0.1490 x 1073
30-2, 94 643.96 15.30 18.7 0.2009 x 1073
32-1, 70 661,20 ~32.40 166.2 0.1174 x 1072
33-2, 48 665.48 ~28.30 59.2 0.2408 x 1073
333, 35 666.85 —25.00 4.6 0.2680 x 107!
36-4, 145 694.95 ~25.30 141.2 0.1416 x 1072
36-5, 12 695.12 ~27.40 54.2 0.7674 x 1073
392, 59 714.59 11.80 -79.7 0.1671 x 1071
39-2, 79 714.79 3.80 -74.5 0.1771 x 107!
39-2, 83 714.83 18.50 —82.5 0.1260 x 107!
392, 111 715.11 ~15.30 ~49.1 0.5041 x 1073
39:2, 131 715.31 6.70 848  0.1129 x 1071
41-1, 124 728.24 ~28.60 197.8  0.8186 x 1073
41-2, 120 729.70 -7.90 262.8 0.1678 x 1072
45-1, 49 765.49 —0.80 -33.6 0.4748 x 1073
471, 69 775.19 ~11.20 151.7 0.9817 x 1074
472, 10 776.10 —8.60 —44.5 0.7527 x 1074
47-2, 69 776.69 -2.20 1728 0.1063 x 1073
47-2, 103 777.03 —18.20 97.5 0.3959 x 102
47-2, 145 777.45 —~31.60 35.3 0.5224 x 10-2
48-1, 45 779.95 —~17.90 160.9 0.4552 x 1073
50-1, 50 793.00 —15.40 —-69.6 0.4633 x 1074
50-2, 39 794.39 9.21 347.1 0.1103 x 107!
51-1, 112 802.62 ~17.09 207.1 0.1769 x 1071
51-2, 141 804.41 ~2.50 51.2 0.2487 x 1074
51-3, 47 804.97 ~25.00 -16.1 0.8800 x 104
514, 10 806.10 -25.40 207.1 0.1925 x 1072
52:2, 127 813.23 ~15.60 ~19.5 0.3233 x 1073
571, 27 846.77 7.10 177.5 0.3854 x 1073
572, 5 848.05 —8.90 96.1 0.1026 x 1073
58-3, 48 858.98 ~18.70 —84.6 0.2455 x 1073
59-2, 79 866.79 -15.20 -83.1 0.3058 x 10-2
59-2, 81 866.81 ~19.40 243.1 0.7777 x 1071
59-2, 102 867.02 —17.50 135.2 0.1093 x 107!
593, 14 867.64 -22.30 123.4 0.7817 x 1071
62-1, 73 887.73 14.90 51.4 0.7054 x 1074
62-2, 30 888.80 ~8.20 222.3 0.9480 x 1074
65-1, 137 906.37 -23.00 144.6 0.1280 x 1073
65-3, 69 908.69 ~37.90 242 0.2630 x 1074

Sample Sub-bottom

(core-section, depth of Depth Inclination  Declination mtensitg

interval in cm) (m) *) ) {emu/cm?)
46, 132 32.82 -6.07 274.1 0.1410 x 1074
20-1, 5 176.05 14.70 564 03918 x 1074
20-2, 143 178.93 9.00 204.2 0.1502 x 1074
24-1, 61 214.61 17.10 214.6 0.3314 x 1074
24-2, 79 216.29 3.58 210 0.3444 x 1073
25-1, 55 224.05 -9.50 78.1 0.9687 x 1075
25-3, 91 227.41 8.95 299.6 0.1446 x 1073
26-1, 112 234.62 —9.49 1849  0.3565 x 1074
26-2, 48 235.48 66.10 206  0.1456 x 1074
26-3, 50 237.00 0.10 256.8 0.1359 x 1073
27-1, 102 243.52 2.60 539  0.1023 x 1073
272, 60 244.60 ~18.50 -213 0.27127 x 1073
28-1, 95 252.95 -11.20 1037 0.4175 x 1073
29-1, 60 262.10 —-14.00 -77.8 0.1191 % 10‘4
31-1, 16 280.66 -8.37 260.9 0.1214 x 10“4

The paleolatitudes determined for both volcanic
basement and overlying sediments (10.6°) are signifi-
cantly shallower than that at the present latitude of
16°20’N. For a tectonic argument based upon these
observed paleolatitudes, it is tempting to suggest a his-
tory of northward movement for this site (beginning
south of the equator). Lithologic and paleontologic evi-
dence discussed earlier in this chapter, however, indi-
cates concentrated volcanism over a relatively short
period of geologic time. The resulting polar movement
(derived from sediment data) was estimated at 5.6° per
m.y., an unreasonably high rate. In order to avoid
invoking large-scale tectonic movement of the site, an
alternative interpretation is suggested, i.e., that the site
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was situated close to the paleoequator in the Oligocene
and that the paleomagnetic directions recorded repre-
sent secular variation of the earth’s magnetic field.
Overall northward movement of the site, however,
should not be ruled out based on the data from the
basalts, but the brevity of geologic time represented by
the rock units sampled at this site argues against that
interpretation.

A dark green volcaniclastic breccia (Sample 30-2, 94)
and an extensively altered basalt flow (Sample 32-1, 70)
from Hole 448A were studied in order to investigate the
effect of low-temperature alteration observed in these
rock types and to determine if the alteration occurred at
a significantly different time and paleolatitude than did
that of unaltered flow basalts. The mean inclination of
the breccia and the altered basalt is close to that of the
flows, and it thus appears that alteration and remag-
netization occurred subsequently to brecciation but
probably not long after extrusion of the flow units.

Approximately 30 samples were collected from the
volcanic units in Hole 448A. A set of six samples was
progressively demagnetized in fields up to 1000 Oe.
Many of these samples proved to be unstably magne-
tized, showing significant directional and intensity
changes. In addition, most samples for which duplicate
natural remanent magnetization (NRM) measurements
were made (over a period of 24 or 48 hours) displayed
large directional and intensity changes, indicative of
acquisition of large viscous components, The propensity
for these samples to acquire viscous components sug-
gests that the NRM directions do not reliably record the
paleomagnetic field.

PHYSICAL PROPERTIES

Sonic velocity, wet-bulk density, water content,
porosity, and acoustic impedance of the sediments and
interbedded basalts cored in Holes 448 and 448A were
measured and determined according to the methods and
procedures described in the Introduction (this volume).
The results are listed in Tables 7 and 8, and the com-
bined results corrected for stratigraphic offset, are
shown graphically in Figure 15. To facilitate com-
parison of the two holes, in Figure 15, results from Hole
448A have been displaced 19 meters down-hole to agree
stratigraphically with those from Hole 448,

Sonic velocities were measured wherever possible in
both horizontal and vertical directions on each major
lithology recovered from both holes. In Hole 448, the
velocity of the surficial sediment in Core 1 is slightly
higher than 1.5 km/s. Sonic velocities of samples from
Cores 4 to 19 (approximately 30 to 170 m sub-bottom),
with the exception of Section 10-5, are close to 1.6 km/s
and increase only slightly with depth. In the well-lithi-
fied chalks and tuffs from Cores 19 to 23 (~170-200
m), velocities increase to more than 2.4 km/s. Anisot-
ropy is present, as indicated by the higher velocities
commonly measured in the horizontal direction (parallel
to the bedding planes). In the tuffaceous volcaniclastic
breccia of Core 24 (216 m), the velocity increases to 3.1
km/s. Down-hole, below that horizon, a velocity inver-
sion from 3.1 to 2.1 km/s occurs in the vitric tuffs of
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Cores 24 to 29 (~220-262 m), dropping to less than 2
km/s in the ashy nannofossil ooze of Core 31. The
underlying interbedded basalts sampled in Cores 37 to
61 (340-550 m) range in velocity from less than 3 km/s
to more than 4.9 km/s, averaging about 4.3 km/s. The
low velocities of the basalts are mainly the result of their
high vesicularity and high degree of alteration. The vol-
caniclastic breccias, intercalated between the basalts,
average about 3.3 km/s. The variations in the velocities
measured on the rocks from Hole 448 correlate well
with the alternating lithologies encountered.

In Hole 448A the sequence of basalts and intercalated
volcaniclastic rocks was encountered between 291 and
914 meters sub-bottom (total depth cored), displaced by
19 meters from the same lithologies encountered in Hole
448. The sediment/basalt contact is clearly indicated by
the abrupt velocity increase from 2.28 to 4.17 km/s at
291 meters (Table 8). Below this contact, variations in
the sonic velocities again correlate well with the alter-
nating lithologies encountered. As can be seen in Table
8, the interval between 291 and 527 meters was discon-
tinuously cored; a more comprehensive record of this
interval was obtained from Hole 448 (Table 7). Between
527 and 901 meters sub-bottom in Hole 448A, sonic
velocities in the volcanic succession are obviously
dependent upon the lithology, structure, and degree of
alteration of the rocks. From 527 to 640 meters sub-
bottom, velocities range from less than 3.0 to more than
4.2 km/s in the vesicular basalts and from 2.7 to more
than 3.2 km/s in the volcaniclastic breccias.

Between 640 and 901 meters sub-bottom, basalt
velocities increase to more than 5.1 km/s, probably
because of their fine-grained texture and paucity of
vesicles; the high value of 5.15 km/s at about 776 meters
sub-bottom corresponds to an unaltered aphyric basalt
encountered at that level. Velocities of the green vol-
caniclastic breccias and tuffs intercalated between these
basalts range from 2.0 to 2.8 km/s, significantly lower
than the velocities of 2.7 to 3.2 km/s measured on the
breccias higher in the hole. These lower-velocity units
have undergone significant hydrothermal alteration (see
the section on metamorphic petrography in this chap-
ter). The decrease in velocity is attributed to the hydro-
thermal production of clays. Significant differences be-
tween horizontal and vertical velocities (parallel and
perpendicular to the bedding) are not apparent, thus
anisotropy appears to be lacking. The alternating
lithologies within the volcanic succession of Hole 448A
are clearly evidenced in the excursions of the velocities
plotted in Figure 15.

The distinct variations observed in the sonic velocities
are also readily apparent in the other physical proper-
ties. Wet-bulk density increases from 1.57 g/cm?3 in the
unconsolidated surficial sediments of Hole 448 to 1.7
g/cm? in the underlying, stiff, semilithified sediments.
Down-hole, in the tuffs overlying the basalts, density in-
creases from 1.7 to 1.9 g/cm3?. Wet-bulk density
measurements of the basalts in both Holes 448 and
448A range from 2.0 to 2.5 g/cm3 in the vesicular
basalts and from 2.5 to 2.8 g/cm? in the fine-grained
dense basalts in the lower part of the hole (640 to 900 m
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Table 7. Physical properties of sedimentary and igneous rocks from Hole 448.

Wet-Bulk Density
Continuous
GRAPE Special Calculated
Sub-bottom < . (section 2-min Water Grain Acoustic
Sample Depth Sonic Velocity Gravimetric averagses) GRAPE  Content  Parosity Derlsitay Impedance
(hole-core-section) (m) Horizontal Vertical (g/cm3) (2/ecm3)P  (g/em3)b (%) (%) (g/emd)  [x 109 g/(em2s)]

448-1-1 0.66 1.523 —_ 1.526 — — — —_ — —
448-1-1 0.68 — - — — — —_ 59,27 = — —_
448-1-1 0.75 = - = — 1.38 = = = - =5
448-1-2 2.25 - - = . 1.40 == = = = e
448-1-2 2 - - - _ - - 51.28 — - ==
448-2-1 575 _ - — = 1.48 — B = = i
448-2-2 7.25 2 = == = 1.48 = = T =% -
448-2-3 8.75 —_ == = = 1.48 = = = — =
448-2-4 10.25 — -— — — 1.48 - - T — =
448-2-5 11.75 = e = = 1.46 — - = e =
448-2-6 13.25 —_ — — — 1.52 — - - - -
448-27 14.75 — s - = 1.51 o — = — _
448-3-1 15.25 — = == — 1.50 — — - — _
448-4-1 24.75 — . - oL 1.49 = - e — _
448-4-2 26.25 - — —_ - 1.50 — —_ _— —_ m
448-4-3 27.75 — - — — 1.51 — — - — —_
448-4-4 29.25 — — — - 1.51 — - — — il
44844 29.37 1.559 _ 1.545 — — _ — — —_ —_
44844 29.39 — — — —_ — - 46.95 — = Ea
4484-5 30.75 — — —_ — 1.49 — - — — =5
448-4-6 3225 = - ~ = 1.49 — — = = =
448-5-1 34.25 - = = = 1.52 — — = = o
448-6-1 43,75 — - = = 1.51 - = = = =
448-6-2 45,25 — = iy P 1.55 == p= 2 — s
448-6-3 46,75 - = o = 1.61 = = o = s
448-6-3 47.45 — - - - - —_ 40.41 — — -
448-6-4 48,25 - — — — 1.58 = o e . —
448-8-1 62.75 — — T = 1.60 Y - [, - —
448-8-2 64.25 — — — —_ 1.61 - — - — s
448-8-3 65.75 —_ —_ - o 1.58 o —_ s s s
448-8-4 67.25 — — — - 1.58 - - - - -
448-10-1 81.75 s — . o 1.58 — — — — _
448-10-3 84.75 — — —_ — 1.64 — — —_ — —
448-10-5 81.75 - — —_ —_ 1.60 —_ — - — —
448-10-5 88.22 2.334 — 2.479 1.571 - 1.616 38.45 60.42 2.443 3.89
448-11-1 91.25 — _ — — 1.61 s — . — =
448-11-3 94,25 — — - —_ 1.61 e - — — i
448-114 96.45 - — —_ — - —_ 38.91 — - —
448-11-5 97.25 — — — —_ 1.63 — — - i T
448-11-5 97.26 1.609 — 1.592 — — —_ — — B —
448-11-5 97.28 — - — 1.557 — - 42,01 65.39 2.608 -
448-11-5 97.61 1.630 - 1.618 — - “ -— — = i
448-11-5 97.64 — — - 1.580 = 1.647 38.63 61.02 2.487 -
448-12-1 100.75 - — — - 1.56 - —_ = = i
448-12-3 103.75 22 — = — 1.62 s = — s
448-12-5 106.66 — — — o — 2.804 — - .
448-12-5 106.75 — — - — 1.66 - — g— -

448-12-6 108.15 1.619 - 1.550 = - - - — — 2.58
448-12-6 108.17 - - - 1.596 —_ 1.616 38.35 61.19 2.534 -
448-13-1 110.25 — — e - 1.59 — — — _ —
448-13-1 110.88 1.638 — 1.601 — — - — - — 2.64
448-13-1 110.89 — - - 1.614 - 1.687 38.00 61.32 2.587 —
448-13-3 113.25 - — — — 1.61 - — — . =
448-13-6 117,75 —_ — - — 1.60 - = —_ = =
448-14-1 119.75 == = iy — 1.57 = = = = =2
448-14-3 122.75 — - = — 1.62 = = = = =
448-14-3 122.90 1.624 —_ 1.596 — —_ - — - 2.54
448-14-3 122.91 = — - 1.564 - 1.624 39.09 61.14 2.452 -
448-14-5 125,75 — — e = 1.64 2 2 = = ==
448-15-1 129.25 = = 1.58 == = = = =
448-15-3 132.25 gt — = = 1.64 = = = — =
448-15-5 135.25 — — — —_ 1.61 — —_ —_ — s
448-16-1 138.75 — —_ — — 1.57 ok - o - -
448-16-3 141.75 s s - - 1.59 - — = = —
448-16-5 144,75 - — = = 1.61 o — - — _
448-16-5 145.45 — — —_ 1.572 - —_ 39.28 61.73 2.494 —
448-16-6 146,25 - — - - 1.61 — - —_ — —
448-17-1 148.25 — — —_ —_ 1.51 —_ — —_ —_ =
448-17-2 149,75 —_ — — — 1.53 —_ — —_ - =
448-174 152,39 1.619 — 1.591 - — —_ — —_ —_ =
448-17-4 152.41 i = o 1.603 = = = =
448-174 152.42 - — - 1.516 — — 42.40 64.29 2.445 =
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SITE 448

Table 7. (Continued).

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom Soi . (section 2-min Water Grain Acoustic
Sample Depth onic Velocity Gravimetric averages GRAPE  Content  Porosity Densir.gy [n&gcdamx
(hole-core-section) (m) Horizontal Vertical (g/em3) (g/cm?) (g/ecm3)b (%) (%) (g/em3)  [x 103 g/(em2s)]
448-17-5 154,25 — = = = 1.54 = = - -
448-18-3 160.37 —_ o — — s 1.633 — — — —
448-19-1 167.25 — o — 1.39 —_ - - — —
448-19-3 169.86 1.666 - 1.630 — — — - — — 2.64
448-19-3 169.87 — - — 1.587 — 1.800 36.25 57.54 2.382 -
448-19-3 170.25 - — — — 1.57 —— - - - -
448-19-5 173.25 - - . m— 1.64 — — - - -
448-20-1 176.41 — - _ 1.535 —_ —_ 44.69 68.61 2.705 —
448-20-1 176.45 1.969 - 1.949 — - - _ - - -
448-20-1 176.47 = - — 1.705 — 1.558 39.15 66.74 3.120 —
448-20-1 176.75 - = = A7 - - — - —
448-20-2 178.25 —_ == = = 1.57 - — —_ - —
448-21-1 186.21 2.284 = 2.301 — — = =1 = e e
448-21-1 186.22 = = = — —_ 1.614 e - - —
448-21-1 186.24 - - — 1.542 - 38.94 60.03 2.355 —
448-21-2 187.75 — — = - 1.36 - —_ - - —
448-21-3 189.25 —- — = = 1.34 - — — — —
448-21-3 189.93 - - — 1.563 — — 42.87 67.01 2.708 —
448-22-1 196.12 2.430 — 2.327 —_ — = = = - 4.05
448-22-1 196.14 - — = 666 — 1.674 36.72 61.17 2.716 —
448-24-2 216.21 - — = 1.920 - = 18.06 34.67 2.408 —
448-24-2 216.23 3.104 - 2.986 — - — - - - —
448-24-2 216.24 - — — 1.897 — 1.891 22.61 42,89 2.570 —
448-25-3 226.96 2.677 — 2.523 o — - - — — 4,50
448-25-3 226.97 — —_ e 1.783 - 1.793 29.45 52.51 2.649 —
448-25-3 227.00 —_ — 1.768 — - 28.92 51.13 2.572 —
448-26-2 234.90 2.423 - 1.958 - - — - — — 3.79
448-26-2 234.92 — — — 1.935 — 1.889 25.02 48.42 2.812 -
448-26-2 235.96 - - = L7 — - 35.21 60.27 2.791 —
448-27-1 243.32 2.242 - 2.169 — — — — — - 3.92
448-27-1 243.33 - — 1.747 - - 33.20 58.01 2.780 —
448-27-1 243,36 - — — — — 1.773 — - — —
448-27-2 244,30 - - — 1.819 — — 28.31 51.49 2.688 —
448-28-1 252,57 =5 — = — — 1.571 - —_ — -
448-28-1 253.00 2.332 = 2.248 = — - — - - 4.15
448-28-1 253,01 - — == 1.780 — 1.841 30.27 53.88 2.692 —
448-29-1 262.06 2.117 - 1.998 — —_ - — - — 3.07
448-29-1 262.07 — — — 1.535 — 1.522 42.55 65.32 2.543 —
448-29-1 262.16 - — - 1.528 —_ — 42.95 65.62 2.535 —
448-31-1 280.79 1.959 - 1.843 - — —_ —_ - - 3.17
448-31-1 280.80 - - - 1.617 = 1.656 39.09 63.21 2.677
448-31-1 280.89 - — 1.570 — — 42,28 66.40 2.698 —
448-37-1 337.66 — 4.2128 — — - - — o -
448-37-1 337.70 —_ — _ — — 2,664 — — — —
448-38-1 347.28 - 4,1718 e — — — - — < =
448-38-1 347.31 - — — —— - 2.710 - — — -
448-39-1 352.44 - 4,3392 - - — - - — — —
448-39-1 352.48 - - — — — 2,636 == = = =
448-39-2 353.82 == 4,2798 - - — — - — — —
448-39-2 353.87 - - —_ - - 2.791 - - - —
448-39-3 355.52 - 43302 - - - — — — — -
448-39-3 355.56 — — & = - 2.828 — = = e
448-40-1 357.24 — 3.3584 - — = ) s = - s
448-40-1 357.25 - — —_ - = 2.173 - _ - =
448-40-2 359.02 3.312 - - - — — — - —
448-40-2 359.06 - - —_ — - 2.127 - = — —
448-41-1 366.37 3.169 - s - - — — — —
448-41-1 366.40 — — o - - 1.993 - - — —_
448-43-1 376.37 - 3.3854 - = — - e — — —
448-43-1 376.38 —_ - o — - 2.115 - - — -
448-44-1 385.82 — 3.4512 - - - - - - — -
448-44-1 385.86 — — - - — 2.243 — — — _
448-46-1 404,90 — 3.343% - - — — — — — —
448-46-1 404,94 — — — - - 2.065 - = —
448-47-1 413.79 - 3.6112 - - e - — — — -
448-47-1 413.82 = - — = - 2.088 — — — —
448-47-2 415.37 - 3.664% _ —_ —_ — - — —
448-47-2 415.41 - - = = - 2.306 — — ==
448-48-2 424.65 — 2.9448 — — - - — == — —
448-48-2 424.68 - - = == - 2.638 — = — o
448-48-3 427.08 3.046 — - —_ — — - - — -
448-48-3 427.17 — = = s . 2.196 — _ _ _
448-48-4 428.62 3.082 —_ 2.744 s - = —_ — . —-
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Table 7. (Continued).

SITE 448

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom Sonic Velocity (section 2-min Water Grain Acoustic
Sample Depth onje. Yeosty Gravimetric averagles) GRAPE Content  Porosity  Density Impedance
(hole-core-section) (m) Horizontal Vertical (g/cm3) (g/em3)®  (g/em)b (%) (%) (g/em3)  [x 105 g/(cm2s))
448-48-4 428.67 — - - = —= 1.998 = = = =
448-50-1 442.06 3.455 — 3132 — —_ —_ — — e f=r
448-50-1 442.09 = = S = — 2.159 — = e =
448-50-2 444 .54 3.338 — - —_ — = — — — =
448-50-2 444.57 — —_ — — - 2.404 — - = =%
448-50-5 448.00 3.507 — —_ —_ — = — — 5 —
448-50-5 448.05 = = e = — 2,283 = = E -
448-51-1 451.57 3.182 =1 3.234 = = i = = s 6.57
448-51-1 451.59 — — — 2.033 —_ 2.084 —_ — == —
448-53-1 470.98 — 4.9542 — — - — — - - 12.47
448-53-1 471.00 — — — 2.518 — 2.035 — e - -
448-56-4 503.91 = - 3.008 = - = - —_ _ _
448-56-4 503.92 — = = = — 2.072 - — — _
448-56-5 505.40 3.273 — — — —_ —_ — — — —
448-56-5 505.42 — - - — - 2.054 — - . —
448-58-3 521.03 3.682 - 3.887 — — - - — — 8.81
448-58-3 521.04 — —_ — 2.267 — 2,235 —_ —_ — —_
448-59-2 529.16 — 4.3208 _ — —_ — — — - 10.92
448-59-2 529.17 —_ — — 2.528 — 2.503 —_ - —_ —
448-61-3 549.84 — 4,1752 — — — — — - —_ 10.30
448-61-3 549.85 — — — 2.468 — 2.488 = — — e
448-61-3 550.00 — 4,264 — — = = — —= = =
448-61-3 550.05 - . - - 2.500 —_ . - =

2 Basalt average velocity.
b Based on an assumed grain density of 2.75 g/cm3,

sub-bottom). Wet-bulk density of the interbedded green
volcaniclastic breccia ranges from 2.0 to 2.3 g/cm3,
decreasing to 1.9 g/cm?3 in the tuffaceous volcaniclastic
breccia encountered near the base of the hole (865 m
sub-bottom). Water content in Hole 448 ranges from
59% to 36% in the upper 200 meters and from 18% to
43% between 200 and 270 meters sub-bottom. Porosity,
with minor fluctuations, decreases with depth in Hole
448 (Table 7).

Variation in acoustic impedance with depth in Holes
448 and 448A also appears to be comparable to the
sonic velocity. In Hole 448, a high value of 3.89 x 10°
g/(cm?s) occurs at about 88 meters sub-bottom in Core
10. Acoustic impedance decreases slightly, along with
sonic velocity, in the vitric tuffs between Cores 25 and
31 (~227-280 m). In general, however, acoustic im-
pedance increases with depth. Basalts and interbedded
breccias in the lower part of Hole 448 have the highest
impedance values, ranging from 6.5 in the breccias to
more than 12 x 105 g/(cm2s) in the basalts.

In Hole 448A, as would be expected, high acoustic-
impedance values occur in the basalt, ranging from 7.56
to 13.2 x 10° g/(cm3s), whereas in the volcaniclastic
breccias and tuffs, impedance ranges between 4.15 and
6.16 x 10% g/(cm3s).

In both Holes 448 and 448A, a close correlation exists
between the lithology and physical properties of the
sediments and rocks that were cored; abrupt changes in
lithology are also indicated by abrupt changes in the
physical properties. Progressive compaction and in-
duration with increasing depth are indicated by increas-
ing velocity and density along with decreasing water con-
tent and porosity. Velocities and densities of basalts seem
to be mainly dependent on the amount of vesicularity and

degree of alteration. In general, the sonic velocity of the
basalts and intercalated volcaniclastics averages close to
3.5 km/s and appears to be in good agreement with
Murauchi’s et al. (1968) seismic-refraction results.

GEOPHYSICS

The Palau-Kyushu Ridge, innermost remnant arc in
the South Philippine Sea, is oriented north-south and
separates the Parece Vela Basin to the east from the
West Philippine Basin to the west. Along most of its
length the ridge stands more than 2 km in relief above
an adjoining ocean floor, which is 5 km or more below
sea level, and breaks the ocean surface only at one
point—Parece Vela Island. Crustal structure of the
ridge has been previously determined by seismic refrac-
tion measurements reported by Murauchi et al. (1968),
who described the southern part of the ridge as com-
posed of a 2.5-km-thick, 3.5-km/s layer, underlain by a
2.9-km-thick, 5.7-km/s layer, which in turn is underlain
by a 3.56-km-thick, 6.6-km/s layer (oceanic Layer 3),
all overlying an 8.0-km/s mantle.

Site 448 is located at the crest of the Palau-Kyushu
Ridge, to the north of the refraction line of Murauchi et
al. The site itself is positioned on the eastern side of a
steep-walled axial valley—the only place positively iden-
tified on reflection profiles to have sediment thick
enough to insure complete burial of the bottom-hole
assembly.

Interpretation of Site Survey Data

A detailed site survey, completed by L-DGO prior to
DSDP Leg 59, had delineated a broad, high region of
the Palau-Kyushu Ridge, about 150 km south of the 18°
North Active Margin Drilling Transect. The survey,
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SITE 448

Table 8. Physical properties of sedimentary and igneous rocks from Hole 448A.

Wet-Bulk Density
Continuous
GRAPE Special Calculated
Sub-bottom Sonic Veloci (section 2-min Water Grain Acoustic
Sample Depth ic-yeoaty Gravimetric averaﬁes] GRAPE  Content  Porosity Densi?r Impedance
(hole-core-section) (m) Horizontal Vertical (g/cm3) (g/em3)P  (g/cm3)b (%) (%) (g/em3)  [x 105 g/(ems)]

448A-1-1 0.75 — — - - 1.39 — — - = =
448A-1-2 2.25 = = = —_ 1.48 - s = = =
A48A-1-3 3.75 = - - - 1.47 - = — = &=
448A-1-4 5.25 — - _ - 1.51 - = = = -
448A-1-5 6.75 = - - = 1.54 - - = _ _
448A-1-6 8.25 — - - — 1.51 e — - = s
448A-2-1 34.25 - - — — 1.58 - - - — —
448A-2-2 35.75 — s = - 1.54 - - _ _ _
448A-2-3 37.25 = - — — 1.56 - - — o -
448A-24 38.75 —_ e s . 1.53 —_ —_ — — _
448A-2-5 40.25 — — — — 1.54 — — — — —
448A-2-6 41.75 - — — — 1.55 — - — — —
448A-3-1 62.75 —_ —_ — — 1.60 — - P _ =
448A-3-2 64,75 — _ — — 1.60 — — — iy =
448A-3-3 65.75 — -_ —_ — 1.61 - — = ] =
448A-3-4 67.25 — —_ —_ p— 1.60 — — = = —
448A-3-5 68.75 = = = = 1.61 — = = = =
448A-3-6 70.25 - = — — 1.62 — - = = =
448A-4-1 72.25 — = = — 1.57 A 5 — =53 iz
448A4-2 73.75 = s = — 1.61 = e — = s
448A-4-3 75.25 — = — — 1.64 — - = = -
448A-44 76.75 — —_ —_ — 1.65 P = = s -
448A-4-5 78.25 —_ —_ — — 1.63 —_ — = =, =
448A-4-6 79.75 - - = = 1.61 = == - & —
448A-6-1 252.75 — —_ —_ — 1.37 s - = - o
448A-6-1 253.36 2.333 — 2.235 - — — — g s —
448A-6-1 253.39 — — — 1.677 — 1.712 — —_ =
448A-6-1 253.45 — - - 1.608 — 32.59 52.40 2.277 —
448A-6-2 254.25 . - — — 1.40 - = — A —
448A-6-2 254.87 1.984 — —_ — — — — . =
448A-6-2 254.89 — - - — — 1.536 = = = =
448A-8-2 273.60 1.920 —_ — - _ — -— — — -—
448A-8-2 271.66 - - - o~ — 1.865 po — = =
448A-8-6 279.88 1.994 — 1.894 _ - -_— - — = —
448A-8-6 279.89 = = = = = 1.712 = = e =
448A-8-6 279.93 — = = 1.688 = - = = = =
448A-10-1 290.20 2.281 —_ — — _ —_ —_ — — i
448A-10-1 290.25 - - - — = 1.795 = = — —
448A-10-2 291.63 — 4.176% - — — - — = == -
448A-10-2 291.65 = = = - = 2.547 - - = —_
448A-10-3 293.40 - 3.819% —_ — — e o - - —
448A-10-3 293.43 — — —_ — 2.484 e — e —
448A-10-3 293.54 - 3.661% — — — — = o - _
448A-10-3 293.58 - —- e - - 2.309 = — — _
448A-10-4 295.22 - 4.2807 — - — — — - — —
448A-10-4 295.25 - _ - - - 2.529 - = . =
448A-15-3 531.70 - 4.256% — - — — — - — 10.66
448A-15-3 531.72 — — —— 2.505 —_ — == = e —
448A-16-1 37.00 —_ 4.1652 - _ — = — 5L s =]
448A-16-1 537.08 —_ —_ - -— 2.521 —_ — = =
448A-16-3 540.49 —_ 3.9828 —_ —_ —_ —_ —_ = = =n
448A-16-3 540.53 o = o — — 2.465 P = ez -
448A-17-1 547.73 - 4.0343 — — — —_ —_ — = =
448A-17-1 547,78 —_ —_ - —_ - 2.285 o it o -
448A-18-1 550.00 —_ 3.626% — —_ —_ — — i e .
448A-18-1 550.03 —_ — — — — 2111 —_ _ — —
448A-19-1 556.66 - EIEE L — - - — - - — 7.56
448A-19-1 556.67 - — — 2.270 —_ —_ — —_ - -
448A-20-1 565.81 - 3.604% — —_ — —_ —_ —_ — —
448A-20-1 565.84 — - - — . 2.167 — - _

448A-20-2 567.77 - 3.6432 - — - - . — - =
448A-20-2 567.81 - — — — — 2.263 = == = =
448A-20-3 569.18 - 3.7992 — — — — - - = 8.94
448A-20-3 569.19 —_ —_ _ 2.352 — — — — = —
448A-21-1 576.17 3.200 —_ —_ — — == —_ e p== =
448A-21-1 576.20 — - — - — 2.184 — z= = =
448A-22-1 585.39 2.921 - 3.029 —_ - — —_ - —_ 6.16
448A-22-1 585.40 —_ —_ — 2.110 - == — — o =
448A-24-1 603.99 3.141 — — _ - ) = e — =
448A-24-1 604,03 — — = = — 2.083 = = e —
448A-24-1 604.14 3,280 = == = = . _ _ — _
448A-24-1 604.17 £ — 2 — - 2.335 — = — —
448A-25-1 608.50 2.833 — —_ — —_ —_ —
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Table 8. (Continued).

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom Sonic Veloc (section 2-min Water Grain Acoustic
Sample Depth mic-velonty Gravimetric averag]es} GRAPE  Content  Porosity Densi? Impedance
(hole-core-section) (m) Horizontal Vertical  (g/cm3) @g/cm3)b  (g/emIP (%) (%)  (@emd)  [x 10° g/(ems)]
448A-25-1 608.53 1 = = = i 2.051 — i = =
448A.-25-2 609.25 2.755 —_ —_ - A i = s == i
448A-26-1 613.90 - — — == - 2173 — - = —
448A-26-1 614.09 —_ 3.4062 - — -— — —_ — i -
448A-26-1 614.32 — 3,540 - — et =2 = — - .
448A-26-1 614.34 - - — 2.189 - — — — — —
448A-26-3 616-25 3.481 — — _ = i ot - - -
448A-26-3 616.29 — - — = 2.054 _ _ — _
448A-26-3 616.60 2.750 —_ 2.786 — - - — - — 5.73
448A-26-3 616.61 e — 2.057 — = — _ — _
448A-27-1 617.85 2,984 —_ - —_ = — - - — —
448A-27-1 617.89 — — — - — 2.178 — — — .
448A-30-1 642.40 2.070 — 2.075 - — — = — = 4.15
448A-30-1 642.41 — — — 2.001 — — = = = =
448A-30-2 644,33 2.580 — 2.622 — — — — — — —_
448A-30-2 644,35 — - e 2.034 T 2.012 - =1 = =,
448A-32-1 661.17 — 3.360% = = = s P = = 9.58
448A-32-1 661.18 - — — 2.852 - - = — — A
448A-33-3 666.52 - 4.0412 - = = = s = = =
448A-33-3 666,58 — — — — = 2.580 P — = -
448A-33-3 666.90 — 4.2802 - — — — —_ —_ —_ —
448A-37-2 700.35 — 3.524% — - —_ — = — = —
448A-37-2 700.42 — — —_ =] s 2.473 s - — —
448A-38-1 709.44 —_ 3.4782 — - —_ —_ — - . —
448A-38-1 709.47 — — —_ - — 2.353 _— — — —
448A-39-1 713.04 — 3.6794 — a— — s — — — —
448A-39-1 713.07 - — — — - 2.436 - —_ — —
448A-39-2 715.37 - 13,6642 — —_ —_ = = = = =
448A-39-2 715.42 - — - - - 2.403 = = ot =
448A-39-2 720.07 2,723 —_ — == e = — == = =
448A-40-2 720.11 - - - — = 2.022 = — — =
448A-40-3 720.58 2.576 — - — — — —_— i == i
448A-40-3 720.63 — — — — - 2.062 —_ —_— == —
448A-41-1 728.23 — 4.029% - - —_ — = - — -
448A-41-1 728.31 — — - — = 2.565 = = — i
448A-42-1 736.62 2.838 —_ — — —_ — — — = —
448A-42-1 736.64 - s = i == 1.957 — s — —
448A-42-3 739.54 2.630 — — — sem o= — i - —
448A-42-3 739.62 - - - _ - 1.974 — — — —
448A-43-1 T46.14 2.577 — — — == - - — — —
448A-43-1 746,19 — — — — — 1.911 _ —_ — —
448A44-1 756.62 2.620 — — — —_ — — — — —
448A-44-1 756.67 — — — — — 2.131 — —_ — —
448A-45-1 765.29 - 3.2022 — — — - — — =", AR,
448A-45-1 765.33 = — = = = 2,600 = = = I
448A-45-2 766.77 - 4.1243 - - o= = = = = 9.52
448A45-2 766.78 - = = 2.309 el s = — = =
448A-46-2 770.22 — 3.475% - — = = — — = —
448A-46-2 770.26 — — — — — 2.651 — — == ==
448A-47-1 775.01 — 4.8612 o == = 2.706 = - — —
448A-47-1 775.14 — 4.8543 — i = - — — - 13.20
448A-47-1 775.16 = = — 2.719 = — 2y = — _
448A-47-1 775.86 — 5.1482 — —_ = — s - - —_
448A47-3 778.95 - 4.8092 — - — — — — — 13.09
448A47-3 778.96 - — — 2.721 — — — — — iy
448A-49-1 783.86 2.616 —_— - — . - — — A =)
448A-49-1 783.90 - — — — — 2,042 - = — =2
448A-50-1 793.76 — 47138 - — = — = = = =
448A-50-2 794.31 = 4.564% _ =3 == — = — = 12.20
448A-50-2 794.32 - - - 2.672 = - — £ == 2
448A-50-3 795,76 — - - - - 1.973 — = = =
448A-50-4 797.11 2.531 — — —_ B — —_ = — —
448A-50-4 797.17 = = = — = 2.098 = = - —
448A-51-2 804.38 — 4.4592 —_ — — _ — — —_ 11.59
448A-51-2 804.40 — — — 2.600 = - = — - iy
448A-52-2 812.23 —_ 4.5408 — e = = - - — 12.07
448A-52-2 812,24 - — — 2.659 — — — — — _
448A-53-1 819.85 2.517 . — — — — — — —_ 5.12
448A-53-1 819.86 — — — 2.033 — — - — = e
44BA-57-1 846.63 — 4.2552 — - — —_ — —_ — =
448A-57-1 846.70 = = - - - 2.564 - = = =
448A-57-1 847.85 — 42538 = - = — iz — 2 11,07
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Table 8. (Continued).

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom . . (section 2-min Water Grain Acoustic
Sample Depth Sanic Velogity Gravimetric averages) GRAPE  Content  Porosity  Density Impedance
(hole-core-section) (m) Horizontal Vertical (g/cm3) {gfcm%)b (g/cm3)b (%) (%) (g/em3)  [x 105 g/(cms)]

448A-57-1 847.86 = ees = 2.604 = = = - e ot
448A-57-2 848.32 — — 2.320 — = = = = == 4.59
448A-57-2 848.33 = = 1.980 — = - = . i
448A-58-1 856.13 2.310 — — — = s — T - =
488A-58-3 858.96 — 3.5894 — — — — _ = - 9.15
448A-58-3 858.97 = — — 2.549 — — — — _ —
448A-58-3 859.17 — 3.6412 —_ — - — Sy — —
448A-59-1 865.07 - - 2.214 — — - — — — 4.19
448A-59-1 865.08 - — 1.892 — —_ —_ — - —
448A-60-3 872.21 2.292 — - —_ —_ —_ — o — —
448A-61-2 880.56 — = — — — 2.168 — = = =
448A-62-2 888.66 - 4.4282 — —_ — — — E= e =
448A-63-1 896.26 2.489 — — — - — — = =2 =
448A-63-1 896.41 —_ — — — — 2.228 — — — —
448A-64-1 901.25 2.615 — — — -—_ —_ — = =3 ==

2 Basalt average velocity,
Based on an assumed grain density of 2.75 g!cm-".

made up of a series of closely spaced traverses (see Fig.
4), revealed two ridges, about 20 miles apart in the
northern part of the survey area (Fig. 3), separated by a
steep-walled axial valley at the crest of Palau-Kyushu
Ridge. The ridge itself, here, appears to have two small
right lateral offsets, which are suggestive of east-west
trending transcurrent faults. As can be seen in the
reflection profiles (see Fig. 4), the area appears to be
devoid of any sediment cover; apparently the presence
of thick sediment had been inferred from the recogni-
tion of a thick 3.5-km/s layer in the seismic refraction
data of Murauchi et al. (1968). During the Glomar
Challenger’s final approach, the drilling site was se-
lected, as previously mentioned, in a steep-walled axial
valley containing about 0.25 s of ponded, acoustically
semitransparent sediment.

Correlation of the Drilling Results
with Reflection Profiling

In retrospect, the decision to locate Site 448 in an
identifiable sediment pond was apparently fortunate,
because the basal reflector or acoustic basement (cor-
related elsewhere with seafloor on the ridge) appears to
coincide with the first basalt flow encountered in the
drilling and, as such, is interpreted here to be ‘‘arc
volcanic basement.’” The reflection profile across Site
448 recorded on board the Glomar Challenger during
departure from the site is shown in Figure 16. A sub-
bottom penetration of more than 0.25 s of reflection
time is observed in the profile.

Reflectors are indicated at sub-bottom reflection
times of 0.21 s (strong), 0.26 s, and 0.32 s (strong but
obscured to some extent by the wave trains from earlier
reflections). The first reflector (at 0.21 s RT) is cor-
related with the transition from nannofossil chalk
through vitric tuffs and chalk to vitric tuff between
171.6 and 185.5 meters sub-bottom. The second reflec-
tor (at 0.26 s RT) is correlated with a layer of tuffaceous
volcaniclastic breccia (within the vitric tuff at about 215
m sub-bottom) characterized both by high velocity and
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high acoustic impedance. The third and deepest iden-
tifiable reflector is correlated with the top of the first
basalt flow and intercalated volcaniclastic breccias and
is considered to be both acoustic basement and arc
volcanic basement. Of particular interest here is the cor-
respondence between the average sample velocity (about
3.5 km/s), measured on these basement rocks in the
laboratory of the Challenger (see the section on physical
properties in this site report), and the refraction velocity
of 3.5 km/s, determined for the upper layer of the
Palau-Kyushu Ridge by Murauchi et al. (1968).

SUMMARY AND CONCLUSIONS

Site 448 at 16°20.46'N and 134°52.45'E was drilled
with the objective of determining the nature of the rem-
nant arc that forms the Palau-Kyushu Ridge, the timing
and evolution of associated volcanism, and the role that
this arc played in the origin and depositional history of
the adjacent marginal basins. Continuous coring at
Hole 448 resulted in a total recovery of 234 meters out
of 583 meters drilled. Hole 448 was terminated when no
recovery was made in four successive coring attempts.
Hole 448A was drilled at the same locality. Discon-
tinuous coring to 527.5 meters followed by continuous
coring resulted in a total recovery of 214.7 meters out of
467.5 meters drilled. In Hole 448, sediments were cored
to a depth of 319.5 meters and basalts were not re-
covered to 337.5 meters; however, based on a drilling-
rate decrease, basalts were encountered below 319.5
meters. Besides basalt flows, dikes and sills interlayered
with volcaniclastic breccias and tuffs were encountered
lower in Hole 448. In contrast, the sediment/volcanic
contact was found at 291.0 meters sub-bottom in Hole
448A. Within the igneous and volcaniclastic units,
underlying the sediment/igneous contact, 623.0 meters
were cored. The total depth cored for the combination
of Holes 448 and 448A at Site 448 was 914 meters sub-
bottom. A total of 51 lithologic units were identified.
The sedimentary section is divided into five lithologic
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Figure 15, Physical properties of sedimentary and igneous rocks from Holes 448 and 448A plotted versus sub-bottom
depth in meters. Acoustic impedance is the product of velocity and bulk density and is in units of 10° g/(cm?s). Sonic-
velocity measurements include horizontal and vertical velocity of sediments and average velocity of basalts (km/s).
Gravimetric determinations of wet-bulk density are shown, Special 2-minute and continuous GRAPE determinations
of wet-bulk density are also shown, based on an assumed grain density of 2.75 g/cm> Porosity (%) was determined
gravimetrically, and grain density was calculated from porosity and bulk density.
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Figure 16. Seismic-reflection profile across Site 448 recorded on board the Glomar Challenger during departure from the site.

units that range between the middle Oligocene and mid-
dle Miocene. The middle Oligocene interlayered igneous
and volcaniclastic units are divided into an additional 46
units based upon major igneous and sedimentary inter-
vals.

The sedimentary section consists of:

Unit 1 (0-107.5 m), middle-Miocene to upper-Oligo-
cene nannofossil ooze;

Unit 2 (107.5-171.5 m), upper-Oligocene nannofossil
chalk;

Unit 3 (171.5-185.5 m), middle- to upper-Oligocene
interbedded vitric tuff and minor chalk;

Unit 4 (185.5-280.5 m), middle-Oligocene vitric tuff;
and

Unit 5 (280.5-319.5 m), middle-Oligocene, inter-
bedded vitric tuff and tuffaceous volcaniclastic breccia.

The interbedded igneous and volcaniclastic units con-
sist of:

Unit 6 (319.5-358.0 m in Hole 448), 38.5 meters
of plagioclase (Pl)-clinopyroxene (Cpx)-orthopyroxene
(Opx)-olivine (Ol)-phyric, pillowed massive flow basalt;

Unit 7 (358.0-376.5 m), olive-yellow basaltic volcani-
clastic breccia;

Unit 8 (376.5-404.0 m), five vesicular cooling units of
P1-Ol-Cpx-phyric pillow basalts and single flows;

Unit 9 (404.0-427.0 m), one pillowed massive aphyric
cooling unit;

Unit 10 (427.0-456.0), tuffs, volcaniclastic breccias
with yellow-brown and green matrices that contain
some clasts of granodiorite and andesite(?);

Unit 11 (456.0-489.5 m), five vesicular P1-Cpx-Opx-
pigeonite (Pig)-Ol-phyric basalt flows;

Unit 12 (489.5-521.0 m), olive-brown to dusky-green
to olive-brown volcaniclastic breccia;
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Unit 13 (521.0-556.5 m), light vesicular P1-Cpx-Opx-
Pig-phyric basalt flows;

Unit 14 (537.5-575.5 m), vesicular PI-Cpx-Opx-
phyric basaltic pillow lavas (note the discrepancy be-
tween the lowest portion of Unit 13 cored [Hole 448]
and the top of Unit 14 [Hole 448A]—correlation of this
offset was discussed earlier);

Unit 15 (575.5-613.5 m), dusky-green to dusky blue-
green volcaniclastic breccias and tuffs;

Unit 16 (613.5-615.5 m), vesicular Pl-Cpx-phyric
basalt flow;

Unit 17 (615.5-623.0 m), middle-Oligocene pale-
green tuff and dark green volcaniclastic breccia;

Unit 18 (623.0-632.0 m), vesicular Cpx-Pl-phyric
basalt flow;

Unit 19 (632.0-660.5 m), dark green volcaniclastic
breccia;

Unit 20 (660.5-670.0 m), aphyric nonvesicular basalt;

Unit 21 (670.0-694.0 m), dark green volcaniclastic
breccia grading into tuffaceous volcaniclastic breccia;

Unit 22 (694.0-699.5 m), nonvesicular Ol-PI-Cpx-
phyric basalt flow;

Unit 23 (699.5-714.5 m), cognate autobrecciated
aphyric basalt flow;

Unit 24 (714.5-718.0 m), nonvesicular P1-Cpx-phyric
basalt flow;

Unit 25 (718.0-727.0 m), dusky gray-green volcani-
clastic breccia;

Unit 26 (727.0-728.0 m), vesicular Pl-phyric basaltic
dike;

Unit 27 (728.0-731.5 m), vesicular aphyric basaltic
dike;

Unit 28 (731.5-736.5 m), slightly vesicular PI-Cpx-
Ol-phyric basaltic dike;



Unit 29 (736.5-750.5 m), middle-Oligocene dark
green volcaniclastic breccia and tuffaceous volcani-
clastic breccia;

Unit 30 (750.5-757.0 m), grayish blue hydro-
thermally altered volcaniclastic breccia and tuffaceous
volcaniclastic breccia;

Unit 31 (757.0-768.5 m), two vesicular P1-Cpx-phyric
basalt flows;

Unit 32 (768.5-769.5 m), green and brown hydro-
thermally altered volcaniclastic breccia;

Unit 33 (769.5-783.5 m), massive, slightly vesicular,
P1-Cpx-phyric basaltic sill(?);

Unit 34 (783.5-792.5 m), middle-Oligocene greenish
black volcaniclastic breccia;

Unit 35 (792.5-794.5 m), slightly vesicular, P1-Cpx-
phyric basaltic sill(?);

Unit 36 (794.5-802.0 m), middle-Oligocene dark
green volcaniclastic breccia and laminated fine vitric
tuffs;

Unit 37 (802.0-806.0 m), slightly vesicular, P1-Cpx-
phyric basaltic dike;

Unit 38 (806.0-810.5 m), dark green laminated fine
vitric tuff;

Unit 39 (810.5-813.5 m), two nonvesicular, PI-Cpx-
phyric basalt flows(?), which may be sills;

Unit 40 (813.5-832.0 m), dark green volcaniclastic
breccia;

Unit 41 (832.0-841.5 m), two cognate autobrecciated
P1-Cpx-phyric basalt flows(?);

Unit 42 (841.5-843.0 m), dusky-green volcaniclastic
breccia and laminated fine vitric tuff;

Unit 43 (843.0-848.0 m), slightly vesicular aphyric
basalt flows(?);

Unit 44 (848.0-858.5 m), dark green volcaniclastic
breccia;

Unit 45 (858.5-864.5 m), slightly vesicular P1-Cpx-
phyric basaltic sill(?);

Unit 46 (864.5-866.5 m), dark green tuffaceous
volcaniclastic breccia;

Unit 47 (866.5-867.5 m), slightly vesicular Pl-phyric
basaltic sill(?);

Unit 48 (867.5-887.0 m), dark green to pale blue-
green hydrothermally altered tuffaceous volcaniclastic
breccia;

Unit 49 (887.0-896.0 m), nonvesicular, P1-Cpx-Opx-
phyric basaltic dike;

Unit 50 (896.0-902.0 m), greenish black volcani-
clastic breccia; and

Unit 51 (902.0-914.0+ m), nonvesicular hydrother-
mally altered aphyric basaltic dike.

Calcareous nannofossils are found throughout the
cores from Holes 448 and 448A. The nannoplankton
zones NN 9 (middle Miocene) down to NP 23/24 (mid-
dle Oligocene) were identified. Planktonic foraminifers
found from Core 1 through Core 19, Section 1, in Hole
448 indicate a late Oligocene or younger age. The mid-
dle Oligocene/upper Oligocene boundary occurs be-
tween Core 19, Section 1 and Core 22, inclusive. The
radiolarians present in Cores 1 through 17 are somewhat
more abundant and better preserved than the fora-
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minifers. The middle-Miocene and the upper-Oligocene
intervals are also identified in Hole 448 by radiolarian
zones. Holes 448 and 448A are barren of diatoms and
silicoflagellates.

The nannofossils, radiolarians, and foraminifers all
indicate that a tropical climate persisted from the mid-
dle Oligocene to the middle Miocene. Poor preservation
of the planktonic foraminifers in the upper cores may
suggest that these sediments were deposited near the
CCD; however, the poor preservation below Core 12
may be related to the diagenetic change from ooze to
chalk within Core 12. Lower-bathyal to abyssal benthic
foraminifers in Cores 1 through 12 may indicate a sub-
sidence of the site of deposition in the late Oligocene.

Accumulation rates below the uppermost basalts are
all based on the NP 23/24 nannofossil boundary;
therefore only a minimum accumulation rate of approx-
imately 300 m/m.y. can be calculated. From the middle
Oligocene to the late Oligocene, above the basalts, tuf-
faceous sediment accumulated at the rate of nearly 50
m/m.y. During the late Oligocene and early Miocene
the rates diminished to 10 to 20 m/m.y. Finally, during
the middle Miocene, rates decreased to about only
5 m/m.y.

The cessation of arc volcanism close to the middle
Oligocene/late Oligocene boundary (about 30 m.y. ago)
may date the sundering of the Palau-Kyushu arc and the
initiation of the Parece Vela marginal basin spreading
somewhat earlier than was suggested by Karig (1975).
Of somewhat more problematic significance, however,
is the fact that the only fossil date in the volcanic se-
quence (NP 23/24, about 32 m.y.) prior to cessation of
volcanism at Site 448 on the Palau-Kyushu remnant arc
is the same as the fossil date marking the beginning of
sedimentation at Site 447 in the West Philippine Basin.

Although the volcanic sequence recovered at Site 448
on the Palau-Kyushu Ridge for the most part has a
tholeiitic basalt composition, it significantly differs
from typical oceanic crust. The presence of pumiceous
and ashy debris in tuffs and volcaniclastic breccias
typical of explosive volcanism (either shallow phreatic
or subaerial), the high vesicularity of extrusive units, the
wide distribution of phenocrysts and groundmass
hypersthene, the presence of pigeonite, and the clasts of
andesite(?) and hornblende diorite in volcaniclastic
breccias all indicate island-arc tholeiitic affinities for the
Palau-Kyushu Ridge and confirm that the ridge is a
remnant arc that was active in the middle Oligocene.

Two sites on the Palau-Kyushu Ridge were dredged
by the International Working Group on the IGCP Proj-
ect ““Ophiolites”” (1977) aboard the Dmitry Mendeleev
in 1976 (Fig. 1). The analyses of two of the rocks col-
lected (Table 9) are included here (personal communica-
tion, Guram Zakariadze). Both of these rocks appear to
have calc-alkalic affinities based upon the high alumina
(19.4 wt. %) and Sr (340 ppm) contents. Thus it appears
that although Site 448 has no evidence of calc-alkalic
affinities (see shipboard XRF data, Mattey et al., this
volume), some calc-alkalic magmatism may have oc-
curred, at least locally, on the eastern side of the rem-
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Table 9. Major- and trace-element analyses of two samples from the
International Working Group on the IGCP Project ‘‘Ophiolites.””

Major Elements (wt. %)

Site ik
(sample)  Si0z Ti0p Al0O3 FeO® MnO MgO Ca  Naz0 K30 H0
1396 523 1.10 19.4 9.44 0.13 273 B.17 14 1.00 2.00
(rock 1-2)
1397 54.2 1.15 19.0 B.99 0.22 2.50 B.50 3.51 0.45 1.40
{rock 2-1)

Trace Elements (ppm)
B Ba F Li Rb Sr Zn Cu Co Ni Cr

1396 <10 70 400 215 — 340 173 190 100 45 320

(rock 1-2)
1397 <i0 40 200 45 — 20 123 BS 100 40 260
(rock 2-1)

Note: This material is based on Table 1.1 from the International Working Group on the IGCP
Project “'Ophiolites'" (1977)—personal ication, G. Zakariad
2 FeO = total Fe calculated as FeO.

nant arc. Caution should be used, however, because
dredged rocks commonly are altered; Sr values are par-
ticularly affected by sea-water alteration.

Several important zones of alteration seem to exist
within the volcaniclastic units at Site 448. The upper-
most zone of hydrothermal alteration probably oc-
curred at very low temperatures near to or at ambient
temperature diagenetic conditions rather than hydro-
thermal conditions, which points to the processes that
caused part of the breccias in this zone to have yellow-
brown matrices that appear somewhat oxidized.

In contrast, deeper in Hole 448A, breccias with green
matrices appear to be somewhat reduced. Below Unit
12, the abundance of these green matrices in breccias in-
creases with depth, and the colors change from olive to
a blue-green to a dark-green and finally to a blackish
green at the deepest levels. Mineralogically, phillipsite,
analcite, smectites(?), and less abundant calcite are ten-
tatively identified in the green matrices. Also veinlets of
native copper occur in the affected breccias, and dis-
seminated copper occurs in affected basalts. In localized
zones adjacent to sills and dikes near the base of Hole
448A, results of the more moderate-temperature hydro-
thermal alteration are apparent—these hydrothermally
altered breccias contain disseminated pyrite and
chalcopyrite(?) in a matrix of friable grayish blue clays
and zeolites. These zones, very different in color,
mineralogy, and physical properties from adjacent brec-
cias affected only by the dark to blackish green altera-
tion, are probably related to thermal events produced by
intrusions.

Below 700 meters sub-bottom the presence of 10
dikes and sills is substantiated by contact relationship
that include discordant boundaries, upper chilled con-
tacts disturbed by drag of laminar flow within the sill,
laminar-flow banding of vesicles at high angles to adja-
cent sediment bedding, laminar-flow differentiated
plagioclase phenocrysts, and low abundance or lack of
vesicles.

Low NRM inclinations in sediments and higher NRM
inclinations in the underlying basaltic units can be
variously interpreted as being the result of (1) plate mo-
tion, (2) paleomagnetic reversal, (3) secular variations
of the earth’s magnetic field, (4) tilting of the strata, or
(5) acquisition of a large viscous component. Many
samples, after progressive demagnetization in fields up
to 1000 Oe, were found to be significantly unstable in
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direction and intensity, which is indicative of acquisi-
tion of large viscous components.

Three sub-bottom reflectors are correlated with the
physical properties of the rocks recovered at Site 448:
the 0.21-s reflector is correlated with the transition from
vitric tuff to nannofossil chalks between about 172 and
186 meters sub-bottom [change in acoustic impedance
= 0.5 x 105 g/(cm2s)]; the 0.26-s reflector is correlated
with a zone of tuffaceous volcaniclastic breccia at 215
meters sub-bottom (high velocity and acoustic imped-
ance); the 0.32-s reflector is the top of basalts and in-
terbedded volcaniclastic breccias, which is considered to
be acoustic basement. The average 3.5-km/s velocity for
these rocks is in good agreement with the refraction
velocity determined for the upper layer of the Palau-
Kyushu Ridge (Murauchi et al., 1968).

The sequence of events at Site 448 from the oldest to
the youngest can be summarized as follows:

1) By the middle Oligocene (about 32 m.y.), 1.9 km
of 3.5-km/s volcanic and volcaniclastic debris was
deposited on the Palau-Kyushu arc to the level reached
by drilling at Hole 448.

2) Subsequently, in the middle Oligocene, the
3.5-km/s layer reached a total thickness of 2.5 km by
adding another 600 meters of volatile-rich basaltic flows
and associated breccias. Within the volcaniclastic brec-
cias and laminated fine tuffs, rare andesitic(?) and
dioritic clasts occurred; these suggest that calc-alkalic
volcanism existed to a minor degree within the arc even
though only tholeiitic basaltic cooling units erupted at
Site 448. The abundance of tuffs and volcaniclastic
breccias suggests that shallow phreatic or even subaerial
eruptions were common.

3) Basaltic dikes and sills intruded the sequence and
induced hydrothermal alteration with attendant thermal
effects.

4) Significant quantities of tuff and ash continued to
accumulate from a more distal source from the middle
to the late Oligocene.

5) Tilting occurred during and/or after deposition of
middle-Oligocene lava flows and middle- to upper-
Oligocene ashes and tuffs; the flows have maximum
dips of 45°, the overlying tuffs and ashes have max-
imum dips of 20°, and the nonvolcanic chalks have no
appreciable dips. Even though beds may have been
folded after deposition to create that geometry, it is
more likely that progressive tilting occurred contem-
poraneously with or shortly after their respective depo-
sition.

6) As volcanism ceased, the ridge slowly and gently
subsided with little, if any, large-scale structural dis-
turbance.

7) Any sediments that may have accumulated on
the uppermost middle-Miocene nannofossil ooze were
eroded before the Present. This sequence of events is
very close to that found in the northern end of the
Palau-Kyushu Ridge at Site 296, where lower- to upper-
Oligocene volcaniclastic rocks were found to be overlain
by upper-Oligocene to Pleistocene oozes and chalks
(Karig, Ingle et al., 1975). The major differences lie in
the fact that no arc-type flows or intrusions were found



in Hole 296 and that the end of volcanism at Site 448 oc-
curred toward the end of the middle Oligocene rather
than the late Oligocene, as at Site 296.

At Site 447, the West Philippine Basin has middle-
Oligocene volcaniclastic breccias on an undated basalt
basement. Thus the basin crust must be middle
Oligocene or older. The age of the Palau-Kyushu rem-
nant arc is also middle Oligocene or older, and it
therefore follows that the age of the oceanic crust upon
which the arc rests must be middle Oligocene or older. If
only a short hiatus existed between sediments and igne-
ous basement at Site 447, it becomes necessary to envi-
sion a kinematic mechanism by which the basement of
the West Philippine Basin north and east of Site 447 was
constructed after volcanism on the Palau-Kyushu Ridge
ceased, that is, after sundering of that arc about 30 m.y.
ago. Two logical alternatives are possible: either a mod-
erately long hiatus existed at the base of the sedimentary
section at Site 447 (long enough so that basin formation
was completed prior to Palau-Kyushu arc sundering but
short enough so that basin formation overlapped with
Palau-Kyushu arc formation) or a rather long hiatus ex-
isted so that the basin, possibly a trapped marginal
basin, was formed prior to Palau-Kyushu arc activity.
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B e TEXTRE: S SMEAH SLIDE SUMMARY
Bt mottied Sand 30 0 10 Sear r— T — 1128 2140 4144 523 6130 7-16
e i L S 53 B0 80 S M E— 1o (1+1] o) o) ol [1+]
2 i & s s e Clay 5 ] 10 2 — S e TEXTURE:
ettty Vemmhigee TOTALDETRITAL TR TR 32 RS P o e Sand 10 1 10 1 e
¢ S i COMPOSITION: oL Silr 83 9 60 85 B) 8BS
3 Ouartr - ™ - - 2% o Cluy 7 0 30 M 5 5
T o . Feldspar L 2 TR TR - o v o TOTALDETRITAL 0 TR & 0 o
i e Hasvy minarats ™o - ™M TR - T —— COMPOSITION: 50
¥ T T g 1OYR /26 Volcanic glass - - o TR TR prb Feldspar " 2 E =
e Micronodules - TR - - - TR I e Vaolcunic glass - - 50 50 - =
W —— Amoiph Fe agg. 2 1 - TR T™H - -1 i i Zeolites - L] 10 ' o
P o ez 7o Carbonate unspec. 5 1a 10 2 ™ 1 T — o | ovaen Amorph Fe agy. 1 1 ] = 1 =
P Fosaminitars » w0 5 w4 8 i S 2emihik  Coboaeumpe. & - - — - &
3 re— Nanaatosile o 6 52 75 a7 87 i T — — Foraminiters 5 3 3 2 5 !
AT e Yo Rarfiolaria 5 10 2 8 6 5 5 EE povery Hannofossils 81 8 3% 30 B2 80
i S S ot Spange spicules a L - 2 1 2 = Radiolaria 5 3 5 P ] ?
n~ . minae white " - 1
2 e o | ot o 10 10 00 R ? E ke Saange swcules 3 1 2 1
1 L 1 Smear Slides inant): e i
g g et i e e et T S . 10YR 8573 Smear Slides (Dominant): 3-140, 870
B | 2 T s = il Smar Stides (Minor): 380
= % r— = ~ intense
o |a 3 I GRAIN-SIZE: Sle [ L L mottied 873, P
g |= A S —— 4.55(1.7, 86.4,31.9) - «| ;
5 ™ Tz et — 3 B 38109, 80.5, 38.6)
§ Fle|m CARBON/CARBONATE: § 4 - i
* | wyraz HER A E wnmaottied 36 (0.0, 84.8, 102 3,58 (89
2 CANBOHATE ROME: b 3 10YR €/2.6 PHYSICAL PROPERTIES:  Sectiond
. 4,53.54 (82) £ * | mhliyes S e
light streak L R
ICAL PROPERTIES!  Section & o | BY6/15uny Vi tkmis)
PHYS! E parallel 1o beds 182
5149 em F ads 159
et bulk density 157 L - kil mrn:aﬁ‘ei;:nw 152
Porduty o3 o e e mottied Porosity (%] 8420
10YR 72.6 Grain density 249 5 A M s 10YR 7.513 Grain demity 245
L = 10YR 5512
r o [ motties
b2 i
* | interse 10YR B.5/2
miel i S —U— moderately
Nl alm TOVR e I mattied 10YR 7/3
with T
| WRAE P S Y 10V 61
& T 10YR 773
I mortied 7.8/
T R
e — ash layers
* | 2sven e ——_
i « | 10¥RIN 5 12,
. = afals 7 | | 152
RlR|F a N a|m |CC T o 5Y 372 mh
H W0YR 72
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SITE 448 HOLE CORE 18 CORED I_NTERUAL: 157.0-166.5 m SITE 448 HOLE CORE 19 CORED INTERVAL: 166.5176.0m
BIOSTR, 551 BIOSTR. | FOSSIL
ZONE [CHARACT. wl> ZONE [CHARACT. >
S[;]8| & uggg 2l5|8| & | caapmic sle
> E GRAPHIC 2 LITHOLOGIC DESCRIPTION @ z|=|E LITHOLOGIC DESCRIPTION
w |8 |2 _,55',3 £ | LITHOLOGY QE&. w |G |2 -‘EEE £ | LimHoLoGy _ﬁ,g%,
< |2 |3|8|2|2|2|% = === 2|2 |2|8]5|2|8]3| = 2215
z|R|z|2|8|k ) AHEHEIE |55
DD EIEE P ———— | - —— consistedta smear of aray st ! 109 6 cm ashy Transition fram NANNOFOSSIL CHALK 1o VITRIC TUFF
e up in -rm. e smidar 10 el L2 5Y 512 The nannalassil chalk is very pale brown and light gray,
2 ; Y e 10YR 872 with slightly to madarately mattied grayish brown and dark grayish
g centimeters of very dark grayish brown sandy materal. = o A ‘;n brown, It nannolosil assemblage is dominated by coccoliths
2|5 o i ',";‘:’":u-s 51 In Section 1 and the 1op 50 cm of Section 2 the iratigraphic
5 |a I semaae lides, the gray med is 8 GLASS-RICH NANNOFOSSIL CHALK 2 Flalm i ol il wroximity of the witfs is sesrcely reflected in the compasition
w | = containing 75% Calcareous nannofossils, Z5% volcsnic glass shards, and a il ot mu:gm:. Inlzr_mn 2, stifl within e th-l;éu u;;i-imu-
" s n . . ayer 33 mm thick occupies the intarval from 88 1o 68 em
3 vewow aennkinis of feldisur, hadvy: ity ity discomd, ! 10YR 7.5/2 with This it @ dack grayish brown, massive CHALKY VITRIC TUFF,
Iaciehlars, spdeor oty e Ty remelns, L] minor 812, 6.5/1 compasitionally intermediate between the chalks and wifs, A
1 o | mottling wcond, bassl tramitional zone 10 mm thick between 58 and 68
The dark gravish brown sandy material in emear dides B 2 GLASS-RICH em in Section 4 comists of il with white chalky burrows and
NANNOFOSSIL CHALK consisting of 67% nannofessils, 30 volcanic ;FWR 751 m';‘mrc it o B b Bt oo eF
PR ight to .« I won 4, om am
sandyeici “"m'?hw' i 1o GRS, Bl Sacuu S it m”'dlrat' tha core, i olive gray and dark ellve gray and consises of
b Einarals: Yorainintfurs peid raclotacens. o | marting of iy indurated, partisily devitrified silt- and sand-siced glas
4.6/2 872, sharcs, The tulf is finely laminated, especially in Section 5,
an,h
4 SMEAR SLIDE SUMMARY
1140 255 208 4.30 4100 567
g ol ol Dk (D) (D) (L1}
§ TEXTURE
= Sand U W0 2 W 0 15
g sitt B 70 75 66 80 B0
2|8 Clay 5 w5 4 0 5
s e u | MBRE s TOTALDETRITAL TR & TR 1 84 3
% = * | B8R 7.5 tayers: COMPOSITION:
3 ash layar Feldspar 5 - . -
= 460 em Clay minarats - TP Y 5
Voleanic glass - k=] 1 90 3
g N|jC|M 10YR 7502 Micronodules - 7 - - = 2
a FlA|lM Higntly mottled Zeolites TR W TR 1 2 3
Amorph Fe agy. ™ 32 1 A -
Carbonate unspec. 5 B 2 = 5
10YR 741 with Foaaminifary 7 - w1’ - -
ol miin o Hannatossils 0 28 W M ]
Racliolaria 7 - o 7 5
- qracational; Sponge spicubes 1 TR 1 - ™
[~ 10¥R 7/1 busrow
K Smear Slides [Dominant): 340, 540
v " g
o | Db Smase Stides Minor]: 360
GRAINSIZE:
33015 66.0,32.5)
Fl-|- S 5614.1, 708, 16.1)
5Y 22 1am s -
R et CARBON/CARBONATE: CARBONATE BOMB
58i0.0,19, 0.0 3.56131.5
* | 5v 55/ chalk 5.89(2)
= oy (R - PHYSICAL PROPERTIES: Section 3
a Nirm 5GY 41 . 3638 cm
Vi kmis)
pasalinl 1o beds 167
wertical 1 bedh 163
Wet bulk density 1.50
Parosity (%) 51.54
Geain dansity 23
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SITE 8448 HOLE CORE 20 CORED INTERVAL: 176.0-1850m SITE 448 HOLE CORE 21 CORED INTERVAL: 1855-195.0m
OSTR FOSS! BIOSTA. 1
PIONE |CHARACT wls ZONE  [CHARACT wlz
mEE § g EHIME R ﬁ g
=|2] = | GRAPHIC 2 LITHOLOGIC DESCRIPTION = Z1=|2| £ | cRAPHIC 2 LITHOLOGIC DESCRIPTION
w |8 |2 || # | LITHOLOGY Sy w |8 _|2|&|E] & | uTHOLOGY |22 EE- O
g (2 |3(al3(2|8]8 & = < |2 |3|58(2|2]5| 2 e
= "' 4 | CE < = =1
HHEHHHE %4 HHEEHE E=
| 3 Yan
E;’:{tllmn“ WVITRIC TUFF, dark greenish gray, dark olive gray and y ﬁ;m VITRIC TUFF, light gresnish gray, greenish gray, dark
™ EGY B/1 burrow very dack gray, with a 10 cm and a 2 em dark greanish N4 graced grownish gray and dark groy, Soction 1 containg 4 gradec
wray CHALK layer in Sectiom 1 ard 2, respoctively, Tulf i it from § to 23 cm thick. A 2 em micrahreecia con-
. . in Sactions 1 and 2 conthin 2ooe 06 1o 78 o thick thay - 1@ining chalk st alo oceurs in Section 1, Gray and dark
1 Z5Y 3/0 famication hawe 2 mm thick very dark gray Laminations. fn the lowest 1 4 ol ':e,,,-_.,, ikl v s Jocady moleests, Faaiy
l BGY 411 section, they s e well d-l'n_ud. Modsrately mottied and 1 ﬂ_" interse Thin, 2 mm, dark greenish gray lamination soesr,
graded tuff 5 cm burrowod zones up 10 8 em thick sise pocor In Sections 1 - s mainly in Sections 2 and 3. Calwlonite consitutes from 2 10
thick, SGY an and 2, filled with greenish gray ush, Two graded il units, -1 5% of the sediment in Sections 3 and 4, Felypar (ragments
svan ench 10 £m thick, appear in Sections 1 and 3. Minor light flels 7 compelsn-=2% of the tatal secimens, Throsk i NihHtied
wray motthe acout iy Section 3, Lithification: generally Fla|e . unifiaemiby et deilfing deturbanca is moderate to slight.
il b firm, with arder and softar ash intervals, Drilling datormation | B
nlelm = waeien from slght 1o intense, depensling on the degres of - SMEAR SLIDE SUMMARY
RlR|P 5Y 3R linhificarion, - - 131 1128 21 395 2100 413
a| JemS&¥az - M1 Ml ol (Do ioh {1+]]
2 over BY 311 SMEAR SLIDE SUMMARY g 2 = TEXTURE
taminated aih 75 226 Z67 296 345 5_ q Sand 25 B ? LI ¢ 3
| | 1emEBG AN (D} M} (M) (8} M) 2 |& — St 75 L n
with foad can TEXTURE: 0 . savy 51 Clay 5 35 1B W 2
Sandt 5 3 10 10 3? 2 |® 3 i TOTALDETRITAL 88 B 185 98 B8
St %0 70 8 85 5 = 1 COMPOSITION
586 AN day- 1o Clay 5 5 5 & B B 3 ) oo Ouartz . | - - -
i s TOTALDETRITAL 3 M %4 % = s 5 - 7 2 12 2 4
3 metiling COMPOSITION: 3 S Mica 2 - - - -
* | 5GY A/ silt-sired Cuartz = = 4 = ~3 Bl cm My minerats L =
uth layer 5 em Feldgpar 1 - a1 -1 SGY 61 Woleanic glats @ & - @ BE
CC 5GY AN Hewey minoraly TR - 5§ § - 3| 3 mottles Celadonite - = 5 2 4
Clay minaraly - - 5 & = - L Zealitay TR - 1™ 1
3 ;inlﬂf* ghass 2 ‘; C - o M, e ClrbOnEtE Limsie, 2 n 5 - - 2
= eramodules - - - - 3 Forarinifers L 2 1= - -
I Zeolites - 1 2 1 2 1 1ot Nannotossits - 7 B4 TR TR 1
g|* Amorph Fe o9, - = = - Radiolaria - - - = |
= Carbonate unapee, 5 8 = = 3 4 =1 taminations Spange wscules - - 2 - - 2
3 Foraminfiers 3 15 3 - & 4 Bt 5 in v d/1 laminatia
= famotba i TR e e r.cﬁl e et il PHYSICAL PROPERTIES:  Secwoni  Section3
Radiolarls 8w o1 - ] TiThem 143148 om
W fkmis
BOMB: parallol to beds 228
113 (a0, 2.2,0.3] L1213 (20 wertical to beds 230
Wt bulk danuty 1.54 1.56
MAGNETIC SAMPLE: 15 2.143 Pacosity (%) 60.03 87.01
Grain darsity 238 27
PHYSICAL PROPERTIES: Saction 1
A5-48 em 47-50 &
Vp (km/al
paratiel to beds 187
wertical to beds 1.88
Wt btk dorsity 154 (&1
Porosity (%) 5861 B6.74
Geain density 27 212
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SITE 448 HOLE CORE 22 CORED INTERVAL: 195.0-204.5 m SITE 448 HOLE CORE 23 CORED INTERVAL: 20452140 m
BIDSTR, FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT. wls ZONE  |CHARACT. .
HREE: B T 18l 2| . g
2] & GRAPHIC 2 LITHOLOGIC DESCRIPTION == RAPHIC o 2 LITHOLOGIC DESCRIPTION
w |82 _,Eg'; & | LITHOLOGY éﬁ?&u w (8 3 —-gﬁ'ﬁ £ | LiTHoLoGY ggsu
q§g§§§m£¥ = < |2 |3]8|8|2)8|7| = ?wg
z |BjZ|2 2 £ z |@|=|R a £ )
Na NlCIM | T 1 wa virrie tuth, medium tand sized
SGY 471 fine vitric tuff with 1 10 2 mm leminse speced 110 1.5 em apart, o indicated 8 BY 871 fine vitric wit, from 20 1o 36 cm. with Leminations 2 mm thick i
praced fram st 1o fine sand, 41 to 44 cm . 3 waced
[L graded brom st to medium sand, 56 to 58 em E
1 56 A2 eeladonite rone, 59 1w 82 em = | &

£ ey and contarted lamination Qs

= 10 £1|2 Flaie | [ 5¥ 6/1 yraded vitric tutt, coarse il to medium 1and

o SGY 411 fine vitrie Wit b RlR|P I o | 25¥ B fina vitric nitt, with

= g‘ | VITRIC TUFF, dark gray, dark gresnish gray, wanwely and = nNeclm . al 3 layers with frosh plass fragments, BY 61, 1 om thick

2z o ST M e {ocally mottiad gesnish gray, Thiee 17 18 14 em thick riwlr . bl 1 cm thick celadonitic laywr, 5G 6/2

LE) . jon 1. i == S
=0 graded unity in Section 1. Zones with 1 ta 2 mm laminations R|E|m ) BGY 411 mottle

arn geattones) throughout the cors. & 2-em thick eéladonitie
lnyer alio sppears in Section 1, OF the total sediment
culadanite comprives =2 10 3%, The rock iy uniformiy
lithified, hard, and drilling diturbance is unifarmiy moderate,

SMEAR SLIDE SUMMARY
158 1115
Mo
TEXTURE:
Sand 10
Silt a0
Clay o
TOTALDETRITAL a
COMPOSITION:
Cuartz -
Feidupar 3
Hesvy minerals 1
Volcanic glais 5
Caladanite 2
Zreolite 4
15
]

BE®w

Carbonate unspec.
Nannaofossils

UL T

TE: ARBONATE BOMB:
1.31.3311)

13110.1,02. 0.1

Saction 1
M2115 em

PHYSICAL PROPERTIES:

Vo ki)
panaiel 1o heds
wertical to beds

Wet bulk dansity

Porosity 1%)

Grain dengity

243
232
187
an7
272

BGY 6/1, 711, BY 511

fime vitric tuff
Feldipar basring, localty nannafossil-rich VITRIC TUFF,
dark gray and greenish gray. Section 1 consists of & 110
om thick graded unit underlain by three 1 1o 4cm thick
aray units of glass fraements interbedded with the twif,
A Vem thick celadonitic [aver alu ocem b the haeal
wart of the core. Corg-Catcher sample it intensely mottied

Fock i |ithified, unifarmiy hard and drilling defermation
s meoderate to bnen,

SMEAR SLIDE SUMMARY

14 1115 N8 1130

o i o) [11]
TEXTURE:
St w40 o 2
St B0 &6 80 %
Clay X s 0 2
TOTALDETRITAL 76 78 B4 ar
COMPOSITION:
Ouartz - 2 1 TR
Fualdspar 2 4 4 3
Heavy minarals = 1 2 2
Volcanic glevs mon L az
Ceindonite 5 3 - 3
Zeolit TR 1 - ™
Amorph Fe agg, - - - 2
Carbonate ngnéc. 5 3 a TR
Mannotoily 15 12 =

Tight gresnish geary ) containg a Tew scattared glas fragmenti}
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SITE 448 HOLE CORED INTERVAL: 214.0-223.5m _(Hale deviatian of 1.0° a1 2235 m) SITE 448  HOLE CORE 2! CORED INTERVAL: 223.5:233.0m
BIOSTR. GIUS'I'B.T FOSSIL
ZONE  [CHARACT. 5 ZONE  |CHARACT ks
E 8| & : = ol.18l g & c cﬁu e
2l=|2 GRAPHIC LITHOLOGIC DESCRIPTION == AAPHI LITHOLOGIC DESCRIFTION
w |8 g _,E g5 E LITHOLOGY E w § g _‘355 E LITHOLOGY ggg
= wls]k w = w
<5 1%|8]8|5)5|% = S HHEHHEEE %ﬁ%
z |2 z|8 E 4 i z |2|z|8 2la 00 funn
— Nl c|lm gslanienias * | By 82 chate
2 witric :ur':* Nannotosil-bearing FINE VITRIC TUFF, TUFFACEOUS rl Al P i T Y 44, 57 Feidspar bearing VITRIC TUFF, olive, pale alive,
VOLCANICLASTIC BRECCIA AND VITRIC TUFF, 362 tie olive gray, dark olive gray and black, A S¢m snd ¢ 12:cm
= live gray. Tha hweccla contains clasts of glass, basalt snd . itrie tuf thick layer of white NANNOFOSSIL CHALK occur in
5Y 5/2 minor chert in o matrix of glass fragments, Slummp features larninated, Section 1, which atso containg a few black or white
twtfaceous sre visible In & 22 ce layer of Section 2, which sho contsing. fraded o localty mottled sones <5 om thick, s 48-cm thick graded
Tolcaniclarc & 100m thick graded layer, Finer grained zones in the lowsr Hatcintyct b, ancl & faw Laminated rones. Tho central and lowes
seetion displey 1 1o 4 men thick laminations. The rock & 2 cm sandskzed sections are massive and hamogensous fine vitric rutt.
- Nighified, iniformiy hard, amd drilling distustencs |s uniformly layer Minar Mn dendrites arn scattornd through the graded
§ slight. fayer of Section 1 and throughaut Section 4, Feldwpar
g SMEAR SLIDE SUMMARY fragments comprise up to 10% of the tatal sediment.
& 126 316 » | Black ""l'; The rock is lithified, uniformiy hard, and dritling
S o o priitidi delormation |8 iniformby dight. Me dendraids at
& TEXTURE: , i 51 1o 89 em in Section 1.
= - Sandt L]
= 5Y 572 Siit as 80 5y 52 SMEAR SLIDE SUMMARY
witric tuff Oy & 5 witric bl 110 153 225 420
TOTAL DETRITAL 87 a5 a1 (LR - =]
| 2 cm fine COMPOSITION: S (s TEXTURE
vitric tutd Quarte = 3 21= Sand 1 o 1 &
- fayer Feldspar 2 15 2 Sile 89 95 T 00
L 0 Heavy minerals 2 1 = iy v 5 15 5
i Voleank: glass 83 T8
fine visric tulf I;!-ﬂmill: = 5 TOTAL DETRITAL i M B W
. Amarph Fe agg. - 3 1 2 W 8
G e e 3 TR
g Mannofossily 1 " Wioleanic glas 2 90 63 8
Celatonite I TR - 5
‘Smoar Stides (Dominant): 1-140, 255, 285, 2.100, 2-130 *| sysmeay Amarph Fe agg TR O® 4
and siltsized Carbonate unsise, m TR 18 1
CARBON/CARBONATE: layer 2 cm Foraminifers - - - =
2:69 (0.9, 0.0, 0.0} 5Y 673 cay-sired Nannofossils @ - 1 TR
* | twyer with M Rpttiolaria 4 - - =
MAGMETIC SAMPLES: 161 278 dandraids Spange spicules - = 1 -

PHYSICAL PROPERTIES: Section 2
7376 em 74-T8 em

Vp tkmish

parallel 1o beds a0

vertical to beds 280
Wt bulk density 192 190
Porosity (%) .67 42.89
Geain dersity 4 .5

z3

BY 4/2 vitnic wif

Smear Slides [Minor): 3100

CARBL TE: E BOMB:
348 (0.0, 0.0,0.01 32,5152 (<1
MAGNETIC SAMPLES: 156 391

PHYSICAL PROPERTIES: Section 3 Seetion 3
ABAB em 5052 em

Wi fkm /el

paraliel to bedy 288

wortical 1o beds. 252
Wt bulk density 178 177
Pasasity [%] 5251 5113
Grain deiity 285 287
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SITE 448 HOLE COR CORED 3
E 26 INTERVAL: 233.0-242.5m SITE 448 HOLE CORE 27 CORED INTERVAL: 242.5.252.0 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE CHA:.QCT o u :ﬁ ZONE  |CHARACT. wl=
1] o
ol.|c| & = O ] - o 1
" |8 & | arapHic é LT 1 18| 8 g
g (818,]2 £|Z|5| £ | voLocy = g 8, Tacoal: DESTRIPTION N . 2|z £l & | Essy 8 = 2 LITHOLOGIC DESCRIPTION
|5 (3|s/2|2(3|58| 2 5 g |2 |3]2]zI2]5]5| &
x w | o < 2
HHEHHEIE 8% A HEHHE RS e
o Z |i|aid|R|= wnin |
[ sy 82 =1 ;
| 7| virerrs VITRIC TUFF, TUFFACEOUS VOLCANICLASTIC BRECCIA iy = gl ipldnit Feldspar- and heavy minerai-bearing FINE VITRIC TUFF
| . AND FINE VITRIC TUFF, alive, pale olive, dark greenith gray, — mn;m'““m' AND VITRIC TUFF, gray. dark gray and black
ore very dark gray. Clasts of ight gray tuff up to 26 om in e P pia Laminations aceur in the fine vitric il layen. A white,
I slze oecus in Sectian 1. A 20-cm thick graded senuence appears * | 2.6¥ 8/1 coarse vitric tutt 20-em thick layer of coarse sand-sised gliss fragments is
] sirle in Section 2, Laminations in the central and lower parts of the i present in Section 1. Semilar glasry rones also In Sections.
i . ,uu::“ oons, contain 1 em-thick |.;I|-|ind Bayers. Load casts are present :&l fine vitric tut, some Band &, though thelr colors vary lrom oflve and dark
i benzath some af the siltsized layees in Sections 2 anl 4, The enliation a8 ndicsied greenish gray to whito, Slight burrowing occurt in s 25-cm
vock i uniformly hard, Drilling disturbance i slight 1o intense thick zone in Seetion 3. Twe graded beds, spproximately
| T vonssven in Seetipns 1 snd 2 and Section 3 is only moderately disturbed 15 and 20.em thick alsa in this sectian. The rock b lith-
1= eEAR SLIDE SUMMARY . i, uniformiy hard, and deilling disturbance is slight.
= Mixture "
| Clrysired and 141 186 1148 266 353 450 = Gobeie B SMEAR SLIDE SUMMARY
| . || sitvsizeaisyers — ML MM D1 ) (D) 144 167 2140 387 3128 3-M40
MM D) LLE 1) o
| Sand 0 0 W 8 5 0 H TEXTURE
2 | i s e Sl 55 @3 BS B2 B W0 g m Sand ! 5 40 5 5 12 2
= 1 L mup 1o siit Clay 5 2 5 w10 Silt B8 60 50 a3 %5
E ; M s TOTALDETRITAL 80 &6 @4 82 &2 &2 =] = Clsy 7 0 4 1 % 4
2 vitric tuff, 58G 471 COMPOSITION: - TOTALDETRITAL 98 93 98 W00 85 a7
mettiing Feldspar 5 8 2 77 T 2 . COMPOSITION:
| 586 41 fine :""’ ity 3 < 3 2 2 = Felitspar 3 B TR 3% |
sitrie tut thic fragments o - - - sBGan Hiniery mriinierals 2 3 2 2 3 3
| Huont Veleanic plasc 82 ©2 8w H Clay minesals i - 2 2 8 2
| . Micronodules e § - = BY M virric tutt Wokeanic ot 8 B M @ 8 6
: ] sporsic © Amormh Fe gy w15 F I— REM DIt pobhiet  7eriives - 2 - 5 s
ety Cubonstsumpsc. - 2 1 2 8 13 L. Amarph Fa agg. 3 = =
1 E BY 8/ sl :nr-m’n'-ra:- - - ™ TR T | N2 tine vitic b, Cabongte unapec. 3 -~ 2 TR 2 3
v anratonsils - 2 TR TR 7 15 |- laminated, distorted Mannstossi L { - -
1 l :Iraﬂlrl‘ﬂ::t:; a Laminae where indicated ” L 1 L 3
] .
- | MAGNETIC SAMPLES: 1102
Al 1em 56 412 Seiear Slidkes [Dominae]: 2135 =N ¥ K e
] | 58G 411 fire MAGNETIC SAMPLES! Vi
3 | vitric tult e R . Bz = b
- i N
" B =1 |I ZemEY 8N PHYSICAL PROPERTIES:  Section 1 Section 2
w| == ~ 8289 037
la|7 el 3 1] e _ o
PHYSICAL PROPERTIES:  Section2  Section 2 paraliel to beds 274
e 4043em 14614 cm vertical to beds 217
ip tham ) Wet bulk density 175 182
parallel 1o bady 242 Porosity (%) 53.01
wertical 1o beds 196 Geain density i
Wet bulk demity 184 LA s s
Parosity (%) 4842 6027
Grain dantity 281 279
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SITE 448 HOLE CORE 28 CORED INTEAVAL: 252.0-261.5 m SITE 448 HOLE CORE 29 CORED INTERVAL: 261.6271.0m

PZONE_|CHARAGT s PHONE.|cRARAET o
wl
2| w L i £
) 2| @ o N ER Z|ox|a
™ 2112 &  SRARHIC % 3. LITHOLOGIC DESCRIPTION o lgle 22|25 | Shamme, B £ g LITHOLOGIC DESCRIPTION
w g |5 = g = of g
iqﬂ = % @ é g E ﬁ ; 3 g E § g % E B = =5 |58 g
HEHHHE A EEHE w
w w
Bt Lt T F
® | BEY I/, BY 771 mottbe Clay-bearing FINE VITRIC TUFF AND VITRIC TUFF, L -"‘t_'ﬂ__ I BY 62 with 1 e BY 4/2 layers
BBG 4/1 fine vitrc tuft dark gray, tark bluish pray and olive. A few black, dark JM Sl ity | | 5¥ 873, 672 chalky tll
graenish gray and pale green hurrows scattared through 05 ip s pizad | » Clay and nannafosil biaring FINE VITRIC TUFE,
5401 Sections 1 and 2. A 12-0m thick zome in the upper part I8 T | | SY B/, B2 chulky mtf rov, Iight olive gty olive grey, pals silve sad pale
1 of Section. 1 Is Reavlty mottiad with 1ight gray chalk, 1 & | ylicrev, moderately motticd and burrowsd alive gray
. Laminatians are present in numerows sones of Section - | Y 571 nanfiotosil- e whiiti: in geattered 110 2om thick zones in the
2. Feldspar and haavy minerals aach comieise ~ 1% e | paing L4 upper 22 £m of Section 1. Cne 1B thick anel o
of the total sediment, The rock is uniformiy hard and - - 25:crm thick white and light gray NANNOFDSSIL
. imaderately disturbed by drilling. ] | . CHALK layers ocour in Saction 1.1 to2 em layers of
= | = | 5 s glass fragments oecur in Sections 3 end 4, Section
o™ SGY 11 SMEAR SLIDE SUMMAY - 4 s containg s 2m thick zone of 1 107 mm Mn
21s *| sGan.svem 180 235 2100 3 ! micronatules, Heavy minerals and fidsgar fragments
_E graded tubl (=10 L) - | each constitute = 1% of the total sediment, The rock 15
= 2 TEXTURE: ] | lithified, but has been transdarmed into sliermations of
Y 5/1, B/, 31
BY.EAA Sand E § 0 2 ]I drillang biscuits and driiling gougs by drillng,
2 St 83 85 o0
| e cnaiky v Ciny 12 % 10 E A | 5 i amiter SMEAR SLIDE SUMMARY
£l =]- TOTAL DETRITAL 82 95 50 & F ack glas fragments 156 1140 240 3140
- - 5Y 873 chalk =
H ce ‘,m,"?““ ¥ COMPOSITION =1 § 1 | [T R - TR
Feldwpar T TR O 2= E | . TEXTURE:
Heavy minsrals 1 TR 1 2 . Sanel w3 2 2
Clay minerals oo s = 3 | S 85 W @5 85
Volcanike glar 80 85 43 B Clay 5 3 3 3
Amorph Fe a9, g 5 - = | A TOTALDETRITAL 25 o 95 0§
Carborate unmipee. = - | oy COMPOSITION:
- Tragman
Nannafassiis 3 TR 3 A black ghase Tragpnsns. Fisay iioeals TR 2 " 1
Fatoluria - - TR =0 I Feltipar - 1 1 1
_P‘ | Clay mineraly w2 3 3
Smesr Sliter (Minor): 1-20, 1-145 3 : I Valcanic gias 1% B8 an a0
f O Casbonats unspec, 5 = - -
CARBON/CARBONATE: e | o Mannofessily 06 5 5
1100 (0.0, 1.8.0.2) - ! I - :"mru.cu Radiolaria ™ - - =
a - 3 fragments.
MAGNETIC SAMPLE: 195 1o o] ) i D 1:2 mm diameter i inam):
A u = | il Smear Slides [Daminant): 1-30
N »|CC)]  —f BY §/1 i
bearing fine vitrie tutt MAGNETIC SAMPLE:  1.50
PHYSICAL PROPERTIES: Sectlan 1
100-103 em
” Wi {lmis] PHYSICAL PROPERTIES: Section 1 Section 1
warallel to beds 233 i 5668 cm  B6-69 om
vertical to beds 2325 Vo lkmf)
Wt bulk density 78 parallel b bods 212
Parasity %] 53.88 vertical 1o beds 204
Grain dansity 288 Wt Bulk density 1.54 153
Parosity (%) 6532 6562
Grain dansity 254 254
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SITE 448 HOLE CORE 30 CORED INTERVAL: 271.0-280.5m SITE 448 HOLE CORE 31 CORED INTERVAL: 280.5-290.0 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. wl> oot B LT szl |
M E R 3&* 9|=|8] 8| crasmic g
-] GRAPHIC Ly 1C DESCRIPTI 212 LITHOLOGIC DESCRIPTION
w1812 [LIZ]|2]5) & | JHHoiesy [ ?_3” THOLOGIC DESCRIPTION u 8 g ME E | LtHoLoGY
2 |3 |5|8|3]2|8|5| £ 28 <15 15/3]8/5)5/%| ¢
HEHEHE # LRI =
T T F2ev i
lelmleel _d¥sedznese] | [ :,SYMM ASHY NANNDFOSSIL CHALK, pale yellow net white,
Cora-Catcher samae only. NANNOFOSSI VITRIC Gl with & minar light gray intorbedded FINE VITRIC TUFE
TUFF, metiium dark gray, and NANNOFOSSIL-BEARING FINE 2oV 808 ot top layers fanging from 4 to 10 om hick, tho 20-cm Cave:
= = VITRIC TUFF, light olive gray. N4 medium sand-tided vitric - Cateher sample contists entirely of the ssme tuff, The
2 P 1l and 5Y 872 fine vitric tulf with 2 em 10YR 472 Layer, 1 — [l SAd i ASHY NANNOFOSSIL CHALK i moderately 10 intensaly
3 e (e mattiad pale yvellow snd light gray. A 30<m thick interval
= SMEAR SLIDE SUMMARY 257 704 chalk. i Section 1 ip intersely mottked and bigtusbated, light
cce  cc2o 3| iensely mottied yulbow arel light yeltowish brown, The TUFF lavers all
] L = Y 8/2 fine vitric tutf a1 mim brown laminations
TEXTURE 25¥ B2, 714,
Sand 1 1 N|A(M 5Y 772 chalk, SMEAR SLIDE SUMMARY
sitt CTI ] dightly mottied 178 1140 268 280 2140 3130
Cly 8 6 M Dl i M D) (D)
TOTAL DETRITAL 92 a0 5Y 472 fina vitric TEXTURE
COMPOSITION: E atl, intenaely a2 2 1 8 3
Faldspar ™ TR Sls 2 el YN EE oy 83 83 @3 M 80 @2
Heavy minetaly 1 1 0|a Clay ? B & 3 5 B
Clay minarale ] 6 8 TOTALDETRITAL 03 10 B 2 3 3
Voleanic ghas 83 @ 2 COMPOSITION:
Zeolites TR H = s [ 5rA2 e Feldipar 2 1 TR TR -
Foraminifars - ™ ety iy micisrali 2 1 2 - - =
Mannatassils 8 10 . Clay mineraie T 8 5 2 2 1
WValeanic glass B2 5 TR 1 2
Zeolites. TR - ™M = = -
Amorph. Fe sgg. - = - - 1 TR
Carbonate unspec. - - - F 3
1 Foraminifers - 1 L] 2 2
I Nannafossils 7 86 2 80 83 87
| . Rudiolaria & @ 5 5 5
1 Spangs spicules - - - - 1 =
ale £/ tne Smea Sides (Minorl: 185, 1130
" Smaar Sliddes (Dominant): 3-20
GRAINSIZE:
147 (1.4, 56.9,387)
E: E BOME:
154 10.0,41.7,6.00 34245 (<11
MAGNETIC SAMPLE: 116
PHYSICAL PROPERTIES:  Secton 1  Seetion 1
23 em  39Alem
Up (ke
paraliel to beds 196
wertical to beds 184
Wt busk dersity 162 1,87
Poromity (%) 833 6640
Grain denaity 268 m
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5ITE 448 HOLE CORE 34 CORED INTERVAL: 309.03185m

S91

SITE 448 HOLE CORE 32 CORED INTERVAL: 290.0-299.5m
BIOSTR. BIOSTR, FOSSIL
ZONE  |[CHARACT = ZONE [CHARACT s
T Zl 2 e BT1.18| 2 e
2l=(2| & |  crarHIC g LITHOLOGIC DESCRIPTION @ 2(=|2| & |  GRAPHIC =1 LITHOLOGIC DESCRIPTION
w § g 4|Z|E|E| & [ LmHoLoGY E_ﬂ- § g 4|2|E|5| & | viTHoLOGY g%_ﬂ
- w W =s e
415 15/8|8|2|8|%| e HHEHHE S e
z (2|z|8 T w0 z |2z :1 a
a5 | lec Core-Catches only veslcular basalt feagment
N L NANNOFOSSIL CHALK, white, with 3 mm olive gray laminse diurbed chafk WI‘F;;::?EUO;S :DLC&‘::‘?I..INB‘I'IC BRE_\I:'(“:M_ AND
divturbed by bioturhation, 0.6x2 om hlack patches of glass fragments . T0YA 81, 5GY 71 il s e, :‘nl‘! g‘l\', with minos
peesent. 10°FR 8/2 nennofossil chalk, with 5 472 disturbed 3 mm E - é‘nlfw l"’nm:l;?umr s.::ma:‘mmv'
laminae and black plass-fragmant patches. s I 2.6¥ 7.5 wi white, angular, sand-sired chalk fragments in & light
- 4. Fa cicle ecks genanish gray glass matrix with minas scattored
SMEAR SLIDE SUMMARY L r black basslt andd glass fragments. This is underlan by
s | & ced  cou B NiAlM |- 10YR 8/2 chalk a 25cm thick tuf with clasts redominantly around
i o) £ FlC|m 25¥ 472 tutfaceous 2 mm fn dlamater made of bisck basaht and glass
(= Wl » | icicaniclen fragenents, urderlain tiy a 10.cm thick white chalk with
= TEXTURE: k: e bewocia e v - s
=2 | @ JOYR 71 chatk mm light greenish gray ash layers at ity base. and &
2 Sand 0 2 H 3 2t thick tuffacecus volcaniclaitic breceia with &
St 100 o = |5 |~ targe chalk dack gray glassy matrix, Clasts in the Breccia are
iy o 4 E | chaits in il sand-sized vesiculas and altered basslt and pumice.
: Base of Section 1 snd upper portion of Section 2 are
TOTAL DETRITAL 56 2 = | 2.5Y 572 it meserataty burrowed white chalk.Chalk zones contaln
COMPOSITION: ek Ease intense bioturtistion, The
Heavy minerahy L 2 i Plcwdckiat: biteds. the tutfy, Drilling disturbance
Volcanic glass w5 2 | o | Yaved bessland pumicy It unsfarmiy moderate.
Amarph. Fe g, - T
cui:::n :..::e_ - 4 | nterbedded 5Y 672 tutf SMEAR SLIDE SUMMARY
w|-| - with 5Y B/2 chalk 150 180 2.10 2100
Faraminiters - 2 w|a|wm|CC z W Db (D) 1] 1]
Nannofossite B 80 witrie tuff and fine TEXTURE:
Radiolaria - 2 Wi by 2 2 3 2
Sily 96 98 95 @
Clay 2 2 2 £
TOTALDETRITAL 90 95 4 95
COMPOSITION:
Feldwpar 1 T TR 1
Heavy mimeraly 1 1 ] 1
. Clay minerats 2 2 6§ 3
SITE 448 HOLE CORE 33 CORED INTERVAL: 299.5-308.0m (Mol devistion of 0.9° a1 308.0 m) Veteanic gless 8 i 48
Carbonate unipec. 0 5 8 5
BIOSTR, | FOSSIL Ceomm 19, 8 82
ZONE  [CHARACT. >
8|2 | crapmc =k LITHOLOGIC DESCRIPTION S ks (Dhoeminani)s 1198
w § g E| B | urHoLogy s,
(<] 8 = g w GRAIN-SIZE:
<1z = g 2 = oF| 131 {14,0,61.1, 24.9]
zZ|Rz|& & 266 [4B.0,41.9, 10.1)
n o] ER AR I I : CARBON/CARBONATE: CARBONATE BOMS:
Core-Catchar onty. Glass-rich ASHY NANNOFOSSIL CHALK, white, 133 (0.0, 16.0, 2.0) 1, 3334 (48)
E heavily mottled in brovwn end white, Containg a 3-<m top interval af 266 (0.0,0.1,0.1) 2.6667 (21)
e sray NANNOFOSSIL BEARING TUFF.
= o~
2 s SMEAR SLIDE SUMMARY
£ cc3 cCcceé cCcae
® L] o oy
TEXTURE:
Sand o 1 2
Sl 100 27 %6
Clay [} 2 2
TOTAL DETRITAL 90 4 o
COMPOSITION:
Feldipar - - TR
Heavy minerals - TR TR
Clay minerals - 1 =
Volcanic glass w @0 10
Micronodules - - ™
Amorph. Fe sgg. - TR -
Carbonate unipec. - 1 2
Foraminifers - 1 3
Nannotessils 10 2
Radiolsria - 5 5

8ty HLIS
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SITE 448 HOLE CORE 35 CORED INTERVAL: 3185328.0m
BIOSTR. FOSSIL
Z0NE |CHARACT wl>
HIMEE HRE
| = GRAPHIC Q LITHOLOGIC DESCRIPTION
u §g _,EE;;E LITHOLOGY gg..
Tzl § g E ‘:’.ug ol = _&%
z |Bj=|8 E £ 5

Midebe Oligocene

NP 23

TOYR 573 and §Y 674 wif with 3 1-om 10YR 871 chalk beds
5 5/4 tull. increasing chalk eontent and bioturbation down-coe, commaon Mn dendraids

: V0¥ R 81 chalk, moderately busrowed, M dordrody snd flacks along fracnres
Lithie witf; coarse sand-size with weathered pumice and basalt clats.

Inmbmdded VITRIC TUFF, LITHIC VITRIC TUFF,

olive, anid NANNOFOSSIL CHALK, pake yeallow and white.
Upper most 18 cm interbedded intensely hinturbatsd white
chalk and 2-cm thick vitric il layers. Underlying 62 cm of

olive vitric Wit grading o

white chalk, the wransition rone balng pale yellow, Base of
the core cansists af 4 cm of lithic vitric tulf with sand sized
elasts of chalk, weathersd pumice and basalt, with minor

1 mm black fragments of glass and pyroxenes, The glass
matrix is olive colared. The chalk is firm, the nuff hard.
Dwilfing diswurance s uniformly moterste.

SMEAR SLIDE SUMMARY
144
[:]
TEXTURE:
Sand 3
Sirt L
Clay 3
TOTALDETRITAL BOD
COMPOSITION:
Feldspar 2
Heavy mineraly 1
Clay minerals 3
Voleanic glass 74
Mannofossily 20
INATE: TE BOME:

1461 (0.0, 86.2, 8.0 1,6061 (<1)

Site 448, Core 36: NO RECOVERY;
Drilling record suggests that basalt was
encounterad — st 319.0 m.
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Orientation
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Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

s|oa]s]s 13[7] |

Depth: 337.5 to 338.1m

Visual Description

Plagiocl livine-phyric basalt, pi massive flow, highly vesicular, 10-15%, 1-2 mm,
empty or filled with zeolites, s of ioclass laths, clinop and glass,
Veins of quartz and 7zeolites, Glassy pillow rims altered to yellow-brown smectite,
locally brecciated,

Thin Section Description

Location: 5-7 cm, pillow interior

Texture: intersertal to hyalopilitic

Phenocrysts: 2%; plagioclase 50%, 2 mm, euhedral; olivine 50%, 0.5 mm euhedral pseudomorphs
Groundmass: 85%; plagiociase 50%, 0.01 mm, laths; clinopyroxene 25%, <0.05 mm,

anhedral; olivine 1%, 0.02 mm, anhedral phs; ite and iimenite 3%,
<0.005 mm anhedral; glass 20%, plately altered
Vesicles: 10%, 0.2 mm, 5§ idal 1o i empty or with carb lining

Alteration: glass, olivine and plagioclase altered to zeolites and clays

Shipboard Data
Bulk Analysis: 32 cm Physical Properties:  16-23 em
5i0, 49.2 Vi [km/s)

Tiog 1.54 parallel 1o beds 4.21
N203 14.2

Fey0y 1.77

FeO 11.66

MnO 0.22

MgO 467

Cal 10.27

NagO 293

Kq0 072

Py0g 0.24

o3
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TH

Piece Number
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b
Tran

=

-
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Ty
m
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=21C3 Y
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1G

Graphic
Representation
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&
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Plani 5

1 h Alvi

LEG

SITE

mrox

CORE

SECT.

5[9

4lals

[2]e

Tr

Ry Py
10% of rock, 0.5-10 mm, spheroidal, empty

Depth: 347.0 to 348.5 m

Plagioclase phenocrysts 2% of rock, =1 mm; olivine pseudomorphs.

Shipboard Data

Physical Properties:

Vi (km/s)

parallel to beds

28-33em

417

phyric basalt as in Section 37-1; vesicles
or filled with zeolites and/or carbonate.
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Piece Number

B
a
°
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150—‘

Orientation
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Shipboard Studies

\ _\ _l Alteration

Special Storage

O VW

N

H
VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS LEG SITE | g| CORE |SECT.
s|ofa[a]8] | [3]s] [2
Depth: 348.5 to 349.4 m
Visual Description
Plagiocl li hopy i phyric basalt as in Section 38-1.
Plagioclase phenocrysts 5% of rock, 1-2 mm, gl ysts. Olivine eut 1, pseuda-
marphed by ite. G d texture variolitic near glassy margins.

Vesicles 20% of rock, 0.5-5 mm.

Piece Number

o §

[an

1

4B

CJ[EE C =1\ P |2l D | soetten

1

TS Pesh

o
o

B 32

Orientation

Shipboard Studies

N 0N N N N N NN [Alterstion

N

\

N

N

T T YV O T, L T T

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

SITE

CORE

SECT.

5[9

a[4]s

[3]e

Depth: 352.0 10 353.5 m

Visual Description
Plagioclase-clinopyroxene-orthopyroxene-olivine-phyric basalt, highly vesicular, as in
Section 38-2, Microvesicles ~0.1 mm make 20-30% porosity.

Thin Section Description

Location: 137-139 em, flow interior

Texture: subophitic

Phenocrysts: 2%; mostly plagioclase, Ang,, 3 mm; olivine, trace, 1 mm

Groundmass: 65%; plagioclase 50%, 0.5 mm; clinopyroxene 40%; magnetite/ilmenite 10%
Vesicles: 30%, 0.4-1.6 mm, irregular, filled with cark and green clays

Alreration: siight ?2%; plagiociase and clinopyroxens

Shipboard Data

Bulk Analysis: 116 em If_iwdnl Properties: 4451 em
Si0y 494 Vp lkm/s)

TiOz 1.64 parallel to beds 4.34
Aly0g 13.8

Fezﬂa 181

FeQ 1.95

MnO 0.22

MaO 4.64

Ca0 9.96

Nag0 2.90

Kq0 0.79

Py0g 0.25

8¢+ ALIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.

s]ofafals | [ [3]e] |2
Depth: 353.5 to 355.0 m
Visual Dumphm
0-15 em: p | li thopy livine-phyric basalt as in Section 38-1,
15-150 cm hasalt similar to above but with very rare olivine phenocrysts flow base to
pillowed massive flow. G d hanitic to 7 . very porous. Large vesicles

{>1 mm) concentrated between 90—120 cm and 140-150 cm.

Thin Section Description
Location: 36-38 cm, pillow interior
Texture: hyalopilitic to subophitic

Phenocrysts: < 2%; mostly plagioclase, Anggo, 1.2 mm, glomerocrysts, blocky

Groundmass: 75%:; plagioclase 45%, Ans,, 0.8 mm, needles, zoned; clinopyroxene 15%,
0.5 mm; olivine 5%, 0.2 mm; magnetite/ilmenite 5%, 0.02 mm; glass 30%

Vesicles: 20%, 0.4-0.8 mm, irregular, empty or rarely with carbonate

Alteration: groundmass slightly altered, 1% carbonate

Shipboard Data

Bulk Analysis: 32 cm Physical Properties: 3242 cm
Si0y 49.3 Vp (km/s)

1’102 1.63 parallel 1o beds 428
AiIDS 14.0

FeyOy 1.83

FeO 12.09

MnQ 0.22

MgO a.14

Ca0 9.60

NayO 317

K20 0.80

P50g 0.23

o

Piece Number

2A

3D)

3E

Graphic
Representation
—=~  Orientation
Shipboard Studies
Y . \\ _1 Alteration
Special Storage
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3A)
438

TEIE AR

=)
o

=
a

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG [ SITE

mrox

CORE |SECT.

s|9lalals]| [ |3]o

Depth: 356.0 to 356.6 m

\.r'm.d Dnmmion

] b olivine-phyric basalt as in Section 39.2,
Plagiociase Dhenocrvsts ~2% of the rock, ~1 mm, Olivine phenocrysts < 1% of tha rock.
Groundmass with intersertal texture, highly vesicular,

Shipboard Data
Physical Properties:  52.60 em
Vi (kmi/s)
paralle! to beds 433
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Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

Visual Description
Plagioclase-clinopyroxene-orthopyroxene-olivine-phyric basalt as in Section 39-3;

becoming brecciated towards base.

Shipboard Data
Bulk Analysis: 82 cm
Sl'Oz 49.8

Ti0, 1.52
AI2C|3 127

Fe,03 1,80
FeO 11.90
MnO 0.24
MgO 4.67
Cal 8.82
Na20 2.72
Kq0 1.61
P205 0.14

CORE

mrOI

SECT.

5[o]afa]s 40

Depth: 356.5 to 357.8 m

Physical Properties:  74-75 em
Vp (km/s)
paraliel to beds 3.36

a
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0 =

|

50—

Piece Number
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H
VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS LEG | SITE |g

CORE |[SECT.

5[ofaa]s |a]o

Depth: 357.8 10 359.3 m

Visua Description

Voleaniclastic breccia. Clasts of vesicular plagioclase (and rare olivine) basalt up to 25 cm,

average 3 cm, angular, unsorted, unoriented in yellow to yellow green matrix of
devitrified glass and ?siliceous cement. Clasts:matrix 4:1. Nannofossils of Zone NP 23
middle Oligocene) are present in Core 40 voleaniclastic breccias.,
Shipboard Data
Physical Properties:  102-110 em
Vi (km/s)
parallel to beds a3
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Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

LEG

SITE

CORE

SECT.

ls]e

alals

la o

Depth: 359.3 to 359.8 m

Tuffaceous volcaniclastic breccias as in Section 40-2. Clasts:matrix 1:1. Maximum clast

size & mm.

cm
0 =

Representation

Graphic

3 Piece Number

—————— i - —— — g A ——— o e i e DOrientation

Shipboard Studies

NN NN NN ] Atteration

AR NS Sy O SAANNRN NN NNN NN N N

Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.

s[ofafa]s| | [4]

Depth: 366.0 to 367.5 m

Visual Description
Tuffaceous volcaniclastic breccia as in Section 40-3. Clasts:matrix 2:3, Maximum clast
size 10 cm, average 2-3 cm.

Shipboard Data
Physical Properties: 3743 em
Vp (kmis)
parallel to beds 3.17
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Tuffaceous volcaniclastic breccia as in Section 41-1.

LEG SITE CORE

SECT.

slofafala [ Ja]s

Depth: 369.5 10 368.2 m

Representation

£
g

Graphic

Shipboard Studies

—s=  Orientation
[ N\ ] Atteration

150

Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Tuffaceous volcaniclastic breccia as in Section 41-2.

LEG SITE CORE

SECT.

sofafa[s| [ |a]2

Depth: 371510 3716 m
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG| SITE CORE

SECT.

alals [4]3

s [0

Depth: 375.5 to 377.0m

Visual Description

0-70 em: tuffaceous volcaniclastic breccia as in Section 42-1, Piece 2 with large (4x5 cm)
clast containing elongate vesicles.

70-150 em: plagiodase-olivine-clinopy
3-6 mm, mostly empty. Zeolite veins.

phyrie basalt flow; vesicles 20% of rock,

Thin Section Description

Location: 123-125 cm, flow interior

Texture: hyalopilitic with glass matrix; thin section aphyric

Groundmass: 95%; plagioclase 55%, 0.3 mm; clinopyroxene 10%, 0.1 mm; magnetite/
ilmenite 5%; glass 30%, oxidized to opaque brown

Vesicles: 5%, 0.2-0.6 mm, empty; 5%, 1-8 mm, irregular, rimmed with glass and zeolites,

Alteration: extensive

Shipboard Data

Bulk Anslysis:  119em Physical Properties:  87-89 em
5i0, 48.5 Vi (km/s)

Ti0g 1.60 parallel to beds 338
AlyDq 134

F5203 1.94

FeQ 12.78

MnO 0.28

MgQ 359

Ca0 8.63

NayO 2.81

Kq0 1.31

Polg 0.21
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H
VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS LEG SITE E CORE |SECT.
5|9]afsls 4]3

Depth: 377.0 t0 3775 m

Visual Description

g finopy phyric basalt as in Section 43-1. Plagioclase phenocrysts
rare, 2% of rock, 1-2 mm. Gi ol icular, Vesicles 20% of rock,
~0.1 mm; scattered |larger ones, 244 mm, spherical or flattened, ?parallel to flow top.
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VISUAL CORE DESCRIPTION E
FOR IGNEQUS ROCKS LEG | SITE |g| CORE |SECT.

5[9 4[4!3 14]4 [!

Depth: 385.0 to 3865 m

Visual Description
0-50 cmi: plagiocl livine-clinopy phyric basalt as in Section 43-2,
50-150 em: plagioc livine-cli phyric basalt, pillow lava flow, vesicular,

20%, 2-6 mm. Sparse phenocrysts of plagioclase and very rare phenocrysts of olivine.
Groundmass aphanitic; variolitic near glass margins,

Thin Section Description

Location: 100-103, flow interior

Texture: subophitic

Phenocrysts: 5%; plagiociase 40%, 1.5 mm, blocky; olivine 40%, 0.5 mm; clinopyroxene
20%, 0.4 mm

Groundmass: 80%; plagioclase 50%, 0.2-0.04 mm, thin blades; olivina 5%, 0.2 mm, equant;
magnetite/iimenite 15%; olass 25%

Vesicles: 15%, bimodal; 10%, 0.5-3.5 mm, spheres, empty or with zeolites; 90%, 0.2-0.6
mm, irregular, empty

Al ion: oxide discol ; veins of zeolites and carbonate
Shipboard Data

Bulk Analysis: 103 cm Physical Properties: 82.90 cm
5i0, 49.6 Vi (km/s)

TiDg 1.54 parallel to beds 345
A|203 4.0

FeyOg 1.87

FeO 12.32

MnO 0.23

MaO 463

CaO 9.54

Nag0 2.95

K0 0.57

P20g 018

1
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
o

| Tivi m

5 [
olivine Py ne-phyric,

NOTE: Site 448, Core 45: NO RECOVERY.

LEG

SITE

CORE

SECT.

5]9

af4]s

Ja]s

Dapth: 386.5 to 387.0 m

basalt as in Section 44-1,
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

slo[a]als]| | [a] 6] |1 om
0 —
Depth: 404.0 to 4055 m
-
Visual Description &
Mearly aphyric pillow basalt; highly vesicular, 15-20% of rock, 2-3 mm, spherical or elongate
and parallel to yellow margins. Groundmass hyalopilitic to variolitic near glass margins. a
Vesicles empty to partially filled with zeolites. Glassy margins brecciated, replaced with
smectite. —
Thin Section Description
Location: 94-97 em, & ecm from pillow margin -
Texture: hyalopilitie
Phenocrysts: 1%; plagioclase, 0.5 mm —
| >80%; 60%, 0.2 mm; cli 5%; ina/il 5%; glass 30%
Vesicles: 15%, bimodal; 70%, 0.5-2 mm, spheres, filled with zeclites, some analcite; 30%, T
0.05-0.1 mm, irregular, filled with zeolites
Alteration: slight oxidation .
Shipboard Data
Physical Properties: 9097 cm 50—
Vp (km/s)
parallel to beds 334 J
100—
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Aphyric pillow basalt as in Section 46-1,

LEG

SITE
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5|9

alals

[4]6

Depth: 405.5 to 405.7 m
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VISUAL CORE DESCRIPTION e
FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT.
slofafa]s] [ [4]7] [ em
0 —
Depth: 4135 10 415.0 m
Visual Description
0-92 cm: aphyric pillow basalt as in Section 46-2. =
92.145 em: aphyric pillow basalt, very fine-grained, olive gray (5Y 4/2), moderately
vesicular, 1-2% of rock, <1:2 mm, A
Shipboard Data =
ghv:lni Properties: 2934 em 4
Vp (km/s)
parallel to baeds 361 ]
50—
-
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

5]alafafe [a[7] |2

CORE |SECT.

Depth: 415.0 to 416.0 m

Visual Description

Aphyric basalt as in Section 47-1. Groundmass with intersertal texture. Vesicles 10-15%, 3-4 mm,

empty, slightly altered.

Thin Section Description

Location: 37-40 cm, flow interior

Texture: intersertal

Groundmass: 70%; plagiociase 456%. hnw. euhedral 1o subhedral; clinopyroxene 30%,
subhedral; magnetite/iimenite 5%; glass 20%

Vesicles: 30%, 0.2-2 mm, irregular

Alteration: rare, clays in glass

Shipboard Data
Physical Properties:  37-44 em 7275 em
Vp (km/s)
parallel to beds 366 4.3
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VISUAL CORE DESCRIPTION
FOR IGNEQUS ROCKS

Visual Description
Aphyric basalt as in Section 47-2 with layers of breccia from 45-65 cm and 105-110 em.
Clasts of aphyric vesicular basalt, 1.5 x 3 cm, variolitic basalt extensively altered; zeolite

cement. Clasts:matrix 4:1,

Shipboard Data
Bulk Analysis:
510,

Tioy

A0y

Feg03

FeQ

MnO

MgO

Ca0

NayO

KZO

Pa0s

77 em
419
1.60
14.6
1.95
12.85
0.23
324
9.45
an
0.86
0.26

LEG SITE CORE

SECT.

5|ofa[als] [ |a]s

Depth: 423.0 to 424.5 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

5[o |a]a]8 |a]s

Depth: 4245 to 426.0 m

Visual Description

Aphyric basalt as in Section 48-1, with breccia as before from 57-62 em,
Thin Section Description

Location: 87-99 cm, flow interior

Texture: pilotaxitic to ophitic

Groundmass: 80%; plagioclase 50%, 0.2 mm; clinopyroxene 5%, 0.1 mm; magnetite/iimenite

5%; glass 40%, oxidized

Vesicles: 20%, bimodal; 50%, 1-6 mm, irregular, empty, some clay linings; 50%, 0.1-0.4 mm,

irregular, empty, some zeolite linings
Alteration: oxidized glass

Shipboard Data

Bulk Analysis: 93 em Physical Properties: 15-21 em
Si0y 477 Vp (km/s)

Tiog 1.85 parallel to beds 2.94
Aly0q 14.1

Fey0q 1.80

FeOQ 12,55

MnO 0.25

MgO 337

Cal 10.28

NayO 3.00

K0 0.61

Py0g 0.76
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG| SITE CORE |SECT.
5[afa]s]s [a] 8] |2
Depth: 426.0 to 4275 m
Visusl Description
0-87 em: aphyric basalt as in Section 48-2 b i lagioch livi linopy phyric

below 50 cm.

87-125 cm: volcaniclastic breccia 5Y 7/2.

Clasts: matrix 9:1. Clasts angular, 0.5 cm average, 1 cm maximum. Consist of 7% fresh glass,
40% altered glass, 10% aphanitic gray basalt with intersertal texture, 40% variolitic basalt
with <0.01 mm microph ysts of plagi Matrix reolites and ? carbonate,
Nannofossils of Zone NP 23 (middle Oligocene) are present in Core 48 volcaniclastic
breccias.

Thin Section Description

Location: 68-72 em, flow interiar

Texture: pilotaxitic

Phenocrysts: plagioclase trace, 0.4 mm; clinopyroxene trace, 0.3 mm; olivine trace, 0.2 mm

G d 70%; plagioclase 55%; cli xene 15%; and ilmenite 5%; glass
25%; flow banding erosses core at 45°

Vesicles: 30%, bimodal; 30%, 20-40 mm, spheres, empty; 70%, 0.2 mm, irregular, empty,
aligned in chains parallel 1o flow banding

Alteration: some clays in groundmass

o3

Pieca Number

=
>

]
ﬂ { ’ G Graphic
Representation

—a=— = Orientation

Shipboard Data
Bulk Analysis: 22cm Physical Properties: 108-125 cm
Si0y 49.8 Vp (km/s)

Tioy 1.52 parallel to beds 3.05

AlyDy 143

Feqlg 1.86

FeQ 12.26

MnO 0.23

MgO 4.48

[=Te] 9.63

Nazﬁ 2.85

Ko0 0.68

Py0g 0.29

Shipboard Studies
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H
VISUAL CORE DESCRIPTION o
E

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

l+]e

5(ofafa|e

|4

Depth: 427510 429.0 m
Visual Description
Volcaniclastic breccia, 10YR 5/4, clasts: matrix 9:1. Clasts angular, in alternate layers of
0.5-1 cm average size [maximum 2 cm) and 0.3-0.5 average size (maximum 0.8 cm),
Clasts composed of moderately to strongly altered basalt and fresh to altered glass
{white yellow to pale brown). Matrix, microcrystalline zeolite, altered glass and
carbonate. One clast of subrounded sparsely olivine phyric basalt 6 cm in length.

Thin Section Description

Location: 110-113 em

Texture: brecciated

Clasts: phyric basalts with ph ysts of
hasaltic pumice

Cement: zeolites and carbonate

and olivine, and

Shipboard Data
Physical Properties:  112-122.em
Vp (km/s)
parallel to beds 3.08
vertical to beds 274
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Depth: 429.0 t0 429.2 m Depth: 432.5 10 433.7 m

Visual Description

017 em: volcaniclastic breccias as in Section 48.5.

17-30 cm: mudstone, pale olive (10Y 6/2) with clear vitric bands subparallel to stratification.
Faulting present.

30-585 cm: tutf, 10Y 8/2, rather fresh, intermixed with irregular bands and layers of 10YR 6/2
weathered glass up to 3 em thick,

55-75 em: mudstone 10YR 8/2 with faint laminae in top em averlying tuff or mudstone 5Y 7/2.

Visual Description
Volcaniclastic breccias as in Section 48-4.

= Ergr—
L=} o
O i
18368
}'é Alteration

76-117 em: iclastic breccia, Cl ix B:1. Clasts angular, 0.6 cm average size,
2B 1.5 cm maximum i C d of various types of vesicular basalt
and yellow weathered glass. Fresh basalt clasts 25%. Matrix grayish yellow to pale green-
yellow, BY B/4 to 10Y B/2. C d of zeolites. N fossils of Zone NP 23 (middle

Oligocene) are presant in Core 40 volcaniclastic breccias.
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Depth: 442.0 to 4435 m

Visual Description
Voleaniclastic breceia as in bottom of Section 49-1. Mostly angular basalt and some

weathered glass clasts; some subrounded; rare spheroids. Size at top 0.75 cm average,

1 em maximum; at bottom 1,3 to 1.4 cm average, 3.5 cm maximum, Matrix dusky
green to grayish green (5G 3/2 to 106G 4/2). Zeolite cement.

Thin Section Description

Location: 75-80 em

Texture: brecciated

Clasts: phyric basalts and basaltic pumice
Matrix: zeolites, phillipsite

Shipboard Data
Physical Properties: B-12em
Vp (kmis)
parallel 10 beds 346
vertical 1o beds 313

l Alteration

[ — —== - Orientation

H
VISUAL CORE DESCRIPTION '
E

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

5|9]ala]8 [s]o

Depth: 443.5 to 445.0 m

Visual Deseription
Volcaniclastic breccia as in Section 50-1, coarsening downward to 3 to 4 cm average,
10 cm maximum at base. Mostly vesicular basalts both phyric and aphyric; some
weathered glass.

Bottom segment contains 1 mm flake of native copper.

Shipboard Data
Physical Properties: 104-110 em
Vp (km/s)
parallel to beds 334
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VISUAL CORE DESCRIPTION
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Depth: 445.0 to 446,56 m

Visual Description

Volcaniclastic breccia as in Section 50-2 except clasts: matrix 45:1, with fewer glass clasts.
Average size at top 2 cm, maximum & cm; at base 3 cm average, 15 cm maximum.
Between 55-65 cm are two reddish-brown, olivine-bearing Pandesite clasts.

At B0-82 cm, a medium-grained granodiorite (quartz diorite) clast {see Thin Section).

Thin Section Description

Location: 80-82 ¢m (single clast)

Texture: granitic and micrographic

Mineralogy: plagioclase {M‘NB at core, A"SB central, “"3! 24 0N rlm} 55% 1 mm;
quartz 20%, 2 mm; hornblende 20%, 1 mm, plus a clear amphit ite/
ilmenite 5%; clinopyroxene trace, in part altered to hornblende; nrﬂlnwmxum trnr.e
rim altered to hornblende
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E
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Depth: 446.5 10 448.0 m

Visual Description
Volcaniclastic breccia as in Section 50-3, g less coarse d 10 4 cm average,
7em size. G i last voids partly filled with carbonate. Two reddish

brown, olivine-bearing 7andesite clasts at 38-40 cm and B0-82 cm  (see Thin Section),

Thin Section Description

Location: 3840 cm

Texture: trachytic

Phenocrysts: 5%; mostly plagioclase, 0.5 mm, some altered glomerocrysts; clinopyroxene
trace, 1.5 mm

Groundmass: 35%; plagioclase 15%, A"ZB-SG' 0.1 mm; glass 85%

Vesicles: 60%, 0.05-0.25 mm, spheres, filled with zeolites and carbonate
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E 2 o e g VISUAL CORE DESCRIPTION L E 228 92 £ & VISUAL CORE DESCRIPTION L
2 e§ E 2 3 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. Z @ g ] % 2 2 FOR IGNEOUS ROCKS Lec | site |g| come |secT.
g 8E 2 £ 8 _§E 5 £
- § 85581 =[oJ<[<[s] | [T ¢ - § 8351 J0000NNEONE
[ Depth: 448.0 to 449.5 m Depth: 451.5 to 453.0 m
Visual Description P Visual Description
0-140 cm: volcaniclastic breccia as in Section 50-4. Clast: matrix 4:1. Maximum size Volcanidasfic breccia with \r.ellotw malr'nf as in base of Section 59-5,
top and bottom 15 cm; average size 3.5 cm at top, 5 cm at bottom. Fewer interclast Clasts : "L 4:1.No gi :25 I;;;:sl ".29'1 La{yer: are u:!rv welll f?l.ll:dl?d,‘ [smalr;r alre
voids. angular. Largest up to cm, vesicular (some tube vesicles) plagioclase-phyric
140-150 cm: volcaniclastic breccia as above but matrix is yellow (2.6 7/6 ta 7/8). Clast basalts; 20% reddish plagioclase phyric ? andesite. Nannofossils of Zone NP 23 (middle
dimensions 0.2-10 cm. Abundant zeolites and silica cement along grain boundaries. s Oligocene] are present in Core 51 volcaniclastic breceias.
ipboard Data

Physical Properties: 710 em
Vi tkm/s)
parallel to beds 318
vertical to beds ]
Wet bulk density 203

Shipboard Data

Physical Properties:  0-10 ¢m
Vo lkm/s)
parallel to beds s
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Volcaniclastic breccia as in Section 51-1, 95% vesicular, sparsely olivine phyric basalt
clasts, 5% Pandesite as before; rare 7 sediment clasts,

2 d
s § 2 & H § § 2 § H
2 T ¢ b £ o 8 g & £ 0
E 828 p ¢ g VISUAL CORE DESCRIPTION L E 28 5 ¢ 2 VISUAL CORE DESCRIPTION L
3 -§§ g i & @ FOR IGNEOUS ROCKS LeG | SITE [g| CORE |SECT. E EE ] ’E 2 = FOR IGNEOUS ROCKS LEG [ SITE |g| cORE [SECT.
3 88 £ 2 3§ 88 2 2 E 3
58645 24 s[sfalafs] [ [s]1] |2 o 28885 33 slofaals] [ [s]1] |3
] 0 — 1
. Depth: 453.0 to 454.5 m 1A Depth: 454.5 to 456.0 m
- a
] I Visual Description 8 Visual Description
SN =1 0-10 cm: volcaniclastic breccia as in Section 51-2,

10-70 em: vitric tuff, yellow (2.5Y 7/6) (10-63 cm) to pale yellow (BY 7/3) (63-70 em).
Fracturing and faulting {< 1 cm displacement) between 13-30 cm. Parallel laminae 1 cm
thick at 53-83 cm. Fractures calcite-filled from 60-72 cm,

70-142 em: polymictic breccia. Clasts:matrix 5:1, 4-25 cm size. 50% basalt, 50% recrystallized
white nannofossil chalk 5Y 8/1. Grades down into voleaniclastic breccia, Cement is carbonate,

142-150 cm: glassy top of underlying flow (see Section 51-4),

Thin Section Description
Location: 50-51 em
Description: altered vitric tuff with Mn dendrites

Thin Section Description

Location: 58-60 em

Texture: vitric tuff

Compasition: altered volcanic brown glass with plagioclase 3%, 0.1 mm: clinopyroxene
< 1%, 0.08 mm; orthopyroxene < 1%, 0.4 mm, and ? other 3%
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Depth: 456.0 to 456.4 m

phyric basalt, flow; greenish gray,

L

aphanitic, tube vesicles 1 cm Jiameter, Top 20 cm glassy flow top.

Shipboard Data
Bulk Analysis:
5i0,

Tio,

Al505

Feq0q

FeO

MnO

Ma0

Ca0

Na,0

K50

P30

38 em
494
1.28
134
1.76
12.81
0.22
51
9.29
240
1.10
0.07
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Depth: 461.0 t0 462.5 m

Visual Description
Sparsiey plagioclase- (and very rare olivine) phyric vesicular basalt, <2% phenocrysts. Rare
phenocryst pl lase, <0.5 mm, gl ysts. Trace olivine, pale orange, euhedral
dh phs. | B0% cry . variolitic near glass margins. 10-15% vesicles;
tubes ~1 em diameter.
Two flow units 0-90 em, 90-150 cm and into Section 52-2.

Thin Section Description

Location: 28-32 em, flow interior

Texture: hyalopilitic

Phenocrysts: trace only of plagiociase 1.2 mm, and olivine 0.6 mm

Groundmass: plagioclase 40%, 0.2 mm; clinopyroxene 10%, 0.1 mm; olivine 5%, 0.1 mm;
magnetite/ilmenite 5%; glass 15%

Vesicles: 26%, bimodal; 60%, 0.1-0.4 mm, irregular, empty: 40%, 0.5-2 mm, spheres, empty

Alteration: fresh

Shipboard Data
Bulk Analysis: BO0em
8i0y 49.2

Tio, 1.21
A!zﬂa 13.9

F2203 1.69
FeO 11.14
MnO 0.24
Mg0 4.56
Ca0 9.69
NayO 280
Kzﬂ 1.14
ons 014
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FOR IGNEOUS ROCKS LEG | SITE
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Orientation

Shipboard Studies
Special Storage

Depth: 462.5 to 463.7 m

Visual Description

Sparsely plagioclase-clinopyroxene-[+ olivine)-phyric basalt; continuation of Section 52-1,

Thin Saction Description

Location: 64-66 cm, flow interior

Texture: hyalopilitic

Phenocrysts: 1%; plagioclase, 1 mm and glomerocrysts, 3 mm

Groundmass: 95%; plagioclase 40%, 0.2 mm; clinopyroxene 26%, 0.2 mm; olivine 5%, 0.1
mm; magnetite/iimenite 5%; glass 256%

Vesicles: 2%, 1 mm, spheres with zeolite filling; 13%, 0.1-0.3 mm, irregular, empty
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VISUAL CORE DESCRIPTION
FOR IGNEOQUS ROCKS LEG | SITE

mroIT

RE |SECT.

co
5[olafafs]| [ |5]3

Depth: 470.5 10 472.0 m

Visual Description

Sparsaly plagiocl thopyr phyric basalt as in Section 52-2 except no apparent
olivine. Vesicles 15%, partly lined with rosettes of colorless zeolites. Zeolite veins.
Very altered.

Shipboard Data
Physical Properties:  48-51em
Vip (km/s)
parallel 1o beds 4.34
vertical to beds 5.57
Wet bulk density 252
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG| SITE
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CORE |SECT.

Depth: 472.0 to 4727 m

Visual Description
< PP

3570 cm.

i phyric basalt as in Section §3-1. Two flow units 0-35 cm,

Thin Section Description
Location: 64-66 cm, flow interior
Texture: hyalopilitic
Phenocrysts: <2%; mostly plagioclase, Angg, 0.4-0.6 mm, euhedral; clinopyroxene, rare, 0.4 mm
Groundmass: 65%; plagioclase 36%, Angg: clinopyroxene 40%; magnetite/ilmenite 10%;
glass 15%
Vesicles: 30%, 0.1-0.4 mm, irregular; 0.5-1 mm, spheres
Alteration: 5% glass to clays

Shipboard Data

Bulk Analysis: 59em
Si0g 482
1102 1.16
AlgDy 14.7
Feqg0g 1.62
FeQ 10.66
MnO 0.20
MgO 5.19
CaD 10.23
Nag0 333
KZO 0.47
Pa0g 012
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE

mroxT

CORE

SECT.

59

4lals

[s]4

Depth: 480.0 to 480.3 m

Visual Description
Sparsely phyric vesicular basalt as in Section 53-2. Two tlows.
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g 558 c 2 VISUAL CORE DESCRIPTION v E 83 2 R PSRN vea | sime |t
2 2f E ‘i g2 5 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 EE g g £ IGNEQUS ROCKS E| CORE |SECT.
g8 55 8§ & 5 38 g 858 & B 3B
e 5855 24 s|o[afa]s] | [s]s] | m 5855 34 slofs]e]s] [ [s]s
0 — — —
' Depth: 489.5 to 491.0 m ha i ] Depth: 491.0 to 4926 m
41 i~
Y ke * Visual Description
_ Visual Description il Volcaniclastic breccia (“green matrix®) as in Section 55-1. Clasts 3-8 cm concentrated at
] 1-10 cm: sparsely plagi phyric basalt, vesicular, with glassy margin ic 4 30-50 ¢m and 115-150 em, composed of olivinerich and aphyric basalt.
| 2| & 10-65 cm: volcaniclastic breccia (“yellow matrix™). Clastsimatrix §:1, subangular to | =
) ‘ subrounded, irregular to spheroidal. 0.5 em average size, 1.5 cm maximum; unsorted; 2 |oe
—Ha S no gradation. C { of 7 and 5%, w d basalt ~75%, weathered glass 1 B==
:"”’ ‘ ~25%. Matrix light olive brown (2.5Y 5/4 to 2.6Y 5/5, zealitic or siliceaus; rare A N
E 38 W emply interclast voids E
ac ‘ 65-150 em: volcaniclastic breccia ["'green matrix") similar to that above except for 38 W
. matrix color and large (1 em average, 7 cm maximum) clasts of reddish (10R 3/2) — P ’
BEL ﬁ | ? basalt. | d
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g §_2 B H ] §_2 ¢§ H
£ 3 5% ¢ 2 VISUAL CORE DESCRIPTION 2 E gE5 5 2 VISUAL CORE DESCRIPTION L
2 288 5 22 FOR IGNEOUS ROCKS LEG | SITE |g| CORE [SECT. 2 of § 25 FOR IGNEOUS ROCKS LEG| SITE |g| coRe
g §§ §2 g 5[9]a[4]s [5]s] = § 853 <5 & .; s[o [aa]s |s]e
2§25 5 3 I_ ':’: & o © & =
! Depth: 492.6 10 493.6 m |- Depth: 499.0 to 500.5 m
Visual Description Visual Description
T Volcaniciastic breccia (“green matrix”) as in Section 55-2. Decrease in clast size down section Volcaniclastic breccia {“green matrix™} as in Section 55-3. Uniform distribution of
to 1 em average, 2 cm maximum at base of core. clasts, 1 cm average, 3 cm maximum,
Mative copper occurs at 80 and 87 cm.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

LEG

SITE

CORE

SECT.

4lals

[s]s

Depth: 500.5 to 502.0 m

Volcaniclastic breccia (“‘green matrix™) as in Section 56-1. Average size of clasts 0.6 cm,
Composition highly altered basalt 80-85%, fresh aphyric and olivine phyric vesicular

basalt 10-15%, altered glass 2-3%.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE

CORE

SECT.

5|9
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Depth: 502.0 to 503.5 m

Visual Description
Velcaniclastic breceia | “green matrix™) as in Section 56-2.
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s B_2 & H § £_2 B H
£ ES§ 3 s VISUAL CORE DESCRIPTION 2 E 25 3 2 VISUAL CORE DESCRIPTION ¢
- 'E§ & g "_: FOR IGNEQOUS ROCKS LEG| SITE |g| CORE |SECT. z L% ] § = FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
58 E o g 85 £ 2 K
m § 8335 24 slofsjsle] | [se[ [s o £ 5255 54 s[ofafa]s] [ [s[e] [s
0 — - 0= ——
= [ Depth: 503.5 to 505.0 m p Depth: 505.0 to 506.5 m
L] M A
o Visual Description Visual Description
=ic Volcaniclastic breccia (“'green matrix™} as in Section 56-3. = Wolcaniclastic breccia (“green matrix'') as in Section 56-4. From 80-110 ¢m, enriched in
large, 5x6cm, clasts of frash vesicular basalt.
el Shipboard Data sl
A Physical Properties: 4142 cm = : Shipboard Data
1E Vp (km/s) thv!icll Properties:  40-44 cm
3 parallel 1o beds - 41c Vp (km/s)
o4 vertical to beds 3.10 parallel to beds 327
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VISUAL CORE DESCRIPTION
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SECT.

59
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5(7

Depth: 508.5 to 510.0m

Visual Description

Valcaniclastic breccia {““green matrix™} as in Section 56-5. Clast:matrix ratio 9.5:1. Clasts

average 0.5 cm (maximum 6x10 cm), angular to subangul
They consist of aphyric to sparsely phyric vesicular basalts (some containing grains

» unsorted, u

native Cu), and highly altered vesicular basalts. Matrix (5%) reolitic and with

carbonates.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia | “green matrix") as in Section 57-1. Clast:matrix ratio is 4:1; average

size 2x3 cm, maximum size 6x20 cm.

Shipboard Data
Bulk Analysis:
5i04

T|02

Aly04

FeqOg

FeO

MnQ

MgO

Ca0

Nas0

K40

Py0g

120 em
48.9
0.8
174
1.40
an
0.22
5.37
10.56
2.45
0.56
0.03

LEG

SITE

mreQoX

CORE

SECT.

5[9

4]4|s

[s[7

|2

Depth: 510.0t0 511.6 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Deseription

LEG | SITE CORE

SECT.

slo[a]a[s] | |s]s

[1

Depth: 518.0 to 518.5 m

Volcaniclastic breccia (“green matrix™} as in Section 57-2. Fewer large clasts.

@ > Piece Number
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VISUAL CORE DESCRIPTION ¥
FOR IGNEOUS ROCKS ec | sie |E| come |secr.

5[0 [a]a]s BERE

Depth: 519.5 10 521.0m

Visual Description

Volcaniclastic breccia (“green matrix”) 0-15 em, as in Section 58-1. From 15-150 em,
“yellow matrix" (6% 5/2); clast:matrix ratio 4:1, Average size 2x3 cm, maximum size
Sx13 cm.

8+ HLIS
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£ K
s § 2 g H § § 2 g H
£ s 3 2 VISUAL CORE DESCRIPTION o § E§ e 2 VISUAL CORE DESCRIPTION g
2 9§ B i = FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. z g3 & E = FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT.
K S =
8 88 5§ £ o 8 £ E 2 3
il 30J0NNEENE - 38351 s[o[aale] [ To[s] [«
’ p’-‘ Depth: 521.0 to 5225 m ha Depth: 522.5 to 524.0 m
i he Visual Description
Visual Description — F lase-clinopyr thopy pigeonite-phyric basalt, as in Section 58-3.
* Volcaniclastic breccla "yellow matrix”, 0-22 cm, as in Section 58-2. e
Plagioci. linopy hop i ite-phyric basalt flows, 22-150 cm, Ey Thin Section Description
Light olive gray {5Y 5/2), fine-grained with plagioclase phenocrysts, 2-3% of rock, 2-3 Location: 18-21 cm, flow interior
’ mm in size. Rare olivine phenocrysts, 1-2 mm from 120-150 cm. Groundmass hyalopilitic “holl » & Texture: hyalopilitic i
to intersertal. Vesicles spheraidal, filled with zeolites, 10-15% of rock. ] Phenocrysts: <156%; plagioclase 70%, Angy, 0.4-3.0 mm; clinopyroxene 15%, 0.4-1 mm
subhedral; arthopyroxene <5%, 0.4-0.7 mm, subhedral
Shipboard Data _LI Groundmass: 50%; plagioclase 40%, Angq, 0.05-0.4 mm, euhedral laths; clinopyroxene 35%,
Bulk Anslysis: 77 em Physical Properties: 35cm E 0.05-0.3 mm, subhedral; orthopyroxene 1%, 0.2-0.4 mm, subhedral; magnetite/ilmenite
$i0, 49.9 Vip (km/s) JF 10%, 0.01-0.06 mm; glass 16%
Ti0. 1.12 parallel 1o beds 3.68 Vesicles: 35%, 0.4-5.0 mm
2
* Al504 145 vertical 1o beds 3.80 e Alteration: rock essentially fresh
FegOn 1.50 Wet bulk density 252
FeO 9.92 -1 Shipboard Data
MnO 0.19 Bulk Analysis: 138 cm
50— MaD 4.52 50— 5i0, 48.0
€0 9.24 H TiO, 1.02
Na, O 338 I AlgDy 14.2
K0 165 ] Feg0Og 1.37
P. 0.08 FeD 2.01
f 2% K MnO 0.17
Mg 3.88
Ca0 12.74
L Na,0 4.56
KIO 1.20
f X Po0g 0.20
"
* Mo o]
L[]
P (o o
] J==it " B2
o/ ()
e | (27
il [
* 15 b
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VISUAL CORE DESCRIPTION T E
FOR IGNEOUS ROCKS LG | sITE |g| core |secT. E
8
s[ofafa]s] [ [5]8] [s em £
0 —
Depth: 524.0 to 525.2 m
Vuui Dma‘ip\im 1A
pyroxer thopy P phyric basalt, as in Section 584,
Thin Section Description 1
Location: 44-47 em, flow interior |8
Texture: hyalopilitic
Phenocrysts: < 18%; plagioclase 80%, Angg, 0.4-3.6 mm, euhedral subhedral; clinopy Jic
15%, 0.4-7.0 mm, subhedral; orthopyroxene, rare, <0.5 mm J
Groundmass: 50%; plagioclase 40%, An,g, subhedral laths; cl 20%, subhedral; 2
orthopyroxene, rare, ~0.3 mm, pseud ph gnetite/i ite 10%; glass
20% Tesl
Vesicles: 30%, 5.0 mm, empty or with carbonate or zeolite filling
Alteration: glass altered to clays, 6% -
b 2c,
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VISUAL CORE DESCRIPTION 0
FOR IGNEOUS ROCKS LEG | SITE |g] CORE |SECT.
59 [a]a]8 [s]e] T1
Depth: 527.5 to 529.0 m

(Hole deviation of 08" at 527.5 m]
\d'unal Demlsmnn

linopy thopyr i ite-phyric basalt flow as in Section 58-5.
Gi h 70-80% crystalli lopilitic to intersertal; intargranular glassy matrix
altered. Vesicles 20%, empty to filled with zeolites. From 55-70 em, top of flow with top
comprising phyric basalt, underlain by thin zone of variolitic basalt, underlain by fresh
volcanic glass, underlain by replaced volcanic glass, in turn underlain by very fine-grained
grayish yellow [5Y 8/4) volcanic tuff.

Thin Section Description

Location: 1-4 cm, flow interior

Texture: hyalopilitic

Phenocrysts: 18%; plagioclase 80%, Angg, 0.4-3.0 mm, euhedral; clinopyroxene 16%, 0.4-1.0
mm, subhedral, orthopyroxene, rare, 0.4 mm

Groundmass: 50%; plaginclase 40%, Angg, euhedral; clinopyroxene 30%: orthopyroxene,
rare; magnetite/iimenite 10%; glass 15%

Vesicles: 30%, 0.2-5.0 mm, empty or with zeolites

Alteration: clays replace glass

Thin Section Description
Location: 117-120 cm, flow interior
Texture: hyalopilitic

Phenoerysts: < 15%; plagioclase 70%, Angg, 0.4-2.0 mm, euhedral to subhedral; cli
15%, 0.4-1.5 mm, subhedral; orthopyraxene 10%, 0,5-2.5 em pseudomorphs and iresh

Groundmass: 55%; plagioclase 40%, Anm 0.05-0.1 mm, laths, subhedral; clinopyroxene 30%,

0. 06-0 1 mm, subhedral; mllwpvmxana 2%, 0.03-0.3 mm subhedral, fresh and
phs; itefiimenite 10%, 0.01-0.05 mm; glass 18%
Vesicles: 30%, 0.3-3 mm, irregular, empty to filled with zeolites
Alteration: glass altered to clays, 5%

8t LIS
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H £
g 5 _2 B H s £ _ 2 § H
E ES§3 2 VISUAL CORE DESCRIPTION ° £ 55 ? e & VISUAL CORE DESCRIPTION Y
2 uv§ B g g FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT. 2 43 8 8 23 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
B IERE s 5253 i3
om £ 8255 25 s[o |a[a]8] | [s]9] [2 o 25853 24 s[o|aa]8] [ [s]e] s
n o
] Depth: 529.0 to 530.5 m | * ] Depth: 530.5 t0 531.3 m
1 Visual Description & Visual Description
Plagioclase-clinopy orthopy igeonite-phyric basalt s in Section 59-1. - LA Plagioclase-clinpyr hopy pigeonite-phyric basalt flow as in Section 59-2.
o 1 + Groundmass 75-B0% crystallized, intarsartal, Vesicles ~ 15% of rock, 3-4 mm, spheroidal,
B + P Thin Section Description 12A 1 mostly filled. Alteration moderate. Glassy flow top at 50-66 cm.
Location: 52-55 cm, flow interior _
o Texture: hyalopilitic e ’ = Shipboard Data
Phenocrysts: 18%; plagioclase BO%, Angg £, 2.0-2.5 mm; clinopyroxene 10%, 1.0 mm, it | - Bulk Analysis: 74 em
L] iral to ; orthopy <10%, 0.6-0.7 mm, euhedral to subhedral 5i0, 50.0
Groundmass: 65%; plagioclase 55%, A“Bs- 0.2-0.4 mm; clinopyroxene 5%, 0.1-0.2 mm; —3 + LT TiOp 110
P orthopyroxene 2%, 0.2 mm, euhedral to subhedral, rarely with clinopyroxene rim; Aly04 164
magnetite/ilmenite 10%; glass 30% 4 ] L] FEZOG 1.40
Vesicles: 15%, spheroidal 1.4, FeO a.22
A Alteration: brownish green clays in vesicles and veins - 1 rﬂgng D;;
e = 4,
U:) Shipboard Data E * Ca0 10.27
Bulk Analysis:  61¢m Physical Properties:  16-18 cm o NagO 3.58
(o ) S0, 50.7 p (km/s) s K0 1.18
’ T TiOy 1.00 parallel to beds ~ 4.19 ’ P20s 0.12
b Al,0q 16.8 wrtical to beds 4,45
FegOg 1.44 Wet bulk density 253 5B|| Lo ' |~
X FeD 9.51 [
o MnO 019 .
Mg 447 6 11
—a * Cad 9.80 —‘ E] d
Na,0 298 1
. d ko0 0.83 17 * X
m Py0g 0.09
b} | .
14| * u
l a iy
4 P 4
2L
100 100—
| !
1
+u 0g | -
4 legl} -
L1
I i
— L~ =
i g }
L~
o)y =
L~
160 — — 150 — -
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VISUAL CORE DESCRIPTION 3 E §3 & VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT. 2 E E 2 = FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
B = 5 2
s[o [a]a] 8] | TeJo| 1 o 2 57 228 s]oalals] | [s[1] |1
o —
Depth: 537.5 to 537.7 m ; Depth: 546.5 to 548.0 m
Vil Daicription i /J Visual Description
Plagi linopy kit i ite-phyric basalt as in Section 59-3. -1 B Plagiocl i orthopy igeonite-phyric basalt flow as in Section 58-3.
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L6l

£ k4
i §_2 B H y §_2 & H
_E = z 0 -} % g i o
E § S B 2 VISUAL CORE DESCRIPTION L E 25 B ¢ g VISUAL CORE DESCRIPTION L
3 ga g2 it FOR IGNEOUS ROCKS LEG | SITE [g| CORE |SECT. Z %_: ] E] H 8 FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
g £ B g 8 85 £ 8 E B
13 oo [k Je] [T Tz - § 83511 JOQ00NECONE
n Depth: 548.0 to 549.4 m uo Depth: 549.4 to 5566.0 m
of ’ 4 |ls f
e 1R Visual Deseription Al O Visual Description
Plagioclase-clinopy arthopy igeonite-phyric basalt flow as in Section 61-1. 7 Plagioclase-clinopy hopy pigeonite-phyric basalt flow as in Section 812,
(o5} Jofes
= Thin Section Description U ‘ Thin Section Description
1 a ‘ Location: 46-50 cm, flow interior o - Location: 51-54 cm, flow interior
Texture: hyalopilitic o Texture! intersertal to subophitic
o Phenocrysts: 20%; plagioclase 86%, Angg, 0.7-2.0 mm; clinopyroxene 10%, 0.3-1 mm, - o ' Phenocrysts: 15%; plagioclase 80%, Anqg 7, 0.1-1.5 mm, tabular, prismatic, subhedral;
1D} ;S“- * subhedral; orthopyroxene 5%, 0.50.7 mm, subhedral and pseudomorphs o clinopyroxene 15%, 0.5 mm; orthopy 5%, 0.5 mm, al prisms
Groundmass: 66%; plagioclase 50%, Angg, 0.1-0.3 mm; clinopyroxene 15%, 0.05-0.3 mm; — Groundmass: 70%: plagiociase 45%, Angg, 0.25 mm average, laths; clinopyroxene 20%,
1 orthopyroxene 1%, ~0.3 mm; magnetite/ilmenite 4%, 0.03-0.1 mm; glass 30% = P 0.2 mm average, anhedral; olivine 4%, 0.6 mm, el prisms, | phs;
1E Vesicles: 16% 8|l 50 magnetite/ilmenite 5%, 0.05 mm; glass 25%
Alteration: carbonate 3%, in vesicles; clays 1% =9 * Vesiclas: 15%
1F m * = Alteration: ite and I} iock glass, orthopy and olivine.
= i Shipboard Data
22 ’ 5 3 ’ Bulk Analysis: 55 cm Physical Properties:  34-36cm  50-60 cm
g0 Si0y 50.2 Vp tkm/s)
_L P Ti0y 1.12 parallel to beds 412 4.26
o © X Al04 15.0 vertical to beds 4.23 -
24 @ * \e * T Fey03 1.47 Wet bulk density 247 278
- Sa FeO 9.69
28 * (] MnO 0.15
. + Mg0 6.30
1 Ca0 8.84
c f 1 = @ * Na,0 3.44
lu K,0 141
1 N P50, 013
3 & 1 205
4 -
L]
aall 00 4
no ’ a
o NG
4B :, * L1 |
Ei o
—— A 10— 7| 2, ’ M
{[Ci 1
L1
g i
b1
. —ee| @
TA DD + 1 -
o e
4 dalloo *
# 20
Je ’ ’ 4
1 - NOTE: Site 448, Core 62 {556.0 to 565.5 m), Core 63 {565.5 to 575.0 m),
I_ o Core 64 (575.0 to 580.0 m), and Core 65 (580.0 to 584.5 m).
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SITE 448 HOLE A CORE 1 CORED INTERVAL: 0.09.5m  (Hole deviation of 0.0° a1 2236 m) SITE 448 HOLE A CORE 2 CORED INTERVAL: 335-430m
BIOSTR, | FOSSI BIOSTR. | FOSSIL
ZONE ARACT 5 ZONE  |CHARACT wls:
o Z| . I o Z o
vlslg| = RAPHIC ,% i ol 2| g H
== LITHOLOGIC DESCRIPTION == RAPHIC LITHOLOGIC
u |8 g 5 g Z|5| & | utHoLogy w 82 |, E Z|5| £ | uology 212215, DESCRIFTION
g HEAEEIEE g |2 [2|g|5|2|a|5| 2 Sl
5|5|2|8|35|¢ o Z 512|832 e
2 |fjeE|e |2 besat 2 |ojx|d|Dla et
L L 10YR 473 B o s * | wovmen
N&je - i NANNOFOSSIL OOZE, vary psle beown, brownish o BIAIN e e NANNOFOSSIL OOZE, very ple bawr a0 pats browen
ol et Bewea | o | '0OYREE Ehpsey bty % +—totp, 0| IMtiing varses rom locally slight 1o moderate white, gray
T 872 maottle Yulhorge Bl ek e, Mo tiling with WK, v P e kT and biack in the upper 3 sections. The lawer 4 tections
o il —— s |
i T A walbowish beown, gray and dark graey cobors ganerally i TP contain rones with locally moderata to intenss whine, dark
1 8 e Eprapet By _Ll dight to locally moderats with interse motting limied 1  — | e, light bowmish gray and gray mottling. A few black,
4, A o two 20-6m thick 2ones in Section 5 snd & B-am thick N[AIM e 1 maderats beawn and gray pumice {ragments ranging in size from .2 1o
Nl ale o AL_L_I__)_'L'_L | 872 mottle 2o v Saction /A fow dark & Pumice B o e | ;&\:’:::1 4cm ;r:‘?::mnd and N:‘edlylw?ngalﬂd |nmuy-|:au| the
— .O0— I " eore. et nifarmly saft, Drilling disturhance
B fragements are scattered and ocally coneentrated throughout e ol it iy bl Bt
4, - | the core, The sedimmnt it uniformly safs; drilling disturbnce M— 7 ¥
; _J—:Lt-l—: | *| Vemcoarse layer ranges down-core from moderats to stight. Iy | £ AR SLIE SUNRARY
R R P nlalm e e [ 15 1140 481 6130 742
z NlALG b e Tl | PWEAR RLIDE SLMMARY s e e [ - )
i a1 140 1139 3930 51 6136 o e e
= T S gt | e TEXTURE
= g oy 0o e ] | Sand 8 0 B s
e [ TEXTURE: e wightly siie ™ O 6 75 4
2| - rie $h.3 M M 2| i | b Clay W w 8 B 5
nl ale P S Bt l Sit L 0 W & 2 ey S P TOTALDETRITAL 3 2 . 2 17
B T Clay 5 10 10 8 5 Pl vory sy COMPOSITION
Jo A P | TOTALDETRITAL & 4 2 2 1 y s " Monded Faldepar R ' T
= Ml _I.j | COMPOSITION: e ey | 10¥R 81 Heavy minarals - = = o 1
- 1 -'_CA_-:J_A | ?-I-" '_f - et : 5 Clay minerals 2 2 3 2 -
nloalm 5 M B B | sldspar > N|alm P ek e e e | Valeanic glan = = 15
i T e St | W0YR 744 Ciay minershy 1 1 2: I IR 20 o e s Glauconite S |
e :,un‘_:m r: a ™M - - ——e N Aemorph, Fo s 4 B 6 ]
o Section 3 wconi = = = = i1 Carbionate unipec. 5 2 3 5
A TR Ve I modarately Zoolites WM - = = ===1! HNannotossits NN s o8& 4
3 i i e St | oy Amorph. Fe aga. 1 2 - TH TR 3 S Pul
NiAlM s P Bt | | pizs Carbonate unspec. 2 15 w0 2 5 et T 2:::“ ; : : “; :
% . - . =
= o [ B R i Foraminiters -~ 4 @3 e o e s wary slightly oyl T
2 e e T P e Nannofcesits W % 8 M r——t mattiod Spongs spiia e
5 ..‘__l__LJ_J-j Radiolaria o e = = 8 Ty | 10YR 81 At
z E = Spongs spicules Fam T = 3 § 2 nlalm s vazarr e | 17015, 50.4, 30.1)
g § 'J-iJ—-t-l—;" | ol e |- (= Lo Pul | o
5 1 10¥R 8/1 =|lz|q P—— T CARBON/CARBONATE
: 3 —-t"'i"‘_t"' i e z = 4 o T e 169 (0.0,77,1,9.3)
] 1 I
. n o B G | I ___l_l..!_rp‘: | o | sy
I e g | | B 4 B e e et L1 mottled
T e fiy 10YR B4 P Ml i 0¥ R B/
e [ B S| e [ S
5 [ Ehopgrd et gy (' slignt {———
& il I it I = | maderate to
s T By Dol | i :_L_....L_-P“ Intensely
T = | e mattied
B I o — | 81,373,672
i iy
o (Bt T 1 i s o ey
J e r——— |
— | B/ matting i 1% mottling
e Tt e |
5 Pz il ey g 5 C TR Y |
s [ e Thopl F moderataly 10 intensely —.'.'.'.|
i T B L mottled B/1, 51 J==="
= pex | gl B 3 o
- e 10YR 5/4 layer e : rotted 81
ol : modherately mottled
«‘i“'_t"‘i l WYRIA N|alm : AR
0 [ Ml G Shogy |1 slight mottling | ighs 8/1
i P | | 504 moring
] Faen
_L'I-.J_'L_L'L maderate B/1 P e i
S il S St 8 | mattling P o o e slight 2.
L] = e e ¥ | 6 1S s e mattling
s M T JT——Fu]
_-‘-_I_J".l__l-.l.l | | —l i moderate 8/1, 6/1.
-.I_J_.l.l] TOYR 8/4 l'n'l'lf 21 mottling
i R ——— i R e * | moderate 811, 814, 211
Feae el 2/1 ashy 1 cm layer 5 e v e |' o
alals 7 :I__‘_i"_-:—_l_ i intensely motthed " T : T : = I"'- I
Flc|m T Intense 201
B ol I S e bdbinldd gy - | " | mottiing
CC|
Mlalm 1
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SITE 448 HOLE A CORE 3 CORED INTERVAL: 62.071.5m SITE 448 HOLE A CORE 4 CORED INTERVAL: 71.5-81.0
: MN.581.0m

BIOSTR. | FOSSIL
ZONE  |CHARACT. = BIOSTR. FOSSIL
T zl e u; ﬂ R ZONE  |CHARACT i
. @ ) T z
2 |e z|Z|E|w APHIC g LITHOLOG gl 2 2
- Z|Z|E LITHOLOGY HOLOGIC DESCRIPTION =1 - GRAPHI ]
2 % E 2 = gl ﬁ E =2 g w § % ¥ z E El & leomg, 312318, LITHOLOGIC DESCRIPTION
= & wlzle w =
HEHHHEHE P < |2 |E|8|8|z|2|%| = =15
a|™ 2 le o|2|x =
[ -4 e g a o | Sen |
NjAalm 4=~ ] + | ovRoe
T | 10YR 873 :fxm‘;::ﬂ“-m"mmhﬂ Nl AW -_I_i.l_:_l_. | moderaty to intense
|, Mo s UR ~:
s g S U wery slightly mattlest el forsmiinilera. and radicbardrencing, Slightly A B e mottling 2/1. B/1 NANNOFOSSIL DOZE, very pale brewen arel fight
= gpel Bl 5 [ i to maderately mattled white, geay, vry dark gray o5 90 yeltowish beown, foram end radiolarian-bearing,
L B T Bl ey toaducalal oided 10VIaN accf hiack in localized arems, Puics frapments are. ol By iy 81 mottling Mottles are Iocalized and penarally fev in number
-ll-'_.l_A-_L_l | an ?m'r.,., ';:‘I::‘:"m'u""lﬂ3ﬂlmﬂﬂ;;0huil-ud; 1 -_I__I__l.”l“.l_ | colond white, dark grayish brown, dark brown, g
. i s i The: it - f 0 3 .
L S i mll:’:;:::: - P PR ORI Lo e O Swmion B o modara motding w0 Biack. Two 30-cn z0nes of moderata 1o intenss
b Pt Rt | | 1 soroximately 6 1o 8% af the rotal sediment " e 8 Uhd Saragd mottling In Section 1: single similar rones in Sections
5 Ty eyl B . The sscfiment is unifarmiy soft, and drilling vy ===l sight, vary slight 4 20d 6, which each alsa contain minor sh layers,
et disturbance grades fram moderaie to slight -_I_-I__I_A__I_ mattling 51 2. andd 13-em thick, rewpectively, A lrew pumice fragments
_L_J-J_-_I_—"_I. | dowm-con, ' et S | e scattered throughout the core, with 2. and 7cm
Ty Ay —-'-_I_-‘-_‘_'PII | thick zones enriched in pumics fragments in Sections
J_J-_L_I-_"_l | SMEAR SLIDE SUMMARY :'I'_I_'I'_l_ éu | oy Wight Jand 6. Amorphous iron oxides constitute from 1 1o 5%
T Y 16 1140 3140 5140 6140 _-1‘.1_ [ gt I mottling 51, 871 of total sediment, generally decresting down-cors. The
1 Ty e moderstely ot TEXTURE: L T ] 4 e | secienent iy unifonmly sott, i driling disturbanes
2 _‘_.L_'_.I__L_‘ | 10YR &1 L W g el g A | 413 mattling wvarhes. from moderats to slight.
e ) &5_-1'“ 2 1 w0 2 Jo ataty
- | 811 mattle b “: ?: 3: n B o Vet g 9o B SMEAR SLIDE SUMMARY
etk TOTALDETRITAL 4 2 1 3: i "'-l-I—*—iJ—‘ | very alightly 1124 1140 3120 430 4140 8140
B e asll COMPOSITION: = o Ve o aby e TEXTURE o T
el g 10YA 873 Foldspar e ozl .
nNjalm a2 g gt gt | - = - L Tl | ¥ & . 8 W
B [ P B Clay minorshs 3 NIAlM g eyt Sepepdl Dol i T OBS B0 M B
i et ket | 211 mattle k% 2 1 0 - S T Gy 8 15 8
RO Eap Ry Vatcanie glass 1 - n 22 il S Sl | LR I
oF Baond el pe - I B Eaauit TOTAL DETRITAL @ - o0 - <4
~ I i gy very slightly A,I:.f::"; = h m = = Tt i i COMPOSITION
3 f ...“'_L"' mottied Fileina 2 3 2 5 1 3 e B il vory iy mariied Duaent - Y =
3 3 ey e e b Carbonate unspec. - 1 5 15 5 el e 0¥ &) Faidapar 1 - - 8 - -
- pe Bt S’ idic ) Foraminifers 8 7 8 1 3 Fid=e=t A 3 Homay rsacats m
§ - —1_"__|__L'_|_"| Nannofouily w72 3 a0 -;: e --_L.l__l_a_ 4 Bay mineialy 1 = = = = o=
- - wl " Wolcawe g 13 - - s
BN J T Diatoms 2 o3 4 2 3 g Forea iy | ] Aoy Corcrioe 21 g eRom S
A ES A Jeit=yep | . Radiotaria 1w 8 1 6 % A A | e ) Gisueanite ™ i =
z gig T Tyt Booegs wiculis z 2 v _ | n A Sl Bt | pumien rich inteeval Zoolives 2 = e =
= a i P el B a 2l ) - Pud Amorph. B2 05, 3 4 5 3 1 1
[ Sy 10YR A 8|z L ]| sight 2/1 martle s
K o Bl el mattle GRAIN-SIZE: = o -_I_'L'.I_'L_l_‘ Fumhﬂm- : 2 : o1 2
i e el 170109, 55.3, 43.8) S|z |8 Ja A | w || Eicderie B, A7) inouie [—" bW Rl
T Copgedl Wigpurddy | B [ 21 wh layer - p A I
G | el Bt 1y = _ﬂdﬂ:‘# ot 2 2 & TA 1 TR
i A S S| CARBON/CARBONATE: - § " o madarately mottiad with Aadilara w 71 s 1 B ®
4 | T * S Cernd 211 ah, 81 Soonge et 2 m 1 12
J 81 mottls 1489 (0.0, 79.0,9.5) a o |
- 3, 4= Lpu
il Sl b | o B gt . GRAIN-SIZE:
b SRS Ml B — = shightly to very shighl
n Syt very: lightly mioei 511 -I_i_l_t.n._. | e OVR B 17018, 57.8, 4051
N St B
PR 811 mortle el e e | . CARBON/CARBONATE:
N|A (M e L i L p| 169 (0.0, 78,2, 9.41
) e S g | mottle T 0 intense
B Tl Foperll s s | montling 211,473
S | ey :
Bl Bl & pif bgpued \egreed T W
o N Sl Bt | B/ mottle -
- e, L (S Eull et - B
R ¥ Bl Bl T i ™
5 b P Tt T (i S Bgppdl B
it [ TS Wt | 5 o S R | dightty
N it B 1+ = | mattied
% et gl iy —— e L By 10YR 81
q e e -y ayer b ol
o Dl Kl ey w | wightty marted 571 :"i"'j:J‘J- :
i . Il
ST baTiny oty o B = Sy ygt iy Y I B
jL_I._._.L._l_J-. very slightly mattied b el 10¥R 51
&n,51 =
‘._—I-J_-l-J_-l- - 1 vaey lightly
e ™ e Kot & i el B S mottled 10YR 61
A = S g Sermdl 4
Ll I e T el Fatitel
.:LJ__"_I_'J' -LJ.‘-L..L"L.L | moderately matted
g e e | an, 4/3. 61
il et d IETN | purmice and wh layer
"L_L“-_I_'L.l. * | 81 mante = N DacE= e A pupy
- e 813, moderate B/1, 211 mattle e |
alc Hege—y L | 10YR 61
Fle . R wlilo |2 q-L A Py dightly mottled 51
NlaA b e e e 10 R 8/3 nannatoss] core Fle|m ey
T 4 I k4 'EE!__-.E_._:‘-_I__ -l 10YR 8/3 moderataly motthed 3/2
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SITE 448 HOLE A CORE § CORED INTERVAL: 223.52330m SITE 448 HOLE A CORE 6 CORED INTERVAL: 252.0-261.5m
BIOSTR. | FOSSIL BIOSTR. FOSSIL
ZONE  [CHARACT wl> ZONE ~ [CHARACT il
21218 ¢ HEE 4BEE: =
HEE GRAPHIC LITHOLOGIC DESCRIPTION =2 GRAPHIC
w § % _|2|&g|E| £ | uTHoLOGY 22|22 8, 1o w 8 E 3 E Z|E| & | uTHoLogy 23, LITHOLOGIC DESCRIPTION
=|C w 2 = w
§1213]3/3/2|8/3| 2 = «ﬁmgggms g
= =y =
z [R|Z|2|a|E & z |2 g(& =
=] * | Hard 57 78 1ing witri W With defGrmad faminae at 8 to 11 cm, Mn dendrons on
1 o | taminated pianes _
& | * [r0v a2 tine vitric it o FINE VITRIC TUFF AND VITRIC TUFF, clive gray
= n|- o | 5% 372 vitric wit, medium sand-tize, with chips of 25 5/2 vary fina vitric it A dark geay, nannolioslbasring. The upper 40 om
N|F|m 25Y 2/0 fine witric wif of Sectson 1 cantaing two white B and 5 om Liyers of
4 5 [ A i ol 1 Y 572 fine vityic wit ash-bearing NANNOFOSSIL CHALK; the basal 12 cm of
G Wohes  mmmmne e v o e S f o 4
3 3. olive, durk olive nd dark grayish brown, | BYaR grained, faintly laminatedt tutf with Mn dendroids along
B M bk : fine vitric lamination contacts, Two 15-6m wertical burraws acour
= micrite carbonare-bearing. The uppermost tuff I
53 layer cantaing a 2 om laminated rone with Mn o Mo dendraids in Section 2, stong with » 75 cm zone of dark gray
dendroids along the laminar bedding. A 10em E wertieal mattles. Section 3 is modersiely burrowed and
sand-sized witric tuff wunit with fine gravish brown mattled with 8 2 cm eosrser twll layer in the upper portion
nutfaceous chips oocurs bower in the section, The 2|s BV R s The raick is lithifisd, uniformiy hard, snd drilling daturbance
rock is uniformly lithified hard. Driliing deturbance o |la S
Is oderate, o |Z & moderate 1o intense.
SMEAR SLIDE SUMMARY E — SMEAR SLIDE SUMMARY
1-10 133 1-35 CC-18 2 : 1-39 110 2140 366
wertical
oy Im1 (DY Db mattling Dy (D) (Db (111}
TEXTURE: Pl i) TEXTURE:
Sand 0 10 % 0 N Sand & 0 0 H
Sity 50 50 S0 W0 - silt 80 85 95 20
Clay 50 40 0 30 5Y 4.501 Clay 16 & & B
TOTALDETRITAL B2 89 90 93 = taminstion TOTAL DETRITAL 21 83 &9 L
COMPOSITION: Trieheic: et et COMPOSITION:
Faldsnar 3 2 15 0 3 4 Feldspar 3 TR 1 =
Huavy mineraly - = 2 3 Nlclm 10YR B, 611 chalk Valcani glass 18 B3 B8 2
Clay mineraly 15 2 - - il- }— 1 Calstonitn - - TR
Lithic fragments T | 1 A |u[CC &Y 671 Nate vitric tufl Glausanite ¥ Dl & =
Woleanic glas 64 BS B3 65 Zealims TR - -
Catadonite m - - L3 Amorph. Fe sgy. - 2 - -
Glauconits - TR 2 - Carbanate unspec, o 3 3 5
Zualite - 2 TR =- Faraminifers - - - TH
Amarph, Fe agg. 1 - 6§ - Nannafessils &0 5 (] B9
Carbonate unspec. 4 4 3 Distoms ™ = = =
Mannotossily 2 8 1 Radiolarias - - - 3
‘ Spange spicisles - TR - Spange spicules - - TR 1
Fish remains b= 5
CARBON/CARBONATE:
191 (0.0, 108, 1.3}
PHYSICAL PROPERTIES: Section 1 Saction 2
) 136 M1 em 137141 em
Wi lkm/s)
ipuraliel to beds 31 188
vartical to bods 224 -
Wt bulk dersity 188 1681
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SITE 448 HOLE A CORE 7 CORED INTERVAL: 2615271.0m SITE 448 HOLE A CORE B CORED INTERVAL: 271.0-280.5m

BIOSTR. FOSSIL BIOSTR, FOSSIL
ZONE  [CHARACT. wl= ZONE  |CHARACT >
I K s
g2ls)e RAPHIC o= LITHOLOGIC DESCRIPTION == GRAPHIC LITHOLOGIC DESCRIPTION
u § g MEES E LITHOLOGY |22 i w e g Ly E z|5| & [ uTHoLoGy |28 30|
W& w = wm|= w
‘E:gﬁimmi = qi:ggiﬁgi ax
z |2|=|2 E £ e z |22 E (3
o —— [ 2.5Y 7/2 chalk, moderately burrowed
Y 6/1, 711 moderatel e r 5
b busrowed mnnns:: chaik NANHQFOSHIL CHALK, whits, Iight grav. oray, X 8Y 7/2 chalk with small healed fasiits; Mn dandrites at basal contact
o [ 5Y 64,3572 ond pulw olive; sih-bearing, moderstely mottied snd g m— n 10YR B.5/3 chalk, moderately mottied 8/2, with 10YR 7.5/3 burraws; M dendrites
& o e busrrewed light olive gray and light gray, with minos L W w—
3 'r:.': ;:;r;” dlark n‘m hm_mnlq;m M? mrm: alang L S —— Fe oxide-rich lyer NANNOFOSSIL CHALK and minar interbadded VITRIC
1 ki e A RGO L ST ST Y GTRT 1 . TUFFS. The chalk is white, very pale brown, pale brown,
o mrm&:tllv m‘mexmzp\:um mF:::Wm mw: 0 . = dark gray tulf layer light brownesh gray and light gray, moderatoly mottted and
. in Section 1, each cap moderately burra .
° : - 5Y 32 40 chalk. A 10:em thick laminated fine vitrie il 10YR 7,673 chalk Ensrrowed vary pale brown and light brownish gray with
a fine witric tuff with anpears in Section §. The chlk i firm, the tuif hard, minar laminations, The tulf levers ace 3- to S0-cm thick
& t?r::ﬁ Drilling disturbance i1 intense. with minoe laminatiens and slight burrowing at chalk
7 SMEAR SLIDE SUMMARY contacts. Both the chaik and il units comtain minos Ma
. 1108 1120 543 8125 | —— - 10YR B/2.5 chalk dandirites along laminations and in the burraws. Tha chalks
3 ol (D1 D) = = are firm, the tutfs hard. Diilling deformation varies between
. TEXTURE 10YR 6.5/1 chalk moderat and infense,
— Sand 2 o o 1 including nsh eontent
4 Silt 90 % 95 95
2 . Clay B 5 5 4 2 10YR 81
. TOTAL DETRITAL & 5 T4 it
COMPOSITICN
3 atrtipar 3w 2 10YR 6/1.5 tutf
3 Hatery minarsli TR - 2 Nl A M VOYR 772 chalk, 3/1 laminge, 871 bumows
- Clay minerals - 5 SY 6/1, 10YR /3 wff
=3 Volcaie glas 5 0 5 3
o Caladoclin 5 = =t = SMEAR SLIDE SUMMARY
. lauconite - - _ 11 1
] Zealites - - ™ - - :n;a {‘BI ’ ':"z!
-] Amorph, Fe sy, b Lx - TR &
=] Carbanate unspec. 2 - 2 3 - TEXTURE:
] Forsninifers 1 - - - Sand e 2 0
3 3 Narnotossils 6 % 8 9 3 . sn 80 90 m
h voID Sponge spacasies ] - a - Clay 0 8 20
© - =
8 3 Smear Slides (Dominantl: 5180 » 3 TOALpEATALLM B @
g <] ] s Feldspar 3 32 L]
Sl 2| . 3 Heavy mineraly o 1
§ = a o8& 4 voio Valcanic glass 7 1 83
7] =2la = Coladonite 2 - -
= -5 E Z - Glauconits - = TR
= = =1 Zeolites TR TR
4 . a4 - Amorph. Fe agg. 1 = =,
] ~ Carbonate unspec. 3 13 10
- = Nannotossils 0 80 20
E - Radiclarin -
) . Spange spicules a 1 e+
7 CARBON/CARBONATE:
] = 27610077, 1.0
] ] PHYSICAL PROPERTIES: Section2  Section 6
= * - 110122 138.141
T = Tp tkmis) 2 =
5 - - ‘paraliel 10 beds 187 188
. BY 351 fine il 5 - vertical to bads - 189
= : R = Wit bulk density - 160
with 5Y 672 =
NlA|™ o Do
T L] * =
i T 10YR 7.6/1, 772 chalk with few busrows, minor laminae, Mn dendrites along beddi
4 | 10¥R 772, 612 - (o planes and fractures " "
chalk r o
8 : :'.'u:q " 5¥ 6501 wit with miror Mn dendrites
o sl 10YA 7.5/1, B.5/2 chalk, moderate motties, burrows
@
wn B | vz bt
' E chalk * = 10YR 372 wit
10YR 772, 672 chalk
7 =
 — chalk,
Mjalmce] moderaraly burrawed NlR chalk gnd tuff
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SITE 448 HOLE A CORE 9 CORED INTERVAL: 280.5-280.0m
BIOSTR, | FOSSIL
ZONE ARACT e
o S @ 2 2]
2l1z|2| £ | GRAPHIC u}ﬁ‘
" § g _' E g E E (PRI, gg?.w LITHOLOGIC DESCRIPTION
< |5 5182|218 2 =5
z [2]z|R|2|E e
-4 i A i o
3= NANNOFOSSIL CHALK, white and light gray (10YR 811,
! o _|f 611 snd 6 vitrie ol 7111, moderately burrowed and laminated. The rock Is firm,
;5 8 N a| mlce| s A 8 b drilling o 5 WV
Bz 2 [
=5
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Piece Number

ES| e ion

DA N8

Orientation

Shipboard Studies

] Alteration

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS SITE

LEG CORE |SECT.

4]a]8|a

s [1]o] |

Depth: 290.0 to 291.5m

Visual Description

0-105 cm: volcaniclastic breccia; clast:matrix ratio 5:1; clasts 2x5 cm (average) angular,
unsorted, unoriented; composed of fine-grained laminated tuff, light olive gray (5Y 5/2)
to yellowish gray (5Y 7/2). Matrix tuffaceous and cal I in fine-grained
highly vesicular basalt clasts, and volcanic glass clasts below 75 cm.

105-150 em: aphyric basait, highly vesicular, medium dark gray (N4}, 70% crystallized,

i of plagioc! Tpy and glass. Vesicles, ~25%, 2.3 mm, spheroidal

and irregular, empty. Fractures filled with fine tuff breccia, infiltered from above.

Shipboard Data
Physical Properties:  20-30 em
Wp (km s}
parallel 1o beds 228

o3

100—4A

Piece Number

=
P

16
1H

28

<20

2E

2F

3B
3C

Ll

AC

PPN AR s NS s B

—= —= —g= Orientation

————

-d
b3

2 2

ObdJ

Shipboard Studies

| Alteration

N NN NN NANNRANRN X X NN NN

N\

N\

LN N A

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG| SITE CORE

SECT..

5|alalals|a] [1]0

Depth: 291.5 10 293.0m

Visual Description
Aphyric, fine-grained, highly vesicular basalt, as in lower part of Section 10-1,

Shipboard Data
Physical Properties:  13-17em
Vip kmi/s)
parallel to beds 418
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Piece Number

AUV JOAL U I D] e

e

Jae

50—{4C
4l
| D

Tar

aeg
o

3

Orientation

Shipboard Studies

| Alteration

Special Storage

H
VISUAL CORE DESCRIPTION e
FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT.
s|ofafafs [a] [1]o] T3 em
[ -
Depth: 283.0 10 20456 m
Visual Description
Aphyric, fine-grained, highly vesicular basalt flows as in Section 10-2. =1
Shipboard Data .
Physical Properties:  4-47 em 54-61 cm
Vb (kmfs) ]
parallel 1o beds 82 366 _
50—
100—

JaF

_laH

Piece Number

phic

epresantation

Gray
R

[l
b3

8 B

[T

44|

48

4ac

4D

4E

4G

14K

aL

am
lan
la0

BABEIIRD ("SR LI Je A

Orientation

Shipboard Studies

—l Alteration

AN

XN X N

NN

N Ny SONNTNG RN NN

L

Special Storage

H
VISUAL CORE DESCRIPTION i
FOR IGNEOUS ROCKS LeG | SITE [g

slofafa[a[a] [1]o] [a

CORE |SECT.

Depth: 294.5 to 296.0 m

Visual Description

iy phyri icular basalt, Phenocrysts of plagioclase, ~ 2% of the rock, up
1o 2 mm, rare clinopyroxene, and ?olivine pseudomorphs up to 1 mm in a groundmass of tabular
plagioclase and clinopyroxene. Texture hyalopilitic. Vesicles, 3-6 mm, 2%; <0.6 mm, ~20%;
empty or filled with zeolites and calcite.

Thin Section Description
Location: 41-44 em, flow interior
Texture: hyalopilitic

Phenocrysts: <3%; mostly plagioclase, 0.4-2.2 mm, Ang,, euhedral to s elinopy rare,
~0,6 mm, subhedral
d >T76%;plagioclase 50%, 0.05-0.3 mm, Ang,, laths; clinopyroxene 25%, 0.1-0.3mm;
magnetite/ilmenite 5%, 0.01.0.05 mm; glass 15%
Vesicles: 20%
Shipboard Data

Physical Properties: 72.78 em
Vp (km/s)
parallel to beds 428
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5 2
§ § _ 3 ) H 8 5 32 % H
i 558 s & VISUAL CORE DESCRIPTION 4 £ 552 5 & VISUAL CORE DESCRIPTION ¢
2 E§ § E s s FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 ‘EE § ‘E g % FOR IGNEOUS ROCKS LEG | SITE |g| corRe |secT.
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85533 s[ofafafs [a] [1[1] [1 M fSESE 24 s[ofalas[a] [1]1] |2
\ Depth: 299.5 to 301.0 m = Depth: 3010 to 3025 m
‘A@ , Visual Description ™ * ] Visusl Description
Plagioclase-phyric vesicular b'"?a'tf P"Gi“"ie DM’“""Y’“' <B% of the rock, 1.6 mm, euhedral — » Plagioclase phyric vesicular basalt as in Section 11-1, Rare olivine crystals present. Groundmass
18 * =~ and gh phic, in apl g Vesicles 15-20%, 1-3 mm, spheroidal, 18| , plagioclase and pyroxene.
Alteration moderate; calcite and zeolite veins. From 115-130 cm, basalt breccia in
| 1c @ * - white calcareous matrix, * ]
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Plagiociase phyric vesicular basalt as in Section 11-1.

LEG | SITE CORE

SECT.

{slafala]s|a] [1]1

Depth: 302.5 to 303.0m

Olivine phenocrysts not observed.

Piece Number

of

Graphic
Representation

2C]

Je
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Oriantation
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Shipboard Studies

NN N N NN | Atteration

N

Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Sparsely plagioclase-phyric pillowed basalt, medium dark gray, fine-grained, highly vesicular.
Phenocrysts, 1-2%, 0.5-1 mm, prismatic. Groundmass hyalopilitic to intersertal, 50-80%

5
ec | sime |E| core |sect.
sl |a]afs [a] [1]2] |1

cr

and glass.

Depth: 309.0 to 344.0 m

Vesicles 20%, 2-5 mm, spheroidal and irregular, mainly empty; some with zeolite fillings.

Rock veined (0.1-0.5 mm wide) with carbonates and zeolites, Rock is enriched with

intersertal groundmass near pillow margins, Glass rims partially replaced with brown

smectite.

Shipboard Data
Bulk Analysis:
Si0g

Ti0g

Aly0g

Feg0q

FeO

MnO

MgO

Ca0

Nay0

K50

Pa0g

18 em
48.1
1.49
14.0
1.7
11.27
0.23
4.42
10.64
2,66
0.69
0.12
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VISUAL CORE DESCRIPTION g
FOR IGNEQUS ROCKS LEG| SITE |g| CORE |SECT.
s[afala]s[a] [1]2] |2

Depth: 344.0 to 344.4 m

Visual Description
Sparsely plagioclase-phyric pillow basalt as in Section 12-1,
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Orientation
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

5[0 [4]a]e [a] T1]a

Depth: 344.4 to 346.0 m

Visual Description

Voleaniclastic breccias and tuffs (“yellow matrix”). Clast:matrix ratio 2:1, Clasts of
fine-grained, vesicular, aphyric and plagiociase-phyric basalts are angular to subangular
1x%2.6 cm average, 3x5 mm maximum, unsorted, unoriented. Matrix of 1-2 mm
irregular grains of altered vitrophyric basalt with carlk and zeolites,

From 130-145 em, graded layers of tuff, sach ~3 cm thick.
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

4]4[3 A !1[3 |2

26

Depth: 346.0 to 347.5 m

Visual Description

0-80 cm: laminated twtf, yellow, interbedded with fine to very fine breccia intervals 20 em
thick in which matrix is dusky yellow (5Y 6/4) to pale brown (5YR 5/2) tuff, From 70-80
em, cross-laminated yellow and pale brown tuff,

80-150 cm: plagioclase phyric basalt, fine-grained, vesicular, with hyalopilitic to intersertal
texture, 60-70% crystallized. Phenocrysts 1-3%, 1-2 mm, Vesicularity ~30%.

o3

Piace Number

66280 DRGOEN0 OO A IO O ) seettuner

Orientation

Shipboard Studies

Special Storage

H
VISUAL CORE DESCRIPTION o
E

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

5[oafafsa] [1]3] |3

Depth: 347.5 to0 349.0 m

Visual Description

Plagioclase-phyric basalt as in lower Section 13-2. From 85-140 cm, basalt enriched in
plagioclase phenocrysts of the rock, 10-15%, 2-3 mm, elongate prisms. Groundmass 90%
crystallized, intersertal to phiti isting of pl 1; li and inter-
granular glass, ?0livine may be prasent. Vesicles absent.
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VISUAL CORE DESCRIPTION

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

CORE |SECT.

Pigce Number
Shipboard Studies
Special Storage

Graphie
Representation
Orlentation

5[sfa]a]s[a] [1]a] |2

Shipboard Studies

Piece Number
‘9 Graphie
¥ Representation
Orientation
Special Storage
I Alteration

s|ofaa[s[a] [1]4a] |1 em

| Alteration

Depth: 4846 to 486.0 m Depth: 486.0 to 487.5 m

Visual Description
Voleaniclastic breccia as in Section 14-1. Maximum size at base of core is 10 em. Clasts of
a different breccia are present,

Visual Description

0-20 cm: vesicular aphyric basalt; some glassy margins; ?base of flow.,

20-150 em: volcaniclastic breccia (“yellow matrix™). Clast:matrix ratio 5:1. Clasts of basalt,
70%, vesi or massive, plagioclase or olivine phyric, fresh to highly altered, and
altered glass, 28%, and ?andesite 2%. Clasts angular 1o subrounded, 0,75-1 em average,

3 e maximum in upper part of core, 5 em maximum toward the base. Matrix of yellow
altered vitric tuff, white calcite and zealites.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.

H
[+]
L
E
A

519 4[4]3

j14] 13

Depth: 4875 to 489.0 m

Visual Description

Voleaniclastic breccia as in Section 14-2, becoming pelymictic. Gradual color change down
section from yellow-olive (5Y 5/4} to grayish green (5G 5/2) 1o dusky green (5G 3/2), in
lower half of core.

3
Piece Number

Tse

>

1c

3A

3B

3D
3E

3F

3H
31

3K

Orientation
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Shipboard Studies

—l Alteration

Special Storage

H

VISUAL CORE DESCRIPTION 9
FOR IGNEOUS ROCKS LEG| SITE [g| CORE |SECT.
s[e [a[a]s]a] [1]a] T4

Depth: 489.0 10 490.5 m

Visual Description

Wolcaniclastic breccia, “green matrix,” as in previous section; clast:matrix ratio 4:1.
Clasts average 3 cm, are 10 em maximum size at top of core, and B cm maximum at
bottom, Matrix green (?smectite) vitric tuff cemented with zeolites and some carbonate.
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS e | sime |E| core |secr.
5|9 [alals[a] |1]s] [5

Depth: 4905 to 4920 m

Visual Description

W i i breccia as in p From 0-20 em, green matrix; from 20-45 em,
yellow matrix; from 45-150 cm, pale yellow matrix [10Y 6/6).

Clast:matrix ratio —3: 1. Average size 3 cm; maximum size 15 cm. Mainly vesicular plagioclase
phyric basalt,
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VISUAL CORE DESCRIPTION ?
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s[oafafs]a] [1]a] &

Depth: 492.0 to 493.0 m

Visual Description

Plagioclase olivine phyric basalt. Phenocrysts of prismatic alivine
and 7y G | lagioclase, and Polinopyroxene. Vesicles spheroidal 0.2-4 mm,
~10%, some of them infilled with calcite and zeolites.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

5[9]a]a]s

CORE |SECT

I1]s] |
Depth: 527.5 10 529.0 m
{Hole deviation of 1.3° a1 527.5 m)

B |mrox

Visual Description

P

Dy hopy [olivine}-phyric basalt, flow. Phenocrysts of plagioclase,
5% of the rock, 1-3 mm, glomeracrysts, and rare olivine, < 1% of the rock, as euhedral smectite
pseudomorphs. Groundmass fine-grained, Tintersertal. Vesicles, 10%, 1-2 mm, spheroidal, 50%
empty; remainder filled with zeolite.

Thin Section Description
Location: 88-31 cm, flow interior
Texture: hyalopilitic

Phenocrysts: <20%; plagioclase 90%, 0.7-3.0 mm, nnm, | to subhedral; clinop 5%,
0.5-1.0 mm euhedral to subhedral; orthopy rare, 0.7 mm, partly altered
G d : = 65%; plagioclase 40%, 0.03-0.2 mm, Angg, laths; clinopyroxene 26%, 0.02-0.2 mm;

orthopyroxene rare, ~0.3 mm,
glass 30%
Vesicles: 15%, 0.2-2 mm
Alteration: some carbonate

phs; magi ite 5%, 0.01-0.2 mm;

Shipboard Data

Bulk Analysis: 123 cm
S0y 49.4
Ti0y 1
Aly0q 15.9
Fen0y 147
FeO 9.70
MnO 0.20
MgO 4.68
Ca0 10.12
NagyO 347
K50 0.94
Po0g 013

G
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG [ SITE

CORE |SECT.

»|mrozx

5[9 4[4|s |1|5

Depth: 529.0 to 5305 m
Visual Description

p -

Py Py [elivine)-phyric basalt, flow, as in Section 15-1,
but more altered in lower half of core. Plagioclase phenocrysts somewhat less common
below glassy rims.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.
s[s]afa]s]a] [1]s] [

Depth: 530.5 to 532.0 m

Visual Description
Plagioc! li I {olivine)-phyric basalt, flow, as in Section 15-2 but

somewhat coarser grained. A few large, 1 cm, vesicles filled with zeolite.

Thin Section Description
Location: 100-103 cm, flow interior
Texture: hyalopilitic

Phenocrysts: 16%; plagiociase 80%, 0.4-2,0 mm, Angs. 1] i <10%,

0.4-1.0 mm, euhedral to subhedral

Grountdmass: 76%; plagioclase 55%, 0.03-0.2 mm, Angg, laths; clinapyroxene 30%, 0.02-0.2 mm;
arth ] fil ite 5%, 0.01-0.058 mm

Vesicles: 10%

Alteration: carbonate 2%, clays 2%

Shipboard Data

Bulk Analysis: 143 em Physical Properties: 120-123 em
5i0y 50.2 Vp (km/s)

TiD, 1.08 parallel to beds 4,25
AlgOq 16.4 vertical to beds 4.26
Feg0y 143 Wet bulk density 251
FeO a.41

MnO 0.18

MgQ 4.02

Cal 10.16

NayO 318

K20 1.39

P20 0.21

Shipboard Studies

Special Storage

Piece Number

o
3

=

Visual Description

H
VISUAL CORE DESCRIPTION 9
FOR IGNEOUS ROCKS LEG SITE | g

s|afafafs[a] [1]s] [a

CORE |SECT.

Depth: 532.0 10 5335 m

—_ — —— —m= —a= Orientation

EFIEER e e -

py hopy phyric, basalt, flow, as in previous sections,
Plagioclase phenocrysts 10% of the rock, 1-2 mm, glomerocrysts. Olivine ~2% of the rock,
1 mm, pseudomorphs. Groundmass fine-grained, variolitic towards glassy margins. Vesicles
5-30%, up to 3 mm; tube vesicles up 1o 1 em diameter contain darker highly vesicular basalt
Comman zeolite veins,
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5 g
y 8.2 % H y §.4 B 3
g5 g VISUAL CORE DESCRIPTION E 25853 8 VISUAL CORE DESCRIPTION ¢
E _gg E E 2 FOR IGNEOUS ROCKS e | site |E| core |sect. E ‘EE ] % 235 FOR IGNEOUS ROCKS LEG | sITE |g| comre |secT.
§ 55 § S § 8522 8%
8855 28 Elefs]e]e]a] [1]s] s m 2555 <4 s[ofe[e]s[a] [a]e] 1

o3

Depth: 6335 t0 5343 m Depth: 637.0 to 538.5m

’ P Visual Description

Visual Description
Plagi fi hopy (olivine)-phyric basalt, flow, as in pravious sections, —

oy arthopyroxene-(olivinel-phyric basalt, flow, 0-75 em, as before. Rare
vesicles. From 75-145 cm, extremaly vesicular pillow basalts. Abundant glessy margins

at steep dips 1o core axis, Phenocrysts of plagioclase, ~ 10% of the rock; 1:2 mm,
glomerocrysts, and sparse Toliving phs Gr ch phanitic.

v Alteration
1

Thin Section Description o

Location: 77-78 em, flow interior 2

Texture: hyalopilitic

Phenocrysts: <20%; plagioclase 80%, 0.4-2.0 mm, euhedral to subhedral; clinopyroxene, 10%, 0.3-0.7
mm, to subhedral; orthopy 5%, 0.3 mm, pseudomorphs

Ground, =55%; plagi 40%, 0.04-0.3 mm, laths; clinopyroxens 30%, 0.04-0.2 mm; 3A
orthopyroxene rare, 0.1 mm; magnetite/iimenite 10%, 0.01-0.05 mm; glass 20%

Vesicles: 25%, 0.4-2.0 mm, irregular i

Alteration: 5% carbonates, 2% clays

—— -

Thin Section Description

Location: 90-83 cm, pillow interior

Texture: intersertal

Phenocrysts: < 15%; plagioclase 75%, A"BIIJ.‘!‘ 0.4-0.2 mm; clinopyroxene 15%, 0.2-1.0 mm,
euhedral 1o subhedral; orthopyroxene rare, 0.5-1.0 mm, subhedral pseudomorphs

G | >56%; i 50%, 0.05-0.4 mm, laths; clinopyroxens 20%, 0.05-0.1 mm;
orthopyroxene rare, ~0.2 mm; magnetite/ilmenite 10%, 0.01-0.05 mm; glass 15%

Vesicles: 30%, biomaodal; 70%, 0.2-0.6 mm, irregular; 30%, 0.1-1.5 mm, spheroidal filled with
carbonate

Alteration: 10%

Shipboard Data

BEE

50—48
Physical Properties:  0-15em
Vp (km/s)

lac parallel to beds 4.16
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I - 2 o g VISUAL CORE DESCRIPTION ¢ E 5§83 £ VISUAL CORE DESCRIPTION N
3 u§ % g § @ FOR IGNEOUS ROCKS LEG| SITE |g| CORE [SECT. 2 g& g g 23 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
i1 Emiii]
'R EEEL s[ofa[a]s]a] [1]e[ [2 m £ 5855 <3 slofafe[sfa] J1]s] |2
- T4 -1 =] —
> "‘ Depth: 6385 10 540.0 m [P Depth: 540.0 1o 541.5m
-4 1
’ . — 1 Visual Description
— Visual Description . . i _ ) e n Plagi linapy thopyr livine)-phyric basalt . in Section 2.
1 Plagioclase clinopyroxene-orthopyroxene-{olivine)-phyric basalt, pillow lava, highly vesicular, as in ’
42 @ Section 16-1. iticg dmass, 75% crystalline; intersertal to variolitic near chilled e Thin Section Description
s margins. Vesicles concentrated near base of core. w2 -1 Location: 38-41 em, pillow interior
i Texture: intersertal
dia 41D * M Phenocrysts: < 16%; plagioclase 75%, Angg, 0.4-2.5 mm, euhedral; clinopyroxene 16%, 0.4-1.1 mm,
1 = euhedral 1o subhedral; orthopyroxzne rare, 0.4-1.0 mm
|48 — imass: > 65%:; plagioclase 40%, Ang . 0.05.0.4 mm; clinopyroxene 30%, 0.04-0.4 mm:
2 M arthopyroxene rare, ~0.2 mm; magnetite/ilmenite 5%, 0.01-0.1 mm; glass 20%
4s é 1 . Vesicles: 20%, 0.4-3.0 mm, irregular and spheroidal
L1 Alteration: 3% alteration in glass
- —13 T
6A J ’ a4 B Shipboard Data
. o i aal[e, | A Bulk Analysis: 10 em Physical Properties: 49.56 cm
68 q 50— ; . Si0, 50.0 Vi (km/s)
" aB|\* * Tio, 1.09 parallel to beds 3.98
6C 1 N - AlLD 15.9
7 - Fe0s 147
€904 E
- 1 45| Q FeD 9.68
6D * T MnO 0.19
. 16 MgO 4.96
1 Ca0 979
* 7= NayO 317
| 1 I ﬁ K0 1.05
8 00° | Py0g 0.12
6F * _‘
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VISUAL CORE DESCRIPTION L E
FOR IGNEOUS ROCKS LEG | SITE |g| come [SECT. 2
s[ofafa]s[a] [1]7] |1 o &
0 =
Depth: 546.5 to 548.0 m
41
Visual Description
Plagioct linopy thopyroxene-(olivine}-phyric basalt, highly vesicular, as in =
Section 16-3. L
Shipboard Data 10
Bulk Analysis: 87 cm Physical Properties: 123-133 em -
Si0, 49.7 Vp (km/s) 1
Ti0y 1.15 parallel to beds 4.03
AlgOq 155 1
Fey0y 1.53
FeO 10.11 =
MnO 0.20 | el
MgO an !
ca0 9.72 48
Na,0 3.00 .
K,0 133
2 34
Py0g 0.26 50
38
3
30|
100—
150

IR {00

Orientation

Shipboard Studies
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I

Special Storage

H
VISUAL CORE DESCRIPTION o
FOR IGNEOUS ROCKS LEG| SITE [g| CORE |SECT.

s[ofaa]a[a] [1]7] |2

Depth: 548.0 to 549.0 m

Visual Description
Plagioclase-clinopy Py {olivine)-phyric basalt, highly vesicular, as in
Section 17-1.

Thin Section Description

Location: 20-23 cm, pillow interior

Texture: intersertal

Phenocrysts: <20%; plagioclase 80%, Ange 50 0.5-3.5 mm; clinopyroxene 5%, 0.3-1.0 mm;
orthopyroxene <5%, 0.4-0.8 mm

Gr | >55%; 35%, 0.05-0.3 mm, laths; clinopyroxene 25%, 0.03-0.1 mm;
orthopyroxene rare; magnetite/ilmenite 5%, 0.01-0.03 mm; glass 35%

Vesicles: 20-26%
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VISUAL CORE DESCRIPTION 2
FOR IGNEQUS ROCKS LEG SITE |g| CORE |SECT.
s[o[a[s]8]a] [1]8] |1

Depth: 549.5 10 561.0 m

Visual Description
Plagioc! linopy hopy {alivine)-phyric basalt, highly vesicular,

as in previous sections.

“Thin Section Description
Location: 109-111 cm, next to glassy margin
Texture: intersartal

Phenocrysts: < 10%; plegioclase 70%, A"S&' 0.4-1.5 mm, euhedral; clinopyroxene 20%, 0.3-1.0 mm,

fral to orthopy < 10%, 1.0-2.0 mm, euhedral to subhedral, fresh and
pseudomorphs
G | 2 = 70%; plagioclase 40%, Angg, 0.02-0.3 mm, euhedral laths; clinopyroxene 25%,

0.02-0.2 mm, subhedral; magnetite/ilmentite rare, 0,005 mm; glass 30%
Vesicles: 20%, 0.4-4.0 mm
Alteration: 10% clays

Shipboard Data

Bulk Analysis: 77 em Physical Properties: 50-56 cm
5i0y 50.8 Vp lkm/s)

Tt()2 1.12 parallel to beds 383
AlgOq 14.5

Fe203 1.53

FeQ 10.07

MnO 0.21

Mg 4.14

Ca 893

leﬂ 3.4

Kp0 1.82

P20g 0.11
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE CORE |SECT.

5|9

[a]e] |1

alafs[a

Depth: 556.0 to 565.0 m

Visual Description
Plagioctxsnclt

Shipboard Data
I:h\fsicd Properties:
Vp (km/s)
parallel to beds
vertical to beds
Wet bulk density

{olivine) phyric pillow basalt, as in Section 18-1.

66-69 cm

340
312
227
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0 — 0 —
14| C) B Depth: 565.5 to 567.0 m 1A ’_ Depth: 567.0 to 568.5 m
18| @ o r I B
ic o Visual Description |- Visual Description
— * p ek iRy — {olivine)-phyric basalt, as in pravious section, il mG Plagioclase-clinopy fiosi {olivine)-phyric basalt as in Section 20-1.
Pillow units have flat glass tops and bottoms. Cooling units well defined. A ’ .
Phenocrysts of plagioclase {<5% of the rock, ~ 1 mm); clinopyroxene, (<5% of the rock} 10 Shipboard Data )
’ ~ euhedral or glomeromorphic with olivine and orthopyroxene, arthopyroxene {1-2 mm) - Physical Properties:  77-84 cm
partially replaced by brown smectite, and olivine completely rep by orange i 3 L1 Vp (km/s)
|~ Groundmass fine-grained, intersertal 1o sul it altered. Abundant calcite in J2A @ parallel 1o beds 364
* vesicles and veins. 28 @
] Shipboard Data -1
Bulk Analysiss 118 cm Physical Properties: 31-37 em 34
bl so, 51.2 Ve (kmis) 14E) -
Tio, 1.08 parallel to beds  3.60 3B @
AlyOy 142 1 -
’ = Fey0q 1.49 J3¢ &
FeQ 10.95
MnO 0.21 50— 3D)| ﬂ
* d MgO 4.66 . * d
Ca0 8.32 -
’ - Nay0 299 3E
! K40 2.14 -
1 Py0g 0.07 BEG * |
} » s )
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piii il o [efs ela] T2[s] | B iERE
am & EE5 5 E s[o [a[a]s[a] [2]0] |5 m & 5255 3 slo [a]a]s|a] 2] o] Ta
0= ]
* j Depth: 568.5 t0 570.0 m ’_ Depth: 570.0 to 570.9 m
1A f X
1 Visual Duwri?lion ) o _ _ _ _ L1 Visual Description
* o Sparsely pl linopy thopyroxene-[al phyric basalt as in Section B Plagioclase-clinopy =-arthopy (aliving)-phyric basalt s in Section 20-3.
+ 202, = Be
= _ 1c 5 Shipboard Data
‘ Thin Section Description — =~ Bulk Analysis: 4 em
Location: 32-36 mm, pillow interior 502 49.8
|/ Texture: intersertal {9}= e ’ Tio, 1.29
’ Phenocrysts: plagioclase 15%, Angg, 0.4-3.0 mm, euhedral to subhedral; clinopyroxane ~2%, ° AlLO. 14.0
1 0.4-1.0 mm, euhedral o subhedial: orthopy rare, 0.4-1.0 mm, subhedral, pseudomorphs e C@ » Fezoa e
’ Groundmass: plagioclase 15%, Angg, 0.02-0.3 mm, cuhedral laths; clinopyroxene 10%, 0.02-0.3 1F| G Fe% 3 9.88
T - mm, subhedral; magnetite/iimenite 5%, 0.01-0.05 mm 1 MnO 0.21
= Veside.s: 40%.. 0.3-5.0 mm il 1 MaO 4.41
Alteration: slight WM ‘D Cal B.88
Nay0 3.04
] shipboard Data A 1 kb 1.66
Physical Properties:  68-70 cm 50— Py0g 0.16
|/ Vo (km/s) oo
f parallel to beds 3.82 | [2]
|-/ vertical to beds .78 2 @0
Wet bulk density 23 - =
t ¥ Q
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

SITE CORE |SECT.

5|9
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4]ala |a

Depth: 575.0 to 576.5 m

Visual Description

Volcaniclastic breccia, "green matrix . Clast:matrix ratio 4:1, 2-3 cm average, 10 cm maximum,
ded, d of very fresh, fine-grained sparsely plagioclase phyric
basalt, rare reddish andesite, and some altered glass. Matrix olive-yellow near 1op 1o dusky

to
gray green in lower part of core.

Shipboard Data
Physical Properties:
Vip (km/s)
parallel to beds

117-120 em ‘I

320

Representation
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS
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Depth: 584.5 to 586.0 m

Visual Description

Volcaniclastic breccia, as in Section 21-1. Clast:matrix ratio 2:1. Clasts angular to subangular,

irregular up to 13 cm maximum size, 2-3 cm average, unsorted, unariented. Composed of
highly vesicular phyric basalt, Matrix consists of small {0,6-1 cm average], basalt clasts

almost ¥ with green i

. with

and reolite cement.

A few clasts of fresh vesicular basalt and holocrystalline gabbro.

Shipboard Data

Physical Properties:

Vi (km/s)
parallel to beds
vertical to beds
Wet bulk density

8991 em

292
3.03
a2n
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Voleaniclastic breccia as in Section 22-1.

o
LEG SITE IE_ CORE |SECT.
5]9[afa]8]a] [2]2] |2

Depth: 586.0 10 5875 m

em

Piece Number

0 0 Graphic
Represantation

Orientation
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N N\ Y] Ateration

Special Storage

H

VISUAL CORE DESCRIPTION e
FOR IGNEOUS ROCKS wec | sme || come |secr.
s[ofa[a]s [a] [2]3] cc

Depth: 584.0 to 603.5 m

Visual Description

Two fragments of aphyric vesicular basalt; possibly breccia clasts.
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Depth: 603.5 to 607.6 m

Visual Description

ic breceia as in previous sections. Clast:matrix ratio 3:1; clasts angular 1o subangular,

64-70 em

3-4 cm average size, 6-10 maximum, consisting of a variety of basalts and rare smaller clasts
of gabbro,
Shipboard Data
Physical Properties: 4957 em
Vip (km/s)
parallel to beds

3.4

3.28

100—{7C

Piece Number
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Depth: 6075 to 609.0m

Visual Description
A ic breccia as in provi sections, Numerous clasts of aphyric to aphanitic
vesicular basalt.

Thin Section Description

Location: 23-26 cm, clast in breccia

Texture: hyalo-ophitic

Phenoerysts: plagioclase ~2%, 0.4-2.0 mm, euhedral; clinopyroxene ~1%, ~0.5 mm,
subhedral

Groundmass: plagioclase 35%, Angy, 0.02-0.4 mm, laths; clinopyroxene 17%, 0.02-0.3 mm,

subhedral; magnetite/filmenite ~5%, 0.01-0.1 mm; glass 10%
Wesicles: 20%
Alteration: clays 10%

Shipboard Data

Bulk Analysis: 23 em l’_h\rli::l Properties: 100-106 cm
5i0g 49.8 Vp (km/s)

Tio, 1.28 parallel 1o beds 283
NZOS 4.1

F2203 1.51

FeD 9.99

MnO 0.21

MgO 6.21

Ca0 9.32

Nay0 3.52

K‘ZD 0.63

P40g 0.29
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS LeG | SITE |g| come |sEcT.
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Depth: 609.0 10 610.5 m

Visual Description
Volcaniclastic breceia as in previous sections,

Shipboard Data
Physical Properties:
Vp (km/s)
parallel to beds

25-34 cm

275
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in previous sections,

H

(8]
tec | site |E| core [secT.
s|olafals [a] [2]5s] |5

Depth: 610.5 10 613.0m
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VISUAL CORE DESCRIPTION

H
4
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SECT.

Depth: 613.0 to 614.5 m

Visual Description

Wolcaniclastic breceia, 0-10 cm, as before. Fine tuff, 10-45 cm, dusky blue-green (5BG 3/2),
with some very pale green (10G 8/2) and pale green (5G 7/2), laminae. Rock well
laminated, 0.1-1 cm, parallel laminae, with ~35° dip. Some normal faulting. Some of the
coarser laminae with banding structures; lighter mottling may be burrows, Native Cu
fills veins and fractures, mostly in lower part of unit.

Plagioclase-clinopyroxene-phyric-basalt, flow, 45-148 cm, Dark gray, vesicular towards base of
core; with ysts of clinopy and plagiociase up to 2 mm, < 3% of the rock.
G d 75% crystalll hitic to intersertal. Vesicles occupy ~ 15% of rock, average
1 mm, maximum 4 mm.

Shipboard Data
Physical Properties:  86-94 cm 132-135em
Vp (kmfs)
parallel to beds 333 3.59
vertical to beds - 349
Wet bulk density 241 218
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VISUAL CORE DESCRIPTION 2
E

FOR IGNEQUS ROCKS LEG SITE CORE
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Depth: 614.5 10 616.0m

Visual Description

Plagioclase-clinopyroxene-phyric basalt, flow, D-70 em, as in Section 26-1.

Fine tuff, 70-150 cm, pale green (10G 6/2), with some parallel tuff laminse SGY 3/2 and 10G 8/2.
Laminae show some disruption; local cross lamination. Native Cu dispersed through unit.

Thin Section Description
Location: 54-57 em, flow interior
Texture: intersertal
Phenocrysts: 2%; plagioclase <50%, ~1-2 mm; clinopyroxene 50%, ~0.7 mm, subhedral
1 >66%; plagioclase 356%, 0.02-0.3 mm, euhedral |aths; clinopyroxens 25%, 0,02-0.3 mm,
subhedral; magnetite/ilmanite 15%, 0.01-0.05 mm; glass 25%
Wesicles: 30%, 0.2-3.0 mm

Alteration: 3% carbonates repl g 10% clays replacing glass
Shipboard Data

Bulk Analysis: 60 em
Sioz 47.7
TiDy 1.22
N?Ds 13.2
Fey0y 1.56
FeQ 10.31
MO 0.37
MgO 6.47
Ca0 9.93
NagO 348
K40 1.63
Py0g 0.32

8vp JLIS



§Tt

£ 3
. § % & H s 5 3 3 H
.E E g & £ o 2 £ g b 5 o
£8 % 8 VISUAL CORE DESCRIPTION L E 25 v ¢ g VISUAL CORE DESCRIPTION L
2 oE B -i g = FOR IGNEQUS ROCKS LEG | SITE |g| comre |secT. Z 2% é -E 23 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s £f E 3 R EERE
o & g&@% 23 s5[o[a]a]8]a] T2]6] [s m £ S25 5 EE s|ola]a] 8]a] [2]7] |1
0 1 0 -
Depth: 616.0 10 617.3m ) [_% f Depth: 617.5 10 619.0 m
Visual WIlWon ) ) Visual Description
Tuff and fine tuff, interbedded and d; consi ble cross-lamination, Colors Tuff and fine wif, 0-98 cm, as in Section 26-3. Mostly dusky yellowish green (10GY 3/2),
vary from pale green (10G 6/2), to very light gray (NB), to dark gray (N3). Bottom 20 cm finely laminated and cross-laminated, Local ? Mn blebs and patches; mottled locally,
of core with colors S5GY B/1, 5Y 4/1, 5Y 6/4. P aneous def d with aneous disturb . Lowest 20 cm, grayish green (10GY 5/2), with
present. local load coasts.
t Volcaniclastic breccia, 10GY 5/2. Clast:matrix ratio 4:1. Clasts mostly angular, some
Thin Section Description subrounded, well sorted; average size 0.8-1 em, maximum 2.5 cm, consisting of vesicular
Location: 104-107 cm lbasalt, 7 andesite, and altered glass. Carbonate and zeolite cement.
Texture: silt-sized fine tuff
R G ition: grains posed of plagioclase, clinopy , magnetite/ilmenite and glass . Shipboard Data
Elwsiu! Properties: 3543 em
Shipboard Data M Vp (km/s)
Physical Properties:  25-33 cm 60-62 em p parallel to beds 298
Ve (kmis)
parallel to beds 348 2,75
vertical to beds - 2.79 b
50— Wet bulk density - 2.06 50— *
3 |
P
100—
T
150 - S
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Volcaniclastic breccia,“green matrix”, as in Section 27-1. Clast:matrix ratio 6:1,
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG [ SITE

s[oala[s|a] [2]s] |1

CORE |SECT.

Depth: 622.5 10 6238 m

Visual Description

0-30 em: voleaniclastic breccia as before.

30-135 cm: sparsely clinopy -plagi phyric vesicular basalt; phenocrysts of pyroxenes
and plagioclase in a matrix of same; texture hyalopilitic. Vesicles 1-4 mm increasing in
size downwards.

Thin Section Dascription

Location: 78-82 em, flow interior

Texture: intersertal

Phenocrysts: <2%; plagioclase rare, ~0.5 mm, prismatic; mostly clinopyroxene, ~0.4 mm, subhedral

Groundmass: > 75%; plagioclase 50%, 0.1-0.3 mm; clinopyroxene 25%, ~0.07 mm; magnetite/ilmenite
10%, 0.01-0,06 mm; glass 16%

Vesicles: 20%
Alteration: 20%
Shipboard Data

Bulk Analysis: 52em
SiOz 482
TiO: 1.0
N203 129
Fezoa 1.63
FeO 10.76
MnQ 0.26
MgO 8.22
Ca0 6.38
NagO 258
Ko0 2.03
P205 0.33
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Depth: 632.0 1o 6325 m

{Hole deviation of 1.0° a1 632.0 m]

Visual Description
Volcaniclastic breccia, “green matrix,” as in Sections 27-1 and 27-2,

Piece Number

< n ’ Graphic
b Representation
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE CORE |SECT.

5|9

ala|sla] [3]o] |1

Depth:

Visual Description

641.5 to 643.0 m

0-80 cm: volcaniclastic breceia, "green matrix,” as in previous sections. Clast:matrix
ratio 3:1; clasts subrounded, average size 0.6 cm, maximum size 1.5 cm; composed of
weathered basalt and glass; matrix dominantly altered glass, dusky gray green (5G 2/2).
80-140 em: tuffaceous volcaniclastic breceia and tutf, dusky gray green (5G 2/2), blackish
green where very fine-grained, Alternate coarser and finer layers, becoming coarser
downward, No lamination; clasts up to 1 cm oriented parallel to bedding. Dip 45°-50°,

140-150 cm: volcaniclastic breccia as in 0-80 om interval.

Shipboard Data
Physical Properties:
Vp lkmis)
parallel to beds
vertical to beds
Wet bulk density

9092 cm

2.07
2.08
2.00

8¢ 41IS
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§ E5 5 2 VISUAL CORE DESCRIPTION ¢ E £5 3 8 VISUAL CORE DESCRIPTION t
§ ‘EE £ .§ % - FOR IGNEOUS ROCKS LEG| SITE [g| CORE |SECT. z EE § i £ 5 FOR IGNEOUS ROCKS LEG| SITE |g| CORE |SECT.
£ B 5 =8 2 &
N EERE o[s [s[eLs A T3[o] T - 383518 0000ONEDNE
I— Depth: 643.0 to 6445 m e Depth: 644.5 to B46.0 m
Visual Description Visual Description
0-18 em: volcaniclastic breccia as in Section 30-1. Volcaniclastic breccia as in S 30-1 and 30-2. Rare fragments of altered glass up to 1.5 em.
18-65 em: tuffaceous volcaniclastic breccia and tuff as in Section 30-1; somewhat coarser;
parallel lamination Thin Section Description
65-150 em: voleaniclastic breccia as before, coarsening downwards. Maximum clast size at Location: 41-44 cm, breccia matrix
top <1 ¢m; at bottom 1.5 cm. Average size 0.3-0.6 cm. Texture: fine-grained
Composition: altered glass with grains of plagioclase, magnetite/iimenite
Shipboard Data
Physical Properties: 133137 em
Vip (km/s)
parallel to beds 2,58
vertical to beds 262
Wet bulk density 203 T
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Depth: 646.0 to 647.3 m

Visual Description
Volcaniclastic breccia as before. From 82-100 cm a tuffaceous volcaniclastic breccia, with
clast:matrix ratio 1:1,
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VISUAL CORE DESCRIPTION B
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Depth: 651.0 to 652.0 m

Visual Description
Volcaniclastic breccia as in previous section, average clast size ~5 mm.
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Depth: 660.5 to 662.0 m

Visual Description

Aphyric basalt, flow, pale gray (6B 6/1), fine-grained holoerystalline, ophitic texture,
Extensively altered, very soft. Clinopyroxens sltered to pale blue smectite. Rare
vesicles. Thin veins of native copper present.

Thin Section Description

Location: 76-79 cm, flow interior

Texture: intersertal

Phenocrysts: none

Groundmass: 95%; plagioclase 35%, Angg. 0.05-0.5 mm, euhedral laths; clinopyroxene 35%,
0,05-0.3 mm, euhedral; magnetite/ilmenite rare, 0.01-0.1 mm; glass 20%

Vesicles: 5%

Alteration: 2%

Shipboard Data

Bulk Analysis: 47 em Physical Properties: 67-69 cm
5i0, 51.2 Vp (km/s)

1'1'02 141 parallel to beds 335
”203 134 vartical to beds 3.37
Fey0q 1.69 Wet bulk density 285
FeD 11.14

MnO o.ae

MgO 6.19

[=1e] 8.29

Na:O 310

K90 147

Py0g 0.10
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE
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SECT.

BB00E
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Depth: 662.0 to 6625 m

Visual Description

Aphyric fine-grained basalt as in Section 32-1. Somewhat more vesicular, up to 0.5 mm.
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Depth: 663.5 to 665.0 m

Visual Description
Aphyric fine-grained basalt as in Section 32-2. Vesicles 1-3%, 1-2 mm average size; mostly
empty. Irregular grains, -~ 0.2 mm, disseminated native copper present.
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H
VISUAL CORE DESCRIPTION 2
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Depth: 665.0 to 666.5 m

Visual Description

Aphyric basalt as in Section 33-1, Interval 50-110 cm slightly enriched in empty vesicles;
rare vesicles filled with pale green {10G B/2) 7 clay. Disseminated copper as before,
Slickensides on fractures are present.

Thin Section Description

Location: 144-147 cm, flow interior

Texture: intersertal

Phenoerysts: < 1%; mostly plagioclase, 0.5.1.1 mm, prismatic; clinopyroxene rare, ~0.4 mm

Groundmass: >98%:; plagiociase 30%, Angg, 0.05-0.5 mm, euhedral laths; clinopyroxens 30%,
0.04-0.5 mm, subhedral; magnetite/iimenite rare, 0,01-0.1 mm; glass 30%

Alteration: 10%
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Depth: 666.5 to 667.8 m
Visual Description il
Aphyric basalt flow as in previous sections.
Shipboard Data -
Physical Properties:  2-13cm 40-42 cm
Vp {km/s) -
parallel to beds 4.04 4.30
vertical to beds = 4.26 sl
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VISUAL CORE DESCRIPTION
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Depth: 670.0 to 671.5 m

Visual Description

Interbedded volcaniclastic breccia and ic breccia, “green matrix."
Clast:matrix ratio 1:1 to 2:1; clasts angular to subrounded, unsorted, unoriented;
average size 0.6 em, maximum size 1-2 em; composed of aphyric and sparsely plagioclase
phyric, fine-grained, moderately to highly altered basalt, most of which are highly
{20-30%) vesicular, Matrix of fine basalt debris, voleanic glass, cemunted with carbonate
and 7 zeolites.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE
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Depth: 671.5 t0 673.0m

Visual Description
Interbedded tuffaceous volcaniclastic breccia and volcaniclastic breccia as in Section 34-1.
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VISUAL CORE DESCRIPTION
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Visual Description
Interbedded tuffaceous

ic breccia and
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Depth: 673.0 to 6745 m

ic breccia as in Section 34-1,
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Visual Description
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Interbedded tuffaceous it breccia and

0
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Depth: 679.5 10 681.0 m

ic breccia as in Section 34-1.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE
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Depth: 681.0 to 6826 m

Visual Description

Voleaniclastic breceia, “green matrix” as in previous sections. Clast:matrix ratio 3:1. Clasts
angular to subrounded, average size 3x5 mm, composed of highly altered aphyric and
vitrophyric basalts, highly vesicular. Matrix of same material, <0.5 mm size, cemented with
zeolites.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Voleaniclastic breccia as in Section 35-2,

LEG SITE CORE

5|9 |4[4|8]A| [3]5

Depth: 6825 to 684.0 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Voleaniclastic breccia as in Section 35-2.
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Depth: 684,0 1o 6855 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in Section 35-2,
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Depth: 685.5 to 687.0 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in Section 35-2,
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Depth: 685.0 to 630.5m
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Depth: 690.5 to 692.0 m
Visusl Description
Voleaniciastic breceia as in Section 35-2. Matrix b ing more abund fi d:

rock trending to a tuffaceous volcaniclastic breccia.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in Sectucn 35-2. Matrix t
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Depth: 693.5 to 6950 m

Visual Description
0-680 cm: tuffaceous voleaniclastic breccia, Clast:matrix ratio 1:2; clast size and composition
unchanged through Cores 35 anLl 36.
B0-160 cm: sparsely olivin lis

yric basalt, flow; fine-grained,

medium dark gray, Phenocrysts of oll\rlne 11% of de:] 0.5-0.7 mm, completely replaced with

green smectite (some may be orthopy 1. Gr d T0-80% cry ized, intersertal
1o subophiti 1 of plagi , alass and, possibly, olivine and
m'm:i!\!m!em Wesicles 16-20%, spheroidal, 0 3 mm average size, 0.7 maximum size,
partially filled with carbonates and zeolites, Veins, ~0.5 mm thick, of carbonates and
zeolites.

Thin Section Description

Location: 125-128 cm, flow interior

Texture: intersertal

Phenocrysts: <10%; plagioclase 30%, Angg, 0.4-1.1 mm, subhedral; clinopyroxene 10%,
0.4-1.0 mm; olivine 50%, 0.7-3.0 mm, pseudomorphs

d =B5%; plagioclase 50%, Anyg, iral laths; clinopy @ 26%; magnetite/||
15%; glass 10%
Vesicles: 26'%, 0.1-0.4 average, 1.0-2,0 maximum, irregular shape
Alteration: 10% clay, filling vesicles

Shipboard Data
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Depth: 695.0 to 696.5 m

Visual Description
Sparsely olivine. ioch i phyri
flow, as in Section 36-4.

1o aphyric, fine-grained vesicular basalt

Shipboard Data
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H
VISUAL CORE DESCRIPTION E
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Depth: 698.5 to 700.0 m

Visual Description

0-100 cm: sparsely olivine ne-phyric basalt as in Section 36-5,
Very fine-grained, dark gray {N5}. Extensively altered and veined with carbonate
and zzolites.

100-150 em: cognate breceia of same basalt as above, Clast:matrix ration 5:1. Clast size
avergge, 2.4 cm, with maximum 5 cm. Matrix green smectite (? sltered glass), carbonate
and zeolite cement.

clinopyr
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

Visual Description

Cognate basalt breceia as in lower part of Section 37-1, grading into more massive basalt
{or extremely coarse breccia) in interval 80-160 cm. Clasts:matrix ratio 5:1: maximum
size in upper half 5 cm; in lower half up to 20 cm. Matrix green altered glass.

Thin Section Description

Location: 138-141 cm, basalt clast
Texture: intersertal, aphyric

SITE

CORE |SECT.

5|9

4[a]s

[s]7] |2

Depth: 700.0 to 701.5m

16%; glass 20%

Groundmass: B0%; plagioclase 30%, Ange: clinopy 35%; mag!
Vesicles: 20%, 0.1-1.0 mm, irregular shape, empty, or filled with smectite
Alteration: 10% clays, replacing glass and in vesicles

Shipboard Data
Bulk Analysis:
Si0y

Ti0,

Al0q

Fo304

FeO

MnO

MgO

Ca0

Na,0

K50

Py05

145 cm
50.0
1.63
12.6
1.74
11.50
0.22
6.43
8.01
276
116
0.12

Physical Properties: 35.50 em

Vi lkmi/s)
parallel to beds
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VISUAL CORE DESCRIPTION v
FOR IGNEOUS ROCKS Lec | sime [E

CORE |SECT.
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Depth: 701.5 to 702.0 m

Visual Description
Cognate breccia as in previous sections. Composed of aphyric basalt with flow aligned bands
of vesicles filled with zeolites, blue smectite, and some with native copper.
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Depth: 708.0 to 709.5 m

Visual Description
Cognate breceia as in previous sections. Composad of aphyric to sparsely olivine phyric
basalt. Clast:matrix ratio 10:1.

Shipboard Data
Physical Properties: 144-150 em
Vp (kmfs)

parallel to beds 348
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.
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Depth: 709.5 t0 711.0m

Visual Description
Cognate breccia as in previous sections, becoming more massive down core.

Thin Section Description

Location: 81-B4 cm, breccia clast

Texture: vitrophyric

Phenocrysts: plagioclase rare, ~0.7 mm, euhedral; clinopyroxene rare, ~0.8 mm subhedral
d >75%: p A0%, Angg, subhedral laths; clinopyroxene 35%; glass 25%

Vasicles: 20%, 0.3-1.0 mm

Alteration: clays, 5% replace glass and in vesicles; rare carbonate
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Cognate breccia as in previous sections.
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Depth: 711.0t0 7125 m
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Depth: 7125 to 714.0 m

Visual Description
Cognate breccia as in previous sections. Clast:matrix ratio 10-15:1, average size 2 em,
maximum size 5 em. Cement with high proportion of carbonate and zeolite.

Shipboard Data
Physical Properties:  53-60 cm
Vi tkm/s)
paralle! to beds 3.68
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.
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Depth: 714.0 10 715.5 m

Visual Description

0-30 cm: cognate breccia as in previous sections.

30-60 cm: inter flow breccia; top and base with glass rims.

60-160 cm: plagioclase-phyric basalt, flow, very fine-grained, vesicular. Vesicles <5%, 1-2 mm,
lined with green smeetite. Plagioclase phenocrysts, glomeromorphic, 0.5-3 mm.
Groundmass Tophitic.

Thin Section Description
Location: 133-142 cm, flow interior
Texture: hyalopilitic

Phenocrysts: < 15%; plagioclase 80%, Angg 0.4-2.5 mm, euhedral to subhedral; glomerocrysts;

clinopyroxene 15%, 0.4-0.7 mm, subhedral
Groundmass: 70%; plagioclase 45%, Angg, euhedral laths; clinopy 30%; ite/il

10%; glass 15%
Vesicles: 15%, 0.2-05 mm and 1.0-3.0 mm, irregular
Alteration: 10% smectite, filling vesicles

Shipboard Data
Bulk Analysis: 140 cm Physical Properties: 137147 cm
Si0y 49.8 Vo tkm/s)

Ti0y 1.36 parallel to beds 3.66
NZDS 13.2

FegOq 1.56

FeQ 11.42

MnO 0.22

MgO 5.61

Cal 9

Na20 455

Kzo n

P205 0.16
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG | SITE

CORE |SECT.

slo [a]4]8[A] [4]0

[1

Depth: 717.5 to 719.0 m

Visual Description

080 em: plagioclase-phyric basalt, flow, as in Section 39-2; brecciated from 45-90 cm,
Variolitic texture at about 40 cm,

90-150 cm: volcaniclastic breccia, “green matrix . Clast:matrix ratio 5:1, Clasts average
0.5 em, maximum 1.5 cm, composed of altered glass {90%), basalt (10%) in a dusky
aray green (6G 7/5) smectite matrix cemented with carbonate and zeolites.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

5|9
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Depth: 727.0t0 7285 m

Visual Description
Plagioclasa-phyric basalt, dike, with plagioclase phenocrysts, <10% of rock, up to 2 mm in size,
averaging 0.5 mm; as glomerocrysts; increase in quantity downwards. Groundmass
aphanitic to ophitic. Vesicles locally concentrated in bands that dip 707 ; spheroidal,
up to 2 mm in size, occupy 5% of rock; empty or lined with dark green smectite.
Local breceiation in green smectite matrix, 130-140 em.

Shipboard Data

Bulk Analysis: 17 em Physical Properties: 123-138 em
5i0, 487 Vi (km/s)

T|'02 1.26 parallel to beds 402
Al,O. 13.6

Fezzo:; 1.61

FeO 10.65

MnO 0.21

MgO 6.70

Ca0 9.16

Na,0 2.64

KZ%J 1.28

P205 0.17
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FOR IGNEOUS ROCKS tea | sime |£| come |secr.
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Depth: 7285 to 730.0 m

Visual Description
Basalt, dike, as in previous section but lacking plagiociase phenocrysts. Vesicles aligned as
before at 707 dip.

Thin Section Description

Location: 0-3 em, marginal zone of dike

Texture: vitrophyric

Phenocrysts: aphyric

Groundmass: 90%; plagioclase 15%, <0.5 mm, elongate laths; clinopyroxene ~5%, 0.2-0.3 mm,
irreqular and elongate grains; orthopyroxene 1%; magnetite/iimenite 1%, <0.01 mm;
glass 70%, palagonite, partly devitrified and altered

Vesicles: 10%, ~0.5 mm, irreqular, mainly empty, some with carbonate and zeolites

Alteration: 3%, glass altered to carbonate, clays and zeolites

Shipboard Data

Bulk Analysis: 58 em
Si0y 49.9
Tioy 1.14
NZOS 126
FeyOn 1.72
FeQ 11.37
MnO 0.20
MgO 7.46
Ca0 9.02
N32CI 279
K20 0.8
Po0g 0.10
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Depth: 730.0 to 731.6 m

Visual Deseription
Aphyric basalt, dike; fine-grained, aphanitic to intersertal. Vesicles, locally up to 5%, up
to 1 mm, empty.
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Depth: 7315 to 7322 m
Visual Description
Plagioclase-phyric basalt, with phenocrysts <5% of rock, 1-2 mm, as glomerocrysts in fine-grained
ophitic groundmass.

Thin Section Description

Location: 11-13 em, base of dike

Texture: intersertal

Phenocrysts: < 16%; plagiociase B0%, Anqge, 1-2 mm, as glomeracrysts; clinopyroxens 10%, 0.5-1 mm,

bhedral, as gl ysts with ioclase; olivine 10%, 0.5-1 mm, subhedral, pseudomorphs
Groundmass: > 75%; plagioclase 45%, 0.3-0.4 mm, laths; clinopyroxene 26%, 0.1-0.05 mm, irregular;
orthopy = 1%; magnetite/ilmenite ~5%, 0.05 mm cubic and irregular; glass 20%,

mostly altered
Vesicles: 57%, 0.2:0.3 mm, irregular, mostly empty or lined with green smectite
Alteration: glass altered to smectite and zeolites

Shipboard Data

Bulk Analysis: 4 em
Si0qy 50.5
Ti0y 1.43
Aly04 131
F5203 1.70
FeO 2
MnO 0.22
MgQ 7.26
Ca0 894
Nay0 3.02
Ko0 0.50
P05 012

8y 41IS
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VISUAL CORE DESCRIPTION E
E
A
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4|4|s |4]2

[1

Depth: 736.5 to 738.0 m

Visual Description

Volcaniclestic breccia; clast:matrix ratio ~d:1. Clasts of altered baszit, glass (pumice)
up to 7 em, averaging ~ 1 cm, unsorted, unoriented, subangular 1o subrounded.
Matrix greenish groy altered basalt and glass; some carbonate and zeolite cement,

Shipboard Data
Physical Properties: 12-16 em
Vp (km/s)
parallel to beds 284

Piece Number
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG SITE CORE

SECT.

5|9 [afa[8[a] [4]2

Depth: 738.0 to 739.5 m

Visual Description
Voleaniclastic breccia as in Section 42-1; maximum clast size 5 cm, average 1 cm.
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E 55 <. g VISUAL CORE DESCRIPTION E' E E 5 2 g 2 VISUAL CORE DESCRIPTION E

2 ; E I E -§ h FOR IGNEOUS ROCKS LEG| SITE |g| CORE [SECT. 2 ‘QE B é _E “"_: FOR IGNEQUS ROCKS LEG| SITE |g| cORE

3 = | - -
g8 £ 8 = 8 55 2 2 &
£8c5:3 sof4fss |a] Ja] 7 |2 m & 8855 25 s[ofs[4[ s]a] |42
Depth: 7395 10 741.0 m Depth: 741.0 to 7425 m
Visual Description Visual Description
Volcaniclastic breccia as in pravious sections. Clast:matrix ratio 2-3:1. Clast size maximum Volcaniclastic breccia as before: average size smaller, 0,26 em, in green matrix. Grades
! into tuf i ic breccia,

P 3 em; average 0.25-0.5 cm.

Shipboard Data
Physical Properties: 4.20 cm
Vp (km/s)

parallel 1o beds 263
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Depth: 742.5 10 743.6 m

Visual Description
Tuffaceous volcaniclastic breccia; clasts maximum size ~3 cm, average <0.25 em.
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VISUAL CORE DESCRIPTION 4
FOR IGNEOUS ROCKS LEG| -SHE |g| 'CORE [SECT,
5[9a]a[s]a] Ja]3] |1

Depth: 746.0 to 747.5 m
{Hole deviation of 1.0° at 746.0 m}
Visual Description
Tuffaceous volcaniclastic breccia as in base of Section 42-5. Clasts average 3-4 mm, angular
10 5L . of altered vesicular basalt; rare clasts up to 3x4 cm, of relatively fresh,
aphyric, fine-grained vesicular basalt. Matrix green, consisting of small, <0.1 mm, clasts
of same basalts cemented with carbonates and zeolites.

Shipboard Data
thv;icd Properties: 14-24 em
Vp (km/s)
parallel to beds 258
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3 of g E a FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 28 85 3 =3 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
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-1 HE1i] 0000CNOENRE - 13481 300000NOENE
0 — ! - 0=
o F Depth: 747.5 to 749.0 m 0// ’T Depth: 749.0 to 750.6 m
-1A a\o P i Vb * Visual Description
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£ £
§ £_2 B H 5§ : % H
E 5 Q 85 g ISUAL CORE DESCRIPTIO
E E 5 2 VISUAL CORE DESCRIPTION 2 8 = v DESCRIPTION f
2 _gg E E ® FOR IGNEOUS ROCKS Lee | sie |E| core |sect. 2 ef = g § FOR IGNEOUS ROCKS Lec | site |g| core |sect.
g 88 5§ £ B § 85 s = ]
m £ 25 £ s|o|ala]a]a| |a]a] |1 w & g8 5z 28 5|9 |a[a][8]a] [a]4a] ]2
: ] Depth: 755.5 t0 757.0 m Depth: 757.0 to 758.0 m
} - 141
Visual Description e
0-130 em: tuffaceous volcaniclastic breccia, as before, hydrothermally altered. Clasts:matrix — Visual Dﬂ:"wﬂ?ﬂ v . ey T
ratio 2:1. Ciasts of highly altered vitrophyric basalts, possibly basaltic andesites, mostly 1B @ Spi1r5'=|v . 2.- ric . Ima..laémo phennery s, T —
* aphyric and vesicular, 3 mm average size, 2 cm maximum, angular to subangular, u.nwred, 1 1 @ :3‘.!(. of rock, -I mm in :‘;;m, sl u: g o"“;:‘e m,d ;'m“mm;ﬂ
NSO, MU Ay DR IRE o et e BTSN, OISR oY —'bjE—> may a present. Vc.-;iﬂesp: 15‘3&; 0.1-0.5 r:m: mos?l:::npty Pyrite ceeurs along ~0.1-0.5
~0.01 mm. : wiad L 0.1-0. " A .1-0.
1320-150 em: aphyric to sparsely plagiociase-phyric basalt, gray, vesicular. ] 1E @ mm wide veins.
Thin Section Description 2 DQO :’I"lllzh:ll‘f 3:}8 w
* Location: 131-136 cm, glassy margin - nalysis: o ;m
Texture: vitraphyric - SA.m 9 3
Phenocrysts: < 10%; plagioclase B0%, Ang, 0.4-3.0 mm, euhedral; clinopyroxena <20%, 0.3-0.6 mm, 3 Tio, 1.49
subhedral o BEL ) AlyOg 12.0
G 4 : »70%; plagi 45%, A"SS‘ laths; clinopyroxene 10%, subhedral; magnetite/ilmenite i Fezﬂs 1.55
20%; glass 26% = >l FeQ 10.23
Vesicles: 20%, 0.5-1.0 mm, subspheroidal 410 ° MnO 0.22
* Alteration: 50%, glass altered to clays 50— g?g ?::
- X ¢
Shipboard Data 5 1’ Nneo 294
Physical Properties:  112-123 em | K,0 0.36
Vi (km/s) F'205 0.12
* parallel to beds 262 d O
H6| D
‘ 1 D f
78 O 1
* 100—
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66.5

Depth: 765.0 to 7 m

Visual Description
Sparsely plagiociase-phyric basalt as in Section 44-2. Brecciated zone (7 interflow) at
100-150 em.

Shipboard Data
Physical Properties: 29-37 cm
Vp (km/s)
parallel to beds 3.29
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

Visual Description

SITE

H
(4]
L
g{ CORE |SECT.

5[o

alafsa] [a]s] T2

Depth: 766.5 to 768.0 m

Sparsely plagioclase-phyric basalt as in Sections 44-2 and 45-1, Vesicles —20%, mostly filled
with carbonates, zeclites and dark green smectite.

Shipboard Data

Bulk Analysis: 22 em
Sil 02 521
Ti0y 1.36
N203 139
FeyOy 1.50
FeO 9.91
MnO 0.19
Mg0 6.16
Cal 248
Nagy 0 246
K,0 0.20
Py0g 0.09

Physical Properties:
Vp (km/s)
parallel 1o beds
vertical to beds
‘Wet bulk density

27-30 em

417
4.08
23

8y 4.LIS
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VISUAL CORE DESCRIPTION E
E

FOR IGNEOUS ROCKS LEG | SITE CORE

[+]s] |1

Depth: 768.0 to 769.5m

slalafsle]a

Visual Description
0-50 em: sparsely plagioclase-phyric basalt as in Section 45-2,
60-130 em: green tuffacecus volcaniclastic breccia and tufi; clasts 2-6 mm, angular 1o

b lar, of altered vesicular basalts 1 in cart and zeolites, Unit has
gone extreme hydr | al ion and replaced with green and brown clays;
di 1 pyrite s

130-150 cm: sparsely plagioclase-phyric basalt flow, BO% crystallized, with hyalopilitic
texture, Vesicles absent.

Thin Section Description
Location: 145148 em, next to glassy margin
Texture: intersertal

Phenocrysts: <1%; mostly plagioclase, Angg, 0.4-1.1 mm, to subhedral ; clinopy
0.1-0.5, subhedral
i >89%; plagioclase 45%, 0.01-0.2 mm; clinopyroxene 36%, 0.01-0.06 mm; magnetite/

ilmenite, 0.01-0.03 mm; glass 15%
Alreration: clays 10%

rare,
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VISUAL CORE DESCRIPTION 2
E SECT.

FOR IGNEQOUS ROCKS LEG | SITE CORE

[4]¢] |2

5|9 fafa]s]a

Depth: 469.5 t0 471.0m

Visual Description
Plagioclass-phyric basalt, fi ined dium dark gray. A of basalt from
Section 46-2 but coarser in texture, 90% erystalline, subophitic. Flow is fractured
and slickensided; fractures filled with carbonates and zeolites, sometimes rimmed along
with dark yell green

Thin Section Description

Location: 34-39 ¢cm, flow interior

Texture: intersertal

Phenocrysts: 20%; plagioclase Anﬁs. 0.4-2.6 mm,

Groundmass: 70%; plagioclase 40%, Ang
subhedral; magnetite/ilmenite 15%; glass 26%

Vesicles: 10%, 0.5-2 mm

Alteration: carbonate 5%, replacing clinopyroxene and in vesicles; clays 5% in vesicles

hedral to subhedral, gl

ysts

Shipboard Data

Bulk Analysis: 82 ecm Physical Properties: 72-79 cm
5i0 54.7 Vp (km/s)

T’lDz 1.21 parallel to beds 348
AI203 135

Feqy0g 1.58

FeO 10.45

MnO 0.18

MgQ 5M

Ca0 7.75

Nu:ﬂ &1

&20 0.34

Po0g 0.10

, 0.04-0.4 mm, laths; clinopyroxene 15%, 0,02-0.3 mm,

8¥v H1IS



ST

5 5
2 =
E 8§
2 u§ F
:E [
o 8 853
“ & gz O
0 — m
1A

L

1c

1

|

50—
o

—1E

HiF

1G

1H

1

114

C1C O

Shipboard Studies

| Atteration

Special Storage

H

VISUAL CORE DESCRIPTION g
FOR IGNEOUS ROCKS Lec | site |E| cone [secr.
5|olafals|al [a]7] |1

Depth: 774.5 to 776.0 m

Visual Description

Plagioclase-phyric basalt flow as in Seetion 46-2. Thin {0.1-0.5 cm) subparallel dark bands
obligue to core axis, separated by 5-7 em lighter bands, represent concentration of darker

matic constituents.

Shipboard Data

Bulk Analysis: 10cm Physical Properties:  51-61cm 64-67 cm

5i0, 48.3 Vp (kmis)

1102 1.55 parallel to beds 4.B6 4.87 B.15
Aly04 13.9 vertical to beds - 4.84 -
F8203 1.9 Wet bulk density - = 272
FeO 12.60

MnO 0.25

gD 3.84

Ca0 9.52

NayO 2.92

K20 0.78

P205 041

136-145 cm

o

- —

o oo ot OC

Fieca Number
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1E
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Special Storage

H
VISUAL CORE DESCRIPTION iy
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s|alalalsal |a]|7] |2
Dupth: 776.0 to 777.5 m
Visual Description
Plagioclase-phyric basalt as in Section 47-2.
Thin Section Description
Location: 106-108 cm, flow interior
Texture: hyalopilitic
hadral to subhedral; efinopy 15%,

Phenocrysts: 5%:; plagioclase 85%, Anw, 0.4-2.0 mm,
0.4-1.56 mm, euhedral to subhedral

G d >80%; plagioclese 35%,
subhedral;magnetite/ilmenite 1%, 0.01-0.2 mm; glass 40%

Vesicles: 2%, ~0.5 mm

Alteration: 15% of glass altered 1o clays

Shipboard Data

Bulk Analysis: 106 cm
S0y 55.0
TIO: 1.23
AlyOq 13.5
Fl:203 1.65
FeO 10.91
MnQ 0.18
MgO 5.59
Cal 7.74
Nazﬁ 2.84
Kq0 0.32
Palg 0.10

. 0,04-0.4 mm, laths; clinopyroxene 20%, 0.02-0.4 mm,

gt ALIS
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS LEG

SITE CORE

SECT.

5|9

a]a]s|a] [a]7

B

Depth:

Visual Description
Plagioclase-phyric basalt as in sections immediately above,

Shipboard Data
Physical Properties:
Ve (km/s)
parallel to beds
vertical to beds
Wet bulk density

77750 779.0m

145-147 em

4.88
487
272

phic
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VISUAL CORE DESCRIPTION 2
E

FOR IGNEOUS ROCKS LEG | SITE CORE

SECT.

5o [a]a]8]a] [4]8

Depth: 779.0 10 780.5 m

Visual Description
Plagioclase-phyric basalt as in sections immediately above.,

Shipboard Data

8vv LIS
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E £53 2 VISUAL CORE DESCRIPTION v : £fr ca VISUAL CORE DESCRIPTION 0
2 23 B i 2 2 FOR IGNEOUS ROCKS LEG | SITE [g| CORE [SECT. 2 ef % i £33 FOR IGNEOUS ROCKS LEG | SITE |g| cORE [SECT.
£ £ [ = 8 =
8 85 £ 8 5 % S8 8 & &
m 25855 24 s]s|afa]e]a] [a[o] 1 m £ 585G 28 s[efa]ale [a] [a[o] T2
0 — 0 — —
Depth: 783.0 to 7845 m Depth: 7845 1o 786.0 m
Visual Description N .
Volcaniclastic breccia, “green matrix.” Clast:matrix ratio 5:1. Clasts average 1 em, maximum :"r"‘ Pu‘:quﬂhon z - -
3 om, angular, compased of basalt (25%) and altered glass (75%). Matrix dark green with olcaniclastic breccia as in Section 48-1.
pale brown (8GY 2/1) smectite patches,
Shipboard Data
' Physical Properties: 3643 cm
Vp (km/s)
parallel to beds 2.62
P

—— e e - —
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Visual Description
Volcaniclastic breccia as in Section 49-1,

LEG

SITE
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SECT.

5|9
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Depth: 786.0 to 787.5m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in Section 49-1,

LEG SITE CORE
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Depth: 787.5 to 788.3 m
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VISUAL CORE DESCRIPTION 0
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s[o [a]a]8[A] [5]o] |1

Depth: 792.5 to 784.0 m

Visual Description
0-45 em: volcaniclastic breccia as in immediately previous sections.
45-145 cm: sparsely plagioclase-phyric basalt, sill; | ive contact with overlying breccia

well preserved, dipping 60" . Phenocrysts of plagioclase <5% of rock, 1-2 mm as glomerocrysts,

Groundmass aphanitic to fine-grained in bands 2-4 cm wide, dipping 60° . Vesicles aligned
along 607 dip, filled with dark green smectite.

Shipboard Data
Physical Properties:  126-132 em
Vip (km/s)
parallel to beds 4.7
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VISUAL CORE DESCRIPTION D
E
A

5[o]ala]s

Depth: 794.0 to 795.5 m

Visual Description
0-110 em: plagioclase-phyric basalt, sill, as in Section 50-1,
110-150 em: vol ic breccia as in S 49-1 to 494,

Thin Section Description

Location: 33-38 cm, sill interior

Texture: hyalopilitic

Phenocrysts: < 15%:; plagioclase 85%, Angg, 0.5-2.0 mm, euhedral to subhedral: clinopyroxene 16%,
0.4-1.0 mm, subhedral

Groundmass: >80%; plagioclase 50%: An g, euhedral laths; clinopyroxene 30%, subhedral;
magnetite/iimenite 5%; glass 15%

Wesicles: 2%, ~0.5 mm, spheroidal, empty

Al i 15% clays | ing glass

Shipboard Data

Bulk Analysis: 35 em Physical Properties:  31-33 em
§i0y 53.3 Vp (km/s)

Tio, 1.45 parallel to beds 4.52
] 128 vartical to beds 4.61
F|3203 1.68 Wet bulk density 267
FeO 10.99

MnO 0.24

Mg 5.44

Ca0 8.33

NagO 2,55

KZD 0.30

P2°5 on
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VISUAL CORE DESCRIPTION 2 t 5538 ¢ VISUAL CORE DESCRIPTION 9
FOR IGNEOUS ROCKS wee| sme || core [sect. 2 e585 5 &7 FOR IGNEOUS ROCKS tec | site [g[ come |secr.
4 =2 & § B
5|ofafals]a] [5]o] |3 o £ SEEE 2K s[o]afa[s [a] [s]o] |4
0 — -

Depth: 7955 to 797.0 m Depth: 797.0 to 7985 m

Visual Description

Vitric tuff and fine vitric tuff, medium bluish gray (5B 5/1), thinly laminated with lighter
bluish gray. Laminations parallel, slightly def. 1 by sy di VI ; s0me
convoluted laminae as well as lenticular lamination. Local normal grading, medium 1o
coarse sand-size with 20% gravel size glass at base of bed. Load casts at top; one normal
fault. Lamine dip 60°.

Visual Description

Volcaniclastic breccia as in Section 50-2, grading downward to dark greenish gray (5G 4/1)
to medium bluish gray (5B 5/1) laminated fine vitric wff. Grain size silt 1o coarse silt; 424
laminae lenticular (mm-cm thick), wavy and festoon,

Shipboard Data

Physical Properties: 11-23 em
Vp (km/s)
parallel to beds 2.53
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

5|9

SITE
a[a]s]a

CORE
[s[r] [

SECT.

Depth: 801.5 10 803.0 m

Visual Description

0-75 em: fine vitric tuff, grayish blue green (SBG 5/2), medium 1o coarse siltsize grains, with
tenticular and disturbed bedding, and bedding and cross- Laminae sets
truncated sharply by overlying sets at 20-30°.

756-150 em: sparsely plagioclase-phyric basait, dike; in sharp contact with overlying tuff.
Phenocrysts of plagioclase, < 1% of rodk, ~1 mm, in g i B0-80% crystalli
intersertal. Vesicles <3%, ~1 mm filled with green smectite.

fine-grained,

Shipboard Data
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VISUAL CORE DESCRIPTION 4
E

FOR IGNEOUS ROCKS LEG | SITE CORE |SECT.

[s]

Depth: 803.0 to 804.5 m

5[o [4[a|8[a

Visual Description
Sparsely plagioclase-phyric basalt as in lower part of Section 51-1, but coarser-grained and
with fewer vesicles,

Thin Section Description

Location: 128-131 cm, dike interior

Texture: hyalopilitic

Phenocrysts: < 10%; plagioclase 85%, Angg, 0.4-2.0 mm, euhedral; clinopyroxene 15%, 0.4-0.6 mm,
subhedral

>B6%; plagioclase 456%, Anyg, ~0.6 mm, laths; cli 30%, subhed:
magnetite/ilmenite 10%, glass 15%
Vesicles: 2%, ~0.2 mm, spheroidal
Alteration: glass alterad to smectite
Shipboard Data
Bulk Analysis: 134 em Physical Properties: 138-141 em
Si0y 54.8 Vi (km/s)
T, 127 parallel to beds 4.49
Nzas 12.8 vertical to beds 4.43
Fn20 1.64 Wet bulk density 2.60
FeD 10.79
MnQ 0.20
MaO 597
Ca0 1.69
Nay0 2.58
Kg0 0.25
Po0g 0.09
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L1 Visual Description 24 M| Visual Description
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VISUAL CORE DESCRIPTION

mroT

FOR IGNEOUS ROCKS LEG SITE CORE |SECT.
5o [a]a]s [a] [5]2] 1
Depth: 810.5 to B120 m

Visual Description

0-10 em: green, laminated tuff.

10-150 cm: aphyric to sparsely plagioclase phyric basalt flow (?sill}, medium dark gray.
Plagioclase phenocrysts 1-2% of rock, ~0.5 mm. Gr BO% crystalli phiti
Rare veins, 0.5-1.0 mm thick, of carbonate, some with smeetite rims.

Thin Section Description

Location: 78-81 cm, flow interior

Texture: hyalopilitic

Phenocrysts: < 10%; plagioclase 90%, Angg, 0.4-2.0 mm, | to subhedral; cli 10%,
~05 mm

>00%; 50%, Ang, euhedral laths; clinopy 30%; magnetite/il
10%; glass 10%

Alteration: glass {30%) altered 1o smectite

Shipboard Data

Bulk Analysis: 77 em

Si0g 511

1'!02 1.48

AlyOy 12.9

Fe?Os 1.72

FeQ 1.37

MnO 0.22

MgO 6.48

Ca0 8.76

NagO 248

K0 010

P05 0.11
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FOR IGNEOUS ROCKS LEG SITE CORE |SECT.

[s]2 |2

Depth: 8120 t0 813.6 m

H
VISUAL CORE DESCRIPTION ¢
E
A

5]9[a[4]8

Visual Description

Sparsely plagioclase-phyric basalt, flow (?sill], as in Section 52-1, At base (130-140 cm)
wolcaniclastic breceia, the top of which is metamarphased. The variolitic basalt at the
contact is enriched in plagioclase microlites.

Thin Section Description

Location: 78-81 em, flow interior

Texture: intersertal

Phenocrysts: 10%; plagioclase 90%, Ange, 0.4-2.0 mm, euk .4
~0.5 mm, subhedral

Groundmass: 90%; plagioclase 50%, Angg, euhedral ; clinopyroxene 30%, prismatic; magnetite/ilmenite
10%:; glass 10%

Vesicles: rare

Alteration: glass altered to clays

phic; clinopy 10%,

Shipboard Data
Physical Properties:  23-265cm
Vip (kmis)
parallel to beds 459
vertical to beds 4,48
Wet bulk density 2.66
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VISUAL CORE DESCRIPTION ¢ § s b s VISUAL CORE DESCRIPTION ¥
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. 2 2538 3 = FOR IGNEOUS ROCKS LEG | SITE |g| cORE |SECT.
=3 =
s[ofafa]s]a] [s]2[ [s o £ 5885 24 s[oja]a]s[a] [s]s] [1
0 — p
h: 819.5 to 821.0
Depth: 813.5to 814.8 m _‘-ﬁ ’ Dept © "

Visual Description
Voleaniclastic breccis as in Section 52-3, dark green to gray black, average clast size, 0.7-1 cm.
r \ Rare layer clasts 6x8 em. No sorting or orii ion. Mainly vitrophyric vesi basalts

|
@
&2

Visual Description

Voleaniclastic breccia, green. Clast:matrix ratio 4:1. Clasts angular to subangular, average
size 1.5-1 cm, maximum size Bx15 cm; composed of altered, vesicular, aphyric and
sparsely plagioclase-phyric basalt almost completely replaced with green smectite.
Matrix of same composition in which grains are <0.1 mm, with carbonate and zeolite
cement.

almost completed replaced with green smectite.

Shipboard Data
Physical Properties:  35-37 cm
Vp (km/fs)
parallel to beds 252
vertical to beds -
Wet bulk density 203
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Green voleaniclastic breccia as in Section 53-1.
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Depth: 821.0 to 8225 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Green volcaniclastic breccia as in Section 53-1.

LEG SITE CORE
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Depth: 822.5 to 824.0 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Green volcaniclastic breccia as in Section 531,
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Green voleaniclastic breccia as in Section 53-1,
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Depth: 831.5 10 833.0m

Visual Description

0-25 cm: volcaniclastic breccia as in previous sections.

25-135 cm: plagi inopy phyric basalt, medium dark gray, fine-grained, Plagioclase
phenoerysts 2-3% of rock, 1-2 mm. Clinopyroxene phenoerysts ~ 1%, 0.5-1 mm. Groundmass 80%
crystallized, itic, comprising plagiol . Py , Tolivine and glass. Occasionally
ground mass has thin, subparallel darker bands, finergrained than average and often enriched
in vesicles,

Thin Section Description
Location: 127-130 em, flow interior
Texture: intersertal

Phenocrysts: 15%; plagioclase 95%, Angg, 0.3-4.0 mm, subhedral g ic; clinopy
5%, 0.3-1.0 mm subhedral
Groundmass: 85%; plagioclase 50%, laths; clinopyr @ 30%:; 10%; glass 10%;

all are very fine grained
Wesicles: rare
Alteration: glass altered to clays

Shipboard Data
Bulk Analysis: 115 cm
Si0g 541
TiOz 1.26
Aly04 13.6
FeqOq 1.56
FeO 10.30
MnO 0.21
Mg 5.78
Cal B.58
Na,0 261
Kzo 0.3
P,0g 0.09

1

= Piece Number

Graphic
Representation
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H

VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s[ofa[a[s]a] [s]s] |

Depth: 8375 t0 839.0m

Visual Description
Plagiociase-clinopyroxene-phyric basalt as in Section 54-3. Extensive brecciation at 20-60 em
and 100-160 em. Slickensided fractures apparent.

8¥v HLIS



L9T

Piece Number

o3

:liﬂ

ic

3A)

—{3B

3D

)a @ (S AQd @QQE)LOJ Q 9] g:aanltaho;:nmiun

<
s

Orientation

o
p-d

*3Y[@ o[ @{ZL

[
o

L=
-

.
=)=

Shipboard Studies

{ Alteration

Special Storage

H

VISUAL CORE DESCRIPTION ¢
FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT.
s[o|a[a]s[a] [s[s] |2

Depth: 839.0 to 840.5 m

Visual Description
Plagioclase-clinopyroxene-phyric basalt as in Section 55-1.
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VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG| SITE CORE

»|[mrozx

5[s[a[a]8]a] [5]e

J1

Depth: 840.5 10 842.0 m

Visual Description

0-106 cm: cognate basalt breccia, Clasts consist of angular plagioclase-phyric basalt as in
previous sections, Plagioclase phenocrysts ~2 mm in size in g hyalopilitic groundmass
of plagioclase, clinopyraxens and pyroxene.

105-150 cm: wifaceous volcaniclastic breccia and fine vitric wif. Clasts 0.5-1 cm average
size, subangular to subrounded basalt, in a g di of similar ition but finer
texture.
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5 § 2 & H 5 § 2 & H
E 5% :5 VISUAL CORE DESCRIPTION o E 283 8 VISUAL CORE DESCRIPTION ¢
2 gg B 3 ,g 2 FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT. z ﬁﬁ § g b FOR IGNEOUS ROCKS LEG| SITE [g| CORE |SECT.
£ 8 5% 8 88 § & § 3%
m $EBEZEE s[olafa]a]a] T5]6] [2 om £ 5855 24 5|9]a|a]s|a] [s]7] |4
0— — ]
3 Depth: 842.0 10 843.5m "'“ ’_ Depth: 846.5 to 848.0m
Visual Description -1
-8 0-105 em: tuffaceous volcaniclastic breccia and lami i fine vitric tuf, dark green. Cross- Visual Description
1| == bedding present in medium to coarse silt-size layers. Aphyric basalt as in lower part of Section 56-2.
1 105-160 cm: aphyric to very sparsely plagioclase-phyric basalt, flow (?dike). Microphenocrysts |1 y
of plagioclase in a b ilitic groundmass of plagioclase, clinopy and glass. Vesicles, Shipboard Data
0.2-2 mm, with dark green clay filling. Bulk Analysis: 98 cm Physical Properties:  13-27 em 135-137 em
5i0, 55.2 Vp tkmfs)
Thin Section Description -1 Ti0, 1.28 parallel to beds 425 4.28
Location: 128-132 cm, flow (?dike) interior Aly04 129 wvertical to beds - 421
Texture: intersertal F":Os 1.62 ‘Wet bulk density - 280
Phenocrysts: 2% plagioclase 50%, nnm, 0.2-0.5 mm, euhedral; clinopyroxene 50%, 0.2-0.5 mm, = Fel 10.66
laths MnQ 0.18
>85%; plagioclase 50%, Angg, laths; clinopy 30%; itefilmenite 10%:; MgO 6.01
glass 10%; all very fine-grained Cal 7.76
Vesicles: 10%, 0.3-1.0 mm, spheroidal, filled with smectite = Na 0 263
Alteration: glass altered to clays K20 0.37
50— P40g a.10
L~
L
L1
L1
e
1 5%
o 5°
— Qo
& agg 11
- .Q Oy
° o
XS
10— (o9, 100—
L]
270D |1
—6A O =
|1
=l
- ] I/
LA
-1
= - 1
78 I
4 1 o
1
=~
o D 1
i .
150 — o 150 -




69T

£ 2
5 § 2 § H s 5 _ 2 8 ;
E E 5§ 5 . g VISUAL CORE DESCRIPTION ? ‘E Esp g VISUAL CORE DESCRIPTION L
2 s E s § s FOR IGNEOUS ROCKS LEG| SITE |g| core |secT. 2 2% E g -§ e FOR IGNEOUS ROCKS LEG| SITE |g| coRe
= € a B ] ok 2 o s
m 3 HE5E] 300000NGaNE - 38351 [ fs[[s[a Ts[7
0= — - 1 —
A Depth: 848.0 1o 8495 m Depth: 849.5 to 850.0 m
1 M Visual Description Visusl Dascription
=1 0-60 cm: aphyric basalt as in previous section. ] Voleaniclastic breccia as in Section 57-2.
1
60-160 cm: voleeniclastic breccia, green. Clast:matrix ratio 2:1. Clasts subangular, average A
y 1 0.2-0.5 mm, maximum size 1-2 em; composed of altered basalt and glass in ratio of 6:1.
Matrix green (5G 4/1) altered basalt and glass grains.
|2 9 =
A - 1 Shipboard Data 4
3 Q P Physical Properties:  32-34 em
— Vp (km/s) —
aA|| || (3% parallel to beds  2.36
B |~ vertical to beds 232 &
8 C:) g Wet bulk density 198
ac C |1 B
/
s0—j4D P 50—
/ —
/ —
100—
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VISUAL CORE DESCRIPTION 1y
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s|ajalals]al |5]8] |1

Depth: 855.5 10 857.0m

Visual Description
Voleaniclastic breccia as in Section 57-2,

Shipboard Data
Physical Properties:
Vi (km/s)
parallel o beds

63-71cm

23

=
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‘ Representation
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Special Storage

VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Volcaniclastic breccia as in Section 57-2.

LEG SITE CORE
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Depth: B57.0 to B585 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS
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5(9
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Depth: B58.5 to 859.5 m

Visual Description
0-25 em: volcaniclastic breccias as in previous sections.

25-100 em: plagioclase-phyric basalt, (7sill). Plagioclase phenoerysts ~ 10% of rock, up to 3 mm, set
i vesicles, ~1 mm, filled with green

ic to intersertal

inan
smectite.

Thin Section Description
Location: 50-58 em, flow (7sill] interior
Texture: hyalopilitic

Phenacrysts: 10%; plagioclase 10%, A"aﬁ' 0.2-2.0 mm, euhedral to subhedral; clinopy
10%, 0.205 mm
Groundmass: B0%; plagioclase 50%, Ang g, suhedral laths; clinopy 25%, ant qr
ilmenite 10%; glass 15%: all fine-grained
WVesicles: 10%, 0.2-2.0 mm, spheroidal, empty or filled with smectite
Alteration: glass and some plagioclase altered to clays
Shipboard Data
Physical Properties:  46-48 cm 67-75 em
Vip (km/s)
parallel 1o beds 354 3.64
vertical 1o beds 364 -
Wet bulk density 255 -

o3
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VISUAL CORE DESCRIPTION 2
FOR IGNEOUS ROCKS tec | site |E| come [sect.
5|9[afa]8[a]| [5[9] |

Depth: 864.5 to 866.0 m

Visual Description

Tuffaceous volcaniclastic breccia, Clast:matrix ratio 4:1 to 1:1. Clasts consist of altered
basalt and glass, average 0.2-0.4 cm in size; maximum 1 cm. Clasts coarser in upper and
lower parts of section, finer (0.2 em average, 0.5 em maximum) and bedded (dip ~207)
in central part of section. Matrix green [5G 4/1), fine basalt fragments altered 1o
smectites.

Shipboard Data
Physical Properties:  57-68 cm
Vp (km/s)
parallel to beds -
vertical to beds pval
Wet bulk density 188
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG SITE |g| CORE |SECT.
s[o]a[a]8[a] [s]e] 2 om
0 —
Depth: 866.0 to 867.5 m
Visual Description
0-75 cm: green tuffaceous valcaniclastic breceia as in Section 58-1. =
75-150 em: plagioclase-phyric basalt. G ysts of plagioclase <5% of rock, 1-3 mm. Groundmass
aphanitic to intersertal. Scattered vesicles, 1-2 mm, filled with green smectite. b
Shipboard Data ]
Bulk Analysis: B85cm A
5i0y 51.5
Ti0g 1.68 —
AlyO4 136
FeqOq 1.58 -1
FeO 10.52
MnQ 0.21 =
MaOQ 5.80
Ca0 .54 7
NagQ 2.82
K,0 0.38 50
PoOg 0.12 3
100—
150 —
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

0-15 em: plagioclase-phyric basalt as in Section 59-2.

H

(o]
LEG SITE IE CORE |[SECT.
5|9lala]s]a] [5]0] |3

Depth: 867.5 to 869.0m

15-40 em: tuffacecus voleaniclastic breccia. Clast:matrix ratio 3:1 to 1:1. Clasts, angular to

subrounded, unsorted, unoriented, 2-3 mm aversge size, composed of highly altered
vitrophyric and aphyric basalts. Matrix dark green silt to sand-sized grains of altered

basalts. Hydrothermal alteration witnessed by dissaminated pyrite,
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Tuffaceous volcaniclastic breccia as in Section 59-3,
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Depth: 869.0 to 8705 m
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Tuftaceous volcaniclastic breccia as in Section 58-3.
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Depth: 8705 w0 8720 m
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VISUAL CORE DESCRIPTION E
FOR IGNEOUS ROCKS LEG | SITE |g| CORE |SECT.
s[ofafa]s]a] [6]o] |5 e
0 —
Depth: 872,010 735 m
Visual Description N
Tuffaceous volcaniclastic breccia as in Section 59-3.
Shipboard Data 1
Physical Proparties:  21-30 em _
Vp (km/s)
paraliel to beds 2.29 .
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Tuffaceous volcaniclastic breceia as in Section 59-3.
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’_ Depth: 878.0 to 879.5 m ! P "i— Depth: 879.5 10 881.0 m
- I
Visual Description 1A [m 1‘ " P
= : : e £ < 2 . Visual Description
Tuffaceous volcaniclastic breccia grading in and out of volcaniclastic breccia, grayish black 1 = . y i
in color. Clast:matrix varies from ratio 1:1 to 4:1, Clasts average 0.7-1 cm in size, are 0 I Tuttscsous volckmciauic breccias st Sectian 8111,
angular to subrounded and consist mainly of altered basalts enriched in glassy constituents, 1
palagonite, aphyric and sparsely plagioclase-phyric basalts. Groundmass of same
i d with carb and zeolites. -8
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description

Tuffaceous volcaniclastic breccia as in Section 61-1.
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Depth: 881.0 to 8825 m
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Visual Description

0-10 em: twiffaceous volcaniclastic breccia. Base of unit present in Sections 61-1 to 61-3.

10-150 em: plagi linopy thopyroxene-phyric basalt ?dike. Medium
gray, fine-grained, Phenocrysts: 45%; plagioclase 85%, 1.5-4 mm, euhedral prismatic
crystals; clinopyroxene 5%, 0.4-0.5 mm, euhedral with short prismatic habit;
hypersthene 10%, 34 mm, subhedral prismatic, partially or completely replaced with
clays and hy icas. Gl y51s G d 55%; i 30%,
0.2-0.3 mm, clinopyroxene 25%, <0.1 mm, short, stubby prisms; opagues 10%, 0.5 mm;
palagonite partially replaced with smectite, zeolites and ?chlorite 30%. Chilled contact
{0.3-0.5 cm thick] with overlying breccia,

Thin Section Description
Location: 130-134 cm, dike interior
Texture: subophitic
Phenocrysts: <50%; plagioclase, 85%, 1.5-4 mm, eubedral, common glomeroerysts; clinopyroxene,
5%, 0.4-0.5 mm, euhedral gl ysts with plagioclase and orthopy ; orthopy
10%, 3-4 mm, subhedral to varying degree replaced with clays
| : >60%; plagi
subhedral; magnetite/ilmenite 10%, 0.5 mm, square; glass 35%; palagonite replaced
with clays and zeolites.
Alteration: clays and zeolites replace orthopyroxene and glass

16%, <0.2-0.3 mm, elongate laths; clinopyroxens 26%, <0.1 mm,
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Depth: 8885 to 889.1m

H
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Visual Description

oy hopy phyric basalt, dike as in Section 62-1,

but somehwat finer-grained. Phenocrysts: 35%; plagioclase 90%, 1.5 mm; clinopyroxene

2%, <1 mm; orthopyroxena 5%, 1,5 mm, as pseudomorphs, Groundmass: 65%;

plagioclase 25%, 0.15 mm; elinopyroxene 26%, <0.05 mm; opaques 0.01 mm; and palagonite
45%, partially replaced with smectite, hydromicas, zeolites and ?chlorite.

“Thin Section Description

Location: 14-17 em, dike margin

Taxture: hyalopilitic

Phenocrysts: plagioclase 30%, 1.5 mm, euhedral, glomerocrysts; elinopyroxene 1%, <1 mm,
euhedral; orthopyroxene 2-3%, 1.5 mm, pseudomorphs

Groundmass: plagioclase 20%, 0.15 mm, elongate laths; clinopyroxene 20%, <0.05 mm,
irregular; magnetite/ilmenite 6%, <0.07 mm, irregular; glass 20%

Alteration: clays replace plagioclase, orthopyroxene and glass; zeolites replace glass; *chlorite
replaces plagioclase glass

Shipboard Data
Physical Properties:  16-23 cm
Vp (km/s)

parallel to beds 443
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Depth: 896.0 to 897.5 m

Visual Description

Tutfaceous volcaniclastic breccia, green matrix (5GY 2/1). Clast:matrix ratio 2:3. Clasts,
0.3 cm average, 1 ¢m maximum, composed of highly altered basalt. Matrix composed
of altered basalt and glass.

Shipboard Data
Physical Properties: 26-39 cm
Vp (km/s)
parallel to beds 249
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Depth: 896.0 to 897.5 m

Visual Description

Tuffaceous volcaniclastic breccia as in Section 63-1, becoming coarser downwards passing
into volcaniclastic breccia, with clast:matrix ratio 2:3 and clasts averaging 0.25 cm,
maximum 2 cm at top of section; at base, clast:matrix ratio 2:1, with clasts averaging
1 em, maximum 4 em. Larger clasts composed of relatively fresh basalt. Color greenish
black (§G 2/1).
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Depth: 900.0 to 9015 m

Visual Description

Tuffaceous volcaniclastic breccia as in Section 63-1. Clast:matrix ratio increases down section
from 2:3 to 2:1, At top average size 0.25 cm, maximum 2cm. At base average size 1 cm,
aximum 4 cm,

Shipboard Data
Physical Properties: 125-134 cm
Vi (km/s)
parallel 1o beds 261
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Depth; 901.5 to 803.0 m

Visual Description

0-75 em: volcaniclastic breccia as in base of Section 64-1.

75-150 cm: aphyric basalt, dike, fine-grained, holocrystalline, subophitic. Finer-grained
bands, 2 om wide, dipping 607, contain small {0.5-1.0 mm} vesicles filled with zeolites
of smectite,
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Massive aphyric basalt as in Section 64-2,
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Depth: 903.0 to 9045 m
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Depth: 9045 to 905.0 m

Visual Deseription
Massive aphyric basalt as in Section 64-2.

Shipboard Data
Magnetic Data: 16 em
Inclination —14.90
Declination 228.80
Intensity (emu/cc) 0.1310E-01
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Depth: 905.0 to 9065 m

Visual Description
Massive aphyric basalt as in Section 64-2.

Thin Section Description

Location: 74-78 cm, dike interior

Texture: intersertal

Phenocrysts: < 10%; plagioclase 40%, Angs a5, 0.3-1 mm, euhedral, strongly zoned; clinopyroxens
40%, 0.3-0.5 mm, euhedral, strongly zoned; olivine 16%, 0.5-1.6 mm, euhedral pseudomorphs;
all as glomerocrysts

Groundmass: >80%; plagioclase 55%, 0.5-0.7 mm, laths subaligned; clinopyroxene 26%, 0.2-0.4 mm,
granular; magnetite/ilmenite 3%, 0.05-0.01, subhedral to acicular to skeletal in glassy areas;
glass 15%

Vesicles: rare, 2-3 mm, spheroidal, filled with clays

Alteration: clays (15%) replace glass, olivine

Shipboard Data
Bulk Analysis: 84 cm
5i04 52.2
1'102 147
AI203 133
Fey0y 1.61
FeQ 10.60
MnQ 0.22
MaO 591
Cal 9.04
Nazﬂ 2.63
0.19
Py0g 0.08
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Massive aphyric basalt as in Section 64-2.
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VISUAL CORE DESCRIPTION
FOR IGNEOUS ROCKS

Visual Description
Massive aphyric basalt as in Section 64-2,
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0 —
Depth: 910.5 10 912.0m
Visual Description i
Massive aphyric basalt. Fine-grained, medium dark gray; ~90% —
crystallized; subophitic to ophitic. Ci d of plagioclase laths, prisms of
?pyroxene, and intergranular glass. Rock contains irregular blebs (~0.5-1 mm) of e
altered 7glass; ?phenocrysts. Disseminated pyrite present. Brecciation between 20 and
40 cm. -1
50—
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Depth: 812.0 10 8135 m

Visual Description
Massive aphyric basalt as in Section 86-1. Brecciation in interval 60-65 cm.
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Visual Description
Massive aphyric basalt as in Section 66-2,
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