5. SITE 450: EAST SIDE OF THE PARECE VELA BASIN

Shipboard Scientific Party!

HOLE 450

Date occupied: 3 March 1978

Date departed: 6 March 1978

Time on hole (hrs): 58

Position: 18°00.02'N; 140°47.34'E

Water depth (sea level; corrected m, echo-sounding): 4707
Water depth (rig floor; corrected m, echo-sounding): 4717
Penetration (m): 340

Number of cores: 36

Total length of cored section (m): 340

Total core recovered (m): 183.3

Cored recovery (%): 54

Oldest sediment cored:
Depth sub-bottom (m): 333.0
Nature: Hydrothermally altered vitric tuffs
Age: Middle Miocene (NN 5)
Measured velocity (km/s): 2.1

Basement: Not reached; intrusive basalt encountered at 333.0 m
Measured velocity (km/s): 5.2

Principal results: Located on the eastern side of the Parece Vela
Basin, Site 450 was drilled successfully to a depth of 340 meters
sub-bottom. The upper 333.0 meters comprise a sedimentary sec-
tion consisting of pelagic clays, vitric tuffs, and fine vitric tuffs.
The basal 7.0 meters are intrusive basalt. Mechanical difficulties
forced termination of the drilling. The sedimentary section is
Pleistocene to middle Miocene and is conveniently divided into
two units—an upper pelagic clay and a lower tuff. These two units
can each be further divided into sub-units from the top downward:
Sub-unit la is 26.5 meters of dark brown pelagic clay with minor
disseminated volcanic glass, barren except for a meager lower-
Pleistocene radiolarian fauna in Section 1-1. Sub-unit 1b is 57.0
meters of middle to upper Miocene dark yellowish brown, dark
grayish brown, and dark gray ash-rich pelagic clay with minor
dark to very dark ash beds. Dominating the sedimentary column,
Sub-unit 2a is 241.0 meters of middle Miocene dark gray, fine
vitric tuffs, in some places nannofossil-bearing, and paler, with
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minor gray and black vitric tuffs and rare tuffaceous volcaniclastic
conglomerates. Sub-unit 2b is 8.5 meters of the same fine vitric
tuff as Sub-unit 2a, except that hydrothermal alteration has in-
creased the zeolite content and discolored the sub-unit reddish
brown. Sub-unit 2c is 1 cm of pale yellowish white, fine vitric tuff
forming a baked contact with the underlying intrusive plagioclase-
clinopyroxene-olivine-phyric intrusive pillow basalt. Between and
within the basalt pillows are fragments of green, contact-meta-
morphosed tuff. Based upon reflection profiles, the intrusive body
is small; contact relations suggest that it intruded unconsolidated
ashes close to the sediment surface, forming pillowlike shapes.
Basement was not reached, and its age remains undetermined.

BACKGROUND AND OBJECTIVES

Because the age and origin of the eastern Parece Vela
Basin have not been clearly established by Sites 53 and
54, Site 450 was selected with the objective of drilling
through the sediment wedge covering the eastern Parece
Vela Basin into basement to dispel the ambiguities
related to this area.

The eastern Parece Vela Basin is bounded on the west
side by the Parece Vela Rift (Mrozowki and Hayes,
1979), on the east side by the West Mariana Ridge, on
the north side by the Shikoku Basin, and on the south
side by the junction of the Mariana Trench and the Yap
arc-trench system (Fig. 1). Karig (1975) has identified
the Parece Vela Basin as an early-Miocene back-arc
marginal basin and the West Mariana Ridge as a rem-
nant arc. The Parece Vela Rift is a good candidate for a
spreading center, if we assume a symmetrical spreading
pattern, but this hypothesis still remains to be proven
because basement ages are uncertain. Westward from
the West Mariana Ridge, a thick wedge of sediment ex-
tends over most of the eastern side of the Parece Vela
Basin, where it inundates the rough basement and is
dammed by a series of north-south trending basement
ridges near the [POD Trough (one of a series of troughs
forming the Parece Vela Rift). Sites 53 and 54 were
drilled into this sediment wedge (Fischer, Heezen et al.,
1971); both holes were drilled on top of high basement
features and both reached basaltic rocks at 201 and 297
meters sub-bottom, respectively. Although evidence is
scanty, an intrusive origin is hypothesized for the basalt
and andesite(?) at Site 53 and an extrusive origin for the
basalt and overlying carbonate-cemented glassy breccia
at Site 54. Although the basalts recovered at both these
drill sites are highly altered, dredge samples collected by
the International Working Group on the IGCP Project
“‘Ophiolites’’ (1977) from the Parece Vela Rift (see Site
449 report, Fig. 1, this volume) include fresh basalts and
gabbros that appear to be chemically similar to mid-
ocean ridge (MOR) basalts (Dietrich et al., 1978; Guram
Zakariadze, personal communication).
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Figure 1. Positions of DSDP Sites 450, 53, and 54 in the eastern
Parece Vela Basin. (A concentric circle indicates Site 450; solid
circles indicate Sites 53 and 54.)

Because the acoustic basement is interpreted to be
about 500 meters sub-bottom or more, what is the sig-
nificance of encountering volcanic rocks at 200 and 300
meters sub-bottom? Is this oceanic basement or
marginal-sea basement? In the case of Site 53, with
possible intrusive relations, obviously true oceanic base-
ment was not reached. But at Site 54, could block
faulting have elevated the basement? Could sedimenta-
tion off an active remnant arc have created a sediment
wedge so rapidly that it buried the active spreading
center of its back-arc marginal basin?

Detailed site surveys conducted by the Lamont-
Doherty Geological Observatory (L-DGO) and Scripps
Institution of Oceanography (SIO) in the vicinity of Site
450 reveal the presence of broad basement ridges
roughly trending north-south, exposed in the western
part of the surveyed area (Fig. 2). The thick sedimentary
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wedge against the west side of the West Mariana Ridge
probably consists of turbidites composed of volcanic
debris originating from that ridge. These turbidites have
inundated most of the basement ridges, thus the topo-
graphic expression of basement ridges left exposed may
only appear to be continuous in a roughly north-south
direction. Preliminary mapping of the inundated base-
ment (Fig. 3) indeed suggests that the ridges might be
oriented or trend in a more northeasterly direction, at
least in the surveyed area.

In the eastern part of the surveyed area, sediments
appear to be acoustically well-stratified and so thick
that, in single-channel seismic-reflection profiles, base-
ment is not detected below the thicker deposits. In the
vicinity of Site 450, long furrows observed in the
seafloor appear to be formed by undulation of the
underlying strata, as revealed in the reflection profiles.
This undulation may be caused by recent fault move-
ments that gently folded the sediment. Furthermore,
because the folds extend to the surface, the deformation
is thought to have occurred subsequently to deposition
and therefore is interpreted as postdating either cessa-
tion of volcanic activity along the arc or perhaps sub-
sidence of the sediment source, which, in either case, is
postulated to be the West Mariana Ridge.

Within the surveyed area, basement velocities deter-
mined from sonobuoy refraction measurements range
from 4.8 to 5.6 km/s, which is appropriate for oceanic
Layer 2 (Langseth and Mrozowski, this volume). For
Layer 3, velocities are also reported to range from 6.6 to
7.0 km/s. Magnetic anomalies are of low amplitude in
the vicinity of Site 450 (Fig. 4) and seem to be much
more subdued than those in the vicinity of Site 449 (see
Site 449 report, this volume), which have been tenta-
tively correlated with the Cenozoic geomagnetic time
scale (Fig. 5).

The broad objectives of Site 450 were to determine
basement age and origin as well as the source and de-
positional history of the thick sediment wedge to the
west of the West Mariana Ridge that inundates the
rough basement terrain on the eastern side of the Parece
Vela Basin. These objectives also included establishing
whether or not shallow hyperbolic reflectors suggestive
of piercements were of intrusive origin. Specific critical
questions that we addressed were: Does the basement
age in the eastern Parece Vela Basin conform to a sym-
metrical or an asymmetrical spreading model? Is the
chemistry of the basement comparable to mid-ocean
ridge (MOR) chemistry or to that of the Mariana
Trough, an active back-arc basin (Hart et al., 1972)?
Are the intrusive bodies encountered of mid-ocean
ridge, back-arc basin, seamount, or island-arc affin-
ities? Is the wedge of sediment the debris from volcanic
activity on the West Mariana Ridge remnant arc? What
role does the presence of such a wedge of volcanic debris
play in metallogenesis (Bonatti et al., 1979)? The site
was actually selected because of a feature that in
seismic-reflection profiles from site survey data ap-
peared to shipboard scientists to be either a narrow
basement high created by faulting prior to sedimenta-
tion or possibly a small intrusive body, as found in the
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Figure 2. Bathymetry in the vicinity of Site 450 (L-DGO Site Survey data) showing sonobuoy, piston core, and dredge positions. (Track lines are
shown. Dashed bathymetric contours indicate inadequate data on the western part of the map. Solid dots with a number and a circled number
indicate the core number and heat-flow station, respectively.)
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Figure 3. Basement topography in the vicinity of Site 450 (L-DGO Site Survey data). (Contour interval is 0.5 s of the two-way travel time. A
general northeast trend to the basement blocks is suggested.)
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Figure 4, Magnetic-anomaly profiles in the vicinity of Site 450 (L-DGO Site Survey data). (Although the amplitudes of the magnetic anomalies are

very low, a north-south lineation is discernible.)

Shikoku Basin during Leg 58 (Klein, Kobayashi, et al.,
in press); if it was the latter, then the basement objective
could not be reached.

The immediate objective of Site 450 was to penetrate
the sediment wedge and drill into acoustic basement as
far as possible to determine basement origin and age.

OPERATIONS

Site 450, the second site in the Parece Vela Basin, is
located approximately 320 km due east of Site 449 and
450 km west of Pagan Island in the Mariana Archi-
pelago. During the transit between Sites 449 and 450,
the freshest winds of the entire cruise were encountered,
and average speed was held to 7.1 knots. Just before the
site was approached, we experienced some difficulty in
navigation related to the fact that all navigational in-
strumentation was temporarily out of commission and
the weather was too cloudly for celestial fixes. The
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LORAN C and satellite navigation units were restored
to service, however, as the ship entered the immediate
area of the site. Because no useable satellite passes were
forecast for several hours, the final approach was made
solely on the basis of LORAN and bathymetry.

The vessel passed over the drill site, changed to a
reciprocal course, and dropped the beacon on the sec-
ond pass (Fig. 6). During the retrieval of seismic gear,
we were delayed for about one-half hour when the han-
dling cable for the 120-cubic-in. air gun was found to be
severed near its attachment point at the air-gun end.

The designated site position was over a pinnacle, in-
terpreted to be a narrow basement horst on the basis of
presite surveys; penetration to this pinnacle, which was
visible on the Challenger seismic-reflection profile, was
necessary if we were to reach basement in the allotted
time. After the ship was positioned over the beacon, it
was displaced 300 meters to the east-southeast in order
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Figure 6. Track of the Glomar Challenger near Site 450 showing
details of pre- and postsite surveys. (The solid circle marks the
position of the site.)

to match the precision depth recorder (PDR) depth with
that previously determined when the Challenger passed
the position of minimum sediment thickness over the
basement pinnacle. Initial positioning conditions were
difficult because of the magnitude and direction of
wind, swells, and currents; about 3.5 additional hours
were required before the vessel could maintain a head-
ing that would reduce roll to a safe level for handling the
drill string. An unexpectedly strong current from the
south interacted with the 20-knot northeast trade winds
and three sets of swells. The initial pipe trip was further
delayed three-quarters of an hour by difficulties with
the pipe racker skate control valve. Hole 450 was

spudded in at 0555 hours, 4 March in 4707 meters of
water.

Concern for the bottom-hole assembly was generated
when hard layers of silicified ash were encountered be-
tween 18 and 25 meters sub-bottom. With rotation,
however, the bit broke through rather quickly because
only thin strata were encountered. Coring operations
proceeded smoothly for the remainder of the hole, ex-
cept for extremely low core recovery through about 60
meters of poorly consolidated ash and tuff beds. No
hole problems were experienced.

Core 36 ended in 2 to 3 meters of hard drilling (Table
1). During the attempt to retrieve the inner core barrel,
it was found to be stuck in place and the safety-release
pin sheared. At about the same time, one of the main
motor bearings of the auxiliary hydraulic unit was dis-
covered to be running rough and hot. Running the bear-
ing to complete failure easily could have damaged the
motor shaft and ended drilling capabilities. This
hydraulic unit powers both the sand-line winch and the
power sub; thus it was not feasible to make another
wire-line attempt or to rotate the drill pipe until repairs
had been made. Because the bearing replacement re-
quired much more time than had been budgeted to Site
450, there was no choice but to retrieve the drill string
and proceed to the next site while repairs were in
progress.

The inner barrel was no longer stuck when the outer
core barrel reached the rig floor. The core recovered
consisted of 2.1 meters of basalt and an equal amount
of overlying sediment. Thus most of the scientific objec-
tives seemed to have been attained.
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Table 1. Coring summary for Hole 450.

Depth below Length Length

Date  Local Depth from

Core  (March, Time Drill Floor Sea Floor Cored Recovered Recovery
No. 1978) (L) {m; top-bottom)  (m; top-bottom) {m) {m}) (%)
1 4 0650 4720.0-4727.5 0.0-7.5 7.5 73 97
2 4 0800 4727.5-4737.0 7.5-17.0 95 8.5 89
3 4 0530 4737.0-4746.5 17.0-26.5 9.5 9.6 101
4 4 1055 4746.5-4756.0 26.5-36.0 9.5 8.5 &7
5 4 1220 4756.0-4765.0 316.0-45.5 9.5 5.5 58
6 4 1345 4765.5-5715.0 45.5-55.5 9.5 1.9 20
| 4 1521 4775.0-4784.5 55.0-64.5 9.5 0.2 2
& 4 1703 A784.5-4794.0 64.5-74.0 v.5 2.9 k(1]
9 4 1830 4794.0-4801.5 74.0-83.5 9.5 Tr o
[{] 4 2008 4803.5-4813.0 £3.5-93.0 9.5 0.0 0
I 4 2148 4813.0-4822.5 93.0-102.5 9.5 0.6 L]
12 4 2320 4822, 5-4832.0 102.5-112.0 9.5 13 35
13 5 0052 4832.0-4841.5 112.0-121.5 9.5 4.3 45
14 5 n22s 4841.5-4851.0 121.5-131.0 9.5 9.6 101
15 5 (400 4851.0-4860.5 131.0-140.5 9.5 1.2 76
16 5 0525 4860.5-4870.0 140.5-150.0 9.5 8.1 RS
17 5 0645 4RT0.0-4879.5 150.0-159.5 w5 1.5 79
I8 s 0802 4879.5-4889.0 159.5-169.0 9.5 1.6 B0
19 s 0924 4B8Y.(-4898. 5 169.0-178.5 9.5 8.7 92
20 - 1040 4898, 5-4908.0 178.5-188.0 9.5 35 7
21 5 1208 4908.0-4917.5 188.0-197.5 9.5 3.0 Ha
22 5 1340 4917.5-4927.0 197.5-207.0 9.5 5.8 L1
23 5 1450 4927.0-4936.5 207.0-216.5 9.5 0.5 5
24 ] 1620 4936.5-4946.0 216.5-226.0 9.5 4.6 48
25 5 1750 4946.0-4955.5 226.0-235.5 9.5 .6 24
26 5 1927 4955.0-4964.5 235.5-245.0 9.5 4.5 47
1) 5 2054 4964, 5-4974.0 245,0-254.5 9.5 2.0 24
28 ] 2230 4974,0-4981.5 254.5-264.0 9.5 1.3 Bl
29 5 2350 4984,0-4991.5 264.0-273.5 9.5 i3 is
30 i 0105 4993.5-5003.0 273.5-283.0 9.5 7.1 75
il ] 0232 5003.0-5012.5 283.0-292.5 9.5 1.5 80
a2 f 0355 5012.5-5022.0 292.5-302.5 9.5 1.0 74
33 6 0515 5022.0-5031.5 302.0-311.5 9.5 6.6 69
14 L 0651 5031.5-5041.0 311.5-321.0 9.5 9 30
15 L 0840 5041,0-5050.5 321.0-330.5 9.5 4.2 S
6 6 1718 5050,5-5060.0 330,5-340.0 9.5 4.2 4
Total 340.0 183.3 539

Had the breakdown not occurred, however, addi-
tional cores would have been taken to answer important
questions about the basalt occurrence. After the con-
tents of Core 36 were studied, revealing evidence of the
intrusive nature of the basalt, it was clear that the key
scientific objectives had not been reached—neither the
age nor the petrology of the basement of Site 450 could
be determined.

In retrospect, it is unfortunate that Site 450 had not
been located over deeper basement rather than on a
basement high. In addition, at the time the site position
was established before the cruise, the abundance of sills
within the Shikoku Basin (northern extension of the
Parece Vela Basin, Leg 58, Klein, Kobayashi, et al., in
press) was not yet published. However, shipboard scien-
tists on Leg 59 were aware of Leg 58 results and thus
were cognizant of the strong possibility of encountering
an intrusive body; perhaps more shipboard latitude for
site selection and drilling time would have been de-
sirable in this case.

The string was retrieved by 1754 L 6 March, and after
a short reflection-profile survey was conducted, the
vessel headed for Site 451.

SEDIMENTARY LITHOLOGY

At Site 450, 333 meters of Pleistocene to middle
Miocene sediments were drilled and continuously cored
down to an intrusive contact with basalt; only 7 meters
of basalt were cored before mechanical difficulties
necessitated termination of drilling 340 meters below the
mudline. Evidence that will be discussed later in this
report suggests that this basalt is not basement but is a
subsediment pillow basalt intrusion.
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The sediments overlying the basalt belong to two
lithologically and genetically distinct major units: Unit
1, middle-Miocene to Pleistocene pelagic clays; and
Unit 2, middle-Miocene fine vitric tuffs with minor
vitric tuffs and rare tuffaceous volcaniclastic conglom-
erate. Within Units 1 and 2, there are enough distinct
and significant variations to merit subdivision into two
and three sub-units, respectively (Fig. 7).

Within Unit 1, Sub-unit 1a (26.5 meters thick) con-
sists of upper-Miocene to Pleistocene dark brown
pelagic clays in the upper 23.5 meters and dark
yellowish brown pelagic clays in the basal 3.0 meters.
These clays are homogenous except for scattered mot-
tles, slightly greater indurated sediment (where locally
enriched volcanic glass and zeolites prevail), a 3-cm
manganese nodule in Core 1, and a patch of volcanic
glass shards presumably from a disintegrated fragment
of pumice. Volcanic glass is disseminated throughout
the sub-unit in background quantities of 3% to 10%,
with the lower values occurring in Core 1; no indurated
lumps occur in Core 1. Also in Core 1, the typical zeolite
content is between 2% and 3%. A smear slide of one of
the lumps in Core 2 contains 86% volcanic glass and 5%
zeolites. Sub-unit 1la is essentially barren of biogenous
content, except for a horizon containing siliceous fossils
in the uppermost meter of the sediment and ubiquitous
phosphatic fish remains in amounts of 1% to 2%.
Amorphous dark brown iron-oxide grains (2-5%) and
micronodules (1-2%) provide the sediment with colora-
tion. The darker mottles are enriched and the lighter
mottles impoverished in these constituents.

Sub-unit 1b, 57.0 meters thick, is a middle-Miocene
to upper-Miocene pelagic clay colored dark yellowish
brown, dark grayish brown, grayish brown, and dark
gray, with minor but significant layers of ash and ashy
clay ranging in thickness between 0.3 and 17 cm, averag-
ing about 7 cm. Cumulatively, these layers comprise
only about 1.5% of the total sub-unit thickness; how-
ever, disseminated glass is an important constituent of
the entire sub-unit, which owes its variegated coloration
to varying glass contents that average about 18% in
smear slides. Nannofossils, which are absent in Sub-unit
la, average about 10% in Sub-unit 1b. Radiolarians are
present in Cores 4 and 5, locally attaining abundances
up to 35% in smear slides.

The contact between Units 1 and 2 was not recovered;
it is placed arbitrarily at the top of core of Core 10 be-
tween the lowest recovery of pelagic clay (Sample 9,CC)
and the uppermost recovery of fine vitric tuff (Sample
10,CC). The abundance of fish remains is less than in
Sub-unit la, occurring only in trace amounts; this
down-core reduction is due in part to dilution by the ash
constituent.

Sub-unit 2a consists of middle-Miocene fine vitric
tuffs with minor vitric tuffs and rare tuffaceous volcan-
iclastic conglomerate; its 241.0-meter thickness com-
prises over 70% of the total section. The glass has been
diagenetically altered in varying degrees to clay miner-
als. Notwithstanding this, the tuff names used for Unit
2 deliberately are not qualified with clayey or clay
prefixes to distinguish the primary explosive volcanic
provenance of Unit 2 from the terrigenous and authi-
genic pelagic clays of Unit 1.
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0.0
Pleistocene
1.5
Sub-unit 1a 10.0-26.5 m).  Dark brown, ash-
17.0 bearing PELAGIC CLAY.
26.5
36.0
. Subaumit 16 (26.5-83.5 m}. Dark yellowish
brawn, dark grayish brown, and
55.5 dark gray ash-rich PELAGIC CLAY
with minor very dark grayish brown
middle and very dark gray ash beds.
845 Miocene
]
74.0
9
835
10
93.0
1025
112.0
1215
131.0
140.5
150.0
E
p 159.5
g 169.0 middle Sub-unit 2a (83.5-3245 m). Dark gray FINE
E ' Miocene VITRIC TUFFS, locally paler and
= nannofossil-bearing, with minor dark
21785 gray and black VITRIC TUFFS and
& rare TUFFACEQUS VOLCANICLAS-
@ TIC CONGLOMERATE, all altered
188.0 diagenetically in varying degrees to
clay minerals.
197.5
207.0
216.5
226.0
2355
245.0
254.5
264.0
273.5 middle
Miccene
2832
Sub-unit 2 1324.5—-332.99 m). Hydrothermally
2025 altered dark grayish brown, dark yellow-
. ish brown, dark reddish gray, reddish
brown, and olive FINE VITRIC TUFFS
302.0 with very minor, very dark grayish
brown, very dark gray, and black
VITRIC TUFFS!
315
Sub-unit  2c (332.99-333.0 m}, Thermally and
321.0 chemically metamorphosed pale yellow-
ish-white FINE VITRIC TUFFS.
330.5 Unit 3 (330.0-340.0 m) PLAGIOCLASE-
CLINOPYROXENE-OLIVINE=PHYRIC
3400 BASALT, pillowed intrusion.

Figure 7. Lithology, age, and core recovery at Site 450. (The heavier line on pillow tops
indicates the top of a pillow-lava unit, which in this case is a subsediment pillowed
intrusion. Core recovery is indicated by the solid symbol. Lithologic symbols are
summarized in the Introduction to this volume.)
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Fine vitric tuffs that comprise 94% of the Sub-unit 2a
sediments were not homogenized by drilling and coring.
These sediments are dark gray, locally paler where
richer in calcareous material and darker where richer in
coarser ash. Dark gray and black vitric tuff beds, rang-
ing in thickness from 1 cm in Core 19 to 282 ¢cm in Core
20, together make up only 5% of the total Sub-unit 2a
sediment. Tuffaceous volcaniclastic conglomerate occur
as six layers in Cores 12 through 14 and as single beds in
Cores 24 and 30. They have an aggregate thickness of
3.4 meters and constitute 1.5% of Sub-unit 2a. These
coarser vitric and pumiceous layers interrupt the tuffs in
the upper 194 meters of the sub-unit, but the basal 47
meters of fine vitric tuff form a homogenous lithology.

Fresh volcanic glass ranges between 5% and 86%,
averaging 38% in smear slides. The crystal component
of the tuffs is minor: feldspar and heavy mineral grains
each average only about 1% in smear slides. Clay min-
erals average 27% and are the product of diagenesis of
glass. Constant values of interstitial water chlorinity
support this impression. Calcium carbonate is a minor
but ubiquitous constituent of the tuffs (0-8%, the
results of shipboard carbonate-bomb analyses). Max-
imum CaCO; bomb values occur in Core 32. Recrystal-
lized carbonate grains are present only in the basal 50
meters of Sub-unit 2a, increasing from trace amounts in
Core 30 to the maximum values of 6% in Core 31. Zeo-
lites are present in small amounts (1-3%). Micronodules
are also disseminated through the sediment in amounts
ranging from traces to 3%.

The tuffs display a remarkably diverse suite of
sedimentary structures, including parallel and ripple
lamination, cross-bedding, load casts, and both normal
and reverse grading in conglomerate and vitric tuff
beds. Normal and reverse faulting and fractures were
also observed. Some of these faults are clearly pene-
contemporaneous deformations; others may be tectonic
(see Chotin, this volume). Faunal activity in the freshly
deposited finer tuffs is evidenced by several moderately
to intensely bioturbated zones; isolated burrows are
even more common. The fine tuffs are massive and
featureless only in beds up to 2 meters thick.

Sub-unit 2b, 8.5 meters thick, appears identical to
Sub-unit 2a lithology, with the exception of hydrother-
mally induced brownish discoloration of the basal fine
vitric tuffs of Unit 2. Also there appears to be an in-
crease in zeolite content up to 20% in some, but not all,
of the smear slides from the sub-unit. The uppermost
brownish material is a dark grayish brown fine vitric
tuff. From this horizon, and within an interval of 43
cm, the colors pass downward through dark yellowish
brown and dark grayish brown to olive-gray, the colors
of the sub-unit in its recovered basal 2.75 meters. The
mineral paragenesis of this sub-unit is reported in detail
in Sartori and Tomadin (this volume).

Sub-unit 2¢ is described in detail later in this chapter.
It is leached to a pale yellowish white color and consists
of 1 cm of fine vitric tuff forming a baked contact with
the uppermost basalt.

Because Site 450 did not reach basement but instead
terminated in a pillow basalt that intruded the sedimen-
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tary sequence, the depositional history of Site 450 re-
corded in the stratigraphic column begins in the middle
Miocene, when the site was already accumulating tuffs
derived from volcanism on the West Mariana Ridge to
the east. The oldest sediments recovered are in contact
with basalt. The basalt is considered to be a very shallow
intrusive body that is essentially penecontemporaneous
with deposition. The lack of coarse ejectamenta in the
Unit 2 tuffs indicates that the site was at some distance
from the major volcanic locus of the West Mariana
Ridge. The coarsest, sand-sized tuffs appear to have
been transported subaqueously as slumps and density
flows, which formed turbiditic as well as directional cur-
rent structures. We assume that the West Mariana Ridge
is the source, because the sedimentary wedge thickens to
the east. At least in part, the finer-grained ashes prob-
ably accumulated as fine laminations from subaerial ash
falls over the site. Carbonate nannofossils are a persis-
tent, if minor, component of the Unit 2 tuffs, indicating
that the seafloor at Site 450 was above the CCD during
the middle Miocene. The low absolute abundance of
this biogenous component results from strong dilution
by the large influxes of ash.

Volcanic activity diminished quite rapidly in the
latest middle Miocene. Contemporaneously, the sea-
floor at Site 450 subsided below the CCD and began
accumulating the pelagic brown clays of Unit 1. Inter-
mittent pulses of volcanism continued into the late Mio-
cene (as recorded in the deposition of a few thin ashy
beds in Sub-unit 1b), but regional volcanism appears to
have ceased altogether by the Pleistocene. By this time
the seafloor had subsided well below the CCD—the
uppermost sediments of Sub-unit la contain virtually
no carbonate.

BIOSTRATIGRAPHY

In the one hole drilled at Site 450, 333 meters of sedi-
ment overlie basalt. Within the sedimentary succession,
pelagic brown clays are present in the uppermost part,
grading downward into ash-rich pelagic clay and vitric
tuff. Fossil occurrences are restricted to a few levels,
with the exception of the calcareous nannoplankton,
which are continuously present from Cores 6 to 35.

In the top of Core 1, a horizon containing diatoms is
found associated with lower-Pleistocene radiolarians
and rare silicoflagellates and sponge spicules. In Cores 4
and 5, nannoplankton, radiolarians, and rare benthic
foraminifers, most of which are arenaceous, are pres-
ent; the nannoplankton and radiolarians indicate the
lower upper Miocene. Below Core 5, sediments are bar-
ren of radiolarians. Planktonic foraminifers occur
sporadically from Core 6 through Core 30. The fora-
miniferal assemblage of Sample 17,CC can be placed in
the interval of Blow’s Zone N.10 to N.12, which is in
good accordance with the nannoplankton data that at
this level indicate Zone NN 6 (Discoaster exilis Zone).
Planktonic foraminifers present in Section 24-1 indicate
that this sample is not older than middle Miocene (prob-
ably Zone N.9). Below Core 30, all samples are essen-
tially barren of foraminifers. Between Cores 6 and 35, a
continuous sequence of the middle-Miocene calcareous



nannoplankton Zones NN 0 (D. hamatus Zone) to NN 5
(Sphenolithus heteromorphus Zone) is present, with fair
preservation of nannofossils. In Cores 34 and 35 cal-
careous nannofossils are strongly etched, with only the
more solution-resistant species preserved. The lower
part of Core 35 as well as Core 36 in the hydrothermally
altered sediments above the basalt are both barren of
fossils.

Calcareous Nannoplankton

Cores 1 to 5 (0-45.5 m) are barren of calcareous nan-
noplankton, with the exception of the lowest part of
Core 4 and the upper part of Core 5. Here poorly pre-
served mixed nannoplankton assemblages of Zones NN
9 (Discoaster hamatus Zone) and NN 10 (D. calcaris
Zone, upper Miocene) are present. From Core 6 down-
ward, calcareous nannoplankton are continuously pres-
ent. The following middle-Miocene zones were iden-
tified: NN 9 (D. hamatus Zone) in Core 6 (45.5-55.0 m),
NN 8 (Catinaster coalitus Zone) in Core 7 and the upper
part of Core 8 (55.0-~66.5 m), NN 7 (D. kugleri Zone)
in the lower part of Core 8 down to Core 12 (~66.5-
112.0 m), NN 6 (D. exilis Zone) in Core 13 to the upper
part of Core 18 (112.0-~163.0 m), and NN 5 (Spheno-
lithus heteromorphus Zone) in the lower part of Core 18
to the upper part of Core 35 (~163.0-~324.0 m).

Preservation in this sequence is fairly good, with
discoasters only slightly overgrown by calcite, probably
owing to the high ash content of the sediment. In the
lowest part (Cores 34 and 35), however, the calcareous
nannofossils are strongly etched and only the more
solution-resistant parts are preserved. The lower part of
Core 35 and Core 36 are barren of calcareous nanno-
plankton.

Foraminifers

Cores 1 through 3 are barren of foraminifers.
Samples from Cores 4 and 5 are either barren or con-
tain only rare arenaceous or rare, poorly preserved,
calcareous benthic specimens. Planktonic foraminifers
occur sporadically from Cores 6 through 30. The pres-
ence of rare Globorotalia peripheroronda in Section
12-2 and Section 15-3 indicates that these samples date
from the early to middle Miocene (Zones N.5-N.13).
Sample 17,CC contains G. fohsi fohsi (in addition to G.
peripheroronda), which places this sample within
Blow’s middle-Miocene Zones N.10-N.12. Section 24-1
still contains Orbulina universa, a species that does not
occur below middle-Miocene Zone N.9. The interval
from the base of Core 24 to the contact with basalt in
Core 36 is nearly barren of foraminifers.

Radiolarians

Of the 36 cores drilled at Site 450, three contain
radiolarians: Sample 1-1, 57-59 cm has a meager lower-
Pleistocene fauna with Sty/atractus universus; and Sam-
ples 4,CC and 5,CC feature a sparse assemblage belong-
ing to the lower upper Miocene Ommatartus ante-
penultimus Zone.

SITE 450

Diatoms and Silicoflagellates

Diatoms occur only in the upper part of Core 1 (Sam-
ple 1-1, ~50-60 cm) and include Coscinodiscus spp.
and fragments of a large Ethmodiscus species. They are
associated with lower Pleistocene radiolarians and rare
silicoflagellates and sponge spicules.

PALEOENVIRONMENT

Cores 1 through 3 lack calcareous fossils and prob-
ably were deposited below the CCD. Parts of Cores 4
and 5 contain poorly preserved nannofossils and/or
benthic (but no planktonic) foraminifers, suggesting
deposition below the calcite lysocline. From Core 6
down to the middle of Core 35, nannofossils are con-
tinuously present, and relatively diverse planktonic
foraminifers occur from the base of Core 6 through
Core 17 but are rare and sporadic below Core 17. These
data may indicate that the lower portion of the sediment
column (Core 6 and below) was deposited somewhat
above the CCD. However, extensive diagenesis of
volcanic glass to clays and recrystallization of calcite in
the lower part of the core suggest that an adverse pore-
water chemical environment accounted for the rareness
of foraminifers below Core 17. Also hydrothermal
alteration close to the basalt/sediment contact probably
accounts for the etching of nannofossils in Cores 34 and
35 and the absence of fossils in the lower part of Core 35
and in Core 36.

The scarcity of benthic foraminifers at this site pre-
cludes their use in precise environmental interpretation.

ACCUMULATION RATES

The sequential occurrences of four nannofossil zonal
boundaries and lower Pleistocene radiolarians allows a
measure of sediment accumulation rates at Site 450 (Fig.
8). The resulting curve is distinguished by two promi-
nent features: a remarkably constant rate of deposition
for the middle Miocene tuffaceous sediments amount-
ing to greater than 50 m/m.y.; and an abrupt transition
to approximately slightly greater than 2 m/m.y., which
takes place toward the end of the middle Miocene. This
transition marks the cessation of a predominantly
volcanogenic sedimentary regime in this area and the
subsequent continuation of undiluted, typical pelagic
sedimentation during the remaining time between the
Miocene and the Quaternary.

Although no paleontologic boundary is available in
the lowest 15 meters above the basalt/sediment contact
in Hole 450, the NN 5 assemblage is present to within 9
meters of the contact, and extrapolation of an age of
about 17 m.y. for this contact can be made with reason-
able confidence, owing to the uniformity of the tuf-
faceous sediments throughout most of the hole and the
surprising linearity of the curve of Figure 8.

ORGANIC GEOCHEMISTRY

A single sample was collected from the gas show in
Section 3-4 and analyzed by the gas-ghromatographic
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Table 2. Organic carbon and nitrogen contents (after carbonate
dissolution).
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Figure 8. Accumulation rates estimated for the sedimentary sequence
of Site 450. (The time-scale is after Schlanger et al. [1976]. The
definition of the nannofossil zonal boundaries follows Martini
[1971]; the calibration of these zonal boundaries to the time-scale
is taken from Martini [1976]. Stylatractus universus is present in
the lower-Pleistocene radiolarian fauna found in the upper part of
Section 450-1-1. The dashed line represents accumulation rates ex-
trapolated on a basis of lithologic boundaries where paleontologic
control is lacking.)

methods outlined in the Introduction (this volume). As
with the shows of the other sites, no hydrocarbon gases
were detected, but minor amounts of CO, were present.
The lack of hydrocarbon gases is probably because of
an absence of appropriate source material.

Analytic methods for organic carbon and nitrogen
analyses of the 44 samples investigated are discussed in
the Introduction (this volume). The results are given in
Table 2 and plotted against depth in Figure 9. Within
sedimentary Unit 1 there is a gradual decrease in the
organic carbon content of the carbonate-free sediment
over the upper 30 meters of recovered cores. This trend
is similar to that found at Site 449 and may again be at-
tributed to microbial action in the uppermost horizons
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Organic
Lithologic Sample Carbon  Nitrogen C:N
Sub-unit  (intervals in cm)  (wt. o)  (wt. %)  (atomic ratio)
la 1-1, 114-115 0.34 0.082 4.8
la 1-3, 114-115 0.40 0.077 6.1
la 2-1, 114-115 0.28 0.076 4.3
la 2-3, 110-111 0.25 0.036 8.1
la 3-1, 100-101 0.27 0.048 6.6
la 3-3, 100-101 0.31 0.046 7.9
la 3-5, 107-108 0.19 0.058 3.8
1b 4-1, 55-56 0.16 0.015 12.5
Ib 4-3, 75-76 0.12 0.010 14.0
1b 4-5, 124-125 0.16 0.010 18.7
1b 5-1, 90-91 0.15 0.011 16.0
1b 5-3, 90-91 0.11 0.010 12.9
1b 8-1, 39-40 0.14 0.008 20.5
1b 8-2, 39-40 0.13 0.010 15.2
2a 11-1, 41-42 0.19 0.007 31.8
2a 12-1, 133-134 0.07 0.005 16.4
2a 12-3, 2-3 0.08 0.005 18.7
2a 13-1, 136-137 0.07 0.005 16.4
2a 13-3, 49-50 0.06 0.003 23.4
2a 14-1, 69-70 0.07 0.005 16.4
2a 14-4, 96-97 0.08 0.003 31.2
2a 15-2, 29-30 0.11 0.006 21.5
2a 15-4, 52-53 0.10 0.004 29.2
2a 16-1, 115-116 0.11 0.003 42.9
2a 16-4, 41-42 0.10 0.005 23.4
2a 16-6, 54-55 0.11 0.005 25.7
2a 17-1, 70-71 0.10 0.005 23.4
2a 17-3, 70-71 0.22 0.010 25.7
2a 18-2, 73-75 0.09 0.005 21.1
2a 20-3, 18-21 0.10 0.006 19.5
2a 21-2, 77-79 0.13 0.004 38.0
2a 214, 77-79 0.03 0.002 17.6
2a 22-1, 31-34 0.10 0.005 234
2a 22-6, 14-15 0.06 0.004 17.6
2a 24-1, 70-71 0.10 0.006 19.5
2a 25-1, 131-133 0.04 0.003 15.6
2a 26-1, 81-83 0.07 0.004 20.5
2a 27-1, 132-134 0.08 0.004 234
2a 28-1, 26-28 0.07 0.007 11.7
2a 28-3, 64-66 0.05 0.003 19.5
2a 29-2, 102-104 0.06 0.005 14.0
2a 30-1, 93-95 0.14 0.009 18.2
2a 32-1, 75-77 0.09 0.003 35.1
2a 34-1, 20-21 0.12 0.004 351

of sediment. Below this top 30 meters, the organic car-
bon content of the carbonate-free sediments remains ap-
proximately constant at around 0.1 wt. %. The nitrogen
content also appears to decrease over the uppermost 30
meters of the sequence to values less than 0.01 wt. %
and remains virtually constant with depth in the vitric
tuff sequence of Unit 2. It is possible that the initial
decrease in nitrogen content within Unit 1 reflects the
activity of nitrogen-fixing bacteria, which play an im-
portant role in many sedimentary environments by en-
hancing cyclization of nitrogen within the aquatic food
web. The sharp drop in nitrogen content between Sec-
tion 3-5 and Section 4-1 resembles that found at Site 449
and is also inexplicable, being independent of lithologic
change. The C:N ratio increases from about 5 to 15 in
the upper 30 meters of the sediments, resembling the
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Figure 9. Results of organic carbon and nitrogen analyses plotted ver-
sus sub-bottom depth in meters.

pattern observed at Site 449. This result seems to suggest
that nitrogen-containing compounds are removed or
altered more rapidly than, or preferentially to, carbon
compounds. In the vitric tuff sequence of Unit 2a the
C:N ratios are erratic, reflecting the inherent inac-
curacies in the measurement of the extremely low
amounts of nitrogen present.

Methods of Rock Eval analyses are given in the In-
troduction (this volume), and the results are sum-
marized in Table 3. In Unit 1 the S, response matches
that found for clay-rich lithologies at Sites 447 and 449
and may be attributed to the same unidentified
phenomenon. The variation among Sites 447, 449, 450
in the results for the vitric tuffs probably stems from the
differences in the extent of their alteration to clays.

INORGANIC GEOCHEMISTRY OF
INTERSTITIAL WATER

Interstitial-water analyses were conducted on eight
samples (Sections 1-1, 5-2, 12-2, 16-3, 20-1, 24-3, 28-4
and 32-3) from Hole 450. The data obtained from these
analyses are plotted against depth in Figure 10. The ma-
jor feature of this site was the concomittant decrease in
Mg?+ content and increase in Ca2*content with depth.
This phenomenon, previously observed at several DSDP
sites, is explicable as a result of diagenetic changes in

SITE 450

Table 3. Qualitative estimate of the relative amounts of free

hydrocarbons, bound hydrocarbons, and CO3 from kerogen
(and carbonate-rich sediments) based upon sizes of S1, Sp, and
83 peaks, respectively, from Rock Eval analyses.

Free Bound CO3 from
Lithologic = No. of Hydrocarbon Hydrocarbon Kerogen
Unit Samples (S1) (S2) (53)
1 14 -/+ ++/+++ -
2 30 -/ + -/ + -
Note: — = undetectable, —/+ = undetectable to minor, and
++/+++ = moderate to major relative amounts.
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Figure 10. Results of analyses of interstitial water samples plotted ver-
sus sub-bottom depth in meters. (IAPSO and standard and surface
sea-water sample analyses are shown for comparison.)
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Figure 11. Millieguivalents of Ca2+ per liter versus milliequivalents of
Mg2+ per liter.

clay mineralogy where Mg2+ replaces Ca2*, thereby
removing Mg2+* from and contributing Ca?* to the in-
terstitial water. It is also possible, however, that low-
temperature reaction of basaltic glass with sea water
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may have contributed to these changes because Mg-rich
clays are formed during basalt glass alteration and Ca is
leached from the glass. It should be noted, however,
that this reaction requires formation of clays, not simple
hydration of the glass that would create an opposite
Mg?+ effect (Thompson, 1973). In addition, the
devitrification of volcanic glass releases Ca?* to the
pore waters. The Ca?+ and Mg?* data show a linear
correlation (Fig. 11) to a depth of 225 meters with a
ACa?+//A\Mg?+* ratio of about 0.8. With increasing
depth the pH increases, whereas the alkalinity declines
(Fig. 10), suggesting that with increasing depth the in-
terstitial water is gradually becoming saturated with
calcite. This phenomenon will also lead to an increase in
Ca?* content. The salinity and chlorinity show only
minor fluctuations with depth.

IGNEOUS PETROGRAPHY

After drilling through 333.0 meters of pelagic clays
and underlying tuffs, 1.7 meters of basalt were re-
covered from the last core (Core 36), which penetrated
to 340.0 meters sub-bottom.

The contact relations of that basalt appear to be in-
trusive: An aureole (8.5 m thick) of relatively low-
temperature hydrothermal alteration exists above this
igneous body, where the unaffected monotonous gray
tuffs of Sub-unit 2a become brown and contain zeolite-
rich layers in Sub-unit 2b. At least 1 cm of the tuff con-

tact is baked and leached to form the pale yellowish
white tuff of Sub-unit 2¢ and probably represents the
only part of the host rock greatly affected by thermal
and chemical metamorphism. The immediate contact it-
self has a very thin (0.1 mm), black, glass rim that is
ruptured by 0.2 to 0.5-mm-diameter vents from which
tiny cauliflower-shaped jets of glass (1-3 mm long) are
injected into the baked sediment (Fig. 12). Several of
these features decorate a 4-cm-long preserved contact,
definitely requiring an intrusive relationship with over-
lying tuffs. The cauliflower-shaped jets of glass have
been altered to dark blackish green and brownish black
patches; below the thin, black, glass rim occurs a transi-
tion through about 2 to 5 mm of black glass and vario-
lites into a pale brownish gray, solid variolitic zone
roughly 5 to 10 mm thick.

The 1.7 meters of basalt recovered from this site con-
tain numerous variolitic or glassy zones, many with high
dip angles, suggesting that this basalt forms a pillowed
eruptive unit. Thus we conclude that basalts intruded in-
to relatively fluid, unconsolidated ashes that were
pushed aside, allowing pillow formation mechanisms to
operate below the sea-water/sediment interface.
Thereby a subsediment pillow basalt was created.

These basalts are dark- to medium-gray and have
glassy, variolitic, or fine-grained intersertal textures.
Phenocrysts and large glomerocrysts (1-5 mm) of
plagioclase, clinopyroxene, and occasional reddish

127
cm

126

Figul:e 12. Contact of basalt and sediments. (Baked contact of hydrothermally altered and leached tuffs with chilled glassy margin of the uppermost
pillow basalt. The leached tuff is white. The thin black glass rim can be seen clearly on the upper right margin. Cauliflower-shaped intrusions of
this glass into the leached tuff are best seen along the upper left margin. Below the black glass is a zone with a variolitic texture about 1 cm
thick that grades into hyalopilitic textures at the base of the photograph.)
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brown smectite pseudomorphs of olivine (0.5-2 mm) are
common. Rare vesicles (1-2 mm diameter) are infilled
with calcite, zeolites, or green smectite. Small veins
(0.2-1 mm) of this secondary mineral assemblage are
also common.

In thin section, basalts from Site 450 contain 7 to
17% phenocrysts and >80% groundmass that displays
spherulitic or hyalopilitic quench textures. Phenocrysts
of plagioclase are common (90-95% phenocrysts), 0.5
to 6 mm in size, and contain numerous glass inclusions.
Core compositions range from Ang, to Ang and show
relatively little zonation. A few crystals are partially
replaced by calcite or zeolite. Clinopyroxene and oli-
vine phenocrysts are less common (5-10%); the olivines
are now completely pseudomorphed by iddingsite,
clays, and zeolites. These crystals are from 0.2 to 0.5
mm in size and are characteristically skeletal or
glomerophyric with plagioclase.

The groundmass is composed predominantly of de-
vitrified glass with flow-aligned microlites of plagio-
clase. Subophitic clots of clinopyroxene are found in
more crystalline areas. Approximately 5% to 10% of
the devitrified glass has altered to green smectite and
felted zeolites. Secondary calcite, smectites, and zeolites
infill the rare vesicles (0.5 mm in diameter) and form
thin veins.

The basalts recovered from Site 450 probably do not
represent true oceanic basaltic basement of the eastern
side of the Parece Vela Basin for several reasons: Seis-
mic reflection profiles indicate that this feature is
relatively small (less than 1 km across), and it is doubt-
ful that such narrow structural blocks exist. The profiles
indicate that basement is significantly deeper nearby (>
200 m). Finally, contact relations show that the basalt
intruded a shallow level and into unconsolidated ash.

Three possible interpretations of these relationships
exist: First, the basalt intrusion may be associated with
seamount-type volcanism superimposed on the basin.
Second, the basalt intrusion may be associated with
island arc-type volcanism behind the arc proper, and if
so, may be somewhat alkalic. And third, the basalt in-
trusion may represent a late stage of basement forma-
tion; if the influx of volcanic debris from the east is ex-
ceedingly rapid, 100 meters may accumulate in less than
a million years, and the basalt magmas may find them-
selves inundated before the final stage of spreading-
center magmatic activity. If this is the case, then the age
of the basalt is only slightly younger than the basement.

Except for the presence of clinopyroxene, the absence
of spinel microphenocrysts, and a generally greater in-
tensity of low-temperature alteration, however, these
basalts are petrographically similar to those recovered
from the basement of the western Parece Vela Basin
(Site 449), both of which resemble typical Layer-2
basalt.

Site 54 (Leg 6, situated 125 km southwest of Site 450)
recovered analogous plagioclase-olivine-phyric basalts
at a depth of 292 meters sub-bottom below a lower- to
middle Miocene calcareous ash sequence. Unfortu-
nately the sediment/basalt contact was not completely
recovered at this site. At Site 53 (44.5 km east of Site
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450), however, fragments of basalt and andesite were
encountered at a sub-bottom depth of 195 meters. The
overlying sediments (upper Oligocene to lower
Miocene), limestones, tuffs, and tuffaceous volcan-
iclastic conglomerates show evidence of thermal meta-
morphism, and these volcanic units were interpreted as
either dikes or shallow sills (Fischer, Heezen, et al.,
1971) on this evidence.

METAMORPHIC PETROGRAPHY

The tuffaceous sediments that overlie the basalts at
333.0 meters sub-bottom have been distinctly altered,
presumably by relatively low-temperature hydrothermal
alteration. A brownish colored aureole about 8.5 meters
thick covers the igneous contact. Sedimentary constit-
uents, structures, and textures do not change across the
boundary from unaffected homogenous gray tuff to
altered reddish brown tuff. Colors change from grays
and greenish grays (5Y 2/1, 5Y 4/1, S5GY 3/2) above
324.5 meters to browns (10YR 4/2, 10YR 3/4 and 5YR
4/2) below that level; the tuffs are slightly mottled to
evenly colored within 15 cm from the contact. Min-
eralogic changes occur with the appearance of zeolite-
rich zones (with up to 20% zeolites at 324.9 m sub-
bottom), the appearance of monoclinic alkali feldspars
in the last 1.5 meters, and 5% clinoptilolite and phillip-
site in the last 0.2 meters of sediments collected just
above the basalts (see Sartori, this volume).

The last 15 cm of tuff recovered immediately above
the contact consist of an interlayered complex of brown
(7.5YR 4/2) and dark gray (5YR 3/1) tuffs. The dark
gray tuffs are interpreted as a thermally metamorphosed
equivalent of the hydrothermally altered brown tuffs.
Small black blebs and streaks probably are remobilized
and concentrated manganese. The contacts between
these two lithologies are irregular and sharp.

The immediate contact consists of a l-cm pale
yellowish white, baked and leached zone in the tuffs and
a chilled glassy margin in the basalts described earlier.
Probably only this zone has undergone the effect of
high-temperature reaction with fluids. No significant
amount of iron appears to be left in this rock, and it fur-
ther appears to be fused to the glassy margin of the ba-
salts. Both in pillow interstices and within pillows
themselves small metamorphosed inclusions of tuff oc-
cur (see Hajash, this volume).

PALEOMAGNETISM

Twenty-six samples were collected from the sedi-
ments of Hole 450. Table 4 summarizes the natural
remanent magnetization (NRM) results. The mean in-
clination at this site, based upon the NRM results, was
found to be 20.2° and the mean latitude 10.6° (standard
deviation = 14.6). The present latitude at this site is
18°, thus this portion of the Philippine Sea may have
undergone a northward motion of at least 8° since the
middle Miocene.

Roughly half of the inclinations at this site are posi-
tive, and half are negative. Previously published polar-
ity studies of the middle Miocene indicate a roughly
equal division of the normal and reversed polarity
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Table 4. Paleomagnetic declination, inclination, and magnetic
intensity of samples from Hole 450 sedimentary rocks.

Sample
(core-section, depth Declination  Inclination Intensity
of interval in cm) (°) (9 (emu/cm3)

17-1, 18 155.67 ~21.77 0.4181 x 10-3
17-2, 104 335.16 14.03 0.7463 x 10-3
17-3, 86 189.52 -1.62 0.3210 x 104
18-1, 30 68.00 ~39.60 0.1000 x 10-2
18-2, 75 170.00 -62.30 0.5990 x 10-3
184, 121 332.46 -40.18 0.6874 x 10~4
19-1, 13 111.70 3.40 0.7410 x 10-2
19-3, 86 169.50 -25.30 0.8300 x 10-2
194, 33 250.50 -16.10 0.5040 x 10-2
19-5, 49 269.40 13.00 0.1580 x 10-2
21-1, 32 310.70 -12.33 0.1493 x 10-2
21-2, 52 209.86 -1.71 0.8553 x 104
21-3, 55 233.47 25.14 0.3686 x 10-3
21-5, 61 335.18 -12.36 0.1588 x 10-3
23-1, 13 131.21 21.11 0.5683 x 10-3
25-1, 26 190.65 -45.99 0.1457 x 10-3
25-2, 76 284.76 44.60 0.2027 x 103
26-1, 65 14.98 -6.55 0.1805 x 10-3
26-3, 101 167.65 8.55 0.1500 x 10-3
29-1, 26 3.26 22.62 0.5283 x 10-3
314, 82 212.46 -28.92 0.2446 x 10-3
327, 4 170.97 -6.38 0.2514 x 10-3
33-2, 54 180.03 0.47 0.2208 x 10-3
35-1, 54 180.03 0.47 0.2208 x 10-3
35-2, 133 17.74 16.37 0.4814 x 10-3
35-3, 92 195.54 42.08 0.2995 x 10-3

in this interval. Eight reversed-polarity zones should
be present in this interval (nannofossil Zone NN 5),
with several brief normal polarity events also present
(F. Theyer, personal communication). Paleomagnetic
results from this site are consistent with this polarity
pattern, suggesting the presence of several reversed-
polarity zones. The normal criteria (minimum of two
samples per zone) for delineating polarity intervals,
however, could not be met, because most of the cores
from this hole were too fragmented or too disturbed by
drilling to enable us to be certain of the vertical orienta-
tion. In summary, the shipboard paleomagnetic results
from this site, although limited, are clearly consistent
with other Cenozoic magnetic polarity studies.

PHYSICAL PROPERTIES

Physical properties measured on the sediments and
one sample of basalt recovered from Hole 450 include
sonic velocity (horizontal and vertical), wet-bulk den-
sity, water content, porosity, and acoustic impedance.
Recovery at the site was good, and physical properties
were measured on almost every core down to the basalt
(Core 36). Methods and procedures are briefly sum-
marized in the Introduction (this volume). Results are
listed in Table 5 and are shown graphically in Figure 13.

Physical properties of the sediments overlying the
basalt correlate well with the two lithologic units recog-
nized in Hole 449. In the predominantly pelagic clays of
Unit 1, between the seafloor and 83.5 meters sub-
bottom, sonic velocities range from 1.49 to 1.58 km/s,
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averaging 1.54 km/s. In the vitric tuffs of Unit 2 below
83.5 meters sub-bottom, sonic velocities range from 1.7
to more than 2.1 km/s, generally increasing with depth.
The velocity of the lowermost indurated beds overlying
the basalt almost reaches 2.2 km/s. Anisotropy appears
to be present, with horizontal velocities consistently
higher than vertical velocities. The velocity of the basalt
recovered from the bottom of the hole is 5.2 km/s and is
comparable to basalt velocities measured at Hole 447A.

Densities in the semiconsolidated vitric tuff sequence,
between 83.5 and 333.0 meters sub-bottom, range from
1.45 to 1.68 g/cm? without any significant correlation
with depth. The density of the basalt sample, recovered
at 333.53 meters sub-bottom depth, is 2.81 g/cmd.
Water content of the vitric tuff, ranges from 49% to
29% and seems to decrease slightly with depth. Poros-
ities range from 60.0% to 72.0%, with no apparent cor-
relation with depth. Acoustic impedance of the vitric
tuff generally increases with depth and ranges from 2.69
to 3.33 x 105 g/(cm3s). Acoustic impedance of the
basalt is 14.67 x 105 g/(cm?3s).

GEOPHYSICS

Acoustically well-stratified sediments attain a con-
siderable thickness on the eastern side of the Parece
Vela Basin, in contrast to the western side. Water depths
range from around 6 km in the rougher and deeper part
of the basin near and in the IPOD Trough to about 4 km
in the smoother and shallower part of the basin adjacent
to the West Mariana Ridge. The rough basement
topography is progressively buried eastward below the
thick sedimentary wedge apparently derived from the
West Mariana Ridge. Site 450 is located approximately
150 km east of the IPOD Trough and 250 km west of the
West Mariana Ridge at the distal end of the sedimentary
apron of the ridge.

Discussing the crustal structure of the Philippine Sea,
Murauchi et al. (1968) describe the results from the
reversed refraction line shot in the eastern Parece Vela
Basin. A relatively thick sedimentary veneer (0.63-km
thick, with a velocity of 2.3 km/s) is reported to be
underlain by a 1.6-km-thick, 5.0-km/s layer, in turn
underlain by a 4.9-km-thick, 6.8-km/s Layer 3.,

As we approached Site 450 from the west, the reflec-
tion profile recorded on board the Challenger (Fig. 14)
so closely resembled the L-DGO site-survey multichan-
nel monitor profile that these data were able to be used
for vessel navigation. Proximity to the site was def-
initely established by comparing the two data sets. As
the actual site was crossed, however, it became im-
mediately apparent that precise positioning of the ship
over the crest of the reflection hyperbola defining the
drilling target was essential in order to avoid time-
consuming, deep penetration of the thick sedimentary-
sequence on either side of the drilling target (in this case,
the source generator of the reflection hyperbola).
Moreover, although nearby piercement structures in the
vicinity of the site obviously disturbed and deformed the
entire sediment column almost to the surface (Fig. 14),
no indication of the intrusive nature of the source of the
reflection hyperbola at Site 450 was discerned in the
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Table 5. Physical properties of sedimentary and igneous rocks from Hole 450.

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom Sonic Veloci (section 2-min Water Grain Acoustic
Sample Depth mic ~elocty Gravimetric averages) GRAPE  Contemt  Porosity Densi?' Impedance
{hole-core-section) (m) Horizontal Vertical  (g/cm?) (g/emd)b  (g/emd)b (%) (%) @cmd)  [x 103g/(cmZs)]

450-1-1 0.75 — — — — 1.25 — - — - A
450-1-2 2.25 — - = = 1.30 = = - -
450-1-2 2.53 1.495 — — —_ —_ == = = — —
450-1-3 3.75 . = = = 1.26 = _ ez, - _
450-1-3 4,08 1.512 = =1 == h == = = - =
450-1-4 5.25 —_ =3 = 127 = — T e 2y
450-1-4 5.97 — — s — i = 68.48 = = _
450-2-1 8.25 - = 2 = 1.29 = i - = _
450-2-3 11.25 = = = - 1.34 = - = _ _
450-24 12.75 —_ = — 1.33 == ek = - -
450-2-6 15.23 1.539 — — — = = s -— —
450-3-1 17.75 — = = = 1.26 - = _ — —
450-3-3 20.75 = - o - 1.25 = = = _ _
450-34 22,96 1.543 — —_ — — = =t i T —
450-3-5 23.75 — - = — 1.40 = —= — — _
450-4-1 27.25 - — ooy e 1.48 = — — - —
45044 3175 - — = - 1.47 - = — _ _
450-4-4 32.29 1.580 — = — - — = - — —
4504-5 33.25 - — — - 5 — - — — _
450-5-1 36.75 — - - = 1.50 _ _ — - _
450-5-2 38.25 — — — — 1.56 o — — — _
450-5-2 38.62 1.560 —_ — — —_ — — — — —
450-5-2 38.97 - - — — — - 46.84 — — _
450-5-3 39.75 - — - — 1.49 - - — — —
450-6-1 46.25 —_ —_ —-— — 1.41 — _ — —
450-8-1 65.25 — - - - 1.51 - _— — — ==
450-8-1 65.57 1.571 — — —_ — — — — — -
450-8-2 66.75 - - - - 1.34 — — - - -
450-11-1 93,12 — — — — — — — — — 2.93
450-11-1 93.13 - — — 1.541 — — 44,61 68.74 2.730 —
450-12-2 104.54 1.798 = 1.754 — — e - - - 2.80
450-12-2 104.55 - - - 1.596 - — 40,42 64.52 2.680 -
450-12-2 104.75 = = = o= 1.54 = = = — =
450-12-2 105.45 = — = = = = 37.24 = = =
450-13-1 112,12 1.701 — 1.680 — —_ — —_ — 2.
450-13-1 112.13 -_ — — 1.599 — — 319.64 63.39 2.637 —
450-14-1 122.25 — — — — 1.58 == s == = =
450-14-3 125.25 — — == = 1.58 - £ s = =
450-14-5 128.25 — — - - 1.65 — == = = e
450-15-2 133.25 — — = = 1.53 s 25 3 o =
450-15-4 136.25 — — — — 1.56 — - - - -
450-16-1 141.25 - —_ - =N 1.52 = 5 s = =
450-16-3 144.25 - — = = 1.51 = o sz o =
450-16-3 144.95 — — — — — — 33.88 - — —
450-16-5 147.25 - —_ o= -— 1.48 == = == o o
450-16-6 148.28 1.932 — 1.918 — - — - — 3.19
450-16-6 148.30 —_ — — 1.663 — — 3729 62.01 2.745 =
450-17-1 150.75 — — — — 41 o = —_ —
450-17-3 153.75 - - = = 1 = = == - -
450-17-5 156.14 1.952 — 1.870 — — — — — —
450-17-5 156.16 -_ - - 1.588 - 42.12 66.90 2.778 =
450-17-5 156.75 — — —_ — 1 = == - e —
450-18-2 161.75 = = = - 48 _ g _ _ _
450-18-4 164.27 1.822 — 1.787 —_ - — — — — 2.69
450-18-4 164.28 — — - 1.506 = — 47.67 71.78 2.792 -
450-18-4 164.75 o = — e 1.48 — . = — —
450-19-2 171.25 o — — s 1.54 = 2 . _ _
450-19-3 172.69 1.962 - 1.876 — —_ - - - —_— 2.95
450-19-3 172.70 - - - 1.572 - = 43.05 67.67 2.769 -
450-19-4 174.25 — — — — 1.47 — - . — —
450-20-1 179.95 — —_ - — i s 36.38 . —_ —
450-20-2 180.75 = — — - 1.64 _ _ — _ —
450-21-1 188.13 1.874 — 1.822 s e — — - — 272
450-21-1 188.14 -_ —_ - 1.449 —_ — 49.33 71.48 2.575 -
450-21-2 190.25 - — - — 1.51 - - — — =
450-21-4 193.25 -_ — — — 1.55 —_ - - —_ -
450-22-1 198.15 1.894 — 1.813 — — — — — — 2.78
450-22-1 198.16 — — s 1.536 — — 44.81 68,80 2M7 —
450-24-1 217.00 1.954 - 1.932 — - — _ — — 3.24
450-24-1 217.01 — — — 1.679 — — 36.24 60.84 2.7713 —
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Table 5. (Continued).

Wet-Bulk Density

Continuous
GRAPE Special Calculated
Sub-bottom ic Veloci {section 2-min Water Grain Acoustic
Sample Depth Sonic Velocity Gravimetric averages) GRAPE  Content  Porosity Densil]y Impedance
(hole-core-section) (m) Horizontal Vertical (g/cm3) (g/emAb  (g/emb () (%) (g/cm?) [x 105g/(cm2s)]

450-24-2 218.75 —_ - = — 1.66 = = — — —
450-24-3 220.25 - - — - 1.72 = . — — —
450-24-3 20.95 — — — — - — 28.61 — — —
450-25-1 27.12 2.004 — 1.935 — — - — — — 3.11
450-25-1 27.13 — — — 1.606 — — 41.23 66.19 2.791 —
450-26-1 235.57 1.924 — 1.833 — - = — — — 2.89
450-26-1 235.59 - — — 1.576 - — 40.13 63.26 2.569 —_
450-26-2 237.75 — — - - 1.52 - —_ — — —
450-27-1 245.10 1.979 — 1.966 — — — - — — 3.2
450-27-1 245.11 — — — 1.588 - — 42.09 66.83 2.772 —
450-27-1 245.15 . — — — = 1,727 = — = =
450-28-1 255.64 1.930 — 1.923 — .- - = — = 3.01
450-28-1 255.65 - — — 1.563 - — 43.88 68.58 2.791 —
450-28-2 256.75 — — - 1.50 _— —- = —_ ==
450-28-4 25975 — - —_ _ 1.47 — a— — — Fs
450-28-4 260.45 — — — - — 43.66 — — —
450-29-1 264.45 1.898 — 1.849 — — — — - - 2.94
450-29-1 264.47 — — —_ 1.591 — — 40,12 63.84 2.635 -
450-29-2 266.25 — — = 1.48 = — = = =
450-30-1 273.92 1.951 — 1.851 — — — — — — 2,95
450-30-1 273.93 — — — 1.596 - — 40,16 64.09 2.659 —
450-30-2 275,75 - - — — 1.56 — - - = s
450-30-4 278.75 = — = = 1.56 — =, = s o
450-31-2 285.25 = = 2 1.52 - e = g= =
450-31-3 286.75 = = = = 1.58 — = = s -
450-31-4 288.36 2.064 — 1.970 — — — — - — 3.22
450-31-4 2838 — —_ — 1.635 — — 37.64 61.56 2.652 —
450-32-1 293.96 1.997 - 1.889 £ = = 2 = o 1.04
450-32-1 293,97 — 1.611 — — 39.23 63.19 2.658 —
450-32-3 296.25 == = = = 1.53 = . = = =
450-32-3 296.95 — - — - — — 39.83 - — —
450-33-2 304.25 == = — o= 1.54 = — = — =
450-33-4 307.25 = - — - 1.62 = = = — _
450-34-1 312.25 = - — = 1.49 = — = - _
450-34-2 313.21 2.169 — 2.046 — - — - — — 3.33
450-34-2 313.22 — — — 1.628 — - 38.33 62.39 2.669 —
450-35-1 321.75 — — — s 1.56 = — — _ _
450-35-1 322,32 2,122 - 2.001 — — — — — 3.17
450-35-1 322.33 — — — 1.585 - - 40.38 64.01 2.626 —
450-35-3 324.75 - — — — 1.61 _ _ _ _ _
450-36-1 331.25 — — — — 1.61 — — —_ — —
450-36-2 332.75 - - - - 1.71 — — — — —
450-36-3 333.53 - 5.2282 — — — — _ _ _
450-36-3 333.57 — — — — — 2.804 — — = =
450-36-3 331.65 - — — 2.812 — —_ —_ — -

2 Basalt average velocity.
b Based on an assumed grain density of 2.75 gfcm-‘,

profile. The overlying reflectors simply appeared to be
draped over the feature. On departure from Site 450,
however, close inspection of the postsite survey profile
revealed a suggestion of external centripetal dip in the
deeper strata on either side of the feature, even though
no structural deformation of the shallower reflectors
over the feature was observed (such as reflector ‘‘white
out’’ caused by ring fracturing). This could be taken to
indicate that intrusion occurred almost penecontem-
poraneously with deposition of the intruded sediment.
Assuming an average sonic velocity of 1.83 km/s for
the sediment at the site, as determined by shipboard
measurement on cored sediments from Hole 450 and a
minimum of 0.33 s of reflection time (measured on the
profile across the site at the time of the beacon drop),
the shallowest depth at which the feature could have
been expected to be encountered is 300 meters. Con-
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sidering the previously mentioned positioning problems,
the narrow target pinnacle, and errors inherent in
estimating depths from reflection profiles, the depth
estimate is in good agreement with the actual depth of
333 meters at which the intrusive basalt was drilled at
Hole 450.

SUMMARY AND CONCLUSIONS

Site 450 at 18°00.02'N and 140°47.34'E was drilled
with the objective of determining the age and nature of
the thick sedimentary apron west of the West Mariana
Ridge and investigating the age and petrologic character
of the apparent basement ridges within the sedimentary
column. Continuous coring at Hole 450 resulted in a
total recovery of 183 meters out of 340 meters drilled.
Hole 450 was terminated at 340 meters because of fail-
ure of the main shaft bearing on the Bowen hydraulic
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Figure 13. Physical properties of sedimentary and igneous rocks from Hole 450 plotted versus sub-bottom depth in meters. (Acoustic impedance is
the product of velocity and bulk density. Sonic velocity measurements include horizontal and vertical velocity of sediments and average velocity
of basalts. 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 14. Reflection profile across Site 450 recorded during the approach to the site on board the Glomar Challenger.
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unit motor. Sediments were cored to a depth of 333.0
meters; below that level 1.7 meters of intrusive basaltic
pillow lavas were recovered in the last 7 meters of
drilling. Thus basement age and character remain
undetermined.

A total of three major lithologic units were iden-
tified. The sedimentary section is divided into two
lithologic units containing five sub-units that range be-
tween the middle Miocene and Pleistocene. The in-
trusive igneous sequence is probably nearly contem-
poraneous with sedimentation and contains only one
phenocryst mineralogy.

The sedimentary section consists of:

Unit 1 (0.0-83.5 m), middle Miocene to Pleistocene
pelagic clays, divided into two sub-units:

Sub-unit 1a (0.0-26.5 m), upper Miocene(?) to Pleis-
tocene dark brown pelagic clay, devoid of ash; and

Sub-unit 1b (26.5-83.5 m), middle to upper Miocene
dark brown to gray-brown pelagic clay with ash.

Unit 2 (83.5-333.0 m), middle Miocene monotonous,
dark gray vitric tuffs, divided into three sub-units:

Sub-unit 2a (83.5-324.5 m), middle Miocene dark
gray vitric tuffs with little pelagic clay;

Sub-unit 2b (324.5-333.0 m), barren, pale reddish
brown hydrothermally altered tuffs, containing abun-
dant zeolites; and

Sub-unit 2c (about 1 ¢cm thick, base is 333.0 m), bar-
ren, pale yellowish white, baked and leached tuff at the
contact with pillow basalt.

Unit 3 (333.0-340.0 m), plagioclase-clinopyroxene-
olivine-phyric intrusive pillow basalt.

Based upon data on radiolarians, the top of Core 1
can be assigned to the lower Pleistocene. Both nan-
noplankton and radiolarians indicate the upper Miocene
for Cores 4 and 5; nannoplankton zone boundaries be-
tween Cores 6 and 7 (NN 9/NN 8), in Core 8 (NN 8/NN
7), between Cores 12 and 13 (NN 7/NN 6), and in Core
18 (NN 6/NN 5 and NN 5 down to 324.6 m) all indicate
progressively older zones of the middle Miocene.

Etching of calcareous nannofossils below 311.5
meters and absence of them below 324.5 meters is attrib-
uted to leaching by acidic hydrothermal waters associ-
ated with the intrusion of the underlying basalt encoun-
tered at 330.0 meters sub-bottom.

Sediments below 46.5 meters contain nannofossils
and therefore were deposited above the CCD; but above
36.0 meters, the sediments lack calcareous fossils and
were probably deposited below the CCD. Too few ben-
thic foraminifers are present, however, to make a pre-
cise environmental interpretation.

Rates of accumulation vary as a function of ash con-
tent. From the latest middle Miocene to early Pleisto-
cene, the rate was somewhat greater than 2 m/m.y.;
principally only pelagic clay accumulated in this part of
the Parece Vela Basin. From the top of Sub-unit 1b to
the lowest fossil boundary (NN 6/NN 5) in Unit 2, an
accumulation rate of ash is estimated to be slightly
greater than 50 m/m.y.; this rate is extrapolated to the
base of the unit because of the uniform lithology. Ex-
trapolation of this sedimentation rate to the bottom of
the hole gives a sediment age of about 17 m.y. and an
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apparent basement age of 23 to 24 m.y. at the predicted
basement depth of 700 meters sub-bottom (off the
flanks of the piercement, nearby the site). Using logical
reconstruction, this age seems considerably too old,
assuming that the age of the eastern boundary of the
Parece Vela Basin is between 30 and 32 m.y. old and the
central spreading center ceased activity about 18 m.y.
ago (Langseth and Mrozowski, this volume). Thus it is
probable that rates of sedimentation are not linear
below the NN 6/NN 5 Zone boundary but increase with
depth.

Although petrographic studies cannot distinguish be-
tween the plagioclase-clinopyroxene-olivine-phyric
basalts at Site 450 and those found at normal oceanic
basements, these basalts are intrusive pillow lavas
within sediments and as such cannot be considered base-
ment. The hydrothermally altered zone above the ba-
salt, an obvious baked tuffaceous contact, several meta-
morphosed tuffaceous inclusions between and within
pillows, and tiny jetlike vents of lava that intruded the
baked contact all require an intrusive origin. The
pillowlike forms suggest that the intrusion occurred in
unconsolidated tuffs by a process of soft-sediment
deformation close to the sea-water/sediment interface.
The most plausible interpretation of these intrusive rela-
tionships is that off-axis diapirlike intrusions penetrated
the basin behind the West Mariana arc in the middle
Miocene.

Because the age of the basement at Sites 450, 53, and
54 is not well known and because the magnetic-anomaly
pattern has not yet been identified on the eastern side of
the Parece Vela Basin, the mode of formation of the
basin is still somewhat questionable. Geologic and
magnetic-anomaly evidence from the western half of the
Parece Vela Basin strongly support the hypothesis that
the basin was formed by symmetrical spreading about
the Parece Vela Rift (at a half rate of between 2.7 and
3.2 cm/yr, with cessation between 18 and 13 m.y. ago,
Scott et al., this volume). However, it yet is to be proven
that the eastern half formed in such a fashion. Perhaps
the portion of a back-arc basin closest to the active arc
may be affected by both tectonic and magmatic modes
of formation that differ from those affecting the more
distal portion. Such seems to be the case in both the
Shikoku and eastern Parece Vela basins, where abun-
dant intrusions into the sedimentary sequence are
preserved. At Hole 447 in the eastern part of the West
Philippine Basin, the sedimentologic evidence of tec-
tonic activity near the Palau-Kyushu active arc as well as
the extremely rough basement in the eastern Parece Vela
Basin may also be evidence of such effects. In addition,
deep grabenlike structures, postdating deposition of the
volcaniclastic sediment (post middle Miocene), are pre-
sent in the eastern Parece Vela Basin (Langseth and
Mrozowski, this volume). Thus, although the basic
framework of basin formation may be approximately
symmetrical, the arc side of back-arc basins seems to be
different in some aspects; unfortunately the extent and
nature of these differences are obscured by the thick
wedges of volcaniclastic sediments that have also ac-
cumulated on the arc side of back-arc basins.



The sequence of probable events at Site 450 from
oldest to youngest can be summarized as follows:

1) Basaltic basement formed beneath the eastern side
of the Parece Vela Basin at some undetermined time
prior to deposition of middle Miocene tuffs, probably
during the early Miocene.

2) A thick wedge of volcaniclastic sediments derived
from the active West Mariana arc accumulated at rates
in excess of 50 m/m.y. (perhaps as great as 100 m/m.y.)
in the vicinity of Site 450 for about 2 or 3 m.y.

3) Basaltic intrusions rose through the poorly con-
solidated tuffs during off-axis type of magmatic activ-
ity, creating piercement structures and subsediment
pillow basalt injections in low-density sediment-sea
water slurries. Both intrusive and “‘extrusive’ features
were formed.

4) Tuffs continued to accumulate at rates slightly
greater than 50 m/m.y. throughout the middle Miocene,
that is, for about another 5 m.y. After this period, the
supply of volcanic debris on the back-arc side of the
West Mariana arc was apparently shut off by cessation
of the volcanic activity along the West Mariana arc.

5) Since the middle Miocene, the region migrated
about 8° north.

6) After the middle Miocene, the basin subsided be-
low the CCD and only pelagic clay accumulated at a rate
slightly greater than 2 m/m.y. until the early Pleisto-
cene. Circumstantial evidence thus links cessation of arc
volcanism with subsidence of back-arc basins and with
formation of deep grabenlike structures on the eastern
side of the basin during subsidence.
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= Valcanic glss 3/ 30 15 2 n COMPOSITION.
wlials = ] * Micronoduls 2 1 1 - - faint parallel Feinmpar 2 ™ (O T
al-f-t——1 ) Zeclites e o = o and ripple ey manaraty 1 ™ 1 T3
N w |CC) -5 BY B fina witric wif Amorph Fe 05, o 1 1 B 10 2 lamination Gy ety " . W W
MNannofossills 7T 8 7 BE TH = |w Woleanic gkt 8 5 FIE - S ]
Sponge wpicules TR 3 TR TR TR u |2 Mhromodubes 2 ] 1 1 1 2
Silicotiageilates - - = TH - 3|z Zeciiim 1 3 g 2 T a
g Amarah Fe s " = - v
PHYSICAL PROPERTIES: Section 1 GRAIN-SIZE: Man ol ol ™ B 2 1w 2 !
13em 2488 (0.7, BOG, 18.7) A
Wt bulk density 1.60 | _ coarse vitrle i, GRAIN-SIZE:
Porosity (%) (=2 BoME: 10% white T mm 1561 {0.5, 808, 18.7)
Grain density 264 2104 {0.0. 3.2, 0.4) 2, 104-105 (4.5) Pumice clatts 6113 (52,6, 38.5, 8.9
CARBONATE BOME:
_ 1, 57-58 (3|
1 e pumics 6, 118118 {15}
witrle Wi, 5Y 41,
10% 3-5 mm pumice
clasts

coarse clats Increass
davenward o 60%

matrix coarse 3ilt to
fire sanc-sizec

05y LIS
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SITE 450 HOLE CORE 15 CORED INTERVAL: 1_3]_0.141_5 m SITE 450 HOLE CORE 16 CORED INTERVAL: 14051500 m
BIOSTR. | FOSSIL BIOSTH. FOSSIL
ZO0NE  |CHARACT ne ZONE  [CHARACT. "
g g 3 C ; i-ﬁ g ¢ 5 2 GRAPHIC = g g
- = GRAPHI RS LITHOLOGIC DESCRIPTION z|=(= LITHOLOGIC DESCRIPTION
w § E1 g Z|5| & | uTHoLogy [2£|221S w § g L|2|&|5| & | uTHOLOGY S,
gz§w-§$ﬁg -:% gza‘EﬁEE%g mg
= g w (=4 =
HHHEBE = HHEHE Ei=
7 1l modetate 51, 2/1, 8/1 bicturbation N| FIl M a g Y 2.6/2 fine vitric huff, obecurely
3 fine vitric 1wft, BY 4/1 3 - Janinatod asch lamina 1 mm thick,
— - - 1 cm apary
05 4| E 0.5 FINE VITRIC TUFF. very dark olive gray and dark
¥ : . i FINE VITRIC TUFF, dark gy with very dark 1 - oray, qmw:m 10 cm thick layers of \{Il‘)llq TUFF
] ie e 7 Bt A p gt il o
- * bicturbated locslly. Entire core comists of = 3 s A
1.0 ! ; 1.0 thick, Drilling disturbance, asrt from this breskage,
0 - .'_ i = somi-lithified pisces typically 2 to § om thick, rommally graded vitric wiff s mlnlm’d.m' | v age,
o E but up to 30 em thick in places. ‘
7 o fine vitrie wtt BY 2672 SMEAR SLIDE SUMMARY
. e SUMMA 1130 1134 266 316 695
- b= + | &mm pumice SMEAR SLIDE st S ) (ol Ml M (D)
4 5 TV bkt TEXTURE:
- | L A TEXTURE: & mm 211 Sand 40 2 2 2 &
- | S oumicn fagmancy; S men Sand 3 [ 3 o | 5Y 47 it siit 40 18 B8 2 B
2 E 11 sint noo2 a7 2 3mm mottles Clay 20 B W0 7B
4 3 K Clay EU - - TOTALDETRITALOE 6 o5 8 70
< | TOTALDETRITAL &7 93 &7 @3 = ¥ 4 ﬁwosmnn: ’ . 5 % i
3 E COMPOSITION: dipar
7 - ] Feldspar 2 1 TR 2 ] 1 mm thick laminse Hervy mineraly 4 1 5 TR TR
— H ] Hemvy manetily 1 ™ - 1 0.5-3 cm apart s;ll\r mlm;h :: H; ;: :: ;
= | Clay mingrats pi] a1 52 25 - = BV 211 3 olcanic glass !
z . - Volcanic glass e 5 18 65 2 ey wmm::‘:nf« Micronodules 1 2 2 s 3
£ e ] | Micraneduses 4 2 2 3 9 tayor 8t 16 cm Zeolites 1 1 2 1 2
H & A Zeolives 2 [ 2 ] 3 i Amorph Feaga, - ™ - - =
g il wi E d | Amorph Fe agg, ™wm TROTR 2 8 Y250 Nannofossits 2 TR 1 -
= g Rl P|3 7 Foraminifers - ™ - - z |w 3 Figh remains - TR - =
3 [ Nannafossils 7 4 0 - r2] ]
- = A 3% = Smuar Slides (Minoe): 4-15
3 rnen shick 371, 2/1 laminse GRAINSIZE: 2 7
= ) [ . 2126 (1.6,78.3, 200 : :!:‘A:::I:‘E-& s
- Y ), 1
CARBON/CARBONATE: ] =
= | 1om taver pumice 2130 10.0,2.3,0.3) 1 Bl ll::gmn‘:?namnz
Chondrites burtaw CARBONATE BOMB: =3
a 2,130431 (2) 4 - CARBONATE BOMB:
= fine sand-sized tone 1, 4142 (0]
= PHYSICAL PROPERTIES: Section §
30 em
Y 411 fina vivrie Wt bulk density 186
bt Poreaity (%) &0
Grain density 27
obacure dight mostiing
5 5
- ——
mfe = n
¥ | Jec 5 411 fine itric 1utt with faw pumica fragmants = e
€ ] —
7 oo | 3 men burrow,
a - ol * | EY 481
N » ] 5Y 3.6/1 fine vitric tutt

0Sy H.LIS
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SITE 450 HOLE CORE 17 CORED INTERVAL: 150.0-159.6 m SITE 450 HOLE CORE 1 CORED INTERVAL: 158.5-169.0 m
m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT wl> ZONE  |CHARACT wl>
5 2 z § g . g 2 GRAPHIC § g ITHOLOGIC DESCRIPTION
. | 2] = GRAPHIC = LITHOLOGIC DESCRIPTION > = L I
w § gl |, E 5| £ | LiHoLogy § w § g 2|%|E(B k| LiTHoLoGY g_s...
18 alglaldle: « 12 Hlglglalale -
EREIFE E £ a || 55 z |2l E & =
- . ] BY 372 vitric wiff, fine sandsized, laminated
edium sand-gized I
3 ';s ,',::‘m:‘ 2 FINE VITRIC TUFF, vary dark gray and dark gray, sightly matrled 5Y 571
J . mxcept for the lowest 28 cm of the core, which is Faminoe spoced .52 mm aprd
05 VITRIC TUFF of coarse sand-size, The fine vitric Y 472 1 e tutt, ive except wh wed andd [aminated as indicated
: F . 335 evm motde Trtfs ars sondihFFeet plaes beveral cantimatics 5Y 4.2 fine vitric tut, massive o ene burro ami o indficat
=1=11 - thick, braken by drilling, The witric taff at the 1
| BY 471 fine bottom of the cane it witer, desaggregated by drilling. Y 271 witrie wif, fine sand-tired, laminarmd
1.0 vitrke tutf nl Flm . BY 472 vitric Wff, few 4 mm 5GY 6/2 butrows
] SMEAR SLIDE SUMMARY SY 472 vitle rul, massive
< 211 fine 1and 580 Y 271 vitric 1, fink sand-sized, chscursly motted
=) witrie et ol (o
E obseure mattling TEXTURE: BY 3.5/1 fire witvic tulf, slightly mottled 6/1
- Sand a 5 ¥ 411 fine vitri
] i ol © ool hipil Agproximatahy 79% of the core (s FINE VITRIC TUFF,
- 1 z olive griry ard dark gery, 25% s VITRIC TUFF, dark
- 5Y 4.5/1 fine T z d :
2 3 witric il g:‘:&ﬂﬂg e i 2 aliv gray very dark gray and black. Thesa lithalogies
- are identical to the oney in previous cores and aro
& ol a2 lamingted, burrowed and mottled o indicated, The
— Heawy minnraly TR 4 finer tufts are semidithified: the coarser tutfs tend to
e:lvmm:i:: : : b miore diaggregated by drilling, Dtharwise, drilling
- Micronadules 2 2 defarmation is minimal,
. Zoliten 1 =
E 4 Forsminiters - Kot wotte SHEARSLIDE sm“‘lgl‘:ﬁ 3140 741
g 3 Mannalossls 15 5 NI FIM M o) .1}
= = 1.6 e black sandy p TEXTURE:
§ - 2 E . ,|:: k::: :;Wl e Smear Slides {Dominant]: 3-135 3 :'.‘d ‘: 5: ‘;
-0 madsrate blac ing, it 1
z = 3 each mattle 2-4 mm GRAINSIZE: e BV 3 i =) e &
3 208,704 10.00 g TOTAL DETRITAL 87 82 a1
] 2 COMPOSITION:
B - MAGNETIC SAMPLE: 118 2108 s L3 : FTRE P
- % - Heavy mirwrals 2 0 3
. = ] Clay minerals 58 5 47
] 1 - Volcanic gless 7 i 0
- — Migronadules 2 1 2
) 51,31 mottling MAGNETIC SAMPLE: 386 4 ] Zeolitm 1 2 TR
4 3 . ‘- Amarmh Fa agg. - - 1
- Fasaminiters = TR TR
= 1.5x1 em angula e Hannatasils W 1515
3 el usdon z Radinlaria TR TR 1
B CARBONATE BOMBS:
1 3.2627 {0} ::ﬂ‘l:m‘::: GRAIN-SIZE:
2638 cm, 1.3 mm 12240, 7.7, 22.2)
N winite pumice graing 2% 527 1863, 27.1, 6.5
PHYSICAL PROPERTIES:  Section § il i 3
checora /Y monde 16 em 7] MAGNETIC SAMPLE: 130 278 Lz
5 . Wt bulk density 159 5 -
Porasity (%) 669 -1
N Sl em &1 Gnin dansity 278 -
™ 250 coane snd-sired 3
I | vitrc tufl 4 wvom
z | B wfec BY 3.5/1 vitrle tult 1 PHYSICAL PROPERTIES: s.;::l
3 Wen butk density 151
= SY 4/1 finw vitric Porosity (%) 8
. ] 1t massive Grain density 2
J fine sand-sized and
3 silt-sized B 271 vittie wif
] 5Y3/1 fine
= witri tuff,
1= massive
" - 1 *
dlelaled] 1
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SITE 450 HOLE CORE 19 CORED INTERVAL: 168.0-17785m SITE 450 HOLE CORE 20 CORED INTERVAL: 1785-188.0m
BIOSTR. | FOSSIL BIOSTR, 05S1
ZONE  |CHARACT. 5 20NE  |[CHARACT. als
BTz e Yzl HMER: o
HEES GRAPHIC LITHOLOGIC DESCRIPTION >|2 GRAPHIC =] LITHOLOGIC DESCRIPTION
u §§ 4|Z|E|5| & | uiTHoLoGy §§u w 33 _,355“5‘ LITHOLOGY (225715 OLOGIC DESCRIFTION
= - 2 =
‘ﬁmgiﬁsﬁgz S2|= “5:§2¥§332 %g
EAHEHEIE | z |2|z|2|z|E |
cbweure 371 mattl =
re 371 mattling ngl:::::‘i:‘;ﬁ’ L:?:r;ﬂﬂ::?:;::: VITRIC TUFF, black (5Y 2/1), as in the previous
BY 4/1 finn viteic wtf by . : cores, Tha battom 42 cm of the cors s durk gray
4 layers 7 to 10 cm thick; matties, burraws and FINE VITRIC TUFF, Buth lithatogi
. {aminations as indicates, The fin tutfy are harder e hactdi .'m'l;‘m:w"m:';':'.:l""'
wndl fess disturbed by drifling than the coarsar tutts, 1 ol A i
- eal 311 3 ve finer iithi
=1 l‘-‘;‘rm e Drliling disturbance is minimal, ttier finer ity are semi dithilied.
1.0 0]
- L SMEAR SLIDE SUMMARY
4 . 2140 325
b » € [T 1]
| witri wtf, §¥ 211 S A ;::runs- 5 5
4 z |z
3 sight 51 mattling FE Silt @ 6
3 =2 Clay E 30
= SY 4/1 fine vitric 5 TOTAL DETRITAL 81 a1
2 e Tt 2 COMPOSITION:
3 Feidhpar 1 TR
- Haavy minerals 5 1
9 Clay minarals % 30
Laminated 5Y 3/1 and 211 vitrie 1t Volcadio n
1 & mm whits pumice liyer “ Micronodules - 2
e I 1.2x2 om 4.5/1 patch 5Y 4/1 fine vitric atf BY 471 fine vitric iooli!ul ; 1 1
" * |, stightly marted iy 3 1
1 om witric 1, 201 - 3 st m‘ Nannafossils 7 5
3 pivces 1x1.5 cm white plmice Fle o]l Fediclaria TR -
FlR|P 4 dight 51 mottling nlec |mjcc BY 411 fine vivic tutf Flgh remiaini - 18
2.em laver shightly mottied 5Y 5/1
5Y 4/1 fine vitric tull
=z |2 3 SMEAR SLIDE SUMMARY
= |Z = 3 s
2* %a o (o)
= P TEXTURE:
4 L Sand 2 3
3 Silt a
- Clay 5 8
3 TOTALDETRITAL 88 85
COMPOSITION:
Feldpar 1o
Heavy minerals 12
Clay minerals 61 83
Voleanis glass a0
Micronodules 3 3
Zeolitey 1 2
5 Aunorph Fe s, - 1
7 Mannafosili 7 8
= Spange wiciles 1 -
- Fiah ramains - TR
- MAGNETIC SAMPLE: 113 386
3 EY 4/1 massive
it fine vitrie tuff MAGNETIC SAMPLE; 433 549
— PHYSICAL PROPERTIES: Section 3
] T0em
L b Wet balic density 157
n| =| = Porcaity (%) 8.7
F| r|m Gruin density 2m
M| F | m|CC 5Y &1 fine vitric tuff

0S¥ LIS



T8¢

0S¥ A.LIS

SITE 450 HOLE CORE 21 CORED INTERVAL: 188.0-197.5m SITE 450 HOLE CORE 22 CORED INTERVAL: 197.5-207.0 m (Hols deviation of 3.0° at 1875 m|
BIOSTR. | FOSSI BIOSTR. | FOSSIL
ZONE  |CHARACT wls ZONE  |CHARACT. wl>
Z1.18| 2 HEH HEEHEARS HEH
- | = GRAPHIC - RAPHIC = LITHOLOGIC DESCRIPTION
- § g BE E E| & [ FHotosy g LITHOLOGIC DESCRIPTION w |8 g L% E E E LGy g v
Qﬁxgggmaﬁ = |5 |5/8(8|5]%)%| &
z |2= g 5 [~ = E c|o|2 £ i
N| F| M . moderate 51 and 211 mottling f moderately mattied 201, B/1
Fl-1- . _— 10¥R 61 FINE VITRIC TUFF, light brownish gray, dark aray
ns_- — FINE VITRIC TUFF, ﬂfrk griry, with minor black | massive lne and vory dasie gray, the lighter colors bocally contaming
= itvic taff VITRIC TUFFS, comprising ~3.5% af the sedimant witrig tuff up to 20% rannofouils, Vitrle tuff oceurs asa 4om
1 . Tatight 5/1 and volurme, The tutfs ate semidithilied snd minimaily 1 l thick Layer inus_ulh_n 8, Drilling aimnml; i
- " A i to L
o] 211 mottfingd disturbed by drilling. mmnimrﬁed. ight, improving dewneare. nilf i
: SMEAR SLIDE M}I:Y? A G e : SMEAR SLIDE SUMMARY
B ™ o M ) 1 sus oss
TEXTURE: TEXTURE
: lhﬂﬂfln 5N Sand B 5 5 ] 3 : XTURI ) ,
- meling silt B4 B0 73 64 67 - ;‘I"" i i
_-|‘ Clay 0 15 » 3w B - e o 5
] TOTALDETRITAL 6 92 80 80 B4 B TOCAL GETRIVAL. B %
2| 3 CoMROSITIoN: 2 COMPOSITION:
| Feidspor 111 a1 B — : L . R
Is Heavy minerals L] 3 2 TR 2 - b i 1 1 TR
3 Clay mineraty 3 15 2 3 2 7 ey 2 iaf
- Volcanic gl 31 73 OB 45 51 i ¥
-3 Microngdules 15 4 2 2 3 - Walcanic glass 72
Zaolites 1 1 - 2 2 Micronodubes 3 3
30 vitrie Tt layer Amorph Fr agg. - TR - - Zevlites 2 1
= 211 vitric tlf layer Foraminifers - L]
= dight 51 mondi Foriminiien i (R Naanotosil ™ 2
] gi! Nannatossils 5 3 16 15 0 ﬂ:“ "::n: 3 i
e 5Y 4/1 fine witric Radiolarla - - 1 - - EY 3/1 fine vitric
3 4 wtt, mastive Sponge wicules - - TR - - i, ertensely moried CARBON/CARBONATE:
u] Fish romaing = = T .40 613 (0.0, 35,051
= ‘; - -
§ z p Smoar Shides (Daminant): 4-50 3 e S CARBONATE BOMB:
- 121. i
= CARBONATE CARBONATE: i w g bl
7 H moderste 10YR 31 4210.0,5.7,0.7) 3| Z mattied
1 o mortes 3, e 1 447 (0.0, 256,0.3) = 51,40, 30 PHYSICAL PROPERTIES: Section 1
=3 BY B2 mottied 472 MAGNETIC SAMPLE: 1.32 252 311 tamis 86 em
1 5Y 6/1 clay and nannafassil- : e Wt bak density 154
4 . rich fine tulf moderate §/1, 371 Porouity (%) B8
o mottling Grain density m
— =
- — )
e : 3565 661
TR BY 372 vitric tuft NATHETIERAMTN fine vitric wif
baova= o8] | 5Y 472 massive fine .
A — vittie tutf 5Y 31 fine vitric tuf
4 = 5Y 4/1 massive
L i it
§Y 31 drilling PHYSICAL PROPERTIES: Suetion 1 e vitrit tul
| Miscuit 14 em maderate 51 mattling
SY 5/1 layer Wet bulk dengity 1.45
5 Porotiry (%) 118 maderate 271, 51 mottling
Grain demsity 258 4 pumice fragments
4-8 mm white
intensely mottled 5/1
BY 241 vitric tutf
[sandy) layer
8 . ) B i massive 5Y 4/1
5 o fina vitrke it
Flol- BY 411 fine
L] cC vitrig tuff
al -] -
L] Bt 5Y 4N
NI F M firn witrie tuff
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SITE 450 HOLE CORE 23 CORED INTERVAL: 207.0-216.56 m SITE 450 HOLE CORE 25 CORED INTERVAL: 228.0-2355m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. ks ZONE  |CHARACT. i
L 5 g GRAP gﬁg 3 E E GRAPHIC Bﬁg
1= HIC I IPTION == I
g g |2l |L|Z|E|5| & | tmolosy 22 é LITHOLOGIC DESCRIFTION s (818,12 Z|E|5| £ | LHoLoGY (22 g t LITHOLOGIC DESGRIPTION
Z |glw|z|S|H|w| W ? = w|= AR
Z |le Z|d|w| = = Z |« g Z|@|w| =
= =1 E
gEEEEE 5§ zEgu_gE EEA e
NIC|Mm ightl
Fl=| = o St meoy FINE VITRIC TUFF, very tark gray, with obscurs hesd slightly bloturbated in §Y 5/1 and 5 3/1
Lo B masive 5Y 31 btack mottling in the 5-13 cm interval, massive ehse.
%le fine vitric Tt whare. The sediment is semi-lithified, snd deilling o8 FINE VITRIC TUFF, dark gay (5 471}, with dark
E dlisturbarcs it minimal I aray VITRIC TUFF 10 om thick and 34 em thick in
§ 1 1 Section 2. The lower vitric tuff is dusggregatss by drilling,
* SMEAR SLIDE SUMMARY 1.0 which has craated slight to maderate disturbance in the
= | @ 136 __."' uppes limer grained intervals,  Parallal lamination at
2|z (o} z - Section 2, 40 1o 45 cm, croswed at 45 Lo 50 cm,
| = TEXTURE: & 3
Sand 3 2 SMEAR SLIDE SUMMARY
Silt 67 = ] 1140 245
Cly 30 z |w - oM
TOTALDETRITAL 83 -:E z 4 TEXTURE:
COMPOSITON: = N|ClM e modesatety Sand 3 3
Gourcy i Fl-l-], 2 binturbated Sl 77 8
Clay minesals 30 5Y &N Clay 20 10
Volcanic glavs 53 TOTALDETRITAL 74 02
Mieronadules 4 COMPOSITION:
. 5Y 471 Feldspar 1 2
1
i:l':?wm HII whtrie ut! Heavy mingraly TR 2
Fish remains g Clay minerals 20 10
Volcanic glass 53 78
. Micranodules 2 3
MAGNETIC SAMPLE: 113 Zuolites 3 1
Foraminifers 1 =
Mannotossils 0 3
Sponge wicults - ™
Flah romadne - 1
SITE 450 HOLE CORE 24 CORED INTERVAL: 216.5-226.0 m
BIOSTR. | FOSSIL MAGNETICSAMPLE: 126 278
ZONE  [CHARACT. ul= PHYSICAL PROPERTIES: Section 1
w o Naem
3 Z -
o £l 8 2 |  crapuic = g LITHOLOGIC DESCRIPTION Wat bk dansity 161
8 zIE E 5 | YTHOLOGY Porosity %)
Q HAHEEFE v 662
< Z | 8 g 3 Blw| = o= Gealn dangity 219
a
M EHHHEE B2
= SITE 450 HOLE CORE 26 CORED INTERVAL: 23552450 m
10% white pumice clasts up to 3 mm dismeter —_—
N|C|M = SO whi : BIOSTR. | FOSSIL
elalm ive pumice grains (mostly coarse sand-granule size) ZONE CHARACT. ke
05 5Y 372 massive HEEE o § o
1 Wirle e VITRIC TUFF, dark alive geay, locally TUFFACEOUS w | 8 HHE R LFTE!%FI%EY = LITHOLOGIC DESCRIPTION
VOLCANIC CONGLOMERATE in the tap 40 cm of g S HEEIFR % a
0 S 372 fine vitrie the care. The top 8 cm in the Corn-Catcher is dark z |z 8|zlz|8|%| = %gg
" Tt graenish gray nannotossil-rich FINE VITRIC TUFF, z (2|8 HE o
H . interasly bioturbated, with greenish gray fousi -
E el chak. Tha tutts which make up most of the core
h intternely diapgrogated ;
% i i s g o s T ——
2|z G #/1 nannofossik-rich fine vitrie Wt intensely of TUFFACEDUS VOLCANIC CONGLOMERATE
x| = bioturbated with 5G 5/1 nannofossil chalk, 7 in Section 2. The sediment is semilithified snd oecurs
. 1 : fracasd s mparate drilled chinks 2 to 10 em thick,
5 SMEAR SLIDE man}rx cc 1.0 SMEAR SLIDE SUMMARY
o) M - 1140 3120
4 E oo
;::Tua:. - 5 - Y TEXTURE:
E Sand 1
Sikt 88 B4 2 Nie|m
2 em biscuit Clay 10 10 z elale 3 s Mo
TOTAL DETRITAL 67 15 B |w — Clay 16 16
COMPOSITON: 2l= -1 TOTAL DETRITAL 84 87
Feldspar 2 ™ 2= 2| 3 - COMPOSITON:
Heavy mineraly - TR 5 —| Feldipar TR TH
3 ' (] Clay minerals o 10 = . Clay minaraby 15 15
‘:3‘5‘- -.'.‘..I:':;. Volcanic plass 5 B i Volcanic glass P
Poranrd iy Micronodules 2 1 7 pumice, 2.6Y B/1, Mictonediy ! 1
> : Zeolites 1 - - —4 15Y 672, Zeolites 5 2
cc it " [r— 0 e84 BBG 52 Faraminifers " -
Radiolaria ™ TR 3 Nannotosils 30 30
2 Spange wpicul
PHYSICAL PROPERTIES:  Section 1 CRAINSIZE 3 . LLBLL
o] A = GRAINSIZE:
Wt b.‘-:{;-;um ﬂ:? 600, a0 80 al 3 239 (17,818, 16.7)
Grain density 273 3 c
31210.0,2.,0.3) -] E BOMB:
it Alak n - = . 245 (0.0, 38, 051 2,43.45 (3}
Rl=f= = BY 411
" mieq 3 fine vitric wutt MAGNETIC SAMPLE: 166 3101
PHYSICAL PROPERTIES: Saction 1
fom
Wt bulk density 158
Porosity (%1 8313
Grain density 257

0S¥ 4.LIS
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SITE 450 HOLE CORE 27 CORED INTERVAL: 245.0-254.5m SITE 450 HOLE CORE 28 CORED INTERVAL: 25452640 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE _[CHARACT al 20N (CHARACT 81zl
T 12| @ §9, d 2
2 21=]2| = | GRAPHIC : 2 LITHOLOGIC DESCRIPTION Y % = 5 E GRAPHIC § LITHOLOGIC DESCRIPTION
w |8 e |L|Z|E|E| g | urHoLogy g_,.. w |8 g L|Z|E|5| & | urHoLogy
AR HEHE s S HEHAHNRE
5 ) = =
z (2|28 z|& o5 z |2/z|E|a|& #a
i v e puf, ined, massive;
o FINE VITRIC TUFF, dark geay, laminated and | | mﬂmv::;-;:uéllnmmuw e
2 burrowed as indicated. prom single BY 61 and 61 4x2 om burres
3 05
g ol b SMEAR SLIDE SUMMARY 1 . S o vitle pult VITRIC TUFF, in ton 30 em of the eote is black
= 1108 1.140 4, | finw sand-tized and massive. Remainder is dark
g % v o 10— 1 E gray FINE VITRIC TUFF lithology 2 bafore.
|2 TEXTURE: =R 1 Modarsiety) lotitiaord A 40-em thick layer in Seetion 3 i light gray
Sand L 1 - H and eontaing up to 30% nannofessile. Simiisr
im0 8 1 E‘L E: ﬁ n — oon ich tull oecurs as mantes and
s 1 TEWE.
g TOTAL DETRITAL &2 7 :
al- COMPOSITON: - SMEAR SLIDE SUMMARY
Flz 5Y 41 Foldsnar TR 1 o R= 116 1140 282 447 5140
nle ’ fine vitric tufl Clay minseals B W0 . bood Ml (o)
PHYSICAL PROPERTIES:  Section 1 i Wolcanic glass a1 L 2 - TEXTURE:
porice MAGNETIC SAMPLES: :: bty E 3 - — it - 0 1 s
Wet bulk density 1.58 Zuolites ? 3 Burraed sit 45 10 70 97 80
Porasity (%) 888 Foraminifers ™o - 55:?"" Clay 5 30 3 2 16
Geain clansity 271 Nannofossity ’ 2 pranci TOTALDETAITAL 92 &% 68 12 B8
Fieh rernaing TR TR COMPOSITON,
Feldspar 4 TR TR - 2
Meavy minerals ] - -
3 Clay minaraky 5 % W 2 1%
— WVoleanie glass B W W 10 67
T b : Micronodules 2 1 1T TR 2
Nle|miz| I itllid Zeolhtes TROTR TR 11
FIR|P B 30% rannc- Foraminiters 1 - - = 1
=) fomily Rannofousily 7 X »n &
% = 2 em §Y 301 Radiolaria Cril — TR -
§ : SY 4/1 fine vitrie tuft Fish remaing - L TR - 1
z |8 - intense GRAIN-SIZE:
- Blaturbation
§ £ 3 moderate 5Y B/1 burrowing 347 (0.2,75.7, 24.7)
3 hool o
= - CARBON/CARBONATE:
] B 358 (0.0,5.4,0.7)
] 3100 (00,92, 1,1)
= CARBONATE BOMB:
3 3, 6365 (35)
3 MAGNETIC SAMPLES:  1.39
1130
2985
364
443
5497
5 PHYSICAL PROPERTIES: Section 1
116 em
Wet butk dersity 156
Parasity (%] 86
o | Grain demsity a7
n)-|-
wle|mjec ineaiic
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CORE 28 CORED INTERVAL: 264.02735m SITE 450 HOLE CORE 30 CORED INTERVAL: 27352830 m
FOSSIL BIOSTR FOSSIL
CHARACT. wl> ZONE ARACT. 3
gl e g|<de TT |2 2 e
| 2] = | GRAPHIC ] 12 GRAPHIC
3 L ; E E LITHOLOGY E §u LITHOLOGIC DESCRIPTION i § %, 4 E E 5 E LITHOLOGY g g LITHOLOGIC DESCRIPTION
g 8|2 alg| 2 2|2 35,235335 Eg
=|2 £ %)% =z |2 2 E £ )
FINE VITRIC TUFF, dark gray, a betors, FINE VITRIC TUFF, dark giay, becaming geay n
5Y a0 with & 21 em thick geay interval in Section 1 sYan Sections 4 and B, these lighter ttts containing 26%
firse vitrie tull containing 30% nannofossts. Similar hght fina vitric calcarsous nannafosils, A 2 em thick Layer of
cobored material makes up locsl motties 1 tutl in TUFFACEOUS VOLCANIC CONGLOMERATE
L drilling accury in Sectian 2, The sediment i semi4ithified.
biscuiits Dieilling desturbance i generally sight in Sections 1,3,
pooed * Intensely bioturtiated 6Y 2/1.6Y 61 SMEAR SLIDE SUMMARY s S1o 10om el .'::Md modecats mﬁ-:—vd::ncn. A
poey , | 5Y 31 biomrhation M0 1 200 u thick
BY 5/1, rare 5Y B/1 burrows M o) (o) = u
& TEXTURE: i
E Sane 1 1 1 7] )
8 it B4 94 B4 -
2 Cay 35 5 3 -
= TOTAL DETRITAL 86 &2 [~ = pertd
3|z COMPDSITON: Nfc|wm, |
= |z Fobtupar 1 I ™ FIF| P ]
- Hewey minarals TR .
Clay minraly 36 5 k) i g
Volzanic glass W s W e " Zg“:m m.': PHYSICAL PROPERTIES: :::r 1
Micronadidin 2 2 2 = digmieter 4 mm,
Zuolites 2 4 4 mmximurn 8 mm; Wat bulk ansity 1,60
Amarph Fe agq - = TH rounded, 106G 4/2 Porosity (%) B4
::::I‘l"t i Marnofossils _ n 5 Grain denaity .66
Sl L MAGNETIC SAMPLES: 120 223 360 562
Fish remams - 1 1
3 5Y 371 cross Laminations 1 mm thick
Smast Stdes (Dominene); 1-140 * | sight 5Y &1 bioturbation of BY 6/1
MAGNETIC SAMPLES: 1-26
PHYSICAL PROPERTIES: Ssction 1 1106 E SMEAR SLIDE SUMMARY
A7 om 1-140 = | w 140 2130 3498 570
Wet bulk dansity 159 221 HE: P D) MP im0
Poeonity %) 618 o ] o TEXTURE
Grain density 264 CARBOMATE BOME: = witrie s_"“ 2 48 o 2
3.98.89 (B} it Sit 3 &0 N
Clay % 2 8 37
TOTALDETRITAL 88 90 8 T
COMPOSITION:
Feldspar 2 n TR 2
Heavy minerals - 7 TR TR
Clay minerals n 2 a
WValcanle glass 50 o 6 35
Micronodules 3 - 1 1
Zealites ] - 1 -
Amorph Fe sgg. - 5 - -
Carbonate wspes. TR - 2% -
. Mannofossiis 0 5 85 28
Radiolaria AL - TH -
R Fish remain - - TR -
4 BY 51
bt firw witric wff GRAIN-SIZE: CARBONATE BOMB:
39009, A0, 3600 3,2537 4y
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INTERVAL: 29253020 m
SITE 450  HOLE CORE 31 CORED INTERVAL: 283.0-2025m SITE 450 HOLE CORE 32  CORED INTE L.
BIOSTR. FOSSIL
BIOSTR, FOSSIL ZONE  |CHARACT. M ES
ZONE  [CHARACT. ul>., il Yarle
8 52 2 2119 = Ic 2 ITHOLOGIC DESCRIPTION
@ ‘3’ =2 = GRAPHIC g E LITHOLOGIC DESCRIPTION ” g AHE Hi (BRAHIC, g, LITHO
w || F | LITHOLOGY ik
gggmﬁagﬁw = gizg S ER a8
z|o|B|Z|d|w| = B slg|8l3|e A
5 4 2z | Z il -
z |2|2|8|a|E ) e
= o
oot farkirivgilir SY31 bt 3 I BY 411 FINE VITRIC TUFF, dark gray, & in provious cores,
. By 41 FINE VITRIC TUFF, tark gray in Section 1, becaming M% | m semi-lithified, slightly disturbed by deilling in Section 1,
fine vitrie fray downward, Locally the lighter colored intervals ! il moderately distutbed uiscwher in the care. Noteworthy
il became rich enough in caicareous nannofomils to be 1 - r }. - 18 the presence of vertical stylolitic features locably
nlelml? termed chalk. ] | throughout the care.
1.0~
Fil=]< =1 1 cm sitt-sieed layes SMEAR SLIDE SUMMARY R ) SMEAR SLIDE SUMMARY
" 140 1120 7 I‘ :D\'«su
o) o) 3 .
TEXTURE: - TEXTURE:
Sand 10 = ' Sand 2
1 Sily 93 88 3 | iy ?:
¥ 51, Intengel sl Z N
3 a.n.":..-ﬁ.:.'g 8, TOTAL DETRITAL 71 31 < e TOTAL DETRITAL 52
7 individust subparailel COMPOSITION: 2 | COMPOSITION:
2 - burows Feldspar 1 Frldunar 1
f Hewyy mirveraly ™ — l Haavy minraly ]
- Clay minerals - 5 3 Clay minerais 5
3 Y 81 wel Viaisni ghv 2 - I Velcanic glass 4:
s Intengely N "
Biaturbated 471, 811, Mo r - I o i =
maderste 8/1 i . B
ln'r;m Carbonate unspec. 2 8 . Carbonate unipec. B
Faraminiters ) = Nlc|m 1 [ ;mmwu_«]u “;
Mannobossi 24 80 - = - annotosils
i e Radolrs R TR £ 5 | P Aadiolala ™
3 i eric Fish remaing 1o 3| 3 ! Fish remaing ™
o .
g = GRAIN-SIZE:
MAGNETIC SAMPLES: 176 450 ]
H 228 482 g - ] | 38710.1, 72.0,22.9)
§ . 2103 576 = § - ] TE: BOMB:
EH 2 390 (00,89, 1.1) 3,0204 (751
= |=Z = I
g PHYSICAL PROPERTIES: Soction & 1H MAGNETIC SAMPLES: ;.:: ;.::
B8 em . £
Wet bulke density LEd 4 3107 CC4
4 . Porotity (%) B8 ]
— aidlen, b | PHYSICAL PROPERTIES: Saction 1
3 147 em
3 [ Wt bulk density 1.61
= Porasity (%) 832
= l Grain denity 268
- 5 |
3 ¥ Z I BY 40
5 - L] CC Fine witrie tutt
= s
-~ P
N " 3
elZl= SY 5/1 fine
N m |CC o witric
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SITE 450 HOLE CORE 33 CORED INTERVAL: 302.0-311.5m  [Hols devigtion of 46" at 3115 mb SITE 450 HOLE CORE 34 CORED INTERVAL: 283.02025m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT ki ZONE  [CHARACT. s
T © g o w @ &
@ | gl 8 T | GRAPHIC ﬁ 2 LITHOLOGIC DESCRIPTION - § > § & | ,GRAPHIC ag ?‘:‘; 2 LITHOLOGIC DESCRIPTION
w |8 L&z |E| B | uTHoLoGY (22|32 w § 2| |L|Z|=|G| & | uTHoLoGY |22
2|2 |315|3|2 4|5 £ Eg 2 (2 12|5]5|28|4| % #§§
= w
HEHEHE £ SEEEEHL [
= -
= Y 4N N|F|P 3
e :" i FINE VITRIC TUFF, dark gy, with stylolites indicated Fl=|- FINE VITRIC TUFF, dark yray (5Y 4/1}, m
. o witsic by arraves in upper 2 seetiars. eforn with the topmast centimetar being very
NlC|M (L = dark gray VITRIC TUFF,
= E i e
. SMEAR SLIDE SUMMARY
3 I 1110 266
1.0 | x
3 = SMEAR SLIDE SUMMARY [:]] [[-]]
J 161 1940 TEXTURE:
- | * m (o Sand 9 3
: Silt 8 B4
TEXTURE:
3 | Sand 1 1 g Clay 15 33
& | il B3 3 TOTAL DETRITAL 20 55
3 Cloy w e 2 COMPOSITION:
| TOTALOETRAITAL 78 68 =, . Fodir ™o
2 COMPOSITON: ] 2 vy minerals
| Faldipar 1 1 2|z Clay minavaly Bomn
Hea Volcanie glas 5 0
| ol Tm‘:‘h T: ;: ml-|- BY 31 bumows M-:rumdtlﬂ 1 2
oy minarals El=]= i
| Veleanie glass 2 10 n|®|r |eg] 1 i Zeolites ™ -
Micronodubes 1 1 Carbonats unsgec. 1 1
] Zeolites TH = Hannatauiy 78 0
Carbonate urspec, -1 1 Fish remains. TR 2
] Nannafouily 15 30
Fish remaing 1 - MAGNETIC SAMPLES: 15
r | 11086
B ] 218
§ | 235
GRAINSIZE:
] 1122 (0.3, 76.8, 23.1) PHYSICAL PROPERTIES: Saction 2
E|w | 22em
212 CARBON/CARBONATE:  CARBONATE BOMB: Wat bulk :m'w 163
3 | 1121 100,83, 1.0) 1, 120421 (7 Porgsity (%] 62.3
3 H Gealn danity 267
| MAGNETIC SAMPLES: 178 3144
1 254 44
4 | 2102 480
1 3 58
|
l
|
|
5 |
L]
F 54/
LS irse vitrle tutt
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SITE 450  HOLE CORE 36 CORED INTERVAL: 321.03305m SITE 450 HOLE CORE 36 CORED INTERVAL:  330.5-340.0 m
BIOSTR, 4 BIOSTH, FOSSIL
20NE  [CHARACT. > ZONE  |CHARACT. wl>
FIMEE: APH £ B1518] & | craemic |o3|EE|S
|8 GRAPHIC g LITHOLOGIC DESCRIPTION z|=(= LITHOLOGIC DESCRIPTION
w |82 _,gg;_—, £ | utHoLogy 22 w |8 ‘g M LlTHGLOG\'_ugisn
z = =
2|2 |3|5/7/2|8|%| S HHEHHE R e
o0 s
z |2|z|R|2|E ) z |Blz|2|a|E el bl
= SYR 573 and BYR 4/1 mottles
FINE VITRIC TUFF, 5Y 3/1 in layers 2-8 mm thick with intervening 5Y 211 0-120 em: hydrathermally altersd 5Y R 472 fine vitric b with 52 mm 5Y R 4/1 streaks
laminate 0.5 mm thick. Burrows and bioturbation in interval 30-80 em, Section N wnall 4xfiem BYR 773 motties
I 1. Interbecded vitric wif, 5Y 2/1 and fine vitsic wff, 5Y 4/1 in Section 1, 60.80 |
. em. In Section 3, 50-85 om, drilling biscuits 10YR 4/2, fine lamins 10YR 2/1 1 rare 2x2 cm 5YR 8/2 mortles
and 10YR 374, horizontal 1o disturbed, Bottom 45 cm are dark grayish brown,
N|R|P dark yallowish brawn, very dark grayish biown, brown and olive HYDRO. SYR AR metoh
THERMALLY ALTERED FINE VITRIC TUFFS and sssoeiated minor 3 motsies SYR 63
HYDROTHERMALLY ALTERED VITRIC TUFFS, otherwise (dentical 1o
. il Gt ing-uneitered Bafti SYR 573 hydrothermally sltered fine witr tulf
B2 mm 5YR B/2 streaks
SMEAR SLIDE SUMMARY
§ 158 171 174 1140 250 2947 352 361 280
9 . © M D o) O ol D) (D)
= TEXTURE: "
§ " : Sand o o 1 1 L] 0 5 ] N|=|=- 2 small black blebs and streaks; 4 mm 5YR 6/3 and 5YR 8/2 elliptical and circular
2|z 3 sint 61 100 98 49 45 1 40 75 28 motthes
= |2 - Clay ¥ 0 0 5 B 5 60 20 72
] YorALDETRITAL 88 T8 41 86° % M ( 81 o Chaotic interlayering 7.5YR 4/2 sl 5YR 311 altered tuffs.
- COMPOSITION:
] L] Feldsgar TR TR 11 2 M TR O3 TR 7 HYDROTHERMALLY ALTERED FINE VITRIC
] Heary minerals = = = = TR 15 15 - E TUFFS, dark recdish gray and reddish brown,
5 . Cly mineraly | TR - s 8 5 60 20 72 ]
o * Valcanic glass 3w - w s 0 B9 3 53 6 =
- * Micronodubes 2 TR 1 2 - i1 — SMEAR SLI0R suwn‘n; 2786
7 : Zeclites 3 TR 2 2 4 1 12 3 a oy D)
Amorph Fe oxides - - - - - - - 2 - -
] TEXTURE:
Wl=1= Hannalossily s 85 | 40 0 - 5 TR - - 5,:1" P
e Aadiclaria - 2 2 - - - - - - 4 MAGNETIC SAMPLE: 1.51 silt T
— Fish remaing 1 TR 2 1 TR - 1 - 2 -1 188 Gy ]
3 3.
~ TOTALODETRITAL 81 a1
Smaar Slides (Minor): 3-30, 380, 385 36e COMPOSITON:
Smear Slides |Dominant]: 340 = Faldspar TR TR
- PHYSICAL PROPEATIES: Section 3 Heavy mineraky TR TR
CARBON/CARBONATE: = 5 om Clay minoraly 90 89
3483 (0.0, 0.0, 0.0) N Wt bulk demity 281 Volcanic plass 1 2
PHYSICAL PROPERTIES: Section 1 4 7 Micronadules 1 TR
133 em MAGNETIC SAMPLE: 154 2109 2133 377 34 : Zeolitm 3 B
Wet bulk density 159 - Amorph Fe oxide 1 1
Parosity (%) w40 e Nannotossils a 2
Grain damsity 263 3 Fish romaing to

CARBON/CARBONATE:
1:3510.1, 0.0, 8.1)
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Shipboard Studies

| Alteration

Special Storage

N NANANANN

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS LEG

SITE CORE |SECT.

slo [a[s[o] [ [3]s] |2

Depth: 332.0 10 3335 m

Visual Description

Plagiocl i livine-phyric basalt, pillowed lava i basalt. Plagiocl:

euhedral a'u:l in gl’amu:rvs‘ts Olivine anhedral groundmass with quenched texture, felty,

intersertal. Vesicles <5%, filled with calcite, zeolites and smeetite. Topmost basalt
at sediment contact is a glassy rim 2-3 mm thick underlain by a thin variolitic zone.
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Shipboard Studies

| Adteration

N

Special Storage

VISUAL CORE DESCRIPTION

FOR IGNEOUS ROCKS SITE

als| o

LEG
5] 9

[3]e] |3

Depth: 333.56 103350 m

Visual Description
Plagi inopy livine-phyric basalt as in Section 2,

Thin Section Description

Location: 10-13 cm, pillow interior

Texture: hyalopilitic

Phenocrysts: 10%; plagioclase 90%, 1-4 mm,
inclusions. Two generations — 2.4 mm, Anw 80' equant 0.5-1. Smm A"4Dﬁﬁ
laths; olivine 10%, 0.2-0.5 mm, fral p phs altered to iddi
smeclite

Groundmass: > 85%; plagioclase 35%, 0.2-0.4 mm, Angg, ﬂuenched skeletal crystals;
clinopyroxene 5%, 0.2 mm, rare subaphitic clots; trace; glass
60%, devitritied, partly altered

Vesicles: 2%, 0.1-0.5%, spheroidal, filled

Alteration: 5% altered glass

o with glass

Thin Section Description

Location: 31-35 cm, next to glassy margin

Texture: spharulitic to hyalopilitic

Phenocrysts: 10%; plagioclase 85%, 0.5-2 mm, An _ 700 zoned, partly replaced by calcite and smectite;
olivine 15%, 0.2-0.5 mm, skeletal, auhedral, pseudomorphs

Groundmass: 30%; plagioclase 256%, 0.1-0.3 mm, skeletal microlites; clinopyroxene trace, granular
o itic; glass 76%, i lith, 2x5 mm, of vitric wif

Vesicles: rare

Alteration: clays replace glass and mafics

Thin Section Description

Location: 139-145 cm, pillow interior

Texture: hyalopilitic

Phenocrysts: 15%; mostly plagioclase 16%, 2-6 mm, Angg 50, euhedral, zoned; olivine trace, 0.2 mm,
subhedral, replaced by clays

Groundmass: >80%; plagioclase 45%, 0.1-0.3 mm, skeletal microlites, flow aligned; clinapyroxens
trace; magnetite/imenite trace; glass 55%, devitrified, partially altered

Vesicles: 2%, 0,2-0.5 mm, filled with green smectite, calcite, zeolites

Alteration: < 10%, clays replacing glass

Shipboard Data

Bulk Analysis: 7 em 86 cm
Si0, 50.0 496
TiO, 1.43 136
NZQS 152 154
Feg0q 1.09 112
FeO 1.22 737
MnO 017 0.186
MgO 7.58 7.40
Cal 13.08 1289
Nay0 2.87 27
K40 0.23 0.37
P30 0 on

0sy LIS



SITE 450

Hole 450

FO cm

150 !

1,CC

390



SITE 450

Hole 450

r—-O cm

— 25

—50

—75

-

-

—100

—125

138 2,CC 341 32 3-3 34 35 3-6
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SITE 450

Hole 450
[—0 cm

—150

392



SITE 450

3718V1IVAY HdYY90LOHd ON

379VTIVAY HdYY90LOHd ON

Hole 450

—0 cm
=50

—100
—125
—150

9,cC 10C 1141 11CC 1241 12-2 12-3 12,CC 131 13-2 13-3

8.Ccc
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SITE 450

—150

394

13,CC

14-2 14-3 14-4 1456 14-6 14-7 14,CC 151 15-2

15-3



SITE 450

15CC 161 162 163 164 166 16CC 171 172
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SITE 450

Hole 450

r—-U cm

17-5 17CC 181 18-2 18-3 18-4 185 18-6 18-7 18,CC



SITE 450

Hole 450
—0 cm

19,CC 201 20-2 20-3



SITE 450

Hole 450
—0 cm

21-6 21,CC 221

22-6

22,cC




SITE 450

Hole 450
—0 cm

-

—150

26-1 262 263

231 23CC 241 24-2 243 24-4 25-2 25,CC
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SITE 450

Hole 450
—0 cm

27-2

27.CC

28-1

28-4

28-5

28.cC

291

29-2



SITE 450

Hole 450
—0 cm

—150

31-4 315 31,cC

29-3
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SITE 450

Hole 450
—0 cm

325 32,cC 331

335

33,CC




SITE 450

Hole 450
0cm

—150

-
-
-

6-3

35-3 35,CC  36-1 36-2 3

35-2

.

34,CC

34-2

34-1

403



