3. SITE 468: PATTON ESCARPMENT!

Shipboard Scientific Party?

HOLES 468, 468A, 468B

Date occupied: 22 October 1978 (468); 23 October 1978 (468A); 24 Oc-
tober 1978 (468B)

Date departed: 23 October 1978 (468); 24 October 1978 (468A); 26 Oc-
tober 1978 (468B)

Position: 32°37.03'N, 120°07.07'W (468); 32°37.41'N, 120°06.55' W
(468A, 468B)

Water depth (sea level; corrected m, echo-sounding): 1849 (468); 1737
(468A, 468B)

Bottom felt (m, drill pipe): 1849 (468); 1752 (468A, 468B)
Penetration (m): 241.0 (468); 35.5 (468A); 415.5 (468B)
Number of cores: 26 (468); 4 (468A); 37 (468B)

Total length of cored section (m): 241.0 (468); 35.5 (468A); 351.5
(468B)

Total core recovered (m): 83.74 (468); 27.69 (468A); 104.58 (468B)
Core recovery (%): 35 (468); 78 (468A); 30 (468B)

Oldest sediment cored:
Depth sub-bottom (m): 241.0 (468); 35.5 (468A); 415.5 (468B)
Nature: Claystone (468); foraminifer-nannofossil ooze (468A);
dolomitic claystone (468B)
Ch.ragg;t;atigraphy: Middle Miocene (468, 468B); upper Miocene

Basement: Not reached

Principal results: Hole 468 on the Patton Escarpment was cored con-
tinuously to 241 meters and abandoned because of sloughing of
middle Miocene volcanogenic sand and breccia into the hole. Hole
468A was spudded 1.2 km upslope, where the post-Miocene sec-
tion is thicker and the volcanic sand thin or absent. Because of a
parted sand line, the hole was re-spudded as Hole 468B and cored
to 415.5 meters. Unit 1 is Quaternary olive gray glauconitic nan-
nofossil-foraminifer ooze; it is 19 ¢cm thick in Hole 468 and about
7 meters thick in Hole 468A. Unit 2 comprises nannofossil-fora-
minifer ooze, foraminifer-nannofossil ooze, and glauconitic silty
sand deposited from the late Miocene to the late Pliocene. This
unit extends from 19 cm to 4.1 meters in Hole 468 and from 7 to
35.5 meters in Holes 468A and B. Sediment accumulation rates for
Units 1 and 2 are 6.5 m/m.y. in Holes 468A and B. A hiatus sep-
arates Units 2 and 3, it spans an interval of 0.4 m.y. to 4 m.y. and
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occurred between 6 and 10 m.y. ago. Unit 3 extends from 4.1 to
108 meters in Hole 468 and 35.5 to 149.5 meters in Hole 468B. It
consists of interbedded nannofossil ooze and diatomaceous nan-
nofossil ooze with terrigenous components (sand, silt, and clay) in-
creasing downsection. The top of Unit 3 is marked by a sharp drop
in abundance of foraminifers and glauconite; volcanic ash occurs
near the base of the unit. Deposited from 10 to 14.5 m.y. ago, this
unit shows a sharp increase in sedimentation rate at 45 meters (13
m.y. ago)—from 4 to 5 m/m.y. downsection to 60 m/m.y. Unit 4
is divided into Sub-unit 4a (108-184 m in Hole 468; 159-235 m in
Hole 468B), which contains middle Miocene fossils as old as 16.5
m.y. with sedimentation rates of 60 m/m.y., and Sub-unit 4b,
which is unfossiliferous except near the top, where it contains a
faunule similar to overlying strata. Sub-unit 4a consists of diato-
maceous, calcareous, sandy claystone with less common silty clay-
stone, sandstone, ash, and pumiceous lapilli tuff. The boundary
with Sub-unit 4b marks a sharp change in velocity (from 1.6-2.0
km/s to 2.2-5 km/s) and in density (from 1.6-1.8 g/cm’ to 1.7-2.4
g/cm?). Sub-unit 4b is well indurated, dolomitic, silty claystone
alternating with andesite and dacite breccia, pumiceous lapilli tuff,
and volcanogenic sandstone. Although unfossiliferous, the basal
part of Sub-unit 4b is gradational into middle Miocene strata; the
inferred underlying subduction complex was not reached. The
presence of relatively well-preserved siliceous microfossils in the
middle Miocene at Site 468 argues that a diagenetic effect was the
reason for their absence in the upper Miocene at this site.

BACKGROUND AND OBJECTIVES

Paleoenvironmental objectives of Site 468 (Fig. 1) on
the Patton Escarpment were similar to those at Site 467,
i.e., to find clues to the late Cenozoic oceanographic-
climatic history of the region by examining the associ-
ated oscillations in the biogeographic patterns of plank-
tonic communities. We planned to core continuously
some 600 meters of what we anticipated would be mid-
dle Miocene to Holocene sediments that unconformably
overlie possibly off-scraped trench deposits. We ex-
pected that the nature of the sediments we would en-
counter would be similar to those cored at Site 467.
Because of the shallow water depth at Site 468 (about
1850 meters), we expected to find well preserved calcare-
ous and siliceous plankton assemblages. In spite of the
shallow depth (2145 m) at Site 467, the upper and mid-
dle Miocene sediments at this site contained no siliceous
microfossils and scarce or no planktonic foraminifers.
Although the presence of opal-CT (cristobalite) in these
sediments suggests some loss of biogenic silica owing to
postdepositional remobilization, the low amount of
planktonic foraminifers may be an indication of low
productivity in the region, perhaps associated with the
distal portion of the California Current during this
time. We anticipated that the more southerly position of
Site 468 and its proximity to Site 467 would enable us to
compare and test these interpretations.

South of San Miguel Gap, the southeast-trending
Patton Escarpment forms a west-facing slope 2.5 to 3.5
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Figure 1. Site location map for Leg 63.
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km high that separates the California Continental
Borderland from oceanic crust of the Pacific plate. The
escarpment is the western boundary of the broad Patton
Ridge, which is thought to be underlain by Mesozoic
and lower Cenozoic(?) accretionary-wedge deposits.
This acoustic basement unit is overlain by folded and
faulted marine strata deposited in the late Oligocene(?)
through the late Miocene, together with apparently
Miocene volcanic rocks. East of the Patton Ridge are
small silled basins with upper Miocene, Pliocene and
Quaternary sediments, which overlie older strata with
angular unconformity.

At about 32°40"N latitude, the Patton Escarpment is
interrupted by an elongate shallow trough that opens
westward toward the Pacific (Fig. 2). This trough is
underlain by Pliocene and Quaternary deposits, and the
position of its axis does not correspond to the location
of the thicker section in the underlying Miocene. At Site
468, located on the north side of this trough, we ex-
pected to penetrate a thin, postmiddle Miocene se-
quence, a moderately thick (~450 m) middle Miocene-
lower Miocene sequence, and the underlying accretion-
ary-wedge complex that is acoustic basement (Fig. 3).
Arkosic sandstones possibly deposited during the late
Oligocene have been sampled farther north on Patton
Ridge (Crouch, 1979a); these may be the oldest deposits
above the accretionary-wedge basement. Stacking veloc-
ities and sonobuoy velocities are 3.9 to 4.8 km/s in the
acoustic basement and 1.78 to 2.0 km/s in the sedimen-
tary section.

The accretionary-wedge basement could provide evi-
dence of the convergent margin between the American
and Farallon plates. Elsewhere in the borderland, the
blueschist-facies Catalina Schist is not known to be
younger than Cretaceous; it is analogous to the Fran-
ciscan complex of central and northern California.
Plate-tectonics theory, however, indicates that the Cal-
ifornia Borderland was a converging plate boundary in-
to the early Tertiary, possibly as late as the Oligocene.

Fossil evidence indicates that laumontite-bearing
Franciscan along the California coast north of San
Francisco is as young as Eocene; laumontite-bearing
sandstones on the Patton Ridge are as yet undated.
Again, arkosic sandstones deposited during the late
Oligocene(?) are possibly the oldest beds to overlie the
accretionary-wedge complex. If these were discovered at
Site 468 and if the underlying complex could be dated as
Tertiary, we could determine when subduction ceased at
this site.

The Oligocene(?) sequence is overlain with angular
unconformity by lower, middle, and upper Miocene silt-
stone and claystone containing coccoliths and foramin-
ifers. There may be an angular unconformity between
the middle and upper Miocene, but the lower and mid-
dle Miocene sequence is apparently conformable.

The upper Miocene and older strata are folded, then
overlain unconformably by Pliocene and Quaternary
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sediments, which slope gently seaward. These sediments
should be above the carbonate compensation depth
(CCD), permitting good preservation of a calcareous
fauna.

Site 468 will be compared with Site 469, located at the
foot of the Patton Escarpment to the west. Plate tec-
tonic reconstruction of the transform motion between
the Pacific and American plates requires much more
strike-slip motion than could have been accommodated
in the San Andreas system. Possibly some of this early
motion was accommodated on a strike-slip fault at the
base of the Patton Escarpment that later became inac-
tive. If so, Site 469 should show evidence of sediment
accumulation far south of Site 468, even though the
sites are now at the same latitude.

OPERATIONS

After spending just over two days at Long Beach for
repairs to the gearbox of the bow thruster, the Glomar
Challenger left port on 20 October at 2210 hours.? Half
an hour outside the port, the repaired thruster and the
positioning systems of the ship were tested. With the
profiling gear out, we sailed in the general direction of
San Clemente Island. Abeam the island at 0450 hours
on 21 October, we headed at 250° (and later at 254°)
towards the proposed Site 468 at 9.2 knots. While

3 All times specified in the text are local times in hours; those in seismic-section figures
are Zulu times.

steaming toward the site, we encountered rough seas
with gale-force winds. The winds subsided in the late
afternoon of 21 October. We surveyed the area of the
site across a single-channel E. B. Scripps line (Crouch et
al., 1978), turned around beyond the site area at 1740
hours, and dropped a 13.5-kHz beacon at 1827 hours at
32°37.03'N and 120°07.07"W. After retrieving the pro-
filing gear beyond the drop point, the ship turned
around and positioned over the beacon at 2045 hours
using the 3.5-kHz sub-bottom recorder. The next four
hours were spent in troubleshooting and repairing prob-
lems in the motor control circuits of the number one
drawworks. When the drill string was lowered and ready
to spud, the positioning beacon failed, and a second
(16-kHz) beacon had to be dropped. The ship was fi-
nally positioned over the new beacon at 1030 hours on
22 October. After two initial water cores, the hole was
spudded at 1214 hours in 1849 meters of water.

The coring operations at Hole 468 were routine. The
recovery was relatively high in the first nine cores, but it
decreased downcore and, with the exception of Core 18,
remained low to total depth (Table 1). Below a depth of
200 meters, torquing and sticking of pipe became pro-
gressively more acute, apparently owing to sloughing of
sand and volcanic fragments, so that at 1330 hours on
23 October we were forced to stop drilling after Core 26
at 241 meters depth. We decided to re-spud upslope
where a better section could be obtained. After plugging
Hole 468 with 100 barrels of weighted mud, we moved
1.2 km upslope and, using the old beacon of Hole 468
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Table 1. Coring summary, Site 468.

Date Depth from Depth below  Length Length Core
Core  (Oct., Drill Floor Sea Floor Cored Recovered Recovered
No. 1978) Time (m) (m) (m) (m) (%)
Hole 468
1 22 1236  1859.0-1862.5 0.0-3.5 3.5 2.55 73
2 22 1330 1862.5-1872.0 3.5-13.0 9.5 5.74 60
3 22 1416  1872.0-1881.5 13.0-22.5 9.5 8.03 85
4 22 1515 1881.5-1891.0 22.5-32.0 9.5 7.17 15
5 22 1605  1891.0-1900.5 32.0-41.5 9.5 7.40 78
6 22 1700 1900.5-1910.0 41.5-51.0 9.5 9.18 97
7 22 1805 1910.0-1919.5 51.0-60.5 9.5 9.58 100+
8 22 1923 1919.5-1929.0 60.5-70.0 9.5 3.65 38
9 22 2020  1929.0-1938.5 70.0-79.5 9.5 8.91 %
10 22 2120  1938.5-1948.0 79.5-89.0 9.5 7.20 76
11 2 2215  1948.0-1957.5 89.0-98.5 9.5 2.66 28
12 2 2315 1957.5-1967.0 98.5-108.0 9.5 0.15 2
13 P 0005  1967.0-1976.5 108.0-117.5 9.5 1.20 13
14 23 0115  1976.5-1986.0 117.5-127.0 9.5 0.03 0.3
15 3 0200 1986.0-1995.5 127.0-136.5 9.5 0.12 1
16 3 0250 1995.5-2005.0 136.5-146.0 9.5 0.04 0.4
17 2 0343  2005.0-2014.5 146.0-155.5 9.5 0.22 2
18 23 0444  2014.5-2024.0 155.5-165.0 9.5 7.04 74
19 23 0541  2024.0-2033.5 165.0-174.5 9.5 0.19 2
20 23 0645  2033.5-2043.0 174.5-184.0 9.5 0.20 2
21 23 0745  2043.0-2052.5 184.0-193.5 9.5 1.15 12
22 23 0841  2052.5-2062.0 193.5-203.0 9.5 0.30 3
23 23 0946  2062.0-2071.5 203.0-212.5 9.5 0.47 5
24 23 1054  2071.5-2081.0 212.5-222.0 9.5 0.25 3
25 23 1145  2081.0-2090.5 222.0-231.5 9.5 0.25 3
26 23 1327 2090.5-2100.0 231.5-241.0 9.5 0.06 1
Total 241.0 83.74 35
Hole 468A
| 23 2122 1752.0-1759.0 0.0-7.0 7.0 6.69 92
Z 23 2206  1759.0-1768.5 7.0-16.5 9.5 7.17 75
3 23 2248 1768.5-1778.0 16.5-26.0 9.5 6.35 67
4 24 0900 1778.0-1787.5 26.0-35.5 9.5 7.48 80
Total 35.5 27.69 78
Hole 468B
1 24 1551 1768.5-1778.0 16.5-26.0 9.5 6.97 73
2 24 1646  1778.0-1787.5 26.0-35.5 9.5 2.14 23
3 24 1743  1787.5-1797.0 35.5-45.0 9.5 7.14 75
4 24 1849  1797.0-1806.5 45.0-54.5 9.5 2.74 29
5 24 1939  1806.5-1816.0 54.5-64.0 9.5 Trace 0
6 24 2031  1816.0-1825.5 64.0-73.5 9.5 7.51 79
7 24 2116  1825.5-1835.0 73.5-83.0 9.5 Trace 0
8 24 2226  1835.0-1844.5 83.0-92.5 9.5 5.48 58
9 24 2321 1844.5-1854.0 92.5-102.0 9.5 5.97 63
10 25 0032 1854.0-1863.5 102.0-111.5 9.5 2.62 28
11 25 0145 1873.0-1882.5 121.0-130.5 9.5 0.14 1
12 25 0240  1892.0-1901.5 140.0-149.5 9.5 3.76 40
13 25 0337  1911.0-1920.5 159.0-168.5 9.5 7.18 76
14 25 0435  1930.0-1939.5 178.0-187.5 9.5 6.94 73
15 25 0540  1949.0-1958.5 197.0-206.5 9.5 2.05 22
16 25 0635 1958.5-1968.0  206.5-216.0 9.5 0.80 8
17 25 0740  1968.0-1977.5 216.0-225.5 9.5 6.57 69
18 25 0830 1977.5-1987.0 225.5-235.0 9.5 3.10 33
19 25 0927  1987.0-1996.5 235.0-244.5 9.5 0.26 3
20 25 1045  1996.5-2006.0 244.5-254.0 95 0.13 1
21 25 1145  2006.0-2015.5 254,0-263.5 9.5 4.37 46
22 25 1254  2015.5-2025.0 263.5-273.0 9.5 1.00 11
23 25 1402 2025.0-2034.5 273.0-282.5 9.5 0.30 3
24 25 1502 2034.5-2044.0  282.5-292.0 9.5 0.30 3
25 25 1612  2044.0-2053.5 292.0-301.5 9.5 342 36
26 25 1740  2053.5-2063.0  301.5-311.0 9.5 1.44 15
27 25 1853  2063.0-2072.5 311.0-320.5 9.5 3.60 38
28 25 2002 2072.5-2082.0  320.5-330.0 9.5 1.72 18
29 25 2127  2082.0-2091.5 330.0-339.5 9.5 0.93 10
30 25 2230 2091.5-2101.0  339.5-349.0 9.5 1.17 12
31 25 2355 2101.0-2110.5 349.0-358.5 9.5 221 23
32 26 0130 2110.5-2120.0 358.5-368.0 9.5 1.75 18
33 26 0257  2120.0-2129.5 368.0-377.5 9.5 2.51 26
34 26 0407  2129.5-2139.0 377.5-387.0 9.5 1.18 12
35 26 0530 2139.0-2148.5 387.0-396.5 9.5 213 25
36 26 0650 2148.5-2158.0 396.5-406.0 9.5 2.25 24
37 26 0755  2158.0-2167.5  406.0-415.5 9.5 2.60 27
Total 351.5 104.58 30

SITE 468
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and the 3.5-kHz recorder, located Hole 468A at 32°
37.41'N and 120°06.55' W in 1752 meters of water. At
2330 hours on 23 October, shortly after spudding (after
Core 4), the sand line broke. When the broken line was
fished and the sand line restrung, it broke again, requir-
ing a round trip to recover the sand line and Core 4 at
0900 hours on 24 October. Hole 468B was spudded on
that same day at 1445 hours in 1752 meters of water.
The upper 16.5 meters were washed, and the first core
was taken between 1768.5 and 1778.0 meters depth. The
upper ten cores were continuously cored to a depth of
111.5 meters. Below this depth through 197.0 meters,
cores were taken only at alternate 9.5 meters because of
the repeated section already recovered at Hole 468.
Below 197.0 meters to total depth (T.D.) at 415.5 me-
ters, coring was continuous. The sloughing problems
of Hole 468 were avoided in Hole 468B, possibly due to
the addition of mud in the hole. The recovery at Hole
468B was generally good in the upper 18 cores and mod-
erate to poor in Cores 19 through 37. Minor amounts of
H,S were encountered in a few levels in Hole 468B
(Cores 3, 4, and 5-12). Hydrocarbon gases were not en-
countered.

The coring operations stopped at 0800 hours on 26
October. The bit was released, and the hole was readied
for Sonic, Caliper, and Temperature Logs. Attempts at
logging, however, proved futile because of problems
with the logging tools and the computer. When the time
allocated for logging was spent, we decided to pull out
of the hole. This was accomplished by 2115 hours, and,
after a short postsite run over the beacon, we were
under way to Site 469 by 2130 hours on 26 October.

LITHOLOGY

Hemipelagic, terrigenous, and volcanogenic sedi-
ments and sedimentary rock were recovered at Site 468.
Foraminiferal-nannofossil ooze, nannofossil ooze, and
diatom-nannofossil ooze dominate the upper part of
the section. Dolomitic silty claystone and interbedded
volcaniclastic rock are the main constituents of the
lower part of the section. On the basis of the composite
section of Holes 468, 468A, and 468B, we recognized
four lithologic units at Site 468 (Table 2; Figs. 4 and 5).

Unit 1: Foraminiferal Ooze (Hole 468: 0-0.19 m;
Hole 468A: 0-7 m)

This unit consists mainly of olive gray glauconitic
nannofossil-foraminiferal ooze and silty ooze. Benthic
and planktonic foraminifers are the predominant com-
ponents (up to 50%), with approximately 20% nanno-
fossils (chiefly coccoliths) and 15% subangular quartz
and feldspar also present. Fine-grained green to green-
ish black glauconite composes about 10% to 12% of the
sediment. Some grains are pseudomorphs of foramin-
ifer tests. Radiolarians, some pseudomorphed by pyrite,
and sponge spicules are also present (< 10%). Minor
components include grayish olive foraminiferal sandy
silt and carbonized wood fragments.

The Unit 1/Unit 2 boundary in Hole 468 is marked
by a sharp lithologic change between olive gray glau-
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Table 2. Summary of lithologic units, Site 468,

Depth below
Unit or Sea Floor
Sub-unit Hole Core (m) Chronostratigraphy Lithology
1 468 1 0.0-0.19 Quaternary Glauconitic nannofossil-
468A | 0.0-7.0 Quaternary foraminifer ooze and silty
ooze,
2 468 1-2 0.19-4.1 Pliocene Foraminifer-nannofossil ooze
468A 2-4 7.0-35.5 Pliocene to upper and nannofossil-foraminiferal
Miocene ooze.
4688 1-2 16.5-35.5 upper Miocene
3 468 2-12 4.1-108.0  Pliocene to middle  Interbedded nannofossil ooze
Miocene and diatom-npannofossil ooze
468B  3-12 35.5-149.5  upper Miocene to with intervals of detrital

middle Miocene sand, silt, and clay that
become dominant in the
lower portion of the unit.
Diatomaceous and calcareous
silty to sandy claystone with
minor interbeds of volcani-
clastic sandstone and rare
ash,

Dolomitic silty claystone with
commeon interbeds of volcani-
clastic sandstone and breccia.

4a 468 13-20  108.0-184.0  middle Miocene
159.0-235.0

4b 468 21-26  184.0-241.0  middle Miocene
468B  18-37  235.0-415.5

conitic foraminiferal ooze and the underlying, yellowish
gray foraminiferal-nannofossil and nannofossil-fora-
miniferal ooze. In Hole 468A, this boundary has been
obscured by drilling disturbance but is generally recog-
nized by a decrease in the abundance of glauconite.

Unit 2: Nannofossil and Foraminiferal Qoze
(Hole 468: 0.19-4.1 m; Hole 468A: 7.0-35.5 m;
Hole 468B: 16.5-35.5 m)

Soft, interbedded, pale olive foraminiferal-nanno-
fossil ooze and olive brown nannofossil-foraminiferal
ooze are the dominant sediment types in Unit 2. Thin in-
tervals of glauconitic silty sand and sandy clay are also
present; glauconite makes up as much as 30% of this

 sediment. Several angular pebbles of greenish black

glauconite and grayish black phosphorite(?) also occur
in Unit 2.

Unit 3: Nannofossil Ooze and Diatom-Nannofossil
Qoze (Hole 468: 4.1-108 m; Hole 468B: 35.5-149.5 m)

This unit is distinguished from Unit 2 by its finer tex-
ture, darker color, and fewer intervals of glauconitic
foraminiferal silty sand and sandy clay. Interbedded,
pale olive nannofossil ooze and olive brown diatom-
nannofossil ooze make up the bulk of this unit. The
sediment is commonly mottled, indicating various de-
grees of bioturbation. Thin lenses and patches of green-
ish black, glauconitic sand and sandy silt are scattered
throughout Unit 3. Sponge spicules, which reach con-
centrations of 10% or more, are also an important com-
ponent of the sediment.

Terrigenous components (clay, silt, and minor sand)
increase downsection in Unit 3. In Hole 468, clay miner-
als (33%) and quartz and feldspar (7-15%) are the
dominant constituents of the lower 30 meters.

In Hole 468, two layers of volcanic ash occur in Unit
3 (Cores 9 and 12). The upper ash layer is 4 cm thick,
and the lower ash layer is about 25 cm thick. A smear
slide of the ash from Core 12 contains 50% quartz and
feldspar, 20% pumice, 10% volcanic rock fragments,
5% volcanic glass, and minor (<5%) clay and car-
bonate. Two sub-angular andesite(?) pebbles were also
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Figure 4. Stratigraphic and lithologic summary, Hole 468.

recovered in siliceous nannofossil ooze in Hole 468B
(Core 10); their occurrence within the ooze suggests that
they are probably rafted erratics.

Unit 4: Claystone and Volcaniclastic Rock
(Hole 468: 108-241 m; Hole 468B: 159-415.5 m)

Unit 4 is distinguished from Unit 3 on the basis of a
change in induration (from firm to moderately well in-
durated) and by a conspicuous decrease in diatoms, ra-
diolarians, and nannofossils. Unit 4 is divided into two

parts. Sub-unit 4a is moderately well indurated and con-
tains common to abundant diatoms and coccoliths. In
contrast, Sub-unit 4b is well indurated and consists
chiefly of dolomitic silty claystone. The boundary be-
tween Subunits 4a and 4b corresponds closely to the dis-
appearance of microfossils in the section and to a sharp
increase in velocity from about 1.7 km/s to about 3.4
km/s.

In terms of both lithology and induration, Sub-unit
4a (Hole 468: 108-184 m; Hole 468B: 159-235 m) is
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Figure 5. Lithologic and biostratigraphic summary, Holes 468A and 468B.

transitional between Unit 3 and Sub-unit 4b. Moder-
ately well-indurated diatomaceous and nannofossil silty
to sandy claystone, subordinate interbeds of volcani-
clastic sandstone, and vitric ash characterize this unit.
The claystone is olive gray to olive black, and the vol-
caniclastic rocks are gray. Silt- and sand-size grains are
predominantly angular to sub-angular quartz (5-40%)
and feldspar (3-10%) but also include minor amounts
(< 3%) of pyroxene, hornblende, and epidote. Volcanic
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glass and rock fragments (10-20%) and clay minerals
30-60%) are also important constituents. Rare patches
of glauconitic foraminiferal silt and sand are also pres-
ent. Mottling caused by bioturbation is common
throughout Sub-unit 4a, and burrows are commonly
filled with glauconitic sand.

Sub-unit 4b (Hole 468: 184-214 m; Hole 468B: 235~
415.5 m) consists of well indurated, olive black, dolo-
mitic silty claystone and interbedded volcaniclastic




rock. The volcaniclastic rock is breccia composed of
vesicular basaltic and andesitic rock fragments and tuf-
faceous and volcaniclastic sandstone. The dolomitic
silty claystone appears to be the dominant lithotype, but
poor core recovery, especially in the volcaniclastic se-
quences, makes determination of the relative abun-
dances of these two lithotypes difficult. The dolomitic
silty claystone is both laminated and lenticularly bed-
ded. It commonly contains well preserved burrows,
many filled with tuffaceous sandstone. Some slumped
beds were also noted.

Thin-section study indicates that interbeds of silty
dolomite are also present in the claystone sequences.
Dolomite (50-60%) is the major constituent of these in-
terbeds, followed by clay (5-20%), angular quartz
(8-15%), and feldspar (5-8%); minor components
(<4%) include glauconite, opaque heavy minerals (in-
cluding pyrite), and some laminae composed of sand-
size volcanic rock fragments and brown volcanic glass.
Scattered silt-size angular quartz and feldspar occur in a
matrix of dolomite and clay along with chalcedony- and
opal-CT/(cristobalite)-filled molds of diatoms, radio-
larians, foraminifers, and sponge spicules.

A wide variety of interbedded basaltic to andesitic
volcaniclastic rocks (including breccias, pyroclastics,
and tuffaceous to volcaniclastic sandstone) was re-
covered in Sub-unit 4b. Usually only basaltic to ande-
sitic pebble- to cobble-size rock fragments represent the
breccia beds. However, a breccia bed 32 c¢cm thick was
recovered in Hole 468B (Core 27) that consisted of peb-
ble-size aphanitic, vesicular basaltic, and andesitic rock
fragments in a matrix of quartz, feldspar, and rare
pumice fragments. A similar matrix probably supported
the volcanic rock fragments in other cores but was
washed away during drilling.

The volcanic sandstone is medium- to coarse-grained,
compositionally immature, and usually moderately well
sorted. Partly altered pumice and subrounded to well-
rounded volcanic rock fragments make up 30% to 40%
of the rock. Other constituents include quartz, plagio-
clase feldspar, altered glass shards, glauconite, clay, and
carbonate cement.

BIOSTRATIGRAPHY

At Site 468 a relatively thin (3.5-40 m) cover of upper
Neogene sediment rich in calcareous microfossils over-
lies a thicker sequence (about 220 m) of mixed calcare-
ous and siliceous middle Miocene sediment. This, in
turn, overlies sediment barren of microfossils.

Calcareous nannofossils provide the best strati-
graphic control for the upper Neogene, although plank-
tonic foraminifers and radiolarians are also useful. In
the middle Miocene, diatoms and calcareous nannofos-
sils allow consistent biostratigraphic interpretation,
whereas radiolarians and planktonic foraminifers are
more variable in their abundance. In Figure 6, the plots
of abundance of the various microfossil groups in Holes
468, 468A, and 468B reveal these relationships.

SITE 468

Figures 4 and 5 summarize zone assignments of the
holes drilled at Site 468. Holes 468A and 468B possess a
thicker cover (about 40 m) of upper Neogene sediment
than is present in Hole 468 (3.5-13 m). Microfossil cor-
relations suggest that horizons within the middle Mio-
cene are 50 to 60 meters lower in Hole 468B than they
are in Hole 468. The peak abundance of radiolarians oc-
curs at 15 to 25 meters (Cores 3 and 4) in Hole 468 and
at about 70 meters (Core 6) in Hole 468B. The base of
the Denticula hustedtii-D. lauta Zone is at about 45
meters (between Samples 468-5,CC and 468-6,CC) in
Hole 468 and at about 104 meters (between Samples
468B-10-1, 56-58 cm and 468B-10,CC) in Hole 468B.
Likewise, the first occurrence upsection of planktonic
foraminifers is at about 110 meters (Sample 468-13,CC)
in Hole 468 and at about 150 meters (Sample 468B-
12,CC) in Hole 468B. The first calcareous nannofossil
occurs at about 175 meters (Sample 468-19,CC) in Hole
468 and at about 225 meters (Sample 468B-17,CC) in
Hole 468B.

Coccoliths

Warm-water coccoliths characterize the short Plio-
cene and Quaternary interval at Holes 468, 468A, and
468B. Most of the cores from Site 468 are barren or con-
tain coccoliths from the middle Miocene Discoaster ex-
ilis Zone or the Sphenolithus heteromorphus Zone. Up-
per Miocene taxa occur in only a few cores, suggesting
one or more major hiatuses. The upper Miocene to
lower Pliocene assemblage at Hole 468A, Core 4, is
notable for the presence of a cool-water biofacies with
discoasters dominated by Discoaster variabilis Martini
and Bramlette and a warm-water biofacies with disco-
asters dominated by D. brouweri Tan, D. pentaradiatus
Tan, and D. surculus Martini and Bramlette. On the
basis of Ceratolithus in the Pliocene and more common
Discoaster, Discolithina, Helicosphaera, and Spheno-
lithus in the middle Miocene, Site 468 assemblages ap-
pear warmer than those of Site 467. Preservation is
generally moderate throughout Site 468; solution is less
severe than at Site 467. Overgrowth is minor, occurring
only in some middle Miocene coccoliths.

Silicoflagellates

Silicoflagellates are well preserved but sparse at Site
468 and are restricted mainly to the middle Miocene
strata. The assemblages associated with the Discoaster
exilis Zone are characterized by Distephanus crux
(Ehrenberg), D. longispinus (Schulz) s. ampl., and D.
speculum speculum (Ehrenberg), with sporadic Corbi-
sema triacantha (Ehrenberg) and Dictyocha pulchella
Bukry. In the Sphenolithus heteromorphus Zone, Dis-
tephanus crux, Dictyocha fibula Ehrenberg s. ampl.,
and Distephanus speculum hemisphaericus (Ehrenberg)
are typical, with sporadic Cannopilus depressus (Ehren-
berg) and Mesocena apiculata curvata Bukry. In Sample
468B-30,CC, the unique appearances of Corbisema
flexuosa (Stradner) and Mesocena apiculata apiculata
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Figure 6. Plots of relative abundances of planktonic microfossils, Site 468.

(Schultz) suggest probable reworking into the lower-
most middle Miocene, because the typical range of these
species is upper Eocene to lower Miocene.

Radiolarians

The radiolarian abundance in Quaternary, Pliocene,
and upper and middle Miocene sediments is generally
rare to few and the preservation poor to moderate, ex-
cept in Sections 2-1 through 3-1 and Sections 4-5
through 5-1 (Hole 468), and in Sections 3-2 through 9-2
(Hole 468B), which contain common to abundant well
preserved radiolarians. Cores 1 and 2, Section 1 (Hole
468A) contain a well preserved Pleistocene radiolarian
assemblage. Surface sediment in Hole 468A yields no
datable radiolarians; neither do Cores 14 through 16 of
Hole 468 and Core 5 of Hole 468B. Below Section 18-2
of Hole 468B, no remains of radiolarians are present
(except in Sample 468B-29,CC).
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The Quaternary sediments of Hole 468A yielded
radiolarian assemblages described from the northeast-
ern Pacific, and Kling’s (1973) zonation is applicable.
Sections 1 and 2 of Core 1 correlate with the upper
Pleistocene Axoprunum angelinum Zone, as indicated
by the presence of Lamprocyrtis haysi and the absence
of Eucyrtidium matuyamai. The assemblages of Sec-
tions 1-3 through 2-1, which contain E. matuyamai and
Lamprocyrtis heteroporos, are assigned to the lower
Pleistocene E. matuyamai Zone. Single specimens of
Amphirhopalum ypsilon and Theocorythium vetulum,
which are typical of equatorial regions, are included in
the Quaternary assemblages. The upper Pliocene sedi-
ments of Samples 468A-2-2, through 468A-2,CC and
Samples 468B-1-1 through 468B-1-2, contain Lampro-
cyrtis heteroporos and only nondiagnostic radiolarians
and therefore belong to the L. heferoporos Zone. The
upper boundary of the lower Pliocene/uppermost Mio-



cene Stichocorys peregrina Zone is indicated by the ex-
tension of S. peregrina. The Pliocene/Miocene bound-
ary is marked by the first appearance of L. heteroporos.
Radiolarian occurrences suggest only a thin capping se-
quence of Quaternary and Pliocene sediments. In Hole
468A, one or several sedimentation gaps or a very con-
densed sequence can be assumed between Core 1 and
Sample 468A-2,CC.

Below the Quaternary-Pliocene beds, radiolarians
restricted to the upper Miocene are rarely represented.
Section 2-1 of Hole 468 contains few specimens of Om-
matartus antepenultimus, which is indicative of lower
upper Miocene. Section 4-5 of Hole 468A yielded abun-
dant Stichocorys peregrina and is assigned to the upper-
most Miocene. Equivalent layers were found in Sample
468B-2,CC through Section 3-4, which are again charac-
terized by few specimens of S. peregrina and rare occur-
rences of O. antepenultimus. Only two sections of Hole
468B—Sample 3,CC and Section 4-1—could be placed
into the lower upper Miocene O. antepenultimus Zone
on the basis of the presence of rare to few specimens of
Ommatartus hughesi and O. antepenultimus. It is ob-
vious, then, that a large part of the upper Miocene is not
represented by sediments. In Holes 468 and 468B, radio-
larian assemblages of the O. antepenultimus Zone are
identified, and fossils of the upper upper Miocene Sti-
chocorys peregrina Zone are present in Holes 468A and
468B. Radiolarian assemblages of the O. penultimus
Zone could not be recognized in any of the Site 468
holes; radiolarians of the lower S. peregrina Zone are
lacking in Hole 468, those of the O. anftepenultimus
Zone have not been found in Hole 468A. It is probable,
therefore, that the upper Miocene sediments constitute a
rather thin, condensed (or incomplete) succession.

Only part of the middle Miocene seems to be well
represented by a rather thick succession of sediments,
because the radiolarian assemblage of the upper middle
Miocene Cannartus petterssoni Zone—especially C. pet-
terssoni itself—was not encountered in Holes 468A and
B. In Hole 468, C. petterssoni is only present in Section
2-3, and the lower to middle middle Miocene Dorcado-
spyris alata Zone begins with Section 3-1 and ends pos-
sibly with Sample 468-18,CC. In its lower part, the mid-
dle Miocene succession is characterized by rare occur-
rences of Cannartus mammiferus, which is progres-
sively replaced by rare to abundant individuals of Can-
nartus laticonus in the upper part. Besides mainly rare
occurrences of Eucyrtidium inflatum and Lithopera
renzae, which are assumed to be diagnostic for middle
Miocene, various species of Cyrtocapsella and Sticho-
corys (except S. peregrina) occur rarely to abundantly.
The succession below Core 18 in Hole 468 cannot be
assigned securely either to the lower middle nor to the
upper lower Miocene by means of radiolarians.

Besides rare, sporadic occurrences of D. alata, no
radiolarians are present that mark precisely the lower
boundary of the middle Miocene. On the other hand,
mainly lower Miocene species, such as Calocycletta, C.
virginis, and Dorcadospyris simplex, have been found

SITE 468

rarely to commonly from Cores 17 through 21 (Hole
468). According to the results of diatom research, Sam-
ple 468-21,CC still contains middle Miocene species.
The lower Miocene radiolarians are probably reworked.

In the region of Sites 467 and 468, the Quaternary
radiolarian assemblages mainly consist of cold-water
species. Site 468 differs from Site 467, however, in that
some warm-water species (Amphirhopalum ypsilon,
Theocorythium vetulum) have joined the North Pacific
assemblage.

Diatoms

Abundant to rare middle Miocene diatoms were
recovered from Holes 468 and 468B at Site 468.
Younger sediments in both holes and in Holes 468A
contain only rare diatoms that are reworked from the
middle Miocene.

Samples 468-2-2, 130-132 cm through 468-3-1, 19-21
cm are assigned to Subzone b of the Denticula hus-
tedtii-D. lauta Zone on the basis of the present of Den-
ticula praedimorpha without Rhizosolenia barboi. Sam-
ples 468-3-5, 10-12 ¢cm through 438-5,CC lack D. prae-
dimorpha but contain D. hustedtii and are placed in
Subzone a of the D. hustedtii-D. lauta Zone.

Cores 6 through 21 are assigned to the lower middle
Miocene Denticula lauta Zone, The first occurrence of
Denticula hyalina in Sample 468-9-4, 89-91 cm marks
the top of Subzone a and the base of Subzone b.

A similar section was recovered in nearby Hole 468B
in Cores 4 through 21. Cores 4 and 5 correspond to
either Subzone ¢ or Subzone b of the Denticula hus-
tedtii-D. lauta Zone, and Samples 468B-6-3, 90-92 cm
through 468B-10-1, 56-58 cm are correlated with Sub-
zone a of the D. hustedtii-D. lauta Zone. Samples
468B-10,CC through 468B-21,CC are assigned to the
lower middle Miocene Denticula lauta Zone, with the
Subzone a/Subzone b boundary placed between Sam-
ples 468B-14-1, 84-86 cm and 468B-14-3, 84-86 cm.

Hole 468 includes a diatomaceous section that is
truncated at its top to a greater extent than the section in
Hole 468B. Sample 468B-3,CC contains diatoms corre-
lated to middle to upper Miocene Subzone c¢ of the D.
hustedtii-D. lauta Zone, and Sample 468B-3-4, 130 cm
contains upper Miocene diatoms assigned to Subzone d
of the D. hustedtii-D. lauta Zone. The biostratigraphic
interval represented by these samples was not present in
Hole 468.

Foraminifers

Planktonic foraminifers are sparse or absent in
samples examined from Site 468, except for the few ex-
ceptions noted here.

Relatively diverse Quaternary assemblages that in-
clude Neogloboquadrina dutertrei, N. pachydeterma
(s.s.), Giobigerina bulloides, and Orbulina universa oc-
cur in Samples 468-1-1, 3-5 cm and 468A-1,CC. A
diverse upper Pliocene assemblage with Neogloboquad-
rina atlantica, N. humerosa, N. pachyderma (s.s.),
Globorotalia inflata, and G. tumida occurs in Sample
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468A-2,CC; lower Pliocene assemblages that include
Globorotalia puncticulata occur in Samples 468B-1,CC
and 468B-2,CC.

Samples 468-3,CC and 468-5,CC are assigned to the
middle Miocene because of the occurrence of Globi-
gerina druryi (3,CC) and Globorotalia peripheroronda
(5,CC) with Orbulina universa.

Benthic foraminifer assemblages are relatively di-
verse and moderately well preserved in Cores 1 through
13 of Hole 468, Cores 1 through 4 of Hole 468A, and
Cores 1 through 12 of Hole 468B. Uvigerina senticosa,
Melonis barleeanus, and Pullenia bulloides are consis-
tent members of the benthic assemblages and suggest
Site 468 sediments were deposited in mid- to lower
bathyal water depths. Taxa displaced from shallower
water, however, are evident in most Miocene samples.

SEDIMENT ACCUMULATION RATES

The sediment accumulation rate curves (Fig. 7) for
Site 468 were constructed from selected diatom (D), ra-
diolarian (R), foraminifer (F), and coccolith (C) events.
The combined curve for Holes 468A and 468B indicates
a slow sediment accumulation rate of about 6 m/m.y.
from the Quaternary into the late Miocene and a major
hiatus during the late Miocene. An accumulation rate of
about 20 m/m.y. in the late middle Miocene changes to
one of at least 100 m/m.y. in the early middle Miocene
and (?)early Miocene. Middle Miocene to (?)early Mio-
cene accumulation rates for Hole 468 appear to be

similar to those in Holes 468A and 468B; between Cores
2 and 3, a hiatus appears to be present from the late
middle Miocene to the Pliocene.

GEOCHEMICAL MEASUREMENTS

Interstitial Water

Interstitial water was squeezed from samples at Holes
468 and 468B. Salinity, chlorinity, pH, alkalinity, cal-
cium, and magnesium were determined on board ship.
The interstitial water profile for Hole 468 is similar to
the corresponding portion of the profile at Hole 468B,
which is illustrated in Figure 8.

The interstitial water profiles from the upper 200
meters of sediment at Hole 468B are characterized by a
slight increase in alkalinity, an increase in calcium con-
centration, and a corresponding decrease in magnesium
concentration. Calcium concentration and magnesium
concentration in the pore waters are linearly related.
The pore-water constituent profiles in the upper 200
meters at the site are characteristic of those in ter-
rigenous deposits of moderate sedimentation rate. The
slight increase in alkalinity at this site is generally
associated with sulfate reduction in pore waters (Man-
heim and Sayles, 1974).

Below 200 meters depth at Hole 468B, the pore-water
calcium concentration first decreases to values near
those of normal sea water, then increases. The mag-
nesium concentration mirrors the calcium concentration
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Figure 7. Sediment accumulation rates, Site 468,
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Figure 8. Interstitial water profile, Hole 468B.

by increasing, then decreasing. The depth interval over
which the calcium decrease takes place corresponds to
the interval of dolomitic silty claystone, and the com-
plex calcium and magnesium concentration curves in the
lower portion of the sediment column may be related to
dolomitization reactions.

Calcium Carbonate Content

The calcium carbonate content of samples from Site
468 was determined by the carbonate bomb technique.
The results of these determinations are included in the
COZI& descriptions in this chapter and plotted in Figures 9
and 10.

PHYSICAL PROPERTIES AND
DOWNHOLE LOGS

Figures 9 and 10 summarize the physical-property
and logging data for the three holes drilled at Site 468.
Nannofossil ooze, clay, and silty clay that form the up-
per part of the section at each hole are characterized by
low and relatively constant saturated bulk densities and
sonic velocities. In contrast, the underlying sections of
interbedded dacitic breccia, calcareous silty claystone,
and volcaniclastic sandstone have distinctly higher and
extremely variable densities and velocities. The break

between these two portions of the sedimentary section is
sharp in both cases, occurring at about 180 meters in
Hole 468 and about 230 meters in Hole 468B.

Specifically, the upper part of the section in all holes
lacks character. A semi-indurated sand occurs at about
108 meters in Hole 468. The impedance contrast be-
tween this layer and the enclosing clay and ooze is about
0.2. In contrast, the underlying section of interbedded
dacitic breccia, calcareous silty claystone, and volcani-
clastic sandstone is characterized by highly variable den-
sities and velocities. The volcanic rocks have the highest
and most constant values. Calcareous claystone is more
variable, perhaps because of the degree of cementation.
Indeed, between about 250 and 300 meters, the carbon-
ate content of the claystone in Hole 468B is greatest,
corresponding to some of the highest densities and ve-
locities for these calcareous rocks (Fig. 10). Densities
and velocities vary in a similar fashion for the interbed-
ded volcaniclastic sandstone and sandy silt and perhaps
also reflect the degree of lithification by cementation or
by compaction.

The Caliper and Sonic Amplitude Logs in Hole 468B
offer little help. The hole diameter is irregular between
about 230 and 280 meters, probably corresponding to
the washing out of softer clay interbedded with the vol-
canic and volcaniclastic rocks. The amplitude of the
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SITE 468

sonic signal increases slightly between 255 and 315
meters, an interval of mostly calcareous claystone.

Physical properties such as porosity and water con-
tent derived from measured densities show the expected
inverse trends, decreasing with greater depth of burial.
The two measurements of shear strength of diatom nan-
nofossil ooze at 50 and 84 meters in Hole 468 are slightly
less than values of unconfined shear strength of car-
bonate ooze at comparable depths of burial (Bouma and
Moore, 1975). Because carbonate ooze has the highest
shear strengths of marine sediments, these true values
probably indicate slight dilution of the carbonate with
terrigenous and siliceous debris.

Table 3 gives the average densities and velocities of
the upper ooze—clay part of the section and the lower in-
terval of interbedded volcanic and sedimentary rocks
for both Hole 468 and Holes 468A and B. Using these
values, the impedance contrast between the upper and
lower parts of the section (~ 180 m at Hole 468 and
~230m at Hole 468B) is 0.43. This contrast is 0.58 if we
use the average density and velocity values of the shal-
lowest dacitic rocks (2.29 g/cm? and 4.56 km/s, respec-
tively) instead of the average values for both volcanic
and sedimentary rocks. In both cases, the impedance
contrasts are high, indicating that the boundary between
the upper soft sediments and the harder volcanic and
sedimentary rocks in the lower part of the section is a
good reflector. Computing acoustic impedance con-
trasts within the lower part of the section is much more
tenuous, because softer rocks or sediments may not be
represented in the cores. According to Table 3, the high-
est contrasts are between dacitic rocks and slightly cal-
careous claystone (impedance contrasts ~0.2-0.5).
Where these are juxtaposed, such as at about 255 meters
and 350 meters in Hole 468B, they may be good reflec-
tors.

The data at Site 468 show a distinct shift in all
physical properties where nannofossil ooze, clay, and
silty clay give way to underlying harder sedimentary and
volcanic rocks. This break occurs about 50 meters
deeper in Hole 468B than in Hole 468. The impedance
contrast between these two units is about 0.4. Densities,
porosities, and velocities appear to vary directly with
degree of carbonate cementation in the lower claystone.

CORRELATION OF REFLECTION PROFILE
WITH DRILLING RESULTS

The acoustic stratigraphy in the vicinity of Site 468 is
shown on the common depth point (CDP) multichannel
seismic-reflection profile (Fig. 3) obtained during a pre-
site survey by the U.S. Geological Survey (Crouch et al.,
1978). A pronounced upper middle Miocene uncon-
formity that occurs at about 4 meters sub-bottom in
Hole 468 and 35 meters sub-bottom in Hole 468B can-
not be resolved on the CDP profile. This unconformity
can be seen on a nearby U.S. Geological Survey single-
channel record, however, where it separates relatively
undeformed strata from underlying folded and faulted
strata. The Challenger profiles approaching and leaving
the site show little of the acoustic stratigraphy because
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Table 3. Average values of density and porosity for Holes 468, 468A,
and 468B.

Depth Density Velocity
Interval Range Avg. Range Avg.
Hole Lithology (m) [g/cml} (km/s)
468 Nannofossil ooze, 0-180 1.50-1.80 1.63 1.50-2.26 1.77
clay, and silty clay
Dacitic breccia 180-T.D. 2.10-2.40 227 4.10-4.89 4.4]
Calcareous silty 180-T.D. 1.95-2.15 2.08 3.21-3.92 3.86
claystone
Sandstone /silty sand 180-T.D. 1.59-1.85 1.69 1.68-2.26 1.99
468A, B Nannofossil coze, 0-240 1.50-1.80 1.61 1.55-2.01 1.67
clay, and silty clay
Dacitic breccia® 240-T.D. 2.12-2.24 222 2.99-4.65 4.08
Calcareous silty 240-T.D. 1.70-2.47 2.10 1.73-4.23 2.86
claystone
Sandstone /silty 240-T.D. 1.82-2.50 2.06 2.41-4.47 3.25

sand

4 We recovered only fragments of dacite in both holes and have interpreted these as
clasts in breccias. Consequently, densities and velocities may not be representative of
the lithologic unit.

of the high vertical exaggeration on these records and
the steepness of the slope at Site 468.

At Site 468, the CDP profile shows acoustic units in
the following succession:

1) an upper unit with weak interval reflectors that
become stronger and more persistent near the base of
the unit;

2) a pair of strong, very persistent reflectors at about
0.19 and 0.21 s below the sea floor in Hole 468; and

3) below the two strong reflectors, there is a lower
unit characterized by an interval of very weak and dis-
continuous reflectors.

The sequence of acoustistratigraphic units at Site
468, as inferred from seismic profiles, a sonobuoy pro-
file (Crouch et al., 1978), drilling rate, and cored strati-
graphic sequence is displayed in Figure 11. The upper
acoustic unit correlates with Lithologic Unit 1 through
Sub-unit 4, consisting mainly of Quaternary to middle
Miocene foraminiferal, nannofossil, and diatomaceous
ooze that grades downward into moderately indurated
diatom- and nannofossil-bearing silty claystone. The
boundary between the upper and lower acoustic units
correlates with the pair of strong continuous reflectors
at 0.19 and 0.21 s below the sea floor. Beneath and sub-
parallel to these strong reflectors are very weak, discon-
tinuous reflectors that characterize the lower acoustic
unit. The lower acoustic unit corresponds to Lithologic
Sub-unit 4b, which consists of interbedded dolomitic
silty claystone and volcaniclastic rocks of andesitic and
dacitic composition. The weak and discontinuous re-
flectivity of this lower unit is probably the result of the
small velocity and density contrasts between the dolo-
mitic and volcaniclastic beds.

CONCLUSIONS

1. An unconformity at Site 468 corresponds to a
widespread unconformity recognized in the California
Continental Borderland by Crouch (1979b). However,
relations at Hole 468 differ from those prevailing in the
composite section at Holes 468A and 468B, despite the
proximity of these holes (1.2 km apart). The upper mid-
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Figure 11. Correlation of lithologic units of Hole 468 with multichannel seismic profile at Site 468.

dle Miocene and upper Miocene section is missing at
Hole 468, whereas only part of the upper Miocene is ab-
sent at Holes 468A and B.

2. Youngest andesitic volcaniclastic rocks are inter-
bedded with sediments containing a Sphenolithus
heteromorphus Zone fauna 15.5 + 0.8 m.y. of age.
Volcaniclastic rocks deposited during the middle and
perhaps late early Miocene appear to be derived from a
nearby source, probably on or near the Patton Ridge.
Some of the volcanic clasts may have been recycled
from older strata. The occurrence of Miocene andesitic
and dacitic volcanic rocks so close to the continental
margin suggests that the volcanics are related to the
passage of the East Pacific Rise Crest and were not
derived from subducted oceanic crust.

3. The change of facies in the late middle Miocene
from volcaniclastic and terrigenous strata upsection to
hemipelagic sediments may reflect subsidence of the
outer California Continental Borderland after passage
of the East Pacific Rise Crest.

4. A relatively well-preserved siliceous microfossil
record was recovered only in the middle Miocene por-
tion of the section. The calcareous microfossil record is

generally poor throughout the section, and it may not
reveal the detailed paleoclimatic data that had been ex-
pected.
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= o B ok pu | B
(= o S, TRl e 4 l
I e | 4 -, k4
4 T T = ’
s = -
P £ T
o = ‘s —L“_‘_ pa |
~ jn o] i g B 28
= ezl 1 4 |
z i A i T 8 - |
gt it E 1] |
e iy g R = 4
N 4 - -, 4
= S = |
; STy [ § 5|
—r —HL n
oA - [
5 S * | Glaueonitic - 4
I end —
g Lo n, | 150 T T I O O -
$24
- L
4 ‘}_.A..
£ Fmn-,
-1 L
§ Faoi
Po Sl
i o] Fomh
;] ey
S — u_
g 3 voio
I L
7] FeoTamH |
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SITE 468  HOLE CORE 11 CORED INTERVAL 89.0-885m SITE 468  HOLE CORE 13 CORED INTERVAL 108.0-1175m
£ | ounner 2| onns
ER ARACTER
2 S
§ MAERE z| » 2 l=.leln z| @
N EHERIE 2= GRAPHIC E T 313 el & GRAPHIC al
'Z :5 = = 5l E LITHOLOGY E LITHOLOGIC DESCRIFTION I EE L E|E LITHOLOGY &l LITHOLOGIC DEECRIPTION
- w|z = " @ wa|EZnlz| B« ) 2 »
R HE I H B ] H HEFHINE o
- |8 |= 5% E = 8% = ElE = s
EMHEIEIE E3 N HEHEE 3
g
B
3 " ZEOLITIC SILTY SAND, olive gray (Y 3/2] and . SLEY CLAYSTONE, oo joay (Y 37210 ol biack
& w [5Y 2/2) with thin interval of laminated SILTY SANDSTONE
NANNOFOSSIL SILTY CLAY, dark grayish olive Wz i
g NS ] + {Section 1,515 cm} composed of detrital quarte and foldspar,
. 1107 372). Sitty clay mixed with vitric ath in af ‘lcanic glatt, i tramrenty i et
g 1 Secton 2. Zeolite occus s blacky or prismatic [=%5] 1 od m"; 'I'“' = Inchudes n,:;:“i:‘
w i eryitaly covering surtaces of detrital graing. == . & D'IIHMD. m‘:m .::ﬂ:" ba phosphatic. First i
E Glauconite is shio common in sandy sediments, Trachury ::;Q B b -
gl 3 Vitrie ssh most abundant in base Section 2. R# WA MR
= No Core-Catcher,
w é SMEAR SLIDE SUMMARY
E bl 130 162 278 CARBON AND TE
o |53 o) o) IMi 164
= g lem TEXTURE: % Organic Carbon ~ —
= Sand 80 5 90 % CaC0, ]
E 2 . it 12 16 10
£ g Clay 8 80 - SMEAR SLIDE SUMMARY
i3 g.wnsmou-. w o 1 110 137 1495
nz LI | M) (D) (D)
} § Rmcm| cp|FP{  |CC| Feldspar v s 2 TEXTURE:
= Mica - - 3 Sand % B W
o« Hesvy minerals - 1 - Skt % 3B B
g Clay W 3B/ T Clay - 40 45
Valcanic glass 1 1 - COMPOSITION:
i Glauconite w6 Quartr % W0 6
Zeolite 7w - - & Feldspar 2 5 5
: Carbonate unspec. 1 1 8 Heavy minarals 2 3
Calc. Nannafossils 1% - g Clay TR 40 40
Distoms - 7 TR = Valeanic giass 5 5 10
Spange spicubes - I TR ;| Glauconit 5 5 2
Lithic fragments 1 - 10 2 Carbonste unipee. 5 w0 2
H Foraminitars 1 TR 1
Cale, Narnofossils = 10 10
Diatoma - 2 1
Sparge iicules - 3 3
SITE 468 HOLE CORE 12  CORED INTERVAL 98.5-1080m Lithlc fragments
2 FOSSIL (opacue] 171w
§ ; CHARACTER
-4 b | E “
Er |S% ; o B GRAPHIC
H E3 g : 5| £ | umiotosy 1 ;. LITHOLOGIC DESCRIPTION
w [ 3 - = -
3 E z g g = H i SITE 468 HOLE CORE 14 CORED INTERVAL 117.56-127.0m
= z 3 2 FOSSIL
- z CHARACTER
w|E Fol oo ol » E]
zI= ile] =
3 &l NANNOFOSSILI?) SILTY CLAY and VITRIC ASH, E,, EMEEIE g GRapHIC o e PRt
] grayith olive (10 4/2), mixed and homogenized by 1 g 13 g E 5 LITHOLOGY
E =l drilling. 4 EN g
| =
H 2 SMEAR SLIDE SUMMARY 5
‘- cc10
3 ' TEXTURE: ul® SILTY SANDSTONE, olive gray (5Y 3/2), composed
i r : 3@ mnlnly of sand.sizs feidspar and opaque lithic fragmante,
Clay 10 as g Catchar anly.
COMPOSITION: ==|5q]. poas g
Faldspar 5
Valcanic glass L] H ;
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SITE 468 HOLE CORE 15 CORED INTERVAL 127.0-13865m SITE 468 HOLE CORE 17 CORED INTERVAL 146.0-1555m
g FOSSIL o FOSSIL
! § CHARACTER - 5 CHARACTER
FMEMAEE zl s 8 |zwlE[2]2 zle
Em |8 il= o1 % GRAPHIC |22 HE o GRAPHIC
HEEIEEE E| £ | umoloey A k. LITHOLOGIC DESCRIPTION 12|58 g z £l & | umoloey L LITHOLOGIC DESCRIFTION
HaHHHAREE £ 5F SSHHHAREE
e |5 HE ] 3 |8 HEE E =
[ z|e 5 = |8 <
B B8] |ec 1 I ) 8| [cm|re|FPl oo A 5
H SILTY SANDSTONE, dark gray (N3); fukdipar and opaque - =+ SAMDY CLAYSTONE, greenish black (SGY 2/1).
e | =] Hithiz fragerents most sbundant detritsl grains. Glsuconite ™ Yellawish gray (5Y 7/3) nannofossilrich mottle at
as snd detrital graims of spherulitic zeolite(?) common w 05 13cm.
H ANDESITE/DACITE clast recovernd with sandstone. ] A
£ 8 s 7 Core-Catcher only.
¥ = 1.0
g Core-Catcher only. E = SMEAR SLIDE SUMMARY
a = E ] ccé  Cccad
% SMEAR SLIDE SUMMARY o |= é - oM
; cca s |2 7] TEXTURE:
TEXTURE: § E Sandd E I
Sand n Silt w10
silt F g b= Clay & B
c 3 i B COMPOSITION:
COMPOSITION: Eu 21 7 Quartz 8 -
Quartz % giu - Falitspar 4 -
Feldipar 5 £8 = ey minarais 1 =
Valeanie gins 5 H - @ 10
Glaueonit 5 u 1 Glaucanite 1] -
Zuolite 3 B Carbonate umspec. 2 2
= b Cale. Nannofossils 2
== ] Dietems 1 10
:g . Spange spicules - ]
59 = Silicotiagelixtes 2 -
SITE 468  HOLE CORE 16 CORED INTERVAL 136.5-1460m ég 3 . Lithic fragments. 0 -
2 FOSSIL z .
s g CHARACTER E g =
g |5«|e]2Te z| 2 1
= -
zel2zlE H F Snanac LITHOLOGIC DESCAIPTION = ]
[ 28| H 5 LITHOLOGY 2 s g
£ e = H = ]
.g_ E (3] % g g & = z &l .
-] § HEE E i
= z|lx|O -
Clast of medium gray (N5} porphyritic ANDESITE/DACITE,
Caee-Catcher only,
=
T THIN SECTION DESCRIPTION
8 Phencoryts:
wlag. #%  euhedral—subhedral
‘E clinopyx. 1% euhadral—subhedral
2 orthopyx. TR euhedral—subhedral
Grosndmass:
plng. 40% acicular, prisms
glan A7% altered mesostais
opaque x
Vasicles: 0%
Alterstion:
clavs TR (in vesicles)
zoolite TR
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SITE 468 HOLE CORE 18 CORED INTERVAL 155,5-165.0 m SITE 468 HOLE CORE 19 CORED INTERVAL 165.0-1745m
] SSIL -I_ -] FOSSIL
- § CHARACTER “ g CHARACTER
MAE Zl e 8 |zule]z HE
§,'—‘ HAHE § 2l | [Suamic LITHOLOGIC DESCRIPTION e= 2208 i gl e | Chamic & LITHOLOGIE DESCRIPTION
A EHEE I & | umower o M HHE AR oeY! g @
L7187 5 2| 2|3 [#] 2 EFE €715 5|2|8] |®) % £ TE
LRl +EH F 8 1551513 F+H
R HEIENE 3 2 |5 = |8 3
i cmipplem] |ed T 0] | <y
DIATOM-NANNOFOSSIL SILTY CLAYSTONE, - . e, DIATOM-NANNOFOSSIL SILTY CLAY, gravish ollve
Ty dark grayish olive (10 3/2), with patches of glauconitic £ . 110 472, becaning sandy near baso of core,
P and foraminifers sand. Indistinct burrows top Section 4 £z 05
= 1 AL Fillel with siley sand. Thin Layer af VOLCANIC LAPILLI ™ ‘9 1 — Core-Catcher only.
=] i 1 TUFF Section 1. Lergest lapilll 1 cm across. Scattered F s ]
e ]_o:y sponge fragments threughout core. Sedimant besoming o l.ﬂ:
:! ] lithifsed, 3 =
E B 5157 -
] ERVIE CARBON AND E wolgd =
2 n Y 1100 2 |z H B 3
£ S % Organic Carbon 183 o |1z g .
§ -+ 1 % CaCOy " ERERIE ]
i g 8 = ]
Tr | SMEAR SLIDE SUMMARY ] 7
é 2 s [ 140 28 230 2 2 =
ot o) (D) 7
o e TEXTURE: -]
o) - Sand - B0 2% ]
7] Sl St m ;0 B :
o by Clay 80 - 40 -1 -
= IV COMPOSITION:
!j o Tt Otz B 25 10
alE|= 4 | Feldipar - w0 s
ol E|Elag — T : Heavy minerals - = 1
= g s :“-4_ | Clay n - » SITE 468 HOLE CORE 20 CORED INTERVAL 174.5-184.0m
] 3l ] : Valeanic gt - W - m
g = |, Glaucanite B 4 - H cu:gif:"r':n
> a Cartonate urapec. — — 5§ z |3
-+ : Foeuminifars 5 5 2 M EMAE 5| 2
S =] ol =
b ol 1 | Calc. Nannofossils 26 30 30 1 E 5 E|E L:‘T“H?}T‘l;g!’ LiHaLoGE DECCRIFTION
— 1
o . Diatamy. M TR & w3 |zN 8 g g al 2 -]
3 | Ry | Radiolarians 3 - - £ |3 |3 8|k
B Spongs pricules 5 31 2 g |3 :3
Y Lithic fragments - 1 2 -
+ i [ _| |e|relre| [cc
s £l l w | 2 DIATOMACEQUS SILTY CLAYSTONE, olive black
i o i ¥ ﬁ =g {BY 2/11, graded silty layars ~6 mm thick near has
[y =] £ | of core.
| 8 |33
= |E
Il k& y ii E
z Lt =
i
5 r |
R srtbiionly I
RPICM|  fee[—— <=l
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HOLE CORE 21  CORED INTERVAL 184.0-1935m SITE 468 HOLE CORE 23 CORED INTERVAL 2030-2125m
A FOSSIL g FossiL
; CHARACTER » g GHARACTER
'MAE zlaz - EMAE B
EHE ] 2 2l g P T o LITHOLOGIC DESCRIPTION Ge 2zl E 5l E LmioLogY ko LEROLOGIC DEFmETION
|z <% el w “ SN2
N HEFHBEE 3 g 271 |2 3 5 42 E F
e |2 |5 = EH F 8 |3 5% e
s |8 Z|a 3 a s |2|3|32]a 3
8 =K DIATOMACOEUS CLAYEY SANDSTONE, olive black 8 8 |re|ae 1 | Drilling beeccia composed of lithic fragments and
e {5Y 2/1), with abundant valcanic lithic fragments. w s sand iz quarts and feldsgar. Lithic tragments are
| { Laminated DOLOMITIC SILTY CLAYSTONE (31-42 5 mostly volcanic — up to B mm acrosi,
_I | + e, Section 1] containg angular quarts and Teidspar § a8
g | = geains, dolomite thombs, and foraminifera molds filled 3 ==
g H with chaicadany and opal-CTI7) W Ty
[=] sﬁ
H E B |RP|CP | CARBON AND TE ; 52
H i 178 = |25
§ % Organic Carbon~ — 2 ;;
w % CaC03 2 g gg
" SMEAR SLIDE SUMMARY 3 |83
<4 134 188
= M ()
ﬂ TEXTURE:
a Sand 0 s
2 S o 20
Clay & 0
COMPOSITION: _§_!TE 488  HOLE CORE 24 COREDINTERVAL 2125-2220m
Quartz B ] FOSSIL
g Faidspar 7 5 - ; CHARACTER
§ Mica TR - = FAT1E ; HE "
B Heavy mineraly 2 - s |22z 5l2 2l & GRAPHIC F LITHOLOGIE DESCAIPTION
u = 1z |ES|E E 5| E | umvooey g
z bad w3292 2] 3 2|y Bezp 2
2 Glauconite 3 a £ E H g g wl| ® B =
Pyritn 2 - = g = & Glo §
g Carbonate unspec, - 1 =) § 3 Z|a 6 &= &
Diatoms - 12 e | s |rpl —— voID
Spangs spicules - 8 - CC| | Drilling besceia composed of fragments of olive gray
Lithic fragenants -] 15 i o I5Y 3/2} SILTY CLAYSTONE and some SANDSTONE.
Dalomite % = = = Piaces 055 &m acros.
Chalcodony/ g §
Opal-CT{) 1 - S13 Core-Catcher anly,
414
2|8
SITE 468  HOLE CORE 22 CORED INTERVAL 1935-203.0m | =
g FOSSIL g1le
§ & CHARACTER g 5
@ -] 9|2 z g
oW =]
‘f'g HEEE HER G LITHOLOGIC DESCRIETION 5|8
g2 12V 5|8 5]8] (%)% 2Ek o
H HEE =
z H =
RHEEHE FEH
B|B|B e I
—1— Fragments of DOLOMITIC SILTY CLAYSTONE
051 fallowd by several pieces of vesicular PYROXENE
3 ANDESITE.
L} -
ki Care-Catches only.
1.0
7 THIN SECTION DESCRIPTION [Pyroxens Andesitel
- Glomeraparphyritic texture
. Phenocrysta:
- plag. A% suhedral —subbedral
. chropys. 2%  euhedral —subhedral
- orthopyx. 1% euhedrsl—sabhedral
- Groundmass!
2 T pleg. 0% pritmatic
4 clinopyx. TR euhedral
3 fless 28%
E opsque  20% anhedral
= Vesicles; 15%
1 Alreration:
zeolites TR
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SITE 468  HOLE CORE 26 CORED INTERVAL 222.0-2316m

2 FOSSIL
- § CHARACTER
2 ul s zl @
= 0% 2§ = GRAPHIC
'§ :§ E E : £ g LITHOLOGY L & LITHOLOGIC DESCRIFTION
wS|ENIEI 2 8w
AR HHHARE 2 EF
R EHEE FiH
& |a]z|e]d =] i}
BIBIB ool T B}
= Drilling beaccia of olive gray (Y 3/2) SILTY CLAYSTONE
1 and three pieces of vesicular, sphanitic ANDESITE.
0.5
1 . Core-Catcher anly,
|-0—_- THIN SECTION DESCRIPTION [Andesite]
- Hyalopilitic texture
7 Groundmass:
= plag. % 0,103 mm laths
1 clinopyx. TR
] plase 82%  devitrified
= opaque  <1%
- Vesicles: %
= Alteration:
2 . clays ™
SITE 468 HOLE CORE 26  CORED INTERVAL 231.5-241.0m
o
8 lzulz[2 I
I ER f el GRAPHIC
'3 :ﬁ < g H 5 E LITHOLOGY . LITHOLOGIC DESCRIPTION
A HEHHBEE ++H
B RHEHEHE s
= elZ|xj|a E -
s~
7 Two small pieces of aphanitic, wesicular ANDESITE.
05
o Core-Catcher anly.
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468  HOLE A core__1 CORED INTERVAL _0.0-7.0m SITE 468  HOLE A CORE 2  CORED INTERVAL 7.0-16.5m
8 FOSSIL 2 FOSSIL
% ; CHARACTER - g CHARACTER
g |zul2]z]2 z| g |2 5 z| w
o 2| 5 o| = wl|E| 2
TEIEE|L E Bl (oA F LITHOLOGIC DESCRIPTION B g E 2| & SRAFHS: LITHOLOGIC DESCRIPTION
an H z 5 & LITHOLOGY
w3 |gNIE 2 g & g ] wS|EN|z| 2]« B 2 -
S HHHE : S HHHARHE
R HHHE i R HHEHE % £
= = w = |z a
— = R
£ B o, o o o] I e *
: E -;i:._-|:|_-+~ o] FORAMINIFERA-NANNOFOSSIL OOZE, light ofive gray :"“‘__,._"4:,_‘*’:
0-5:"_ e —— {5Y 5/2) with pale olive gray (10% 8/2) and grayith olive o,;—_:'_l_‘_l_.: :gm;m:m«::on‘nﬁ_r:m::,m oli
E -'.|__'_+_"_|,_. (10Y 472 mottles, Scattered patches of grayish alive AG _:l-!—4— = oY s bl M = "”d_“_"'::"" ;
i 1 Jut=— (107 4/2) FORAMINIFERA SANDY SILT {e.g. smesr 1 A ——t= tresks. lntense drilliog deformation,
5 B e e, Lad slide 1124} contain glauconite. Small carbanired wood :—‘—i—l—l— oY 62 A i
10 I—|_l_|_| {ragmants scattered throughout core, Intense drilling z 1.0~ '—*--‘--I—I— P
g e ™| = e i i e e i %OmuicCabon 140
B o ) e, b e
] = i o ey o 10Y 472 SMEAR SLIDE SUMMARY g — —— —+ % Ca00; s7
< B 112¢ 538 —Ir-+~1—'_'":+-' A
2§ 'tl- M ) o S S 107 4/2 SMEAR SLIDE ! RY
H R e Simdy i e e 12 173
Tt pateh TEXTURE: e -
H AGH e e o Sand 6 15 & IAM Tt TEXTURE:
§ 2| FEEEEE sint 2 1w e e
¢ B S o Clay EI ] B e e 5. 10
3 y e g St e e it 5 1
B b e COMPOSITH A= == = P
3 _:.__|__|_++ gmz 13 : _+|+I_’; COMPOSITION
i e o o 4 = E
= T 10¥ 872 mottle Fu 1 m i et ' Guarte 1 T
= § W i e Meavy minerals 2 - 7 —== Falidspar ™ TR
= B = —t= = M R
< B o o, sl g Clay 5 4 e | o e =Y TR T
H B Glauconi 5 TR & I o, 107 82 Haary minerats - TR
% —+_+.."|—_'_+ Pyrite - ™" N o o |_|_I_|_I_ Clay 706
- B e e Forami o AG) e e Glauconite 3 TR
% 2 B o e oraminifers 7 = = === ——, .
g las 3| e Calc, Nannafossils 18 71 & 4 _+++++_ Pyrite - TR
Sl E i o gy Diatams 2 TR £ = =] Foraminifers 48 18
" o o,y Radiolariam 2 1 o A By o ey s Cale. ' 73
H e - Wi 5 s e, e e Distoms TR TR
3 8 e, Silicoftageilutes TR TR B e Radiolsrians 2 2
a = = Dolomi [~ = —] Sponge spicubes T 2
——— e w = ===, - s
[ 7 e e sY 52 2 Pl oo o' ] SilicofIagellates = 5
§ 2 e i, = oyt el
s 7 4:‘_ —— 10V 472 5 [
AG B2 v o, e, B |_|_|_|_'-
‘_‘E" :-_|_ } b AM = I"—l“ —H]
2¢ ' [ A o 4l /= o e
i b = —— 5Y 52 = == =]
i8 e —=h
£ == ] |
-gE T ) i —
= e b £ T oy e, o
i - iy oy i o e, og|
a2 o= = i o e, e m
S B s e o o s .
g Ayt o —
i gt o e, e,
i e ey o i
[3 —— . + =+ —+,1
L o _
AG i e | [ B
Lo e T I s = 5 e
& ——= =
z AM| e sl
= e +
halam 8 [mv|  [od T,
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SITE 468 HOLE A  CORE 3  CORED INTERVAL 16.5-26.0m SITE 468 HOLE A  CcORE 4  COREDINTERVAL 28.0-355m
FOSSIL 2 FOSSIL
= CHARACTER § ; CHARACTER
8 2|38 Z18 M ABRE z| w»
2 2 GRAPHI Y EFIHEIE ol & GRAPHIC
: g § g g g E § EITHOLOGY & ” LITHOLOGIC DESCRIPTION '§ E§ £ i H R LITHOLOGY b < LITHOLOGIC DESCRIPTION
H HEEHBE e & g212™15 8| 3[E| || 2 E
H § = - 18 |£|%|5]|5 E g
HEHE Tt R HEHEH T
Z R e S =
F ===t FORAMINIFERA-NANNOFOSSIL OOZE, pude alive B g e e g [ FORAMINIFERA-NANNOFOSSIL OOZE, light ol
E it _:5.___'_'_._ —t (10 6/2) to light olive brown (5Y 5/4), lightor colors a:':_:—l—l—l—_ o 110 S/4) and light clive brown (5Y 5/4) 1o vlll:u:l.l
5 L = pu G ik v i w1 nannolomil-rich, Oozs mixed (by drilling) with dark R B aray {6 7/2) andd ks alive (10 6/2); lightar colors
e ray (N3] GLAUCONITIC SILTY SAND, espacislly il poi b sarte fossil-rich, Several rones of medium olive
1| == ==t and : Ll I = e, i e
=, —— = 10V 8/2 Sections 3, 4, and 5. Base of core contains sbundant i :-I—i—l—l—l— grny (6Y 4/2) and alive black (Y 2/1) GLAUCONITIC
a |_D_|,_.|—|—|—|j' ooEun & sand-size 5 o= SANDY CLAY. Contacts with coze tharoughly mixed
—._+++_|:|' wrains. Few beown phosphatic pellets occur with 8 AM +H _Q-—J -{-—-I.- oy dritling. Pabe greenish yellow (10Y 8/2) NANNOFQSSIL
B e s auconita in sandy intervals, Glaconitic sandy =] i o e ey e OOZE Saction 4, 142150 cm.
B oy wediment probably layers disturbed and mixed by z J
et T HE F2oCocE R iR
i et b el d z|2 J=t= == =+ s
= = = g |Z e | ™)
== === SMEAR SLIDE SUMMARY = am| b gt g, TEXTURE:
e 310 33 3% £l 3 ] __*T_’.:ij_.q_ = Patible Sand b
w 2 :E,:i—_,_—_::_F | (M) w I o o silt 20
w B i TEXTURE: & o e e Clay 50
i b | i i Sand 16 15 50 o -+ === COMPOSITION:
3|z 1 Fomg o oo 1 siit w1 ; 2 Thooeod Quartz 15
J E J==== Clay wO® W - =+ _+:|—_|_:|: Feldspar 1
e s COMPOSITION: 7
=1 s == " 4 (e " ; - w _-_—_*— == Heavy minetals sn‘;
! e e e Chumetr & o o e Cay
p=i =i o o] Loroe burrows Feldipar TR TR S o =/t ey Volcanic glas 2
2 Fo et s, detormed by Mics L - 4= === BY 54 Glauconite %
M ey I i b Cay 3 5 5 g ol Carbonete unspec. 5
.| = Volcanic gless - - T o Y [ = e e Foraminiters 2
o Glauconite TH 1 ] il i s, Cale, Nannofessils 2
E _—"_l_'_ Sandy, glauconite Pyrite - 1 2 § s = _'_|_|..< Diatoms 1
5 G —— Carbanate untpee. & 66 & 5 o "‘—l""—‘ = Radiolarians 2
i 3 4= o| BYEM Forarninifers 20 B W0 r = —— 1 Spange spicules 5
g . Cale. Nannofessile 70— 15 § # '—‘—;——ﬁ:t 107 62 Phas, pellets(7)} ™
b Diatoers ™ - TR # ]
£ a Sponge wpicules 2 1 2 L = == = —
= ] 107 872 Lithic fragments - - s § e i e e
¥ . Phos. pelist - 1 3 + == =
*| = wl 3 et
- = z i I R St | 107 812
£ 4 = T § é 4 Tt Shasp calor changs
‘E = ke = ‘E I
-1 T W [ 4
3] EYdn
§ 3 [ | e 3 | Shop ol charge
" 3
! 5] 7 Sandy with By 4n
S [Alam| B| B CCj B dnnﬂmr t %
glaucanite E
e
22 5Y 2
il
ég M| AM FP (FP
‘i !
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142

%=
3¢
§8¢
§is
st
3 $13
§ i:3
g H
{ | BH
) 3433
&
:
IA.— u-_‘;-cc_”
— 404924 24440
8 mm M:&ﬂ%rAngwumwuLmﬂ¢
S5 (4444 44a4 444
B
m NOILD3S = - = ~
i :
lm. w SUSSOAONNYH M M
SHIANINY HOL e )
m .o_:%._mu-_..mﬂ_:nu_n _z.iaﬁpuﬁﬁquu_ﬂs%n.wﬁk___.‘mﬁz
£
mwmwm . 85 w2 EEZE =, nB-EE
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g 3 %
I e e A U oL
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SITE 468 HOLE B CORE 3 CORED INTERVAL 355-450m SITE 468 HOLE B CORE 4 CORED INTERVAL 45.0-545m
FOSSIL = FOSSIL
i CHARACTER - g CHARACTER
3 gldl s z 3 le, (eln z| a
s H sl g E g g Lﬁ_’?‘g&:gv LITHOLOGIC DESCRIPTION TE §§ g § § 2 g Lﬁ:mgv LITHOLOGIC DESCRIPTION
Bz 3 H B ol & "
w3 % a2 i3 2 wd |& gl= s ol ¥ 2 [}
£ HE § ] IR |3|8|2 (8] [* EFH
- § - o 3 o = E
H H 3 ; = |2 ; Z|a B F
¥ A4 . -
o :
o g . . .
AM + "‘i*'i"‘ 1 zl\::::i:::‘:ot:?; gcoszi:nvw‘;ﬂ':hm:nl & 5 E CLAYEY NANNDFOSSIL OOZE, pale ofive (107 8/2)
I e :
H i = Flgyppel base Section 4 10 Section 5. Greenish black (5GY 3/1) 301 | o] tolight oiha IOV S diaces T resti tack 10 211)
z . ® ] NANNOFOSSIL CLAY. Drilling disturbance obscures
= 1 = Mllged B 1 GLAUCONITIC SANDY CLAY streaks, patches and 3 ] - tuct, Nermolcesll cley lsghsucintht
E :f_J_—LJ_J—J_ zones scattered troughoul but most sbundant base g3 8 eon £ L -
L1 o o ™ Wil B Section 4 and Section 6, Sharp color changes mark contacts w = 1.0
S el Bl B batween nannofossil-rich and glauconitic sediments i E ] SMEAR SLIDE m‘“zvz -
i o7 Pl Sgpd & Section B, Interwa drilling disturbance. 88 . o o)
‘__--'-—t-‘-t* oA P A i - j:’ TEXTURE:
Fol Rany w i B Sandt ==
ol el T 140 = |¥s 5
e Y 82 % Organic Cwbon ~ — 2 |8] 1 siit 7 ™
i % Cal0y B i CM| = u;;mmuu- e
Mgl 3 E :
- 2 ] SMEAR SLIDE SUMMARY 2| o Quartz ™ o8
= Pl a1 150 4130 ] . Fridipa - 2
8 e © 1o} & A R = Mics W=
g b J_J_ _L.J' TEXTURE: s = gwmu L]
& -, Sard 47 Suamceie - 1
] T St 7 2% u.:::nm e =
E J‘J..J-.I-J' ca.:vumsmnu- 2o Faraminifors LI
ﬁ “_I.é"_LJ' Quanz 6 3 ﬁ_k.mnnnmm 8 14
: = e S
« TSl Bl 3 Mica ™ TR ' =
o | 8 2 -y ] Heary minarals TR TR Soonge sicyles : 7
w 1 il Vel iy Silicoflagallates - =
=R Mgt il svir Clay 6 18
| z s Gaucenite 11
=] g £ e Nl Carbanate urpec. B 15
3 5 R e s Foraminifers 4 TR
; I s M Rl Calc. Nannofossils 80 40 SITE 468 CORE 6 CORED INTERVAL 54.5-64.0m
e % 'L_L’J‘J_. Distoms. - 18 [
7 £ r_._ P Spange spicules - 3 g
E J-é""t Silicoflagellates 1 TR § z [ zla
4 -‘L-L'I‘J_ TE IE-§ £ E I"‘.' Lo LITHOLOGIC DESCAIPTION
i ] ‘LtJ- N svsn § § é s 2| 2 3 i
H = E
= L, L = =
g5 Wl 8 o é 3 5
§ o P P L7 " s |8 4 3
= g 3
i £ garen 5 B Traces of DIATOM-MANNOFOSSIL ODZE in
g BY 52 '! uj: Core-Catchar,
il 5 Sharp color change i lze 1| 1
- e { :
- arp color ch; k1l
" RM - ] i 2 §§ 1.0
= =] i 8 -1
g| s ramlenfad  [ec] R Y + = Discosster kugler subzona (N) LS E
5
= |0 7
Y |2 i ig .
HH = E
12} :
i : | 3
i §3 3
3 dad =
o & a
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SITE 468  HOLE B CORE 9  CORED INTERVAL 925-1020m SITE 468  HOLE B CORE 10 CORED INTERVAL 102.5-111.5m
g2 FOSSIL 7] FOSSIL
i § CHARACTER ™ g CHARACTER
EMEIEIE Z|l & R EMAEE z|l e
§': B — 2 SRAPIC LITHOLOGIE DESCRIPTION e 95 = E 2l & GRAPHIC LITHOLOGIC DESCRIFTION
HEIE H 5| E | uthoiogy 3 HEE g : Gl & [ vmotosy |
w z z
£ 1E"13|2(3(3] || ® FEH A HHE EEEr g
F 18 |E)2|8)% EESH 2 i ERHEHEE E i
s |£|z|<|B o o | v - = |5 3
= e =
py = L e e _
—:‘J_‘J.-‘-I..- DIATOM-NANNOFOSSIL DOZE, paie olive (10Y 8/2) _..;."".l_ _LJD DIATOM-NANNOFOSSIL OOZE, pale olive to light
it 4,4 . to gravish olive (10 4/21, internss mottiing in Section 494+, "o grayish oiive (10Y B/4] with two ANDESITE fragments
&3 °~"i:‘-‘.|_:.,|..:. e 2 dus 10 drilling disturbance. Darks colored sadiments - AM M’iz_—l—_,_d- “Ho P in Sectian 1. Intense drilling duformatian.
I - i ; 3 ] il HggySt 1 it AND TE
E 1 VJ__L-J_J- maors distom-sich, Scatered stresks of GLAUCONITIC a8 1 '_'h' = Sy Jo clim o
] o e m*nq*mmmuw:m, w|EY ™ 'I"._J_'l__l_J i
§ |-°__-u'_|_"-_|_"-_ Intanse driliing deformation. E 3 I'D__V“-‘-_L-‘—_l__-‘ o e . %
-1 3] I
- J_.‘“_L‘_t_ SMEAR SLIDE SUMMARY 51 E T 0 % CaCOy 59
2 o i e 140 274 = |ig = X T SO Anidesite
2 e © (D) w S el B clast SMEAR 5LIDE SUMMARY
I] Tl TEXTURE: = :\f-.I_I__-t_J_j ‘2;5
Fle, o |9 - +*
2 5 et el Mottied S 3.8 = |# i TEXTURE:
ICM; = e Ty 107 62 Sy % 25 = i 2 e R i o} é
+ T and Clay ™ 70 o | i Bl Nl .
w |E8| 1 M oy et T *l tovan COMPOSITION: dE i T Silt 25
z [ o T i 2 £ e ce| o gr;\v.dr-os TION: L
Wles BN Faldspar 12 iﬂ.. MFM g 1T - ITION: ,
o |8 o o - Mica TR TR g
A % ot - Heawy minaraly ™ TR HE Feldspar ™
w e 2 Poiter it Clay TN ;| Mica TR
a (8 i "::J_‘I—_l_J'—_I Glawconite i 3 El= “Cllw = ?
=] A i iy A < sucon
s |Es i e e £ HE Pyite 2
=3 o P S Yy Carbonate unspec. & L] T
G- = LT Faraminifers § & 3 3 ?rw unspoe. :
é T s Calc. Nannofousils 45 49 [ oraminilers
S Dintorm 2 10 % Cale, Nannofossili 66
o gl gt 10v 82 1 o .
g 3 7 g By :""‘;S.“"" .f.: : Sponge spicules 8
b =
Fofpedeike et e e H Biant dsbre ™
i O R, thic fragmants 5 "
E -+ il By 'L_I_ - & Dalomite(?) 5
= o
 ¥oe
[ o S Sl W
4 _L-‘-.A__I_.
E BV T SITE 468 HOLE B CORE 11 COREDINTERVAL 121.0-1305m
3 4 I F]
ol s g FOSSIL
§ I e ] - ; CHARACTER
-t 4 P S
4 s i Moyl eyl R EMAE 2 gl
o 1 Sl R o g2 |og] & =) GRAPHIC
et sz |EE|= E FlE LITHOLOGIC DESCRIPTION
AM - L= JE § ; i ! Gl E LITHOLOGY ; "
A Tl
M HEIRAE 3
N’IOP B ¥ el Sual
8 a DIATOM-NANNOFOSSIL DOZE, light grayish olive
) 05 oY s/,
E 1 = Core Catcher anly.
2 ]
-
CHE ‘”3
|1 ]
s |83 .
i :
= ]
§ [ 2|
B -
gl =
i 3
E E -
8 -
g ]
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468 HOLE B CORE 12 CORED INTERVAL 140.0-1485m SITE 468 HOLE B CORE 13 CORED INTERVAL 158.0-1685m
E] FOSSIL g FOSSIL
z CHARACTER & ; CHARACTER
3
e fel=le o 8 lzul2 1 z| =
§§ i g E E E Lﬁ.ﬁ"a’r&g\, R LITHOLOGIC DESCRIFTION ‘f’g‘ gg %‘ g g E L?Fimgv " LITHOLOGIC DESCRIPTION
NiZlc| = - - -
S HE R E=FE o125 8(2)8) |#| 2 e g o
T HEHEHE = ; N HE Do §
s |2]z|3 |5 5 s (2|22 |5 FE
" H =
I . b ar )
3= CALCAREOUS SILTY CLAY, geay (5 3/2) 10 o CALCAREOUS SANDY CLAYSTONE, moderate olive
H— 5 maderate olive burwn I6Y 4/4), with comman = "_'__' Beown (5 4/4] and olive gray [5Y 3/2] to dark olive
o5 1—+-f . nil and | Burtows B o5 brown [5Y 3/4), common indistinct burrows throughout.
a 1 —':v:|_ in Sectian 3, Interval of semidithified CALCAREOUS B 1 -"__. Sadfiment bacoming lithifisd,
i T=—3 SANDY CLAYSTONE, modarate olive brown (5 4/d), 2 :-I_—‘
pls 1o Sectind 1; Much oF owbanats isiosoitied soptars 10 b 3 10+ sYaia ORGANIC CARBON AND CARBONATE
z E o 4 tragments of teoken foram tests. E = s 504
5= § I % Organic Carbon 125
E . . W;:;ﬂ . { % CaCOy ]
& :'_.4:‘_ + % Organic Carbon~ — :*‘_—‘
w 1= % CaCOy 48 4 -+ r
g = “T—+
z AM| = z I
] B Yo SMEAR SLIDE SUMMARY o Lt
2 2| == 14 110 125 143 166 1120 4 2 :4_—'
= J== M) M) () (D) D) (D) < I=
o | = TEXTURE: £ :_'—_0
=] 7 Sand 12 20 %5 &5 5 2 I
a 3= silt % 15 0 0 W 20 = Ly
= 3= Clay 7% 60 €0 85 5 75 kS “E
J= COMPOSITION: ]
& Y32
2 :"_’.':" [ Quartz s 3 6 W 5 2 w g :ﬂ
i e Fee HN g
3 —_!:|:+— - l Heavy mmeeals y HEE e g Z| |AM] __ﬂ
3= Clay M 40 W % 40 B 5 =
i 4’:|_:||-_ G l 4 Vabcanic glass S i e P 3 'g’ k] _:
- = s Glaucanite 5 2 3 B 3 12 =N T +
€| &|eohmire | [oc] i Pyrite = e o B e g = T
B Carbonate umspec. 20 26 30 20 3% 20 H :"'—_t
= Foraminifers W s - 7 5 2 4 0G|
£ Cale. Nannofossily 20 15 20 W0 3/ W0 Ly 1
E— Distoms 0 10w 2 10 W 5
Radiolarians - TR 2 = TR 2 <=
‘Sponge spicules & 10 8B 3 - & e
g Silicottageliutes - - - - 2 - = 6Y 34
2 Dolomita(?) = = = N W= 4| E
= i e |
ary
3
4
i
E} :':_l
g 5|
3
=
Fm|RP(cP| [cc| i
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SITE 468 HOLE B CORE__14  CORED INTERVAL 178.0-1875m SITE 468  HOLE B CORE 16 CORED INTERVAL 206.5-2160m
2 FOSSIL g FOSSIL
g CHARACTER z CHARACTER
MAOE 2 z| e AADAE gl &
HAEHHE e QARG LITHOLOGIC DESCRIPTION se |22 HE g g BRKHEE LITHOLOGIC DESCRIFTION
= EEH H G| & | vmology 12 |58 z LTHOLOGY |
g3 1= 1518|318 |4 % EdEr g 2% §2]3] 8] % Eopg
E |5 : H E g F |8 HEIH = f
MHHHE 3 AHHHE TEH
. ] [T VoD
] + TOMACEOUS SILTY CLAYSTONE, oli
8 3 11 CALCAREOUS SILTY CLAYSTONE, alive gray 5 :55’: i ILTY , olive gray.
x| 0.5 I . (BY 272} changing to DIATOMACEOUS SILTY - - 1 .
& 1 CLAYSTONE, olive black [5Y 2/2) down sare. i .
3 L] - Inelstingtly burrowsd throughout, Abundant g3 21 |s |ar|ce No Core-Catcher,
1 | open vertical fraciures {drilling induced?) in s |3 - e
10 Sections 1, 3, and 4. Ie 128
= h =N .
E 1 | CARBON AND E § :g:z;u: Carbon =
- 238 H 3
B % Drganic Carbon~ —
7 | % Cal0y £l
T 7 +
C FP =] SMEAR SLIDE SUMMARY
p 3 150 2925
S 2 3 | o) (D) SITE 468 HOLE B CORE 17 CORED INTERVAL 216.0-2265m
e =) TEXTURE: m ey
< E 3 | Sy = I £ CHARACTER
z - = . silt FO ] § 5 1573 <la
3] R Clay B 75 £ |ow | o| = GRAPHIC
=1 % = | COMPOSITION: TE|EE| 2 2 2 £l UTHOLDGY LITHOLOGIC DESCRIPTION
Z | |9 - Quartr 5 16 w3 |EN|Z| & 3 s al g 3 - |
|52 T+ Falupar 2 2 z E g g B ;
8 |&r B M ™ - & |2 HE E 2
= 5 B Ciay 5 4 -
Valeanie gl - 2
5 ¥ 7 sm:.ﬁ.'.'" 3 3 SILTY CLAYSTONE, olive black (5Y 2/2), with scattared
2 4 Pyrite 3 - pumice fragments {0.3~1 cm acros} in Sections 2, 3,
= o — Carbonate umspec. 10 4 and 4. Larga pumice fragenant a1 82 cm, Saction 3. Thin
= o P Foraminifers 5 - lavers of ASH, Section 4, Open drilling fractures throughout,
2 __-v;’- Cale.. Nanmatossils w1
2 F< Dristoms 8 20 SMEAR SLIDE SUMMARY
i o Paiotarns - 5 370
I Sponge picules 7 s 3 (D)
AM) - Plant dabris 2 - n ::'IURE-.
| 32 3 -
Q =+ = i Sitt 45
Y Clay 5
o 3 COMPOSITION:
i il E Ouartz 7
i & Faldsrar 3
Fmlaplan  ferl——pmd | e 3
wo Clay 55
SITE 468 HOLE B CORE 15  CORED INTERVAL  187.0-206.5 E iE Volcanic glas 5
L Q1w Glauconite 2
2 FOSSIL 2 B Pyrite 3
= ; il L Z | Pumice Carborte unipte, 3
g |=.lele 2 E @ wile fragmants Distorns 5
e |2zl § = GRAPHIC LITHOLDGIC DESCRIPTION a % Seonge spicules [}
1 "E = g 5 LITHOLOGY o i
B e = ol e 2 E] s Piant dibiris 5
SaHHHEREE j s o
r E 4 Tragmen
M HEIHE 3 5 s
= T“"— —voiD T Pumica
B CALCAREQUS SILTY CLAYSTONE, olive gray (5Y 321, = fragments
] with sponge fragments scattered throughout, Drilling ~§
E ll.!-:: - Bracein Section 1, 50120 om. -
w . =
8 ! = SMEAR SLIDE SUMMARY §
= 1.0 160
o LA + b
a p TEXTURE:
a . Sand =
= ] St a0
2 o= Clay &
COMPOSITION:
= voID Quarts 5
CM|B CM CC| = Faldsper 3
Mica TR
i e L B |RP
Voleanic glis 1
s Glauconits 2
Pyrite 3
Carbonate unspee. 10
Foraminiters 5
Cale, Nannofouit 13
Diatarm 15
wpcuies 7
Plant debis 2
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SITE 468 HOLE B CORE 18 CORED INTERVAL 226.5-2350m SITE 468 HOLE B CORE 20 CORED INTERVAL 284.5-2640m
g FOSSIL o FOSSIL
o ; CHARACTER o § CHARACTER
8 |=.le]® z| @ g |=,lel=]s E|le
2 of = oW 2 -4 o
x 'g' glt ] 5 E| g o LITHOLOGIC DESCRIFTION SEIE HH g 3 Ele A ¥ LITHOLOGIC DESCRIPTION
S HHEHHBEHE EEEE 8 N HEHEREE 25122 4
CHRHEHEE g 5 £ HEIEIE £ §
= 2]z & o 2|z 2 El 3
—_ -1 e
= SILTY CLAYSTONE, dari olive gray (5 3721 with Sl = 589 || & =
Fd scattered patches and thin beyers of ash. . Fragments ol light ofie gray {5Y 5/2) to grayish alive
2 0.5 * 0.5 110 472} CALCAREOUS SILTY CLAYSTONE,
3 ORGANIC CARBON AND CARBONATE ] dark gray (N4] VOLCANICLASTIC SANDSTONE,
E i e 1] and dark gray (N3] vesicular DAGITE.
i -
= | 1.0 % Ovganic Carban - 1.0
g § % CaCOy 2 ] Core-Catchar anly.
g e THIN SECTION DESCRIPTION (Dackte, 15 cm)
w Porphyritic texture
EII = m Phenocryits:
a :E - plag, % 0,32 mm subhadrel
| 5 . Groundmass
% =] plag. 0%
3 2 2 -5 glass % devitrified
e -1 quarts ™
E g . opatus %
: 7 - Vesicles: 7% 0.2-5 mm qusrtzichalcadany
] 2 ] ittt
] 5 B Altaration:
L=M B |Fp| |cc g a s ™
§ 3 SMEAR SLIDE SUMMARY
g -7 110
SITE 468 HOLE B CORE 19 CORED INTERVAL 235.0-244.5 m X 7] [T, Caleareous Silty Claystone)
< FOSSIL T 3 3l 3 ;:runs: 20
§ 4 ':;‘“‘;':“" % — Silt i}
=, [2 @ 3 Clay i}
=L EE B|2 HIE o LITHOLOGIC DESCRIPTION - COMPOSITION:
u B HE z gle 2 = 3 Ouartz 15
g 'é g H E B Fuidepr 5
H 2|3 3 E e e hi
LI minarsis
slels| lec| 125 - Clay 20
= Fragments of dark gray (N3} porphyritic DACITE, 4 - Vislcani gl 2
o3 medtium dark gray {N4) zeolltic voleaniclastic ] Svaconie :
| SANDSTONE, and grayish oliva (10Y 472] SILTY = P Al 2
] CLAYSTONE. Dacire arud sanclstone described below, E Cubonkf nigias, 20
1 . Lithic fragments 5
1.0 Core-Catcher only.
- THIN SECTION DESCRIPTION (Dacite, 8 em)
- Parphyritic texture
- Phenocrysts:
= plag, 5% 0.3-2 mm rounded, resorhed
- Groundmass:
=) plag. 0%
E 2 N [ 48%  devitritied
N 1 degom: | T%
X - Vesicler: % 0.5-3 mm quartz and chalcedany-
5 = fillad
£ .
H 7] SMEAR SLIDE SUMMARY
] = (==
a 4 T, Sandstone)
= - TEXTURE:
5 i Sand n
= silt 0
: | 7 Clay 0
] COMPCSITION:
— Quartz i3
) Feldspar 15
J Cuy 10
= WVolcanic glass B
- Gilsucanite 2
E Zeality 10
- Carbanate unspec. &
== Lithic fragmants %
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SITE

HOLE

23 CORED

NTERVAL 273.0-2825m

umNIT
BIOSTRATIGRAPHIC
ZONE

TIME - ROCK

FOSSIL
CHARACTER

FORAMINIFERS

g

SECTION

METERS

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

. alata rore “b* o “c* (R]

0 | RADIOLARIANS

m | oiaToms

ORILLIRG
T
4 sAmPLES

.

o

-
pla el o v pobiabnlouaitiyig ||.l?l|i|'1.| L3

aalhaig

Fragments of medium dark gray (Nd), VOLCANICLASTIC
SANDSTONE, madium gray (NS} DACITE and

medium to dark gray (NE-N3] CALCAREOUS

BILTY CLAYSTONE. Sandstane is moderate well

sorted, composed of pumice fragmants, quarts, and
fetdsper. Claystona is Indistinetly butrowed.

Core-Catchar only,

THIN SECTION DESCRIFTION |Dacite, 4 em)
Porphyritic texture
Phenocrysts:
4% 0.3-2 mm subhedral
Groundmass:
plag. 50%
Ol 32%
QUaLE TR
opaque. 7%
Vesicles: ™
Alteration:
quartz-chaicedony 1l vericler.

dewitrifiod

SMEAR SLIDE SUMMARY

cc.28

M, Sandstonal
TEXTURE:
Sand
Sin

Clay

COMPOSITION:

Quartz

Fuldspar

Heavy minerais

Glaucanite

Lithic fragments
{pumics)

-8

8

24  CORED

NTERVAL

2825-2920m

SITE 468 HOLE B CORE 21  CORED INTERVAL 254.0-2636m
= FOSSIL
- T CHARACTER
< :
M EMEEE z| 2
3
S EHHEE & | | - pmATHC i LITHOLOGIC DESCAIPTION
= E g b LITHOLOGY
w3|anlzl 2] ! gle 2 s
2B |E[E|E)E| |7 5
i MEEHHE T
& | =) S S 5
N CALCAREOUS SILTY CLAYSTOME, dark gray (N3],
05— with severs! laminated intervals. Dark gray (N3),
1 vesicular DACITE In tharp contact with claystone in
1 3 Section 1 (o evidencr of baking), Scattered sponge
B ‘l».:' fragments throughout,
+ SMEAR SLIDE SUMMARY
2 144 18
= (LU =]
a . TEXTURE:
w | o . Sand 0 w0
W . 1 it 60 30
g |z 3 Clay 0 @
3 2 COMPOSITION
w | & Quartz w w9
a § B =3 Feldspar B &
2 o Mica TH 8
= a Heavy minarals 2 TR
z 1 Clay L ]
o - Glauconita 1 B
:"' =1 Pyrite 2 -
B ] Zealite - 1
= 4 Carbonate umpec. 80 25
'! = Lithic fragmants 2 -
£ |g 3 |
9 g (B |FP| |oof The
SITE 468 HOLE B CORE 22 CORED INTERVAL 2635-273.0m
g FOSSIL
- 5 CHARACTER
g l=.[2l2 z| w
Y EH] 314 o & GRAPHIC
i ;&é E g H E § LITHOLOGY & LITHOLOGIC DESCRIPTION
s El
At :
g |2]=z]|= 5 ki
-
- =
£ S o CALCAREOUS SILTY CLAYSTONE, medium gray
- 1 == (NS) to dark gray (N3}, burrows comman. Lanticulas
B ~ Ibedding near base of core and dumpl?) folds and steeply
= == dipping layers 35660 cm,
% B| B| B
E No Core-Catcher,
s
3 CARBON AN E
3 125
% Organic Carbon -
% CaCly 8

uNIT

TIME — ROCK

ZONE
FORAMINIFERS

BIOSTRATIGR,

SECTION

METERS

GRAPHIC
LITHOLOGY

BRTCCTRT
SAMPLES

LITHOLOGIC DESCRIPTION

0. alara zonm “b" or “o” (R}

8

110

Liliigt IIII?IIII

CALCAREDUS SILTY CLAYSTONE, medium dark
wray [N3), burrowed with Taint lentheular bedding,
Scatmered sponge fragmants throughout. Care also
containg fragments of dark gray (N3, vesicutar
DACITE snd modium dark geay (N4) VOLCANI-
CLASTIC SANDSTONE. Sandstone composed of
pumice lanilli, subangular grains of guarts, feldsper,
and other valcanie lithic fragments.

Core-Catchar only,

CARBON AND
cc-22

% Ovganic Carbon.~~ —

% CaCOy 5
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468 25 CORED INTERVAL 292.0-301.5m SITE 468 HOLE B  cORE 268 CORED INTERVAL 301.5-311.0m
2 = FOSSIL
% ; o 5 CHARACTER
3 |zul z| o - EMABRE z| @
- EH H 9| & GRAPHIC e HE] 2| & GRAPHIC
] :E g 2 5 E LITHOLOGY LITHOLOGIC DESCRIFTION r § ,;g i g z 5 E LITHOLOGY LITHOLOGIC DESCRIPTION
A HEEHEEE g R HE R E 2EEH ¢
Z s g 3 5 § E 18 |z HEE ] 5
] & s |2|2|2|a &
4
. |
i CALCAREOUS SILTY CLAYSTONE, dusky brown * ZEOLITIC LAPILLI TUFF, madium gray to medium
225 15 R 2131, indistinct burrows and lanticulsr bedding I - dark gray (N4-NSJ, moderately sorted and cansisting
== throughout. Larger bisrows filled with voicaniclastic of sanchalze auart snil 1 Mdspes grain With sbuisdent
= sanditone, Scattered sponge Tragments throughout. Wil -
3 volcanic lithie fragments (pumical. Zeolite i fine
= Whadiun ik g (141 cosral- et VOLEANL 1 silt-size hath-shaped or prismatic clinoptilolite(7)
100 CLASTIC SANDSTONE in Section 1 and Core- : Medium dlsrk gray (N&) VOLEANICLASTIC
Sx Cateher cantaing abundant volcanic lithic fragments, o
Eae T A | SANDSTONE underlies tutl st 43 cm. Containg
5o P ham ligh groy bz = & | abundant yoleanic lithic fragmants. Indistinct
T PYROXENE ANDESITE near top Section 1. = ity AT
55 | | |e|efe TpEr | wtions at ~50 cn, sraken s
s THIN SECTION DESCRIPTION 5 Dieuly.
Sx=x [Pyrenens Andesite, 10 and 17 cm) X
= ®: £ SMEAR SLIDE SUMMARY
Eses Phanceryss: T
& g plag. 316% g o)
bl T tlinogyx, 2 5% = TEXTURE:
£ e . orihpys o % Sand t 80
5 e Pluonily o .
£ o | Clay &
e plag. to20% COMPOSITION:
E ESEs cliropyx.  10-15% Ouartz ]
= O opsque 2. 5% Feldspar 10
2 glon SIETR Glouconite 1
o . Sand-fliled Vesicles: 3 5% Zaciite 3
= el Lithic fragements
SMEAR SLIDE M;:; l {pumice} a2
D}
TExTuRe: g SITE 468  noLe B comE 27 CORED INTERVAL 311.0-3205m
3 : e
Clay o ® |3
(?uru di 7 §» 5‘5 HE ; 8| & GRAPHIC DESCRIPTION
Faldspar 5 = E H E| £ | utHouoay § = THENLOGN
Mica ™ £ HEE z al = g
iy - AHHHE EH
Clay 66 H ;
Glaucanite 2
Pyrite 3 )
LAPILLI TUFF BRECCIA, madium gray (MBI, consists
"""""“'"" hiiaad Tf o M. of large Tragrmnts of vesicular ancesite In Wwpltl tuf
Lihic fragmients = ++ eamposed of valcanic lithic (pumice] fragments and
1 — sand-size quarts and feldipar, Dusky yellow brown
5] (10¥R 2/2) CALCAREQUS SILTY CLAYSTONE
1.0 occurs below breccia at 30 cm, Sectian 1. Lenticular
=1 bedding and indistinct burmows at several intervals,
o Highty fractured Soma burrows fifled with sand.
try drilling
+ SMEAR SLIDE SUMMARY
144 1138
T (M, mh)
TEXTURE:
Sard 5 =
2 Siit % 0
Clay 0 90
'H' COMPOSITION
Ouarez 8 8
Faldspar 65 TR
H. Mica TR =
3 Hegwy minevals 14
Clay B =
WVoleanis glase - 40
(e
L L L Glauconits | T
Pyrita 2 -
Carbonate unspec. BE ~—
Lithic fragments 1 -




468  HOLE B CORE 28 CORED INTERVAL 320.5-330.0m SITE 468  noLE B core 30  CORED INTERVAL 339.5-340.0m
2 FOSSIL = FOSSIL
; CHARACTER L ; CHARACTER
M AE z| = FEMAE z
Eﬁ z 2 E ) LITHOLOGIC DESCRIFTION sE EE H i % g E e i LITHOLOGIC DESCRIPTION
ENHEIEIHBEIR FEE S HEFHEEE EgEd s
2 HEH £ L F B |3 g 3| = §
ERHEIEH 3 R HEEH 3
- Iy out
B 3 1 CALCAREOUS SILTY CLAYSTONE, dusky yellowith CALCAREOUS SILTY CLAYSTONE, olive gray
. brown (10YR 272), indistinctly burrownd throughout 15Y 3721, some intervals have ndistingt lenticular
054 with some intervals of lemticular bedding. Rock it 1|05 1 beckling, Cors broken and fractured by drilling,
1 essertinlly carbonate cemented silty daystone. .
+= in rhambic silt-size grai
10 : Foraminifera molds filled with carbonate and
:ﬁ ehaleadany. BlB o
_=:
] CARBON AND TE
e . 10
8|8|B| |Cg . % Qrganic Carbion H
%Cally [ SITE 468 HOLE B CORE 31  CORED INTERVAL 340.0-3585m
o FOSSIL
SMEAR SLIDE SUMMARY » ; CHARACTER
e oo 33«4!‘!5! z| 2
i o) b e EE HEE HE Rt LITHOLOGIC DESCRIPTION
Sand 5 5 g3 (E%(518)3 HEEE = g
i PR £ |8 |2 HH SEEd g
Clay 70 & FlHE] a 3 El
COMPOSITION 1 T = v
Cusrtz 5 10 -
Faldsper 3 5 = CALCAREOUS SILTY CLAYSTONE, olive gray (8Y 3721,
ey miiwral _ 1 -1 I Ingistinctly burrowed with faint lanticular bedding. Two
s il @ 05 fragmonts of vesiculer pyroxene andesite Section 1, 108—
Glaueonite 1 - 1 =] I q Wi,
Pyrite 2 2 ] THIN SECTION DESCRIPTION (Pyroxsne Andusite, 1.106}
SNy unigad, ?] 3? e I i Glomaraporphyritic texture
Chalcsdony . ¥ Phanocrysts:
-] plag 16%  0.2=1 mm euhedral
; I | clinopyx. 4% D21 mem subedeal
2 T orthpyx, 2% 0.2-1 mm eubedeal
| Groungmas:
% & - | plag. 22%  0.01-0.1 men accular microlites
B B chinopyx. 16%  0.01-0.1 me acicular microlites
468 yoe B cORE 2 CORED INTERVAL 330.0-339.5m | oty Biis il ek
S, FOSSIL opsques 5%
§ g CHARACTER Veldes: 5%
z.eT=Te z| =
au gl =
‘f‘g’ E.é ; § E HE uﬁ?dmv L LITHOLOGIC DESCRIFTION
HEHHHAREE 34
|5 HELH E !
= § HEE 3
s i
& Rt .
2 1 :{' CALCAREQUS SILTY CLAYSTONE, olive gray
é= 054 (5 3721, indistinet lenticulss bedeing and burrows
E} % theoughout. Core broken and fractured by drilfing,
J T voio
B|B = == *[. SMEAR SLIDE SUMMARY
15 130
(=]
TEXTURE:
Sand = 8
Silt 0 W
Clay 0 6
COMPOSITION:
Ouarte § 5
Faidspar 6 3
Clay e 65
Volcank: glass 2 1
Glaueonits RO
Pyrite 2 3
Zolie TR TR
Carbonate unspec. 20 2
Diatoms TR TR
Sponge wpicules TR 3
Plant debrs TR 5
Lithic fragmants - 4
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SITE 488 HOLE B CORE 32 CORED INTERVAL 35856-368.0m SITE 468 HOLE B CORE 34 COREDINTERVAL 377.5-387.0m
2 FOSSI o FOSSIL
P E CHARACTER ” g CHARACTER
g |5.elz2]e @ g 3. ETe 2 I
se EE HEF] E o L:]rig:ggv 4 LITHOLOGIC DESCRIPTION = EE = i 5 g g Pt 4 LITHOLOGIC DESCRIFTION
S|zn|z| g < 2l e B 2 wS|ENIZ| 23 il % 4
SN HHHHEE EaJ A HHHLIEE H
E g = =
A HEHE T EE I HHHE i
. .
B | CALCAREQUS SILTY CLAYSTONE, olive gray Intertdded dark gray (N3) 19 lkght brownish black
M:‘ I [BY 3/21, indistinet burrows common and intervals of o {5A 3/1) ANDESITIC BRECCIA, medium dark gray
- faint lenvicular bedding. Occasional thin sandy layers, 1N} LITHIC TUFF, ared ofive black (5 2/1}
1 3] " Care broken into drilling biscults. 1 . CALCAREDUS SILTY CLAYSTONE. Breccia i lapill
4 I wilf and somme claystone with clasts of endesite. Lithic
1.0 + CARBON AND TE 1 tutt composed mainly af pumice fragments. Claystone
= i 1102 gelele ) XA iy burrawed and has kenticular bodding, Most of core
8 = % Crganic Carbon = broken inte delllig biscuits/breccia.
N % CaCly g
ol [ o No Care-Catoher.
BlB|B | SMEAR SLIDE SUMMARY
125 THIN SECTION DESCRIPTION {Andesite tragment. 1.81]
o} Parpivyritic texnure
TEXTURE: Pranocryss:
Sand 5 lag. k. 0.2-2 men subhedral
Silg ) dinopyx. 1% 0.2-7 mm whhedrl
Clay B5 Groundmass:
COMPOSITION: plag. 20% 0.01-0.1 mm aciculsr prlsm
Foldspar 7 clinopyx. 1% 0.01-0.1 mm acicular prisr
Mica 3 glass 65%
Clay B apaques 5% 0.01 mm anhadral
Volcanic glan ' Vesicles: 5%
Glauconite 1
Pyrim
Zealite T
Carbonate urapec. 15
Diiarns m SITE 468 HOLE B CORE 35 CORED INTERVAL 387.0-3%66m
Sponge spicules TH rm ——
Plant debea 2 £ SO
CHARACTER
Lithie fragments 4 ¥ 3 iTe 5
a 2
T 2§ E |3 g E L‘Ifr':lgl.ﬂt;é* & LITHOLOGIC DESCRIPTION
SITE 468 HOLE B CORE 33 CORED INTERVAL 368.0-377.6m §° E" H 3 E § g -]
g FOSSIL F |8 a 5|5 = g
v s CHARACTER R 213 3
R ENOE Zle A 1
TE F§ £ g g = & ngv LITHOLOGIC DESCRIPTION - t—= CALCAREOUS SILTY CLAYSTONE, olive black
wSIENIEEl 3 g gl¥ Ea=ne : HE [BY 2/1), burrawed with lenticular bedding and
E = 2 s g = 0.5 accmianal laminationt. Larger baurrows oftun filled
ERAHEIEE E T : F with tuffaceous sand. Thin tull layer at 50-52 em,
=1 = . 4 Sactien 1. Zeolitic, pyriterich SILTY SANDSTONE,
1.0 Section 2. Drilling bscuits,
CALCAREDUS SILTY CLAYSTONE, ofive gray = 5 "
5% 2/1) to olive bisck (BY 4/1), lenticular bedding 3 Large Ne Core-Catcher.
#nd burraws throughout, Scattersd sponge fragments - r'f‘"”
1 and putmice lapilll. Pieces of vesiculsr ANDESITE . i SMEAR SLIDE SUMMARY
Section 1, 3552 cm, Drilling biscuirs, - 226
(L0
) ORGANIC CARBON AND CARBONATE 2 a0 TEXTURE:
185 Sand 40
% Organic Carbon - BI|BIB i Sl a8
% Cat0y 7 - P
COMPOSITION:
SEMEAR SLIDE SUMMARY Oumartz 3
2 186 222 Faidipar 10
=1 +] Clay n
TEXTURE: Volcanie glass 3
Sand 20 1 Pyrite 15
] el R e Sik »x 20 Zeolite B
Clay % 70 umpec. 10
COMPOSITION: Fish remaing TR
Cuartz w s
Faldspar & 3
Clay 5 70
Volcanic glas TR 1
Glauconite 3 TR
Pyrite - 1
Carbanate unmpee. w17
Plant debris - 1
Lithic ragments B 2




488  HOLE B CORE___ 37  CORED INTERVAL 406.0-4155m
Q FOSSIL
- § CHARACTER
§- 5"‘ £ - 3 5 E GRAPHIC
1 5 Es I g 2 = - LITHOLOGY LITHOLOGIC DESCRIPTION
el L E z &l 3 g
g |5 |z H HH H
i |8 K I
T~
> Interbadded olfve gray (5Y 3/2) CALCAREOUS SILTY
| CLAYSTONE, light olive brown (5 3/1) LAPILLI
1 . TUFF, fight brownish biack (5YR 3/1) ANDESITIC
1 . BRECCIA, and light olive brown (5 2/1) VOLCANI-
L CLASTIC SILTY SANDSTONE. Claystons is butrowed
= + | with faint lenticutsr bedding. Breccis consisty of
pebble-size clasts of vesicular andesite sot in Inpilli suff rich
i 0G In pumice fragments. Volcaniclastic silty sandstone is
lamninated with several thin layers of lapilli th. Carbonate
1 cement and glauconite present in sandstone. Bare of Wil in
Sectian 2 (50105 em) |5 sandy. No ntrvious graing in
l nh i b
{ . drilling
2 -
I e CARBON TE
8| 8|8 = Lo
% Organic Carbon 044
m:-co, a
SMEAR SLIDE SUMMARY
113 168 173 248 270
o T o AT D)
TEXTURE:
Sand 5 15 40 W0 4
sine 0 5 N W W
Clay 65 3m 3.0 - 30
COMPOSITION:
Quartz 7 2 W 16 10
Feldspar 5 5 & 5 7
Mica TR = TR - TR
Heavy mineraly - ™m - TR
B - 3 - B
- 0 0 ~ 1§
1 - 2 3 7R
- - = 2 —
- 7 - - -
- - 8 5 8
6 3 16 15 15
¥ § =
5 8 10 B 15
SITE 468 HOLE B CORE 38  CORED INTERVAL 3965-406.0m
E FOSSIL
§ £ CHARACTER
Euwl|¥| 2 2
i< Eé 3 § g g e LITHOLOGIC DESCRIPTION
57| HHHHBEHE & g
E |5 =
M HEEE 3
.| CALCAREOUS SILTY CLAYSTONE, olive bilack
(BY 2/1), burrowed throughout with some lenticular
| bedding snd occasional laminations, Some burrows
1 - fifled with tulfaceous sand, Scattersd pumibcn lapilii
[ 0-80 om, Section 1. beoken by drilling,
r Mo Core-Catcher.
d i 1
BB |B ] | el
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SITE 468
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—0 cm

—150

Hole 468

3-6

3,CC

4,CC

SITE 468
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SITE 468

—

—150
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Hole 468

5,CC

= |
6-1 6-2 6-3 64
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SITE 468

7,cC 81 82 8-3 8CC 91 9-2
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SITE 468

Hole 468
—0 cm

T

—150
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SITE 468

Hole 468

—150

11-2 ' 12CC 121 14,CC 15CC 16CC 17CC 18- 18-2 18-3 18-4 18-5
11,cC 18,CC
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SITE 468

Hole 468
—0 cm

—150
18CC 20,CC 211 21,CC 22,CC 231 23CC 24CC 25CC 26,CC
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1,CC

SITE 468

2-5 2,CcC
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SITE 468

Hole 468A

—0 cm

—150

4,CC
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Hole 468B
m

1,CcC

SITE 468
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SITE 468

318V I1IVAY HdVHdD0L10Hd ON ~

6,CC

378VT1IVAVY HdVHO01L0Hd ON

‘ ' :
3,CC

Hole 468B
35

—100
—125
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—0 cm

SITE 468

Hole 4688

10-1 10-2 10,cC 11,CC
8,cc
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SITE 468

Hole 468B
—0 cm

1241 12-2 12-3 12,CC 131 13-2 133 13-4 135 13,CC 141 14-2



SITE 468

Hole 468B
m

—0 c

e

14-3 144 14,CC 151 15-2 15,CC 16-1 1741 17-2 17-3 17-4 17-6

—150
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SITE 468

Hole 468B
m

Oc

T

—150
17,CC 181 18-2 18CC 19,CC 20CC 2141 21-2 2211233C 221 23,CC 24.CC
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SITE 468

Hole 468B
—0 cmy, N

253 2641 26CC 271 272 273 281 28CC 291 29,CC
27.CC
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SITE 468

Hole 468B
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