6. SITE 451: EAST EDGE OF THE WEST MARIANA RIDGE

Shipboard Scientific Party'

HOLE 451

Date occupied: 7 March 1978

Date departed: 13 March 1978

Time on hole (hrs): 152.5

Position: 18°00.88'N; 143°16.57'E

Water depth (sea level; corrected m, echo-sounding): 2060
Water depth (rig floor; corrected m, echo-sounding): 2070
Penetration (m): 930.5

Number of cores: 102

Total length of cored section (m): 930.5

Total core recovered (m): 280.1

Core recovery (%): 30

Oldest sediment cored:
Depth sub-bottom (m): 930.5
Nature: Tuffs and volcaniclastic breccias and conglomerates
Age: Upper Miocene (NN 10)
Measured velocity (km/s): 2.7

Basement: Questionable whether or not arc basement reached

Principal results: Site 451, located on the eastern edge of the West
Mariana Ridge and drilled to a depth of 930.5 meters, vielded a se-
quence of biogenic oozes and volcaniclastic sediments. These
sediments are divided into the following units: Unit 1, 36 meters of
lower Pliocene to Quaternary, grayish brown foraminiferal ooze,
grading downward through interbedded grayish brown foramin-
iferal-nannofossil and yellow and light yellow nannofossil-fora-
miniferal oozes to a basal light gray nannofossil ooze, with minor
ash and pumice increasing in content downward; Unit 2, 29.5
meters of upper Miocene, olive and gray carbonate-rich vitric ash
and minor layers of olive-gray and very dark gray vitric tuff with
intervening layers of yellowish brown foraminiferal-nannofossil
chalk; Unit 3, 865.0 meters of upper Miocene volcaniclastic
sediments broadly divisible into seven sub-units consisting of inter-
bedded, varicolored green, greenish black, dark gray, dark bluish
gray to black, fine vitric tuffs, vitric and vitric-lithic tuffs, brec-
cias, and conglomerates. Many of these lithologies are tuffaceous,
some bearing nannofossils and some shallow-water shell frag-
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ments, including larger foraminifers and corals, all of the upper
Miocene. Basaltic clasts in the breccias are highly vesicular and,
along with the pyroclastic debris in the sediment, require explosive
volcanism of the type associated with island arcs. Andesite cobbles
and boulders that contain plagioclase, olivine, two pyroxenes, and
opaque mineral phenocrysts are probably of calc-alkalic affinities.
Accumulation rates of the lower part of this volcaniclastic se-
quence were about 400 m/m.y. Either a basaltic boulder or the
brecciated upper surface of a lava flow was encountered in the last
core.

BACKGROUND AND OBJECTIVES

The age and petrology of the sedimentary and vol-
canic rocks of the West Mariana Ridge were not well
known. Therefore the principal objective of Site 451
was to obtain this knowledge by drilling through the
sedimentary veneer into the arc basement; the overall
objective was to gain an understanding of the role of
remnant arcs in back-arc marginal basin evolution.

The West Mariana Ridge separates the 5-km-deep
Parece Vela Basin, an extinct back-arc basin to the west,
from the 4-km-deep Mariana Trough, an actively
spreading back-arc basin to the east (Fig. 1). The north-
south trending ridge itself is generally less than 2 km
deep and locally is within only 55 meters of the surface;
it is interpreted to be a remnant arc left behind when the
active volcanic Mariana arc broke away during back-arc
spreading of the Mariana Trough (Karig, 1975). Karig
and Glassley (1970) mention the presence of vesicular
dacitic lavas and upper Pliocene sandstones and ashes
dredged from the West Mariana Ridge at 3- to 4-km
depths. They cite the high vesicularity to suggest that a
shallow eruption of dacite took place and that the pres-
ent depth of the dredge site required Quaternary sub-
sidence of parts of the West Mariana Ridge. Although
the seismic-refraction profiles in the Philippine Sea did
not include the West Mariana Ridge proper, a profile
through the southern end of the Honshu Ridge, which
begins north of the junction of the West Mariana and
Mariana Ridges, showed a 3-km-thick section of a
3.3-km/s layer overlying the 4.6-to 5.5-km/s basement.
Site surveys indicated that 700 meters of sediment over-
lie a 3.9-km/s basement layer at Site 451. The location
of Site 451 on the eastern edge of the West Mariana Ridge
contrasts with the location of Site 448 on the western
edge of the Palau-Kyushu Ridge. The extremely deep
sediment wedge on the western edge of the West Mari-
ana Ridge and the dearth of sediments in the central
part of the ridge make these parts of the ridge undesir-
able drilling targets.

Preliminary site surveys indicated that the West
Mariana Ridge is bounded by a steep scarp facing the
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Figure 1. Location of Site 451 on the eastern edge of the West Mariana
Ridge. (The site is indicated by a concentric circle.)

Mariana Trough (Figs. 2 and 3). The locations of the
survey track lines are shown in Figure 4. Numerous vol-
canic peaks surmount the ridge within the vicinity of the
survey. The eastern edge of the ridge also seems to be
broken into a series of steps or ledges, some of which
have sediment ponds (for example, see the central part
of Profile V), perhaps an excellent place to attempt to
reach basement. Sonobuoy results (Fig. 5) suggested
that about 1 km of sediment (2.0 km/s) overlies a
higher-velocity layer (4.2 km/s) that may be volcanic-
arc basement. (This is identical to the velocity of Site
448 arc-volcanic rocks.) The 5- to 6-km/s layer found
1.3 to 1.5 km below the 4.2-km/s layer may also repre-
sent oceanic basement. Semblance calculations made on
the multichannel seismic data, also acquired during the
site surveys in the vicinity of Site 451, indicate that ap-
proximately 700 meters of sediments overlie a 3.9-km/s
basement layer. Murauchi et al. (1968) point out that at

406

"
\
;|
A 3
"\ A A
P ,_.F\
/ \ AW ARY
v N5
3
ﬁi,,.:
, :
!-:Fi,_ °
okm . w0

Figure 2. Seismic-reflection profiles (L-DGO Site Survey data) in the
vicinity of Site 451. (Profiles I, IV, and V show the steep scarp on
the eastern side of the West Mariana Ridge. Ships’ tracks for these
profiles are shown in Fig. 4. Reflection time is in seconds.)
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Figure 3. Bathymetry in the vicinity of Site 451 (L-DGO Site Survey data). (Note the steep scarp on the
eastern side of the Mariana Ridge. Depths are in corrected meters.)

a considerable distance to the north of Site 451 the ridge
is built up mainly of material with a 3.5-km/s velocity,
based on the one refraction line across the Honshu
Ridge. Dredging (locality shown in Figs., 3 and 4) re-
covered only weathered mafic rocks and sediments from
a massive basement-type block that appears to dip gently
to the west.

The broad objective of Site 451 was to compare the
drilling results of Site 451 with drilling planned for Leg
60 on the active volcanic Mariana arc in order to deter-
mine whether the West Mariana Ridge actually is a rem-
nant arc left behind the Mariana Ridge during back-arc
spreading to form the Mariana Trough and to ascertain
what the detailed evolution of this process includes. For
example, the episodic nature of volcanism within the
entire Palau-Kyushu-West Mariana-Mariana remnant
arc-arc province was to be investigated, with particular
attention to variability of magmas and magma sources
in space and time. Timing of volcanic and structural
events within the West Mariana Ridge was to be related
to sedimentary and structural events in the Parece Vela
Basin. Of particular interest was the structural and
volcanic control of sedimentation on the West Mariana
Ridge. The nature of metallogenesis in immature arc-
volcaniclastic sediments and the roles of diagenesis and
incipient hydrothermal mechanisms in metallogenesis

were especially important in conceptualizing ore forma-
tion in island arcs.

The specific objective was to drill through 0.7 to 1 km
of sediments on the eastern side of the West Mariana
Ridge and to penetrate the 3.9- to 4.2-km/s basement.

OPERATIONS

The final drilling location of Site 451 is situated
about 240 km due east of Site 450. At 1130 Local Time
(L), 7 March, approximately 17.5 hours after leaving
Site 450, a brief seismic-profile survey was begun; at
1326 L the positioning beacon was dropped and normal
site operations were begun (Fig. 6).

An attempt to retrieve a mudline punch core was
made when the core bit had been lowered to 2081.5
meters. Although the depth was 11.5 meters below the
precision depth recorder (PDR) depth, no weight indica-
tion of contact with the seafloor was felt. No sediment
was recovered. The procedure was repeated with an ad-
ditional joint of pipe to 2091 meters; on this attempt 4.2
meters of sediment were recovered and the water depth
was set at 2086 meters from the rig floor.

The record of drilling operations is summarized in
Table 1. At 38 meters sub-bottom, firm volcaniclastic
material was encountered, and there was concern for the
bottom-hole assembly (BHA) because the lower bumper
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Figure 4. Survey tracks in the vicinity of Site 451 on the West Mariana Ridge (L-DGO Site Survey data).
(The heavily drawn east-west lines with Roman numerals correspond to profiles shown in Fig. 2.)

subs were just reaching the seafloor. After a few meters
were carefully drilled, somewhat softer material was en-
countered and the BHA was buried without incident.

Low core recovery from about 55 to 475 meters sub-
bottom was attributed to semi-indurated tuff and ash
beds; recovery improved as compaction and induration
increased with depth.

Minor hole problems occurred at 537 meters and at
641 meters sub-bottom, created by the influx of exces-
sive accumulations of cuttings in the hole. The hole had
been kept clean by regular mud flushes in the course of
drilling; it was concluded that ‘‘avalanches’’ of cuttings
from the seafloor around the hole or from washouts in
the upper part of the hole caused these problems. The
lower influx (641 m) occurred during attempts to clear a
plugged bit. The altered volcaniclastic material encoun-
tered showed a tendency to accumulate in a waxy clay-
like mass in the core catcher; this caused repeated jam-
ming, which adversely affected core recovery. A similar
buildup apparently occurred in the throat and jets of the
core bit. The bit deplugger was run and the throat was
opened, indicated by mud pump pressure. The next core
barrel failed to seat, however, and even more severe
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plugging resulted from a 3-meter core attempt. Several
more wire-line runs were required to clear the bit com-
pletely, and a total delay of 7.5 hours resulted.

Normal operations continued until the final operat-
ing day of the leg. At a depth of 926.5 meters sub-
bottom, core barrel 101 stuck at the bit, and three wire-
line runs (two sheared release pins) were required to
retrieve it. A small lump of altered basalt was found im-
bedded in the clay-like material jamming the core
catcher.

The penetration rate was much lower on the subse-
quent core, and it was decided to retrieve the core after 4
meters were cut to maximize basalt recovery. During the
cutting of the core, however, the mud pump pressure in-
creased markedly, indicating that the bit was plugging.
Core recovery was only 40 cm, some of which was al-
tered basalt. The amount was insufficient to determine
whether the basalt was a large clast or part of a flow.

A last-minute attempt was made to clear the bit and
cut one additional core. Pump pressure indicated the bit
to be almost completely plugged, and the deplugger did
not open the throat when it landed at the bit. The over-
shot was lowered and engaged the deplugger barrel. Sev-
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Figure 5. Results of the two sonobuoys shot on the West Mariana
Ridge (L-DGO Site Survey data). (Significant topographic slopes
along the line of these profiles reduce their accuracy.)

eral attempts were made to break through the obstruc-
tion by jarring the wire-line jars, but the deplugger
became stuck without reducing the pumping pressure.
Attempts to dislodge the deplugger resulted in a sheared
release pin.

Operating time had run out and prospects for re-
covering any additional core were low. The drill string
was retrieved, concluding drilling operations for Leg 59.
On retrieval, the throat of the bit was found to be sol-
idly packed with pulverized clay and rock for its entire

SITE 451

length. The apices of all four cones of the bit had been
broken off, leaving only the second row of inserts of
two of the cones to trim the diameter of the core.

After the drilling equipment had been secured for
sea, the vessel got underway for profile surveying at
1940 L, 13 March. On departure to the west to stream
gear, the site was crossed on an easterly profile. The
profile was continued 35 km to the east, and then a
southerly course was set for Apra, Guam.

SEDIMENTARY LITHOLOGY

At Site 451, 930.5 meters of sediments and volcani-
clastic rock were drilled and continuously cored. Basalt
fragments recovered from the bottom of the hole may
represent the upper surface of a lava flow, but otherwise
no flows or igneous intrusions were encountered. Re-
covery was poor in the interval of poorly consolidated
sediments from Cores 11 through 23 and 48 through 51.

The upper Miocene to Quaternary sedimentary sec-
tion consists of two lithologies that contrast sharply in
appearance and genesis, separated by a transition zone
of intercalated beds of both lithologies with layers that
are intermediate in composition. Thus, the sedimentary
column is conveniently separable into three lithologic
units (Fig. 7).

At the top, Unit 1 (36.0 m thick) consists of lower
Pliocene to Quaternary soft biogenous carbonate oozes.
The uppermost two meters of Unit 1 are a grayish
brown foraminiferal ooze that grades downward into
delicately hued alternations of grayish brown foramini-
feral-nannofossil ooze and light yellow-brown and
yellow nannofossil-foraminiferal ooze (Core 2). The
nannofossil-ooze layers become thicker down-core at
the expense of the foraminiferal-nannofossil oozes;
Cores 3 and 4 and the upper part of Core 5 are ex-
clusively nannofossil-foraminiferal oozes, and the basal
20 cm of Unit 1 are a light gray nannofossil ooze. A
single 20-cm thick, very dark gray bed of ash occurs in
Core 3, 20 meters above the base of the unit. Pumice
and glass fragments, locally brown or black and
covered by manganiferous films, are present in Core 1.
Glass (trace to 3%), crystal fragments (trace to 2%),
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Figure 6. Track of the Glomar Challenger between Site 450 and 451 showing details of pre- and postsite

surveys. (The ® marks the site position.)
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Table 1. Coring summary for Hole 451. Table 1. (Continued).
Date Local Depth from E'Bl)i_h i:oeluw Length Length Date Local Depth from Depth below Length Length
Core  (March, Time Drill Floar Sea Floor Cored Recovered  Recovery Core  (March, Time Drill Floor Sea Floor Cored  Recovered Recovery
No. 1978) (L) i(m, top-hottom)  {m, top-bottom) () (m) (o) No. 1978) (L) (m, top-bottom)  {(m, top-bottam) (m) (m) (%)
! 7 2138 2086.0-2091.0 0.0- 50 5.0 4.2 84 9% 13 0203 2955.5-2965.0 869.5-879.0 9.5 1.4 36.0
2 7 2216 2091.0-2100.5 5.0- 14.5 9.5 B 93 97 13 0336 2965.0-2974.5 £79.0-888.5 9.5 4.4 46.3
3 ? 2258 2100.5-2110.0 14.5- 24.0 9.5 9.5 100 98 13 0545 2974.5-2984.0 888.5-898.0 9.5 5.7 60.0
4 7 2332 2110.0-2119.5 24.0- 335 9.5 9.1 96 99 13 0657 2984.0-2981.5 898.0-907.5 9.5 21 221
i & 0037 2119.5-2129.0 33.5- 43.0 9.5 5.9 62 100 13 0837 2983.5-3003.0 507,5-917.0 9.5 2.1 2.1
L] 8 mai 2129.0-2138.5 43.0- 52.5 9.5 9.5 {[L 4] 101 13 1o 3003.0-3012.5 917.0-926.5 9.5 1.3 14.0
7 8 0208 2138.5-2148.0 52.5- 620 9.5 1.4 15 102 13 1302 3012.5-3016.5 926.5-930.5 4.0 E 2.1
8 8 0255 2148.0-2157.5 62.0- 71.5 9.5 3.7 39 Toial 930.5 280.1 30.1
9 B 0335 2157.5-2167.0 71.5- £1.0 9.5 0.4 4 i
_10 B 426 2167.0-2176.5 81.0- 90.5 9.5 1.2 13
1 8 0515 2176.5-2186.0 90.5-100.0 9.5 0.0 4]
3 8 oo 219552050 1095190 o3 00 0 ;
14 8 0739 2205.0-2214.5 119.0-128.5 9.5 27 28 and feldspar: and heavy minerals (trace to 1%) are very
15 ® 0838 2214,5-2224.0 128,5-138.0 35 0.7 7 minor constlluents_
13 8 G0 remos  iosime o3 o0 0 Unit 2, 29.5 meters thick, consists of upper Miocene,
18 3 16 2243.0-2252.5 157.0-166, .5 1 1 3 It 1t =
15 8 15 mosoues  l6eise  ss b 1 carbonate-rich fine vitric tuff, fine vitric tuff, and nan
20 B 1340 22620-271.5  176.0-185.5 9.5 0.2 2 nofossil-foraminiferal ooze interbeds. The uppermost
- 5.5 J . X . . -
El H i?? Egiﬂig&? 195.0-204.9 o3 o3 H interbeds (80 cm thick) are two ohv'e-gra? and dark
2 3 BY manis b > b 2y olive-gray ash beds (25 and 40 cm thick), intercalated
;Z : :25 2;‘3:;;:;‘:” ‘;—;;f::': :: "J': "“;‘ with a nannofossil-foraminiferal ooze (15 cm thick).
n 8 gm zggigjzﬁg:c} 24?5452‘.0 95 1.2 ti:e: Below this intercalated zone are 8.7 meters of light
3 8 0 auTsawo i;;Z?ZE?EIE- 5 02 21 olive-gray carbonate-rich ash layers (Cflch <10 cm
0 S BB BLIDAES 10203 M- thick) interbedded with lithified dark olive-gray vitric
3 9 0040 2166.5-2376.0 280.5-290.0 9.5 1.6 16.8 f .
32 9 0149 2376.0-2385.5 290.0-299.5 9.5 1.8 18.9 tuff layers. In Core 6 the carbonate-rich ash layers in-
33 9 02: 2385.5-2395.0 209.5-309. ; K 7 . . .
M9 ;e s0swes  I090318s 93 3 18.9 crease in thickness to 70 cm, and the tuff layers increase
b 3 DOLMSHIN0 I8 -380 22 2 L in thickness to 35 cm. This general lithology continues
36 9 0550 2414.0-2423.5 3128.0-337.5 9.5 1.0 10.5
n 9 0645 242352410 31753470 9.5 21 2 down to a sub-bottom depth of 65.5 meters, the base of
38 9 0800 2433.0-2442.5 347.0-356.5 9.5 3.6 7.9 Unit 2
39 9 0900 2442.5-2452.0 156.5-366.0 9.5 1.9 20.0 .
S L T S 22 Az iz The contact between Units 2 and 3 was not recovered
4] 9 123 2461.5-2471.0 375.5-385.0 9.5 1.5 15.8 .
S5 i da0sam00  3odsaoko %5 0 e but can be reasonably placed just below the lowermost
4 2480,5- .| S-404 | B 5 o .
44 3 M6 00295 04041 95 12 126 beds of Unit 2, where core recovery dropped markedly
5 v -416.5 . . Lol
iy L L as a consequence of the poorly consolidated vitric tuffs
47 9 1831 2509.0-2518.5  423.0-4325 9.5 25 26.3 dominating the Unit 3 beds. Unit 3, 865.0 meters thick,
48 9 1926 2518.5-2528.0 432.5-442.0 9.5 0.2 2.1
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than half (rarely up to 90%) of the clasts, which are
angular to subrounded. The matrix consists of fine glass
and its alteration products. The sub-unit features lami-
nated intervals of fine sand-sized clasts, graded bed-
ding, load casts, and rare penecontemporaneous normal
faulting of small displacement (5 mm) and disharmonic,
recumbent folding (Fig. 8). Bioturbation of the finer
beds occurs and is intense in one 40-cm-thick layer at the
top of the sub-unit. Shallow-water foraminifers, coral
fragments, and lignite fragments are present in the
coarser layers.

Sub-unit 3c, 11.7 meters thick, features a boulder
volcaniclastic conglomerate 4.6 meters thick at its top;
the boulders are 20 to 30 cm in size within the core and
are composed of plagioclase-olivine-phyric basalt and
vesicular plagioclase-phyric basalt. This bed progres-
sively becomes finer down-core, becoming a vitric tuff
with intercalations of gray carbonate-rich tuff about 10
cm thick. Two other coarse beds, 40 and 70 cm thick,
occur near the base of the sub-unit. Approximately half
of the recovery from Sub-unit 3c is breccia and con-
glomerate.

Sub-unit 3d, 49.3 meters thick, is an interval much
like Sub-unit 3a, in which poorly recovered vitric tuff
predominates. Biogenic carbonate is present in small
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Figure 8. Disharmonic, recumbent folding associated with the base of
a graded bed.

SITE 451

amounts as pelagic and benthic foraminifers and nanno-
fossils. Some of the beds are black and structureless;
others are dark gray and show lamination and cross-
bedding.

Sub-unit 3e, 167.4 meters thick, is an intercalated se-
quence of vitric tuffs, volcaniclastic breccias, and con-
glomerates much like those of Sub-unit 3b. Again,
coarse beds comprise about one-third of the recovered
material. The rock is more indurated and the glassy
material more altered to clay. Subangular to sub-
rounded clasts of altered basalts and andesites 3 to 4
mm in diameter occur as minor constituents. Clasts and
matrix both contain very small amounts of disseminated
pyrite. The clast:matrix ratio is about 4:1. Silicified
foraminifers were observed in two of the cores; lignite
lenses also are present.

Sub-unit 3f, 61.7 meters thick, is another interval
dominated by black vitric tuffs and lesser fine vitric
tuffs and characterized by poor core recovery. Andesite
clasts occur in the coarser sediments of every core in the
sub-unit.

Sub-unit 3g, either 222.9 or perhaps more than 226.9
meters thick, consists primarily of greenish black, dark
greenish gray, and grayish olive-green coarse volcani-
clastic breccias and conglomerates, in part tuffaceous,
in layers 20 cm to 5 meters thick. Interbedded with
them, in intervals typically about 1 meter thick, are
greenish black, grayish black, dark bluish black, and
dark gray vitric tuffs.

The depositional history of Site 451 on the West
Mariana Ridge is one of rapid accumulation of great
thickness of epiclastic volcanic sediments derived from
relatively shallow water during the late Miocene. Many
of the coarser clasts in Unit-3 sediments display round-
ing attributable to reworking in near-surface environ-
ments of high wave energy, and it is possible that some
of these clasts may even have been rounded in a sub-
aerial setting. Reworked shallow-water carbonate tests
were also deposited with the Unit-3 sediments, although
carbonate contents are strongly masked and diluted by
the volcaniclastic components. Because lignite occurs as
lenses and fragments isolated at one stratigraphic
horizon, and because lignite does not form in marine en-
vironments, the lignite within tuffs was not formed in
situ but was most probably derived by erosion of nearby
volcanic islands.

In the latest Miocene, the supply of volcaniclastic
material was reduced enough so that carbonates com-
prise a significant fraction of the Unit-2 sediments. By
the Pliocene, volcanism had ceased altogether, and only
carbonate oozes with insignificant ash admixtures were
deposited until the present. At no time in the entire
period of time recorded by the cored sequence does Site
451 appear to have been below the carbonate compensa-
tion depth (CCD).

BIOSTRATIGRAPHY

At Site 451, at least 926.5, if not 930.5 meters of sedi-
ment were cored. Foraminiferal-nannofossil ooze is
present in the first five cores, changing to carbonate-
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SITE 451

rich vitric ash and vitric tuffs downward. Volcaniclastic
rocks occur with increasing frequency down-hole and
dominate in the lower part of the hole.

In Cores 1 to 3 (0.0-24.0 m), foraminifers, calcareous
nannofossils, and radiolarians are present, indicating an
age of late Pliocene to late Quaternary. Diatoms occur
only in the lower part of Core 1 and in Core 2 and are
associated with rare silicoflagellates. Below Core 3 only
calcareous nannoplankton and foraminifers remain,
and these are common down to Core 14 (24.0-128.5 m),
indicating an age of late Miocene to early Pliocene for
this interval. Cores 15 to 19 (128.5-176.0 m) are essen-
tially barren or had no recovery. From Core 20 down-
ward, fossil occurrences are restricted to interbedded
biogenic horizons in which poorly preserved upper Mio-
cene nannofossils and the planktonic foraminifer Or-
bulina spp. (middle Miocene or younger) are present.
Larger foraminifers are occasionally present from Core
31 downward. Coral fragments were also found (e.g.,
Core 91). The lowest nannofossil occurrence was noted
in Core 85 (765.0-774.5 m), which is situated in the
basal part of Zone NN 10 (Discoaster calcaris Zone, up-
per Miocene).

Calcareous Nannoplankton

In Cores 1 to 3 (0.0-24.0 m), Quaternary to upper-
Pliocene calcareous nannoplankton assemblages are pres-
ent, represented by calcareous nannoplankton Zones NN
21 (Emiliania huxleyi Zone) down to NN 16 (Discoaster
surculus Zone) in successive order, with the exception of
Sample 2,CC. Here an NN 21 assemblage was found
that obviously represents material caved-in from above.
Core 4 and the upper part of Core 5 (24.0-36.5 m) con-
tain the lower Pliocene calcareous nannoplankton Zones
NN 12 (Ceratolithus tricorniculatus Zone) to NN 15
(Reticulofenestra pseudoumbilica Zone), with rather
common occurrences of ceratoliths.

The NN 11 assemblage is found in the lower part of
Core 5 probably to Core 20 (36.5-185.5 m), although
the lower part of this succession is obscured by nonre-
covery and barren intervals. In Core 22 and downward
to Core 64, several layers contain poorly preserved nan-
noplankton assemblages, which may belong to Zone
NN 10 (D. calcaris Zone), because neither D. quinque-
ramus (first occurrence [FO] = base of Zone NN 11)
nor D. hamatus (last occurrence [LO] = top of Zone
NN 9) were found in the volcaniclastic sediment. In
Cores 78 and 80 the basal part of Zone NN 10 was
reached, in which Catinaster calyculus (long-rayed spec-
imens) is present. Some levels contain only solution-
resistant forms inadequate for precise age determina-
tion. The preservation of calcareous nannofossils in
Cores 3 to 14 is fair; and preservation in the two upper-
most cores is good.

Foraminifers

Moderately well-preserved planktonic foraminifers
are common to abundant in core-catcher samples from
Cores 1 to 14, with benthic foraminifers common in the
upper cores but rare below Core 5. Below Core 14 all
foraminifers occur sporadically because the more abun-
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dant volcaniclastic sediments often dilute their presence;
preservation is generally poor with increased induration
of the sediments.

Mixing of foraminiferal faunas of different age in
some of the samples from this site is evident (e.g., Sam-
ple 1,CC contains a mixture of foraminifers from Zones
N.21 to N.23); this makes it difficult to determine the
precise age of these samples.

The following upper Miocene to Quaternary plank-
tonic foraminifer zones were recognized: probably N.23
in the upper portion of Core 1; probably N.22 from
Sample 1,CC through Core 2, Section 1; N.21 from
Core 2, Section 3 to Core 3, Section 5; N.19 from Core
3, Section 7 to Core 5, Section 1; N.17 from Core 6, Sec-
tion 1 through Core 8, Section 6 (and Core 10, Section

1.

Rare occurrences of Candeina as low as Core 25, Sec-
tion 1 indicate the presence of Zones N.16/N.17 at least
as far down as this. Orbulina spp. (middle Miocene or
higher) occurs sporadically throughout the lower por-
tion of the sedimentary section.

Reworked larger foraminifers occur sporadically
from Core 31 downward. (The following information
on these larger foraminifers and associated shallow-
water fossils is a personal communication submitted by
Dr. J. P. Beckmann, December, 1978.%)

Samples from Cores 31, 40, 42, 46, 47, 50, 69, 71, and 72 were
available for investigation. Fossil remains that are generally regarded
as shallow-water indicators were found in all of these cores except
Core 69, The best faunas were recovered from Cores 40, 71 and 72,
but even in these cores only Amphistegina spp. and Ammonia cf. in-
dopacifica (Thalmann) are fairly common. The remaining taxa are
represented in individual samples by only a few specimens (or frag-
ments of specimens). Preservation is usually moderate to poor. Many
specimens show signs of breakage or wear, and the material is com-
monly chalky or recrystallized into clear calcite. A thorough taxo-
nomic study has not been attempted, and an open nomenclature is
commonly used in the sample list that follows.

The most significant genera of larger foraminifers at Site 451 are
Lepidocyclina, Miogypsina, Miogypsinoides, and Cycloclypeus. The
group Operculina-Operculinella-Operculinoides is also present in
most samples, but because of its limited stratigraphic use has not been
studied in detail. Lepidocyclina is represented in the upper part of the
studied interval (mostly Core 40) by L. cf. rutteni van der Vlerk,
whereas in the lower cores (71 and 72) the specimens have broader
equatorial chambers and resemble L. japonica (Yabe). A few frag-
ments probably belonging to L. ferreroi Provale were found in Core
71. Miogypsina also occurs very rarely in Core 71. Two specimens of
Miogypsinoides from the top sample (0-9 cm) of Core 71 seem to be
close to M. complanata (Schlumberger) and are most probably
reworked. The genus Cycloclypeus is taxonomically in a confused
state, which limits its value for biostratigraphy. In this report, a group
named C. cf. eidae/posteidae (mostly with 7-15 nepionic chambers) is
distinguished from a few larger specimens with five or less nepionic
chambers, here referred to as C. cf. carpenteri/guembelianus, follow-
ing mainly the work of Mac Gillavry (1962).

The presence of presumably reworked specimens limits the value
of the larger foraminiferal faunas for age determination. According to
the recent stratigraphic compilations of Adams (1970), Haak and
Postuma (1975), and Coleman (1978), the association of Cores 71 and
72 (with Lepidocyclina cf. japonica, L. cf. ferreroi, and Miogypsina
sp.) would suggest the middle Miocene (early Tertiary f). The younger
samples (particularly Core 40) with L. cf. rutteni might be slightly
younger (early part of the late Miocene, late Tertiary f). The original
life habitat of the fauna, following the models of Henson (1950) and
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Chaproniere (1975), was probably a fairly shallow shelf (i.e., a fore-
reef shoal). The associated megafossil remains (pelecypod fragments,
echinoid spines, some bryozoans) give some further support to this
assumption. The rare coral fragments may indicate the vicinity of a
reef. The smaller benthic foraminifers (Lenticulina, Bulimina, Aster-
igerina, and others) in some samples suggest that faunal components
of a slightly deeper-water origin may also be present.

The following is a list of larger foraminifers and associated micro-
fossils found in samples from Hole 451. (All listed fossils are rare [one
or few specimens], except where otherwise noted. The sections and
intervals within each core are indicated.)

Core 31

1,24-26 cm: Ammonia sp.

1, 38-40 cm

1, 50-56 ¢cm No distinct shallow-water fossils

1, 88-90 cm

Core 40

2,9-12 cm: Ammonia sp., Cycloclypeus sp., Lepidocyclina sp.,
Operculinoides sp.

2, 37-41 cm: Ammonia cf. indopacifica (fairly common), Am-
phistegina spp. (fairly common), Cycloclypeus cf.
eidae/posteidae, Cycloclypeus spp., Lepidocyclina
sp., Operculina sp.

2, 66-70 cm:  Ammonia cf. indopacifica, Amphistegina spp.
(fairly common), Cycloclypeus cf. eidae/posteidae,
Lepidocyciina cf. rutteni, Operculina sp.

2,95-97 cm:  Ammonia sp., Amphistegina sp., Cycloclypeus sp.

2, 97-99 cm: Ammonia sp., Amphistegina sp., Cycloclypeus cf.
eidae/posteidae, Cycloclypeus sp., Lepidocyclina
sp.

(Lenticulina sp.)

Core 42

2, 115-120 cm: Ammonia sp., Amphistegina sp., Cycloclypeus sp.,
(1) Lepidocyclina sp., Operculina sp.

Core 46
3, 3-6cm: Ammonia sp., Amphistegina sp.
(?)coral fragment
3, 10-12 cm: Operculinoides sp.
3, 22-24 cm: Amphistegina sp., Operculina sp.
Core 47
1, 86-88 cm: Amphistegina sp., Ammonia sp., Operculina sp.,

(N Planorbulina sp.
1, 136-138 cm: Ammonia sp., Amphistegina sp.

2, 18-22 cm: Ammonia sp., Amphistegina spp.
(Bulimina, Asterigerina)
Core 50
Sample 50,CC: Ammonia sp., Amphistegina sp.
Pelecypod fragments.
Core 69
é" ?Tﬁ?z%mcm No distinct shallow-water fossils
Core 71
1, 0-9 cm: Ammonia cf. indopacifica (fairly common), Am-

phistegina spp. (common), Cycloclypeus cf. carpen-
teri/guembelianus, Cycloclypeus sp., Lepidocyclina
cf. japonica, Miogypsinoides cf. complanata, Oper-
culina cf. complanata, Operculina sp., Sphaerogyp-
sina sp.
Pelecypod fragments, echinoid spines.

1, 143-150 cm: Ammonia cf. indopacifica (fairly common), Am-
phistegina spp. (fairly common), Cycloclypeus sp.,
Lepidocyclina sp.
Pelecypod fragments, echinoid spines.

3, 113-120 cm: Ammonia cf. indopacifica (fairly common), Am-
phistegina spp (fairly common), Cycloclypeus sp.,
Heterostegina sp., Lepidocyclina cf. japonica,
Miogypsina sp., Operculina cf. complanata, Planor-
bulina sp.
Pelecypod fragments, echinoid spines.,

4, 122-132 cm: Ammonia cf. indopacifica (fairly common), Am-
phistegina spp. (fairly common), Cycloclypeuis spp.,
Lepidocyclina cf. ferreroi, Lepidocyclina cf. japon-
ica, Miogypsina sp., Operculinella sp.
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Pelecypod and gastropod fragments, bryozoans,

coral remains.

Ammonia cf. indopacifica (fairly common), Am-

phistegina spp. (fairly common), Cycloclypeus spp.,

Heterostegina sp., Lepidocyclina cf. japonica, Oper-

culinella sp., Planorbulina sp.

Pelecypod fragments, echinoid spines, bryozoans.

Ammonia cf. indopacifica (fairly common), Am-

phistegina spp. (fairly common), Cycloclypeus cf.

eidae/posteidae, Cycloclypeus sp., Lepidocyclina cf.

Japonica, Operculina <f. complanata, Operculinella

sp., Sphaerogypsina sp.

(Lenticulina)

Echinoid spines, bryozoans, coral fragments.

6, 140-145 cm: Ammonia cf. indopacifica (fairly common), Am-
phistegina spp. (fairly common), Cycloclypeus spp.,
Lepidocyclina cf. ferreroi, L. cf. japonica, Miogyp-
sina sp., Operculinella sp., Sphaerogypsina sp.
Echinoid spines.

5, 8-12 cm:

5, 93-98 cm:

Core 72
1,23-28 cm: Ammonia cf. indopacifica (common), Amphistegina
spp. (common), Cycloclypeus cf. eidae/posteidae,
Cycloclypeus sp., Lepidocyclina cf. japonica, Oper-
culina cf. complanata, Operculinella sp., Planor-
bulinella sp.

Pelecypod and coral fragments.

Lepidocyclina sp.

Ammonia cf. indopacifica (common), Amphistegina
spp., Cycloclypeus spp., Lepidocyclina cf. japonica,
Lepidocyclina sp., Operculinella sp.

Pelecypod fragments

Ammonia cf. indopacifica (fairly common), Am-
phistegina spp. (fairly common), Cycloclypeus cf.
eidae/posteidae, Cycloclypeus sp., Lepidocyclina cf.
Jjaponica, Lepidocyclina sp., Operculinella sp.
(fairly common), Sphaerogypsina sp.

(Lenticulina)

Pelecypod and (?)coral fragments.

Ammonia cf. indopacifica (common), Amphistegina
spp. (fairly common), Cycloclypeus cf. carpenteri/
guembelianus, Cycloclypeus cf. eidae/posteidae,
Lepidocyclina cf. japonica, Operculinella sp.,
Sphaerogypsina sp.

(Lenticulina)

Pelecypod and (?)coral fragments, echinoid spines.

1,60 cm:
1, 103-105 cm:

1,136-138 cm:

2, 88-95 cm:

Radiolarians

The core-catcher samples of Cores 1 through 3 con-
tain radiolarians in sufficient numbers to study; in
Cores 451-4 and, -10, and Sample 14,CC, traces of this
group were found, whereas all other cores appear to
lack radiolarians.

The assemblage in Sample 451-1,CC, although be-
longing to the uppermost Pleistocene Buccinosphaera
invaginata Zone (Nigrini, 1971), is mixed with elements
of Pliocene to early Pleistocene and, in addition, con-
tains a few Miocene orosphaerids. In Samples 2,CC and
3,CC the few species that are present do not allow a
zonation; they do, however, indicate an age range from
the late Pliocene to the early Pleistocene for the
sediments.

Diatoms and Silicoflagellates

Diatoms occur only in the lower part of Core 1, in
Core 2, and in the upper of Core 4. They are associated
with rare silicoflagellates, sponge spicules, and endo-
skeletal dinoflagellates and were probably deposited
during the late Pleistocene.
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SITE 451

PALEOENVIRONMENT

In general, at Site 451, Cores 1 to 14 (except Cores
11-13, which had no recovery) contain common to
abundant, moderately well-preserved calcareous nanno-
fossils and planktonic and benthic foraminifers, sug-
gesting deposition above the CCD. Cores 15 to 19 are
either essentially barren, or there was no recovery.
Below this level, planktonic foraminifers and nanno-
fossils occur sporadically, possibly because of the dilu-
tion effect of the ash; preservation is often poor and
seems to be associated with increasing induration of
these sediments. Both of these fossil groups, however,
were occasionally noted nearly to the bottom of the
hole.

Benthic foraminifers are rare compared to the plank-
tonic at Site 451, as is typical for sediments deposited at
deep bathyal to abyssal depths above the CCD. The rare
specimens that were observed in these samples include
Cibicides wuellerstorfi, Bulimina alazanensis, Gyroi-
dina broeckhiana, and other indicators of deep bathyal
to abyssal waters.

From Core 31 downward, larger foraminifers occur
sporadically. These shallow-water forms are reworked.

ACCUMULATION RATES

The depositional history of the sediments drilled at
Site 451 can be broken down into four major phases,
each characterized by a distinct average sediment ac-
cumulation rate (Fig. 9). The phases are gradational,
and their boundaries are obviously influenced by the
biostratigraphic data that control the overall curve of
Figure 9.

In the first phase of deposition (above the bottom of
the hole at 930.5 meters sub-bottom), over a span of on-
ly about 1.5 m.y. (until the early late Miocene), about
740 meters of volcanic debris consisting of ashes, tuffs,
conglomerates, and breccias accumulated at a rate well
over 400 m/m.y. On a fine scale, sedimentary structures
such as graded bedding, slump features, channel cuts,
and sharp fluctuations in size and lithologic character of
clasts require that this deposition must have been epi-
sodic. In the early late Miocene, a decrease in the influx
of volcaniclastic debris resulted in the second phase,
during which depositional rates averaged 35 m/m.y.
These rates prevailed until the early Pliocene, when a
further decline occurred, during which predominantly
biogenic sediments accumulated at about 10 m/m.y. It
was finally during the Pleistocene that rates decreased to
5 m/m.y.

ORGANIC GEOCHEMISTRY

No gas shows were observed in the sediments of Site
451. The absence of significant hydrocarbon-gas gen-
eration within these sediments suggests that they are
probably lean in organic matter.

The organic carbon and nitrogen contents were ana-
lyzed by methods discussed in the Introduction (this
volume). These results, obtained from carbonate-free
sediments, are given in Table 2 and plotted against
depth in Figure 10. The erratic values of organic carbon
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Figure 9. Accumulation rates estimated for the sediments drilled at
Site 451. (The time scale and the calibration of the biostratigraphic
zonal boundaries to this scale follow Schlanger et al. [1976]. The
definition of the nannofossil zones is after Martini [1971]; that of
the foraminiferal zones is after Blow [1969]. The horizontal bar
shows the chronologic range of Zone NN 10 and the lowest level in
Hole 451 at which an NN 10 assemblage was found. At this level in
the hole, the fossils indicated that the base of Zone NN 10 was
near. Between the NN 10/NN 11 boundary and the bottom of the
hole a minimum depositional rate is shown by arbitrarily inter-
secting the horizontal bar at its oldest end. The dashed line indi-
cates a minimum rate based upon an extrapolation to the lowest
NN 10 assemblage.)

and nitrogen in Unit 1, a foraminifer-nannofossil ooze,
cannot be readily explained, although it is perhaps
significant that the C:N ratio remains roughly constant
throughout Unit 1. The values of organic carbon and
nitrogen for the vitric tuffs (Units 2 and 3) are low,
resembling those of the same lithologies at Site 450. At
one stratigraphic horizon, several brown-black seams



Table 2. Organic carbon and nitrogen contents (after carbonate
dissolution).

Organic
Lithologic Unit Sample Carbon  Nitrogen C:N
or Sub-unit (intervals in cm)  (wt. %)  (wt. %) (atomic ratio)
1 1-2, 31-32 0.22 0.015 17.2
1 1-3, 27-28 0.21 0.021 11.7
1 2-2, 126-127 0.19 0.019 11.7
1 2-5, 97-98 0.22 0.018 14.3
| 3-1, 40-41 0.10 0.009 13.0
1 34, 40-41 0.52 0.042 14.5
| 4-1, 130-131 0.35 0.030 13.7
| 4-4, 70-71 1.01 0.82 14.4
1 5-1, 88-89 0.44 0.032 16.1
2 5-4, 21-22 0.05 0.002 29.3
2 6-1, 106-107 0.05 0.004 14.6
2 6-4, 33-34 0.11 0.005 257
3a 14-1, 63-64 0.12 0.009 15.6
3e 56-3, 5-7 21.42
34.62
56.18°  0.47 119.0

4 Shipboard measurements using two different standards (whole rock).
b Shore-based measurement on kerogen concentrate.
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Figure 10. Results of organic carbon and nitrogen analyses plotted
versus sub-bottom depth in meters.

present in the tuffs of Section 56-3 were analyzed to
determine whether they were of organic origin. The high
shipboard value for organic carbon, much greater than
20%, confirms that the material is akin to lignite in its
carbon content. The value itself is, however, a minimum
figure because the carbonaceous veins were not com-
pletely separated from their interbedded tuff. Two ship-
board standards were used to calibrate the analysis of
the lignite; one produced a calibration curve that gave
21 wt. % organic carbon for the sample, and the other
gave 35 wt. % for the sample. Despite the imprecision
of these shipboard analyses, the sample is thought to be
of terrestrial origin because of its high C:N ratio (>44).

SITE 451

Subsequent shore-based analysis of the separated
kerogen gives a much higher organic carbon value
(56.18 wt. %) with a higher C:N ratio of 119, confirm-
ing that the material is carbonaceous and of terrestrial
origin.

Methods used in Rock Eval analyses are presented in
the Introduction (this volume). The results of these
analyses are summarized in Table 3. Sediments from
Units 1, 2, and 3 all have undetectable S, responses, ex-
cept for the lignite seams, which have a broad flat S,
peak maximizing at 425°C on the boundary of the oil
zone of maturation. The small S; peak suggests that the
sediments consist of mature organic matter. They have a
low hydrocarbon potential, characteristic of Type III
kerogens of terrestrial original (Tissot and Welte, 1978).

Unfortunately, only about 5 mg of kerogen concen-
trate were recovered; this amount is insufficient for
detailed analysis to obtain further information on the
characteristics and origin of this lignite. Attempts to in-
vestigate its pyrolysis-GC, the best geochemical tool for
dealing with such small amounts of material, were un-
successful. Its organic-carbon content, C:N ratio, and
Rock Eval response all suggest that it is of terrestrial
origin. It could represent a distal input to the sedimen-
tary sequence (e.g., by rafting), but a local origin seems
more appropriate, because the interbedded tuff contains
a locally derived volcanic input. The formation of lig-
nite is thought to occur only in terrestrial or deltaic en-
vironments, so that its occurrence nearly 300 meters
sub-bottom in a volcaniclastic-breccia sequence seems
to indicate the presence of a nearby land mass when the
sediment was deposited. The form of the lignite, as ori-
ented lenses within the tuff, suggests that it was depos-
ited by slumping or a similar phenomenon.

The high organic carbon and nitrogen values of some
of the nannofossil oozes cannot be attributed to pipe-
dope contamination, because they have no significant S,
response in Rock Eval analysis. One possibility is that
their carbonate was incompletely dissolved during sam-
ple preparation, although the consistency in their C:N
ratios then becomes rather surprising. Misweighing is a
further possibility, because these analyses were not du-
plicated (as were those for Sites 447, 448, and 449).
Sputtering in the combustion furnace could also result
in anomalously high values.

Table 3. Qualitative estimate of the relative amount of free hydrocar-
bons, bound hydrocarbons, and CO; from kerogen (and carbon-
ate-rich sediments) based upon sizes of S;, S;, and S; peaks,
respectively, from Rock-Eval analyses.

Lithologic Free Bound CO3 from
Unit or No. of Hydrocarbon Hydrocarbon  Kerogen
Sub-unit  Samples (S1) (S2) (53)

1 9 + = -

2 3 + - -

3a 1 + = =

3e (lignite) 1 + + + +

Note: — = undetectable, + = minor, + + = moderate relative

amounts.
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SITE 451

INORGANIC GEOCHEMISTRY OF
INTERSTITIAL WATER

Samples for interstitial-water analysis were taken
from four cores (451-2-4, 5-3, 14-1, and 34-1) and ana-
lyzed according to procedures outlined in the Introduc-
tion (this volume). The pH and alkalinity of Core 34,
Section 1 could not be determined because its total pore-
water content was too low. The data are plotted in
Figure 11. The increase in Ca2+ content and parallel
decrease in Mg2+ content with depth probably reflects
basalt alteration within the vitric tuffs and ashes, as
discussed for Sites 450 and 448. The enhanced alkalinity
at 38 meters depth (Section 5-3) suggests that there may
be a minor zone of sulphate reduction in the sedimen-
tary sequence at that level. The increase in pH with
depth indicates that the CO, content of the pore water is
decreasing and that the samples may therefore be satu-
rated with calcite.

IGNEOUS PETROGRAPHY

Hole 451 was cored continuously to a total depth of
930.5 meters; predominantly volcaniclastic conglome-
rates and breccias and interbedded tuffs were recovered.
Basalt fragments recovered from the bottom 4 meters of
the hole, where the drilling rate appreciably slowed,
may represent the brecciated upper surface of a lava
flow; otherwise no lava flows or igneous intrusions were
penetrated.

The volcaniclastic conglomerates and breccias gen-
erally contain clasts of devitrified and/or altered pum-
ice, glass, basalts, and andesites. Rare clasts of rela-
tively fresh igneous rock are found throughout the sec-
tion. These range in size from 1 to 15 cm (average, 5
cm). Twenty of the least-altered clasts were studied in
thin section and subdivided according to phenocryst
assemblages. The total abundance of phenocrysts and
groundmass constituents are given as percentages of the
whole rock (e.g., the rock consists of 10% phenocrysts,
5% vesicles, and 85% groundmass), whereas the abun-
dance of individual phenocrysts or groundmass constit-
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Figure 11. Results of analyses of interstitial water samples plotted ver-
sus sub-bottom depth in meters. (IAPSO standard and surface sea-
water [SSW] analyses are shown for comparison.)
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uents are given as percentages of the total phenocrysts
or total groundmass constituents (e.g., the phenocrysts
consist of plagioclase [60%, 0.8 mm] and olivine [40%,
0.4 mm, altered to green smectite]; the groundmass con-
sists of plagioclase [50%], both pyroxenes [20%)],
opaques [5%], and glass [25%]).

Five petrologic types are recognized:

1) aphyric or sparsely phyric basalt (2 clasts);

2) plagioclase-clinopyroxene-phyric basalt (3 clasts);

3) clinopyroxene-plagioclase-phyric basalt (1 clast);

4) plagioclase-clinopyroxene-magnetite-(olivine)-
phyric andesite (6 clasts); and

5) plagioclase-clinopyroxene-orthopyroxene-magne-
tite-(olivine)-phyric andesite (8 clasts).

Aphyric or sparsely phyric basaltic clasts contain very
rare microphenocrysts of plagioclase (0.2-0.3 mm, sub-
hedral) and clinopyroxene (0.3-0.5 mm, subhedral) set
in hyalopilitic groundmass consisting of glass (60%) and
flow-aligned microlites of plagioclase (40%). Micro-
phenocrysts of olivine are found in a few cases as smec-
tite pseudomorphs.

Plagioclase-clinopyroxene-phyric basaltic clasts con-
tain 12% to 45% phenocrysts of plagioclase (80-95%,
0.1-4 mm, sub- to anhedral, glomerophyric, complex
twinning and zoning) and scattered phenocrysts of green
clinopyroxene (5-20%, 0.3-2 mm, eu- to subhedral,
glomerophyric). The groundmass is vitriophyric to hya-
lopilitic and is 25% to 75% crystalline.

The one clinopyroxene-plagioclase-phyric basaltic
clast contains 35% phenocrysts of clinopyroxene (60%)
and plagioclase (40%) set in a vitriophyric groundmass,
similar to the second type.

Plagioclase-clinopyroxene-magnetite-(olivine)-phyric
andesitic clasts contain 20% to 55% phenocrysts of
plagioclase (65-90%, 0.3-5 mm, Ans g, sub- to eu-
hedral, glomerophyric), scattered clinopyroxene (5-
20%, 0.1-2 mm, rounded to euhedral, some partially
resorbed), scattered magnetite (5-10%, 0.2-0.5 mm,
subrounded octahedral), and rare olivine (0-10%, 0.1-2
mm, pseudomorphed by green and brown smectites).
The clasts have 45% to 80% groundmass that is typic-
ally hyalopilitic, containing glass (40-60%) and flow-
banded plagioclase microlites. Many petrographic
features of these rocks suggest an andesitic composition
(e.g., impoverishment of mafic constituents coupled
with a plagioclase-phenocryst core composition of
Ang, g9, pronounced oscillatory zoning, repeated re-
sorption followed by overgrowth, and strongly zoned
glass inclusions).

Plagioclase-clinopyroxene-orthopyroxene-magnetite-
(olivine)-phyric andesitic clasts are identical to those
just described but contain othopyroxene as an addi-
tional phenocryst phase. These orthopyroxene pheno-
crysts are euhedral (4-10%, 0.2-1 mm, Engy 7,) and
contain common inclusions of magnetite. Orthopyrox-
ene phenocrysts are sometimes partially or wholly
replaced by smectites.

Preliminary comparison of volcanic sequences from
Sites 451 and 448 identifies differences between the
geologic evolution of the West Mariana and Palau-
Kyushu Ridges. First, extensive deposits of late-Mio-



cene(?) volcaniclastic breccias, conglomerates, and
lithic and vitric tuffs encountered on the West Mariana
Ridge are not characteristic of the Palau-Kyushu Ridge;
during this same time interval about 100 meters of nan-
nofossil ooze were deposited on the Palau-Kyushu
ridge. The volcaniclastic sequence recovered at the
Palau-Kyushu Ridge is older (middle Oligocene) and
consists of alternations of volcaniclastic units with lava
flows. Flows may be absent in the Miocene sequence of
the West Mariana Ridge, with the possible exception of
some brecciated basalts with nondiagnostic features at
the bottom of Hole 451.

Although the volcanic suites of the Palau-Kyushu
and the West Mariana Ridges are both arc-type volcanic
suites and thus differ significantly from Layer 2 of typi-
cal oceanic crust, distinct differences between the ba-
salts from the two ridges also exist: mineralogic evi-
dence suggests that the proportion of high-alumina
basalts, basaltic andesites, and andesites on the West
Mariana Ridge is much higher than on the Palau-
Kyushu Ridge. The West Mariana Ridge volcanic rocks
are more similar to the Miocene volcanic rocks of Guam
and Saipan (Larson et al., 1974; Tracey et al., 1964;
Schmidt, 1957). In some basaltic andesites and andesites
of the West Mariana Ridge, the presence of magnetite as
a liquidus phase is noteworthy. This might be indicative
of high oxygen and water fugacities in parental magmas
characteristic of calc-alkalic volcanism.

The differences in the geologic evolution of the West
Mariana and Palau-Kyushu Ridges are in good accord-
ance with the hypothesis that the Parece Vela Basin
formed as a result of inter-arc spreading from the mid-
dle Oligocene to the middle Miocene, with the West
Mariana Ridge behaving as the active volcanic arc and
the Palau-Kyushu Ridge as the remnant arc during that
period of spreading.

METAMORPHIC PETROGRAPHY

Although no regional metamorphic rocks were
observed in the 930.5 meters drilled at Site 451 on the
West Mariana Ridge, much of the upper Miocene vol-
canic debris has been affected by low-grade hydrother-
mal activity over small stratigraphic intervals, marked
by pyrite, zeolites, and clays. In a few cases, fine native
copper veinlets were observed in a situation similar to
those occurrences at Site 448, except the degree of alter-
ation and abundance of alteration is much lower. There
seems to be two types of alteration present: one is a very
low-grade, gradual, pervasive increase in degree of al-
teration down-hole; the other seems to be relatively
higher-temperature hydrothermal metamorphism of
some parts of the sediment provenance unrelated to the
present environment. Apparently this part of the prov-
enance was more extensively altered because clasts of
pyrite, clasts of rocks containing pyrite, and clasts of
epidote(?) are fairly common.

PALEOMAGNETISM

No paleomagnetic samples were collected from Hole
451. The rock units at this site consisted of coarse to fine
volcaniclastic rocks, for the most part. We encountered

SITE 451

penecontemporaneous faults, folds, and slumps, as well
as rigid-body faulting and uniform tilting, which make
the hole unsuitable for paleomagnetic study. Rock mag-
netic studies of volcaniclastic breccias from Hole 448A
(similar to those found in this hole) are described in a
later chapter on paleomagnetism (Keating, this volume).

PHYSICAL PROPERTIES

Physical properties measured on the sediments re-
covered from Hole 451 include sonic velocity (horizon-
tal and vertical), wet-bulk density, water content,
porosity, and acoustic impedance. Methods and proce-
dures are briefly summarized in the Introduction (this
volume). Results are listed in Table 4 and are shown
graphically in Figure 12.

Sonic velocities were measured on the least-disturbed
sections of split cores from Unit 1 and on samples of the
consolidated sediments of Units 2 and 3 in both vertical
and horizontal directions. Velocities in calcareous oozes
and tuffs of Units 1 and 2 range from 1.59 to 1.62 km/s.
A significant increase in sonic velocity occurs in the
more lithified tuffs and coarser volcaniclastic breccias
of Unit 3. Velocities in Unit 3 range from 1.97 to more
than 3.1 km/s, with no apparent increase with depth.
The scattered values appear to correlate with the alter-
nating lithologies. Although velocity anisotropy appears
to be present, vertical velocity is not always lower than
horizontal. This presumably reflects the unsorted, un-
oriented fabric of the coarse detritus. The velocity of
one basalt cobble was measured at 4.75 km/s (Core 45,
Section 1).

Wet-bulk density, porosity, and water content were
measured on samples from Core 14 to the bottom of the
hole. Poor core recovery precluded a continuous se-
quence of measurements between Cores 9 to 30. Core-
catcher samples from this interval were used, however,
to obtain supplemental values. Wet-bulk densities of
1.91 and 1.75 g/cm?3 from Cores 14 and 15, respectively,
correspond to the uppermost semiconsolidated sedi-
ments (vitric tuffs of Sub-unit 3a). Porosity is about
47%, and water content ranges from 24% to 27% for
Cores 14 and 15.

The wet-bulk density of the series of alternating
coarse and fine volcaniclastic sediment comprising Sub-
units 3b to 3g (from 280.5 m sub-bottom to the bottom
of the hole) average only slightly higher than those of
Sub-unit 3a, ranging from 1.89 to 2.2 g/cm3. In this in-
terval, water contents range from 15.8% to 24.24% and
porosity values from about 34% to about 50%. In gene-
ral, the density of coarse volcaniclastics is higher than
that of the tuffs (Table 4). Acoustic impedance in Unit 3
ranges from 4.49 to 7.14 x 10° g/(cm?s), with no pro-
nounced contrast present to indicate a strong reflector.

GEOPHYSICS

Site 451 is located on a terrace on the east face of the
West Mariana Ridge. The site is located in about 2000
meters of water (Fig. 3), approximately 6 km west of the
site originally selected. Because single-channel seismic-
reflection data showed no obvious sediment overbur-
den, we approached the site with some misgivings. Dur-
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Table 4. Physical properties of sedimentary and igneous rocks from Hole 451.

Wet-Bulk Density

Continuous Calcu-
Sub- . " GRAPE Special lated
bottom Sonic Velocity Gravi- (section 2-min Water  Poros-  Grain Acoustic
Sample Depth  Hori- metric a.veragzes) GRAPE Content ity Densitjy Ix‘:)lfeda.nce
(hole-core-section)  (m)  zontal Vertical (g/em3)  (g/em3)P  (g/em3)b (%) ()  (8/em3) [x 10% g/(cm2s)]
451-2-1 5.75 — - = —_ 1.51 — — — — —
451-2-3 I 7 — = i = 1.56 s — = s e
451-24 10.95 - -_ —_ — — — 47.63 — _ —_
451-2-5 11.81 1.595 —_ —_ _ —_— _ — _ _ —
451-3-3 18.25 —_ — — — 1.51 — — — — —_
451-3-6 23.34 1.608 — — —_ — — —— — - =
4514-3 27.24 1.587 — — —_ —_ — - — —_ —
4514-3 27.75 — — — — 1.49 — — — - —_
451-5-2 35.75 _ —_ _ _ 1.51 — _— -_ =
451-5-3 3770 1.639  — — — — — — = - -
451-5-3 37.95 — — — —_ —_ - 31.88 —_ —_— —_
451-5-4 38.75 —_ — — —_ 1.72 = - - -
451-54 38.96 1.634 — — —_ _ —_ _ — — —
451-6-1 44,08 1.608 — — — — —_ — —_ — —_
451-6-3 46.17  1.616 = — s - - — - o —
451-7-1 53.25 — —_ —_ —_ 1.50 —_ —_ — —_ et
451-14-1 119.77 1.974 — —_ — — — — — — .77
451-14-1 119.78 —_ — —_ 1.911 —_ — 24.61 47.03 2.720 -_—
451-14-1 120.45 — — —_ — — — 29.16 — — —
451-15-1 128.90  3.077 - — —_ — — — — — 5.38
451-15-1 128.91 - - — 1.747 —_ — 27.15 47.43 2.421 —
451-20,CC 176.10 2.373 —_ —_ _ —_ —_ — — — —_
451-21,CC 185.60 2.850 — _ —_ —_ _ — — — —_
451-23,CC 204.60 2.840 — — —_ - - — - — —
451-24-1 21401 — — 2.414 - = — - — — =
451-24-1 21410 2.283 == — e = — = = - 4.96
451-24-1 214.11 — — —_ 2.172 — — 15.45 33.54 2.763 —_
451-24-1 214,12 2.410 — — —_ —_ - — — - 5.23
451-25-1 22373 2.385 — — — — — — — — .
451-25-1 22444  2.616 s 2.620 - - = - - — 4.95
451-25-1 224.45 — — — 1.888 — — 28.31 53.46 2.908 —_
451-26-1 233.05 2.978 — 3.057 — — _ — — — 6.77
451-26-1 233.06 — — —_ 2.214 — — 16.67 36.90 2,925 —
451-27-1 24328  2.876 - - — — — — — — -
451-28,CC 252.10 2.786 — — —_ —_ —_ — — _ o
451-29,CC 261.60  2.929 — — — — — — — C- —
451-31-1 281.69 3.375 — 3.332 — —_ —_ — - —_ 7.14
451-31-1 281.71 — — — 2.144 — — 17.58 37.70 2.837 -
451-32-1 291.17  3.138 — — — — — — — — —
451-34-1 310.45 —_ — — — —_ — 22.97 — — —
451-34-2 310.59  2.863 = = - = — — — — -
451-34-2 310.61  — — = 2.091 = — 2046 4278 2,907 —
451-34-2 31062 — — 2.918 — — — = = = 6.10
451-36-1 328.27 2.830 — — — - - — — — —
451-36-1 32831  — = == = . 2.006 - - - —
451-37-1 337.55 2.676 - — — — —_ — —_ — —_
451-37-1 337.60 — — — — — 1.922 - —_ — —
451-38-2 349.69  2.860 .- 2.865 — - — — — — 5.82
451-38-2 349.70 - — — 2.030 - — 22,28 45,21 2.880 -
451-38-2 349.71 — — - — — 2.024 — — — —_
451-39-1 357.23 —_ — — —_ — 2.118 -_ —_ —_ —
451-39-1 357.25 2,523 — 2,545 — - — — — —_ 5.17
451-39-1 357.27 -— — — 2,030 — — 22.68 46.05 2.910 -
451-41-1 376.22 2.969 —_ 2.996 —_ — — — — — 5.81
451-41-1 376.23 —_ — —_ 1.956 —_ —_ 23.85 46.66 2.792 —_
451-41-1 376.26  — = - = - 1.948 — = - =
451422 387.50  2.697 = = = = = = i o =
45142-2 38755 — — — — = 1.979 — = = —
451-44-1 404.74  2.586 - — _ — — —_ —_ —_ —_
451-44-1 404,76  — = = - — 1.888 - = — —
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Table 4. (Continued).

SITE 451

Wet-Bulk Density

Continuous Calcu-
Sub- p . GRAPE Special lated
bottom Sonic Velocity Gravi- (section 2-min Water  Poros-  Grain Acoustic
Sample Depth  Hori- metric a\reragses} GRAPE Content ity Densit}y Impedance
(hole-core-section) ~ (m)  zontal Vertical (g/em3)  (g/em3)P  (g/cm3)b (%) (M)  (g/emd) [x 105 g/(cm2s)]
451-45-1 414.24 - 4,7512 ~ — — —_ — — — 12.88
451-45-1 414.25 - — - 2.710 - - 3.61 9.78 2.895 —
451-46-2 418.88 — . = s — 2.180 = — = -t
451-46-2 418.89  2.927 - 2.860 — - — - - — 5.90
451-46-2 418.90 — T — 2.064 - - 20.05 41.38 2.814 -
451-49,CC 442.40 — —_ == i . 1.914 - o - s
45149,CC 442.60 2.628 — = == — = s = = -
451-52-1 470.60  2.819 — — = i = = == =
451-52-1 470.63 -_ o — — — 1.924 — = = e
451-53-2 475.38  3.129 — 3.115 — - — — — _— -
451-53-2 475.40 —_ —_ 2.169 — —_ 15.80 34.27 2.778
451-55-3 492.62  2.706 — —_ — i 2= = S e s
451-55-3 492.64 — — — = = 2.061 g o = A
451-56-1 499.34  2.614 - 2.569 - — — - .- — 5.22
451-56-1 499.35 — — - 2.031 — — 21.65 43.96 2.839 —
451-56-2 500.83 — - - == = 2.530 - o -— s
451-57-2 511.11 - == — — - 2.083 — - - -
451-57-2 511.15  2.661 — 2.711 — - — - - -— 5.45
451-57-2 511.16 — — 2.010 —_ 1.954 22.57 45.36 2.848 —
451-58-2 520.40  2.468 — - — - . - i -— —
451-58-2 520.41 — — - -— = 1.933 s s e —
451-59-1 528.42 — _ — — == 2.175 s = = =
451-59-1 528.45  2.926 — 2.846 - - - - — - 6.21
451-59-1 528.46 —_ - — 2.124 — — 18.08 38.41 2.826 -
451-60-1 537.56 2,797 —_ —_ = gy s - e —
451-60-1 537.89 — — — — = 2.032 i - = —
451-61-2 549.14 2,927 — 2.637 — —_ —_ — —_ — 5.37
451-61-2 549.15 — — -- 2.038 — — 16.71 34.07 2.575 —
451-61-2 549.19 — — o - — 1.988 — — —
451-62-2 558.73 — — - - - 2.063 — 2 = =
451-62-2 558.76  2.763 - 2.808 — _ — - - — 5.71
451-62-2 558.77 = = — 2.032 = — 20.11  40.86  2.745 s
451-64-3 578.80  2.701 - 2.557 — — - — -— — 5.37
451-64-3 578.81 —_— - — 2.102 — — 19.10 40.15 2.842 —
451-64-3 579.30 — — — —_ — 2.053 - o — -
451-65-1 585.21 — — — — — 1.930 — = s —
451-66-1 594.21  3.029 — 2.033 — - - - — — 4.49
451-66-1 594.22 — — - 2.210 - — 18.02 39.83 3.011 —
451-66-1 594.89 — — — — —_ 2.115 — _ —
451-67-1 604.04 2,480 —_ —_ — — _ — — — 5.29
451-67-1 604.05 — - - 2.134 — - 23.16 49.42 3.242 —
451-70-2 633.65 2.697 — — == = = — Pty e i
451-70-2 633.67 — — - - - 1.969 — — — —
451-70-2 633.72 2.622 - — — — - - - — 5.44
451-70-2 633.73 — - — 2.074 - — 24.24 50.27 3.160 —
451-71-1 642.33 - - — — - 2.038 - — — -
451-71-1 642.40  2.539 — 2.539 — — — - — - —
451-71-1 642.42 — — - 2.104 - — 21.26 44.73 2.997 —
451-72-2 653.06 2.753 - 2.646 - —_ - - — — 5.95
451-72-2 653.08 = = — 2.247 = — 18.52  41.62  3.136 —
451-72-2 653.09 — — —_ - = 2.151 = =5 s =
451-74-1 670.12  2.916 — — — — . - o= — C
451-74-1 670.13 - — — — — 2.202 — — — —
451-75,CC 679.90  3.069 — - — — 2.222 - - = -
451-79-1 708.30  2.480 - 2413 — - - — — - 5.12
451-79-1 708.31 — — B 2,120 — - 20.34 43.12 2.970 —
451-79-1 708.50 — — 2.081 — — 23.55 49.00 3.119
451-79-7 717.33 - - - - - 2.232 — — — —
451-80-1 718.03 — . — — R 2.134 — i — -
451-81-1 728.21 2.612 B 2.551 - —_ e — — — 5.39

421



SITE 451

Table 4. (Continued).

Wet-Bulk Density

Continuous Calcu-
Sub- x : GRAPE Special lated
bottom Sonic Velocity Gravi- (section 2-min Water Poros- Grain Acoustic
Sample Depth  Hori- metric averages) GRAPE  Content ity Densitjy Impedance
(hole-core-section)  (m)  zontal Vertical (g/em3)  (g/em3)P  (g/em3)b (%) (%)  (g/em3) [x 105 g/(cm2s)]
451-81-1 728.22 - — — 2.113 — - 21.13 44.66 3.012 -
451-844 760.27 2.737 — — L= — i £k — = =
451-86-1 775.29 —_ —_ — — —_ 2.155 —_ — — =
451-86-2 776,13  2.484  — 2.376 — — — — — — 4.89
451-86-2 776.14 — — —_ 2.057 — — 20.66 42.51 2.839 _
451-88-2 795.56  2.679 _ 2.620 —_ —_ — —_ — — 5.41
451-88-2 795.58 —_ — —_ 2.066 — — 20.52 42.39 2.850 —
451-90-1 812.68 _ — — — —_ 2.167 —_ —_ —_— —
451-92-1 832.85 2.678 —_ — —_ o — — —
451-94-2 852.75 2.805 —_ — —_ _ _ — —_
451-94-2 852.76 - — — — - 2.247 - — —_ —
451-95-1 861.05 2.734 —_ —_ — — iy =" = = ==
451-99-1 898.64 2.973 —_ — — —_ —_ — —_ - -
451-99-1 898.65 — — - - — 2.222 — — - —
451-100-1 %07.53 2.531 —_ - — = = - ot - —
451-102,CC 926.6 =2 3.6162 - - — - — - — -

a Basalt average velocity.
Based on an assumed grain density of 2.75 gfcm3‘

ing the approach, no discernible reflectors were ob-
served in the reflection profile recorded on board the
Glomar Challenger (Fig. 13). After crossing the objec-
tive site, the vessel came about on a reciprocal course,
and the beacon was dropped over what appeared to be a
‘‘soft’”” seafloor reflector. We experienced initial con-
cern, however, as to whether a hard basement was pres-
ent near or at the surface and whether or not a sufficient
thickness of soft sediment was present to facilitate bury-
ing the bottom-hole assembly. Thus, in spudding-in we
exercised more than the usual amount of caution.

After a considerable depth had been penetrated in the
drilling at Hole 451, the reason for the absence of dis-
cernible sub-bottom reflectors became obvious. No
sharp contrast in acoustic impedance was encountered
down-hole (see the section on Physical Properties, this
chapter), which explains the lack of any strong reflec-
tor. Furthermore, the laboratory measured velocity of
the highly altered basalt encountered at the bottom of
Hole 451 at a depth of 926.5 meters sub-bottom is only
about 3.6 km/s and thus is in the range of the basement
velocities mentioned earlier.

SUMMARY AND CONCLUSIONS

Site 451, at 18°00.88'N and 143°16.57'E on the
eastern side of the West Mariana Ridge, was drilled with
the primary objective of determining the petrologic
character of this formerly active volcanic arc as well as
the timing of cessation of volcanism, particularly with
reference to the age of the spreading of the Mariana
Trough and the creation of the active volcanic arc—the
Mariana Ridge—east of Site 451 (Fig. 1). Continuous
coring at Hole 451 resulted in a total recovery of 280.1
meters out of 930.5 meters drilled. Hole 451 was ter-
minated at 930.5 meters because of severe plugging of
the bit and scheduling considerations. Sediments and
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sedimentary rocks were cored to a depth of 926.5
meters. Below that level, a decrease of drilling rate and
recovery of altered basalt pieces suggest that 4.0 meters
of basalt were encountered. A total of three major bio-
genous and volcaniclastic sedimentary units range in age
from the late Miocene to the Quaternary. No unit is
assigned to the small interval (4.0 m) of basalt at the
bottom of the hole, because insufficient basalt was re-
covered to refute the possibility that the basalt is only a
large clast.

The sedimentary section consists of:

Unit 1 (0.0-36.0 m), lower Pliocene to Quaternary
calcareous biogenic oozes consisting of grayish brown
foraminifer ooze, grayish brown foraminifer-nannofos-
sil ooze, light yellow nannofossil-foraminifer ooze, and
a light gray nannofossil ooze.

Unit 2 (36.0-65.5 m), upper Miocene to lower Plio-
cene olive-gray, carbonate-rich vitric ash with minor
vitric tuff.

Unit 3 (65.5-930.5 m), upper Miocene volcaniclastic
rocks consisting of seven sub-units:

Sub-unit 3a (65.5-280.5m), upper Miocene, dark
gray to black vitric tuffs, vitric ash, and carbonate-rich
vitric ash;

Sub-unit 3b (280.5-413.5 m), upper Miocene, inter-
bedded dark gray vitric tuff and dark gray volcaniclastic
breccias and conglomerates containing organic carbon-
ate grains;

Sub-unit 3c (413.5-425.2 m), upper Miocene, dark
gray boulder volcaniclastic conglomerate grading to
carbonate-rich vitric tuff;

Sub-unit 3d (425.2-474.5 m), upper Miocene, black
vitric tuff;

Sub-unit 3e (474.5-641.9 m), upper Miocene, inter-
bedded black and greenish black vitric tuff and volcani-
clastic breccias and conglomerates;
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Figure 12. Physical properties of sedimentary and igneous rocks from Hole 451 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 13. Reflection profile across Site 451 recorded during the approach to the site aboard the Glomar Challenger.

Sub-unit 3f (641.9-703.6 m), upper Miocene, black
vitric tuff; and

Sub-unit 3g (703.6-930.5 m), upper Miocene, inter-
bedded greenish black vitric tuff with greenish black
volcaniclastic breccias and conglomerates.

The recovery of thick sequences of coarse, massive
volcaniclastic sediments at Site 451 provides a unique
opportunity to investigate tectonic, volcanic, and sedi-
mentologic interrelationships. The repetitious sequences
of coarse angular debris grading upward into fine bio-
turbated layers represent spasmodic deposition prob-
ably controlled by tectonic events, because sedimento-
logic evidence suggests that this debris was deposited in
shallow-water to subaerial conditions and was not con-
trolled by direct pulses of volcanic activity. Fragments
of corals, gastropods, and larger foraminifers suggest
significant reworking of shallow-water deposits. In ad-
dition, lenses of lignite in the tuffs are proof that a near-
by vegetated land surface on the West Mariana Ridge
existed. Scattered pumiceous layers may record local ex-
plosive andesitic volcanic events.

To elaborate on the previous discussion, in the last 4
meters of drilling (926.5-930.5 m), the drilling record
shows that we encountered a unit resistant to drilling,
which behaved in a manner similar to basalts encoun-
tered in previous sites. The drilling rate slowed in the
unit from 4 minutes per meter to nearly 12 minutes per
meter (Fig. 7). Although no clear evidence exists to
determine absolutely that the rock recovered is a flow or
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sill and not a clast, there is considerable circumstantial
evidence that points in this direction: (1) the drilling
record; (2) a green clay surrounding the crystalline rock
that may be altered glass; (3) small fragments of the
crystalline rock that are isolated in a green clay; (4) a
3.9-km/s basement was predicted close to this level, and
the altered basalt has a velocity of 3.6 km/s; and finally
(5) the unit above consists of coarse volcaniclastic
debris, yet no coarse sedimentary debris surrounds the
basalt itself. The basalt is extremely altered to green
clays and is riddled with disseminated native copper (up
to 5% or 10% in small pockets). Whether the basalt is
only a boulder in the sedimentary sequence, an isolated
intrusive body, or the uppermost section of the vol-
canic-arc basement, it is aphyric and very highly altered.

Within the volcaniclastic sediments five petrographic
groups of volcanic clasts were found:

1) aphyric or sparsely phyric basalt;

2) plagioclase-clinopyroxene-phyric basalt;

3) clinopyroxene-plagioclase-phyric basalt;

4) plagioclase-clinopyroxene-magnetite-(olivine)-
phyric andesite; and

5) plagioclase-clinopyroxene-orthopyroxene-magnet-
ite-(olivine)-phyric andesite.

Groups 4 and 5 are most abundant, and their two-
pyroxene-plus-magnetite phenocryst assemblage in an
andesite definitely suggests a calc-alkalic volcanic suite.
This greater abundance of calc-alkalic rocks from the
West Mariana Ridge compared to the Palau-Kyushu



Ridge indicates a progression to more calc-alkalic and
more siliceous rocks with time toward the active Mari-
ana arc.

Although these sedimentary units consist predomi-
nately of volcaniclastic debris, calcareous fossils are
present. Nannofossils give no indication of hiatuses;
apparently a continuous upper-Miocene to Quaternary
sequence exists. Although radiolarians, diatoms, and
silicoflagellates, in addition to nannoplankton and fora-
minifers, are present above Core 3, only calcareous
nannoplankton and foraminifers occur below this level.
The nannofossil boundary NN 10/NN 11 is the only
boundary found below the Pliocene/Miocene boundary
(between 176.0 and 195.0 m), and no foraminifer
boundaries were observed. However, in the 765.0 to
774.5 meter sub-bottom interval, the nannoplankton
assemblage characterizes the base of NN 10 (upper
Miocene). Below Core 31 (>282.0 m) larger foramini-
fers, coral fragments (Fig. 14), and gastropod fragments
are present; this evidence suggests that the sediments
were originally deposited in shallow waters (less than
100 m) and then were transported into deeper environ-
ments. Fragments of lignite within tuffs probably were
not formed in situ because of the local occurrence of
numerous isolated lenses, typically only 1 cm in diam-
eter. A more likely origin would be the erosion of near-
by existing lignite beds in the landmasses of the volcanic
arc itself.

Accumulation rates were very high—400 m/m.y.
during late Miocene volcanic activity, decreasing to 35
m/m.y. during late Miocene and early Pliocene. By late
Pliocene, the rate was as low as 5 m/m.y. These changes
reflect only cessation of volcanic activity, because the
region stayed above the CCD throughout its history.

The most impressive feature of the physical proper-
ties data is the relative uniformity of acoustic-imped-
ance values. Without differences in acoustic impedance,
no reflecting horizons would be detected; this explains

Figure 14. Coral fragment in Sub-unit 3g, indicating a shallow-water
source for some of the sediment provenance.

SITE 451

why no obvious transparent sediment over-burden
could be seen at Site 451.

The sequence of events at Site 451 from oldest to
youngest can be summarized as follow:

1) A volcanic-arc basement (3.5-4.2 km/s, ~1.5 km
thick) was constructed (by 11 m.y. ago) on oceanic(?)
basement (5-6 km/s).

2) In the next 2 m.y., about 850 meters of volcani-
clastic debris accumulated at a rate of about 400 m/m.y.
Locally, the arc was emergent.

3) Tilting (up to 25°) and normal faulting in these
sediments occurred both penecontemporaneously by
soft-sediment deformation and after induration by
rigid-body deformation (Fig. 15, A-D).

4) A dramatic decrease in accumulation rate of
volcanic ash marked the end of intense West Mariana
Arc volcanism (at 9 m.y. ago).

5) Sporadic volcanism continued, however, for an-
other 4 m.y. (9-5 m.y. ago). The source of the ash may
have been waning volcanism of the West Mariana Arc,
but the timing of initiation of rifting to form the
Mariana Trough and of activation of the modern Mari-
ana Arc is not very well known; the source of the ash
may have been early volcanism from the Mariana Arc,
windblown across the young, narrow Mariana Trough.

6) Only calcareous biogenous sediments accumu-
lated from 5 m.y. ago to present.

Now that both arcs on either side of the basin and the
basin itself have been drilled, a strong case for sym-
metric spreading can be built for the Parece Vela Basin
using several lines of evidence: (1) The time of cessation
of volcanism on the Palau-Kyushu Ridge, determined
by paleontology, dates the probable initiation of the
Parece Vela Basin formation by back-arc spreading
(29-32 m.y.). (2) The identification of magnetic anom-
alies (Langseth, Mrozowski, this volume) in the Western
Parece Vela Basin also dates the initiation of spreading
(this date coincides with the cessation of volcanism).
These anomalies give the time of extinction of the
Parece Vela spreading system (about 14-18 m.y.). The
Parece Vela Rift bisects the basin. (3) The age of the
basement under Site 449 (24 m.y.), determined by pale-
ontology, confirms the magnetic-age estimate; more im-
portant, all three dates fall close to a straight line on a
time-versus-distance plot (Fig. 16); this requires a rather
constant spreading rate (~3.0 cm/yr) and makes the
strong case for spreading from the Parece Vela Rift to
form the western side of the Parece Vela Basin. More
circumstantial evidence must be used for the eastern
side, because extrusive basement was never reached and
the magnetic-anomaly pattern was not identified. (4)
Sites 450 and 53 were drilled into intrusive igneous rocks
rather than into extrusive basement; the ages of the
oldest sediments encountered are approximately 17 and
18 m.y., respectively, and are several million years
younger than basement ages predicted from the sym-
metrical spreading model (Fig. 16). (5) Site 54 was
drilled in the eastern Parece Vela Basin closer to the
[POD Trough over a structure that is similar to the in-
trusive structures at Sites 450 and 53. Although evidence
of the intrusive nature of Site 54 is absent (Karig, Ingle,
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Figure 15. Rigid-body determination of lithified volcaniclastic debris in (A) Sub-unit 3b, Core 42, Section 1, in (B) Sub-unit 3b, Core 42, Section 2,
in (C) Sub-unit 3c, Core 46, Section 2, and (D) Sub-unit 3e, Core 60, Section 2. (All of these appear to be normal faults with several centimeters
of displacement except A, which must have greater than 15 cm of displacement.)

et al., 1975), it is possible that this site is also intrusive,
particularly in light of the intrusions encountered in the
northern extension of the Parece Vela Basin—the
Shikoku Basin (Klein, Kobayashi, et al., in press)—on
Leg 58. (6) The volcanism of the West Mariana Ridge
ended intense activity about 11 m.y. ago and sporadic
activity about 5 m.y. ago; that is, volcanism (and
presumably subduction) continued for at least 8 m.y.
after the end of spreading in the Parece Vela Basin.
Careful measurement of the dimensions of the Parece
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Vela Basin (Fig. 17) shows that the eastern side is about
50 km closer to the IPOD Trough than is the western
side. Rather than attribute this phenomenon to asym-
metrical spreading, a more probable explanation may be
that the western side of the West Mariana Ridge had
been extended over the oldest marginal-basin crust dur-
ing construction of the new arc; that is, not only was the
arc side of a marginal basin affected by tectonism, off-
axis intrusion, and inundation by arc-derived sediments,
but it was also the platform upon which the arc grew.



2

Figure 15. (Continued).

After rifting of the subduction side of the arc away from
the remnant portion,a new ‘‘rear end’’ of the arc was re-
built over the new basin floor.
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Figure 16. Time-versus-distance plot of the Parece Vela Basin along a profile drawn perpendicular to the IPOD Trough at 18°N. (Solid lines on ridges indicate periods that have direct evidence of
abundant volcanism, dashed lines are inferred volcanism based on indirect evidence, and dash-dot lines show periods of waning volcanism. The sloping lines indicate periods of back-arc
spreading of the Parece Vela Basin—a line based upon geologic evidence and one on magnetic evidence are both drawn. Periods of lack of volcanism or presence of volcanism in the sedi-

mentary record are depicted by braces.)
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Figure 17. Seismic-reflection profiles across the Parece Vela Basin (L-DGO Site Survey data) along about the 17°60° parallel (above) and about the
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430



[ §34

SITE 451 HOLE 1 CORED INTERVAL:  0.0-5.0m SITE 451 HOLE CORE 2 CORED INTERVAL: 5.0-145m

3

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT. ZONE  |CHARACT

i
]
GRAPHIC

|
LITHOLOGY LITHOLOGIC DESCRIPTION

LITHOLOGIC DESCRIPTION

SECTION
METERS

AGE
NANNOS
FORAMS

I
SRLISEIAT
[T

AGE
NANNOS
FORAMS
RADS

RADS

[ABUNDANCE]
FOSSIL

ABL
PRESERV.

B
j
i

g
1
bl

o | SERITAEY
LiThgLoeie

5Y 512
2.5Y 6/2 and 2.5Y B4

hhh

FORAMINIFERAL DOZE, grayish brown [10Y R 5/2) passing
aradially in Section 3 1o FORAMINIFERAL-NANNOFOSSIL
DOZE, light yetlowith brown (10YR B/4), The grayish trown
sediment containg numercu sand-sized Brown pumice and glass
fragenents, and gravel-sized 0.4-1.5 cm) black Mn-coared purmnice
clasts, These components are sbsent near the bottom of Section 3
and in the Core-Catchar.  Tha sediment is unitormly soft: drilling
disturbance is moderate 1o very Intense, with soupy intervale.

I4i
e

_{
i
}
4

L4 2878l NANNOFOSSIL-FORAMINIFERAL DOZE, mamly

g znd light vl b . with
numerout intercalations of vary pale Brawn and light
25Y 52 birawernist-gray biterval. Pumice and ghass frogiments, brown
. SEvaM or black whare Mn-coated, s prosent mainky in the grayish
i Larown inturvets. One scorisceous lapilli oceurs in Section 4.
The sediment s unifarmily soft; deiliing disurbanes is
25Y 62 moderate in ol sections.
25Y 64
25Y 65
*| 28vs2

=
4

et byl
A

.|.
Iy
1

g
.
f

44444
I
t
I

T
T
t

4]
,|.
t
I

i
i

g

P
pita gl

t

I

N.22-N.23
a

1
FA

1T
i
i

1
¥
+
!

§
g
SECTION
METERS
;
&i :
,l_. -
R e e i

NN 21
1
.l

{14
4
FERMRLEVERLVRRLY

SMEAR SLIDE SUMMARY
220

mnz

b
[~]
T 7
I
.I

o} D (D) SMEAR SLIDE SUMMARY
152 1107 251 275 330 548

o o D1 M i

L

T
f
it

A

TEXTURE:
Sand B0 32 4
Sily » 67 B8
Clay & 1 o
TOTAL DETRITAL 11 2 TR
COMPOSITION:
Feldupar 2
Hegvy mineraly 1
Clay mingrais 5
Volganic glass 3 TR TR
7
2
L]

1
4
.I.

TEXTURE:
Sand ag 45 a4 40 35 45
25Y 52 Silt 64 66 52 80 &0 BB
B
1

r
1
1

t
i

25Y 74

4
NN 12
z
=
=]

L)

il

_lrlnnillll
i
Lyl

26¥ 71 Gy ™ TR 2 TA T
TOTAL DETRITAL 2 3 ™ 1 1
COMPOSITION:
25Y 62 Febdsar 1
» 25Y 614 Heavy minershy )
Clay minerals TR
olcanie glass TH
25Y 87 Micranodules 4
Zeolites TR
26Y 4572 Amorph Fe iga. F
Carbionate inegee. 1
25Y 62 Foraminifers 40
Nannofossils 50
Fadioluria TR
25Y Tid Spange spicules <

_!

4
Quaternary
il

N
paeplezsglagay

Quaternary
NN 20
N.23
Buccinagalasca irvaginata + Pliocene
nl
4
i+
2
=
-
o
11

-

TR
™
TR

TR 1
TR TR

I
3
4
T,
1y

!
.|.
fu

.|.
{

iy
fi

L Micronocule
Zeolites

)
w
N21
nE

1

R

TR

TR 1
4 3
1
1
B

&0

48

f
!

-
[
[~]
HEENY]
T
i

+

ﬁ

T
.I.
i

i
}

Amarph Fe ogg. T 1
Carbongte unspec, 2 5 &
L5Y B Foramindfors 5 0 B
Nannofousils 3 680 65
isven Radiolaria TR TR 1
Flsh remaing - — TR

+
.|.
.|.

]_T
.l.
i

*pn
(=]
pogliaiy

1
il

™
TR
0
20
65
1
- TR

——crer———ee DO 00V D OO OO GBOO

1
i

N.22.N.23

o
i

i

i
"
i
.|.

Jll‘ll_]
il

I
i

n
I

F8nw! a3

L35 " SOW [ (.- By
I 388a.Fa!

.I.
4

t

=
>
[~]
’
L

GRAIN-SIZE:
2.7 (75.8,17.1, 7.3}
371483, 385, 13.2)

i
.|.

_|_T
.|.
1

GRAIN-SIZE:
248 (70.9, 20.5, B.7)

T
T}
.I.

.I.
.{.
it

CARBON/CARBONATE: CARBONATE BOMB: 4
21401, 60.1,6.1] 2, 14-16 (52

25Y 612 CARI ATE +
390 (0.0.585, 7.1 3,90:91 (81) e -

5, 74-15 (BB}

.|.
t
%i

i
i

-

25Y 74

i
+
i

4
B
i

TERINERN 1 FRTH

seoriaceous tapilli
2x3.50m

.|.
it
1

.'T

.}.
.I.-.
i

ﬁ
E

+

25Y 64

1

- 25Y 457

|

it
g
Y

2.8Y 84

25Y 572

!

L:l:lr-ll-ln
it
il

NN 17

25Y M

Late Pliocens

,
i
i

d
¥
ﬂ

¥
it

25Y 82

f
ik
ity

2.5Y0 5/2

!
h

it
}
i

Late Pliocane to Early Pleistocane
~
11
=]

NN 21)

MG
HE === 25YG 57

ISF 4118



cEp

ISy LIS

SITE 451 HOLE
CORE CORED INT
BIOSTR, | FOSSIL INTERVAL:  14.5-24.0
ZONE __ |CHARACT = SITE
g z wl> 451 HOLE
HIME R g CORE 4  CORE
s 88,2 HEEE RAPHIC o] e BIOSTR. | FOSSI DINTERVAL: 24.0335m
E MHEE £ | uTHoLoGY (22|22 g ZONE  [CHARA
Z g oiglo| g ] ] LITHOLOGIC DESCRIPT| CT,
HHEEHE RS e 108 o >
2 (g|12|12|3|E ME% - FlMEIR- faf
<|™ e = uw |o |2 Z|Z|E| & APHIC |2 |EE|E
& 2|2 HIPE E | LITHOLOGY % =1k
el L] NiAG T Z|=z(2|2|3 G %‘“ LITHOLOGIC DESCRIPTION
~ 2| [Flale oyt ahiaeil sl AHHEEE §ﬁ§
= —_|_'_.,|_+ = 25Y B4 FORAMINIFERAL = e
z 0!~1':|— _._—|—'_ | vrllwmnm?‘.:;:l""mm"' DOZE, tight N|AlM
B o el o 257 ; fors 1 th : I == !
R I 25, s 515, Gy i nd ry e ry o s & e el Ho<oured
— i | s Uiget o wabcon'c ash n Suction 2: o dark graylh brown z == g i et I Paien el
1 Y 372 layer Yo o Portinctesel aaie It Secrion yellowish brown = 0. —+= ! SSILF \
[ e, i .| zevERmONG ot S Seation Je ek et 3 | ——y i o Pl yallow anad wery pal L 2E,
3 = | Section 6 to Core-Ca rom upgar part of ———i 5Y 572 yeblowi ¥ pali brown, Soctions 1 to ;1
= - Enclichi 01n Corw L O D F s 4= = matthes. ellcwish beown FORAMIMIFERAL DOZE in Se gt
N A et 2.5Y 572 mott FORAWHIERAL DOZE. ik ot el Sl g : e B e 8. Slight grayish brown mottes | E i aisn
G 200 e | p b becrwr morles. The saimen s rdformiy solt; g e e i | 25¥ 74 BT S in Section 1. Soma black
5 s —— Famasining ones. rato in Sections 1 to 5, slight in the -:',__—r-‘_':q_._': weeur in Sections 1 ;.:s“ ::modw SRR 10
o i e 2 Pt b o drilling distu  The sediment is unilsemly sl
© a3 rhiance i $light n Seet +
z aianiant 1ovR 3 SMEAR SLIDE SUMMARY ——==H * 10 intense n others AR mcotsie
D % 572 ath 4= ] 1
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SITE 451  HOLE CORE b CORED INTERVAL:  335430m SITE 451 HOLE CORE 6 CORED INTERVAL:  43.0-526m

BIOSTR, FOSSIL BIOSTR. FOSSIL
ZONE ~ |CHARACT. b ZONE  |CHARACT glis
HmEE g|gsle Sl.|8| & HE
=|2 ic g LITHOLOGIC DESCRIPTION > 2 GRAPHIC LITHOLOGIC DESCRIPTION
g 1818,z |&|5| & | viHoLosy Sy s 812,z Z|2|5| & | uHology |22 § 5,
S HHEEHEEE ?g < |2 |3|5la|2|2|% ¢ 22
z ||| 2 £ ) z |2|=z|8 2 £ & |5
- |@ Nlalm == = = NIAIM
= |= e 5 572 . .
& |2 FlA|M :':*‘l —t——H l FORAMINIFERAL-NANNOFOSSIL OOZE, light browrish & Flalm LH] [ m“";“'—"-""g:ﬂ“ﬁmlsﬂfx%ﬂ‘_;‘: oy,
> T e —I—I—I: | 25Y 62 aray to pate yaliow in Sections 1 and upper part of Section 2, =z BY @2 oliva gray to vary dark gray, mare lithifisd, Ash layers
= _:1,_' —— _|,: gray to light gray in middle Section 2, Some black, Mn-coated 5Y 3/2 lithifiad are thin and frequent in Section 1, whareas from Section
1 - _|_| +I pumice fragments (up 1o 3 em) are presont, From middie 1 3 dovwnward only one thick lryer occurs. Section 2 ix
B e e 2EY I Saction 2 downward, silt-tized, carbonate-rich VOLCANIC 2 sven ash containing large {us to 3x5 cml, light gray, angular
— E‘*—E‘.—_i_ﬁié | : ASH, with various tones of olive and gray, Calor becomes gray [RPT— D““'°.'""‘“ oAt numars M "'“‘f"" snd biack,;
o = or white in intervals enriched in fresh pumice fragments, . T e
,:‘- —t— —|: {ug to Tud em, to alive gray 1o dark ofive gray in soma mone EY 412 are more lithifled; driliing distisrbance is slight in
5 o et s . fithified lavers of Section 4, Rare lavers of white foraminifers| Sections 1 and 3, wery interse in Sections2 and 4 10 7
=3 == | o nannalosil ooze sre interbedded with the s, Qlive-gray 5Y 372 lithified
% [« |2 NIAIM '_i+|_|:': I reR and dark oliva-gray mattles pociss in lower Section 3 and syan SMEAR SLIDE SUMMARY
g |2 |2 |Flalm == == i 5Y 511 130 187 340 .68
"' - =z e | upper Section 4, The sediment i soft xcept for somae thin =1 | M) (D) (D) (D)
z |5 I mare lithifiad ash intervals in Saction 4; drilling disturbance 3 N TEXTURE:
=z i o e o s maderate in Sectins 1 and 4, sight eisewhare, E | 5Y 7/1 purnica Sared o 1w 2
2 I | asvsm 2 - Tayer Silt 0 K 85 47
! 2BY 710 SMEAR SLIDE SUMMARY 3 a Clay o 1w 5 5
Te I ¢ 1140 283 1456 364 3923 — = TOTAL DETRITAL 75 14 g K
e — 25Y i3 COMPOSITION
I 2.5¥ 20 o) (D) D} (D) (D} o
) EE) — = Feldipar E 3 2 1
£ Heavy mincrals 11 TR -
— | o Hih Sort o w11 7 ~ o minerals 0 0 5 &
NIA|M g¥ Sil 0 65 B4 85 B9 r} - Valcanic glass 68 TR 2 40
FlAalM | Bvin Clay n 5 15 10 4 z Flalm . g\:'ne.;;l o ;‘ iromppad ? ;
| #n TOTALDETRITAL 28 s 1 oM B 3 1 * s, 3 e
:v:g. COMPOSITION: e ) Foraminifers 2 0 &
| BY 82 Feldspar 1 TR 1 4 3 . | " " i
31 3 | mettiey Heawy minneaty TR TR TR TR TR 3| J I Radiclaria - TR TR -
g n *| gvsa Clay minerals 20 5 15 10 4 =} | Figh sy - 0
il |2 ra I gy Veleanic glass [ TR 5 77 45 = |
21z |2 B | . Micronadules 3 2 TR 3 3 3 | GRAIN-SIZE:
s £ |= o Zsalites = ™m - - T ] b | 171 (22.7, 89.8,12.7)
5 z &Y 842 Carbaonate unwpee, 0 w 6 - 10 aﬁ = - |
N|AIM E N Foraminifers % 15 5 1 10 s |z 3 I CARBONATE BOME:
Flalm 3 Nannofossits 2 67 88 5 5 s | Z 4 L7073
-1 sven Radiclari - 1 TH TH - -1
=] BY 302 liahified Snnr:p u;culr.-s - M TR - - 3 — | . SY 573 lithified
4 e Fish remaing - - TR - - A ] |
3 BY Sriodrad GRAINSIZE: = | LAl
. ar 472 (39,1, 47.6,13.2) -
FolA mG - =] H
Nl |m ; : =
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SITE 457 HOLE CORE 7 CORED INTERVAL: 52.562.0m SITE 451 HOLE CORE 8 CORED INTEAVAL: 62.0-715m
BIOSTR. | FOSSIL BIOSTR. | FOSSI
ZONE  [CHARACT. wl> ZONE  [CHARACT. >
B2 13| 8 | cnmemc 3|28 8|2 g
== I 2 LITHOLOGIC DESCRIPTION > = GRAPHIC
w g g r E g|5| & | drHoLogy g 3, u § g AHEHEE R 2 LITHOLOGIC DESCRIFTION
< |z |z|8|g|2|8|%| = m% 4§¢§s;.m'r.f=
z |2[Z|R E £ £ z|2|z|R2 E £ &
dvane - 3
. in' TUFF, carbonate-rich, gray and dark gray. (nterbedded with =l | Flafm = TUFF, carbonate-ich, gray to dark gray, and fine
g fine VOLCANIC ASH, pale green and vary pale green, in thin = =) VITRIC TUFF, dark groenish gray 1o greenish gray
g = |~ Fla|m . sY8hH layers. Upper 30 om of Section 1 are a drilling breccia of: o SY5N e in Section 2, vary dark gray to dark olive gray in
z |z |3 nesa ~BS% light adlve purnice with Mn blebs; ~ 10% black, Mn- 1 B e Section 6. The tuff occurs ax thin lithified tayers in
e |Z2 |% .| e coated purnice; ~5% very dark gray fine tuff. The sediments svsh the calcaraous layers which derives fram alteration
5 et o] sru uniformly soft; drilling disturbance is very Intense in of volcanic glass. Abundant, rounded, well-scried, gray
:: f:' upper Section 1, moderate downcare. - pumice clasts, {< 1 em] acour in drilling breccias in
4 ? L 1 . voio Sections 1 and 2, The lowermont tulf kevel contains
LB e svan SMEAR SLIDE SUMMARY - abwndant Individual and compasite gray burrows, The
130 165 190 I calearsous tuff is saft; tha tull lithified snd hard, has besn
[V TR - EY &N fractured during drilling: disturtiance is very intense
TEXTURE: - Ahand gumica: throughout the core.
Sand “« 8 4 3
sitt 86 90 9 B sYsn SMEAR SLIDE SUMMARY
Clay w2 6 2 £ 180 328 698
TOTALDETRITAL BE 5 88 3 oh M1 M)
COMPOSITION — TEXTURE:
Feldspar a 1 3 ] Sand "o 1
Heavy mineraly ™ - TR - St % 75 B9
Clay minerals w 2 5 - Clay & 10 10
Voleanic glass M 2 W — BY 41 TOTAL DETRITAL 81 94 096
Micranadules 2 4 o| EgezescEn COMPOSITION:
Zwalitas - 1 lithified Feldpar 5 7 1
Carbonate unspec, 3 2 - - Haavy minerals TR 2 1
Faraminifers 2 8 - 7 Clay minarals 1 10 10
Mannatossily 4 72 TR 3 = Volcanic glass 15 75 B4
Racialaria - TR - = Micronodules 4 5
Fish remaing 1 - - = Zeolites = ¥ A
= Foraminifers [ -
2 - Nannofousily n - 1
g - Fish romains - - 1
o - :_"- -
i z |z by GRAINSIZE:
& = 631 (149,628, 224}
o 3 CARBON/CARBONATE:
1 830 (0.0, 24 5, 3.0)
o Mo CARBONATE BOMB:
- 6,30-31 {26)
& ]
SY 4/
8 5G 472
5Y 4/
[™9*| svazssvan

VoiD

BY 3/2, 5GY 61, 5¥ 211
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SITE 451 HOLE CORE 9 CORED INTERVAL: 71.581.0m SITE 451 HOLE CORE 14 CORED INTERVAL:  119.0-1285m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT. wl> ZONE  |[CHARACT. il
< 8| 2 HR C1518| 2 | carmic |3ial3
o k= GRAPHIC LITHOLOGIC DESCRIPTION == ) 2 LITHOLOGIC DESCRIPTION
.u§g _,iéggurmwev_‘ g e wgg Jgﬁggmmmmr Sl
ggﬁsﬂ HEE nggsgaﬁz =
z[2|E|k|g)8 2 (8/3|2|3]E =
Curtings of the following lithotypes: ;::‘ eolor
N[F|M 1 =B0% fresh white PUMICE; ~35% black, Mn-coated PUMICE; Elcle 5Y 401 TUFF, carbonate-rich, dark gray to gray down core,
2 Flele = ~5% cilve fine VITRIC TUFF. Frrr e— with intercalated thin layert af tand- and silt-sized vary
8= o e dark gray and ofie-gray VOLCANIC ASH in Sectian 1.
-1l focd 1 BY £/2 tiahitied The thickest inteeealation contsins sl numenous gray ,
=2 ® SYR A anguisr, gravel-sized pumice clasts up to 1 em. The Lutt
E 1.0 Y& has dark gray and black motthes, made of volcanic glas,
- E krarl b in Section 2, an a thin dark brawn lamina of nannofossil-
e . BY &1 bearing vitric sh in Section 1, The seciment & soft sxeept
g |- for twa mare lithified ash intsrvals in Section 1: drilling
=z |z 5¥ 477 matie disturbance is slight,
2 |Z
]
= SMEAR SLIDE SUMMARY
SITE 451 HOLE CORE 10 CORED INTERVAL:  81.0905m i - TR
BY 201 matie (LR [L01]
BIOSTR. | FOSSIL L] TEXTURE
ZONE  |CHARACT. wl> Sand 5 10 50
=718 2 “&E e s Silt 7 75 40
i zizl=| & L?Wo'gv §u LITHOLOGIC DESCRIPTION al=|- Clay 73 16 10
-] § 2| 2|8 5 § & % TOTALDETRITAL 94 48 89
21z |9 Blw| = = El COMPOSITION:
2|2 % £ [ Frldsoar 2 2 7
Heavy minaraly 1 1 7
guneral color Clay minerals = ) 10
. BY e/ TUFF, carbanate-rich, gray to dark gray, with intes Veoicanic glas 68 30 &5
bedded very dark gray VOLCANIC ASH. Pumice is Micronotules 12 -
g sY 3/ abursdant near the 1op of Section 1 a5 small (0.5-1 Zeolites 1o 1
§ =l i em} ruuww, Il-_l- t:;“h aavh r::ﬁ!n :je o Amarph Fe sgs. - 1 =
= — L L] imant is unifo st L 5
- ZiZ ' Sirtorca e Pgecess 10 iida! " ?’m“: A fy i 3
i L4 5Y4/+ SME AR SLIDE SUMMARY N:'l::::lll‘ ; 40 ;
H ;:g,", motties 130 180 Radiclaria - - 2
(LI
TEXTURE: GRAIN-SIZE: PHYSICAL PROPERTIES: Section 1
Sand u o7 253 (428, 44.6.12.7) TBem
Silt B8 Wet bulk dersity e
Clay B & CARBONATE BOMB:  CARBON/CARBONATE: Porosity (%) 410
TOTALDETRITAL 31 24 2, 4950 (14) 261(00,148,181  Grain density 172
COMPOSITION:
:“'““ e ; ; SITE 451 HOLE CORE 15 CORED INTERVAL: 128.5138.0m
Volcanic glass FE T BIOSTA. | FOSSIL
Micronodules 4 3 ZONE u"*rm al>
Zeodites TR TR 5 @ 9
Amorph Fe agg. ™ - w g2 '2‘ 2 E E  GRarHic 2 2| LITHOLOGIC DESCRIPTION
Recrystallized carb, B 4 g |22 23w i g
Foramnifers -7 < |2 |2|8 2|28 &) = = %
Nannotassily 51 B8 2l e
Distoms TR - z |8lz[e|3|E
* Radiolaria 1 ]
Soange srcules TR TR 1 - l o svan VOLCANIC TUFF, rich in forsminifers, very dark gray,
Fish remsioy b= - consisting of BOY vitric tulf and 20% carbanate and biaciasts
; r |08 I of p faraminifers (mainty inae}, which are often
Site 451, Corn 11 (90.65-100.0 m), Core 12 (100.0-100.5 m), and Cors 13 Al=]-lccl - s¥an cancentrated in thin {(mm) parallel laminse. Angular, dark
1109.5-119.0 m): NO RECOVERY. olive gray, fine tutf without foraminifers i slso present s
fragments smong the dominant lithology. The sedimant s hard
and fractured in pieces 2 10 6 cm thick; drilling disturbance iy
maderate.
SMEAR SLIDE SUMMARY
130
(1+]]
TEXTURE:
Sand 10
Sil 80
Clay ™
TOTAL DETRITAL %
COMPOSITION:
Feldspar 2
Hevy minerals 2
Clay minoraks ™
Volcanic glass 20 PHYSICAL PROPERTIES: Section 1
Micronodules 1 Alem
Carbonate unspec, B9 Wt bulk densiry 1.7%
Foraminitery 1 Porosity (%) 414
Nannofossits S Grain density 242
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GIYERET. | HOEE CORE 16  COREDINTERVAL:  138.0-147.5m SITE 451 HOLE CORE 20  CORED INTERVAL: 176.0-1855m
BIOSTR. BIOSTR. | FOSSIL
ZONE  [CHARACT. > ZONE [CHARACT, -
815181 8| eraenic Slzale 2l 5 2 | crasnic ;’” LITHOLOGIC DESCRIPTION
ol =8| & ic |e5(25|8 LITHOLOGIC DESCRIPTION w |8 |2 Z|z|E| & [ umHoLogy €2
w |8 g 5| = | LTHOLOGY |22 - o |z 5 HEEIH R
g§§§§2$3‘5 3;..5 (ﬁgggggmz E%
HHHEHE &= B
w[- oC | [ =] aemenstcolor 5 ARHEE L I=] Zmaean
P ] 1S £ 741 matri VITRIC |‘1JF F. carbonme-rich, matrix i light gray A== VITRIC TUFF, dark gray, underlsin by weey dark gray
with 7 mm uumfngr clasts of |_md|um dark gray devitrithed glass-rich CLAY, This grades downward
witric tuff {containing foraminitars}, 3 to 6 mm - hrough a 15 cm coarser black VITRIC TUFF to &
dismeter clatts of white pumica, and minar [~2%] g = groenith-hiack FINE VITRIC TUFF with & 3 mm wide
lack ash flacks. z |3 calcareous burrow and 1 mm diametar purnice fragments.
©
SMEAR SLIDE SUMMARY £1° SMEAR SLIDE SUMMARY
it cC11 CCAT  CCcp
TEXTURE: TEXTURE: e
Sand 3 Sand L] 8 B
s 80 Sin 51 4 kL)
Clay 17 Clay 40 50 6
TOTAL DETRITAL 50 TOTAL DETRITAL 20 %5 82
COMPOSITION: COMPOSITION:
Feidipar 2 Feldpar 4 8 5
Heavy minerals 1 Huawy minoeals 1 ™ 1
Clay minerals 17 Clay minerals 40 50 B
ViDicanic glass 0 WVolcanic glass 45 » 10
Micronodules 7 Micronadules 4 3 o
Rocrystallizod carh. & Zealites 1 1 1
Nannofosil 40 Recrystaliized cart. - - 4
Foraminifers - 4
Mannofowils 5 - 8
Site 451, Core 17, 147.5-157.0 m: NO RECOVERY. Rasiclaria - == 1
Fish remaing - ] -
SITE 451 HOLE CORE 18 CORED INTERVAL:  157,0-166.5 m
BIOSTR, n e SITE 461 HOLE CORE 21 CORED INTERVAL: 18551950 m
ZONE  [CHARACT. M BIOSTR. | FOSSIL
§ 9 g 2 GRAPHIC H 5 LITHOLOGIC DESCRIPTION LA L gz
L =|e I z
w |2 g J|Z|Z|5| & | uTHoLoGy é E _3,.. o 2ls|2 E GRAPHIC g LITHOLOGIC DESCRIPTION
ggcaggmgg e {"52% -'E"G'; LITHOLOGY
HEHEHE = ¢z¢§§z§ﬁ: 2
< z|2|2|2|3|= )5
7 .n‘-° T °j_ J ] en 3
PUMICE fragments, white; probably washed hola i o] 2Ev2sm
cavings; claits rangs in size fram 1 1o B cm diameer, o5 B8 A o] Secicr TUFF, carbanate-rich, black and spattled black and whiie,
3 nf-|- 2.5Y .57 containing altered giass in Secticn 1.
Sita 451, Core 19, 166.5.176.0 m: NO RECOVERY. é SMEAR ELIDE SUMMARY
3 'S ce 23
§ o 1]
TEXTURE:
Sandd 10 o
Sih L] 60
Clay jld k]
TOTAL DETRITAL " &7
COMPOSITION:
Febdsgar 3 B
Heavy minarsis 1 1
Clay minerals 0 0
Woleanic ghass TR 20
Mieronodules 7 1
Zeclites - )
Recrystallized carty, 15 5
Foraminifers. 1 15
Nannofossits 63 20
1

Radiclaria
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SITE 451  HOLE CORE 22 COREDINTERVAL: 195,0-2045m (Hole deviation of 2.0 w1 1960 m] SITE 461  HOLE CORE 24  CORED INTERVAL: 214.0-2235m
IOSTR. | FOSSIL BIOSTR. 1
ZONE  |[CHARACT il ZONE ARACT sl
B3| 2 EE EEE YlEgle
;| 2] & | GRAPHIC gg LITHOLOGIC DESCRIPTION == GRAPHIC LITHOLOGIC DE
= SCRIPTION
w § ‘E" NEEHEE L}mon.oovdgg 3 § g 4|%|E(5 £ | uTHoLoGY §§u
- 0| = w
2 Z |z 8 ala| = § o= <1z |= 9 g Z|8|w| = (o %
Z |8 & B(E o z |28 z £ £
Elne|e BEY 21 clant I ool
: I_ P_ .EE I ﬁ::l‘ genersd codor FINE VITRIC TUFF, greenish black, with i mm clan m:r -
& ictarbatian of gresnish bisek glass-rich clay {altared pumice) nd TUFF, carbonate-rich, dark gray, in Section 1. It
% &3 em thick intensely beoturbated Hght bulsh gy contain a clast ratio of 4.6, bloclsts. volcanachasts,
g8 carbanate-rich fuff. the bioclasts ane foraminifors: the volcanis clasts ar
3z mainly glass. Some mino very dark gray burrows and
8 |= SMEAR SLIDE SUMMARY mottbes. Section 2 containg black FINE VITRIC TUFF
= €C7  CCH®  CLIE dellling broccia. The sediment i firm drilling disturtance
M D M ] It intense.
TEXTURE
= 5 o s il 2
sit 0 % & z2 |12 |2 general color
Clay 15 86 & § z |z 5Y 21
TOTALDETRITAL 88 o5 8 tulf fragments
COMPDSITION: 5Y 271, 5Y 671
Feldspar 3 4 1
Clay minerats 15 B8 & PHYSICAL PROPERTIES: Saction 1
Valeanic glass 0 25 2 Mem
Migronodules 5 2 3 Wt bulk dansity 217
Zealites 2 2 2 Porosity (%) 338
Recrystallized cart. 2 - 5 Grain density 276
Forainiter 3 - 5 4§ &Y 20
Nanaafossily - ™R 7 ol e arilling gouge
Radindaria - - TR
Spongs wpicules - TR
Fish remains. - 1 =
SITE 451 HOLE CORE 25 CORED INTERVAL: 22352330 m
451 k=] CORED INTERVAL:  204.5214.0m BIOSTR. S5
SITE HOLE CORE MOSTR: | FoesiL. N
BIOSTR. SSIL — z| @ Yl
ZONE  |[CHARACT 2| - w |2 |a g ;‘.' = = L%%F{ggv LITHOLOGIC DESCRIPTION
2 =
o GRAPHIC LITHOLOG E EL R
== IC DESCRIPTION =} W
g§§ _,E:§Emuomcv e 35¢§&;Emi ==
< |z |g g g = ﬁ ol = = g z 2]z 2= i
e 2| £
Z |(Cje|&|2e .| pumics foraminiterpoor
AEEE [ 1% ] senea cotor FF|m oot Sheasealcaioe 3Y: 411 FINE VITRIC TUFF, attered, carbonati-baaring,
B4 14 25Y 250 TUFF, carbonate-rich, bleck, containing glass Torsminifer-paos dark geay, rieh in 1arge foraminitees: moderately
fragmants and nannofossits. Grades into black, fine: & - compasity burrowed with loce!ized zones of intorme burrowing
grained, glass-rich CLAY (sltered glass) with traces of E 2 ¥ ool burrow 5Y 471 I-"‘ "‘?l_':"v-:" D;‘:f;“‘ ‘lal':iﬂ\f and fillnd witn
farge foraminifars., s |z |@ oeaminifers. From 148 to 184 cm, is coanar dug
§ z ; gm‘m et to increased foraminifer content.
E - SMEAR SLIDE SUMMARY 5 taminatiom 5YR 373
ale ccEé oA - SMEAR SLIDE SUMMARY
= |z o) D} 125
=
§ TEXTURE: Fle ) o)
Sand nooi AE| svan JERTUNEE
Sitt 647 Sand 10
Clay % 40 Sile 12
TOTALDETRITAL 45 80 Gay il
COMPOSITION: PHYSICAL PROPERTIES: Section 1 TOTAL DETRITAL 91
Feldipar 3 5 cm  COMPOSITION:
Hesvy minersly 2 - Wt bulk density 189 Feldspar 2
Clay minarals % 40 Parosity (%} B35 Haavy mineraly 1
Volcanic gluss 18 36 Grain density 291 Clay mineraks 78
Micronodules 10 8 Volcanic glass 1o
Zeolite 2 5 Micronodules 7
Amorph Fe sg. - 2 Zeolites 1
Recryatallized carb. ] - Fish remaina 1
Faraminifers L3 -
Nanrofousity k=] o CARBOMATE BOMS: CARBON/CARBONATE:
Fish ramairs. 1 - 1, B1-B2 {13 180 (0.0, 13.4, 1.6)
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SITE 451 HOLE CORE 26 CORED INTERVAL: 233.0-2425m SITE 461 HOLE CORE 28 CORED INTERVAL: 252.0-261.5m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT ks ZONE  |CHARACT. .
= g g cs § S g > g 2 GRAPHIC g ﬁ 3
E < GRAPHIC LITHOLOGIC DESCRIPTION 2lE LITHOLOGIC DESCRIPTION
s |8 g _|Z|Z|5| & | uTHoosy gg w |8 5 = g &|5| E | LHoLosy Egg-g"‘
= e & w
HEE K g MHEHEH NS 2=
3 il e o z -2 o
<
Tfeed 3 o | 5Y 411 and
| Led Y3/t guneral color FINE VITRIC TUFF, very dark gray, maderately B VITRIC TUFF, with loraminifers, dark gray; intervals of
burrowed with localized foraminifer-anriched toney wary dark gray vitric tuH low in foraminifers, The sediment
NIR EY 701, wehich locally erihance paraliel bedding. Very fine s hard and consists of several Tractured pisces in the
L] 5GY 71 grading in 20 ta 28 &m interval, Tap 10 &m of Core-Catchar.
& greenisfrgray altered fine witric il is derived from .
§ 1he altered volcanic glass, is ensiched in foraminliars,
= " L by busrrowed, and i
= aclnt [3x8 em) of unburrowed fine witrie wil.
=2 The Care-Catcher eontaing modsrately-bisrrewed .
3 fine vitric tutf with fine laminations outlined by HOLE CORE 20 COREDINTERVAL: 26152710m
thin concentratians of dightly coarssr volcanic FOSSIL
glass, The sediment is uniformly Ffirm with shight ICHARACT. ]
drifling disturbance. T z|l w glasle
21 g T GRAPHIC ﬁ E 2 LITHOLOGIC DESCRIPTION
SMEAR SLIDE SUMMARY w § J2IElS| & LITHOLOGY E =
17 116 CC16 3 ] a ﬁ z E 8l = 3&&
{[= I+ ] ; g =) § = A
TEXTURE
Sand 5 W 1
i }2:] H . 5Y 3
Siy 23 60 o el VITRIC TUFF, rich in foraminifess, very dark gray:
) Clay 2 30 3 biack and gray beoturbation, and ome black, coars
PHYSICAL PROPERTIES: Section 1 TOTALDETRITAL 78 81 & taywr (=05 em) of vitrie twit poat in foraminkers.
Gem  COMPOSITION:
Wt bulk density 221 Feldspar 2 5 1 SMEAR SLIDE SUMMARY
Porosity (%) %68 Heavy minerals TR 1 - ccy
Grain density 283 Clay minerais 2 3 5 ™)
Volcanic glass 5 55 & TEXTURE:
Micronodles 2 4 Sand 1
Zeolites 1 1 5 Siie 13
Amarph Fe agg TR TR - Clay [
;of-nmulnu 1 ; = TOTAL DETRITAL -
annofoasiis - COMPOSITION:
Fish remmaim 1 1 TR Foldpar 1
Heavy minerals 1
. Clay minevaly L]
SITE 451  HOLE CORE 27  CORED INTERVAL: 24252620m Voicanic glass 10
BIWTER' mﬁs%r Micronodules 1
ZON CHARA! > Zaalites 1
o w (1] Recrystallizod carb. 10
- K GRAPHIC § i
E Elw 2 LITHOLOGIC DESCRIPTION Nannofossite 10
w § ik 5|k LITHOLOGY 5
g 5 § Bz wm| = = %
z [E|z|E|3|E ) SITE 451 HOLE CORE 30  CORED INTERVAL: 271.02805m
wlnls ] BIOSTR, | FOSSIL
3 5 211 goneral calor ZONE  |[CHARACT. 5
-5 FINE VITRIC TUFF, black, genevally snriched in ™ Z| w o
1 [ s 4 e foraminifers down to 74 cen. The upper 30 em =1l GRAPHIC LITI 1 1
3 o [ intioc intenely cisurbed by driling and contain pisces w82 |- 2 El 8 | (HotBEy HOLOGIC DESCRIPTION
1 ] gl of the tuff with minor foraminiferenriched areas g s alz [= i} ;
2. . e b i and up to 2 mm thick zones of cosrser glas. 5 L1 g E ol o
i 1.0—f Y 371 lainationy Do section are Tones of interse bioturbation z 2 x|d : -
- with alive gray and black fillings, From 74 1o 95 .
3 wlm % led sYan em containg only minar scattered foraminifers; N|RIPlCC| o | wran : ?
Irom 85 10 115 cm containg sbindant foraminifar \rl'rmc_ TUFF, rich in foreminifers, very ﬂit_h ray whire
‘oancentrations enhancing laminaticrs, Basst 5 om fine-grained, black where coarser. Strongly bioturbated:
are noemally graded fram silt t0 medium sand-4ized P .
vitric tulf, The sediment ks uniformly hard and = |~
ntenely 1o moderately disturbed by drifling. =
3
SMEAR SLIDE SUMMARY
160
[(+]]
TEXTURE:
Sand 4
Sin T3
Clay 13
TOTAL DETRITAL 85
COMPOSITION:
Foldspar 2
Haavy mineraly TR
Clay mineraly 13
Voleanic glass 0
Micrenadules 2
Zeglites 2
Nannotouily 10
Fish remnains 1
CARBONATE BOMB: +
CARBON/CARBONATE:
1R 151 {00, 68,08)
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SITE 451 HOLE CORE 32 CORED INTERVAL:  200.0-2005m

SITE 451 HOLE CORE 31 CORED INTERVAL:  280.5-290.0 m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT o ZONE “ﬂf‘rﬁﬂ = wl>
o zlw b= . E
I 215181 £ | cRapHic  |o2ISE|E LITHOLOGIC DESCRIPTION o g g €| orapic = 2 LITHOLOGIC DESCRIPTION
u |8 g J|2|2|5| B [ umHoLagy g s |8 12].|2|2[8|B| £ | vmorosy g
2%:3&%332 w§ ‘§g§$§ wl = ox
SHHHEE = % e 513 -
SGY 4N 5GY 411
NIF|P & SGY &1 VITRIC TUFF, rich in lorarminifers, dark gray to very dark VITRIC TUFF, forsminifarcich at places, dark gray to black.
5GY 81 qray, intensely bioturbated, in Ssction 1 and in the Core. BY 2N The rock is fine to medium sand-sized, with thiee intervals
Catcher. Intercalated in Section 1 are: l eontaining shundant gray busrows, Parallel lemination is frequent,
g - 5Y 411 ah an interval of carbonate-rich fine vitrie wiff, grey to dark irmes enhanced by ali of ini
2 grary, with parallel grayish-green lamination affected by = sY 4N Section 1 containg akso a biack LITHIC and VITRIC VOLCANI.
= | Y 3N normal faulting with 5 cm displacement. w | ™ CLASTIC CONGLOMERATE irtorwal, The matrix i & fine tutl
= b} four intervals of volcaniclastic conglomerate, very dark gray 3 s¥3n and the abundant [B5%) clasts consist of: ~30% hasalt [plagio-
5 sYan to blsck, containing o feve whits reworked debris of shallow sY 3N chase-phyric); ~30% glass, = 30% pumice; ~5% zeolite; and ~5%
N 5Y 2N water organiums such a6 corsli and |age banthonic foraminifers BGY 471 silicic valeanic rocks. The whole core b hard reck, the
N|=] = sYan [Lepydocyeline?) with silica replacing the orlginal carbonate NlR . 28Y 32 drilling defarmation is slight.
skelrons, The sediment ks hard, bedding and laminee din
=40 ; drilling divturbance s siight. SMEAR SLIDE SUMMARY
cCc2a
SMEAR SLIDE SUMMARY -1}
132 1465 1942 TEXTURE
[T = Sand 1o
TEXTURE: il b
Sand 1 5 7 Clay 72
Sil e 75 B3 TOTAL DETRITAL &
Clay 0 20 40 COMPOSITION:
TOTALDETRITAL 1 30 @1 Foldmpar 10
COMPOSITION: Heavy minerals TR
Feldwpar T 8 7 Clay minerals 72
Heavy minersls - = TR Volesic glas 5
Clay minerals - 20 40 Micronadules 7
Valcanic glass TR &5 44 Zeolites 1
Micronodules a6 7 Amorph Fe sgg. TR
Zeolite TR TR 1 Recrystaliized carb, 1
Amanph Fe agg. 1 TR 1 Nannofossils 3
Recryatallizadesrh, 26 16 TR Fish remains 1
PHYSICAL PROPERTIES Section 1 Foraminifery 2 5 -
121em Nannafossily €8 45 TR E: E BOMB:
Wet bulk density 2.4 - . 1122 10,1, 0,1, 0,1) 1, 124926 (1)
B
g ikl g 131 (0.1, 48.2, 581 1,301 (47)
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SITE 451 HOLE CORE 33 CORED INTERVAL:  299.5-309.0m SITE 451 HOLE CORE 35 CORED INTERVAL: 31853280 m
BIOSTR, | FOSSIL BIOSTR, FOSSIL
ZONE  [CHARACT. wl> ZONE  [CHARACT >
mHE P 2 HREER: =
S| RAPHIC LITHOLOGIC DESCRIPTION =2 AAPHIC LITHOLOGIC DESCRIPTION
SHERE Z|2|5| £ | umoLocy g?w w 8 2l,|212l5(5 £ | LTHoLoGY gi“
= = w 4 =
‘E:ggéﬁgz mg s§¢§?i§gi g
z|2|=|2)2|E G z |B|z|R|2|E A s
E =4 5 6/1 burrows - | osvan
3 ] s 2 VITRIC TUFF, massive, biack and very dark gray; 3 VITRIC TUFF, biack, grading down corm 1o LITHIC and
0.5 - graded (nterval in top S em, Trom modium sand- 1 o_ﬁ: i savai VITRIC VOLCANICLASTIC CONGLOMERATE, durk
e SYR3A sitsized. Manktonic foraminiers rart gray burrows. " reenish gray, Fragments of basait, glass, and pumice svrsge
1 - 5: n Jocally prosent. Thin, dark reddish brown, deformesd I 2 cm in diameter, in the Core-Catcher some of them excesd
3 BYR33 baot tayors of calcarmout clay rich in iron axides eoeur at N|-|-]|ec sGY 42 4em,
1.0 50 anet 75 cm, The rock ia hard; the drilfing deformation
i inturne, SMEAR SLIDE SUMMARY
3 125
Jq Voo SMEAR SLIDE SUMMARY o)
. 150 297 TEXTURE:
2 5Y 31 (o Sanyt 10
el Rl TEXTURE: Siit 70
N|—| —|cC §Y 31 Samd % 8 Clay 20
sit oo TOTALDETRITAL 74
Clay @ COMPOSITION:
TOTAL DETRITAL 67 89 Feldspar 5
COMPOSITION: Clay mineraly 20
Fulcspar T Volesie glass @
Heavy minersly 1 1 Micronadules 3
Clay mineraly “ N Zeolives 1
Valzanic glass 15 50 Recrystallized carh, 3
Micranodules s B Faraminifers 2
Zeolites 1 1 Nannolossits 15
Amorph Fe oo 1 1 Fith remairs 2
MNannotossils 0 -
Fish vemaing. | TE: E BOMB:
114 (0.0,02, 0.1) 1, 10492 =11
TE: TE BOME:
21810.3,0.0,0.1) 2,2021 1)
H RE CORED INTERVAL:  328.0-337.6
SITE 451 HOLE CORE 34 CORED INTERVAL: 309.03185m 1S :"‘ SORE i
BIOSTR. | FOSSIL e e B L
ZONE  |CHARACT wl> 12| @ 8 &lo
21213 HEAH | 2| 5 | erapuic 2 LITHO
: 2 2 LOGIC DESCRIPTION
w |22 B HE E SRapic & E’ﬂ LITHOLOGIC DESCRIPTION g 8 % ’ % Z|5| & [ urrococy §
o |2 HEEIHET @ glalz|ale] =
5 92|2|3|% & 2 |8|z|2|5)E
= 5Y 2N
sV 8N Nl R «| sGYSsN VITRIC TUFF, black, interbedded with LITHIC and
VITRIC TUFF, alternating bilack coarser and very dark BY 21 VITRIC VOLCANICLASTIC CONGLOMERATE,
! svan gy 10 gray finer intervals, the latter with either parallel 5GY 411 Darki groenish orey, with roynded purmice, plas, and
g Iamination or gray biotusbetion; some vesicular basalt 3 bacalt fragments 34 in the previous cores. The Core-Catchar
. YA/ fTrogmants ot B em in Section 1. Coarser levels show rare B BY 5 ¢ 1 i 1 these Bedding dipss 34,
bt i and laad-casts, A 10cm thick, black 3 Ni= 8Y 211
LITHIC and VITRIC VOLCANICLASTIC CONGLOMERATE = . SMEAR SLIDE SUMMARY
Faa— Irtorval, with raunded fragments (sveraging 0.8 cmi of 2 130
Y 51 Russalt, glass, pumice, and rare acad volcanic rocks in & matrix it o
of finer tuff, Bedding dips 26 TEXTURE:
j : SMEAR SLIDE SUMMARY iy 3
-] = Siit n
N BGY 411 S i e
LU TOTALDETRITAL 92
TEXTURE: COMPOSITION:
Sand 76 Feldspar 8
Sih 38 e Hiwvy riinerahs 4
Clay I’ 5 Clay minerals w0
TOTAL DETRITAL g5 92 Volcanic glasd 2
COMPOSITION: Micronadule A
Feldspar 5 5 Zeolites a
Heavy minsrshy TR 1 Fish remaing 1
Clay minoraly I 25
Volcanic gias 5 6 TE: TE BOMB:
Micronodubes 2 5 151 {0.0,02,0.1) 1, 5365 [~ 1)
" Zeolites 2
PHYSICAL PROPERTIES: Section 2 £ remaing 4 1
Mem
ptonrid as m ¢ sow.
Gesin dunsity 2 11® 00,0001 1136137 (120
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SITE 451  HOLE CORE 37 CORED INTERVAL:  337.5-347.0m SITE 451 HOLE CORE 38 CORED INTERVAL:  347.0-356.5 m

vy

BIOSTR. FOSSIL BIOSTR. FOSSIL
ZONE CHARACT. = ZONE CHARACT >
= o u r4 o
=8 E GRAPHIC ug g LITHOLOGIC DESCRIPTION 2izle g ic g g LITHOLOGIC DESCRIPTION
w § g 4|2 [E|E| £ | uTHoLoGY [28|2F) 5. w § g S|Z[E[E| & | vHotosy Sy
NHFHPHEEE = 2|2 |%8|72|8)% 2 ziu8
SAHRHEL z |8 =|2|3|E =
*|  genersl colar =
YN VITRIC TUFF, black, interbadded with LITHIC and = ::?: o VITRIC TUFF, black, and VOLCANICLASTIC
. VITRIC VOLCANICLASTIC CONGLOMERATE. =1 ! CONGLOMERATE, black, in Seeticn 1 and woor
Vitric tutf graded in 1op 75 cm. In the conglomerate 0.5+ Section 2. In the canglamerate, the clastEmatrix
1 the clesty:matrix ratio i sbout 4:1. The serage clasts 1 - z ;::;":::‘“"’:n:’:z““,:“"::’g&?“m !:l mach
sGY 201 sizw 4 4 mm, maximum 3 cm, Clasts petrography includes: ] ~50-60% fine-grbiwed 1 phanitic basalt of bassitie
fragvints -phyric basalus with altored and 1.0 andesite; — 30% anhyric vesicular altersd variolitic basalt;
replaced with smectite; aphyric, sphaniilc basafts or - and ~10% altered pumics clasts. Small ploces of highty
banaltic andesits: sltered pumice; and basalts with variolitic ] onidized voleanic rocks aro present in the matrix,
groundmass. Almost sll the clasts are highly vesieular = . ultered andesites? Below 200 cm, the vitric il contains
[~ 16%); some of them are extremely altersd with :‘.‘x"'ll"” ;‘.:';:mu“m;:‘,:dﬁ;':“m:‘“‘ ﬂ'”.:r
2 dissarninated pyrite. Contacts dip sbout 20 o few plunktonic forsminilera. One of the burrows
- camprises NANNOFOSSIL CHALK, The dip s abour 207
syan SMEAR SLIDE SUMMARY
110 140 E . Laid SMEAR SLIDE SUMMARY
ol (o |2 N| F|P |2 s IEYR A2 273 277 2150 330
TEXTURE: 2| = (L2 ) =1}
Sand 17 B0 2= TEXTURE:
Silt 53 30 L Sand 8 5 & 6
Clay o 10 P 25V 40+ it M o5 B B
TOTAL DETRITAL e s BGY 41 Clay TR 41 41 10
COMPOSITION: SOV 4/1 4 TOTALDETRITAL 4 53 B4 96
Feldwpar 7 8 3 i EYR 5N COMPOSITION:
Heavy minerals 1 0 2EY 40 Feldspar a2 B
Clay minarals 30 10 I — ™ 5Y 211 Huavy minerals T | TR
Voteanic glasi 53 47 cc : Clay minerals TR 48 41 10
Mictonodules 2 25 Volcankc glass 1110 a0
Micronodules 3 3 3 4
TE BOMB: Zeolies - = 1 TR
15 (0.0, 05, 0.1) 1,38 (-1} Recrystalllsad carb. 30 10 10 -
Foraminifers 3 3 3 -
HNannofossits 60 25 30 =
Fish remaim - TR TR =
TE: TE BOMB:
2142 (0.0,28.2, 3.2 2, 140142 1= 1)
BULK ANALYSIS: 1137 227
Si0y 503 49.7
Tit 070 063
Alg0y 18,0 12,0
Fey03 124 127
FeQ 816 838
Ml o8 (A1)
MgO 43 441
PHYSICAL PROPERTIES: f;:: 2o Wer 1118
Wit bulk donsity 203 :.;?00 ;:g ! :::
Paresity %) w2 ok a5 o
Grain donity 288 5
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SITE 451 HOLE CORE 39  CORED INTERVAL: 356.5366.0m SITE 451 HOLE CORE 41 _ CORED INTERVAL: 376.53850m
BIOSTR. | FOSSIL
BIOSTR. | FOSSIL o ZONE " [oHARACT 4 u @ "
o Z| w o S -} S
2|5|8| £ | crapHic |2 g LITHOLOGIC DESCRIPTION g |2 g ZIE| & | Shamic, g LITHOLOGIC DESCRIPTION
wgg _'3555 LITHOLOGY |28 8|2 |2a|2|E|8(8) 2 E
S HEHFHEEE ] z(53/83|8|% e
z\|2 ; 2|z = Ford vt Z |o|x 2=
N|-| - eeeral color geoaral color LITHIC snd VITRIC VOLCANICLASTIC CONGLOMERATE,
sv2m VITRIC snd LITHIC TUFF, blsck, with a few lithic sY2n Intarbadded with black-olive carbonate-besring VITRIC
oy & gravel fragments, eonsisting mainly of vesicular TUFF. The conglomessta has 8 class:mateix ratio of 2:1,
sshanitic 1o aphyric besalt and basaltic andesite, The sYan and contains balt (20%), gless, sndesite (7 15%), pumice
1 tult slso containg small grains of Pepidete pyrie, - (60%), and & few ater Large bel i
rydrathermally altered basalt, and rare buirrows filled ' The tuffs show alternating coarss and fine,
with ealcaseous clay. Dip is about 207 o| v and contain di i
penecontemporanecus recumbent falding.
SMEAR SLIDE SUMMARY
145 ©C sY 2+ SMEAR SLIDE SUMMARY
F M) (D) _ = s¥ 4/ 184 185 1110
TEXTURE: o) M
cc = _|__ wen Sand 8 8 TEXTURE:
it ® & Sand 3 6 3
Clay 56 36 il 87 82 87
TOTAL DETRITAL B 96 Clny w1 .
COMPOSITION: TOTALDETRITAL 77 38
Feldpar 5 5 COMPOSITION:
Heavy minerats TR Feldspar 12
Clay minerals 56 35 Meavy mineras TR TR -
Valaanic glasn 0 55 Clay minerals 10 110
Micronodules 3 3 Valeanic gias 66 35 25
Zeulites 12 Micronodules 2 4 2
PHYSICAL PROPERTIES: Section 1 Recrystailired carb. 0 - Zeolites - e A
TTem Nannofossii B — Recrystallized earb, 10 ig lg
201 BONA ] . Foenmintiars 1
pidsporiid aai CARBON/CARBONATE: 1, 4547 (10} PHYSICAL PROPERTIES: Sevton 1\t & ' A4S
Grain dintity 291 €CH10.0,00,0.0) ¢, 812 (-1} b
Wt busk dersity 186 TE: TE BOMS:
Parcaity (%) i1 184 0.0,22,03) 1, 8586 31
Grain density 278
SITE 451 HOLE CORE 40 CORED INTERVAL:  386.0-376.5m
BIOSTR. FOSSIL
ZONE__ [CHARACT - ;-g i SITE 451 HOLE CORE 42  CORED INTERVAL:  385.0-394.5m
') v
ol 0|l = GRAPHIC ,_,g o BIOSTR.
" § % B g E E| E | REIEY [2 %3 g, LITHOLOGIC DESCRIPTION NOSTR. orossiL i he
wl|z o = o ] H]
< Z1z|2\%|3 dlw = 2152 % & g 2 2| & | GRAPHIC = 2 LITHOLOGIC DESCRIPTION
z |2z|Z|a|& e u gg -ﬂgwsﬁ LITHDLOGY_“,gJu
< |2 [2|8lglz|z|8] = oe| ﬁ
ge‘crunl calae 4 |olg g 2 = o ot
Nl =|- st LITHIC and VITRIC VOLCANICLAST| L L <
CONGLOMERATE, biuck, Clasts rmatrix 4:1; T svan
257 40 maximum clast size it 2 om. White, reworked debris " VITRIC TUFF, carbonate-rich, gray to dark gray 1o black
" of thallow wester arganisms [corals{?] and large N3 +N3 with thin beds of black VOLCANICLASTIC CONG LOM-
BY 2.5/0 benthonie faraminitens) present. Other clasts ERATE. The witric tutf is disturbed and displaced by
i Inchisde vesieular basalt or basattic andesite [65%), ‘ 25445 nrmal faulting, b rich inplanktonio foraménifers, sad
dlass {20%), subserially weathered  basalt (5%, BY 211+ thaws frequant paralial lamination and bedding, Grain
and pumice [10%). In Section 1 is 8 60 cm thick Y 8/1 size ranges from silt to medium sand; load casts and dirset
lwyer of black VITRIC TUFF, well bedded, with or inverse graded bedding occur, The conglomerats is
graded bedding end & carbonate-sich 1op layer. Dip LS analogous ¢ that described in the previous core.
is 75 to 307
= SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY 2 5 19 256 2114
188 § 5Y 51 M (o) (D)
[1-1] = |~ TEXTURE:
TEXTURE: .:,: . Sand g B0 25
Sand 5 3 s 81 25 5
sit 5 2 oL Clay W 2’ 2
Clay 20 5Y B TOTALDETRITAL 91 74 73
TOTAL DETRITAL 90 N COMPOSITION:
COMPOSITION: nir P Feidipar a4 7 a9
Feldspar 5 sven Hewry minerals 1 .t 3
Heawy minerals 1 5Y 21+ Clwy mirwrals E U]
B Clay mineraks 20 BY 81 Volcanic glass 54 51 42
- Volcanic glas 64 Micronodules 4 s 10
] Micronadules 8 Zeolites 5 10 &
- Zeolites 2 Amaorph Fe sgg. - 1 2
- RAecryitallived carh, 2 Recrystallized carb, - 10 w0
3 HNannatasils - - ™
=~ L TE BOME: Figh remaini g = =
BY 211 156 (0.1, 6.1 0.8) 19183 (=1)
1.00 (0.0, 0.2, 0.1 E: E BOMB;
1461 (0.0, 15.3, 1.9) 1, 61-67 (17}
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SITE 451 43 CORED INTERVAL:  3945404.0 m CORE CORED INTERVAL: 41354165 m
BIOSTR.
= =
E g GRAPHIC E a 8 g_ g GRAPHIC E § H
4 8 2 I IPTIO
g 3 g E 5 | LiTHOLDGY gs‘“ LITHOLOGIC DESCRIPTION g § g E E 5 LITHOLGGY % %.. LITHOLOGIC DESCRIPTION
= w
< g = g 8| = g < E = § z als oz a
2le )= zZ (2= g o e
cC GY 21+ gunaral colos
Y7/ VITRIC TUFF, massive where coarse grained; carbonate-beating T| svan BOULDER VOLCANICLASTIC CONGLOMERATE,
and with intense light gray bioturbation where fine grained. with very dark gray matrix of wolcanic it snd cosrser
elasrs. Epidate and hydrathermal pyrite are ditfuse in
the mateis . Boulders are 20 to 30 em thick, compoed
af plagiaciase-phyric vesicular bacalt, plagioctes-
58672 abiving-phyrsc smvydalondsl besalt, #nd by 3 pale
Tt boulder Blue-gresn valcanic twif hydratharmally altersd
BULK ANALYSIS: 128 170
Si0y 4y 483
il 059 0.60
AlyDy 198 198
i Foy0y 120 L
7 90 197
SITE 451 HOLE 44 CORED INTERVAL: 40404135 m . MaD [ RTR RT ]
3 ek Mg0 486 605
BIZ%S’?R oot . . PROPERTIES: Section 1 00 Vg0 ABie
3| ¢ Szl 3 Wt btk dansit 7: 7o a0 L9 &N
. - o ¥ .
= 5 E“ £ E L:'ERNTOIEY g LITHOLOGIC DESCRIPTION 5 Parosity (%) 9.78 K’g g?: :ﬁ
5 % g§§§ gvﬁ? E e Grain density 250 G ;
= =W
z |2|z|2|2|¢E & CORE CORED INTERVAL:  416.5423.0 m
ganweral color
5Y 21 VITRAIC TUFF, black. Intorvals with dark oflve-gray - - u :ﬂ; e
bursow, rich in planktonic foraminifers aiternats e g
5v 32 bl ol eyt s8] & | crapHic 2 LITHOLOGIC DESCRIFTION
i w a g § £ | vHoLoey §
lod * CARBONATE BOMS: < 5 B|2|8|w| = B2,
1.8586 (2) z|2|3|& Ed
5Y 21

BOULDER VOLCANICLASTIC CONGLOMERATE, very
dark gray, grading down core to lew coarwe conglomarate,
wery dark gray, to foraminiter-rich conglomarate, bisck,

5Y 31 to gy VITRIC TUFF with intarcalations of gray clay-
and carborata-rich tulf, The boulders consist Masnly of
plagioclase-oliving-phyric basalt, The witric til i feulted
and shows alternating silt- and sand-sized intervals, carbonats-
rich and carbonate-poor respectively. Other structures
inchude clay Hlumes, bicturbation, gradation, snd some
P large mamice clasts and large benthic focaminifors near
By the botiom of Section 3. The carbonate-rich tull is sard-
sizedd ared rich in foraminifars. Beds dip abour 20°.
general colos
L 3;5.;!“ SMEAR SLIDE SUMMARY
= 245 20
- 5GY 4/1 lamina ™1 (M)
5¥Y 2N TEXTURE
- BY 21 Sand o 8
SV &N
Bvan ‘S::lll won
5v 21 iy m 20
H TOTAL DETRITAL s n
COMPOSITION:
Y 21 Feldspar 3 2
Heawy minaraly 2 1
- Clay minerals W 0
- Voleanic glan 20 7
3 Micronadules 4 8
. Zeolites TR 2
= Amarph Fe sgg. T -
- Recrystallizee carb, 50 &
=+ Faraminiters TR -
3 Nannatousils TR 1
Smawr Slides (Minor): 1-140
5 TE: E BOME:
) 276 (00, 17.4,2.1) 2, 7678 (15)
- 2,97-100 -1}
- BULK ANALYSIS: 124
- 50, 50.6
7 Tio, 077
— Al 158
= a’;z 134
- FeO Ba
~ M} 0a7
g PHYSICAL ATIES: Section2 MeO i
3 00m a0 958
3 Wiet Bulk demsity 208 Nag0 252
— Porosity (%) a4 e g2
. Grain density 2.81 Pa0g 023
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Laad

SITE 451

HOLE

CORE 47

CORED INTERVAL:

42304325 m (Hole devistion of 20" 32 4230 m)

SITE 451

HOLE

CORE 48

CORED INTERVAL:

442.0-451.5 m

AGE

BIOSTR.

ZONE

FOSSIL
CHARACT.

NANNOS

FORAMS

RADS

PRESERV.

FOSSIL
ABUNDANCE]

SECTION
METERS

GRAPHIC
LITHOLOGY

HiiEAnce
HROSHIALY
k&mltﬂﬂln

LITHOLOGIC DESCRIPTION

AGE

BIOSTR.
ZONE

NANNOS
FORAMS

RADS

PRESERV,

SECTION
METERS

e, é g

l,mb‘omc

LITHOLOGIC DESCRIPTION

5 6/1 clarty
qgeneral color
5Y 2N

5Y 61 and
580G B/1 clas

N4, NE.
Y 2N

VITRIC TUFF, black, with coarses layers and scattered
elasts which are mainly gray and grayish-biua gray, rounded
to mieounded pumice fragments, often almost comuletely
altered to soft cday. Also minar glass and basalt clats

oocur, At places, wime tabulsr clasts show crude arentation §

Tuace componans are white fragments of sthallow water

Late Miocens

NN 107

&Y 21
peneral color

N4

FINE VITRIC TUFF, black, with moderataly fins
laminatians and cross-bedding and ~ 10% biogensc
componeil i Section 1. The Core Catcher containg
threa fragments of medium dack gray bioturbated

FINE VITRIC TUFF with 20-25% biogenic companent
{pelagic foraminifars and nannofomiil.

large benthonic , consisting of 1al
carbonate of silice. The tuff i locally forami teearing,
and is eithar sift-sized and bioturbated or sand-sized and
maslve. Bedding dips 207,

SMEAR SLIDE SUMMARY

162 223

(LU
TEXTURE
Sand o 0
Silr 50 87
Clav 50 3
TOTAL DETRITAL 80
COMPOSITION:
Faldipar TH
Hawvy minarals TR
Clay minetals 50 3
Wolcansc ghass 30
Micronodules TR
Zealites 20
Aetrystallized e, —
Foraminifers - 2
Nannotouils - TR
Fish remaing TR -

SITE 451

HOLE

CORE 50

CORED INTERVAL:

451.5461.0 m

AGE

BIOSTR.
ZONE

FOSSIL
[CHARACT.

NANNOS
FORAMS

RADS

FOSSIL

CH

ABUNDAN

PRESERV.

SECTION

METERS

8

GRAPHIC
LITHOLOGY

o
@
?g

LITHOLOGIC DESCRIFTION

SITE 451

HOLE

CORE

48 CORED INTERVAL:

43254420 m

[3

[ [ SRReY

BY 2N

VITRIC TUFF, black, massive and structuneles, containg
2% white blogenic grains which include benthonic
foraminifers.

SITE 451

HOLE

CORE 51

CORED INTERVAL:

461.0-470.5 m

AGE

BIOSTR.
ZONE

FOSSIL
ICHARACT.

MNANNOS

FORAMS

RADS
FOSSIL

ABUNDANCE]
PRESERV.

SECTION

METERS

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

AGE

BIOSTR.
ZONE

FOSSIL
|[EHARACT.

NANNOS
FORAMS
RADS
FOSSIL

PRESERV.

SECTION
METERS

GRAPHIC
LITHOLOGY

HRUSYIALY
EiREos

LITHOLOGIC DESCRIPTION

B

VOLCANICLASTIC CONGLOMERATE, light to medwm gray
FINE VITRIC TUFF, and large medium gray FINE VITRIC
TUFF, alt drilting fragments, with approximately 30% biogenic
material and minos hioturbation, This fine vitric tuff grades
dowrward (nto a coarser dark gray VITRIC TUFF with ane
ergsional contact visible in the transition zone.

(]
it}

TPk AR B
“'D-t‘_.ttlﬂgl I

ganeral coloe 5Y 21

FINE VITRIC TUFF, black, drilling breceia,
‘burrowed with thin and
10% forminif i

O clast of black VITRIC TUFF present,

ISP A1IS
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SITE 451 HOLE CORE 52 CORED INTERVAL: 470.5473.6m SITE 451  HoOLE CORE 54 CORED INTERVAL: 480.04885m
BIOSTR, FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. wl ZONE  |CHARACT. e
8|2 e EHE: SE
> | = GRAPHIC LITHOLOGIC DESCRIPTION EHELE GRAPHIC gé LITHOLOGIC D I3
w 812 |a E § ﬁ LITHOLOGY %’ g w § 2l |, E z|5| £ | LHOLOGY =2 E,; g PEICDESRIETION
Z = =1 w g
S HEEHHEEE 2 € |2 (3|5|5|2(2)5 =2k
= i |
z |2 & e z |2lz|2|g|E ¥
«| Y27 VOLCANICLASTIC CONGLOMERATE, black matrix, the 56211
N == 562N majerity of clats are coaren mand-sized, subangular to whb- genaral colur VITRIC TUFFACEOUS VOLCANICLASTIC
rounded, blus-gray Wil with & groved sized clasts of medium CONGLOMERATE, yreensh-black matrix, with
H iy aulf and Black ""_".;"g‘,‘;:‘;':'.}n" s o clasts, (3 mm) of wlf [with 80% zeolite snd 20%
in o i ;
g sculigred small grancles of blus-gray glass and whits pumise; 1 :ubrnnlhcl:rrrml_mmor 1 mm olivine. rlla;n_
. 5B AN faint laminations dip 30° . Fifteen cm of medism gray and large phyric basalt clasts up 1o 13 cm
b1 5v 211 conglomerate underlies the (Wt it contin: 15% matrix, B5% sty chas with An B by 70 mm chalcedony vein filling with
= FIR|P tutf clasty, and 20% basale clasm. In a pisce af T mﬂmm'c gl diseantinuous eakeite marging cuts & basalt
T Fm o dark grmy caicarscis FINE VITAIC TURF with. L i clast lrom 113 8 120 cnin Soction 1 Belew
£ ,;“:'m. BOC Y 142 em in Saction 2 the rock is sirered and
i uniformly hard; drilling disturhance mx.dmal- b SRk
mately L
§ SMEAR SLIDE SUMMARY m the matrix (except for a 30 em wgmant in
2 128 Section 3, from 35 to 65 cm, which has less than
o1 1% seolites and calcite). The rock is uniformly
TEXTURE: 2 T hard.
Sand 5
Silt 0 SMEAR SLIDE sm;v
Clay %5
TOTAL DETRITAL 86 1o}
COMPOSITION: TEXTURE
Feldipar 1 i Sand !
Heawy mineraly ™ T | s 68
Clay minerals 26 Y Cliry %
Vol ghtus 55 ;. TOTALDETRITAL 100
Palagonite 5 E»:";"PDES'T!ON- =
Micronodules 1
Zeolites 1 8 & | Heavy minerals 1
Recrystallized carh, & Clay minscals 1]
Moy 3 | asartvo il
Et E BOME: |
kil AL : 345 (0.0, 4.0,05) 3, 4647 (3) e
|
| BULK ANALYSIS: 122
5i05 s
4 ) | Ti0, 078
Al .
SITE 451 HOLE CORE 53 CORED INTERVAL: 473.5480.0m | & 20:; ‘? :r.r
BIOSTR. | FOSSIL i F:SO 7.0%
ZONE  [CHARACT. . MnD 0.13
E gle| o o I M0 7.7
=|2 AAPHIC 2 LITHOLOGIC DESCRIPTION . %] 1089
w812 [.|%|2|5| L | vrHotody %) ce i . 05
H =
< |z s =lz|d) = = g K 086
z|R E x g 505, 01
SGY 2/1
genaral ol VITRIC TUFF, greenish black, massive, coarens
lbalow BO om 1o 103 om with clasts up to 3 mm
ciamuter of gresnishrgray pumice snd wwif, Below
3 103 cm VOLCANICLASTIC CONGLOMERATE
the matrix of which is greanish black, has clasts
58G 5N up to 1.cm of greenish-grry wit, bleck basalt, and
claersy rare pumice with dismaners of 2 em. Scamered, 8
om digmeter, medim dark gray, besslt clasts with
sltnred rims are present In Sections 1, 2, and the
Core-Catchar, The sdiment ormily hard.
driliing disturbance sight.
2 CARBOM/CARBONATE:  CARBONATE BOME:
10100,15,02| ARETE]
5G 21 BULK ANALYSIS: 23
505 482
0.76
AlgDy 194
Fa 0.99
e 05
MnO on
PHYSICAL PROPERTIES: Sectionz %0 Ko
40 em 2
Wat bulk density 217 :;6” $
Porosity (%) 343 P 025
Grain density 278 2%

ISP HLIS
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SITE 457 HOLE CORE 55 CORED INTERVAL: 48954990 m SITE 451 HOLE CORE 56 CORED INTERVAL: 489.0-508.5m
BIOSTR. L BIOSTR. | FOSSIL
ZONE |CHARACT. wl= E [CHARACT >
5 g 2 GRAPHIC H g s 2 GRAPHIC E g g
| = | = R,
w |8 |2 4 E g § & | | iTHoLOGY 28 g“ LITHOLOGIC DESCRIPTION w § . o ZIE s | ihotogy § §" LITHOLOGIC DESCRIPTION
12 13]55/2|23| 2 28 2 |2 12|8|5(2|8(8| £ =
S HEHEE = 35/2|8 2| 5
general color B - 8Y 211
BGY 211 VITRIC TUFF, black interbedded with VITRIC and LITHIC TUFF and TUFFACEOUS
VOLCANICLASTIC CONGLOMERATE. VOLCANICLASTIC CONGLOMERATE, black.
Gradational contacts common. The Thess lithotypes form em-thick interbedded layen
lastsmatrle ratio is =201, Angular to rounded in howar Section 2, ared thicker Layers shewhars, In
clasts of plagioclase-phyric basaltic andesite, Iower Section 3 and Core-Catcher scattered granules
wwohyric basalt, snd red endesite oceur in matris of ‘ooowr, Boating in a tuffaceous groundmass. Clast
smaller lithic clasts and aitered glass otten replaced composition includes basaltic sndesite, basalt, altered
by green smectite, and intorgranulas and cavity- i glass, and pumice, Diffuse grains of hydrothermal
Hillirg seolitic and carbonate cement. Hydrothermal yrite ae present. Graded bedding is comman, Black
pyrite occurs sporadically in aitered fragments of _ lignite fragments ocowr near the top of Section 3, Dip
woleanse rocks. The tulf ranges from it to very - =26
coarse tand-tized, and shows in places, graded -1
bedding = SMEAR SLIDE SUMMARY
32
. CARBON/CARBONATE: 2 t ™
* 225 0.0.1.2.02) TEXTURE:
- - Sand 3
CARBONATE BOMB: E s - Sitt {7
2,2425(2) 4= Clay o
. |2 = of ik i TOTAL DETRITAL 10
5 E ol COMPOSITION;
2] Feldspar 1
= Heavy minsraly 2
Weag = Volcanic glas 7
3 Organic carbon 20
‘ CARRON/CARBONATE:
1830.0,1.1,02)
s i CARBONATE BOMB:
1.828301-2)
SGY 2N =1
PHYSICAL PROPERTIES: Section 1
Hem
4 1 Wet bulk density 203
. Parcsity (%) 418
] Grain dunsity 284
o o 5Y 21




SITE 451 HOLE CORE 58 CORED INTERVAL: 518.0527.5m

Lvy

451 HOLE CORE 57 CORED INTERVAL: 508.5518.0m
BIOSTR, | FOSSIL BIOSTR. | FOSSIL
ZONE  [CHARACT. wl> ZONE HARACT. wal>
HMEE: i CTo18| 8 | craemc |2508
>[2 GRAPHIC LITHOLOGIC DESCRIPTION HHEE LITHOLOGIC DESCRIPTION
w |8 gl.1=212|2(5 E | uiTHoLogY _cgig... u |8 g, 1=[2]|E|5| & | Horosy gg‘:
= = W= W
(ﬁg"n’ggmgz gg ggmgg Q»E m%
2|22 e E T i | s z |28 o e
general color general colo pos
s 2 VITRIC and LITHIC TUFF and TUFFACECUS saan m“m‘:"ﬁw“c": % BT:“.::" ;
VOLCANICLASTIC meﬂHEM"‘E block, greenigh black, in ion 1 and in two thin intervals
T tult is very fine to RGN = : in Section 2. Clasts;mnrix ratio i 2:1, Clasts are
damiraia.ooar “':;::« Im‘:: éﬂwninﬂ " angular 8o subangular and cantist of basalt (45%],
tered of cly pumice 115%1, giassy basalt and glass (30%), oxidized
Ilaw cmrhliﬂue'l::ﬂ:‘;:::n T:'elmme _-1: andesites (5%), and gray fine vitric wif (5%), The
Im‘" ":;":‘:‘ e re . T STROTLAN, matrix aito secondary eolites and carbonates.
Proviout aori. From battom af Section 2 downcore, alternating
intervals of VITRIC TUFF, CALCAREOUS and
BUEARRLS ““""“";L‘; g ol CLAY-RICH VITRIC TUFF, NANNOFOSSIL-RICH
o w| B s VITRIC TUFF, gray to vary dark gray. Thasa tayars
TEXTURE: » olten show paralie! laminution, burrowing and
g o NS/ mattling: some bes planktonic foraminifers. The
Forly i N4.5/ Core-Catcher containg pieces of fine-grained, slightly
uitered mi i livine-phryrh
Clay 15
basalt, probably reprasenting washed aut clasts of sn
TOTALDETRITAL 86 svan s ot =t
At I 13
" i 10 é‘?.‘:.”" SMEAR SLIDE SUMMARY
Heavy minerals 10 228 236 201
3;\- m-:;: ;: o) {0} (D)
hitsiniens 3 TEXTURE:
Mi‘:’m" 3 Sanst 5 5 10
Silt 1 B 65
. Clay 2 10 2%
PHYSICAL PROPERTIES ?::uml TOTALDETRITAL © 90 &8
Wet bk density 201 SOMROSITION
; y Feicupar 2 % 6
s dim by Haavy minerals 2 6 B
Grain denalry Clay minerals 2 10 %
Velesnic gias 3 80 32
Micronadules T TR 1
Zeclites - 6 §
Recrystallized carb. 5 B 5
Foraminifers 5 - 1
Nannafossils 80 - 5
E
254 0.0,15,02) 2146 147)
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SITE 451 HOLE CORE 53 CORED INTERVAL: 527.5-537.0m (Mol deviation of 307 ot 537 0-m) SITE 451 HOLE CORE 61 CORED INTERVAL: 546.5656.0m
BIOSTR. FOSSIL BIOSTR. FOSSIL
ZONE  [CHARACT uls ZONE  [CHARACT wl>
HIMER: 2|2 g EE
. [ 2 GRAPHIC LITHOLOGIC DESCRIPTION == GRAPHIC 1 1
w8 g, |- E E|5| £ | uiHoroey |22 g 5, w |82 |L|Z|E|5| & | umoosy g?ﬂ LITHOLOGIC DESCRIPTION
= w| = o 2 w| = o W
R EAH R e S HEEFHHEE ==
z |2|1z|F E £ E ER RS & e
general color ganarel calor
5GY 21 VOLCANICLASTIC CONGLOMERATE, greenith sy 2 Imertedded blsck TUFFACEOUS VOLCANICLASTIC
biack. The clasts:matrin ratio is 4:1 in Section 1, BRECCIA, VOLCANICLASTIC BRECCIA, and
houbder B:1in Seetion 2. The lasts are wibangular 1o sib VITRIC TUFF, The brectia hos & dastsimatrixratio
bamaltic rounded, some exceeding 20 cm digmater, Thair 1 of 3:1 In Sections 1 and 2, of 1:2 in Section 3. Clast
andesine compoaition is are angular to wibangular betalt, basaltic-andesite( ],
Section 1 Section 2 pumice and glass. Zeodite is present in the matrix,
T, A alvered aphyrie haalt * glass The vitric wi contairs rore boturbation, perallel
0% 30% plagioclase phyric basslh ion, and bed from med
0% 20% basaltic sndesite with sandhsize to sii-size,
axidired groundmass
10% 108 abtuewd iy PHYSICAL PROPERTIES: Section 2
The matrix containg small fragments partly M5 em
cemented by earbonate and sealit, Wet bulk density 704
Poroity (% 341
BULK ANALYSIS: 154 2 G._?:ﬂ‘;m.-:v 2568
5GY 271 §i0y 512 :
Tiog 0.65
Nzo:l 17.7 batalt clast
Fr0y 088 3nll cm
Fal 568
Mn0 0.8 | 3]
PHYSICAL PROPERTIES: Section 1 MiC 303 oc sy an
sem L0 860
Wet b density 212 Na,O 327
Paratity %] s K0 213
Grain density 283 Py0s 0.14
SITE 451 HOLE CORE 60 CORED INTERVAL: 537.0-546.5 m SITE 451 HOLE CORE 62 CORED INTERVAL: 556.0-565.5 m
BIOSTR. FOSSIL BIOSTR. FOSSIL
ZONE _|CHARACT. wl> ZONE  |CHARACT. als
gl E 2 GRAPHIC H Q H gl S 2 GRAPHIC H ﬁ 5
= = ¥ 1 AL =
u 2|2 i E E E| & | UTHoLoGY 8 g E“b' LITHOLOGIC DESCRIPTION u § g 4 E g 5 B | THoLosy §.., LITHOLOGIC DESCRIPTION
Z2 |dja|z w W w|= wl W
< |2 |£|8|g|z|2|%|= 2|e=|2 4;.:3@;&‘»: %a
HEHEEE == HEHHEE 58| %]
< =
™ indidic) 5621
B oY) VOLCANICLASTIC CONGLOMERATE, black, i VOLCANICLASTIC BRECEUL, trvpeity bick
- na intarbedded with NANNOFOSSIL and CLAY- to bleck, in uppsr Section 1, Clasts:matrix ratia
BEARING VITRIC TUFF, black to dark gray and - 53:1: clasts ara ~1:1 lithic:vitric, unsorted snd
] ey, Th corglomerate contsine rire axidized . \inoriented. The matrix is fing tuff, The largest
andesite clasts. The tutf is fine 10 coarse sand-sized, ] clasts ooeur a1 the battam of tha intenal.
5Y 50 containg patches completely transfarmed 10 clay, — VITRIC TUFF, dark gray to greenish gray,
comples bioturbaron snd individusl burrows, . underlies the breccia; grain-size ranges from sill
l araded heds, intervaly with narmal faulting. sand.
BY 40 SMEAFR SLIDE SUMMARY CARBON/CARBONATE:
25 28 27 N3 and 254 (0.0.0.8,0.1)
LU L 5G2n
TEXTURE: CARBONATE BOMB:
sesn Sand 5 3 12 5 25657 (1.2)
Sii L+ 1 83
Clay m 96 25 B PHYSICAL PROPERTIES: Section 2
TOTALDETRITAL 8¢ @0 33 - 127 em
SYR 2N COMPOSITION: e Wt bulk danaity 200
Faldspar 4« 1 3 7 Porasity (%) 0.8
Heavy minerals 1 TR - Grain density 278
Clay minerals M 96 25 -
Volcanic glan Bl 1 3| 3
Micranodules 2 TR 4 -
Zeolites 113 1=
Recrymallized cars, 2 - B Nl—]-|cc - SGY 211
Foraminifers 1 - 1
Mannotossils w - L]
CARBON/CARBONATE: CARBONATE BOMS:
147 (0.1, 12.4, 1.6 1, 4748 (12)




461 HOLE CORE 63 CORED INTERVAL: 565.5-575.0 m SITE 451 HOLE CORE 64 CORED INTERVAL: 575.0-584.5m

. | FOSS) BIOSTR. 1
B:T%SNTER CHARA(‘ET u > ZONE  |CHARACT
i) Z| w Zole i Z| w
21518\ & £5le ;| 2| 5 | GRapHic LITHOLOGIC DESCRIPTION
i | £lz(2| & GRAPHIC g S5 LITHOLOGIC DESCRIPTION v |22 2|z(2| & | orapme,
w |8 Z|E| & | utHoLog H 5
] M eI w G |2 |%|u|2|c|e|3]| w
Z |d| e wlw -4 a Z|lE|w| =
SHHEHE R = Z|28]3|5|2
2 |g|2|e § = 155 z |2|z|8|5|&
S EYR4N VITRIC TUFF, dark gray 1o very dark gray to black,
G’:‘“:‘;‘R‘:‘:‘:‘I}’F“:LMImigzxz::' svan fine 10 conrse sandsized. Dften vory woll laminatad in
o b . D5 e slterrating biack and fighthiuishgay calors. In Sectian 1
Section 2, the core contains several loyers of very BGY /1
1 durk recidiatvtrown clay-rich VITRIC TUFF and 1 56 5.2 celadonta ‘oesur rippe, Fustoan, and convoluts laminstions. Dark
EY 201 aray bloturtation b limited 10 the upper part of Section
f:'Inmml :nﬁ:ﬂm:'::xv;:::- 1 s8N 1. Two grayish-grenn isregular Intaevals of wmectite
These lithat \nin ntervals with parallel Gecur in Sections 1 and 2, Same intervals consist
oot ot by normal faalti slmast entiraly of sand- ard gravelsized graanish-gray
Laminations, and are sHe o ng GYR 411 ol light bluish-gray pumice and glass fragments.
i F e ks W S, ety The lower part of Sacticn 4 and the Core-Catcher
T~ ""’""'..l: al mul o :'M SYR 4N cantain numerous, 1-2 cm, alternate beds of black
i BG 6/2 celpdaniie vitrie tult and of medium biuish-gray congiomarate,
A sGan composed of roundsd glass and pumice fragments
SMEAR SLIDE SUMMARY A )
2 2190 2130 530 2 breintic GARBONICARBONATE:
] o M 10.0,0.8, 0.
. TEXTURE: S
el B : — Na Sandd 15 18 CARBONATE BOME:
] e . Hi S 85 w682 g & 3 9798 1)
- = BG 641 Clay 2 ®wm nm g
3 5 ] 56 21 TOTALDETRITAL 46 84 94 s |z PHYSICAL PROPERTIES: Section 3
=z NG COMPOSITION: = |z 31 em
8 - 562N Feldspar 6 3 o L Wt hailk donsity .10
5 Heavy minerals 3 2 5 Porasity (%] 402
Cliry minscali 2 = B . Grain demity 284
2 Wolcanic glass 35 60 &7
Micronadules 4 2 a4
Zeoliten 1 2 1
Recrystallized carb, 3 sY 21+
Foraminifers 5 - - @
Y. Mannolossils a1 2 - 7]
Bt Y B/ turrove Fish remain TR - 1 3
&0 17 -
l Dumen CARBON/CARBONATE: —
axan 400 (0.1, 106,1.3) m
EYA B2 . ! —
4 | - gmen 5.370.0,0.3,0.1) 4 3
:;; ;:; CARBONATE BOMB: B¥2h
| BY 3N 4, 89103 (8)
arann
- 5 ! N|F|P
-
b TR ce Y 21
5 *| svRan
YR A4/2
b
BYR&/N +
_les ¥R 3N

(2%
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SITE 451 HOLE CORE 85 CORED INTERVAL: 584.5-584.0m SITE 457 HOLE CORE 66 CORED INTERVAL: 594.0-603.5 m
BIOSTR, | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. u ;g ZONE ARACT. " é
Iy Z| w o | o o
;|S] £ | cRarHic |o2[SE|E LITHOLOGIC DESCRIPTION =[2| & | GRapHic g LITHOLOGIC DESCRIPTION
w |8 2 _.%E; £ | LITHOLDGY g%&- w (8 g _.E E|5| & | LTHOLOGY é%g—. TAMCHRORS
=z =le w = =
S HEHHEHE R =5e MHEHHEHNE ==
2@
z |2|z|R|2|E SEAE z |2|z|B|3|E #
N3 N1+
- VITRIC TUFF, black to dark gray, and 58 411 TUFFACEQUS VOLCANICLASTIC BRECCIA,
TUFFACEOUS VOLCANICLASTIC BRECCIA, Hacta Iiack, intorbedded with VITRIC TUFF, dark gray
= dark gray with dark gresnish-grary clasts. The to grayish-black to black, The hreccia has a
vitric tutf is exther massive or laminated, fine or clasts:matrix rati of 1:3 or 4. Bluegray clasti
coarse sand-sized. The breccia haa clasts:matix up to 3 em |and rare cobblas] are angular 1o wb-
ratio of 2:3 and pnorted, angular to subangular, rounded and the vitric:lithic ratio n Sor 6:1,
Gitass and purnice fragments 1 1o 3 am in dismeter, The matrix Is black coarse wtf, Tha vitric tuff
rarely with crude orientation parailel to the bedding. is otten caleareous, medium dark gray and
Dip s ~300 hioturbated, ranging from cosrse 1o fine ssndsized,
in and i L
CARBON/CARBONATE: pusmice elasts and focal Taint cros and parallsl
N3+ 243 (0.0,0.0,0.00 lamination. Dip is 30-35".
586 41
RBONATE 3
f':‘:"o: pih o PHYSICAL PROPERTIES: Section 1
L : 22em
] Ne Wt butk, demsity 221
Porosity (%} 0.8
N3 Grain density am
M
N1 L
N2
N1 g
N1+
se4n
clasty
e |
@ 580G 40
e
NG

5BG 4N

N1

ISy 4118
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SITE 451 HOLE CORE &7 CORED INTERVAL: §03.5-613.0m SITE 451 HOLE CORE 69 CORED INTERVAL: 622.5632.0m

BIOSTR. L BIOSTR. | FOSSIL
ZONE  |CHARACT. wl> ZONE  [CHARACT. wl>
BT18 2 | onsmme, 3128 T2 2 e
2112 RAPHIC @ LITHOLOGIC DE |2 GRAPHIC ]
w § 3 AHHE B | LeLoGy é = g, HOLOGIC DESCRIPTION " § g || é Bl & | SROEY § g, LITHOLOGIC DESCRIPTION
a5 w 3 w
N =3 o HEHEHHRE =
z (2|2 g £ |55 z |2|2|8 E £ ia| e
L 5G 211
N2 VITRIC TUFF, black snd grayish biack, fing VITRIC and LITHIC VOLCANICLASTIC BRECCIA,
l 10 medium sand-gized with graded beds. In greenish black, masive; clasts:matrix ratio is 5:1;
saviral intervals are dark blue-greon witrec clasts. vitriczithic ratio rarges from 111 1o 1:4. Angules 1o
58G 4N From 112 10 140 om, Section 1, the rock is 1 sibsngular, unsorted, unoanted clasts of daek geay
s calesreous and bioturbated. Dip bs ~ 207, ared red-brown basalt, of medium blue-gray glass snd
pusmiicn are the main companents. The matris is
" CARBON/CARBONATE: vitric andl lithic tuh with trace debris af shaflow water
- N3 1.26 (0.0,0.3,0.1) benthanic faraminiters. Largest fragmenits occur in
2 Sy e Sections 2 and 3, rounded and with alteration rimi.
: SYA2f CARBONATE BOMB:
1,22.28 (1)
PHYSICAL PROPERTIES: Bection 1
' 55 cm
Wat bulk dermity 215 ?
Pososity [%) 484
- Grain density M
3
’ CC| 5G 211
N3
SITE 481 HOLE CORE 70 CORED INTERVAL: 632.0-641.5m
BIOSTR. | FOSSIL
ZONE  |[CHARACT ylz
=
451 68 CO 1 ol 2 g
SITE HOLE CORE RED INTERVAL: 613.0-6225m ol § 4 GRAPHIC é = 3 it LOGIC DESCRIPTION
BIOSTR. | FOSSIL s ‘2’ g _|Z|Z|5| & | utHoLoGY § o tbice
ZONE _ [CHARACT. 5 2 AREE R
EEE e HHEHEHEE 2
@ >| 2| & |  GRAPHIC 2 LITHOLOGIC DESCRIPTION z |2|=z|2[3|E
w g H 4|Z|E|B| £ [ vTHoLody E_... -
= w
< = § HHEE NZ-N3 A
2 lo 2l @ VITRIC TUFF, medsuam (ray to dark gray and to grayhh
< [Epe ik 3 e tdack in Sections 1 and 2; ranging from silt 1o coarse
586 51 sand-tire, with some medium blue gray granule-sized
e o S lncally with Orbis
VITRIC TUFF, medium dark gray 1o dark gray snd N2 b iy
. In upper i dawn ey
::‘%‘:‘m:g“c ::,:";",L m ,m:::‘, mﬂ" ocassianal thin and very fine dusky blus-graan (aminas
with clastszmatrix ratio of 4:1 and vitrie:lthic ratio of R
-] 11, Dither features include calcar bated
] i :-nmdln. :um pu:lll and Ilnti::J:BI:::nu:lrhn qgraded VITRIC VOLCANICLASTIC BRECCIA, black with
o N3 pedding, drag faulting. Dip is 25-30° ' N3 blue-gray clasts, occurs in Sections 1 1o 3and in ihe
= N I g ' Core-Catches. Tha clasti-matrix ratio is 41, the vitre
= n: N2-N3 clasty account for 85% of the total; they sre mostly
% m ?&Fmﬁnﬂu‘)’"‘“' devirified pumice with same pyroxene. The matrix is
S8G 41 L fine Tutf, Dip s ~30°.
= w2 CARBONATE BOMB:
- 58 5/1 SMEAR SLIDE SUMMARY
o 2,466 (=1} 178
3 M)
TEXTURE:
1 i Sandt 3
Silt 73
Cloy 5
TOTAL DETRITAL BB
n| =] - 58 501 COMPOSITION:
Foldspar 2
Heavy mingrals 1
Clay minerals &
Volesnic glass 80
Micronadules 5
sevan Zeolites 1
N3 Amorph Fe agg. 1
PHYSICAL PROPERTIES: Section 2 Recrymallized carb. 5
23em  Fish remaing ™
Wit bulk density 207
Porosity (%] 50.2 TE: BOME:
Giraln dansity AL 1:29 (0.0, 6.5,0.7) 1,28-20 5
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SITE 451 HOLE CORE 71  CORED INTERVAL: 6415651.0m SITE 451 HOLE CORE 72 CORED INTERVAL: 651.0-660.5m

BIOSTR. | FOSSIL BIOSTR. | FOSSIL

ZONE  |CHARACT = NE ARACT ks

S[518| 8| crapmc |32 LITHOLOGIC DESCRIPTION B1518(2 | cnasmc. o3I LITHOLOGIC DESCRIPTION

w |82 _.Eéﬁ £ | LITHOLOGY |22127]5y NERE nE Z|5| £ | urotosy %’_3... .
¢ |2 |38228|%| ¢ g% < |2 |3|8|2|2|8]% 2 =I5

z|2lZ|2|a|E & z |B|z|2|3|k i) 53

58 5/1 . BGY 2N
VOLCANICLASTIC BRECCIA, biack with blus a e

caliagy

il

giloegaliggs

(o

gray, 4 mm elasts In the uppsr 40 em of Sactian |,
The clest:matrix ratio is 4:1; clasts consist of
davitrified pumbce with minor pyroxens inclusions.
The matrix is fine wif. Digp s 307, Matrix content
incrense to ~86% rear the hase of the unit. Calae
becomes grayih black with ~5% 2 man diameter
white clasts (possibly toraminiters] in this tranition
layer. Balow this s fine VITRIC TUFF; a continuous
narmaily graded unit through Section 5 and the
Core-Catcher, bocoming cosrser downward, The
entre unit containg sbundant fragments of coral
andl larga foraminifor, and race scattered lithic

and witrie clats [<5 mem dismeter],

CARBON/CARBONATE:

162 (0.0,38,05]

CARBONATE BOMB:

1, 6264 (4)

PHYSICAL PROPERTIES: Section 1
82 em

Wat bulk density 210

Pocauty [%) 447

Grain dantity 299

prypalys

"~
paaglasgalying

prgaleaeglsgas

8

VOLCANICLASTIC CONGLOMERATE, greenish binck;
clasts are angular to subroundsd, ~.5 cm diameter,
eansisting of vesiculsr aphyric bevals, busaltic andvsite,
hydrotharemally altened glats, endd altered andesites with
#n oxidized groundmass containing lragments of alivine,
pyraxene, snd carbonate. The glass matrix is cementecd
with carbonste, Clastemanrix . ratio is 2:1, Orilling
disturbance is moderate.

CARBON/CARBONATE:
356400, 34,04)

CARBONATE BOME:

3, 5658 13.5)

PHYSICAL PROPERTIES: Section 2
58 em

Wet bulk density .35

Poresity (%) 4LE

Grain density 314
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SITE 451 HOLE

CORE 73

CORED INTERVAL:

660.5-670.0 m

SITE

451

HOLE

CORE 75

CORED INTERVAL:

679.6-688.0 m

BIOSTR.
ZONE

AGE

-
[=]
w

NANNOS
RADS

SECTION

METERS

-

o

GRAPHIC  [o%
LITHOLOGY E

LITHOLOGIC DESCRIPTION

AGE

BIOSTR. | FOSSIL
ZONE

£
Eg_

NANNOS

FORAMS
RADS

FOSSIL
ABUNDANC

PRESERV.

SECTION

GRAPHIC
LITHOLDGY

METERS

Bfﬁg
—?§~“
=5

LITHOLOGIC DESCRIPTION

18

BGY 271, 6YR 21

ﬁ:,f,’:um TUFFACEOUS VOLCANICLASTIC
CONGLOMERATE, greenish biack and brownish
black. The greenish-biack conglomerate contain
subangular 1o subrounded 0.5 cm clasts of
vesicular aphyric basalts, basaltic andesites,
BGY 201 twydrothermally altered glass, and oltered andesites
general color with codized groundmass comtaining fragments
of olivine, pyroxene, and cartonate. The matrix
sGvan s mainty altered glas with carbonate cament.
This gresniih black tuff it intarbecded with &
massive brownishblack Tt of fine sand-siz

SGY 21, 6YR 21

SMEAR SLIDE SUMMARY

116 168 187
TEXTURE: o) oF
Sard 20 8 4
Sin s Bl 98
Clay B 10 ]
TOTALDETRITAL B2 =1 5
COMPOSITION:
Feldepar
Heavy mineraly
Clay minersls
Voleanic glass
Micronodules
Zeolites
Amarph Fa sgg.
Recrystallized carb.
Foraminifers
Nannofossit

]
1

[ R
&

|
|
)

E: R TE BOMB:
141 (0.0, 111, 1.4} 1. 4041 (11}
1118 {01, 08, 0.1) 1, 118420 (1)

SITE

451 HOLE

CORE 74 CORED INTEAVAL:

670.0-679.5 m

AGE

BIOSTA.
ZONE

FOSSIL
ICHARACT.

NANNDS
FORAMS
RADS

FOSSIL
[ABUNDANCE{

PRESERV,

SECTION
METERS

>
Q
GRAPHIC § 2
LITHOLOGY é
o

LITHOLOGIC DESCRIFTION

]

N2

gemeval color VITRIC, LITHIC, snd CRYSTALLINE
wlitered andasine clast

CONGLOMERATIC TUFFS, black to dark gray,
grade (nto one another throughout core. The

chasts are subanguiar to subrounded with an

woerage dismater of 34 mm and cccmlonal clan

of 56 am; no sorting o orentation. Clets conskst
mainly of hydratharmally altered plagioclass-phyric
wnd aphyric sndesites, and basits, with fregments

of oliving, plagicelase, and carbonats. Both clasts

and matrix contain small grains of disseminated pyrite.
Tha secimant ls uniformily hard. drilling disturbancs |5
slight.

TE: TE

222 100,0.7,0.1) 2,234 1)

€Sy

18] -

NN
genieral color

N1NZ

VITAIC aned LITHIC snd TUFFACEOUS CONGLOMERATE
TUFFS, black to dark gray, interbedded and coarsening
ddawn saction, The clastimatrix ratio it ~6:1, Clasts range
Fram <0.3 mm to 2.5 mm downsection and consist of
sltered vitric volcanics (with olivine and plagioclae
phanocryans, altered andesite, and volcanic glass.

SITE

457 HOLE

COR!

E 76 CORED INTERVAL:

689.0-698.5 m

AGE

BIOSTR.
ZONE

FOSSIL
CHARACT.

NANNOS

FORAMS

RADS

FOSSIL

[ABUNDANCE]

SECTION

GRAPHIC
LITHOLOGY

METERS

T T e

HRLSIARY

N

LITHOLOGIC DESCRIPTION

N1/NZ

VITRIC TUFF, black to dark gray; one piece meaversd

MNOTE: Site 451, Core 77, 698,5-702.5 m: NO RECOVERY.

ISP HLIS
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SITE 451 HOLE CORE 78 ‘CORED INTERVAL:  702.5-708.0 m SITE 451 HOLE CORE 79 CORED INTERVAL: 708.0-717.5m
BIOSTR. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. 5 ZONE  |CHARACT wls
HREHE ¢ 3|2 HES
=2 GRAPHIC g LITHOLOGIC DESCRIPTION =|2 GRAPHIC LITHOLOGIC DESCRIPTION
u § g i E g|5| & | utHoLoGy Sl w § 2| |L]|2|& E # | LITHOLOGY %’3.»
= = w
< |2 (2|8l5|2|8|% = m% Sgggg.ﬁwz %
2 |8/2|8 § & | Z |22 @&
N1-6G 211 — BG4/
i VITRIC TUFF, graenish black; containing angular TUFFACEOUS VOLCANICLASTIC BRECCIA,
| o2 vitric snd lithic clasty increasing in size dawn section ié 58471, unper 30 cm same s n previols cove, is inturbedded
10 8 gradational boundary at 116 em with TUFFACEOUS o7 586G 4/1 with VITRIC TUFF, B0 cm thick, that coarsens
1 VOLCANICLASTIC BRECCIA. The clastumatrix rati 1] 4 umricd s e ot I vt Oip of
0 the breceia is 111, Clasts are angular, umiorted, and 7] Jor-ie hatcte o fuied eticinn 1o Shpccta Co sy
tvoriuniee, The: unit-is blue gy and the s 1.0 batow Saction 1 Ior:- base of Sa::nm S.TSIu wnn
prst bRt gl "“"w"m“"" 2104 mm, SO% vitric clasta/SO% lithic]. The clasts:
G 47 alih bt viiric i b 1ha af sBG 41 matrix ratia i 1:1. Clasts are ursorted and unorionted
ol color : S =l general color with < 1% andesite fragments, There ls & coarsening
gener Saction 2 and the lower portion of Section 3. Section 3 - et i Saiction 3 .
slio contain intensely bioturbated rones of chalk. - o
Normal and reversely groded beds ocour bn the lower = .
&0 cm of Ssction 3. The beeccin coarsens bolaw . umnn 01,1 :.:;I“E-
40 &m in Section 4. Clats sre unsarted and urdrisnted; LT
dip on bedding is 3540
2 5Y 4,501 2 CARBONATE BOMB:
10Y¥R 361 3 ©C, 2830 (1)
5Y 4.5/1, 6G 4.5/ SMEAR SLIDE SUMMARY -
N|R|P 10YR B5A 312 336 360 ]
M) ) i) .
N SG4.5n TEXTURE: 3 PHYSICAL PROPERTIES: Section 1 Section 1
B Sand 3 a4 I em S0em
=z L] * 7.5YR 512 bourbation £ 96 9 o7 E Wet bulk demaity 242 208
K 7.5YR 472 mottie Clay 10 2 7
z 3 Porosity (%] 431 80
§ g alels laed | YOYREER TOTAL Di‘g:“l 9 52 96 ~ Grain dansity 201 312
3|2 o | lack glassrich laver ?:mmsn L 2 3y 1
3 Heavy minerals 1 1 = 3
Clay minarats 1 = 1 =
5651 Valcanic glass oM 48 o3 -
Micronodules - L} 1 ]
i Zeolites ™ 31 ]
4 Recrystallired carb. 2 40 ]
I seean Mannafoni - - TR lce bl
Fish ramaing - - 1
| CARBON/CARBONATE:
4 | 145 (0.0,5.7,0.7)
| 2:101 (0.1, 386,47
7 | CARBONATE BOMB:
4 voin 1,B6.87 (5
- 2, 102-103 (34)
5

ISP HLIS
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SITE 461 HOLE CORE 80 COHRED INTERVAL: 717.5727.0m SITE 451 HOLE CORE CORED INTERVAL: 736.5746.0m

BIOSTR FOSSIL BIOSTR, | FOSSIL
ZONE ARACT. > ZONE IARACT. -
Z| w» i 1] Z| w o
2is|o = GRAPHIC ﬁ' olujo = GRAPHIC ,_,g o
== LITHOLOGIC DESCRIPTION zl=lg LITHOLOGIC DESCRIPTION
w § g L|Z|E|5| & | umHoLogy g w 8 (2] |.|2|Z|E| 5 | wHoosr g’;gﬁ
- '3 z -
(Eﬂgg HE R «Eggggggz %&g
z R[22 £ = z |R|Z|8 ala 50 |5
N3, 5G 3/1 gemaral color
large foramnifer zone TUFFACEDUS VOLCANICLASTIC BRECCIA, BG 201 VITRIC TUFF, black, and VOLCANICLASTIC BRECCIA,
medlium dark gray 10 preenish-black : clasts avarage is The lithatypes are interbedded and show transiticnsl
3 to 5 men, uhsorted or unarinted. Clet:matris contacts through graded bods, The tuff is massive sxcept
ratlo decresses from 1:1 10 1:5 down wetian, 1 Hor sodme eomtarted laminstion and for scattered cosrser
— N2, NG in Section 1, Bedsding dips 30-35° . The lower hall Fragrments, sometimes occurting a thin lavers, The beeccls
. ot this section is dark gray FINE VITRIC TUFF 1.0 has & clasts:matris ratio of 2 to 4: 1, the vitrie:lithic
—-— - containing medium-gray calcarsous burrow fillings. - ratio ks 2:1, Clasts are unsorted and unoriented, mediam
N|F|P NE, Mo Two sharp cantacts ot 82 and 116 cm delineate o . bluishgray glass and pumice.
laminated zone of the bl that has visible step -1
faults. Below this the tff contsing recrystallized = CARBON/CARBONATE:
N3, 5G 31 foraminiters and anguliar vitric clasts which Inerssse - 335 (0.0,0.2,0.1)
down to the breccia transition in the top of Section T i
o |o 2, Clast size In the breccia ranges from 2 mm 1o 2 em, =3 CARBONATE BOMB:
§ - Finw witric il reappesrs in Section 3 with faint 7 3335001
2 |E inations dipping 307, Tha tuff is carb ish 2 7
Es E from 30 10 70 am in Section 3,
e CARBON/CARBONATE: AL
348 10.0,08.0.2)
N3, 56 211 CARBOMATE BOME:
3, 7778011
N4 caleareous
tuff
== N3, 5G 21 ‘
N2, 5G 2N
SITE 461 HOLE CORE B1 CORED INTERVAL: 727.0-736.56 m
BIOSTR. | FOSS|
ZONE  [CHARACT
3113
=2 L
m § %; . g Zl5 ITHOLOGIC DESCRIPTION
2|2 HEEEE
2 |5|12(8|5|e
Z |ojefo|2=
neral colar
N2 and 5G 211 VITRIC TUFF, grayish black 1o black, fine-grained
throughout. It containg faint and reguler persllel
Inmination, intervaly with scattersd or sligned cosrse 5G 21
1 maclium blutsh-gray witric clasty and gray bi
carbonate-rich layers with some planktonic farsminifers.
Dip 1+ 20:30°. SITE 451 HOLE CORE 83 CORED INTERVAL:  746.0-756.5 m
BIOSTR, | FOSSIL
CARBON/CARBONATE:
1114 00,04, 0.1) NG iietd E ] g z 2
- & GRAPHIC HES LITHOLOGIC DESCRIPTION
W = w
CARBONATE BOMS: w |8 4 g g|5| E | LitHoLoGY =
= = =le W W
1, 104 ) 2 A 3 g z ala| = =
o @ i
586/ cluts PHYSICAL PROPERTIES: Saction 1 Zlijecja|g]s b
2 122 .cm -
o~ ::n:.t:&l::ww ‘E.;l b E‘;’f,' VOLCANICLASTIC BRECCIA, greenish black.
Grain densit Jlm 0.5 Angular to subangular, unsorted, unarkented clasts
Y ’ : of maximum size 3 em In a matrix of fine tul. The
1 - clastzmatrix ratio s 4:1, the vitrie:iithic ratio s 5:1.
W =}- 1 Some Latge medium-light-gray bioturbate clasts of
1.0 carbonate-rich witrie wuff oocur among the lithic
[ fraction.
3 58 4/1 clasts -}
2 -
CcC < 5G 211
4 58 4/1 clasts
Ne
CC N2-N3

IS¥ 4118



95t

[S¢ LIS

SITE 451 HOLE CORE 84 CORED INTERVAL: 756.5-765.0 m SITE 451 HOLE CORE 85 CORED INTERVAL: 785.0-774.5m
BIOSTA. | FOSSIL BIOSTR. | FOSSIL
ZONE  |CHARACT. wl= ZONE  |CHARACT. wl>
] g 2 u§ § o 3 g 2 GRAPHIC E ﬁ 8
> | = GRAFHIC LITHOLOGIC DESCRIPTION | = APHI LITHOLOGIC DESCRIPTION
w |8 |2l [LIZ2|2|E] & | uThou Yﬂ??y w |8 |2l |L|Z|Z|5] & | uTHoLoGy
2|2 |2|2|2|E|4|8| g = g |2 |3glz|2]2|8 L
§‘§§§‘“""! EE < (% |5]8|8|3|2|%| =
zZ 2=z 2 £ g 2|2 § £ &
general color 2 unaral colar
s VOLCARIELASTIC BRICCIA, ponith Hack . 62 Intirbedded TUFFACEDUS VOLEANICLASTIC BRECCIA,
vatia is 3:1, the 0.5 grounish black, snd VITRIC TUFF, black to grayish black
ratio is 1:3, the maximum clast size commonly The breceia has 8 clasts:matrix ratio of 2:1 and & viisie:lthic
is 1.6 cm, with rare 3 em fragments. The elasts arn 1 ratlo of 1:3 10 4, Clasts have maximum size of 1.3 10 1.5em,
unsorted and unoriented excapt for intervals with are unsorted and unosiented. The tutf is generally massive
crude paralinl arientation of tabular clasts, The dip 10— andt rarnly contains 10 to 15% scattered fragments up ta 5 cm,
8 ~30°, Trace smounts of Logenous carbonate sometimes b concentrationa featuring bedding. Cine interval
debriy gre also present [large benthonie foraminileri), naar the battom af Section 3, medium dark gray, is
carbonate-rich and bioturbated. Dip 5 25",
CARBON/CARBONATE:
271 10.0,08,0.1) CARBON/CARBONATE:
2.94 [0.0,0.2,0.1)
CARBONATE BOMB:
2, 7273 (1) 2 CARBONATE BOME:
2,9596 (= 1)
E o N2
=
= |=
3|8
N1
3
N4
-
'
6G 211 L
N|R|Plce
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SITE 451 HOLE CORE 86 CORED INTERVAL: 774.5-784.0m SITE 451 HOLE CORE B8 CORED INTERVAL: 79358030 m

BIOSTR. FOSSIL BIOSTA. FOSSIL
ZONE  |CHARACT > ZONE  |CHARACT A
91:18| 2 | craemic ,,5 22 O CGIC BESCRIPTION S[218[ 2 | crapmic 3 S2ig LITHOLOGIC DESCRIPTION
u 2 3 b E E I gg LITHOLOGIC DESCRIPT w § 2 |, I B| & | umHoLoGY é?‘i#
= w|= w gl = w =5
<% 5|88/ |2]% 2 = M HEE PR e
z |B|=|E|2|E ) z |E|e|E|B|= #
5GY 371
genesal color
. Graded beds of VOLCANICLASTIC CONGLOMERATE,
BG4 ::R;Em“ﬁnl;r:::f Eﬂ:‘mﬁ.ﬂhm Tt clest grayish olive green: passing to VITRIC TUFF. gresnish
i ! is da
with VOLCANICLASTIC CONGLOMERATE, derk Hack, Tha g af one of '.':‘::"."“""“l‘ u!‘:,m"
it e Tha vk s i bt |1 s massive. The rock has clasts:matrix ratio of :1,
' oo L = Clasts are rounded pumice (up to 1.5 cm in size), ghasy
Dasalt ansd axldized andesite, The matrin is a lithic 1t N o| savin e T AT ot et ot chatis
wilh some seclite and csrbonate cement: it s ganaradly ot i s L B
mastive and consists of sift 10 granule sized fragments of 5GY 211 e e ‘
sphyric basait, oxidized andesite, altered voloanic glass, »
and glassy volcanic racks. Seoweas Sliiken (Mimorl: 130, 1108
CARBON/CARBONATE: H = mﬁuﬁaﬂ?ﬂﬂ(:
358 (0.1, 2.3, 2:8) Sy iyl
PHYSICAL PROPERTIES: Section 2
G 4.5/ Wem CARBONATE BOME:
Wt Bulk damsity 206 5GY 31 2,231
Porosity (%) 418 3, 4345 1)
Grain density 284 ] PHYSICAL PROPERTIES: Section 2
BGY an 58 cm
Wt Bk density 207
Pormity (%) 24
Geain dansity 285
5GY 3N
A
N4
SITE 451 HOLE CORE 89 CORED INTERVAL: B803.08125m
BIOSTR. FOSSIL
ZONE  [CHARACT. wlx
] z| w = g w
SITE 451 HOLE CORE 87 CORED INTERVAL: 784.0-793.5m i L o B = GRAPHIC gi 2 LITHOLOGIC DESCRIPTION
T w |8 | Z|e|5| & | uTHoLOGY [22|3E|Sy
BIOSTR. FOSSIL s 5 & 2lg|ulgl @ b1}
ZONE  |CHARACT ks g |2 HE R §§
13| 2 B EEEHEE 5|45
=2 & GRAPHIC 2 3 LITHOLOGIC DESCRIPTION <
w § g B |5k LITHOLOGY _q%ﬂ 8GN
0l = w
2 Z |=lg 2 £l = o g VITRIC TUFF, greanish bisck, interbedded with
z |9|1Z|2|2|% ] = VOLCANICLASTIC CONGLOMERATE, dark
j . greenish gray. The lithologicsl characters are &
genaral color 1 a3 described for the privious core, including some
G20 TUFFACEOUS VOLCANICLASTIC CONGLOMERATE imbrication of the clasts. The conglomarateinturvals
black  interbetkled with dark groenish-gray corbonate gy the Tollowing characters
tich TUFF, The rock has clasts:matiix ratia of 2-1
N|R|P Ursorted, ientedd clasts ar d o i Section 1 Section 2
Ral SGY 4.5/ altered Tl vitrophyric basatt, and oxidized andesite. 5GY 211 Btof:1 1wl clastsimanrix ratio
Th matrix consists of smailer clants of the same 55% 4% fumicn
1 ot I A% 6% nitered basalt
calcite and zedfite comunt, The tuff shows some sE% — fros basalt
g radation end parallel lamination; the eatbonate-ich et 5Gan B% % codidiznd andnsite
E s intonssly bioturbated.
S |~ 2 CARBON/CARBONATE:
= CARBON/CARBONATE: 14129 (0.0, 0.2, 0.1)
= 181 (0.0, 384, 4.7
3 andeaite clast CARBONATE BOMB:
== 1128132 (1)
l CcC 563N
5G 21
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SITE 451 HOLE CORE @0  CORED INTERVAL: 8125822.0m SITE 451 HOLE CORE 83 CORED INTERVAL: B841.0-850.5m
BIOSTR. FOSS| BIOSTR. FOSSIL
ZONE  |CHARACT. wl= ZONE  [CHARACT, = ?&
o Zl o = ) 0 @ w
S1=|2| = | GRAPHIC EElS LITHOLOGIC DESCRIPTION @ 215(2| & | erapHic =1k LITHOLOGIC DESCRIPTION
w § o |_|Z|E|E| & LITHOLOGY_,:gSu w812 |L|Z|E|5|E leowav:gg 2
¢ |2 |3(«|2E]5|8] & 5 < |2 |3|8lz|2|8]3 2 2 o2
Z |zle Al2|d|a &z ] o9 Slw BloE(Ez
AEEHEES e z |Blz|8|a|E
N3 N3 +5G 211
VITRIC TUFF, dask gray, interbedded wath VI‘I'RGK‘. TUFF, dark gray, and VOLCANICLASTIC
VOLCANICLASTIC CONGLOMERATE. CONGLOMERATE, dark hlack 16 gray. Same
Same lithology s in previous cones. Same pyrite lithikoy a in previous eoees. The clasts matrix
— Clusters are pressnt in the 100MOSE coce SPpMEnt. ratio is 3:1, the vitric:lithic ratio is 1:1; rare claty
The clarstsmatrin ratho s 5:1; the witricAithic 1“::: em. Two thin lenls of gray, bioturbated
ratio in 1:1. carbonate-rich vitrks wit are present, and paratol
PHYSICAL PROPEATIES: Section CC laminstion it found in towst Section 2.
Wirt bulk darsity 204
Parosity 1%} &
Graim density 273
SITE 451 HOLE CORE 91 CORED INTERVAL: 822.0-831.5m
BIOSTA. | FOSSIL Nl=|=
ZONE  |CHARACT. wi>= i
el E g GRAPHIC z ﬁ% LITHOLOGIC DESCRIPTION
2= Ic I
w 3% 45555 LITHOLOGY %’%
z = W
M HEHHHEKE e u|-|-
z |B|=|B|z|E = ma
N3
L=l BG 211
58 4/1 VITRIC TUFF, dark gray, and VOLCANICLASTIC
caral debrin CONGLOMERATE, dark grav to medium bluith
gray. Soeme lithology & in previous cores. The rock
containg alage 15.6 1.2 om) white fragawein of SITE 451 HOLE CORE 94 CORED INTERVAL:  850,5-860.0 r1 (Hole dewiation of 20 ot B50.5 m)
N3 hermatypec coral, The tuff is very fine-grained and BIOSTR FOSSIL
v o gralned with 10 1o 20% granul '] ZONE > CHARACT.
lasts and vitriezlithic ravio of 1:1 — 2| @
i 2 3 ot B LITHOLOGIC DESCRIPTION
§ § i wl|2 g L E &
HEHEHE
N3, 56 241 Z jejx|aiBie
N3
germeral color VITRIC TUFF, dark gray, lnterbedded with TUFFACEOUS
SITE 451 HOLE CORE 92 CORED INTERVAL: 83158410m VOLCANICLASTIC CONG LOMERATE. Same lithology
F 05— 38 In previous coms. Aop of e Wil Intervals thore am
Biz%ﬁl‘ER. CHR?.*T 1 dark gray Mvels of earbonste-rich VITRIC TUFF, bearing
= BlEwl,, silicitied Oriulinge and showing no bioturbation except
812 | anarric o2 § @ LITHOLOGIC DESCRIPTION 10 for small |ndividual burrows near the leels bottam. The
kR ZIE| & | SOy [£2]22]2 3 chang 15 conpromerst fhas clrtyimatrix i renpiog
3 g 5 = H B N|=|= from 11110 6: 1. even in the same depositional wndt,
Z = § § Ell|m) = o |- I gerweally Increasing downwaed. The vitric:lithic ratio b
=z E | L8 E a5 constantly 4:1 and tha clans sre basal) (G5%), andesine
110%), pumiece and glass [30%). The top of one of the
N3, 563N conglomarats intervals shows patches of neomorphic
Basait cobble TUFFACEOUS VOLCANICLASTIC CONGLOMERATE, carbonate erther o0 graing of an matris,
dork gy 1o dark greonish gray ; sod VITRIC TUFF, N{=|=- e
greonish black, Same lithology s in the privsous. 2
cores, The clastsman B i 157 10 300 ehe witre
lithic ratio b 1:3 to 101, One cobibile sized piece of
Fire-geained vesiculas baalt s presant as 13 1o 33 om,
The tubt contsim 10 Lo 26% of giavelsired, grayith
blug-green vitric clasts. Among the fragmants the
Core-Catcher is 0 picce containing o disrupted, gray,
biaturbated calcareous byer
3
4
N3, 5621,
N[-]- B AL = .
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SITE 451 HOLE CORE 86 CORED INTERVAL:  860.0-869.5 m SITE 451 HOLE CORE a7 CORED INTERVAL: 879.0-888.5 m
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E[.|3]| 2 HE T3] & 25
>|= GRAPHIC LITHOLOGIC DESCRIPTION == GRAPHIC LITHOLOGIC DESCRIPTION
w a8 g AL g|5| & [ uTHoLoGY § 5, w & g i E E|E| E | UTHOLOGY % A
4 =la w z =
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SN HHEEE A B HEIE i
3 genaral color 3 gonoral color
BGY 211 VITRIC TUFF, dark groy and greanish black; s SYR &2 VITRIC TUFF, dark yrary, altermating with
Interbedded with VOLCANICLASTIC BRECCIA. e VOLCANICLASTIC BRECCIA, grennih black
Sama lithologses &5 In previous cors, Two massive The tull contems cross, sippled, wndulations and
1 Brownish-black fine vitnic wit intervals ase carbonste- - YR 411 paralinl Laminations diwlaying a variety of colars
rich, The breccis has clast:matrix ratio fo 3:1 and = 56 4N trom brawmish gray to dark greenish gray 1o
BGY 21 vitric:clastic ratin of 1:1. The clasts ar unoriented, 5YR 4/1 darkc gray, Rare bioturhation by Individusl barows.
N2 wnsarted, subangular, and sre compased of bassly = Beacs mther planktenis foraminibary raplaced
T6O%), andesite (5%], and pumice + gl (45%). T oy silicn o massive mediom dark gray calcarsous
intervals. Somatimas it graces into beeccia, whick
PHYSICAL PROPERTIES: Sect 1 has 3 clastymatrix ratio of 3:1, @ vitnic:lithic ratio
107 em of 511, and convasns mastly pamice snd glass
Wet bulk deriity 220 i fragrmants, same of which ane eruduly erisntated
Parosity [%) =4 parallal 1o the bedding, Dig is 28 1 30
Grain density 287
2 N2
== N3
56211
BYR 471
BGY 21
N3
3 tamina 6YR 241
SYR 2/ SITE 451 HOLE CORE 98 CORED INTERVAL: 888.5-898.0 m
BIOSTR. | FOSSIL
ZONE  [CHARACT >
z|l o e
4 sYR 21 - 212(2] £ | crapHIC 2312518 LITHOLOGIC DESCRIPTION
w |8 g 2|2|Z|5| B | LHoLOGY |25 %
o o - -
S I DA a |22 HHE =2
S « 55 v
Z |ilec|d a o0
58401
SITE 451 HOLE CORE 96 CORED INTERVAL: B69.5879.0 m £8411, FINE VITRIC TUFF, dark bhuish gray, with
BIOSTR. FOSSI 5G 21 rounded lithic:clasts up to 3 mm in dlameter.
ZONE  |CHARACT ul> Bedding deps 35 10 407 This graces into
Z| w ﬁ 1=} TUFFACEOUS VOLCANICLASTIC
21s|8| £ | GRrarHIC 2 LITHOLOGIC DESCRIPTION CONGLOMRATE, helow ) on I Seation 1
w | 8|2 L|E|E|E| £ | uTHoLoGY S average cla sizw i3 1o & mm, with & meximum
g F 5 = - = g ? a dismoter of 1.6.cm. Clasty-matrix ratie it 1:6
3 S § g g o é decreming to 1:1 down ssction. Clasts consin of
G| a N1, 5620 50% |ithic, 50% vitric compositions. Minor bio-
RO RO turbation occurs in the witf at the bast of Section
S 5GY 211 ; ) 1. Faint lamirations and siemp siuctires appear
1 general calor VITRIC TUFF, grayish biack, massive; and In the att In Saction 2 which cosrsens to conglamerate
05-] VOLCANICLASTIC BRECCIA, groenish black. N2 calesreous at 117 cm gamiter to previously described with bedding
] lithotypes os in provious core, and show transitional 6B 4/1 dipping 35", The 1uff in Soction 3 grades from ulera
1 - passages through direct and inverse gradation. The line, through fine 10 coarse sporosching the
i s V5% of angular cobble-sized frag- . Minar b i and b i
1 mants of brawnish-black fine vitric wif and 5% oo at the base of the uftra fine wif. Clast size
cobble-sized batah. The clasts:matrix ratho is 4:1, decroases In Section 4 1 VITRIC TUFE.
wha vierc:lithic ratio is 131, The clasts are subangulasr BG4
to subrounded, and contain Lasalt (50%), pumice + CARBON/CARBONATE:
alass (86%), vitric tutt (5%). - YR 3, N3 W1 36 (00,04,0.1)
N2 4
BY 211 clasts e CARBONATE BOME:
378N
2 5G 271, N3
N2, 8G 21
3
CC BGY 21
N3, 56 211
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: . .5 m
SITE 451 HOLE CORE 99 CORED I_NTER\-'AL: 898,0-807.5 m SITE 451 HOLE CORE 101 CORED INTERVAL: 8917.0-926.
I0OSTR. 1
BIOSTR, | FOSSIL BJoNE" [chaRACT wl>
ZONE  [CHARACT. wl> A 2| w 8lza o
o z| w ] s &
B1213] 8| crarmc |o3 K1 LITHOLOGIC DESCRIFTION “ 2(2[2| 5 | Coamue, of =1 LITHOLOGIG DRSCRIFTICN
@ | 2 fre y [S=|=510, w |8 2 A g
§ g § _‘355 = LITHOLOG ﬁ;rg u |2 |3|al2|E|48 g Egg
wl|= w | = < Z |l A o
= =] F4 vl 2 =t oz A L=
252|832 Z1551=3 é‘EgggE i
wieEl o E a
EYR 272
N3, 5YR 21 56 872 VITRIC TUFF, hisky brown, snel VOLCANICLASTIC
TUFFACEQUS VOLCANICLASTIC CONGLOMERATE CONGLOMERATE, geayish green. Same lithatogy af previaus
584N and FINE VITRIC TUFF, gerecally brownith black, cores, The rock has clstymatrix ratio of 5:1. The clasts am
N3.5G 211 g vitric clasts with ix ratio of [} subsngular 6 subroundad and consist ol B altersd sy
4:1. Clast sire Incrosws downenes in Saction 1 10 aphanitic basalt and endesites, wit; 10% oxidized andesite.
averaging 2 w3 men gt tho base of 1he section. Section and 10% hydrothermally aliersd volcanic racks with epidots
2 plus the lowmr 24 cm of Section 1 contain falntly Z;';f"{ and pyrite + bolocrystalline fragments of shaliow intrusive
ﬁ:?ﬂ lamninated fine wites titt and weey fine witrie tuff 1 Egan rocky, gabto, gabbro-diorite.
N3 EYR 21 CARBON/CARBONATE: CARBONATE BOMA:
N2, BYR 21 134 100, 219,27) 1.36.30422)
281000201
N2 EYR 211
SITE 451 HOLE CORE 102 CORED INTERVAL: 926.59305m
BIOSTR. | FOSSIL
ZONE  |CHARACT »
iy Z| w oile
SITE 451 HOLE CORE 100 CORED INTERVAL: 907.5817.0m a5 gla|8| & GRAPHIC s LITHOLOGIC DESCRIPTION
o - BEIEIAE E E(5| E | LTHoLoGY g Sl
ZONE  [CHARACT > < |2 [2|8(g(z|8|%| = &= g
Z|lw ';é iy EREIHEEE |5
S8 = GRAPHIC 2 LITHOLOGIC DESCRIPTION <
w |2 |2 Z|2|E| & | utHoLoGY [2E|22(5
8 |12 13|.]213|2|8| 6 jcCl. waAn Hydrotharmally sitered aphyric bsate, ight
2|2 .,8s,gzm%2= % pdro v sltered aphyric basalr.
g I st arannich gray color, with vesicles filled by
A - smactits.
] | h
— genaral color VITRIC and LITHIC TUFF, dark yray subangular 1o THIN SECTION DESCRIPTION:
- | subrounded graing cementad with seolites. Clasra Marme: ciiyh 3 phytic basakt
. average 3 mam in diameter increasing down section, Texture: hystopilite
1 | They cormiist of aphyric md phyric baalt, sttared Phenocrysis: plagioclass 2%, 0.4-0.6 mem, subedral; olivine 4%,
glass, and extrusive rocks with glassy matrix. The 0.4-0,5 mm, subhedral; efinepyroxene 3%, 0.3-0.7 mm,
l underlying VOLCANICLASTIC CONGLOMERATE subhadral
. an average clast size of 1 om, Clasts consist of Gi | 15%, Angy, luths: ol %,
subangular to subrounded phyric and aphyrla basabt clinapyroxens 3%: magnetite/ilmenite 10%; glass G0%
| bt elast matrix ratio of 6:1, A Sx3 cm andesite Vesicles: 10%, 0.,5-3 mm, clongate, filled with clay
chaat is present between 44 and 48 cm in Section |1
2 | Hydrothermally alteved andesite and hasalt clasts BULK ANALYSIS:  ©C.11
‘contain epidote and disseminated pyrite, The matrix 505 486
log] el NG containg zeclite cament, The vitric and lithic wil TiOy 084
(cCl bereath this resemubes ins counternadt o the 106 of Ala0q 153
1he core snd sontaing two dtered sndesite clasts Firg0ly .28
Butween 126 anid 136 om in Section 1, The lower Fel BAT
i il the upper MnQ 0rs
one, M0 B68
Cal 097
CARBON/CARBONATE: Ha0 249
1140 00,58, 5.7} K. 0.38
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