3. BAJA CALIFORNIA PASSIVE MARGIN TRANSECT: SITES 474, 475, AND 476!

Shipboard Scientific Party?

INTRODUCTION

In the previous chapter, we briefly discussed current
thought on the origin and evolution of passive continen-
tal margins, the geological problems that may be re-
solved by a combination of marine geology, geophysics,
and scientific deep-sea drilling, and the philosophy and
advantages of drilling in a youthful, passive continental
margin. Current ideas on the origin and geological his-
tory of the Gulf of California were also reviewed and
will not be repeated here.

Present tectonics of the Gulf are shown in Figure 1.
The East Pacific Rise enters the mouth of the Gulf and
extends to the triple junction at the first major trans-
form, the Tamayo Fracture Zone. Of concern here is the
geological history of the youthful passive or intraplate
continental margin of the tip of Baja California (Fig. 2).
Drilling this youthful continental margin was proposed
early in the JOIDES and IPOD planning phases of sci-
entific deep-sea drilling, because the margin’s structure
can be determined geophysically, and the sediment sec-
tion overlying the crustal rocks is thin enough to be
penetrated by drilling,

Subaerial geology of the southern end of the Baja
California peninsula is shown in Figure 3. The crystal-
line basement rocks consist of probable Paleozoic meta-
morphics, mainly metasediments and metavolcanics, in-
truded by Cretaceous diorites, tonalites, and granodio-
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Figure 1. Simplified tectonic map, Gulf of California,

rites. Ages of the intrusives range from 54 to 88 m.y.
(Gastil et al., 1976). The tip of the peninsula is uplifted
relative to the Isthmus of La Paz by the north-south-
trending La Paz Fault system. Other faults east of, and
parallel to, the La Paz Fault have formed a graben, in
which early Miocene, Pliocene, and Quaternary sedi-
mentary rocks have been deposited. These sedimentary
rocks are mainly continental, but with some shallow
marine facies, and generally contain considerable vol-
caniclastic material. West of the La Paz Fault, more of
the section is shallow marine.

Normark and Curray (1968) were the first to map the
offshore structure of the tip of Baja California. Their
work was based on seismic reflection records, one seis-
mic refraction station from Phillips (1964), and dredge
hauls, mainly collected and reported by Shepard (1964).
Their map of ‘‘basement rocks’’ (Fig. 4) shows a de-
lineation of continental-versus-oceanic basement and a
series of northeast-southwest-trending, normal and/or
listric faults, dividing the offshore geology into a series
of horst and grabens and rotated fault blocks. These
faults approximately parallel the trend of the East Pa-
cific Rise in the mouth of the Gulf (Fig. 1) and the faults

35



9t

23°30'

BAJA CALIFORNIA

§
22° 20" 4 1 2l /) I
108° 20" 108°10° 108° 00"

L 1 L | ! 1 L
110° 00" 109° 50 109° 40 109° 30" 109° 20 109°10° 109° 00° 108°50"

I L
108° 40" 108° 30"
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Figure 3. Simplified geology of the tip of Baja California (after Lopez
Ramos, 1976; Q=~Quaternary, principally alluvium; T, = Plio-
cene coastal alluvium and marine deposits; T,, =upper Miocene
marine deposits; C,, =Miocene-to-Recent continental volcanics
and pyroclastics, principally Comondu Formation in this area;
C; = Cenozoic intrusives; M; = Mesozoic intrusives, principally late
Cretaceous granite and granodiorite; P, =Paleozoic meta-
sediments and metavolcanics).

forming the graben on land; they are probably the result
of the extension or thinning of continental crust associ-
ated with opening of the Gulf. They also attempted to
identify the onshore sedimentary formations in their
offshore seismic reflection records.,

Larson (1972), Larson et al. (1968), and Moore and
Buffington (1968) delineated the magnetic anomalies in
the mouth of the Gulf. They also identified the oldest
anomaly at the foot of the continental slope off the tip
of Baja California as approximately 3.5 m.y. Lewis et
al. (1975) further refined the correlation of the anoma-
lies (Fig. 5).

The geophysical, geological, and drilling objectives
of studying a young passive margin such as this are to
determine the structure of the continental crust associ-
ated with rifting and drifting, to delineate the precise
contact between continental and oceanic crust, to deter-
mine the nature of the oldest oceanic crust adjacent to
the continental crusts, to determine the nature and age
of the sediments overlying the subsided continental
crust and the oldest crust, and to determine rates of sub-
sidence and geological history that occurred during the
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Figure 4. Configuration of ‘‘basement rocks’ with sediments re-
moved (Normark and Curray, 1968, with permission from the
Geological Society of America).

rifting and drifting periods. The specific objectives of
each site in this three-site transect will be discussed as
background and objective for each site.

Our plan in drilling this transect was to ensure that
we located the transition from continental to oceanic
crust. We chose the first site (474; Planning Site GCA-5)
such that drilling would penetrate the oldest oceanic
crust at the foot of the continental slope (Figs. 5, 6). If
we penetrated oceanic crust (as predicted), the next site
or sites chosen (Sites 475, 476; Planning Sites GCA-6,
GCA-7A, respectively; Fig. 6) would be those presumed
to be the lowermost continental crust immediately land-
ward of Site 474. If drilling at the first site had bot-
tomed in subsided continental crust, then a second at-
tempt to find the oldest oceanic crust would be made at
a site farther seaward (Planning Site GCA-3).

BAJA CALIFORNIA MARGIN TRANSECT:
PRINCIPAL RESULTS (Fig. 7)

Drilling at Site 474 (Figs. 2, 7) penetrated about 500
meters of (mostly) mud turbidites, rich in diatoms; but
the first 100 meters included a 66-meter debris flow of
cobbles and sand, fining upward to silty clay. The deep-
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Figure 5. Magnetic anomaly correlations. (From Lewis et al., 1975, with permission of the authors.)

est hole bottomed in late Pliocene sediments between
dolerite sills and a pillow lava.

At Site 475, drilling penetrated mostly diatom-rich
hemipelagic mud through early Pliocene dolomitic mud
and glauconite; drilling was abandoned in a conglomer-
ate of metavolcanic cobbles. Hole 476 penetrated essen-
tially the same section as at Site 475 and bottomed in
deeply subaerially weathered granite.

HOLE 474

Date occupied: 2 December 1978

Date departed: 4 December 1978

Time on hole (hr.): 22.23

Position: 22°57.72'N; 108°58.84'W

Water depth (sea level; corrected m, echo-sounding): 3023
Water depth (rig floor; corrected m, echo-sounding): 3033
Bottom felt (m, drill pipe): 3043

Penetration (m): 182.5

Number of cores: 20

Total length of cored section (m): 182.5

HOLE 474A

Date occupied: 4 December 1978

Date departed: 10 December 1978

Time on hole (hr.): 152.37

Position: 22°57.56'W; 108°58.68'N

Water depth (sea level; corrected m, echo-sounding): 3022
Water depth (rig floor; corrected m, echo-sounding): 3032
Bottom felt (m, drill pipe): 3043

Penetration (m): 626

Number of cores: 50

Total length of cored section (m): 465.6

Total core recovered (m): 283.8

Core recovery (%o): 61

Oldest sediment cored:
Depth sub-bottom (m): 572
Nature: Mudstone between flows
Age: Late Pliocene (NN16)

Basement:
Depth sub-bottom (m): 562.5
Nature: Basalt flows and doleritic sills
Measured velocity (km/s): 4.80-6.27

Total core recovered (m): 77.63
Oldest sediment cored:

Principal results: Hole 474A was washed to 163.5 meters and then
continuously cored to a total sub-bottom depth of 626 meters. The

Depth sub-bottom (m): 182.5
Nature: Nannofossil clayey silt
Age: Quaternary (NN19)

Basement: Not reached
Principal results: Hole 474 is 55 km southeast of the tip of Baja Cali-

fornia. Three sedimentary units are recognized in the Quaternary
section, The uppermost unit (0-21 m) is hemipelagic diatomaceous
mud and ooze. The second comprises a 66-meter-thick sequence of
cobbles, gravel, and sand, fining upward to nannofossil-rich silty
clay, probably a debris flow of older sediments from a shallower
depth. It lies between the younger, deeper-water muddy diatom
ooze of Unit I (above) and the younger deeper-water clayey silts,

lowermost of the three sedimentary units of Hole 474 continued to
240 meters. Two other underlying units are recognized in this hole:
Unit 4, a continuing Quaternary section of silty claystone to clayey
siltstone and mudstone turbidites (to 480 m); and Unit 5, early
Pliocene to Quaternary clayey siltstone, sands, mud flows, calcite-
cemented sandstone, and silty claystones, intercalated between
dolerite sills (to 553.2 m). The oldest sediment, late Pliocene (NN16),
is beneath the first basalt flow of the basement at just over 572
meters. A complete logging program followed the drilling.

SITE 474: BACKGROUND AND OBJECTIVES
Site 474 is east of the tip of the Baja California penin-

sula in a basin filled with deep-sea fan sediments (Figs.
2, 7). It is on what was presumed to be the oldest ocean-

silty clays, nannofossil marls, and mud turbidites of Unit IIl
(below),
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Figure 6. Single-channel analog seismic reflection record from Glomar Challenger across Sites 474 and

475, with Site 476 projected into this section.

ic crust and closely adjacent to what was, presumably,
the most deeply subsided continental crust of the penin-
sula. The site is seaward of the edge of continental crust
as interpreted by Normark and Curray (1968) (Fig. 4)
and is on the landwardmost correlatable magnetic anom-
aly from Larson et al. (1968) and Lewis et al. (1975)
(Fig. 5). Its interpreted age is approximately 3.2 m.y.
Our specific drilling objectives for this site—in the
context of the transect objectives outline in the previous
chapter—included the following:
1) Basement rocks
a) Confirming that this site lies seaward of the
continent/ocean crust transition
b) Determining the composition and character of
the basement rocks, presumably the oldest cre-
ated in this present phase of opening of the
mouth of the Gulf, for comparison with pro-
gressively younger oceanic rocks to be drilled
during Leg 65 on its transect to the crest of the
East Pacific Rise
2) Nature of the sedimentary section
a) Determining general lithologic and biostrati-
graphic facies distributions
b) Determining the age of the oldest sediments on
oceanic basement rocks for comparison with
interpreted ages from magnetic anomalies
¢) Determining water depth indicator changes
downward in the section as a record of sub-
sidence history
d) Obtaining a record of Pleistocene sea-level
fluctuations

e) Determining the diagenesis of organic and in-
organic matter
3) Evidence for climatic and/or oceanic circulation
changes

OPERATIONS

After lowering hydrophones and testing thrusters off
Mazatldn harbor, we departed on 1 December 1978 at
2010Z for Site 474, the first of three sites where we
planned to study the early rifting history at the mouth of
the Gulf of California. Our approach to the proposed
site paralleled the Thomas Washington Guaymas 01
profile (Fig. 8) and continued beyond it to the lower
continental slope southeast of the tip of Baja Califor-
nia; we then came about, returned, and dropped the
beacon (14477 on 2 December) about 1.8 km ENE of
the proposed site. The quality of the seismic reflection
collected on our approach (Fig. 30) enabled us to select
a preferred site 900 meters northwest of the beacon in
3020 meters water depth. After returning to this site,
the ship’s dynamic positioning system was actuated, and
we began running into the hole at 1630Z. We spudded
at 2150Z and located the mudline in the first core at
3043 meters, corresponding to the (PDR) depth of 3033
meters.

We cored continuously to a depth of 182.5 meters.
Recovery was 47 to 99% to 68.5 meters, where we en-
countered probable boulders, cobbles, and loose sand.
Only one cobble was recovered to 87.5 meters. There-
after, recovery was 35 to 71%, except in apparent
coarse-sand and cobble zones at 125.5 to 135 meters and
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Figure 7. Simplified principal lithological results and line drawing through Baja California passive-margin transect sites.

173 to 182.5 meters, where only few pebbles were recov-
ered. Overall recovery was 42.5% (Table 1).

Our principal operational problems occurred in de-
ploying the heat-probe/pore-water sampler tool. The
timing of the pore-water sampler and the caving of loose
material around the bit from above caused failures on
the first two attempts. A final attempt with the tool,
after raising Core 474-20, resulted in our abandoning
the hole: After latching, the tool could not be inserted
into formation without first retracting, washing down,
and then relatching. This bent the sampling tool; it
could not be withdrawn, and we pulled the drill string to
recover the tool.

40

At 1355Z, we moved 300 meters to the south of Hole
474 while lowering pipe. We used the mudline depth of
3043 meters established at Hole 474, because we planned
to wash this hole (474A) to the equivalent depth of 161
meters before coring. This was accomplished routinely,
and our first core from Hole 474A was on deck at 2310Z.
The next core was much the same as Core 474-20 (clayey
silt, like the intervals above), confirming our suspicion
that problems with the heat probe at Core 474-20 were
the result of sand and pebbles caving in from uphole.

For the remainder of this hole, coring operations
were routine, and our recovery was mostly in the 50-
75% range. Drilling times increased sharply when we
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474.

Table 1. Coring summary, Site 474.

BAJA CALIFORNIA PASSIVE MARGIN TRANSECT

encountered our first dolerite sill at 521 meters. A
potentially serious problem developed at Core 474A-44,
when the core barrel stuck in the pipe and circulation
was lost. After six hours’ work, circulation was re-
gained, and the core barrel was recovered. Thereafter,
the hole was drilled to completion at 626 meters sub-
bottom with more than 100 meters penetration below
the top of the first sill at 521 meters.

On 9 December, after drilling ceased at 0350Z, we
unsuccessfully attempted to operate the hydraulic-bit-
release mechanism; the drill pipe was also stuck in the
hole: After the drill string was freed, a second go-devil
was pumped down very slowly (four strokes on pump),
and at 0900Z on 9 December, the bit released. The hole
was prepared for logging and the drill string was pulled
to 135 meters below the mudline.

Loggirig began at 0645Z and ended at 0830Z on 10
December; it consisted of four runs with eight tools:

1) density (zamma-ray back scatter), natural gamma
radiation, caliper, temperature;

2) sonic (compressional wave velocity over 61-cm in-
terval), natural gamma radiation, caliper;

Date Depth from Depth below Length Length
(December, Time Drill Floor Sea Floor Cored Recovered Recovery
Core 1978) (Z)  (m; top-bottom) (m; top-bottom) (m) (m) (%a)
Hole 474
I 2 1550 3043.0-3045.0 0.0-2.0 2.0 1.89 95
2 2 1640 3045.0-3054.5 2,0-11.5 9.5 5.15 54
k} 2 1742 3054.5-3064.0 11.5-21.0 9.5 4.46 47
4 2 1840  3064.0-3073.5 21.0-30.5 9.5 4.44 47
5 2 2105 3073.5-3083.0 30.5-40.0 9.5 579 61
& 2 2215 J083.0-3092.5 40.0-49.5 9.5 942 9
7 2 2340 3092.5-3102.0 49.5-59.0 9.5 9.42 9
8 3 0132 3102,0-3111.5 59.0-68.5 9.5 8.44 89
9 3 0310 3111.5-3121.0 68.5-78.0 9.5 0.00 0
10 3 0552 3121.0-3130.5 T8.0-87.5 9.5 0.10 1
11 3 0652 3130.5-3140.0 $7.5-91.0 9.5 3.05 12
12 3 0757 3140.0-3149.5 97.0-106.5 9.5 0.52 [
13 3 1053 3149.5-3159.0 106.5-116.0 9.5 1.6 17
14 3 1142 3159.0-3168.5 116.0-125.5 9.5 5.83 61
15 3 1252 3168.5-3178.0 125.5-135.0 9.5 0.05 1/2
16 3 1600  3178.0-3187.5 135.0-144.5 9.5 3.96 42
17 3 1717 3187.5-3197.0 144.5-154.0 9.5 6.27 66
18 3 1820 3197.0-3206.5 154.0-163.5 9.5 3.% 41
19 3 1919 3206.5-3216.0 163.5-173.0 9.5 13 EL)
20 3 2020 3216.0-3225.5 173.0-182.5 9.5 0.01 <1
Hole 474A
1] 4 1517 31590.0-3190.2 147.0-147.2 —_ 0.24 —_
1 4 1610 3206.5-3216.0 163.5-173.0 9.5 6.16 65
2 4 1710 3216.0-3225.5 173.0-182.5 9.5 1.27 m
i 4 1811 3225.5-3235.0 182.5-192.0 9.5 6.74 i
4 4 1912 3235.0-3244.5 192.0-201.5 9.5 6.52 69
5 4 2013 3244.5-3254.0 201.5-211.0 9.5 1.96 21
6 4 2115 3254.0-3263.5 211.0-220.5 9.5 3.18 33
T 4 2213 3263.5-3273.0 220.5-230.0 9.5 4.28 45
8 4 2322 3273.0-3282.5 230.0-239.5 9.5 7.0 75
9 3 0031 3282.5-3292.0 239.5-249.0 9.5 6.45 68
10 5 0141 3292.0-3301.5 249.0-258.5 B.5 7.38 78
11 5 0246 3301.5-3311.0 - 258.5-268.0 9.5 5.54 58
12 5 0350  3311.0-3320.5 268.0-277.5 9.5 7.31 T
13 5 0458 3320.5-3330.0 277.5-287.0 9.5 9.12 96
14 5 0614 3330.0-3339.5 287.0-296.5 9.5 8.39 B8
15 5 0733 3339.5-3349.0 296.5-306.0 9.5 0.00 0
16 5 0852 3349.0-3358.5 306.0-315.5 9.5 7.94 84
17 5 1012 3358.5-3368.0 315.5-325.0 9.5 7.08 75
18 5 1140 3368.0-3370.0 325.0-327.0 2.0 1.70 85
19 5 1338 3370.0-3377.5 327.0-334.5 7.5 3.35 45
20 5 1436 3377.5-3387.0 334.5-344.0 9.5 0.22 2
1 5 1552 3387.0-3396.5 344.0-353.5 9.5 7.78 82
n 5 1712 3396.5-3406.0 153.5-363.0 9.5 8.67 91
46 8 0205 3624.0-3633.0 581.0-590.0 9.0 3.20 34
47 8 0647  3633.0-3642.0 590.0-599.0 9.0 5:15 57
48 8 1038 3642.0-3651.0 599.0-608.0 9.0 4.87 54
49 8 1533 3651.0-3660.0 608.0-617.0 9.0 .74 42
50 8 2050 3660.0-3669.0 617.0-626.0 9.0 4.00 44
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3) guard (electric), natural gamma radiation, poros-
ity (neutron back scatter);

4) temperature.?

After logging, the hole was plugged with cement
from 3234.0 to 3134.0 meters and the remainder of the
hole filled with mud. We left the site at 2320Z on 10
December.

SEDIMENTARY LITHOLOGY

Introduction

Holes 474 and 474A were drilled only 300 meters
apart, and their stratigraphic sections are complemen-
tary (Fig. 9). A dolerite sill was encountered at 521 me-
ters sub-bottom (see section on igneous petrology). Ap-
proximately 11 more meters of sediment were cored be-
low this sill, and we recovered a small amount of clay-
stone 553 meters below a second sill. The bottom of the
sediment is defined as the top of the first basalt flow in
Core 474A-44 at 562 meters. It is possible to correlate
Holes 474 and 474A by the presence of a thin layer of
rhyolite ash at about 169 meters sub-bottom in Cores
474-19 and 474A-19 (Fig. 9). The oldest sediment (572
m) is a small fragment of late Pliocene (NN16) inter-
calated claystone from below the first pillow basalts.

The site’s lithology partly reflects its location at the
outer fringe of a fan girdle that drains the rapidly de-
nuding batholith terrain of southern Baja California
(Figs. 3, 4). This site thus presents an opportunity to
study distal fan sedimentation over time. The sediment
section is predominantly hemipelagic mud and a thick
sequence of mud turbidites and their more lithified
counterparts. Nannofossils persist to the basement, but
siliceous fossils disappear below 275 meters.

The five depositional units chosen for this section
(Table 2) are based on diatom abundance for Unit I; a
displaced fauna and lithology with coarse sand for Unit
II; abundant muddy turbidite layers for Unit III; the
change to lithified mudstone turbidites for Unit IV; and
the Pleistocene/Pliocene transition for Unit V., Most of
the section was deposited rapidly during the early Qua-
ternary (NN19), although the last vestiges include evi-
dence of late Pliocene (NN16, 3.0-2.3 m.y.) in claystones
between flows.

Unit I (Cores 474-1-474-3, 0-21 m, late Pleistocene).
Unit 1 sediments are highly disturbed but appear to
comprise decimeter layers of grayish olive green (5GY
3/2) muddy diatomaceous ooze to olive-gray (5Y 5/3)
hemipelagic muds. Nannofossils are present throughout
and prominent (20-30%) in alternating dusky yellow
green (5GY 5/2) nannofossil diatomaceous clayey silts.
These beds have a sharp basal contact but darken grada-
tionally upward, suggesting episodic redeposition as tur-
bidites. A thin arkosic sand (474-4-1, 89 cm) contains
displaced shell fragments from shallower water. Angu-
lar, silt-size quartz and feldspars are equally common
terrigenous components in sands and silts. Glitter from
abundant mica flakes is visible on the cut sediment sur-

3 The induction tool intended for the last run was inoperative.
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Table 2. Sedimentary lithological units, Site 474.
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Estimated
Sub-bottom Sedimentation
Depth Sediment Rate Thickness
Unit Interval (m) Lithology Environment Age (m/m.y.) (m) Contact
1 Cores 474-1-474-3 0.0-21.0  dusky yellow green to  hemipelagic dis-  to NN21/ 47 30.5 transitional
grayish olive diatoma- tal fan 20
ceous muds to oozes
and diatomaceous
nannofossil marls
with downward in-
creasing clayey silts )
I Core 474-4-Section 21.0-87.5  olive brown to grayish redeposited (NN19) very high(?) 76.0 top = transitional;
474-10,CC olive; firm nannofos-  slump-debris bottom = sharp,
sil diatomaceous muds  flow abrupt
and a coarse arkose
sand to conglomerate
III  Sections 474-11-1- 87.5-239.0 clayey silts to silty hemipelagic mud NN20 395 142.0  top = sharp; bot-
474A-8,CC clays, nannofossil dia- and mud tur- tom = transitional
tomaceous muds, bidites on outer to Core 474-12
nannofossil marls, fan
and scattered arkose
muds
IV Sections 474A-8,CC-  239.0-420.0 grayish olive silty early 395—-86 181.0 top and bottom
474A-28,CC claystone to clayey Pleistocene transitional
siltstone
IVA Sections 474-9-1- (239.0-285.5) mostly uniform silty hemipelagic with NNI19 395
474A-10,CC claystones with sili- some mud
ceous fossils and turbidites
nannofossils
IVB Sections 474A-10,CC- (258.5-420.0) mostly cycles of thick, middle fan and 395—86 (161.5)  gradational
474A-28,CC clayey quartzose silt- mud turbidites
stone beds and some
arkose sands; mud
flows; siliceous fossils
diminished
V  Sections 474A-28,CC- 420.0-533.0 olive gray clayey silt-  middle fan, mud late 86 (~95.0) interflow claystones
474A-41-5 (25 cm) stone with thick mass  turbidites, and Pliocene

and 474A-45-1 flows and cemented
arkose silty claystones

between dolerite sills

hemipelagic mud

face. Apatite, hornblende, and zircons from a granit-
ic terrain compose a conspicuous heavy mineral suite.
Coarse fractions from mud contain abundant fecal pel-
lets; coarse fractions from silt contain mostly arkosic
mineral suites.

The sediments are reducing and, when cut, released a
permeating odor of H,S. Pyrite is an ubiquitous aux-
iliary mineral accompanied by considerable woody or-
ganic matter.

Pelagic components (10-50%) are well preserved.
Siliceous fossils are dominated by diatoms (20-40%)
but also include many silicoflagellates, radiolarians, and
sponge spicules. Sponge-spicule clusters occur as small
white spots, visible on the core surface in more clayey
zones. Smear slides indicate that, toward the base of
Unit I (210.0 m), there is a gradual increase in the
proportion of these sandy silts and opaque components.

The contact with Unit II is gradational and accom-
panied by an increase in coccolith abundance.

Unit II (Cores 474-4-474-10, 21-87 m, late Pleisto-
cene [NN19]). Unit II is a redeposited section. Its upper
part consists of drab, olive gray hemipelagic mud and
mud turbidites, initially similar to Unit I but with a
marked increase in the number of coarse silt to sandy
beds (Fig. 10). The most prominent feature of the unit is

a thick layer (~ 30 m) of coarse, greenish gray, peppered
arkosic sarid to conglomerate (Section 474-7-5-474-10,
CCQ). Recovery was poor: only three granodiorite,cob-
blés occur in Core 474-10 (Fig. 11); but seismic evidence
suggests that this is a single bed, with lateral continuity
across the basin. Drilling disturbance was intense, but it
appears that the arkose unit is an upward-fining bed of
grain-supported clasts, little matrix, and moderate sort-
ing. The direction of transport and the mechanism for
this mass flow are discussed elsewhere in this volume
(see Moore, Curray and Einsele, this volume, Pt. 2).
Again, however, the seismic geometry suggests a more
northerly source, because the bed appears to abut the
nearest slopes to the northwest. Clasts are rounded and
polished; biotite, feldspars, and rock fragments appear
fresh. They include common mollusk debris, bryozoan
fragments, benthic foraminifers, a snail shell, and cal-
careous algae, indicating a near-shore source. Some
nannofossils occur in the fine matrix.

The overlying hemipelagic mud and sandy mud tur-
bidites of Cores 474-4 to 474-8 are not contiguous with
the arkosic sand layer. They are included nonetheless in
Unit II, because they apparently contain a warmer- or
shallower-water displaced nannofossil flora (NN19).
Below the conglomerate contact, sediments are again
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Figure 10. Sample 474-6-6, 45-60 c¢cm, Unit I1: Coarse, well-sorted,
massively oxidized, yellow-brown arkosic sand with small mud
pebbles and some pyroclastic components. (Contacts appear
sharp, and grading is ill defined, including fragments of pecten
and bryozoa.)

younger (NN20). Possibly, the upper section was re-
deposited during a lowered sea-level period, or as older
sediments—Ilaid bare by a mass-flow event—were fur-
ther excavated.

These sediments are characterized by an interlayering
of nannofossil-bearing diatomaceous clayey silt to dia-
tomaceous nannofossil mud (dusky yellow green [SGY
5/2] to moderate olive brown [5Y 4/4]) that grades
downward into thin, grayish olive (10Y 4/4), sandy
mud. Sediments become firm below Core 474-5, where
nannofossils also become predominant (20-60%) over
siliceous components (5-15%). Nannofossil-rich zones
are closely related to numerous, interspersed silty sand
layers, and the zones and layers may be part of multiple

10%-

Figure 11. Sample 474-10,CC, Unit II: Large rounded pebbles of
altered granodiorite.

mud turbidite cycles. Clayey silts have much lower car-
bonate content. Many of the sandier layers contain
small, reworked shell fragments or matrix-supported
pebbles, including quartz-feldspar porphyry and basalt
(Section 474-6-1) or cemented sandstone (Section 474-
7-3, 130 cm). Most sandy beds are poorly sorted, but a
few discrete, well-washed, rounded-and-sorted yellow
gray sands similar to beach sands are present (e.g., in
Sample 474-6-5, 110-130 cm). Except in these sand lay-
ers, the sediments are reducing. There is an intense odor
of H,S in Cores 474-4 and 474-5, diminishing below
Core 474-6. Wood bits and pyrite are common (1-5%).
Clayey beds may show surface pimples (after cutting)
caused by intense degassing. Tiny spiculite blebs dot the
surface of some beds.

The contact with Unit III is sharply defined by the
base of the coarse gravel.

Unit IIT (Sections 474-11-1-474A-8,CC, 87.5-239.0
m, early Pleistocene [NN20-19]). Below the redeposited
Unit II, siliceous fossils occur with renewed vigor (10-
40%) and, initially, diatoms are more common than coc-
coliths. This part may even repeat the section from Cores
474-4 through 474-5. Sediments are mainly firm-to-
hard, nannofossil-bearing, siliceous clayey silts to hard
silty clays, with some nannofossil marls (Core 474-13)
and scattered silty sand layers. Thin silty sands generally
mark the base of numerous thick mud turbidite cycles.



Colors are generally grayish green (10GY 5/2; 10Y
4/2), changing to dusky yellow green (10GY 3/2) where
more carbonate is found. Mica flakes glisten on much
of the surface.

Cores 474-14, 474-15, 474-16, and 474-17 (116-154
m) contain numerous coarser mud turbidites; Cores
474-18 and 474-19 (114.5-163.5 m) are mainly uniform
hemipelagic mud. The pebbles in Core 474-20 are prob-
ably caused by hole cavings, because none was recov-
ered when this interval was recored in Hole 474A.. Cores
474A-1 to 474A-8 (163-239.5 m), again, mostly com-
prise mud turbidites; more than 67 have thicknesses
ranging from 40 to 60 cm.

The two holes are correlated with the help of a single,
centimeter-thin layer of white, vitric, rhyolitic ash at
Section 474-19-2, 123 cm (~ 166.2 m) and again at Sec-
tion 474A-1-4, 28 cm (~ 168.3 m).

Better induration enabled us to see evidence of bur-
rowing and subtly upward-fining silt from the inter-
mittent mud turbidites. They are best recognized by a
thin, well-sorted sand at the base. Coarse fractions from
sand show mainly quartz-feldspar-mica and weathered
granitic rock fragments. A few sands are rich in heavy
minerals (apatite, zircon, pyroxene, and hornblende).
Pebbles of metavolcanics, a porphyrite, and a feldspar
acid tuff in the core catcher of Core 474-15 may indicate
another thick conglomerate layer (see thin-section de-
scriptions on the barrel sheets and Fig. 12). Other coarse
layers contain bryozoan fragments, shallow water car-
bonates, pelecypods (no coral!), and wood debris.

Unit 1V (Core 474A-9-Section 474A-28,CC; 239.0-
420.0 m, early Pleistocene). The character of this thick
unit is similar to that of Unit III. Downhole, the preser-
vation of siliceous fossils becomes poorer and sediments
firmer. The contact with Unit IV is gradational and
based on the change in lithification to clayey siltstone
and silty claystone; carbonate content decreases (~10%).
These sediments mainly consist of rapidly deposited
mud turbidites, typically 20 to 60 cm thick, with minor
hemipelagic mud. The color of most of the section is
grayish olive (10Y 4/2), and textures vary from clay-
stones to clay siltstones and some sandy siltstones. The
extent of bioturbation separates mud turbidites from
background hemipelagic mud (Fig. 13). But, possibly,
bioturbated claystones partly include lutite portions of
the mud turbidites. The mudstones, which are burrowed
by Planolites and meniscate types, are considered repre-
sentative of the hemipelagic mud, whereas Chondrites
are considered an indicator of turbidite lutite. Carbon-
ate content varies with grain size; it is highest in siltier
beds but remains low throughout the unit (5-15%).

Sub-unit IVA (Cores 474-9 and 474A-10, 239-258
m). A predominantly finer-grained, slightly calcareous
sequence of diatomaceous silty claystones containing
nannofossils comprises this sub-unit. Siliceous micro-
fossils diminish rapidly below it and disappear around
270 meters sub-bottom. These claystones have decime-
ter-scale cyclic development, visible by variations in
burrowing intensity and color shades.

Sub-unit IVB (Cores 474A-11-474A-34, 258.5-420.0
m). The remainder of Unit IV is uniformly charac-
terized by many thick turbidite mudstones and other di-
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verse resedimented beds, including some massive sands
and minor debris flows. More than 200 turbidite units
are recognized, forming beds typically 40-60 cm thick
but which may exceed 320 cm. Most cores consist of
more than 50% turbidite cycles (Einsele and Kelts, this
volume, Pt. 2). Toward the base of the section, some
thicker units and debris-flow deposits (Fig. 14) occur,
although the sediment composition remains a uniform,
terrigenous quartz-feldspar-mica assemblage. Land-de-
rived wood fragments appear to increase downhole.
Sediments are reducing but give off no H,S. Pyrite is
common. Some sands have pyrite grain concentrations
(commonly pyritized foraminifers) of more than 10%.
Some very hard layers occur in Cores 474A-17 and
474A-25. One ash bed was noted at 474A-28 (411 m).

Some 200-cm-thick beds have pebbly sand basal sec-
tions; others are only slightly graded, poorly sorted
sandy silt. A few of the clasts have oxide coatings. There
is no prominent change in lithologic continuity between
Units IV and V. The boundary was selected to coincide
closely with the Pleistocene/Pliocene boundary. Grada-
tional changes will be discussed later.

Unit V (Section 474A-28,CC-Core 474A-41, 420-
572.0 m; late Pliocene [NN18/16]). The sediments are
generally olive gray (5Y 3/2), hard, silty claystones to
clayey siltstones, Mud turbidites continue and include
several thick beds (80 cm or more), some sandy layers
with pelecypod shells, and cemented arkose with basalt
clasts.

Calcareous nannofossils are rare, and siliceous fossils
are absent; but carbonate content is about 5-10%, and
some rare beds of siltstone or sandstone are cemented
by carbonate. Clay minerals (50-60%) and quartz and
feldspar (~30%) are predominant.

At 521 meters, a 4.5-meter-thick dolerite sill was en-
countered (see section on igneous rocks). On the upper
and lower contacts, we recovered pieces of the same
hard, coarse, carbonate-cemented arkose (Fig. 15). The
sill had been injected along a single, coarse layer in a
zone with numerous sandy beds.

Graded mud turbidite cycles continue below the up-
per dolerite, but grain size and thickness of the coarser
layers decrease. Bioturbation is extensive, and sediments
are harder. Diagenetic effects are as follows: pyrite-
filled burrows, some graded, calcite-cemented beds,
barite concretions, and dark, vermillion olive, pyritic
claystones near the lower dolerite contact. The oldest
sediment is a fragment of late Pliocene (NN16?) clay-
stone (at 572 m) beneath the uppermost pillow basalts.

Depositional Environment

The overwhelming feature of the sedimentation at
this site is the impressive thickness of rapidly sedi-
mented, poorly graded mud turbidites. Throughout the
sequence, they exhibit similar development. Silt sizes
predominate. The main body of the thick bed (20-320
cm) is structureless grayish olive clayey silt, which
would be overlooked were it not for the generally bio-
turbated hemipelagic mud.

An idealized cycle begins at the base with a thin (1-
10-mm), clean, moderately well-sorted sand that may
erode into the substratum. The lower contact is sharp. A
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Figure 12. Thin-section photomicrographs of pebbles from Core 474A-15, Unit IV, A. Metamorphic quartzite with
microcrystalline groundmass containing zoisite, green mica, phlogopite, and altered feldspars. B. Diorite with
abundant, fresh-looking, zoned plagioclase and common hornblende. C. Metaignimbrite with euhedral plagio-
clase and quartz supported in a.microcrystalline groundmass.

zone of poorly sorted silty sand, with some shallow-
water debris, changes gradationally to the structureless
silt of the mud section. Some scattered, large, round,
sand-filled burrows from large, deep-scavenging indi-
viduals may occur in the homogeneous midsection. The
classic Bouma sequence of sedimentary structures could
not be observed in the freshly cut cores. Laminations
are very rare. Near the top, the thin, silty lutite fraction
is almost invariably burrowed by Chondrites below a
heavily bioturbated zone, which is sometimes a lutite
part of the mud turbidite (see Fig. 13). Carbonate, caused
mostly by shelf carbonate but also by nannofossils, in-
creases downward with grain size. Terrestrial plant mat-
ter is ubiquitous in the smear slides. Grayish olive colors
also tend to be lighter in the sandy silt and darker in the
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basal sand and upper lutite (see Einsele and Kelts, this
volume, Pt. 2).

In the silty basal third of the unit, floating clasts and
pebbles may occur. A series of smear slides over a 250-
cm-thick siltstone section confirms the presence of a
subtle grading. This type of bed has been interpreted as
indicating a distal fan—interchannel areas bordering
abyssal plains (cf. Piper, 1978). The lack of clear grad-
ing may result from the formation of a stable clay floc
(Piper, 1978), which behaves much as the silt particles.
There are few detailed studies on the mechanism of
transport of these beds, but rafted clasts and a close as-
sociation with mud flow deposits suggest a rather quick
deposition from a high-density flow. Similar mud tur-
bidites are also known to be generated by slumping,
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Figure 13. Sample 474A-13-3, 75-95 c¢m, Unit IV: An example of cri-
teria for recognizing mud turbidite units (thin, basal sand layer;
top marked by a few chondrite burrows; and the host hemipelagic
sediment is generally spotted with meniscate or Planolites-type
burrows [midsections are massive mud]).

from rapidly deposited deltaic regions in deep lakes.
The sediments accumulating around southern Baja Cali-
fornia today show a lack of clay fraction and a prepon-
derance of arkose sands to silts characterized by abun-
dant mica flakes (van Andel, 1964).

Paleoenvironment

When drilling ceased at Core 474A-50, the petrologic
evidence suggested that this site was floored by oceanic
crust. When rifting opened the area approximately 3.5
Ma, it was already at bathyal depths. Coarse volcano-
genics or continental conglomerates were not encoun-
tered. Although poorly recovered, late Pliocene sedi-
ments overlying the basement and the lower sill already
indicate a distal-fan-to-hemipelagic character. During
the early late Pliocene (NN17/18), a sedimentation pat-
tern of mud turbidites, hemipelagic mud, and sporadic
mud flows was established and continues to the present.

Although some sandy basal layers contain rede-
posited shallower-water material, the flora and the char-
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Figure 14, Sample 474A-21-5, 35-75 cm, Unit IV: example of large,
fractured mud clast in a thick debris-flow bed.
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Figure 15. Sample 474A-39-3, 135-150 ¢m, Unit V: Contact of dolo-
rite sill (Igneous Unit 1) with hard, carbonate-cemented, coarse ba-
sal sand of a turbidite. (Clasts are mainly arkosic but include
weathered volcanic rock fragments.)

acter of burrowing indicate a prolonged depth and envi-
ronment similar to that of the present environment.
No linear development pattern was evident in the sedi-
ments. Coarsening and upward-fining cycles do occur in
the sediment column, and fluctuations in thick and thin
turbidites, coarse and fine sediment, and mass-flow de-
posits may derive from sea-level changes that moved
more or less sediment into shelf-edge canyon heads. They
may reflect tectonic control (growth faulting), produce
multiple pathways to feeder channels in the distal fan
environment. They may also reflect frequency of tec-
tonic movement. Sedimentation rates of 300 to 400
m/m.y. suggest that pelagic sediments between mud tur-
bidite events are comparatively thin,

The likely sources of this region’s sandy material to-
day are the Los Frailes, Salado, and Vinorama canyons.
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Dredging and coring in these canyons (Shepard, 1964)
mainly produced weathered granitic cobbles, typical
Pecten mollusk fragments, and fine micaceous sand.
These components also characterize most of the coarser
basal turbidite layers in Hole 474A (Units I-V).

During the latest Pleistocene, terrigenous sedimenta-
tion rates-decreased, and less diluted pelagic nannofossil
diatom ooze was deposited. This may reflect a sinking
margin, rising sea level, or a diversion of sediment trans-
port paths.

Volcanic Sediments

Most of the coarse fractions do not contain clasts
from young volcanic rocks. One exception is the ce-
mented sandstone that accompanies the sill at 521
meters sub-bottom. The source of these sands is un-
known. In addition to granitic components, they con-
tain many, apparently fresh, plagioclase clasts, rock
fragments of basalt, and metamorphics. We recognized
two thin ash layers derived from Quaternary rhyolite
eruptions—most likely from the mainland side of the
Gulf, The upper portion (Core 474-19) retained fresh
glass and sanidine shards, whereas in the lower portion
(Core 474A-28), glass was completely altered to mont-
morillonite.

Diagenesis

Pleistocene mud at this site was surprisingly well in-
durated. The hard mud-to-mudstone transition occurs
at approximately 239 meters, parallel with increasingly
poor preservation of siliceous fossils and their disap-
pearance below 275 meters. This suggests that active
silica diagenesis contributes to early lithification.

Cobbles of calcite-cemented sand to gravel are asso-
ciated with the upper dolerite sill. They have apparently
been cemented in situ as a result of the dolerite intru-
sion. Calcitic-graded siltstone layers in Core 474A-41,
below the sill, also provide evidence for in sifu cementa-
tion of coarser layers. Perhaps the barite, pyrite, and
calcite below the sill are evidence of some hydrothermal
effects.

Pyrite is the most common diagenetic mineral in the
section. Near the top (Units I, II), it occurs as framboids
and octahedra, commonly filling diatom frustules. It is
less conspicuous in Unit III, where the permeating H,S
odor disappears. In Unit IV, pyrite grains may comprise
10% of some sandy silts, occurring commonly as coat-
ings and replacements of foraminifers and, perhaps,
wood debris. In Unit V, pyrite-filled burrows, pyrite
sands, and pyrite-rich claystones are present.

ORGANIC GEOCHEMISTRY

C,-Cs Hydrocarbon Analyses

As drilling proceeded, methane and ethane were
monitored on a Carle gas chromatograph (GC), and C,-
Cs hydrocarbons were measured intermittently on a
Hewlett-Packard GC. The method for rapid gas analyses
was evaluated on Leg 47 (von Rad, Ryan, et al., 1977;
Whelan, 1979). Samples from core gas pockets were col-
lected through the core liner in ‘‘vacutainers’’ immedi-
ately after the cores were brought on deck. Analyzing



these samples for hydrocarbons of a molecular weight
higher than CsH;, was not possible because of con-
tamination from the rubber stopper in the vacutainer.

Shipboard analysis of C,-Cs hydrocarbons was con-
ducted routinely on two gas chromatographs: C, and C,
analysis on a Carle GC (3 min. analysis time) and C,-to-
Cs analyses on a dual-column Hewlett-Packard 5711A
instrument equipped with temperature programming
and dual flame ionization detectors used in the compen-
sation mode (15 min. analysis time). Analyses of both
C, and C, to Cs on the same sample were not possible in
a reasonable time because of the appearance of the small
C,-to-C; peaks on the tail of the much larger methane
peak. Amounts were obtained by measuring peak areas
with an electronic integrator (CSI 38) for C, to Cs.

Sample introduction into the Hewlett-Packard GC
was accomplished with a %" x 8” loop packed with
60/80-mesh alumina (Analabs, Activated Alumina F-1)
attached to a Carle sampling valve (microvolume valve
2014 or minivolume valve 2818; Whelan, 1979). A stream
of dry helium, with the flow rate adjusted to 15 cc/ min.
with a fine-metering valve, was passed through the alu-
mina-filled loop. The sample to be analyzed (1-5 ml, de-
pending on CH, content) was withdrawn from the vacu-
tainer and injected through a silicone-rubber septum into
the helium stream flowing through the sample loop. The
loop had been cooled in a propan-2 bath cooled to be-
tween —72°C and —68°C with a portable refrigeration
unit (FTS Systems 80). Before analysis methane was
stripped from the sample by allowing helium to flow
through the loop (1 cc/3 s) for 2 min. After stripping,
the sample loop was shut off with toggle valves from
helium flow and injection port and heated for 1 min. in
a 90-to-100°C water bath; the sample was injected by
turning the sample valve. The GC analysis was carried
out on a column of %" x 6’ spherosil (40/100 mesh;
Supelco) attached to % ” x 12’ 20% OV-101 on Analabs
AS (100/110 mesh), with temperature programming
from 60 to 200°C at 8°/min. We left the loop in the car-
rier gas stream during GC analysis.

Sampling and GC separated methane, ethane, ethyl-
ene, propane, propylene, isobutane, n-butane, neopen-
tane, isopentane, n-pentane, and cyclopentane in order
of increasing retention time. The absolute sensitivity of
the system was as determined by Whelan (1979).

At Site 474, gas pockets and gas pressure appeared in
the core liners from about 10 to 450 meters sub-bottom.
They appeared less frequently in the more indurated
sediments from about 275 to 500 meters; gas was absent
from 270 to 310 meters. About 30 min. after sealing, we
also collected gas samples from the core caps of the
more indurated sediments. High gas pressures occurred
at about 150 to 175 and 220 to 270 meters. Poor core re-
covery, with no gas recovery, occurred in the sand se-
quence (about 75-100 m), and we observed no gas pres-
sure above and below the first sill.

The results of the GC analyses are presented as the
normalized concentrations of methane (CH,) and eth-
ane (C,Hg) and are plotted versus depth in Figure 16.
Most of the CH, values are between 90 and 100%, in-
dicating an essentially constant CH, component of the
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Figure 16. Results of gas chromatographic analyses for methane (A),
ethane (B), and hydrogen sulfide (C) versus depth, Site 474. (Units
of H,S are arbitrary counts.)

interstitial gas, whereas the C,;H4 shows a distinct in-
crease to a maximum, followed by a decrease. This de-
crease in the C,H¢ content reflects the slower diffusion
of ethane from more indurated sediment. The ratios of
C,Hg to CH, are plotted in Figure 17. They show a nor-
mal linear increase (semilog scale) to about 300 meters
and then a decrease from a maximum value of 8.5 X
10-4. Sediment lithology indicates increasing lithifica-
tion below 239 meters.

Carbon dioxide (CO,) and hydrogen sulfide (H,S)
were also detected. We observed H,S only in the upper
sediment (about 10-40 m), and it was not quantified but
is expressed in arbitrary counts (Fig. 16C). The CO,
(normalized data; Fig. 18) exhibited a scattered distribu-
tion to about 300 meters and, at greater depths, a lower,
more linear concentration.

The higher-weight hydrocarbon gases (C,-C,) were
analyzed to complement the CH4 data. The concentra-
tions of ethane and propane (assuming 100% CH,4 by
volume) are plotted in Figure 19; they increase to about
300 meters and then decrease. Isobutane and, to a cer-
tain extent, isopentane also follow this trend. The maxi-
mum amounts of C,-C, hydrocarbons on an air-free
basis are as follows: C; = 0.08%, C; = 0.017%, and
C, = 0.007%. The absence of thermogenic hydrocar-
bon gases (e.g., cyclopentane, neopentane, and 2,2-di-
methylbutane), and the low concentrations of n-butane
and n-pentane indicate that the C,-Cs hydrocarbons of
these sediments have a biogenic origin. Nevertheless, it
has not been unequivocally demonstrated that the meth-
anogenic or other types of bacteria produce ethane, pro-
pane, and isobutane, although that has often been in-
ferred. The C,/C, data from the Carle GC were con-
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Figure 17. Ethane/methane ratios versus depth, Site 474,

firmed by the ethane concentrations obtained on the
Hewlett-Packard GC.

In general, the hydrocarbon gas of this sediment se-
quence is of biogenic origin and within safety and pollu-
tion limits.

Fluorescence

Fluorescence measurements can indicate the presence
of aromatic compounds in, for example, petroleum and
its products (e.g., Wyman and Castano, 1974). Fluores-
cence in pyrolysis products is an approximate indicator
of the petrogenic potential of a sediment. Fluorescence
data were measured on raw sediment samples, trichloro-
ethane extract solutions of raw samples, and pyrolized
samples: All exhibited only faint, yellow fluorescence
for the extract and yellow-to-blue or no-fluorescence for
the pyrolysis extract. These sediments do not contain
petroleum, nor do they appear to have a high potential
for petrogenesis.

Organic Carbon and Nitrogen

The organic carbon and nitrogen content was deter-
mined aboard ship by the standard DSDP method (see
Hays et al., 1972; Kulm, von Huene, et al., 1973) and
plotted in Figure 20 (cf. Appendix I, this volume, Pt. 2,
for data listing).

Shipboard analysis of cores for organic carbon and
organic carbon versus total nitrogen atomic ratio was
performed using a CNH analyzer. Samples containing
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Figure 18. Carbon dioxide concentration versus depth, Site 474.
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Figure 19. Ethane and propane concentrations versus depth, Site 474.

as little as 0.1% organic carbon could be analyzed
reproducibly.

Aboard ship, a sample weighing 0.5 to 1 g was re-
frigerated immediated after collection. Prior to analysis
the sample was homogenized, and 3 ml of 6N HCI] was
added to remove carbonate carbon. The acid was evapo-
rated on a hot plate, and the acidified sample was dried
for at least 2 hr. at 105°C. The sample was cooled in a
desiccating cabinet and then weighed on a Cahn electro-
balance, mounted on a gimballed table. We used a sam-
ple weight from 8 to 25 mg, depending on the suspected
carbon content.
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The sample (in an aluminum boat) was oxidized in
the presence of a metal oxide catalyst at 1100°C in a
Hewlett-Packard 185B CHN analyzer. Copper turnings
reduced nitrogen oxides to nitrogen gas. The gas prod-
ucts were separated by a Porapack Q column attached
to a thermal conductivity detector. Detector response,
as measured by peak height, was calibrated daily with
standard samples of cystine. Multiplying the ratio of
weight percentages by 1.167 converted the weight ratio
to atomic C/N ratio.

Additional organic carbon and carbonate determina-
tions were made by the Scripps Institution of Oceanog-
raphy (Appendix I, this volume, Pt. 2).

The organic carbon ranges from 1 to 3% throughout
the core; it drops, in the proximity of the dolerite, to
about 1%. Organic nitrogen ranges from about 0.1 to
0.25%, and the plot, also dropping in the sill proximity
to <0.1%, parallels that of organic carbon. The C/N
ratio is also plotted in Figure 20, and the values, with
some scatter, range from 11 to 17. The C/N ratios for
Recent sediments usually cluster around 12 (Ryther,
1956), which accords with data for the upper section of
this sequence. Maturation of organic matter increases
the C/N ratio, and this trend is slightly discernible be-
low about 200 meters. Both higher and lower values are
observed near the dolerite sill, which values may indi-
cate more altered (thermally) organic matter from vari-
ous contributions.

Conclusion

The organic matter in this sediment sequence is of
biogenic origin and immature (based on gas, fluores-
cence, and C/N analyses). Despite the high thermal gra-
dient, no typical petrogenic hydrocarbons occur, and
the origin of the methane, ethane, propane, and iso-
butane is probably biogenic. Nevertheless, the increase
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in these C,-C, hydrocarbons with depth may also in-
dicate an onset of low-temperature (< 120°C) thermal
decomposition of biogenic organic matter. This same
increase was observed near a diorite intrusion into the
Cretaceous black shales at Site 368 (Leg 41; about 600-
900 m) and at depth in Hole 369A (Leg 41; below about
400 m; Doose et al., 1978).

The decrease in C,-C4 hydrocarbon concentrations
below about 300 meters is caused by the increasing
induration of the sediment and the associated slower
outgassing of the lighter-weight hydrocarbons. This in-
duration is also confirmed by the silica concentration in
the interstitial water, which drops to a value of <400
1M (see section on inorganic chemistry for additional
confirming data). The overall amounts of hydrocarbon
gas are well within safety and pollution limits.

INORGANIC GEOCHEMISTRY

Interstitial Water Chemistry (Fig. 21)

High values of alkalinity, ammonia, and phosphate
in the upper 100 to 200 meters indicate the importance
of bacterial oxidation of organic matter. High concen-
trations of dissolved ammonia have led to significant
ion exchange with the clay matrix, thus yielding an in-
termediate maximum in dissolved magnesium at about
100 meters sub-bottom.

Profiles of dissolved calcium and magnesium below
200 meters indicate a zone of reaction near 300 meters,
which can be understood in terms of alteration pro-
cesses of igneous material associated with a silicification
front. The latter front is clearly delineated by the sharp
drop in silica concentrations below 250 meters. The
intermediate maximum in salinity reflects the sharp in-
crease in bicarbonate concentration (alkalinity).

BIOSTRATIGRAPHY

Nannofossil and diatom datum planes indicate that
the Quaternary/Pleistocene boundary occurs between
Cores 474-28 and 474-29. On the basis of a few nanno-
fossils in claystones between igneous units, the base-
ment age is placed at the lower boundary of upper Plio-
cene (between 2.3 and 3.0 m.y.).

Coccoliths

Although the frequency and preservation of the
nannofossils vary greatly at Site 474, a good biostrati-
graphic control was possible. The upper Pliocene assem-
blages are sparse, mainly composed of those forms most
resistant to solution. A thin, upper Pleistocene section
(Cores 474-1-474-14) was recovered, followed by a 360-
meter-thick lower Pleistocene section (Cores 474-16-
474A-28) and a 40-meter-thick section of upper Pliocene
(Cores 474A-29 through 474A-41). A few mudstone
pebbles in Core 474A-45 were also assigned to the late
Pliocene. The Pleistocene/Pliocene boundary is sharply
marked between Cores 474A-28 and 474A-29. Pseudo-
emiliania lacunosa first occurs in Core 474-16; Helico-
sphaera sellii in Sample 474A-23-3, 122-123 cm; and
Cyclococcolithus macintyre in Sample 474A-25-1, 16-17
cm. Discoaster brouweri becomes abundant at the top
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Figure 21. Interstitial water chemistry, Site 474.
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of Core 474A-29 and is ubiquitous downhole. Dis-
coaster pentaradiatus first occurs in Sample 474A-35-1,
72-73 ecm, D. surculus in Sample 474A-35-4, 28-29 cm.

Diatoms

Open marine tropical to subtropical planktonic dia-
toms are abundant to rare and generally well to mod-
erately preserved in the hemipelagic sediment from
Cores 471-1 through 474-11. The mixture of marine
benthic species is highly variable but never exceeds 1 to
2% of the total diatom assemblage. Samples below Core
474A-11 contain no diatoms. The following important
diatom biostratigraphic species occurred at Site 474.
Nitzschia reinholdii (Sample 474-6-2, 36-38 cm); Meso-
cena quadrangula (Sample 474-6-3, 56-58 cm; both spe-
cies were found in Samples 474-7-1, 77-79 cm and 474-
7-5, 114-116 c¢cm); N. reinholdii (Samples 474-11-1, 64—
66 cm to 474-17-2, 17-19 cm); M. quadrangula (Sample
474-18-1, 125-127 cm; since these species are absent in
Samples 474-18-3, 8-10 to 474-19-2, 102-104 c¢cm, these
occurrences are interpreted as reworking); common M.
quadrangula and N. reinholdii associated with Rhizo-
solenia barboi (Sample 474A-1-1, 107-109); R. matu-
yama (Samples 474-7-3, 53-55 cm to 474-10-1, 30-32 cm.

No key species were detected below the two remain-
ing samples; diatoms are rare. Distinct cold-water intru-
sions into the Gulf were detected at the following levels
(the occurrence of R, barboi is common to rare): 474A-
1-1, 107-109 cm; 474A-9-1, 93-95 cm; 474A-9-3, 50-53
cm. Mass occurrences of Thalassiothrix longissima at
474-17-2, 17-19 cm and 474A-10-1, 30-32 cm also indi-
cate colder surface-water temperatures during times of
deposition.

Planktonic Foraminifers

No planktonic foraminifer zonation was established
for Holes 474 and 474A, because neither Globorotalia
truncatulinoides nor other stratigraphical diagnostic
taxa were found along the cores. Furthermore, the sedi-
ments from Section 474-26,CC to the bottom of the hole
are barren of planktonic foraminifers.

It appears that the planktonic foraminifers in these
holes record geographical shifting of water masses.
Most of the samples along the core sustain a ‘‘sub-
tropical’’ population in which Neogloboguadrina duter-
trei group B (Srinivasan and Kennett, 1976), Globiger-
inoides ruber, and Orbulina universa are the ‘‘domi-
nant’’ species. In certain intervals, however, such as those
corresponding to Sections 474-14,CC, 474-19,CC, 474A-
10,CC, 474A-12,CC, 474A-14,CC, and 474A-16,CC,
an apparent increase of the population, dwelling recent-
ly in the California Current, was observed. The ‘‘Cali-
fornia Current”” population is mostly Globoquadrina
pachyderma right coiling and Globigerina bulloides.

The planktonic foraminifers were retained in the por-
tion larger than 149 um. The samples (about 3 cm?) were
treated only with distilled water.

Radiolarians

Slides to analyze radiolarian remains were prepared
from core-catcher samples from Holes 474 and 474A.
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The preparation employed a special settling technique
(Moore, 1973; Molina-Cruz, 1978) that yielded slides
with evenly and randomly distributed grains.

In Holes 474 and 474A, radiolarian remains are com-
mon only in the top cores (474-1 and 474-2); rare to few
in the subsequent cores (474-3-474-19 and 474A-1-
474A-13); and absent in Core 474A-14 through the bot-
tom; the remains are well to moderately preserved.

Radiolarians such as Theoconus minythorax, Tetra-
pyle octacantha, Pterocanium praetextum, Ommatartus
tetrathalamus, Theocorythium trachelium, Amphirho-
palum ypsilon, and Liriospyris foxarium, among others,
clearly indicate the subtropical character of the Recent
water mass.

Nigrini (1971) proposed a Quaternarian biozonation
for the equatorial Pacific, and Hays (1970) and Kling
(1973) proposed others for the North Pacific. None of
these Quaternarian zonations, however, was used for
Holes 474 and 474A, because index species such as
Anthocyrtidium angulare, Buccionosphaera invaginata,
Collosphaera tuberosa, and Eucyrtidium matuymai were
not detected.

Radiolarian remains in Holes 474 and 474A have
been preserved only during the Quaternary. Index spe-
cies older than Quaternary were not found.

SEDIMENT ACCUMULATION RATES

We observed apparently continuous sedimentation at
Site 474, without any suggestion of hiatuses. We assume
the emplacement of the debris flow, Unit II, from 22 to
85 meters was essentially instantaneous on this time
scale. The apparent rate of sediment accumulation (Fig.
22) averaged 86 m/m.y. from the base of the sediment
section to about 375 meters, in early Pleistocene time.
The rate then seems to have increased significantly dur-
ing most of the Pleistocene to almost 400 m/m.y., but
must have been much slower during the late Quaternary
after emplacement of the debris flow.

IGNEOUS ROCKS

Igneous rocks were first encountered at 521 meters
sub-bottom (Section 474A-36-3, 132 cm). The rocks
were divided into eight units (Table 3; Fig. 23). The
main rock types are olivine-rich dolerite and sparsely
porphyritic to plagioclase-rich porphyritic varieties of
basalt.

Unit 1

Unit 1 is a dolerite body with well-preserved chill
zones at both its upper and lower contacts with sedi-
ment. A brecciated, thermally altered claystone above
the upper contact indicates that the body is intrusive
in origin. The dolerite contains variable quantities of
olivine (5-30%), plagioclase (5-15%), and (minor) red
chrome spinel phenocrysts; there is a noticeable concen-
tration of olivine-rich dolerite in the lower one meter of
the unit (Section 474-40-2). The groundmass comprises
olivine (10%), plagioclase (30-40%, Ang,) subophit-
ically enclosed by pale brown augite (30-35%), and
magnetite (< 5%). The olivine (phenocryst and ground-
mass phases) has been variably altered to a green clay
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Figure 22. Sediment accumulation rates, Site 474. (Dotted lines in-
dicate insecure sedimentation rates.)

Table 3. Igneous lithological units, Hole 474A.

mineraloid, particularly in areas adjacent to sporadic
calcite veins, although neither the feldspars nor the py-
roxene show evidence of alteration. Unit 1 intrudes sedi-
ments containing nannofossils, indicating a maximum
age of emplacement of approximately 2.3 m.y.

Unit 2

Unit 2, a massive dolerite body, is separated from
Unit 1 by about 15 meters of sediment. Thermally al-
tered sediments adjacent to the upper contact indicate
an intrusive origin for Unit 2, and petrographic studies
show that it closely resembles Unit 1. The dolerite of
Unit 2 is olivine rich, with occasional plagioclase pheno-
crysts and frequent olivine-rich segregations (up to 25%
olivine phenocrysts). The groundmass is subophitic,
comprising plagioclase, clinopyroxene (pale brown au-
gite with a purplish tint indicating a titaniferous com-
ponent), and opaques. Alteration is restricted to the
olivines, which may be partly or completely replaced by
green clay mineraloids, particularly in the vicinity of the
abundant calcite- and zeolite-filled veins. Some vesicles
are filled with expanding nontronite (see Fig. 24).

Unit 3

A small quantity of claystone at the top of Core
474A-43 suggests that Units 2 and 3 are separated by a
thin sedimentary intercalation. The upper contact be-
tween the sediment and Unit 3 was not recovered, so we
could not ascertain whether the unit is a sill or a flow.
Petrographically, Unit 3 is distinct from Units 1 and 2.
The rock is finer grained—almost basaltic—and con-
tains as much as 5% equant- and lath-shaped plagio-
clase (Ang, 7o) phenocrysts and about 5% olivine micro-
phenocrysts. The groundmass comprises olivine, pla-
gioclase in variolitic clusters (40%), and an altered,
sparsely vesicular mesostasis. Altered olivine pheno-

Core/Section Top Base Thickness Recoveryb Phenocryst

Unit (level in cm) (m) (m) (m) (m) Cooling Unit Assemblage

I 415, 142-40-2, 120 520.53/5220 5264/526.50  5.58/4.5b 3.9 massive dolerite sill O, Pl, Sp
sedimentary intercalation [NN15(7)]

2 415, 127-42-5, 100 54335420 5512/550.50  8.0%/8.5P 6.9  massive dolerite sill O, PI, Sp
sedimentary intercalation (barren)

3 431, 3-434, 62 ss23/550.50  sss3/561®  6.0%/10.50 3.8  massive dolerite or  OI, Pl

coarse basalt

sedimentary intercalation (none recovered)

4 44-1,0-44-2, 10 562.52/562.5%  566.58/567° 4.0%/4.50 1.5 pillow basalt Pl
sedimentary intercalation(?)

5 442, 11-44-5, 125 5678/567° 5718/571P 4.08/4.00 3.4  pillow basalt Pl, Ol, Sp
sedimentary intercalation (=3.2 m.y.)

6  45-1,0-46-2, 19 572.53/574P sg4d/sgsb  11,58/11.00 9.5 massive basalt Pl, Ol
sedimentary intercalation(?)

7 46-2,20-50-2, 110 S8(MA/588  619.58/6190  30.53/31.0° 15.6  pillow basalt Pl, Ol, Sp

8 502, 111-504, 10 619.53/619P 6268/6269 6.52/1.0 2.0  massive basalt ol, Pl

4 Estimated from downhole log.
Estimated from drilling rate and core logs.
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Sample 474A-42-2, 103-112 cm: alteration in Unit-2 doler-
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crysts, however, are profuse (10-15%) at several in-
tervals in Section 474A-43-1—a distribution similar to
that observed in Units 1 and 2. Calcite veining occurs
throughout Unit 3, frequently resulting in fragmenta-
tion of the basalt.

Fine-grained basalts with glassy chill zones and baked
mudstone selvages were first encountered in Section
474A-44-1 at 562.5 meters sub-bottom. These are inter-
preted as being part of a pillow-lava sequence and prob-
ably represent the shallowest level of the true basement.

Unit 4

Unit 4 represents the upper 1.5 meters of the lava se-
quence and comprises moderately altered aphanitic ba-
salts and sparsely plagioclase-phyric basalt. The basalt
is cut by rare, thin calcite veins and is somewhat frac-
tured. In thin section, the basalt contains less than 5%
plagioclase phenocrysts (0.5-1.0 mm) in a quenched,
variolitic groundmass of plagioclase, clinopyroxene,
and disseminated magnetite. The mesostasis is partially
replaced by yellow brown clay minerals, and the small,
abundant (0.2-1.0 mm) vesicles (15-20%) are filled with
clay minerals and zeolites.

Unit 5

Unit 5 comprises slightly altered plagioclase-phyric
basalt. Glassy selvages as much as 2 mm wide are abun-
dant, and the rock is considerably fractured. The basalt
contains two generations of plagioclase phenocrysts.
Large, tabular, subhedral, and zoned (Angy g)) plagio-
clase crystals, forming multicrystal aggregates as long as
5 mm across, compose about 5% of the rock. The sec-
ond plagioclase phase consists of elongate lath-shaped
crystals as much as 2.5 mm long (Any,_g)), comprising
as much as 30% of the rock. Other phenocryst phases
include olivine (as much as 5%), which has been com-
pletely replaced by green clay mineraloids, and cubes of
red chrome spinel lying in the groundmass and as inclu-
sions in the plagioclase phenocrysts. The groundmass
is generally very fine grained, containing olivine (5%),
plagioclase microlites (20%), clinopyroxene (15%), and
disseminated opaques. The mesostasis has been replaced
by brown clay minerals, and occasional vesicles are
filled with clay minerals, calcite, or zeolites.

Unit 6

Unit 6 appears to be overlain by a thin sediment inter-
calation containing nannofossil assemblage NN16. The
absence of a recovered contact at the top of the unit,
however, means that we could not ascertain whether
Unit 6 represents an intrusive or extrusive body. The
rock is a fresh, homogeneous, fine-grained dolerite; it
has good recovery and an absence of fractures or
quench zones, suggesting that it is either a thick flow or
a sill. In thin section, the rock has a subophitic texture
and is sparsely plagioclase phyric (5%, as wide as 2 mm
across). The groundmass comprises olivine (5%), pla-
gioclase (40%, An), pale brown augite (40%), and
opaques. Alteration is restricted to the olivines, which
are replaced by green clay mineraloids.
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Unit 7

Unit 7 is part of a 36-meter sequence of fresh plagio-
clase-phyric basalts which, from the presence of numer-
ous glassy selvages, probably represent successive sub-
marine eruptions (pillow basalts). Approximately 5% of
the rock consists of large (2-20 mm), partially resorbed,
zoned (An), and glass-inclusion-filled plagioclase pheno-
crysts or megacrysts. In addition, smaller lath-shaped
plagioclase (10%, 0.5-1.0 mm) and olivine (up to 5%)
phenocrysts and euhedral red chrome spinel micro-
phenocrysts lie in the pilotaxitic groundmass of plumose
pyroxene, plagioclase microlites, and a glassy mesosta-
sis containing approximately 5% clay minerals.

Unit 8

Unit 7 grades downward through a narrow amyg-
dular zone into Unit 8—2 meters of sparsely plagioclase
(5%)- and olivine (5%)- phyric coarse-grained basalt.
The phenocrysts lie in an intergranular-to-subophitic
groundmass of approximately equal proportions of pale
brown augite and plagioclase and about 15% olivine.
The olivine in the rock has been altered to green clay
mineraloids. Unit 8 contains no glassy selvages, indicat-
ing that it may be part of a massive flow.

The depth to true basement has been estimated by the
glassy selvages in Unit 4 at 563 meters sub-bottom. A
minimum age of about 3.0 m.y. for the basement rocks
is suggested by a nannofossil-bearing claystone inter-
calation in Core 474A-45. This agrees with the magnetic
lineation data showing that Hole 474A lies on anomaly
2" (ca. 3.2 m.y.). Upit 1is probably a sill, postdating the
basement by at least 1.0 m.y. The petrographically
similar Unit 2 is also intrusive in origin and probably of
a similar age to Unit 1.

PALEOMAGNETISM

We collected 115 samples from Holes 474 and 474A
for paleomagnetic examination. Of these samples, 79
were collected from sedimentary cores beginning at
Core 474-11. Because the sediments were soft and greatly
disturbed in the upper 150 meters, only a few samples
were suitable for paleomagnetic studies. In Hole 474A,
the density of sampling was greater, because the sedi-
ments were more compacted. We collected 36 additional
samples from the igneous basement.

The routine shipboard sampling procedure was fol-
lowed. Before sampling, an orientation arrow, pointing
uphole, was traced on the rock. Igneous rocks were
measured on shipboard with a Digico balanced-flux-
gate spinner magnetometer, an alternating field (AF)
GSD-1 demagnetizer, and a Bison magnetic susceptibili-
ty meter.

Basalts

Each igneous unit was sampled, and the natural re-
manent magnetization (NRM) and bulk susceptibility
were measured. Rather than establishing the ideal range
of AF demagnetization with a pilot set, the whole set
was subjected to an alternating-field (AF) demagnetiza-
tion procedure in increasing steps at 25, 50, 75, 100,
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150, 200, 250, 300, and 350 Oe. By 350 Oe, most of the
samples had lost more than 90% of their original NRM.

Results

The J, values range from 0.977 x 10-3 emu/cm? to
20.629 x 10-3 emu/cm?3, although two-thirds of them
fall within 2 to 5 x 103 emu/cm3, Curiously enough,
some of the higher values come from samples in the
uppermost part of the cores (474A-44, 474A-48, 474A-
49, and 474A-50) and apparently bear no relation to the
petrological or magnetic unit boundaries. Drilling may
have caused this phenomenon. Negative and positive in-
clinations range from —61.2 to + 60.2° (Fig. 25). Upon
demagnetization, 7 samples remained positive and 15
negative; 12, which first showed a positive inclination,
became negative as demagnetization proceeded. Two
samples changed polarity from negative to positive.
Usually these changes occurred within the first two or
three steps (as far as 75 Oe), and then no major changes
occurred in the declination or inclination values. In gen-
eral, most of the samples remained very close to their
stable inclination.

Unit 1 (three specimens) displays a normal polarity in
two samples, but the third is reversed. This last sample
is very close to the lower chilled margin of the sill. It
may be that the sill intruded the sediments during a
period of reversed polarity (which was ‘‘frozen’’ at the
margins) shortly before a shift to normal polarity,
which has registered in the inner parts of the sill. Ac-
cording to the age of the sediments above and below,
the sill must have been emplaced sometime between 1.8
and 2.8 Ma, in the first half of the Matuyama Reversed
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Epoch; several normal events occurred in that period.
The stable inclination values agree with the expected
values for this latitude (23°N).

Petrographically, Units 2 and 3 appear to be dif-
ferent. On paleomagnetic grounds (Table 4, Fig. 25),
Units 2 and 3 display different polarities: Unit 3 shows a
normal polarity throughout; the stable inclination for
Unit 2 is —23.1°, somewhat shallower than expected,
and Unit 3 has three samples with an average of 33° and
one sample with a steeper positive inclination of 51.9°.

Units 4, 5, and 6 are magnetically similar; negative
stable inclinations vary from —8.6to —23.5. An abrupt
change occurs between Units 6 and 7 (Table 4; Fig. 25).
The stable inclination values of Units 7 and 8 are the
steepest of this site: —59°to —66°. The median destruc-
tive field (MDF), varying from 90 to 250 Qe, is higher
than in any other units. The x values are smaller than in
other samples, and the Q, values are therefore higher.
All the samples increase in intensity during the first step
of demagnetization, indicating that a normal compo-
nent is being erased (Fig. 26).

Except for Units 1 and 3, which exhibit an inclination
value agreeing with the one expected for this latitude
(23°N), the units have inclinations either too shallow or
too steep. Several alternatives include secular variation,
tectonic disturbance, or some drilling remanence. An-
other puzzling fact is that Hole 474A was drilled on a
positive magnetic anomaly, NR2, but most of the units

Table 4. Paleomagnetism, Hole 474A.
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have a reversed polarity. One reason for this may be
that the source of the anomaly is deeper than 100 me-
ters. Similar situations have been encountered in DSDP
Legs 45, 37, and 39. '

PHYSICAL PROPERTIES

Most of the methods and procedures that determine
physical properties aboard Glomar Challenger have
been described. References and some remarks on the
validity and reliability of these determinations, as well
as a description of some additional techniques, are pre-
sented in a summary of physical properties (Einsele, this
volume, Pt. 2). For all measurements, we tried to choose
the least-disturbed samples (generally from the lower-
most core sections) from sediments representing the pre-
dominant sediment type. Special layers, such as mud
turbidites, were, as far as possible, avoided or sampled
separately. Sand layers were usually very much dis-
turbed or completely lost in drilling. Therefore, all the
data presented here are valid only for cohesive muds.

When the sediment was stiff enough, chunks were
taken and weighed in air and under water to determine
““‘wet’’ water content, wet-bulk density, and porosity. In
soft sediments not stiff enough for the chunk method,
we used special steel cylinders (about 5 cm? volume) to
remove undisturbed samples from the center of the split
core. All porosity data were corrected for salt content.
According to the chemical analyses on interstitial water,

Core/ Sub-bottom Stabl
Section Depth Jo MDF = x On Igneous
(level in cm) (m) (x 10~ 3 emu/cm3) Iy Dy  (Oe) Inclination Declination Polarity (x10~3emu) (F=045)  Unit

394, 55 520.05 0.977 381 962 65 37.2 83.8 N 2.364 0.91
40-1, 70 525.20 2.432 562 121.6 50 34.3 112.8 N 1.945 2.77 1
40-2, 106 527.06 3.621 51,0 3477 40 -32.7 344.9 R 1.752 4.59
42-1,3 543,53 2.642 357 2497 45 24.7 253.6 N 1.395 4.20
42-2, 48 545.48 1.506 -1.9 1688 100 ~-23.1 161.2 R 1.527 2.19
42-3, 66 547.16 2.189 89 679 135 ~25.8 65.5 R 1.821 2.67 2
424, 37 548,37 1.768 56.1 195.1 45 ~-17.8 183.6 R 1.935 2.03
42-5, 98 550.48 4.538 ~18.6 1397 80 22.4 140.5 N 1.557 647 iment
43-1, 110 554.10 5.644 497 1729 65 33.1 174.9 N 2.962 4.23 :
43-2, 13 554.63 11.251 493 344 62 35.7 40.8 N 2.727 9.16
433,19 556.19 7.467 368 239.5 S0 31.9 233.9 N 2.894 5.73 3
434,29 557.79 3.333 602 2719 25 51.9 258.8 N 2.676 2.76
44-1, 106 563.56 17.609 -63 2123 140 -9.6 210.7 R 1.715 22.81 4
44-2, 56 564.56 9.525 1.2 2696 115 ~8.6 271.7 R 1312 16.13
44.3, 39 565.89 8.382 —12.8 3518 80 ~12.5 347.6 R 2.673 6.96 5
444, 124 568.24 5.230 23 1346 105 ~18.0 128.8 R 2.250 5.16
44-5, 107 569.57 4,066 ~122 845 75 14.5 80.8 N 2.081 4.34 diment
45-1, 86 572.86 4177 18.5 2269 95 -13.9 225.8 R 2.113 439  ewimen
452, 121 574.71 3.188 39.5 578 35 123 53.4 R 2.994 2.36
45-3, 92 §75.92 3.499 50.1 403 40 ~15.8 32.1 R 2771 2.80
454, 67 5§71.17 10.515 3.9 980 80 ~18.7 97.8 R 2.321 10.06 6
45-5, 101 579.01 2.764 254 1421 65 ~23.5 147.5 R 2.237 2.74
46-1, 10 581.10 3.285 50.1 287.4 40 —15.4 301.6 R 2.295 1.18
46-1, 124 582.24 2.577 -20.5 2664 65 ~14.8 261.6 R 2.509 2.28
46-2, 68 583.18 7122 ~60.6 256 105 —65.4 19.3 R 1.174 13.48
47-1, 116 591.16 4.715 422 3155 1% -63.5 322.7 R 1.495 7.00
4722, 51 592,01 2.955 ~29.1 2181 215 ~66.0 223.9 R 1.522 4.31
473, 32 593,32 2.915 —24.5 2716 235 —63.0 289.7 R 1.537 4.21
48-1, 69 599.69 13.108 —53.6 359.4 110 -59.2 1.3 R 1.161 25.08 7
48-2, 19 600.69 10.853 577 966 95 —64.4 100.0 R 1.228 19.63
48-3, 30 602.30 3.472 —23.9 1381 160 —61.0 137.1 R 1.464 5.27
491, 8 608.08 20.629 -60.6 248.5 150 -62.1 249.1 R 1.046 43.32
492, 14 609.64 3,790 204 1684 225 —66.1 155.6 R 1.555 5.41
49-2, 68 610.18 7.318 —-540 1217 190 -60.3 124.3 R 1.275 12.75
50-1, 29 617.29 9.767 -61.2 3278 115 -66.3 326.9 R 2.006 10.81

50-3, 113 621.13 1.534 15.6 38.4 135 —61.1 9.4 R 3.282 1.03 8
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Figure 26. Demagnetization curves, Site 474,

the total salt content of the pore water—down to the
oceanic crust—varies only slightly, Therefore, no fur-
ther corrections for changing salt content were neces-
sary. Loss of volume by shrinkage was determined on
the dried samples from the cylinders and expressed in
percentages of the original volume of the wet samples.
In about 10 to 200 meters below the sediment surface—
and to some smaller extent in deeper cores—part of the
pore water was removed and cavities were formed by ex-
panding methane gas. Since calculations for bulk den-
sity and porosity assume that the samples are water-
saturated, the values in this part of the sequence are
somewhat too low. This especially applies to the cylin-
der method, whereas the chunks could take up some of
their lost water during weighing under water.

The Hamilton Frame could not measure sound veloc-
ity in the upper and middle part of the sediment se-
quence, probably (again) because of the gas content of
the samples. We routinely determined GRAPE wet-bulk
density on each or each second core section within the
plastic liner. Vane shear tests, using the Wykeham Far-
rance apparatus and, in more consolidated sediment,
the hand-operated, soil-test, high-capacity vane tester
and a newly developed cone vane tester, were performed
on the split cores. From Core 474-34 downward, the
sediments became so hard that the coherent parts of the
section cracked during penetration of the vane. Never-
theless, we finished the test by holding the split pieces
together by hand. We took the highest value from sev-
eral tests at the same core section.

Besides the well-known general relation between
physical properties and depth in core, at Site 474 some
special major trends can be recognized—trends mostly
related to the composition of the sediments and the first
stages of diagenesis. The data gained from the upper-
most 60 meters of the hole show unusually strong gradi-
ents of all physical properties (Fig. 27), especially in
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Cores 474-1 and 474-2. ‘“Wet’’ water content and po-
rosity decrease from about 65 to 85% to about 45 and
65%, respectively. Bulk density increases from 1.3 to
1.55 g/cm3, and vane shear strength versus depth ap-
pears to grow very fast, In the same interval, shrinkage
of dried samples decreases from 40 to 50% to about
30%. These strong gradients in the upper 10 to 20 me-
ters of a sedimentary column are to some extent normal,
but at Site 474 they are amplified by the decrease of bio-
genic silica and the increase of the coccoliths as impor-
tant constituents of the sediment. Biogenic silica (main-
ly in the form of delicate diatom frustules) tends to pre-
serve high porosity, whereas the calcareous remnants of
coccoliths do not prevent compaction to such an extent.
The sediments of this depth range also have a com-
paratively high silt content. Thus, the dotted trend lines
in Figure 27 are drawn somewhat apart from the actual
data points.

In the sandy section from depths of about 60 to 90
meters, no physical properties could be determined.
From about 90 to 250 meters, water content, porosity,
and bulk density are changing slowly versus depth—as
expected. The data, however, scatter considerably in
this range, which is also true of the density log. This
scattering is partly caused by expanded gas and the in-
itial difficulties in distinguishing mud from the ‘‘back-
ground” sediments from mud from the upper part of
mud turbidites.

Since biogenic silica (opal) and calcareous nanno-
fossils are still present in considerable quantities, re-
crystallization appears hardly to have occurred in this
interval. Shrinkage drops, however, from 30 to 5%.
Why this great change falls into an interval of otherwise
minor variations is not quite clear. It appears that first
diagenetic bonds between single grains are being estab-
lished within this depth range.

From about 260 to 360 meters, water content and
porosity decrease fairly rapidly from 37 to 27 and 60 to
48%, respectively. In the same interval, bulk density in-
creases from 1.67 to nearly 1.90 g/cm3, whereas shear
strength scarcely changes, and shrinkage remains very
low. From 240 meters downward, the sediments are silty
claystones or clayey siltstones. Beginning with Core
474A-10 (250 m sub-bottom), the cores had to be split
with a saw. Furthermore, in the sequence below 260 to
270 meters, scarcely any biogenic silica could be de-
tected in the smear slides, and the nannofossils decrease
to very small percentages. At about the same depth, the
concentration of dissolved silica in the pore fluid is very
low compared with the higher sections, where opal is
still present. This signifies that the formation of chal-
cedony and authigenic clay minerals may have begun
and contributed to the lithification of the sediment.

In the lower part of the sediment sequence, between
360 and 540 meters, the data for water content, bulk den-
sity, and porosity are relatively consistent and show only
a small scattering (Fig. 27). Lithification, however, also
proceeds in this interval. The vane shear strength in-
creases considerably with depth. From about 400 meters
downward, only small, high-capacity, hand-operated
vanes could be used. Though the vane was pressed only
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5 mm into the split core, the material broke during
penetration. Highest values for vane shear strength or
cohesion measured by this method are near 2 x 105 Pa
(~2 kg/cm?). In the sequence below 470 meters, no fur-
ther vane measurements were possible, and small cylin-
ders could no longer be used for sampling.

The trend line of the vane shear strength (Fig. 27) for 0
to 480 meters is very uncertain because of the wide scatter
of data. One of the reasons for this scatter is differential
lithification, which does not affect all sediment layers the
same way. For example, vane shear strength at about 34
meters is very high. Nevertheless, some vane tests are af-
fected by partially saturated conditions caused by ex-
panding gas after the high in situ pressure on the sedi-
ment had been released.

On some selected chunks from the lower part of the
sediment sequence, the sound-velocity data were mea-
sured perpendicular to the bedding (Fig. 27). From
about 430 to 500 meters, the sound velocity increases
from 1.6 to about 1.8 km/s. Similarly, acoustic im-
pedance varies between 3.05 and 3.52 x 105 g/cm? s.
Additional sound velocity measurements, not repre-
sented in Figure 27, are listed in Table 5. The acoustic
impedance of the dolerites (Cores 474A-40 through
474A-42) varies between 17.66 and 18.51 x 105 g/cm?2s.
(See also section on Correlation of Drilling Results and
Seismic Data, this chapter).

Bulk density curves obtained gravimetrically were
compared with the GRAPE data from unsplit cores. Be-
cause the thickness of the cores varied, only the highest
values in the hard copy of the GRAPE data were used for
comparison. Though the GRAPE measurements appear
to be not very accurate, they generally agree fairly well
with the gravimetric determinations of bulk density.

As already mentioned, the physical properties are
also somewhat related to short, vertical changes in the

Table 5. Sound velocity (vg), wet-bulk density (BD), and acoustic im-
pedance (AI) of some hard rock samples from Hole 474A.

Sample
(level in Vg BD Al
cm) Rock Type Orientation  (km/s) (g/em?)  (x 107 g/em? )
474A-38-1, 37 arkosic sandstone, 4.29
cemented 5.04
4.33
474A40-1, 70 dolerite parallel 6.09 2,97 18.09
parallel 6.12 17.88
6.12 18.18
474A42-1, 32 dolerite parallel 6.67 2.87 19.14
paralliel 6.42 18.43
474A-42-3, 66 dolerite parallel 6.07 2.91 17.66
6.09 17.7
474A42-5, 98 dolerite parallel 6.30 292 18.40
parailel 6.29 18.37
6.34 18.51
474A-43-3, 19 dolerite parallel 5.82
parallel 6,04
5.92
570
474A-44-3, 39 basalt parallel 4.80
parallel 4.97
4.95
474A-45-3, 60 basalt 5.56
A74A-46-1, 124 fine-grained basal parallel 6.09
5.99
474A-47-3, 48 plagioclase-phyric basalt parallel 6.24
6.27
4T4A-49-2, 68 plagioclase-phyric parallel 5.77
pillow basalt parallel 5.79

5.88

Note: All samples from Cores 474A-40 through 474A-49 were soaked in water before sound ve-
locity measurement.
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texture and composition of silty and clayey sediments.
In Hole 474, some values for bulk density appear to be
as much as 0.05 to 0.1 g/cm3 lower than the average
values at the corresponding depth, although water con-
tent and porosity are about normal. All samples contain
large portions of siliceous, mostly diatomaceous, ooze.
The relatively low bulk density is probably caused by the
high content of biogenic opal with specific gravity val-
ues between 2.0 and 2.20 g/cm?; this contrasts with the
much higher values of quartz, feldspar, and clay miner-
als. For that reason, the average grain density also de-
creases with increasing opaline silica. If we assume an
average specific gravity of 2.70 g/cm? for ‘‘normal”’
grains such as quartz, feldspar, carbonate, and clay
minerals and 2.10 g/cm3 for opaline silica, the percent-
age (per volume of solid particles) of opaline silica can
be taken from Figure 28. The results of this procedure,
and the corresponding data of grain density determina-
tions aboard Glomar Challenger and in a shore-based
laboratory (see Einsele on physical properties, this vol-
ume, Pt. 2), are plotted in Figure 27. The possible error
in determining the percentage of biogenic silica—an er-
ror caused by specific gravities deviating from the values
of the two principal “‘pure’’ constituents—can also be
seen in Figure 28. A further source of error is organic
matter, but since its percentage usually is low, it is not
considered here. Generally, the curve for the biogenic
silica versus depth (Fig. 28) confirms visual estimations
from smear slides used for the core descriptions. Below
about 260 meters, the content of opaline silica ap-
proaches zero, because this constituent is transformed
to chalcedony (specific gravity = ~2.60 g/cm?).
Nevertheless, clayey silts or clayey siltstones poor in,
or devoid of, opaline silica may have, in relation to their
sub-bottom depth, lower water contents and porosities
but higher bulk densities than the average samples at the
corresponding depth. Most of these samples are from
the lower part of mud turbidites, whereas the samples
from the upper part of these beds contain more water,
have higher porosities, and have lower bulk densities
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Figure 28. Graph to determine opaline silica content from average
grain density (g,), Holes 474 and 474A. (The solid line and the SBI
formula are valid for mixtures of ‘‘normal’’ grains [g, = 2.70
g/cm? and opal of g, = 2.10 g/cm?; e = possible errors if grain
densities of end members deviate from values assumed above].)



than the average samples. (For special information on
physical properties of mud turbidites see Einsele and
Kelts, this volume.) The differences between samples of
changing texture and composition decrease downhole.

Therefore, in the lower part of the sediment se-
quence, the physical property data are surprisingly cons-
tant. Slight deviations of single data points from the
general trend line are, however, still caused by sampling
from different positions within single mud turbidites.
The trend lines of Figure 27 correspond more or less
with the middle part of mud turbidites.

HEAT FLOW AND THERMAL CONDUCTIVITY

Logging in Hole 474A provided one usable bottom
temperature during the second temperature-logging run,
28 hr. after circulation was stopped in the hole. A tem-
perature of 58.5°C was reached after the logging tool
sat 15 min. at 509 meters sub-bottom. The temperature
was still slowly rising when the tool was pulled up, sug-
gesting an equilibrium temperature of about 60°C.

No thermal conductivity measurements were made in
this hole. Above 509 meters, where the sub-bottom tem-
perature was taken, the lithology can be approximated
by two lithologic units—the claystone below 239 meters
and the silty clay above this depth. We assume a thermal
conductivity of about 3 mcal/cm s °C for the claystone
and 2.5 mcal/cm s °C for the silty clay.

Heat flow can be estimated by the equation

T, = T, + g D/K,

where 7, = temperature at depth z = £D;, K; s the ther-
mal conductivity of the ith homogéneous section of
thickness D;, T, =a constant bottom-water tempera-
ture, and g = heat flow (Beck, 1965). The calculation
for Site 474 yields a heat flow of 3.1 ucal/cm? s, slightly
low for oceanic crust around 4 m.y. old.

CORRELATION OF DRILLING RESULTS AND
SEISMIC DATA

Extensive seismic reflection profiling has been done
in the vicinity of Site 474. The site was selected at the
crossing of two lines run on Thomas Washington in
February 1978 on the Guaymas site-survey expedition
(Moore et al., 1978) and a dense network of other lines,
including some run by the University of Washington
group in a 1975 site survey (Lewis et al., 1975). In addi-
tion, reflection records with 2- and 10-s sweeps and dif-
ferent bandpasses (40-160 Hz and 10-40 Hz, respec-
tively) were collected on approaching the site. A sono-
buoy wide-angle and refraction run was made while on
the site, and a cross line with 5-s and 10-80-Hz bandpass
was run after leaving the site. This section correlates
drilling results with these various seismic records and in-
formation from the downhole logging.

The key to correlating this information is an estima-
tion of seismic velocities to calculate depths. Because of
the high gas content, laboratory measurements of veloc-
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ity could not be made for most of the sediment section,
We thus used the sonic log to estimate interval veloc-
ities, and the correlation between the sonic and the drill-
ing lithologies is shown in Figure 29. The upper 135
meters of the hole could not be run with the sonic log,
because the drill pipe was pulled out of the hole only to
this depth, and the sonic log of the section down to
about 200 meters was unusable because of poor correla-
tion between the emitted and received pulses. Using
these velocities, and assuming velocities of 1.60 and 1.70
km/s for the upper 0-60 and 60-200 meters of section,
the lithologic section correlates well with seismic reflec-
tion records run through this site (Figs. 30, 31, 32).

Some details of lithology correlate with specific re-
flectors or groups of reflectors (Fig. 30). The most
prominent reflecting horizons that appear to correlate
are contact between Units I and II, the top and bottom
of the sand and gravel debris-flow unit at 58 to 87
meters, changes in lithology at about 125 and 180
meters, a sand layer at 275 meters, and the tops of ig-
neous units at 521 and 543 meters. Some of these same
reflectors can be seen in the processed 24-channel reflec-
tion record from the Scripps Institution of Oceanog-
raphy Guaymas Expedition run about 1.8 km from this
site (Fig. 31) and in a 2-s sweep cross line from the
Guaymas Expedition (Fig. 32). The debris flow from 58
to 87 meters shows up especially well, as do the sill and
basement.

A sonobuoy run was made while drilling Hole 474A.
Two airguns, 120 and 20 in.3, were buoyed off the stern
of Glomar Challenger and fired at 10-s intervals, while a
Fairfield sonobuoy, with a large plastic box acting as a
sail, drifted away on a heading of 105°. Two sweeps
were recorded, 5 and 10 s, with bandpass set at 5 to 40
H, (Figs. 33, 34). The wide-angle reflection part of the
records was analyzed ashore by R. T. Bachman of
NOSC, San Diego. He obtained a solution for a single-
layer-to-sub-bottom depth of 460 meters with a mean
velocity of 1.69 km/s. This compares with about 1.75
km/s obtained from the velocities in Figure 29. A sono-
buoy run during the multichannel survey of Guaymas
Expedition—abeam of and about 1.8 km away from the
site—gave a wide-angle velocity of 1.98 km/s for the
sediments (and the one sill) above the reflector we inter-
pret to be the dolerite at 543 meters depth. This com-
pares with a mean velocity of 1.77 km/s obtained from
the sonic log and the correlations already described.

Both sonobuoys run from Glomar Challenger and
the Guaymas Expedition had strong refracted arrivals
that gave apparent velocities of about 6.0 and 6.6 km/s,
respectively. Simple layer solutions put this refracting
horizon well below the dolerites drilled in Hole 474A.
Both sonobuoy runs were at a heading of about 105°,
and the shoaling of the ‘‘basement’ in this direction
would cause the apparent velocity to be greater than the
true velocity and the apparent depth to be too great.
Thus the refracted arrivals undoubtedly represent either
the upper sill at 521 meters or the sequence of sills and
flows starting at 543 meters. In retrospect, we now be-
lieve there is a good possibility that older sediments may
exist in this stratified-layer-2 complex to depths as great
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Figure 30. Correlation of drilling results with seismic reflection record from Glomar Challenger, Site 474.

as about 0.8 s below the sea floor or a total depth of
about 1200 meters below the sea floor.

DOWNHOLE LOGGING FOR SITE 474

Results of downhole logging, compared to lithology,
calcium carbonate, and physical properties, are shown
in Figure 35. Original tapes are available from storage at

the DSDP Information Handling Group. These provide
significant information on the depth relationships of
sills ‘and their sub-unit boundaries, the position and
thickness of various mass flow beds, the onset of dia-
genesis, the width of contact zones around sills, and
clues to hard and soft lithologies that were disturbed
during drilling or were not recovered.
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Figure 33. Airgun sonobuoy wide-angle reflection and refraction record from Glomar Challenger, Site

474 (10-s sweep).

SUMMARY AND CONCLUSIONS

Drilling Summary and Objectives

Site 474, in a basin at the base of the continental
slope and 55 km southeast of the tip of Baja California,
is the first of a three-site transect to study the evolution
of a young, passive continental margin,

Specific objectives at Site 474 were as follows: to con-
firm that the site lies seaward of the continent/ocean-
crust transition and to determine characteristics of the
basement rocks; to determine the lithologic and bio-
stratigraphic facies distribution; to look for evidence of
Pleistocene sea-level fluctuations, and the subsidence
history of the area; to study the nature and age of the
oldest sediments on the oceanic basement and the extent
of diagenesis of mineral and organic matter; and to seek
evidence for changes in the paleoenvironment.

Two holes were drilled at Site 474. The first, in a
water depth of 3023 meters, was continuously cored to
182.5 meters. Drilling terminated at that depth because
of a bent heat-probe/pore-water sampler; this necessi-
tated pulling the drill string. Hole 474A was offset 300
meters to the southeast and washed to 161 meters before
being continuously cored to a total depth of 626 meters.
Two dolerite sills were encountered between 521 meters
and the first pillow basalt ‘‘basement’’ at 562.5 meters.
Sediments were recovered from between these sills, and
the oldest sediment was a small fragment of late Plio-
cene (NN16; 2.3-3.0 m.y.) claystone beneath the first
pillow basalt flow at 572 meters. We penetrated 105
meters after encountering the first dolerite sill and 63.5

meters into the oceanic basement. The possibility re-
mains, however, that older, intercalated sediment lies
still deeper within the pillowed flows and that we did not
penetrated to oldest sediment.

The Sedimentary Section

Five depositional units are recognized within the
562-meter sedimentary section. The units are based on
lithologic, faunal, genetic, and age considerations and
were not specifically selected to correlate with seismic or
logging data. The sediment section at this site is mostly
hemipelagic mud and a thick sequence of mud tur-
bidites, indicating its position on the lower part of a
submarine fan, fed primarily by the well-developed sub-
marine canyon system of the southeastern tip of Baja
California. A feature of the upper section is the re-
deposited slump-debris-flow-turbidite units from 21 to
87.3 meters (see Moore et al., this volume, Pt. 2). The
base of this flow is coarse sand and conglomerates, and
the upper nannofossil-diatomaceous mud contains evi-
dence of warmer, shallower-water fauna than occurs in
the sediments either above or below the slide deposit.
The rate of accumulation from the oldest sediment to
the top of the Pliocene is about 86 m/m.y. In the thick
turbidites above the Pliocene/Quaternary contact, the
rate dramatically increases to 395 m/m.y. Above the
slide mass, the rate again decreases to about 47 m/m.y.

Biostratigraphy was determined primarily by the pres-
ence of nannofossils, which persist to the basement,
whereas siliceous radiolarians and planktonic foramini-
fers are preserved only to 275 meters in the Quaternary
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Figure 34, Airgun sonobuoy wide-angle reflection and refraction record from Glomar Chal-

lenger, Site 474 (5-s sweep).

section. Values for dissolved silica clearly indicate the
abundance of siliceous materials in the upper 275 meters
(Fig. 21). The drop to lower values at 300 meters may be
related to the recrystallization of silica associated with
the weathering of plagioclase feldspars (source for cal-
cium) and the formation of smectites (sink for magne-
sium). Values of dissolved calcium increase and dis-
solved magnesium decrease in this same section.
Ratios of ethane to methane follow a similar pattern:
There is a normal linear increase (semilog scale) to
about 300 meters and then a decrease from the maxi-
mum of 8.5 x 104 to about 11.5 X 103 in the lower
part of the section. Methane is an essentially constant
component of interstitial gas, whereas ethane increases
to a maximum and then decreases, reflecting the slower
diffusion of ethane from the more indurated sediments
below 300 meters. The organic matter of this sediment
sequence is of biogenic origin. No typical petrogenic
hydrocarbons occur, despite the high thermal gradient.
The observed increase in the C,-C, hydrocarbons
(methane, ethane, propane, and isobutane) with depth
may result from low-temperature decomposition of bio-
genic organic matter near the intruded dolerite in the
lower sedimentary section. This phenomenon has been
observed under similar circumstances on Leg 41.
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Physical properties of the sediments also indicate a
similar history of compaction and lithification. Strong
gradients of increasing bulk density and shear strength
and decreasing porosity in the upper 20 meters are nor-
mal but possibly amplified by the abundant biogenic
silica in the sediment. From 20 to 100 meters, all data re-
main relatively constant, and between 100 and 250 me-
ters water content, bulk density, and porosity change
slowly with increasing overburden pressure. Recrystal-
lization appears insignificant in this interval, because
biogenic silica and calcareous nannofossils still occur in
considerable quantities. From about 200 to 275 meters
to about 360 meters, water content and porosity de-
crease rapidly, and bulk density increases from 1.67 to
nearly 1.80 g/cm3. In about this same interval, the

Igneous Rocks

We identified eight igneous lithologies at Site 474 and
placed them in five petrologic units. These include sev-
eral intrusive units, probably sills, and a pillow-lava se-
quence. Units 1 and 2 are intrusive, olivine dolerite sills
concentration of dissolved silica is relatively very low,
signifying that formation of chalcedony and authigenic
clay minerals may have contributed to lithification of
the sediments.
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within the lower 43 meters of the sedimentary section.
Unit 3 comprises two distinct pillow basalt flows. Unit 4
is a dolerite sill within the pillow-lava sequence, and
Unit 5 comprises pillow basalt and coarse basalt or
dolerite that may be a sill. The pillow-basalt sequences
are predominantly plagioclase-phyric with minor olivine
phenocrysts; clinopyroxene is not a phenocryst phase in
any of the basalts. The pillow basalts are therefore
similar to abyssal basalts from other ocean ridges and
basins.

Correlation of Drilling Results with
Seismic and Logging Data

This site lies in a network of previous underway geo-
physical surveys, and additional seismic reflection and
sonobuoy wide-angle refraction lines were run before
and after drilling. The downhdle logging program in-
cluded temperature, sonic, density, and porosity, cali-
per, natural gamma radiation, and guard (electric) mea-
surements. On shipboard, the sonic log derived acoustic
velocities for correlation with the seismic reflection
records over the site. Correlations are generally good,
and some major lithologic changes and depositional
events can be observed in the records, principally the re-
deposited slump-debris-flow-turbidite unit. Reflection
records suggest the possibility of an additional half
kilometer of stratified material below the basement rock
sampled. Intercalated sediments may be incorporated in
these stratified units.

Geological History and Paleoenvironment

The petrologic and biostratigraphic evidence indi-
cates that this site is floored by oceanic crust gener-
ated by rifting approximately 3.2 Ma with the initiation
of the present phase of opening of the Gulf of Califor-
nia. These observations agree well with the magnetic
chronology of the current spreading at the Gulf mouth
(Larson et al., 1968; Lewis et al., 1975). At this initial
rifting, the sea floor at this site was already at abyssal
depths. No coarse volcaniclastic or continental con-
glomerates were recovered, and late Pliocene sediments
overlying the basement already indicate a distal fan to
hemipelagic character. During the late Pliocene (NN17/
18; 2.2-1.8 m.y.), a sedimentation pattern of turbidites,
hemipelagic mud, and sporadic mud flows was estab-
lished and continues through the present.

Planktonic foraminifers in the Quaternary sections
of this site record geographical shifting of water masses.
Most of this section contains a ‘‘subtropical’’ popula-
tion, but in certain intervals we observed an apparent in-
crease in the population of species that recently dwelled
in the California Current.

SITE 475 (HOLE 475)

Date occupied: 10 December 1978

Date departed: 12 December 1978

Time on hole (hr.): 33.83

Position: 23°03.03'N; 109°03.19'W

Water depth (sea level; corrected m, echo sounding): 2631
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Water depth (rig floor; corrected m, echo sounding): 2641
Bottom felt (m, drill pipe): 2650

Penetration (m): 196

Number of cores: 21

Total length of cored section (m): 196.0

Total core recovered (m): 127.9

Core recovery (%o): 65

Oldest sediment cored:
Depth sub-bottom (m): 196
Nature: Polymictic conglomerate
Age: Pliocene (NN15 or older)

Basement: Not reached

Principal results: Hole 475 is in a slope basin 21 km southeast of the
tip of Baja California; it was continuously cored to a depth of 196
meters. A cobble conglomerate at 158 meters eventually stopped
the drilling. Recovery was nearly 80% in the sediment column but
only 5% in the conglomerate. Five lithologic units are recognized:
Unit I, from the mudline to 34 meters, is late Quaternary nanno-
fossil diatomaceous mud; Unit 11, 34-130 meters, is late Pliocene
to early Pleistocene clayey silt to silty clay; Unit III, 130-153 me-
ters, is early Pliocene diatomaceous mud. These units accumulated
at a rate of about 40 m/m.y. Unit IV, 153-158 meters, is early Plio-
cene zeolite-bearing and dolomite mudstone of unknown but slow
depositional rate; and Unit V, 158-196 meters, is an early Plio-
cene(?) conglomerate of metavolcanics, and metasedimentary,
rhyolite, and ignimbrite cobbles.

Heat flow and thermal conductivity measurements give a heat
flow value of 3.9 heat flow units. No in situ basement was recov-
ered, but the conglomerates are interpreted as a subaerial deposit
that rapidly subsided as the first opening of the Gulf of California
began.

SITE 475 (HOLE 475A)

Date occupied: 12 December 1978

Date departed: 12 December 1978

Time on hole (hr.): 5.33

Position: 23°03.44'N; 109°03.83'W

Water depth (sea level; corrected m, echo sounding): 2545
Water depth (rig floor; corracted m, echo sounding): 2555
Bottom felt (m, drill pipe): 2591.5

Penetration (m): 16

Number of cores: 1

Total length of cored section (m): 9.5

Total core recovered (m): 0.15

Core recovery (%): 1.6

Oldest sediment cored:
Depth sub-bottom (m): 16
Nature: Hard dolomitic mudstone
Age: Older than late Pliocene (NN15/16)

Basement: Not reached

Principal results: To avoid drilling conglomerate and to reach the as-
sumed granitic basement, Hole 475A was drilled upslope of (1.34
km NW), and adjacent to, Hole 475. At 16 meters submudline, the
bit hit a hard layer and only a small piece of hard mudstone was
recovered.

SITE 475 (HOLE 475B)

Date occupied: 12 December 1978
Date departed: 13 December 1978



Time on hole (hr.): 12.08

Position: 23°03.36"N; 109°03.57'W

Water depth (sea level; corrected m, echo sounding): 2593
Bottom felt (m, drill pipe): 2629.5

Penetration (m): 96

Number of cores: 4

Total length of cored section (m): 38

Total core recovered (m): 10.4

Core recovery (7o): 27

Oldest sediment cored:
Depth sub-bottom (m): 9.5
Nature: Diatomaceous mud/basalt
Age: Late Pleistocene (NN21/7)

Basement: Not reached

Principal results: Drilling in Hole 475B recovered a mudline core of
Quaternary nannofossil diatomaceous silty clay. The hole was
washed to 76 meters before basalt cobbles were encountered: we
cored 20 meters in cobbles and recovered a few percent, Basalts are
of subaqueous extrusion and petrographically similar to mid-
ocean ridge basalts but are not part of an in situ flow.

SITE 475: BACKGROUND AND OBJECTIVES

Site 475 (Planning Site GCA-6) was the second site in
the passive continental margin transect off Baja Cali-
fornia. The general objectives of drilling this transect
are outlined elsewhere in the volume. More specific ob-
jectives are listed here,

This site lies on the lowermost continental slope,
southeast of the tip of Baja California (Figs. 2, 7); it was
selected as one of the sites to bracket the continent/
ocean crust transition. From geophysical surveying and
rock dredging we presumed that the transition was be-
tween Site 474 and this site, which lies on a ridge in line
with the northeasterly trend of Cabrillo Seamount (Fig.
2). Granodiorites and quartz diorites have been dredged
from the Cabrillo Seamount (Shepard, 1964; Moore et
al., 1978), but Lewis et al. (1975) dredged basalt from
another location (DH-8 in Fig. 2).

Our plan was to drill at this site if oceanic crust had
been reached at Site 474; if continental crust were recov-
ered at Site 474, we would move farther seaward.

The specific objectives of this site included, but were
not limited to, the following:

1) Basement rocks

a) Determining whether this site lies seaward or
landward of the continent/ocean transition

b) Determining the composition, character, and—
if possible—the age of the basement rocks,
which were presumed to be either the oldest
oceanic basement or the most seaward conti-
nental rocks near the transition

2) Nature of the sedimentary section

a) Determining general lithologic and biostrati-
graphic facies distributions

b) Determining water depth indicator changes
downward in the section as a record of sub-
sidence history and age of the oldest marine
sediments

¢) Determining the nature and age of the oldest
sediments on basement

BAJA CALIFORNIA PASSIVE MARGIN TRANSECT

d) Obtaining a record of Pleistocene sea-level
fluctuations
e) Determining the diagenesis of organic and in-
organic matter
3) Evidence of climatic or oceanic circulation changes
4) Evidence relating to the proto-Gulf of California
history.

OPERATIONS

From Site 474, we made a seismic survey for Site 475
(Figs. 7, 36). We passed over our Site 474 beacon on 10
December 1978 at 0000Z. Our course was 010°T, and at
0022Z we changed to 298°T, profiling up the slope ap-
proximately parallel to the track of the Thomas Wash-
ington Guaymas 01 record of 19 February 1978. At
0114Z we dropped a 13-kHz beacon on Site 475 and
continued on course until 01347, when we retrieved
equipment to return to the beacon. No signal strong
enough to verify was found, however, and we had to
wait for a satellite fix at 0420Z before returning to the
DR position of the beacon. We were able to position di-
rectly over the weak 13-kHz beacon and drop a new
16-kHz beacon; at 0640Z we were in automatic position-
ing over Site 475. At 1412Z on 10 December, we spud-
ded in the hole. The mud line was found on the second
core at 2650 meters, corresponding to a PDR depth of
2641 meters (Table 6).

We cored continuously to a depth of 196 meters. Re-
covery was unusually good, averaging 79% for the first
158 meters. At that depth, we encountered a thin, lithi-
fied dolomitic mudstone overlying cobbles of various
metamorphic rock types that reduced recovery to a few
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Table 6. Coring summary, Site 475.

Date Depth from

Depth below

Length

Length

(December, Time Drill Floor Sea Floor Cored  Recovered Recovery
Core 1978) (Z)  (m; top-bottom) (m; top-bottom)  (m) (m) (%)
Hole 475
1 1 0831 2650.0-2656.0 0.0-6.0 6.0 2.91 49
2 1 0921 2656.0-2665.5 6.0-15.5 9.5 9.40 9
3 11 1012 2665.5-2675.0 15.5-25.0 9.5 9.80 103
4 11 1102 2675.0-2684.5 25.0-34.5 9.5 8.20 86
5 11 1153 2684.5-2694.0 34.5-44.0 9.5 8.45 a9
6 }] 1243 2604.0-2703.5 44,0-53.5 9.5 9.39 99
7 11 1329  2703.5-2713.0 §3.5-63.0 9.5 8.10 85
8 11 1450  2713.0-2722.5 63.0-72.5 9.5 7.89 83
9 11 1545 2722.5-2732.0 72.5-82.0 9.5 5.99 63
10 11 1635 2732.0-2741.5 82.0-91.5 9.5 1.10 12
11 11 1735 2741.5-2751.0 91.5-101.0 9.5 9.02 95
12 11 1825 2751.0-2760.5 101.0-110.5 9.5 732 L
13 11 2051 2760.5-2770.0 110.5-120.0 9.5 5.89 62
14 1 2147 2770.0-2779.5 120.0-129.5 9.5 9.57 101
15 1 2245 2779.5-2789.0 129.5-139.0 9.5 9.34 98
16 11 233 2789.0-2798.5 139.0-148.5 %35 7.04 74
17 12 0240 2798.5-2808.0 148.5-158.0 9.5 6.41 67
18 12 0435 2808.0-2817.5 158.0-167.5 9.5 0.72 8
19 12 0607 2817.5-2821.0 167.5-177.0 9.5 0.25 3
20 12 0730 2827.0-2736.5 177.0-186.5 9.5 0.57 6
21 12 0903 2736.5-2746.0 186.5-196.0 9.5 0.50 ]
Hole 4754
1 12 2040  2598.0-2607.5 6.5-16.0 9.5 0.15 1.6
Hole 475B
1 12 2333 2629.5-2639.0 0.0-9.5 9.5 9.84 103
2 13 0326 2705.5-2715.0 76.0-85.5 9.5 0.35 4
3 13 0656 2715.0-2724.5 85.5-95.0 9.5 0.15 2
4 13 0920  2724.5-2725.5 95.0-96.0 1.0 0.05 5

percent and eventually resulted in loss of the hole. The
heat probe was deployed successfully in stiff mud at
110.5 meters and again at 148.5 meters.

As we penetrated the cobble zone, drilling times in-
creased sharply from 6 to 8 to 22 to 60 min. per core.
After Core 475-21 was retrieved from 196 meters at
1603Z on 12 December, the drill string became stuck as
we attempted to resume drilling. The drill string was
worked free with difficulty and pulled above the cobble
zone. At 1900Z we decided to abandon the hole and
move to a position presumably beyond the cobble zone.
The bit was not released and no logging was attempted;
we believed that the new position would allow basement
penetration and result in more useful logging. The drill
string was therefore pulled above the mud line and trailed
914 meters upslope (bearing 298°T). The depth at this
position did not correspond to that of the seismic line
made on our original, dead reckoning approach to Site
475. An attempt to collect in-place seismic data—to
check the section against the approach line—was pre-
cluded by thruster noise.

By 2230Z on 12 December, the ship was in automatic
positioning over the proposed Hole 475A. We found the
mud line at 2591.5 meters, and it corresponded to the
corrected PDR depth of 2554 meters. We began washing
to reach the equivalent Hole 475 depth. At 16 meters,
however, we encountered hard drilling. At 0340Z on 13
December, we recovered the barrel and found a short
section of the same stiff mud overlying the cobble zone
of Hole 475.

Having drifted to the south-southeast, we moved to a
new locality midway between Holes 475 and 475A with
the drill string pulled above the mudline and the seismic
gear deployed. We profiled in this way across the pro-
posed site to a more desirable position somewhat north
of a line between the two previous holes; at 0440Z, we
were in position above the proposed Hole 475B. At
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0545Z, we spudded and found the mudline at 2629.5 me-
ters. We then washed to 76 meters and again encoun-
tered a very hard basalt formation. Subsequently, we
cored continuously to 96 meters, recovering only 3% of
the 20 meters eventually cored in basalt rubble. The hole
was caving badly, and we abandoned the site, without
attempting a downhole logging program, to avoid pos-
sible loss of the bottom hole assembly. Orientation of
the three holes at this site is shown in Figure 36. At
22457 on 13 December, we departed for Site 476.

SEDIMENTARY LITHOLOGY

Site 475 includes Holes 475, 475A, and 475B, but the
following description is based only on the complete sec-
tion from 475. Five lithologic units (Fig. 37; Table 7)
were selected on the basis of microfossil abundance, pri-
mary sedimentary structures, and mineralogy.

Unit I: Nannofossil diatomaceous hemipelagic mud
(Cores 475-1-475-4, 0-34.5 m). Unit 1 consists of a
rather uniform, drab grayish olive to moderate olive
brown nannofossil diatomaceous mud. Drilling distur-
bance is intense, obliterating most sedimentary struc-
tures; bedding is indistinct and color boundaries are
gradational. Carbonate content—as high as 15%—is
from nannofossils., Coccoliths are abundant in Cores
475-1 through 475-4, as are discoasters in Cores 475-5
through 475-11. Diatoms average as high as 25% of the
total sediment. Foraminifers, silicoflagellates, radio-
larians, and sponge spicules are rare. Sponge spiculites
occur sporadically throughout the unit as thin, white
laminae or lenses (1-2 mm thick). Dusky yellow green
mottling and black reduction spots are common. These
lighter zones are characterized by more nannofossils
and fewer diatoms.

Minor, angular, silt-size quartz and feldspar range
from 5-30% and 2-10%, respectively. Clays range from
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Figure 37. Lithology, lithologic units, and core recovery (shown in
black), Site 475,

15-60%. Pyrite is rare but occurs as black, opaque
framboids, commonly as a filling in diatom frustules or,
rarely, in foraminifer tests. Rare, scattered glauconite
occurs as 1-2-mm-thin, bright green lenses set against

Table 7. Lithological units, Site 475.
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the grayish olive of the host sediment. Glauconite is
commonly associated with the spiculites.

Sporadic undisturbed sections show evidence of deci-
meter-scale mud turbidites with thin basal sands grading
subtly up into grayish olive silty clay.

Unit II: hemipelagic mud (Cores 475-5-475-14, 34.5-
130.2 m). Unit I1 is a firm, grayish olive green to grayish
olive clayey silt to silty clay. The contact to Unit I is
gradational and best defined by the disappearance of
the biogenic components. Biogenic components mostly
compose less than 5% of the total sediment but increase
again below Core 475-12.

Quartz and feldspar percentages are similar to Unit I.
Clay percentages are higher, ranging from 55 to 70% of
the total sediment. Black reduction streaks and spots are
common.

Drilling disturbance is intense, with brecciation of
Cores 475-6, 475-7, and 475-14. Where disturbance is
less severe (Cores 475-8 and 475-11), we observed a dis-
tinct layering delineated by alternating sediment colors.
The color changes are subtle but contacts are sharp. The
colors alternate between a dark grayish olive and a
lighter color, either moderate olive brown, dusky yellow
green, or grayish green. We infer that the mottling ob-
served in Unit I is a more disturbed equivalent to these
layers in Unit II—with one exception: The lighter, mot-
tled sediments in Unit I are overshadowed by a nanno-
fossil-rich biogenic component, whereas the lighter
layers in Unit I are mostly barren. The darker layers in
Unit II contain more silt-size grains and a greater abun-
dance of pyrite (as high as 8%). Some pyrite concretions
appear to be cemented burrows. A large nodule from
Section 475-13-1 is shaped like Planolites. Small dis-
continuous lenses of sandy silt occur in Sections 475-
5-2, 475-6-2, and 475-7-1, possibly as remnants of basal
sands from mud turbidites. Above these silty pockets,
there is little evidence of grading. A small fragment of

Approximate

Accumulation
Depth Thickness Paleo- Age Rate
Unit Interval (m) (m) Lithology environment (m.y.) (m/m.y.)
I Cores 475-1-475-5 0.0-34.5 34.5 grayish olive (10Y 4/2) to moderate hemipelagic with  late 40
olive brown (5Y 4/2) nannofossil minor mud tur-  Pleistocene
diatomaceous mud; gradational bidites (~0-0.7)
contacts
I Cores 475-6-475-14 34.5-130.2 95.7 grayish olive to drab grayish olive hemipelagic with  late Pliocene 40
green clayey silts to silty clays; mud turbidites to early
firm; sparse biogenic components Pleistocene
(< 5%) increasing below Core (—0.7-2.8)
475-11 (~0.7-2.8)
111 Sections 475-15-1- 130.2-154.2 23.0 bioturbated to homogeneous dia- diatomaceous early ~40+
475-17-4 tomaceous moderate olive brown mud turbidites Pliocene
(5Y 5/4) to dusky yellow (5Y 6/4)
muds with graded cycles
IV Sections 475-17-5- 154.2-158.0 4.8 brown gray (SYR 4/1) zeolite- isolated offshore early slow(?)
475-17,CC bearing clay, overlying a dusky bank within the  Pliocene(?)
yellow (5Y 6/4) dolomitic mudstone O2-minimum
with glauconite grains zone
V  Section 475-18-1- 158.0-196.0 38.0 polymictic conglomerate, consisting  subaerial alluvial ? rapid
Core 475-21 of metavolcanics, metasedimentary  plain; later rifted

rocks, rhyolite, and ignimbrites and
some fresh basalts (Hole 475B)
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wood is embedded in the homogeneous silty clay of Sec-
tion 475-9-4. Unit II appears to be a series of distal-fan,
fine-grained, graded beds in the undisturbed section dif-
fering from Unit I only by the lack of biogenic com-
ponents and turbidites.

Single, well-rounded andesite tuff (pumice) pebbles
occur in the hemipelagic sediment of Sections 475-11-5,
475-12-1, and 475-14-1, but drill disturbance leaves their
stratigraphic context unclear.

Unit III: mud turbidites (Cores 475-15-475-17,
130.2-154.2). The sharp contact between Unit II and
Unit III is defined by a layer of fine, gray white sand,
1-2 cm thick. Drilling disturbance in Unit III is slight,
revealing sedimentary structures only inferred in Units I
and II.

Unit I1I is characterized by bioturbated diatom-bear-
ing, moderate, olive brown to dusky yellow silt-clay and
homogeneous, moderate olive brown, light olive gray to
olive-gray-brown diatomaceous mud. Evidence of sub-
tle grading is common, Most graded beds have a thin
basal sand (30-60% quartz; 15-25% feldspar; 6-8% py-
rite; 5-20% biogenic material), grading upward to a
muddy ooze (20-70% clay; 20-45% diatoms). The top
of each graded bed has a ‘‘waxy’’ appearance and is
commonly and extensively bioturbated. Bioturbation is
often so intense in a graded bed that basal sands de-
posited in the next graded bed above have been drawn
down into the bed below, causing an apparent reverse
grading. Some of the basal sands appear winnowed,
although this may result from drilling disturbance. This
sequence of graded beds, ranging in thickness from 10
to 200 cm and averaging 30 cm, is probably a sequence
of distal mud turbidites. A shark’s tooth is imbedded in
one of these mud turbidites at Section 475-15-3 (36 cm).

Diatoms show a steady increase from ~20% at the
top of the unit to 45% in Section 475-17-2 (151.5 m).
Diatoms then rapidly decrease, and the sediment is bar-
ren by Section 475-17-4 (153.7 m). The basal part of
Unit III contains a glauconite- and pyrite-bearing silty
clay, underlain by a zeolitic clay and basal sand. The
presence of 10% glauconite and pyrite and 30% zeolite
suggests a rapid change in sedimentary environment,

Unit IV: dolomitic mudstone with glauconite (Cores
475-17-475-18, 154.2-158.0). This basal sedimentary
stratigraphic unit is in sharp contact with the overlying
Unit III. A hard zeolite-bearing (clinoptilolite) brown
gray clay with glauconite grains characterizes the upper
part of this unit and is underlain by a hard, dusky yel-
low dolomitic mudstone (Fig. 38). The dolomitic mud-
stone contains quartz clasts and glauconite grains within
an equigranular, limpid dolomite rhomb matrix consti-
tuting 40% of the total sediment (see Kelts and Lyle,
this volume, Pt. 2).

Zeolitic clay and dolomite mudstone are firm but
friable, show faint evidence of bioturbation, and are un-
fossiliferous.

Unit V (Cores 475-18-475-21; 158.0-196.0 meters)

Unit V is characterized by a poorly recovered se-
quence of polymictic pebbles to cobbles. Most are
rounded and partially weathered, but any rinds have
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Figure 38. Sample 475-17-5, 10-40 cm, Unit IV: dolomitic mudstone
with glauconite pellets and evidence of bioturbation.



been removed by drilling abrasion. Component clasts
include ignimbrites, fine-grained volcanics, graywacke,
low-grade metasediments, perlitic rhyolite, quartzite,
shale, schist, and a quartzose metaconglomerate.

Thin sections indicate that some of the metavolcanics
include basalts with abundant opaque minerals, altered
clinopyroxenes and olivine phenocrysts, small white cal-
cite veins, and no foliations. Metagraywackes are me-
dium grained and poorly sorted.

None of the matrix was recovered, but it is assumed
that the conglomerate is clast supported, with a sandy
matrix.

In Hole 475B, cobbles were also cored, but these are
composed of basalt (see section on igneous petrology,
this volume). The basalt cobbles have brown-stained
rinds, indicating weathering; this suggests that they are
not in place basement rocks. '

ORGANIC GEOCHEMISTRY

The monitoring program was carried out aboard
ship. No hydrocarbon gases were detected in this sedi-
ment sequence (i.e., no gas pockets in the core liners; no
pressure buildup in the core caps). Hydrogen sulfide
(detected only by odor) occurs from about 11 to 35 me-
ters in significantly lower amounts than in Hole 474.

Fluorescence

Fluorescence data were measured on raw sediment
samples, trichloroethane extract solutions of raw sam-
ples, and pyrolized samples. Most raw samples and tri-
chloroethane solutions exhibited no fluorescence; some
pyrolized sample extracts exhibited yellow fluorescence,
indicating the absence of petroleum.

Organic Carbon and Nitrogen

The results from the CHN analyzer are summarized
in Appendix I, this volume, Pt. 2. The organic carbon
and nitrogen values and their ratios are plotted versus
depth in Figure 39. The organic carbon ranges from
about 1 to 3% with considerable scatter throughout the
core; the organic nitrogen parallels the distribution of
organic carbon and ranges from about 0.1 to 0.26%.
The C/N ratio does exhibit a slight trend to higher val-
ues with depth. The upper section exhibits C/N values
of 10 to 15, typical of Recent, unaltered, and immature
sediments. The onset of diagenetic alteration of the or-
ganic matter is reflected by this C/N increase with depth.

INORGANIC GEOCHEMISTRY

Interstitial Water Chemistry (Fig. 40)

This site shows only relatively small increases in alka-
linity, ammonia, and phosphate, indicating that only
sulfate reduction is an important process for organic
matter decomposition. Dissolved calcium shows a typi-
cal minimum-—a result of calcium carbonate precipita-
tion. Decreases in dissolved magnesium are caused by
an uptake in the solid phases of the sediment. Gradual
increases in dissolved silica reflect higher solubilities of
opaline silica—a result of increased temperatures with
depth.
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Figure 39. Organic carbon and nitrogen: content and ratios versus
depth, Site 475.

BIOSTRATIGRAPHY

Hole 475 has a complete sequence of sediments from
late Pleistocene through early Pliocene (Fig. 41). No
fossils occur in either the dolomitic mudstone of Unit IV
or in the conglomerates of Unit V.

Coccoliths

Sediments from Hole 475 yielded common calcareous
nannofossils in various states of preservation and of
moderate to high diversity. A complete sequence was
recognized from the upper Pleistocene to the lower Plio-
cene. Because of reworking, however, a biostratigraphic
assignment was often difficult. Mixtures of well- and
poorly-preserved coccoliths, discontinuous occurrences
of marker species, and occurrences of extinct species are
evidence of reworking. Sediment from Core 475-1 to
Section 475-3-1 is late Pleistocene; Section 475-3-2 to
Core 475-4 is early Pleistocene. The Pleistocene/Plio-
cene boundary occurs between Cores 475-7 and 475-8.
Cores 475-8 to 475-14 are late Pliocene, and Cores
475-15 through 475-17 are early Pliocene. Pseudoemili-
ania lacunosa first occurs in Sample 475-3-2, 92-93.
Discoaster brouweri occurs with a sudden abundance in
Sample 475-8-1, 19-20. D. pentaradiatus first occurs in
Sample 475-8-6, 4-5, and D. surculus first occurs in
Sample 475-9-4, 34-35. Typical Reticulofenestra pseu-
doumbilica first occurs at the top of Core 475-15, and
Amaurolithus tricorniculatus appears first in Sample
475-15-5, 26-27; the last occurrence of D. asymmetricus
is in Sample 475-17-2, 76-77. In the Pleistocene se-
quence, a sphenolith with close affinities to Spheno-
lithus abies occurs abundantly.
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Figure 40. Interstitial water chemistry, Site 475.
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Figure 41. Biostratigraphy, Site 475.

Heﬁcosphqera sellii and Cyclococcolithus macintyrei
occur sporadically and thus are not used to provide bio-
stratigraphic data.

Diatoms

Open marine tropical to subtropical planktonic dia-
toms are abundant and well preserved to rare and poorly
preserved in the hemipelagic sediments at Site 475 (Core
475-1-Core 475-17; lowest available sample). The mix-
ture of marine benthic species is generally very small—
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less than 1% of the total assemblage. Important bio-
stratigraphic marker species include Nitzschia reinhol-
dii, 475-3-1, 70-72 cm; Rhizosolenia curvirostris, 475-
3-3, 116-118 cm; Mesocena quadrangula, 475-5-2, 37-
39 c¢m; Cussia tatsunokuchiensis, 475-11-6, 45-47 cm,
Thalassiosira convexa, 475-13-2, 75-77 cm (or 475-15-1,
93-95 ¢cm); and N. jouseae, 475-16-2, 60-62 cm.

Radiolarians

Radiolarian remains consistently occur downhole.
Nevertheless, their unusual abundance in the Pliocene
and the absence of a recognized index species (world-
wide or regional) precludes establishing a radiolarian
biozonation for Hole 475. But the scarce index species,
which do occur downhole, apparently coincide with the
nannoplankton zonation. In the Quaternary sequence,
Axoprunum angelinum occurs from Sections 475-3,CC
to 475-6,CC and Stichocorys peregrina from Nanno-
plankton Zones 13 to 16 (Sections 475-11,CC, 475-12,CC,
475-16,CC), thus providing further evidence for the early
Pliocene age of the sedimentary sequence at the bottom
of Hole 475.

The species occurring more abundantly downhole are
typical of subtropical continental margin zones; among
others: Tetraphyle octacantha, the Botryostrobus auri-
tus-australis group, Duppatractus cf. pyriformis, Lith-
elius minor, Ommatodiscus sp., D. irregularis, Teocalyp-
tra davisiana, and Echinomma delicatulum.

Planktonic Foraminifers

Planktonic foraminifers consistently occur nearly to
the bottom of Hole 475. Insufficient diagnostic species
for biostratigraphy and the lack of a shipboard plank-



tonic foraminifer specialist precluded establishing a zona-
tion for Hole 475—thus far. Nevertheless, the Qua-
ternary (defined by the nannoplankton zonation) is char-
acterized by abundant Neogloboquadrina dutertrei,
whereas the Pliocene is characterized by Globigerinoides
obliguus extremus(?).

Like the radiolarian population, the planktonic
foraminifer population also suggests that a subtropical
environment with occasional incursions of the Cali-
fornia Current prevailed at Site 475 during the Pliocene
and Quaternary.

The species that commonly do occur downcore are N.
dutertrei, G. ruber, Globoquadrina pachyderma, Glo-
bigerina bulloides, Pulleniatina obliquiloculata, Orbuli-
na universa, and Globigerinoides obliquus extremus(?).

SEDIMENT ACCUMULATION RATES

The sediments from Hole 475 seem to have been con-
tinuously deposited during the late Pliocene and Pleisto-
cene. Nannofossil and diatom datum planes (Fig. 42) in-
dicate that the average rate of accumulation is about 40
m/m.y.

The rate of accumulation of the lower Pliocene dolo-
mitic mudstone, zeolitic claystone, and Unit V conglom-
erates can be estimated only on sedimentologic grounds.
Unit IV must have been deposited very slowly (perhaps
less than 5 m/m.y.), whereas Unit V must have been de-
posited very rapidly.

IGNEOUS ROCKS

Drilling in Hole 475B encountered basalt at 76 meters
sub-bottom; and coring continued for an additional 20
meters until the hole was finally abandoned. The ba-
salt is extensively fragmented, and the brown-stained,
weathered rims that follow the outline of individual
fragments suggest that the basalt was in the form of
cobbles prior to drilling. All of the basalt recovered at
Hole 475B is mineralogically similar and may be con-
sidered as a single type. It comprises approximately
10% euhedral-to-anhedral phenocrysts of olivine (0.2-
2.0 mm), dispersed throughout a variolitic-to-intersertal
groundmass of plagioclase microlites, skeletal olivine,
and clinopyroxene, and an iron-rich mesostasis. In addi-
tion to olivine, a pale red chrome spinel appears to be a
phenocryst phase. No vesicles are present, and altera-
tion is very slight. Fresh, black sideromelane selvages on
Samples 475B-2-1 (Piece 3, 20-25 cm), 475B-2-1 (Piece
5, 30-40 cm), 475B-3-1 (Piece 1, 0-8 cm), and 475B-3-1
(Piece 3, 15-21 cm) provide strong evidence of subaque-
ous extrusion and concomitant rapid quenching.
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Figure 42. Sediment accumulation rates, Site 475.
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PHYSICAL PROPERTIES*

The relationship of physical properties to depth in the
range of 0 to 155 meters sub-bottom is better established
at Site 475 than at Site 474. The Site 475 data show less
scatter, and the clayey sequence is not interrupted by
thick sand or gravel deposits. Cores 475-1 through
475-5, however, also were rather disturbed. Because the
less-disturbed sections were always measured, wet-water
content, wet-bulk density, and porosity probably were
not seriously affected. Nevertheless, the shear-strength
and sound-velocity values may be too low for this depth
range (0-50 m) (Figs. 43, 44).

Water content, bulk density, and porosity begin near
the surface and have the same values (ca. 60%, ca. 1.3
g/cm3, ca. 80%, respectively) as those at Site 474, but
they decrease more slowly downhole. Thus, between 110
and 120 meters, water content is still 50% or higher,
bulk density is 1.5 g/cm? or less, and porosity is at least
70%. Shrinkage of the dried cylinder samples also re-
mains high (40% and more) to this depth, and sound
velocity barely exceeds 1.5 km/s.

From 110 to 120 meters down, all physical-property
values show the same remarkable change as at Site 474
(there from about 260 m). At 130 meters the sediment
appears to be distinctly firmer than in the higher sec-
tions. The highest shear strength measured is about
1.4 x 10° Pa (1.4 kg/cm?). Within the same interval,
sound velocity and acoustic impedance increase to 1.54
km/s and 2.42 x 105 g/cm? s, respectively. A hard
dolomitic mudstone (155 m) directly on top of the cob-
ble bed had a sound velocity of 2.78 km/s.

Unlike Site 474, at Site 475 the comparatively strong
gradients of the physical properties below 110 meters
are apparently not related to changes in the composition
of sediment or interstitial water, In Hole 475, from 110
to 150 meters, the sediments again become rich in opal-
ine microfossils, and the concentration of dissolved sil-
ica is very high. Nevertheless, lithification by solution
and recrystallization of silica may also have begun here.
This is also indicated by relatively high values of average
grain density (about 2.55 g/cm?), incompatible with a
large proportion of opaline silica (as assumed from
smear slide descriptions).

At Site 475, two thick (1 m and 1.4 m) mud turbidite
samples with fining-upward grain-size distribution were
measured for physical properties (Fig. 43). The results
and those from similar studies at other sites are sum-
marized in the chapter on turbidite sedimentation and
physical properties (Einsele and Kelts, this volume, Pt.
2). To evaluate the trend curves in Figure 43, it is impor-
tant to realize that part of the mud turbidites show
strong gradients of physical properties from bottom to
top; but others do not and do not differ very much from
the ““background’’ sedimentation. Thus, host sediments
and mud turbidites are often difficult to distinguish dur-
ing sampling, and in the visual description of wet cores.
Therefore, at least some of the scattering of the physi-

* For general remarks on physical properties, see site description for Site 474, earlier, or
Einsele (this volume, Pt. 2).
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Figure 43. Mass physical properties, shrinkage, and proportion of opaline silica of Site 475 sediments (T = samples from mud turbidites.
Closed symbols are cylinder samples. Open symbols are chunk samples.)

cal-property data is caused by the intermixing of layers
of somewhat differing composition. Similarly, layers of
different color may be caused by changes in their com-
position and, therefore, have somewhat differing physi-
cal properties. A light olive gray silty clay from Section
475-9-4 contained about 2% less water and had a lower
porosity by 1.5% but a somewhat higher (0.03 g/cm?3)
bulk density than an adjacent dark brown silty clay con-
taining more siliceous microfossils and organic matter.
If the cores are little disturbed, thick mud turbidites
with marked changes in bulk densities can be identified
in the GRAPE logs. Hence, the corresponding deduc-
tions from the Site 474 data are confirmed.

HEAT FLOW AND THERMAL CONDUCTIVITY

Thermal conductivity was measured at 12 intervals
downcore using a procedure similar to the needle-probe
method described by von Herzen and Maxwell (1959);
the instrument employed was designed by V. Vacquier.
The thermal conductivities were calibrated using a vari-
ety of standards, Remeasurement of standards during
the actual sample measurements suggests that the con-
ductivities reported in Table 8 may be about 0.15 x
mcal/cm s °C high. The measurements have a precision
of better than 10%. Thermal conductivities are shown
in Table 8 and Figure 45. Low thermal conductivity
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(~2.45 mcal/cm s °C) in the upper sediment column
correlates with the column’s higher water content (see
Bullard, 1963 for discussion of this phenomenon). Sedi-
ments from below 30 meters have a relatively constant
thermal conductivity of about 2.6 mcal/cm s °C.

Heat flow was measured by the Uyeda/Kinoshita
downhole temperature probe. This instrument takes an
in situ temperature reading one meter deeper than the
drill bit. The two measurements roughly describe a lin-
ear temperature gradient to a bottom-water temperature
of 3.5°C; measured temperatures were approximately
14.0°C at 110.5 meters and 25.5°C at 148.5 meters. The
temperature probe did not equilibrate completely in ei-
ther measurement, so the temperature values are slightly
extrapolated.

Three different temperature gradients can be calcu-
lated for Hole 475 using: (1) temperature at 110.5 me-
ters and bottom-water temperature; (2) temperature at
148.5 meters and bottom-water temperature: or (3) tem-
perature at 148.5 and 110.5 meters. Heat-flow calcula-
tions based on these three gradients and measured ther-
mal conductivities yielded 2.5, 3.9, and 7.9 HFU, respec-
tively. The high heat flow calculated from the two in
situ measurements (7.9 HFU) suggests that the 110.5-
meter temperature may be low. We therefore believe
that heat flow at Site 475 should be about 4 HFU.
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Figure 44, Calcium carbonate and physical properties, Site 475. Analyzed ashore at Scripps Institution.

Table 8. Thermal conductivity, Hole
475,

K
(mcal/cm s °C)

Sample
(interval in cm)

475-2-4, 33-35 2.47
475-3-1, 95-97 2.40
475-4-6, 3-5 2.59
475-5-6, 53-55 2.53
475-6-6, 57-59 2.1
475-7-1, 74-76 2.69
475-8-5, 139-141 2.66
475-94, 86-88 2.62
475-11-6, 90-92 2.72
475-12-5, 49-51 2.52
475-134, 12-14 2.61
475-16-4, 72-74 2.61
fused quartz

standard 3.46

CORRELATION OF DRILLING RESULTS

AND SEISMIC DATA

Our velocity control for Site 475 is very poor. Be-

cause of the sloping sea floor and limited extent of the
basin, we have no sonobuoy records on which to base
velocity estimates—and neither did we run downhole
logs. We have only laboratory velocity measurements on
a limited number of samples; these samples give very
low velocities, apparently because the sediments are not
well consolidated, have high water content, and gener-

ally contain high proportions of siliceous microfossils,
Using the measured velocities as guides, the following
acoustic velocities were developed for the correlations:
0-100 meters—1.50 km/s; 100-150 meters—1.52 km/s;
and > 150 meters—1.55 km/s.

The seismic reflection record of our approach to the
site is shown in Figure 46. Because of the failure of the
first beacon and because Hole 475 was about 366 meters
approximately southeast of the beacon, positioning the
site in this survey line may not be precise. Holes 475A
and 475B do not lie in this section.

Correlation with drilling results is shown in Figure
46. The boundaries between the lithologic units appear
to correlate with the indicated reflectors. The dolomite
(Unit IV) and the top of the conglomerates (Unit V) ap-
pear as a meniscus-like fill in the bottom of this slope
basin. The base of Unit II shows a downlap relation.
There is a prominent reflector within Unit II, although
we cannot determine what horizon in the section cor-
relates with it.

The relation between Hole 475 and the sections drilled
in Holes 475A and 475B was especially confusing during
the occupation of this site. The 3.5-kHz record (Fig. 47)
run to relate these holes after leaving Site 475 and before
occupying Site 476 helps to show the relationship. (See
operations section, Site 476).

The total depths of Holes 475, 475A, and 475B are
plotted in Figure 48. The hard rock at 16 meters in Hole
475A may coincide with the reflecting horizon that ap-
pears at that depth in Figures 47 and 48. The top of the
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Figure 45. Thermal conductivity of sediment, Site 475.

basalt rubble at 76 meters in Hole 475B also appears to
be a reflector, especially as it is shown in the 3.5-kHz
record of Figure 47. The 2-s-sweep seismic record may
be interpreted to fit the drilling results as indicated in
Figure 46.

The reflection line in Figure 49 was made while in
transit from Hole 475A to Hole 475B. Survey speed was
very slow because more than 2500 meters of drill string
were hanging beneath the ship. Drilling in Hole 475B
encountered the top of the basalt rubble at the level that
is indicated on the figure.

SUMMARY AND CONCLUSIONS

Drilling Summary and Objectives

Site 475, the second in the passive margin transect, is
in a slope basin 21 km southeast of the tip of Baja Cali-
fornia. Drilling objectives were the same as those of Site
474. By studying the composition, character, and age of
the basement, we wanted to determine whether the site
is seaward or landward of the ocean/continental-crust
transition. In the sedimentary section, our goals were to
determine the general lithologic and biostratigraphic
facies distribution, to obtain the record of Pleistocene
sea-level fluctuations and subsidence history, to learn
the nature and age of oldest sediments on basement, and
to study diagenesis of organic and inorganic matter.
Three holes were drilled. Hole 475 was drilled in a water
depth of 2631 meters and continuously cored to a depth
of 196 meters below the mudline. A cobble conglomer-
ate at 148 meters eventually stopped the drilling. Above
the conglomerate, the drilling operations were routine,
and an unusually good recovery (79.6%) was obtained.
The heat probe was successfully deployed in stiff mud at
110.5 meters and again at 148.5 meters. Drilling times
increase sharply (from 6-8 to 22-60 min. per core) as we
penetrated the conglomerate zone; and our average re-
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Figure 46. Correlation of lithological units with seismic reflection rec-
ord from Glomar Challenger, Site 475.

covery decreased to only 5.3%. The two other holes at
this site were selected upslope of Hole 475 to avoid the
conglomerate and to attempt to sample the presumed
granite basement. Both holes were washed to the equiv-
alent depth reached in Hole 475. Drilling in Hole 475A,
in 2545 meters of water, hit a hard layer at 16 meters be-
low mudline. Drilling in Hole 475B, in 2593 meters of
water, washed to 76 meters before encountering basalt
cobbles. These were cored to 96 meters total depth (TD)
with only 3% recovery, before caving of the hole forced
us to abandon the site.

Lithology and Sediment Properties

Microfossil abundances, sedimentary structures, and
mineralogical components indicate five lithological units
in Hole 475.

Unit I (0-34.5 m)—hemipelagic pelagic diatomaceous
muds

Unit IT (130.2 m)—hemipelagic mud

Unit III (154.2 m)—mud turbidites

Unit IV (a thin basal stratigraphic element to 158
m)—dolomitic mudstone

Unit V (196 m TD)—a conglomerate of metasedi-
ment and metavolcanic cobbles

Organic geochemistry showed hydrogen sulfide pres-
ent from 11 to 35 meters but in much lower amounts
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Figure 47. Correlation of drilling results with 3.5-kHz record, Site 475.

than at Site 474. No hydrocarbon gases were detected.
Dissolved calcium passes through a typical minimum in
the upper section, indicating precipitation of calcium
carbonate. Dissolved silica values are high at this site
and increase progressively downhole; this may be asso-
ciated with a progressive increase in biogenic silica. Cal-
cium carbonate content is moderate in the upper diato-
maceous ooze but relatively low throughout the rest of
the hole. No increase occurred in the lower diatoma-
ceous section, suggesting a lack of calcite microfossil
deposition. Comparatively strong gradients in the water
content, bulk density, and porosity from 110 meters to
the base of the sediments above the conglomerate are
apparently not related to sediment composition or inter-
stitial water. The concentration of dissolved silica is
high, and the sediments become richer in opaline micro-
fossils. This contrasts with the sediment characteristics
at Site 474, where a correlation between sediment chem-
istry and physical properties is apparent. Only a very
small piece of the dolomitic mudstone cored at Hole 475
was recovered from Hole 475A, just above the meta-
morphic cobble conglomerate. Olivine basalt occurs in
Hole 475B at 76 meters sub-bottom. Drilling continued
20 meters into the basalt and recovered 0.55 meters of
basalt cobbles. The basalt has quenched textures and
glassy selvages, indicating subaqueous extrusion; but

concentric weathering auras on the cobbles indicate that
in situ flows were probably not sampled. The basalts are
petrographically similar to mid-ocean ridge basalts.

Correlation of Drilling Results with Seismic Reflection

No sonobuoy record or downhole acoustic logging
was available for this site. Thus, to calibrate the seismic
reflection records with drilling results, we were forced to
rely on sound velocities measured in the laboratory. The
velocities were quite low, and we need them to develop
the following velocities for correlating the section: 1.50
km/s to 100 meters, 1,52 km/s from 100 to 150 meters,
and 1.55 km/s beyond 150 meters to the base of the
sediments above the lithified dolomitic unit at the top of
the conglomerate, With these velocities, the sedimentary
units correlate well with the reflection record. The rela-
tions among Holes 475, 475A, and 475B—as seen in the
seismic record collected during a short survey on leaving
Site 475—show that the sedimentary units of Site 475
can be well correlated within the section, and that the
metamorphic rock cobbles of Hole 475B and the basalt
rubble of Hole 475A are indeed related to the apparent
basement reflector recorded. The occurrence of plank-
tonic foraminifers throughout the section in Site 475
and above the hard claystone/cobble contact suggests
that a subtropical environment, with periodic incursions
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Figure 48, Correlation of seismic reflection record from Glomar Challenger with Holes 475,

475A, and 475B. (C/C = course change.)

of the California Current, prevailed during the Pliocene
and Quaternary.

Geological history and paleoenvironment for Sites
475 and 476 will be discussed in the Site 476 summary
and in the chapter on the geological history of this
transect region (Curray et al., this volume, Pt. 2).

SITE 476

Date occupied: 14 December 1978

Date departed: 16 December 1978

Time on hole (hr.): 36.07

Position: 23°02.43’'N; 109°05.35'W

‘Water depth (sea level; corrected m, echo-sounding): 2403
‘Water depth (rig floor; corrected m, echo-sounding): 2413
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Bottom felt (m, drill pipe): 2429
Penetration (m): 294.5

Number of cores: 32

Total length of cored section (m): 294.50
Total core recovered (m): 164.78

Core recovery (%): 81.7; total 56.0

Oldest sediment cored:
Depth sub-bottom (m): 256
Nature: Gray quartzose sandy clay
Age: Pliocene/late Miocene (NN14) or older

Basement:
Depth sub-bottom (m): 256.5
Nature: Weathered granite
Measured velocity (km/s): 4.53

Principal results: Site 476, the landward end of a three-site transect
across the ocean/continent transition, was spudded-in on a small



--,;,‘- S i AT

T
P ok i -

Figure 49. Seismic reflection record made while in transit from Hole
475A to Hole 475B at extremely slow ship speed (2500 m of drill
string beneath the ship).

terrace on the lower continental slope, southeast of the tip of Baja
California. Our objectives were to establish basement type, sub-
sidence history, and sedimentary record. The hole was continu-
ously cored to a depth of 294.5 meters. Six lithological units pro-
vide evidence for deposition on a subsiding continental margin.
The last four cores (256.5-294.5 m) contain weathered granite.
The basement is overlain by cobbles (199.0-256.5 m) from a sub-
aerial conglomerate, containing metamorphic clasts and gray
sandy clay. Deposited above the conglomerate were shallow (183.0-
199.0 m) early Pliocene to Miocene marine claystones, glauconite
sands, and barren zeolitic clays. Subsequently, early Pliocene dia-
tom oozes with turbidites (145.0-183.0 m) to late Pliocene hemipe-
lagic silty clays (66.0-145.0 m) and then fluctuating amounts of
Pleistocene muds and nannofossil and diatom oozes (0.0-66.0 m)
were deposited at a rate of 42 m/m.y. Recovery was excellent (82%)
in the marine sediment section to 199 meters but less than 4% in
the coarse rubble below.

SITE 476: BACKGROUND AND OBJECTIVES

Site 476 (Planning Site GCA-7A) is the third site of
the continental margin transect at the mouth of the Gulf
of California. It lies on the continental slope (Figs. 2, 7)
about 40 km southeast of the tip of Baja California and
about 3.6 km west-southwest of Site 475. It is on the
same northeast-southwest-trending ridge as Site 475
and about 30 km northeast of the crest of the Cabrillo
Seamount (Fig. 2). Granodiorite, quartz diorite, and ba-
salts have been dredged from the Cabrillo Seamount
(Shepard, 1964; Moore et al., 1978), and basalt was
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dredged from DH-8 (Fig. 2; Lewis et al., 1976). Site 474
bottomed in oceanic basalt basement, and one Site 475
hole bottomed in basalt rubble.

Our primary objective at this site was to establish the
basement type and thus delineate the ocean/continental
crust transition.® If oceanic rather than granitic conti-
nental basement had been recovered here, another site
would have been chosen farther up on the continental
slope, thus continuing our attempt to delineate the
ocean/continent transition.

OPERATIONS

On leaving Hole 475B at 22457 on 13 December, we
began a seismic reflection survey to link all of our sites
and an earlier dredge-haul site on this transect. Five-and
two-second sweep records were recorded. We began the
survey from Hole 474A, using the beacon at that site for
navigation. We passed the beacon at 2346Z and made
our turn at 2357Z to begin the survey (Fig. 50). On 14
December, we passed Hole 474A at 0025Z, were over
the beacon of Site 475 at 0147Z, and crossed the dredge
site at 0310Z. After a short loop to the NW, we returned
to our desired position for Site 476, dropped the beacon
at 0551Z, and selected on an open-slope locality in 2413
meters of water with a 0.30-s section of sediment over-
lying the basement.

After positioning over the site we lowered drill pipe,
and at 1552Z on 14 December we spudded-in, finding
the mudline in the second core at 2429 meters, corrected
PDR depth. Our first core from Hole 476 was on deck

3 Other objectives are the same as those for Site 475.

10 =
0310Z DR
Dredge Position
08k 04302 1
SNF
06’ 5
04’ 01472 .
475 Beacon
476 Beacon
02’k 0540Z DR _

2300 \

| 14 Dec. ‘78
58' 00252
474A
13 Dec. ‘78 oY 00052
56'|- 2357ZDR DR
1 1 1 1 1 | 1
12’ 10° 08’ 06’ 04" 02 109°00° 58 56°

Figure 50. Track of Glomar Challenger from Sites 474 and 475 to
Site 476.
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at 0921Z. Thereafter, we continuously cored to a total
depth of 294.5 meters. Within the section and to a depth
of 199.0 meters, six lithological units were recognized.
With an average of 81.7%, our recovery was excellent.
Two successful heat-flow measurements were made in
this interval: one at 47 meters and another at 132.5
meters. At 199 meters we apparently encountered a sand
zone and recovered only a trace of sand and a pebble of
sandstone. Thereafter, recovery was very poor and drill-
ing difficult as we cored through metamorphic rock
cobbles until reaching deeply weathered granite below
256 meters. We drilled into this granite wash to 294.5
meters before decomposed granite caused sticking prob-
lems, loss of circulation, and finally required that we
discontinue drilling.

Between 0500 and 0745Z, the hole was washed and
flushed with 100 barrels of mud to prepare for logging,
and the go-devil was pumped down to release the bit.
Unfortunately, even with as much pressure as 2500 psi
the bit would not release. We could not retrieve the go-
devil; it too was stuck fast, and two pins were sheared
on the sand-line coupling in the attempted recovery.
Thereafter, until 0845Z, four stands of pipe were pulled
and the bit release again attempted to no avail. We were
now forced to abandon the site with no logging. Pipe
was pulled out of the hole, the hole was filled with mud,
and at 1330Z the bit was on deck. The hydraulic bit
release did not shift because it was jammed with sand.
At 13447 on 16 December we abandoned Site 476 and
were underway for Site 477 (Table 9).

SEDIMENTARY LITHOLOGY

Site 476 is on a small slope terrace a few kilometers
northwest of, and 191 meters shallower than, the outer
slope basin of Site 475. The last four cores contained
weathered granite and granite wash.

The sediments at Site 476 provide evidence for depo-
sition on a subsiding, granitic, continental margin. Sub-
aerial conglomerates are overlain with laminated, or-
ganic, shallow-marine claystones with phosphorite, py-
rite, and abundant glauconite. These are followed by
barren zeolitic clays, diatom oozes with turbidites, hemi-
pelagic clay, and then fluctuating amounts of terrig-
enous mud, nannofossil ooze, and diatom ooze to mud
in the upper Pleistocene.

The sediment section has been subdivided into six
units summarized in Table 10 and the stratigraphic sec-
tion (Fig. 51). The subdivision is based on composi-
tional differences, which group the sediments into units
with similar paleoenvironmental settings. Hemipelagic
muds from Units I, I, and III are separated by the rela-
tive abundance of diatoms, nannofossils, and graded
sandy silts. Unit IV is a barren but distinguished by a
sudden drop in siliceous fossils in Core 476-20 and then
a change to fine zeolitic claystone. At the base of Core
476-21, organic claystones mark the change to the
poorly recovered metamorphic cobbles of Unit V and
the weathered granite of Unit VI. There is good correla-
tion with the units at Site 475.

Unit I: nannofossil-diatom ooze, (Cores 476-1-476-
7, 0-66 m, Pleistocene). Below the first two cores, the
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sediments are highly disturbed, but remnants of diffuse,
lighter-and-darker beds on a centimeter to decimeter
scale are recognizable. Unit I comprises mostly nanno-
fossil ooze, nannofossil-diatom ooze, and diatoma-
ceous ooze to nannofossil-diatom-bearing mud. Subtle
variations in color seem to reflect fluctuations in bio-
genic components. Some, but not all, of the lighter beds
are richer in nannofossils. Colors vary among grayish
olive green (5GY 3/2), light olive (10Y 5/4), grayish
olive (10Y 4/2), and dusky yellow green (5GY 5/2) or
moderate olive brown (5Y 4/4). Brownish layers tend to
be richer in diatoms. Nannofossils range from 10 to
60%; diatoms range from 15 to 40% and are accom-
panied by minor amounts of radiolarians, sponge spic-
ules, or silicoflagellates. Foraminifers are concentrated
in some scattered, well-sorted sand layers. These un-
graded (2-3 cm-thick) sandy beds are common in Cores
476-5 to 476-7 near the base of the unit and consist of
about 50% foraminifers and 50% angular quartzose-
feldspathic sand. Benthic and planktonic foraminifers
are abundant; some are filled with pyrite or glauconite.

The carbonate content varies from about 10 to 50%,
and the terrigenous suite, with clear, angular quartzose,
partly weathered feldspars, and biotite with apatite, zir-
con, and some epidote, is similar to that at Sites 474 and
475, Pyrite is a ubiquitous accessory because the sedi-
ments are reducing. Dark gray spots are common, as is a
slight H,S odor from Section 476-1-2 through Core
476-7T—consistent with a relatively high sedimentation
rate.

Near the boundary with Unit II, the color lightens to
grayish yellow (5GY 6/2). Carbonate content and both
the quantity and quality of microfossil preservation
decrease.

Unit II: silty clay (Core 476-8-Section 476-16-3,
66.0-145.0 m; late Pliocene). Unit Il sediments form a
homogeneous layer and have a uniform color scale in-
dicating reducing conditions—grayish olive green (5GY
3/2) to dusky yellow green (5GY 5/2) to grayish green
(10GY 5/2) slightly siliceous silty clays. Bedding has
been nearly obliterated by drill disturbance, although
the sediments tend to be firm toward the base of the
unit. Nannofossils are rare, and siliceous fossils occur as
thin, poorly preserved fragments. There are minor mot-
tles and reduction spots. Carbonate content is less than
5%, clay ranges from 60 to 75%; the remainder is fine
quartz-feldspar (20-30%) or siliceous debris (~5%) and
pyrite (1-5%). Other sandy patches in this unit (Core
476-10) are very poorly sorted, faintly graded, and, be-
cause they are also associated with micaceous, silty
zones, may be parts of mud turbidites.

Minor lithologies in this unit include a thin, vitric,
rhyolitic ash bleb and pyritized burrow fillings (Core
476-12) and some scattered pumice and tuff pebbles
(Cores 476-13, 476-14).

Unit III: muddy diatomaceous ooze (Sections 476-
16-3-476-20-3, 145-183 m, early Pliocene). In Section
476-16-3, the lithology changes rather abruptly to
muddy diatomaceous ooze with sand interlayers. Colors
become predominantly dusky yellow green (5GY 5/2),
dusky yellow (5Y 6/4), or moderate olive brown (5Y



Table 9. Coring summary, Hole 476.
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Depth from Depth below Length Length
Date Time Drill Floor Sea Floor Cored Recovered Recovery

Core (December, 1978) (Z) (m; top-bottom) (m; top-bottom) (m) (m) (%)
1 14 0921 2428.5-2438.0 0.0-9.0 9.0 9.03 100
2 14 1003 2438.0-2447.5 9.0-18.5 9.5 6.05 64
3 14 1044 2447.5-2457.0 18.5-28.0 9.5 8.95 94
4 14 1132 2457.0-2466.5 28.0-37.5 9.5 7.15 75
5 14 1216 2466.5-2476.0 37.5-47.0 9.5 8.44 89
6 14 1412 2476.0-2485.5 47.0-56.5 9.5 6.10 64
7 14 1500 2485.5-2495.0 56.5-66.0 9.5 9.83 103
8 14 1547 2495.0-2504.5 66.0-75.5 9.5 4.32 45
9 14 1635 2504.5-2514.0 75.5-85.0 9.5 8.89 94
10 14 1733 2514.0-2523.5 85.0-94.5 9.5 9.87 104
11 14 1819 2523.5-2533.0 94.5-104.0 9.5 9.82 104
12 14 1915 2533.0-2542.5 104.0-113.5 9.5 8.82 93
13 14 2015 2542.5-2552.0 113.5-123.0 9.5 9.85 104
14 14 2124 2552.0-2561.5 123.0-132.5 9.5 7.55 79
15 14 2340 2561.5-2571.0 132.5-142.0 9.5 4.93 52
16 15 0030 2571.0-2580.5 142.0-151.5 9.5 5.51 58
17 15 0128 2580.5-2590.0 151.5-161.0 9.5 3.95 42
18 15 0225 2590.0-2599.5 161.0-170.5 9.5 8.76 92
19 15 0330 2599.5-2609.0 170.5-180.0 9.5 9.94 105
20 15 0453 2609.0-2618.5 180.0-189.5 9.5 9.61 101
21 15 0633 2618.5-2628.0 189.5-199.0 9.5 5.20 55
22 15 0811 2628.0-2637.5 199.0-208.5 9.5 tr >0
23 15 1005 2637.5-2647.0 208.5-218.0 9.5 0.10 1
24 15 1245 2647.0-2656.5 218.0-227.5 9.5 0.03 >1
25 15 1617 2656.5-2666.0 227.5-237.0 9.5 0.25 3
26 15 1804 2666.0-2675.5 237.0-246.5 9.5 0.70 7
27 15 1930 2675.5-2685.0 246.5-256.0 9.5 0.015 >1
28 15 2050 2685.0-2694.5 256.0-265.5 9.5 0.06 >1
29 15 2231 2694.5-2704.0 265.5-275.0 9.5 0.65 7
30 15 2354 2704.0-2713.5 275.0-284.5 9.5 0.06 1
3 16 0135 2713.5-2723.0 284.5-294.0 9.5 0.09 1
32 16 0300 2723.0-2723.5 294.0-294.5 0.5 0.25 25
33 16 0523 2685.0-2723.5 256.0-294.5 NA — NA

Note: The last “‘core’ is washings and cavings—a sample of the “‘matrix”’ from the *‘granite wash."

Table 10. Lithological units, Site 476.

Estimated
Sub-bottom Sedimentation
Depth Thickness Age Rate
Unit Interval (m) (m) Lithology Palecenvironment (m.y.) (m/m.y.)
I Cores 476-1-476-7 0.0-66.0 66.0 nannofossil and diatomaceous hemipelagic NN21-NN19; 42
oozes to muds Pleistocene;
~0-1.0
1l Core 476-8- 66.0-145.0 79.0 silty clay outer-slope early Pleistocene- 42
Section 476-16-3 hemipelagic late Pliocene;
~1.0-2.6
Il Sections 476-16-3- 145.0-183.0 - muddy diatomaceous ooze with  mud turbidites, early Pliocene 42
476-20-2 numerous turbidite layers, some slope basin ~2.6-4.5
vitric ash, and glauconite sands
v Sections 476-20-3- 183.0-199.0 16.0 glauconite sands, zeolitic silty protected offshore  Pliocene/ very slow
476-21,CC clay, phosphorite, and pyrite bank in low- Miocene(?);
organic claystone oxygen zone >4.5
\' Core 476-22-
‘ 199.0-256.5 57.5 cobbles from metamorphic fluvial outwash ? rapid
Section 476-27,CC rocks and a gray quartzose plain.
sandy clay
VI Core 476-28-
256.5-294.0 7.5 light gray deeply weathered subaerially i —

Section 476-33,CC

granite (‘‘granite wash’")

weathered surface

5/4) with shades and faint mottles of pale olive (10Y
6/2) to light olive gray (5Y 5/2). The fine-grained sedi-
ments are structureless but have a color banding with
diffuse boundaries. Scattered white specks and sandy
patches suggest extensive bioturbation. Darker shades
appear slightly siltier and subtly ‘‘fine upward.”” Dia-

tom frustules (40-70%) again are a main component,
but silicoflagellates and some radiolarians are also con-
spicuous. Except in sand layers, carbonate content is
minimal, but nannofossils persist. The siliceous fossils
show excellent preservation, which may indicate rather
rapid deposition, The evidence for multiple mud tur-
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Figure 51. Simplified stratigraphic column, Site 476.

bidites is obscure, because bioturbation has erased con-
tacts. Still, there are numerous traces of possible grad-
ing of components and color (e.g., Sections 476-18-6,
476-33-96). Unfortunately, core disturbance is intense in
key places. Interspersed within Unit III are uncon-
solidated dark gray (N2) sand layers, mostly 1 to 2 cm
but as thick as 25 cm. Typically, they are well-sorted,
grain-supported, discrete beds with very sharp basal con-
tacts, although drilling may have winnowed out some of
the fines. The components in coarse fractions are di-
verse. At the top of the section they comprise mainly an-
gular quartz-feldspar-biotite grains with accessory
foraminifers; others are mostly benthic and planktonic
foraminifers (20-50%) and rounded glauconite grains
(30-40%) within coincidental pyrite, radiolarians, and
other miscellanea. Pelagic foraminifers are commonly
filled with glauconite or pyrite. The condition of the
glauconite grains suggests that they are not transported
very far but may have been winnowed and redeposited
from local submarine highs.

The most compelling evidence for regional early Plio-
cene subaerial rhyolitic volcanism is a 45-cm-thick dark
gray (N4) vitric ash layer from Sections 476-18-3 (130
cm) to 476-18-4 (15 cm). Shards are lacy, well-sorted
glass (100-200 pm); they are fresh, clear, have a re-
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fractive index (RI) of 1.50 to 1.51, and have no feldspar
fragments. The uniform character suggests a windborne
sediment (see Fig. 52). Similar vitric ash layers also oc-
cur in lower Pliocene sediments from DSDP Site 473,
which at that time may have been quite near. A 45-cm-
thick ash fall suggests a not-too-distant source.

Unit IV: organic claystones, glauconite sands, and
zeolitic silty clay (Sections 476-20-3 [10 cm]-476-21,CC;
183-199.0 m, late Miocene-early Pliocenef?]). Unit IV
is only 16.0 meters thick but contains a varied and com-
plex group of sediments that possibly indicate a shallow
shoal environment. As diatom debris dwindles, there is
a gradational but rapid transition downward from the
overlying sediments, The lithology changes to hard,
light olive gray (5Y 5/2) silty clay with a brownish cast.

Smear slides show abundant, very fine-grained (~4
pm), low RI, low-birefringent, elongated, ragged min-
erals identified as clinoptilolite, possibly an altera-
tion product of disseminated, vitric ash. Bedding is dis-
turbed to vertical, and some sandier zones contain
glauconite sands, which are also more calcareous. Three
well-preserved, rhythmic units (Section 476-20-6) show
grading color shades but lack clear evidence of size
grading. Some hard, silty lumps seem to have a car-
bonate cement. Below Section 476-21-2, these zeolitic
clays are mixed (as a drilling breccia) with massive,
coarse glauconite sands, The sands form a loose fill
around claystone chunks. There are abundant quartz
grains with the glauconite pelloids, but benthic fora-
minifers are rare. In Section 476-21-3, the glauconite
sand fills the section, and two rhythmic beds at the base
grade from clay to glauconite sand. The sands are grain-
supported and apparently winnowed of fines. An or-
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Figure 52. Photomicrograph of rhyolitic vitric ash, Section 476-18-3,
130 cm.



ganic claystone with a petroliferous odor marks the bot-
tom 70 cm of this unit, but there is a thin (2 mm), hard,
brown phosphorite layer at Section 476-21-4 (2 cm), py-
rite-cemented sand concretions, green-cemented silt-
stone, and three rhythms of thin sandy clays with large
quartz grains, some possibly analcime, and glauconite,
just above 20 cm of olive black (5Y 2/1) claystone.

The organic claystone is centimeter-banded to thinly
laminated and contains 7.5% total carbon, along with
quartz silt, sparse glauconite, and many blue-green algal
threads. Pollen grains and fungi spores are rare, which
also suggests a marine origin.

Unit V: cobble conglomerate with metamorphic clasts
(Core 476-22-Section 476-22,CC; 199.0-256.5 m, age
unknown). Less than two meters were recovered from
this 57-meter thick unit, which contains a diverse suite
of lower greenschist-facies metamorphic clasts. These
are probably part of a thick, coarse conglomerate unit
with an inferred fine-sand matrix. Most are very quartz-
rich and show various levels of weathering. They in-
clude a green metagranite, metavolcanics, rhyolite,
welded tuffs, metabreccia, metasedimentary siltstones,
a graywacke, metasandstone, a metaconglomerate, and
quartzite, Some were cored, which means some original
cobbles may have been 30 cm or greater, indicating rela-
tively short transport distance. None of the clasts con-
sisted of batholith-type granite or granodiorite.

Sandwiched between two cobbles in Section 476-26-1,
are 45 cm of a dark gray (N4), disturbed sandy clay. The
origin of this clay is conjectural, but it resembles the
granite below; it comprises very angular chips of quartz,
highly weathered feldspars, and a moderately high bire-
fringent, coarse clay with a ragged splinter appearance.
With minor dessication, the sandy clay hardens to a
solid rock. This clay is tentatively identified as hydro-
muscovite (illite), and its presence supports a waterlain
continental setting for this bed. An alternative inter-
pretation is that the clay represents a fault gauge from
the granite. A single, well-preserved fungus spore in a
smear side is further evidence of a continental sediment.

Unit VI: weathered, gray granite and rubble (“‘gran-
ite wash”’) (Cores 476-28-476-33, 256.5-294.0 m, Upper
Cretaceous(?]). This unit is not strictly a sediment, but it
appears to partially comprise weathered granitic boul-
ders on a deeply weathered granitic basement. Many feld-
spars have been pervasively sericitized, and biotites and
hornblendes are chloritized. Two harder pieces are de-
scribed in the igneous rocks section. In most pieces there
is flow structure, and quartz grains are highly fractured,
suggesting proximity to a fault. The characteristics and
type of weathering indicate an in sifu subaerial weather-
ing in an arid environment.

Paleoenvironment

Unit I sediments are considered to be typically hemi-
pelagic, open-ocean, outer-slope sediments, with climat-
ically induced pulses of diatom and nannofossil produc-
tivity or fluctuating terrigenous contributions. The sands
are mostly winnowed lag deposits from periods of in-
creased bottom currents, including times of lowered sea
level.

BAJA CALIFORNIA PASSIVE MARGIN TRANSECT

Unit II is probably an outer-slope hemipelagic se-
quence. Sediments accumulated relatively slowly (40-50
m/m.y.) with episodic winnowing and redeposition.

The exact paleoenvironmental setting is not clear, but
sediments from Unit I1I suggest an upper-slope fringe or
plateau, perhaps protected from continuous terrigenous
contributions and periodically winnowed by current. In-
tense upwelling may also have generated high diatom
productivity. Local highs could have provided episodic
influxes of spill-over lag deposits of benthic foramini-
fers, glauconite, angular quartz, and diatoms. Sporadi-
cally, muddy turbidites from other sources might have
reached this area.

The environment of deposition for Unit IV is un-
clear, but it must represent moderately shallow water
(initially in the photic zone) in a restricted, protective
setting. Intertidal algal mats are unlikely settings be-
cause of the presence of glauconite grains and the lack
of shallow-water carbonate. We envisage an offshore
bank, subsiding in a restricted setting or O,-minimum
zone and isolated from the mainland. It is, however,
difficult to explain the source of coarse quartz silt in the
interlayered muds, unless they are storm deposits or the
product of winnowing. The association of phosphorite,
pyrite, and glauconite also points to an isolated, off-
shore bank, about 200 meters or deeper, near the zone
of upwelling bottom waters. From the thickness of this
facies, we suggest that Site 476 moved fairly rapidly
through this sediment regime.

One interpretation for the Unit V metamorphic cob-
ble beds and quartz-illite clay invokes large arroyos
draining from the ‘‘Paleozoic,’”’ metamorphic cover on
the Baja batholith, dumping the rocks at the mouth of
an outwash, braided river plain. Similar rock assem-
blages outcrop along the tip of Baja California—for ex-
ample, near San José del Cabo. After only a short trans-
port distance, the present rivers have few granite cob-
bles—most of them crumble quickly from semiarid
weathering.

In general, recent examples of almost all the sediment
facies cored at Site 476 can be found in regions on, or
offshore from, present-day Baja California. The litho-
logical units also correlate closely with the drilled se-
quence at Site 475.

ORGANIC GEOCHEMISTRY

The monitoring program was conducted aboard ship.
Hydrocarbon gases were not detected in this sediment
sequence, since no gas pockets formed in any core liner.
In some sections, however, slow gas diffusion built up a
pressure under the caps, and these were sampled and
analyzed. The results are plotted in Fig. 53. This in-
crease in gas pressure was caused by outgassing of CO,,
and the data are very scattered; there is a possible de-
creasing trend in concentration with depth. The odor of
H,S was evident in the sediments from about 3 to 66
meters sub-bottom, and it was strongest in the shallower
cores. The concentration was below the GC-detection
limit, and the qualitative odor strength was Hole 474 >
Hole 476 > Hole 475.
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Figure 53. Carbon dioxide concentration versus depth, Site 476.

Organic Carbon and Nitrogen

The samples were analyzed as before and the results
from the CHN analyzer are summarized in Appendix I,
this volume, Pt. 2. The organic carbon and nitrogen val-
ues and ratios are plotted versus depth in Fig. 54. The
organic carbon content ranges from about 0.7 to 7%,
with three maxima downhole. In Units I (a nannoplank-
ton ooze) and II (a silty clay), the values range to a max-
imum of about 3%, and in the base of Unit IV (pyritic
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Figure 54. Organic carbon and nitrogen: content and ratios versus
depth, Site 476.
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claystone) the values range to about 7%. The organic
nitrogen content parallels the organic carbon distribu-
tion and ranges from about 0.03 to 0.23% with the same
maxima. The C/N ratio exhibits a trend to higher values
with depth, and the values of the upper section are
within the range (about 12) typical for Recent, unal-
tered, and immature sediments (Ryther, 1956). The on-
set of diagenetic alteration of the organic matter is indi-
cated by the trend of the C/N increase with depth.

Fluorescence

Fluorescence data were obtained from dried sediment
samples, trichloroethane extract solutions of dried sedi-
ment, and pyrolized samples. Most of the samples ex-
hibited no fluorescence for the extract and raw sedi-
ment, and most exhibited yellow fluorescence for the
pyrolized sample extracts, The pyritic organic clay-
stones (Sections 476-21-4 and 476-21,CC) exhibited very
strong, yellow blue fluorescence for the pyrolysis ex-
tract. With the exception of the organic claystone sec-
tion, the samples contain no petroleum; under the pres-
ent in situ environmental conditions they lack a high po-
tential as source material for petrogenesis.

Bromide Determination

The organic claystones (Sections 476-21-4 and 476-
21,CC) may contain algal detritus as found in sapropels
(indicated by color and visual and microscopic examina-
tion), and therefore a test for bromide was carried out.
This is a qualitative spot test based on the reaction:

2MnO; + 10Br- + 16H+ — 2Mn** + 5Br, + 8H,0.

The samples were first leached with water and then
digested with nitric acid (conc.). Clear supernatant was
taken from each treatment and acidified or diluted to
yield about a 0.5-M HNOj, solution. Potassium perman-
ganate (0.02 M) was added dropwise until no further ox-
idation took place (loss of MnOj purple color). Tetra-
chloroethane was added to extract any resulting Br,.

Both samples, as well as seawater, showed no Br, for-
mation. This negative result may have been caused by
the poor sensitivity of the test, or it may be that the
organobromides accumulated by living algae have un-
dergone diagenesis or decomposition with loss of Br—.

The sedimentation rate at Site 476 was relatively
slow, thus the potential for endogenous biogenic gas is
low. Only H,S and CO, were detected. The organic car-
bon and nitrogen contents were typical for biogenic
ooze and silty clay. At the base of the sequence (in Unit
IV)the C and N values increased in the pyritic organic
claystone. The petrogenic potential of the organic mat-
ter is immature.

INORGANIC GEOCHEMISTRY

Interstitial Water Chemistry (Fig. 55)

Alkalinity values and ammonia and phosphate con-
centrations show maxima in the upper 100 meters of the
sediment column and are a result of biochemical de-
gradation of organic matter. Dissolved calcium shows a
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Figure 55. Interstitial water chemistry, Site 476.
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Figure 56. Biostratigraphy, Site 476.
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Pseudoemiliania lacunosa first occurs in Sample 476-
4-5, 37-28 cm. Because of reworking the occurrences of
Helicosphaera sellii and Cyclococcolithus macintyrei are
sporadic and therefore do not provide biostratigraphic
data. Discoaster brouweri increases in abundance in
Sections 476-10-5, 476-10-6, and 476-10-7. Discoaster
pentaradiatus occurs in Sample 476-11-3, 74-75 cm,
where it may be reworked; it occurs again in Core 476-
12 with D. surculus. Typical Reticulofenestra pseudo-
umbilica first occurs in Sample 476-16-3, 58-59 cm, Am-
aurolithus tricorniculatus in Sample 476-17-3, 51-52 cm.

Diatoms

Open-marine-tropical-to-subtropical planktonic dia-
toms are abundant and well preserved to rare and poorly
preserved in the hemipelagic sediment sequence in Cores
476-1 through 476-20; samples below Section 476-20-5,
are barren of diatoms. The following key biostrati-
graphic species were found: Nitzschia reinholdii, 476-
2-1, 95-97 cm; Mesocena quadrangula, 476-5-5, 36-38
cm; Rhizosolenia barboi/curvirostris, 475-8-1, 72-74
cm; Thalassiosira convexa, 476-11-5, 93-95 cm; Cussia
tatsunokuchiensis and N. jouseae, 476-16-4, 34— 36 cm;
Cosmiodiscus insignis, 476-19-3, 84-86 cm; N. cylin-
drica, 476-19-6, 84-86 cm. Distinct colder intervals,
determined by the presence of R. barboi/curvirostris
occur at the following levels: 476-3-4, 49-51 c¢cm and
476-8-1, 72-74 cm. The assemblage correlates with that
of Site 475.

Radiolarians

Hole 476 has index species for biostratigraphical con-
trol only in the lowermost part of the fine-grained sedi-
mentary sequence (Sections 476-16-476-20). The species
are Stichocorys peregrina, Ommatartus avitus, and O.
penultimus and are dated late Miocene to early Plio-
cene. Such an age agrees with the nannoplankton zona-
tion (NN15-13).

The fine-grained lowermost sedimentary sequence in
Hole 476 is a diatomaceous ooze. Within this sequence,
we observed a bloom of Euchitonia spp. and Spongo-
discus biconcavus.

The composition of species in the radiolarian popula-
tion in the Quaternary is typical of subtropical conti-
nental margins; among others: Tetrapyle octacantha,
Botryostrobus auritus-australis group, Euchitonia fur-
cata, O. tetrathalamus, Stylochlamydium asteriscus,
and Lithelius minor. This radiolarian population shows
some effect of coastal upwelling, as is suggested by the
relative abundance of Duppatractus cf. pyriformis, D.
irregularis, and Polysolenia murrayana.

The relative abundance of radiolarians in the upper
two-thirds of Hole 476 has a trend similar to the record
in Hole 475.

Planktonic Foraminifers

A planktonic foraminiferal zonation for Hole 476
has not been established, because *‘typical’ index spe-
cies for biostratigraphic control have not been found.
Nevertheless, the Pliocene portion of the hole is charac-
terized by the presence of Globigerinoides obliquus ex-
tremus(?). In the Quaternary, a subtropical planktonic
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foraminiferal population is common, probably affected
by the California Current and coastal upwelling. This
population is dominated by Neoglobogquadrina duter-
trei, G. ruber, Globigerina bulloides, and Globogquad-
rina pachyderma right coiling.

The composition of the foraminiferal population in
Hole 476 is similar to that in Hole 475. Also, the relative
abundance of planktonic foraminifers in the upper two-
thirds of Hole 476 resembles the record in Hole 475.

SEDIMENT ACCUMULATION RATES

The sediment accumulation rates (Fig. 57) are slightly
higher at Site 476 than at Site 475. This may reflect its
location nearer to an outer slope basin axis. Despite
varying abundances of plankton, the overall rate for
Units I, II, and III is fairly uniform (42 m/m.y.).

Glauconitic-phosphoritic claystones in Unit IV prob-
ably had a much lower rate of accumulation, but if the
hemipelagic rates are projected further, deposition of
the conglomerates could have occurred before the latest
Miocene and they were probably rapidly emplaced.

IGNEOUS PETROLOGY

Weathered granite was encountered in the core catcher
of Core 476-28 (256.0-265.0 m sub-bottom), although
drilling an additional 29.0 meters recovered only 1.14
meters of rock. The samples (Fig. 58) in Cores 476-28
through 476-31 are a biotite- and hornblende-bearing
granite that is medium-grained, inequigranular, and light
gray (5B 7/1). In the fresher samples, the major min-
eralogical components are anhedral-to-subhedral feld-
spar, comprising albite (15%) and perthitic orthoclase
(40%), although no microcline was observed; anhedral,
rounded, fractured, and strained quartz (35%); equant
and acicular grains of hornblende (< 5%), now variably
replaced by chlorite; and biotite and muscovite (< 5%)
also now replaced by chlorite and containing zircon.
Minor amounts of euhedral pyrite crystals occur in veins
and clusters; apple green epidote fills a few small cav-
ities. Drusy quartz commonly lines small microlitic
cavities (as large as 5 X 2 mm).

Within the granite, texture varies considerably.
Pieces 5 and 12 of Section 476-29-1 are the freshest sam-
ples, exhibiting hypidiomorphic textures and slight al-
teration of the biotite and hornblende. Most pieces,
however, show replacement of the mafic minerals by
chlorite, sericitization of the albite, and cataclastic tex-
tures indicating intense deformation. In the most de-
formed samples, the minerals form isolated fragments
within a streaky, aphanitic, mylonitized matrix.

Many of the samples are cobbles that lack drilling
surfaces and therefore have no orientation. This is par-
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Figure 57. Sediment accumulation rates, Site 476.
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Figure 58. Hornblende, biotite granite from Section 476-29-1, Piece 6.

tially explained by the drilling record which indicates
that the bit encountered mostly unconsolidated mate-
rial, thereby allowing each 9.5-meter core to be drilled
quickly (20-28 min.). Perhaps we drilled through a se-
quence of granite blocks interspersed with weathered
granite or granitic detritus—an association common in
subaerially exposed terrains. Because granite is easily
weathered by subaerial (or subaqueous) processes, the
samples from Hole 476 probably were not transported
very far, if at all, from their site of exposure.

PHYSICAL PROPERTIES

As at the previous sites, the uppermost and some
deeper cores (e.g., Cores 476-6, 476-8, 476-9, 476-21)
are strongly and rather continuously disturbed. There-
fore, in general, only samples for determining water
content were taken from these cores. The lowermost
part of the hole (from 200 m down), where cobbles,
some highly disturbed clayey silt, and quartz silt were
encountered, is not represented in Figure 59.

In the upper 130 to 140 meters of the Pliocene to
Quaternary sediments, the trend curves for the different
physical properties are very similar to those of Site 475
(Figs. 59, 60). At the transition from Sedimentary Unit I
(diatomaceous nannofossil-bearing silty clay) to Unit 11
(a rather pure silty clay at about 70 m), water content
and porosity distinctly decrease, whereas bulk density
increases. Farther downhole, to about 140 meters, these
physical properties remain more or less constant.
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Unlike Sites 474 and 475, in a section from 150 to 180
meters, water content and porosity again increase from
45 to 55% and 70 to 75%, respectively. Bulk density
drops from 1.53 to 1.40 g/cm?, and vane shear strength
and sound velocity are also somewhat reduced. This un-
usual change of physical properties is caused by the high
content of diatoms (diatomaceous ooze of Unit III),
which are not strongly affected by diagenesis. The pro-
portion of opaline silica—as determined from the aver-
age grain density of the total samples—is plotted in
Figure 59 (for further details, see Site 474 remarks, ear-
lier). The shrinkage of dried (110°C) cylinder samples,
which ranges from about 35 to 40% in upper Sedimen-
tary Units I and II, is now, however, limited to 10%, in-
dicating that the grain packing must have been some-
what stabilized. Yet sediments very rich in biogenic silica
appear to shrink less than samples with higher clay con-
tent, provided that the initial water content or porosity
was about the same. Unfortunately, the transition to the
deeper Unit 1V, consisting of firm zeolite-bearing clay,
could not be tested because of strong core disturbances.
Several samples within this unit now show very low wa-
ter contents (about 30%), porosities of 55% and less,
high bulk densities of 1.8 g/cm?, and an increase in
shear strength (more than 1.3 x 10° Pa = ~ 1300 g/cm?)
and sound velocity (1.63 km/s). At 200 meters, acoustic
impedance is nearly 3.0 x 10° g/cm? s. The marked
change of all physical properties in Unit I'V is confirmed
by the observation that in some silty layers cementation
by calcite has already begun (Sample 476-20-4, 25-30
cm). Whether this is caused solely by the presumably
higher age of this material (NN11-NN13) or whether a
former sediment column on top of Unit IV has been
removed by erosion before the present Units III to I
were accumulated cannot be resolved.

As at Site 476, a light olive gray, nannofossil-rich
layer and a dark brownish layer rich in diatoms from the
same depth were compared (Samples 476-1-3, 23-25 cm
and 476-1-3, 44-46 cm). The results are as follows:

Water Bulk

Content  Porosity  Density

(7o) (%)  (e/cm?)
Dark layer, high in diatoms 65.5 82.1 1.28
Light layer 56.1 76.7 1.40

Although the sediments were disturbed, the difference
in physical properties between these very common *‘sub-
units’” of the Pliocene-Quaternary sediment sequence
appears to be well established (e.g., see Tucholke et al.,
1976).

From selected samples from the lowermost part of
the hole (but not represented in Fig. 59), we determined
sonic velocity (by the Hamilton Frame), wet-bulk dens-
ity, and acoustic impedance (Table 11).

HEAT FLOW AND THERMAL CONDUCTIVITY

Thermal conductivities at Site 476 are low (~2.2
mcal/cm s °C) in the surface 30 meters of diatomaceous
ooze, are higher (2.4-2.5 mcal) in the silty claystone ex-
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tending to 145 meters, and are again low (2.1-2.2 mcal)
in the lower diatomaceous ooze (see Fig. 61A). The high-
est thermal conductivity is in the lowest clay (Core 476-
21; 2.94 mcal/cm s °C). Thermal conductivities are again
inversely correlated with the water content of the units.

In situ temperatures were measured in Hole 476 at
depths of 47.0 and 123.0 meters and plotted versus
depth (Fig. 61B).

Three distinct temperature gradients can be calcu-
lated using the temperature at 47.0 meters and the bot-
tom-water temperature, the temperature at 123.0 meters
and the bottom water temperature, and the tempera-
tures at 123.0 and 47.0 meters. Heat flow calculations,
taking thermal conductivity changes into account, yield
heat flows of 4.0, 2.4, and 1.4 HFU, respectively.

The low heat flow calculated using the two in situ
temperatures (1.4 HFU) suggests that the temperature
measured at 47.0 meters may be high and that heat flow
at this site is approximately 2.4 HFU, If this is true, the
transect from oceanic to continental crust is marked by
moderate-to-low heat flows for the young oceanic crust
(3.1 HFU at Site 474), high heat flow in the transition
zone (4.0 HFU at Site 475), and lower heat flow on the
continental site (2.4 HFU at Site 476).
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CORRELATION OF DRILLING RESULTS
AND SEISMIC DATA

Site 476 is in an area with extensive seismic-reflection
coverage from the Scripps Institution of Oceanography,
the University of Washington International Program on
Oceanic Drilling (IPOD) Site-Survey cruises, and other
studies. We will attempt later (Curray et al., this vol-
ume, Pt. 2) to relate results of drilling at this and the
previous two sites, 474 and 475, to regional structure
and tectonics. We intend now only to relate the litho-
logical column to the reflection record obtained when
the beacon was dropped.

No multichannel moveout velocities and no sono-
buoy wide-angle reflection velocity information is avail-
able; neither were downhole logs run. The only velocity
information is the laboratory measurements reported in
this chapter. Accepting these values and assuming ve-
locities for the other units, we assign velocities to the
lithological units as follows:

Unit I: 0-66 meters; Pleistocene nannofossil and
diatom ooze; 1.51 km/s

Unit II: 66-145 meters; late Pliocene silty clay; 1.53
km/s
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Figure 60. Calcium carbonate and physical properties, Site 476. Analyzed ashore at Scripps Institution.

Table 11. Sonic velocity (vg), wet-bulk density (BD), and acoustic im-
pedance (Al) of some samples from Unit V, Site 476.

0 21222324252627282930 0 65 20 25
1 T T ’@ T T T T T T T T T T
Sample Vg BD Al 12 )i
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siltstone 18 e \o
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siltstone 13
47629-1,20  fresher granite .42 - - o 8 \
476-29-1, 20  fresher granite 4.53 - - i \
476-29-1, 37 cataclastic granite,  4.91 2.51 1.4 \
weathered 1o 9
476-29-1, 37  cataclastic granite,  3.99 2.51 11.4 10011 \
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g i (o]
£ 117
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. 2 9 ®
Unit [11: 145-183 meters; early Pliocene diatom ooze; “° I= © 4
1.54 km/s 200- 2
Unit IV: 183-199 meters; Pliocene-Miocene glauco- 22
nitic sand, phosphorite, and the like; 1.61 km/s 23
Unit V: 199-256 meters; cobble conglomerate; 1.61 ;;
km/s 126
Unit VI: 256-294 meters; weathered granite: 1.61 27
km/s. 28| Y~
The two-second sweep record across this site, without ) W SR
interpretation or correlation, is shown in Figure 62A. 2‘1’ <A B
Figure 62B shows the same record with an interpretation —
of structure and a corrf:latlon “}”th the units as defined. Figure 61. Thermal conductivities (A) and in situ temperatures (B),
The overall structure is a series of low-angle normal Site 476.
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faults separating rotational fault blocks and covered
with a drape of younger hemipelagic sediments. Some
of the normal faults may surface and demonstrate re-
cent or continuing movement of the underlying slump
blocks.

Possible unconformable relations may exist between
Units I and II and between Units II and III. Unit V, the
cobble conglomerate, appears to rest at the foot of a
fault scarp as a talus accumulation. The sharp contact
between the conglomerate may have been caused by the
penetration of the fault that formed the scarp.

SUMMARY AND CONCLUSIONS

Site 476 is the third and most landward site of the
three-site transect across the youthful passive conti-
nental margin of the tip of Baja California. The site is
on a terrace, low on the continental slope, and about 42
km southeast of the peninsula in 2400 meters of water.
The seismic record indicates that this terrace overlies
one of a series of small rotational slump blocks. Specific
objectives at this site were to confirm the existence of
continental crust, to learn the nature of the sediments,
and to obtain evidence for subsidence and changes in
environmental factors. All were realized. We drilled to a
depth of 294.5 meters and bottomed in a basement of
deeply weathered granite. The failure of the newly de-
veloped hydraulic bit-dropping mechanism precluded
any logging.

The lithological section is divided into six units, in-
cluding the sedimentary and igneous material.

Unit I (0-66 m) is hemipelagic Pleistocene nannofos-
sil and diatomaceous ooze to mud;

Unit IT (66-145 m) is late Pliocene hemipelagic mud;

Unit III (145-183 m) is early Pliocene, upper-conti-
nental-slope, muddy diatomaceous ooze with turbidite
layers, vitric ash, and glauconite sands;

Unit IV (183-199 m) is late Miocene-early Pliocene(?)
organic claystone, glauconitic sands, and silty clay. This
thin unit suggests the existence of an isolated shallow
bank environment in the oxygen minimum.

Unit V (199-256 m) comprises a metamorphic cobble
conglomerate of unknown age. It was probably deposit-
ed in a continental arroyo, outwash, or alluvial fan
environment;

Unit VI (256-294 m) is a deeply weathered granite,

Physical properties are difficult to determine because
of severe coring deformation, but water content and
porosity trends reverse their normal downhole decrease
with higher values in the diatomaceous ooze of Unit I11;
bulk density and sound velocity decrease in the same
unit. Sonic velocity is generally low in Units I through
IIT at just above water velocity, with values of about
1.51 to 1.54 km/s. It increases in Unit IV to over 1.60
km/s. Granite cobble velocities are 4.0 to 4,9 km/s, but
the in situ velocity of this weathered zone must be much
lower.

The amount of organic material is generally low, and
this sedimentary section would not constitute a good hy-
drocarbon source rock. The interesting increase in Mg
content with depth below about 60 meters is probably
an upward flux from the weathering of the continental
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basement and the terrigenous constituents of the basal
conglomerates. Most oceanic DSDP sites show a contin-
uing decrease in Mg with depth.

Measurements of heat flow suggest higher than aver-
age heat flow—about 2.4 HFU.

The only velocity information available is the ship-
board laboratory measurements. To correlate the drill-
ing results with our seismic data, we utilized the mea-
sured velocities and assumed others for units not cov-
ered; we derived the following velocity structure: Unit
[=1.51 km/s; Unit II =1.53 km/s; Unit III =1.54
km/s; Unit IV = 1.61 km/s, Unit V =1.61 km/s, and
Unit VI = 1.61 km/s. With these velocities the lithology
can be correlated with the seismic data. To link the three
holes, we conducted a seismic survey while departing
Site 475. It shows that our drilled sections are within one
block of a series of fault blocks draped with younger
hemipelagic sediments. Units I, II, and III appear to
have possible unconformable relations. Unit V, the cob-
ble conglomerate, rests at the foot of a fault scarp prob-
ably as a talus accumulation.

Our drilling at Sites 475 and 476 provides evidence
for depositions on a subsiding, granitic continental mar-
gin. Subaerial conglomerates of possible middle to late
Miocene are overlain by shallow-marine mudstones and
claystones with abundant glauconite. This is followed
by diatom ooze or mud, hemipelagic clay, and fluc-
tuating amounts of terrigenous mud, nannofossil, and
diatom ooze in the upper Pleistocene.

A comprehensive discussion of the geological history
of the young passive margin off the tip of Baja Cali-
fornia is presented elsewhere in the volume.
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T #t Section 2, 0 20 12 cm ncliuges guart? b= 250um) and some { o bottom of core. Some streaks of black matter [oeganics?)
“|.I thell fragments. Gradational contacts, 7 A | present with sirong HoS smell. Moderstoly disterbed laminse
g o i Stction 2, BB cm through botiom of core are sharp contects
LY alternating between gravih ol green [SGY 32 and dusky
2 L1 SMEAR SLIDE SUMMARY § vellow groen (5GY 5/2) hemipclagic muds. Mica flukes visible
'(,_.?“ | _ - througheut the core, Spongn spiculites wen locally as wmall
o A A MP| = . white spars Sand fraction endiched in guarts, feidspar snd
= ] 150 210 280 CC cc w A MG - Peavy minerals. Scattered sholl fragmants.
w (1 TR+ TR VR ] z Pl "
= TEXTURE: 2 7
- Sand & ('} (L] 1 - 1y SMEAR SLIDE SUMMARY - s
silt [ B 45 @ B B o | ai 8
Clay 35 0 a0 0 ] s = 2
COMPOSITION a A s ™ 'E > -E 2 iis ‘§
Ouarez w = W 5 18 u 3 | §§§§ £ 2 i E §§§
Fuidspar 5 10 2 - 2 T - | =% g2 & = 5 3
Mica 2 5 7 1 ™ ] 1100 250 3102 3411 450
Hoavy minarals TR 2iar - 1 TH A i (=]} M (o1 =]
Clay 30 5 0 0 l TEXTURE:
Voleanic giass ~ - - 2 TR A aml ? = Sand 10 = = - 5
Pyrite 23 = 1 3 5 Silt 50 ] 40 a5
Foraminifers - 2 TH 5 = *e Chay “0 E - 80 50
Cate, mannaloasils 20 : an - 5 — COMPOSITION:
Dratoms. 16 — 40 40 a0 7 Duarte -1 15 40 L] T
Raeliolarians - - 3 2 0 A MG Fittipar r n 5 2 3
Sponge soicules 2 B 3 5 =] Mics 2 - 2
Siticatlageliates - - TR 2 3 Heary mineraly - 5 - - -
Plant debeis 4 a o ™ 4 Cloy 40 Fil = 30 40
. Pyrite 3 2 - 1 23
COARSE FRACTION: CC i muddy | ct . Carbornte unspec. 1 3 2 2
= Foraminiters - 3 5 2 B
= Radvolariam 10 5 Z| Calc. nannclosids 12 @ 5 6 20
ﬁ Fecal peliets 50 5 Diatarms 30 30 - o 0
= Chiorite 5 & Hatholasiam 0 TR = TR ™
v Biatits 5 =1 Sponge spicules 10 TR 50 2 -
Fish debris TR ¥ Silicaflageliates - 5 - 6 -
Foraminiters 10 Fish romains z - ™ -
Plam debris - - = 2 -

Information on core description sheets, for ALL sites, represents field notes taken aboard
ship under time pressure. Some of this information has been refined in accord with post-
cruise findings, but production schedules prohibit definitive correlation of these sheets
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity
or discrepancy.
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SITE 474  HOLE CORE 3 CORED INTERVAL 11.5-21.0m SITE 474  HOLE CORE 4 CORED INTERVAL  21.0-30.5m
2 FOSSIL g FOSSIL
» ; CHARACTER @ g CHARACTER
g & 4l £l e 3 |2 4 H
La Eg g il 2| é itk gl LITHOLOGIC DESCRIPTION = Qg § F § g £ irndglic LITHOLOGIC DESCRIPTION
EEEHEE G| & | vmowey | - I R cl B | umoloey |,
w3 |z < g ol g 4 i w3 |2 ol g ol ¥ & ]
MEHEHHRE 1+ FE N HEIH f
S EEE E g |3[5]5]% EE 5
SHEIEE F1H ERHEHHE E 25 2
= | .
a GM| 7 | ] Interiely disturbed duky yollow gresn (5GY 5/2) to moderats
05 | 05— olive brown (5Y 4/4) MUDDY MANNOFOSSIL-DIATOMA.
= Disturbed dusky yellow gresn (SGY 3/2) to moderatn alive N CEOUS OOZE. Layesing, il sny, was obliterated. Mica flakes
L . - heown (BY 4/4] HEARING DIA 1 N visihe throughout, Moderate HaS smell, Dccurrence of wood
Ly s CLAYEY SILTS alternatn with oiive gray [5Y 5/3) CLAYEY . chip at Section 1. B9 em, arkosle sand biab. ferrigenous com
10 SILTS. Olive gray (5% 5/3) CLAYEY SILT LAYERS (4 10 11 1o ponents) st Section 3, 60 em and 135 cm, and macrofossi|
— em nick gt top ol cored thicken with depth to 30 1o 40 cm — shnils 82 Section 3, 65 em: Sediment appuars 10 be gas rich with
A . thick ar botrom of coee and suggest sedimint cycies (turbidites?) = small pimples on clay ich wrlaces. Section 3 has straaks of lightar
MP Strong st wrall throughout the core. Mica ke visibile groy nannolosei mudstone,
3 | thraughout. Spangs spiculite locally prosent as smail white spors,
- Three sem-thick, wery daturbed sand larkosic) [terigenous w SMEAR SLIDE SUMMARY
o 4 | i componenty] fayer found st Section 3, 40 10 55 om z C-14 SAMPLE 280 360 350
“ - ] 8 o oM
2 2 p 5 Mol 2 TEXTURE:
£ Z M 1 | 4 SMEAR SLIDE SUMMARY 2 A G| - Sand w B e
e = | 186 190 263 280 10 356 2 Sitn ® B =
F ] LTS T VT VO I T T ] i Clay £ 15
o = | TEXTURE = COMPOSITION
= 1 Sand " - 5 & 10 1 Ouuriz 0 3 n
3 = | Silt B0 60 @5 5060 70 0 Foldpar 5 - 5
A M g Clay 25 40 30 38 0 M0 Mica 2 2 5
] I 2 COMPOSITION: Heavy minerals 1 - 1
=i & Quartz 15 2 10 10 0, Clay 10 n B
5 ! - :;:::xmm Felispor 13 5 10 10 5 10 . Voleanie glas 2 - -
3l - | Wiea - 7 5 - 3 c Gla Pyrite I 1 E
1= I Feavy minerals i 5 23 2 - . Carboruate uspec. 2~ -
g e Clay 50 40 1B 35 o W Foreminiters 2 1 2
A M 4 | Pytite - 2 2 12 2 2 = c M Cakg, nannofossity 1] 15 20
3 \ Carbonats unpes, Qiwrgel — W0 = a g L Diatoms 0 40 4
L L8 K Foraminiters - - 35 - 5 2 v [+ Rudialstian 2 - 5
Cale. narmalosli 1] 2 <1 » Spongs ipicules ? 0 1
Diatorny %3 W 20 b a2 Silicoflagellates 1 2 2
Ruifialar 2 3 & 2 Plant dabiris ? - 4
Spongs spacuden - = 3 5 2 1
Selicollsgeilates. 2 5 5 - -
Plant Dbris - 1 o- - - T
Organict - 2 = -
Apitite - t B - S
Pyroxene 1 - - - -
COARSE FRACTIONS: CC
“ 140 140 to 83 prm
et & 20
Mica 10 10
z Chilorite 0 20
= Foraminitaty 50 0
3 Focal peflaty 0 =
S Pyrits 2 -
v Heavy mneraly 2
Radislaria 5
Sponge sgicuies - 5
Blant dobris - 1




SITE 474  HOLE CORE 5  CORED INTERVAL 305-40.0m SITE 474  HOLE CORE 6 CORED INTERVAL 40.0-49.5m
= FOS5IL = FOSSIL
- CHARACTER 4 CHARACTER
5 (2. 2| » { AETETE 2| e
L4 EHH g ol & GRAPHIC LITHOLOGIC DESCRIPTION L3 ,‘%g HELE g & GRAPHIC LITHOLOGIE BESCRIPTION
z (55|35 & & 'g- LITHOLOGY fe LE|58|: g ; ElE LITHOLOGY 9 “
R HEHE g A HE TR :
R ELEL i R ERHEE +$H
 |2|3|3|E 3 E IR 3 Ed
= vaiD
A M VoID Internely disturbod moderate olive brewn (SY 4/4) o gravish Intenmely disturbed fem meoderate clive brown (BY 4/4) 1w
olive (10Y 4/2) NANNOFOSSIL-DIATOMACEOUS CLAYEY grayish olive (10Y 4/2) NANNOFOSSIL-BEARING CLAYEY
SILT. Sand blebs presont [terrigunous arkovic components] and c M SILT with sand intercalations, Moderate HaS smell, Mica fakes
1 i 1 smail pehible ot Sectian 2, B7 em, Intante HyS smell throughout 1 | voID visitile throughout, Reworked hryoroan pieces and  quarts
voID the core. Sponge spiculites present o white spots locally. Dlive feidspar parphyry o basalt pebblss in Ssctions | and
gray (BY 3/2) diatorm bearirg nannntesl| clayey win nyer (16 cm feidsoar porphyry and basalt peblies in Sections 1 and 2, Possibly
thick st Section 4, B5 100 cm with small sand biels wiwbed|ying these pebbles are from the same Lliver. Sand blets and contartes
suggeils another turbidite cycle although mddence of graded Ravers of arkosic torrigenous materisl sssociatid with pebbles in
Bedding is atsent Sectiom 3 and 4.
| voID Altormating grayish olive [10Y 472} and wellwashed, loose
SMEAR SLIDE SUMMARY - yole ey |5 3fak, CEEARH ”mt i
VB0 275 475 4100 ©C . PEBBLES in Section 5 1o bonom of eore. Sharo contaces, Many
A m 1= shallow water clnsts suggests ressdimsntation.
2 SMEAR SLIDE SUMMARY 2 - SMEAR SLIDE SUMMARY
- 180 375 475 4100 CC 1 o] 76 250 450
H o) o (cA (D) (cR) P e o (TR TR
] TEXTURE - TEXTURE
=] 7 Sanid 0 10 - 10 3 o Sang 20 15 10
% Sile 0 0 - s - A M n Sh a0 0 3
w 1 Cla 30 20 - 40 ‘_'_I_ Clay 40 k1 56
H = COMPOSITION: 4 COMPOSITION:
w = Ot 15 10 B0 15 50 = Quartz 40 15 15
3 3 Faldlspar 3 3 - 5 30 e Fridspar 10 1 5
A Mp 3 ) Mci 1 3 2 5 (musconite) 3 [ Mica 16 [ 10
1 5 ibiotite) I Heavy minerals - - 2
= Heavy minerals 1 1 H 3 s Ciny L] 20 20
a €14 SAMPLE Clay 35 20 w L Pyrite 2 2 2
3 it - - - 5 & Focaminitars o 5
m Carbonate unspec, 5 1 10 TR 10 i+ shell Frag.} 8 M Calc. nannofosile n 5 ko
7 Foruniters 3 e A Distoma 2 3 2
- Cale. nannafossit 20 30 - 20 - i Radialariam - 2 5
. Diatom m W - T v | Sponge wpicules 2 3 -
g — Spange ioculen - - - 2 3 ; - Silicoflageflates 2 i
= ¢ G . Brown specks. - 3 - - - = Plant debiris 3 2 2
= 4 ] . Dolomite - - - 1 - < 4
= . CARBONATE BOME: 4.41 - 17%
e c M ] * |- Grav CARBOMATE BOMB: 155 = 7% 532 =%
= ] 3106 - 155% 650 = 38% fand)
cel 1
[ G
5
A G
c GM
" Mle
Ml
(=
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474 HOLE CORE 7  COREDINTERVAL 48.5-59.0m SITE 474 HOLE CORE__8  CORED INTERVAL 58.0-685m
o FOSSIL 2 FOSSIL
% g CHARACTER § 5 CHARACTER
- EARAEE g 2 TulE)2]2 z| @
Er 95 Ak ol = GRAPHIC LITHOLOGIC DESCAIPTION sc (228l 5|2 2| & BRAMIIE b LITHOLOGIC DESCRIPTION
1z |ES|E i 5| E | uTHooay R EHEE 5| & | UTHoLoGy o o
33 HANEE +£0 £ 1275 8|3 |) (¥ 2 gy
2 e ! 0 = E [k |2 g a 5 2
G R HEEE +EH R EHHEHE FEH
EHEIEIE 5 EMHEIEE 3
==
= )
i Intensely disturbed, gravish ofive (10 4/} firm SILTY TO [ GP
- SANDY MUD with patches of dicreet light gray SAND. Sands (o] Driling brscels of grayish greesn [5G BA). i gresnish gray 156
- " iy 10 be-pery, calcareout, muds do not. Na #vidence of graded o /1] conrse ARKOSIC SAND (quarts, faidispar, beotite, calcarsaus
c Gm| 1 1 eclching. 1 chigs of mallusks, bryozoan nd foraminilens [orbuline?] ). Clasts
1 o are roundeid and polithed and sorred, GRANITIC SAND. Soma
1.0 Section 3 — Sediment cotor (ightans 1o light clive gray I5Y 5/2) o . cF nannofossil muds remain in what hes been washed o drilling.
NANNOFOSSIL SANDY MUD. Lorge ssndstons pebile {quarts: N S sl
fubdapar, silica cement at Saction 3, 130.140 em. lo]
(8] Section 4, 106 cm — 3 e ocobhle of granadionite, moliuk thell
Section 5 — Maoderste ollve brown [BY 4741 SILTY NANNO- fverugl ot Section 5, 9 cm, and snail shell a1 Section @, 30 om
A MP FOSSIL MUD to SANDY SILT in Section & grades into greenish o
gray (SGY B/4) unconselidared GRANITIC SAND with cal o
careoul companents; benthics, bryozcan end ihallow water
2 carbonates 2 o] SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY o 1100 2118
173 330 a6z CC cFl (o}
© o (D (CFl of |, TEXTURE
TEXTURE O Sand 100 -
Sandl 15 5 5 - Sit £} =
A G Sily 0 10 15 - o} Cisy = -
Clay 45 5 80 o COMPOSITION:
. ¥ COMPOSITION: Carte
7 Quartz 0 15 15 45 o Faidspar = 5
. Feldsar - 1 -~ o Mica [
3 . Wiza 1 3 ] 2 3 o Haay minerals g
3 Heavy minerals 1 - - - w o - |% s0
A M o
iy = Ciay B 1 0 - 1 10 Cubonuteunspec. 150 g 2
z . Pyrite 2 3 - - 8 Facaminiters 112 -
] - Opague 2 - = [ 3 O Cale. nannotossils e
[=] 1 Foraminifers 1 3 5 50 3 o) Diatoms - 1=
& Calc.rannofowsls 30 40 30 - = P Bobnie s = 1
e 7] Diatoms ] 4 a - W ’ Flarn dhebyris = '
a ] Fadiatarian a 3 2 - = o
u & oM — . Spange spicules z - 1 5 % CARBONATE BOMB: 5638 - &%
< = Silicatiage!lates 2 = 1 - o 40
- 4 4 Plant debeis 7 - 2 ] Ho
= CARBONATE NOMR: 3644 20% 4 o] NOTE: Site 474, Core 9, 68.5-78.0 m: NO RECOVERY.
- b O
c G i)
1 A M no
A P |
5 5 |
A PG Ale)
i[e]
A PG 0
c M (o]
c M Q
& '3 o]
© 30
A G
» | Pectin chip
A G
7
CC)
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SITE 474  HOLE CORE 10 CORED INTERVAL B87.5-97.0m SITE 474  HoLE CORE 12 CORED INTERVAL 87.0-1065m
= FOSSIL ] FOSSI
i ; CHARACTER o s cm.%?clr'en
8 leulgl2 HE d 3 |z leTale z|
s EE E 4 g E E I.FI":ITBFL"SEY g LIFROLOG K DEBCRIFTION St g Els g E E E Lf:,.g._':;gv L E LITHOLOGIC DESCRIPTION
R EsEd A HHHHREE £+
= 18 |3 £lal% & g F la |2|12]3]5 =
s [S]=]2]s 3 = 8] #l2]E E
J7=
1 D & i & :
§ z
M—_ Two pieces of medium gray plutonic rock pabbies {(granodionite). 8 Highly disturbed hemipelasgic wdiment, lim, gravish olive green
=4 [SGY #/2) MUDDY NANNOF -BEARING ‘
';; CEQUS DOZE Homogeneows bul lowsr part slightly paler
[ 130 to 47 cm). Mica Takes visibls on the wirface
z Muddy
= Several flar, well-rounded PEBBLES warn racovered in the Core-
5 Catcher including: 1) Finegrained basalt(?) volcanic: 2) granite
SITE 474 HOLE CORE 11 CORED INTERVAL 87.5-97.0m | 2o 3em; and 31 a more angular plece of granite,
g FOSSIL SMEAR SLIDE SUMMARY
= CHARACTER 120
§ Eu g1a)8 Z| g - o
er |G 1a| 51 £ 4 GRAPFHIC TEXTURE.
“',5 :2 E g z E 5 LITHOLOGY . i LITHOLOGIC DESCRIPTION Z bl o
£ R g alz £ Si 80
H i 55 & Clay k]
R HEE T EH O i
N == s Cuartz 20
S H Feldspar 12
3= : Firm to hard, homogeneous hamipelagic musd mainly consisting | Mica 15
05 | Soculite of: grayivh olive green (SGY 3/2) bearing SILICEOUS Clay 10
i . CLAYEY SILT TO HARD SILTY CLAY, Contacts appear 2 T 2
! - gracational. Saction 1, 30 1o B0 cen is more ol ity whers m Section Carbonate inspee. 1 2
b 1, 100 1o 145 em i mare clayey. The surface shows a mica glint Facaminiters TR
1.0 Scartered tiny snowy whitd specks ars pure spange ipiculs blebn =z 3 Cale. nannatossits 18
w -1 A thin sarel layer (B om) occurs in Seston 3, B to 14 om, Dthar o Digtoms 40
F 3] 3 Qlive wmall sandy patches may derive from bioturbation. .? Radiolaisns B
2 o Sponge spicules 12
o -1 SMEAR SLIDE SUMMARY ~ -
= e 168 141 2971 oC Slicstutinter - 122
o 3 M (o) D) (D)
@ c MP =] TEXTURE
s - 1 -
e A GM| 2| ] g % e u SITE 474 HOLE CORE 13 CORED INTERVAL 1065-1160m
3 i Clay 35 70 30 ; FOSSIL
= 1 COMPOSITION: « |3 CHARACTER
] Ouartz 5 15 15 5 g EMAEE z| 2
7 ::'d“ 1 TTR ; : B 1EEE g H £] = Lmﬁ_’g‘év LITHOLOGIC DESCRIPTION
lea - am|z| 2 = -
ccl * Heavy minerats 2 TR TR - g3 |= ; 5|3 g %2 3 4
Clay 30 a0 ] 40 = E g ; 3|z = a ;
Pyrita/opaques - 2 B -} = & < |8 s 5
Carbonate umspec. - 2 3 -+ O 1 —voil
z Foraminiters 1 1T TR - " :'L = Voo,
] Cale. nannafusits = 5 o k3 E S ] Dusky wellow green (10GY 372} DIATOM-BEARING CLAYEY
2 Diatoms - % w40 g 0&:;—-—1——_,__ 71! o | e NANNOFOSSIL ODZE (0 1o 68 om, 126 1o 150 em and CCI.
g P fetmtiacn 3l = = B 1 e et B S oc sk Changes to graylsh green (10GY 6/2) CLAYEY NANNOFOSSIL
m":‘"“ o 1 & 9 a 2 T QOZE (88 to 175 cm). Small ARKOSIC, SANDY.SILT layar
agellates - - w
L o R M z 10 = = a1 62 1o 54 em with gradational contacts
I i [ St St B = SMEAR SLIDE SUMMARY
g _l 8 T e . L2 1480 1100
L= 10 ©Fl o)
TEXTURE:
Sand - -
Sily - 0
Clmy m
COMPOSITION:
Ousetz &5 2
Feldspar 36 -
Mica - 1
Clay 30
Pyrite - 2
Carboripte unspec. - B
= Foraminifess TR -
z Cale. nannofomsi — 50
i Diatoms - 10
g Radiotarians - 32
e Silicotlageliates - g

CARBONATE BOMB: 1-104 = 17%
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SITE 474 HOLE CORE 14 CORED INTERVAL 116.0-12556m SITE 474 HOLE CORE 15  CORED INTERVAL 125.5-135.0m
g FOSSIL =
S B [ ok,
g l=ulel2 Z|a 2 |= - z| »
Er |28 H s S| = w|E) 2 &
I HEE E|l & Piedy e LITHOLOGIC DESCRIPTION T g% il g E E po| ERame LITHOLOGIC DESCRIPTION
SAHHHORHE £ HF S HHHARGE ek
= |8 (5]5]2]z ZiH N RHEEE TEH
= z|2]58 =) EEHEIHE 5 El
| 1 |3
|
| Mocdaramly disturbied, firm homupelagic sediment; aravish olive Wil counded (rransported) PEBBLES OF BASALT and OTHER
green ISGY 4/2) DIATOMACEQUS CLAYEY SILT with sonw IGNEOUS or META-IGNEOUS ROCKS. Petible sppraximatsly
nannofosalls, Mica Hakes gliston on the surtace. Bedding is ditfuse 4 cm in dismeter Basalt finegrased. Others; fne groumdmass
] B Mot contects are gradational, Veriations include sones con- wath 1 to 2 mim diameter phenocrysts (fekdspar?)
5 taining more snd ims wnd fraction of clay, Some discrete beds
8 1 of clean ARKOSIC BAND wcrur: st Section 2, 84 o, Section 3, TS Na. 1: Light cream-colored, PORPHYRITE, Quartz (1 mm)
s 10 1o 15 em, 79 19 33 om, and 47 1o 40°cm, Thess ars without and febdspar (1-2 mm), Feldspars tatmlar, s alignment. Stight
o rmding but wellsormed. Soene seattered spiculite specks ot Sec aleration of groundmass; texture not wisible. Inequigranar,
Z tion 1,9, 15, and 42 em. Cores were undee i presurs, aaving med - gravned, igneows rock. PHENDCRYSTS: Faldwpar. 15%,
T . ot gas holes. A sitty sand at Section 3. 06 to 108 cm shows & multipletwinned, slightly  sercitized, tabular strengly  coned
E firng uprnward textue. Up to 2 mm acros, frequantly fractured. Hombiende, 1% seriate
| textire, up 1o 2 mm acrom ccsvonally defnemed, tabuisr w
SMEAR SLIDE SUMMARY irrogular, GROUNDMASS  bypiomorph  gianular  feldipar
- 275 497 102 70%, quartz 1%, hornblemde  15%, béotite 4%, opegues 1%,
ol R (cEl 0.1-0.2 mm, Fadspars all show strong zening, especially slang
TEXTURE i, with sodie ouergrowane, Interstitin) X dekdiper may com.
Sand 10 - mive up 1o 16% of grourdmass Defarmation dighily recorded
Sin 35 - = try blotits
Clay 65 -
(i COMPOSEITION: TS Mo, 2: FELDSPAR ACID-TUFF. Swongly porphyritie;
s Oiarts 10 50 45 PHENOCRYSTS: Felsps, 20%, up to 3 mm, dominanily
L.. Fidsnar - 30 a6 untwinned K-feidspar but alwo aibital; quarte, 10% of rock,
Mica 8 15 5 ronsteten), embayedd, 0.2 s, Phenocrysts show lubrie, GROUND-
Huaey mbneraiy 5 W2 MASS: L vy fine-grainad_ cryptically banded, quarte
Clay 40 - “ o leitspath, smorphous, dendritic opegues iurround sme pheno
Pyrite 2 - - oryat maerow £l e vaind, o al
Carbonate unwee. 1. 2 - - plogicclose.  Groundmass, quartcfeidapar, may b iy
Foraminifers = - TR
Cale. nannolpssils n - - TS No. 3: METAVOLCANIC. Probable basee wvolcaniclasuc o
Dlatoms 0 = Wi, Low gade mestmorphic, alfected by laver weathering.
Rawtinalasam. 2 - GRAL with i
Sponge sgicules. 2 - from dofermation strain, COMPONENTS: mainly shared feid
5 Silieatlagellates 2 - - apars, altered matics, partially wticitzm or replaced by epidote
= Plant debwis TR = = wnd clinozoisite. Feldumes, 30%. plagioclase twine and K deldspar,
® 5%, ltered biotite, horrtdentds, Same large roundod quorte and
; . CF CARBONATE BOMB: 256 - 1% farge relict | <100 m) plagiociate laths with cocluded clay and
Y] aed © oF calcite.
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SITE 474  HOLE CORE 16 CORED INTER 135.0- 1445 m SITE 474 HOLE CORE 17 CORED INTERVAL 144.56-154.0m
2 FOSSIL g FOSSIL
= g CHARACTER v |E CHARACTER
o< -
M EMARE z|l 2 2 MeTaTE z|w
= w = gl =
tE Eg £ g3 = B v LITHOLOGIC DESCRIPTION gg %g £1E|3 El 2 | eteey [ LITHOLOGIC DESCRIBTION
S|zM| & 2 Sl=n|z ™ "
e ERHEH R : A HEHHEHE E2
g |g g5 = = g 8k =]
S § ila = HEIETE £
= = |5 =] = slzlz]d
Q i 5GY 372
o] '
' e e 1E0Y 472 CLAYEY S1LY e SANDY LT, t 155\« an s s o it I PR, o s gy 5
grayish olive green (5GY 4/7) CLA’ LT o 2 z
1 Decimuter zones with dhightly finer and costiar muds. Samg 1 H dusky yallow groen [BGY 4/2) DM&TOMME.O'.B Nﬁ'r!:;(
sardfier mudd have matrin supparied coarse (ergenous pebhiog FOSSIL SILT w MARL to ODZE. ;\;:! n:-:_nr:m
ardd sand, Cortaces divtorted, A graded turbidite bed ocours (0 ar2) SILICEOUS Mmomssu Al A sl [T T
Sectign 3. 5 10 14 om with gayishgrssn [10GY 52) akesle matles and Beds (Section 1, 3 10 30 em; Section 4, 9 to 160
sand and prain sizes in axcess of 2 mom, A1 beds contain varying | eem; Section B, 0 10 3 em; snd Senn: 7, 0w an,ris 1 35
amounts of nannofossls and wery poody pressrved ramnants of em, and 41 to 66 em), Somlmm.lr ra I|Irv= ﬂﬂwn’d:.'wll |;:av-\«
- o TR Y S S voip T e b o e 5. 345 2 o 1 sho ko o e
o od, I
E pr MUD TURBID| TES. A1 Section 6, 04 10 140 em thers it ovatence
8 af blaturbation i mottled graylsh olive (10Y 42) ranmofossil
& MEAR § SUMMARY gl —rmud with small sansd pockets, Section § s 3 graded cytle
i 2 SR 280 343 2 0t 10 m, 10 10 25 em, and 25 1o 65 cm. At the 100 of Soction
: o cF) 3 prveral redeposited clasts are mud uipparmd including: bassile
» TEXTURE flsss, bryozoan fragments and granite pivces. Same w.nlwml
E‘ Sand - benthie foraminifers aceur, At Section 4, 108 em there s a dark
< Sit 0 = organic lemination. Sgiculite biets were observed o Section 2, 48
t o 0 . cm, and Section 4, 133 em. A brown siit at Section 5. £ 0 22em
u;:.pw'.a”. 1 i mainly terrigenaus, Priibles [Section 8, 8 to 26 emi of basalt.
Quarts 15 ao N lass, granite, foraminifers, and bryozoan debria,
ekt H
Fatesan ? * SMEAR SLIDE SUMMARY
e i - . 175 &107 560 BAW 760 767
3 Sepn etk L 3| 3 o  © o o M
e 3 Hight} (whita)
= Woleanic glass 1 - _‘I VoID —
£ Rock Tragments A = 2 3 CURE PR & lig & i
E i 3 E 1 Silt a0 50 s0 7 ] 50
Carbonate unspec. = 1 1
] o Ciny 8 30 45 ] w4
% Cate, nannfomits 3 g 1 i
d Distoms 5 - =
B sh ¥ %] 3 Cugrtz 5 W 3 3 15 ED
v g i r 1 Fuldspar tos 1 - 1 2
v Spange wpicules 1 a - = = voIp e i 5 s . ) 3
Ellccllagedatsy L N > B Heawy mingrat - - - 1 - -
Molluse fragmesits 2 i} F B Clby = % W 0 a E
=
- ] . Pyrity 5 5 5 2 2 -
= _L'L-.L'F-" = | . Cananate unspec, 15 3 2 - a
g 0 it Foraminifers L] 1 3 - 2 1
o T ! Cale.nannofomils 45 10 40 3 40 35
_,_-'-:1‘ | Diatom T 4 z
i TRy | 6GY 372 Radiotarians 2 H % 3
—J.""_._'4 | Sponge saicles = - 5 | H 1
] | Silicatiagellater = - 1 1 =
= L - a 1 2 2
_J_J_.l_. | Lt bt iv
5 o | -
i N Bl Ty - CARBONATE BOMB: 175 - 2I%
= J-—'-_L_i N 10 472 540 - 206%
:J_i_l_ I | 6 sitarnating BT
L ‘m_'_ (B cyeles
B I E T
= e savan
= =] L-l-i_‘_l
F B ol gt
5 ] J__I_..n."
= & e Pl ey - |
o 1, ==
g i Loy et I
g 1 !
- B | e
v -1 -
- = N
.
cC
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SITE 474  HOLE CORE 18 CORED INTERVAL 154.0-1835m SITE 474 HOLE CORE 19 CORED INTERVAL  1683.5-173.0m
& FOSSIL - FOSSIL
- z CHARACTER " 5 CHARACTER
<
8 lzulela]e Zl & B leulelale z| =
oW = al|l = “w = =
TE 55 £ 8 E ElE Lﬁm:gv |, 212 LITHOLOGIC DESCRIPTION ‘fg gg i 8 E é o Lﬁ':“;?gg‘, < LITHOLOGIC DESCRIFTION
|z < w 22 w 2
e N HE A + S HEEHINER g
O N E I ELE =.,§ S R ET L EE
& HEIHEH E E B b
* EGY 5/2
i Fir, hemipelagic sedimsnt which has a darker domisant graylsh 051 Fiem hemipelagic sediment, modsrately dlisturbed  NANNO-
BGY 312 alive gresn (SGY 3721 NANNOFOSSIL-BEARING SILICEDUS FOSSIL-BEARING CLAYEY SILT in diffuse lavering end
1 CLAYEY SILT and & hess sbundant duiky yollow gresn [BGY 1 : o Ao werying texture. Most grayish oliva green, individual sedimentary
5/7] NANNOFODSSIL MUD m MARL. Badi are fairly uniform ' wnite are typieally inilorm s, withoul grading, others show
snd contacts appear partly gradstional, scatterod sed ek w L“': ¢ upwward fining. Scattored pebbles, inchisding quarizite wndatone,
Wicas are visibde on darkor lithologies which are shio coareer slt, - Caloe s changs gradationally e.g. 8t Section 2, 35 om o dark
5 green groy (GG 4/11 3 such eyeles in Section 2. and ans in
SMEAR SLIDE SUMMARY § Section 3. A more brownish hus sandy silt &t Section 1, 75
176 330 17 o 84 em contmn Hille biogenic bt rather desply weathersd
i LU u Falelspart Taving an iton oxide costing suggestive of oxidizing
z lighter) [darker) o environmients, &t Ssction 2. 123 con there i 2 thin gravish whits
= TEXTURE Lt | wltnie shyolitic ash tyer, 210 3 mm thick (R = 1,50
o B 0
B 4 Frig % f0 = 2 ' SMEAR SLIDE SUMMARY
W iy 180 2923
g Clay 20 w0 e 04
10N:
s s6Y 3R Copommon W I = (1 o) [white st layer)
= TEXTURE:
= Faldspar 3 5§ | Serat . o
= ; 2
" :Iu imarats -: g 3 : Sie 40 100
SGY 8/2 Lighter redfhelizine = | Clay a0 =
Cluy . 10 i
¥ Pyrita 2 TR COMPOSITION
2 * Lt Carboriaty unspec 2 5 Quarr 15 -
= 3 £ i 2 N Feldhipar 20 (attored =
o e orami Ll K-Fel
A - Cale. nannofossily 1 an Mica 2
| - -
o ~ II::::I‘:mm ': , i Huauy minerals 2(py, snph —
= 4  wvoip €10 | fragmisets Clay a0 -
W - :uiwﬁml«: : l E §_ Valesnic glass - : 86 (Rl = 1 50
- Pyrite opmpmsl -
i L 2
_lec] | it dobiris 2 " Faeriginous 5
] Cartmmiate umipee & =
o Foraminitars 2 TH
v Cate. nnnofossis 6 ~
Diiatanms - Ll
SITE 474 HOLE CORE 20 CORED INTERVAL  173.0-1825m
g FOSSIL
« |2 CHARACTER
- MAEE = IR
L= 3 < = C
5 :é g gz 5| € | vwoloey LITHOLOGIC DESCRIPTION
==V E| 52| |®| = g Y
£ |- |2 a C
=g HE +EH
& § e |B o w

D ED

PEBBLES: Only recovery conisty of two pebbiles; sbout 2 em
mach. No. 1: subanqular, dark gray-black with light phanocrysts?
No. 2; Lighter gray, linegrained matii?) with a low specific
fravity.
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SITE 474 HOLE A  CORE _H1 COREDINTERVAL  0.0-163.5 m (Wash) SITE 474 HOLE A CORE 2  COREDINTERVAL 173.0-1825m
= FOEsIL E] FOSSIL
x g CHARACTER N i CHARACTER
M EMAE e g 2272 z| »
= @®
i 55 g g g HES L:?,"L‘(‘,’,_":,'g, LITHOLOGIC DESCRIPTION 5% gg & g § g & lﬁimgv LITHOLOGIC DESCRIPTION
w3 2™ 2 ! @l ¥ 3 -} WS |2N]z 4 w s
= |E HE @ E wSIEN(SEE[218] |=] 2 g
il - HEE E g I LR L H
N = B8 L B o o s |g|2|2]a 2
bc| 1=De=s .
o bbobigly whsief il m.:'", s L'msm’ : I“M" 05 Sevaral muddy turbidite cycles of firm gravith liva-green [5GY
1 m I:;;,!m,':,:, o 47 ey ey & L 3/2) SILTY CLAY grading to SAND-SILT-CLAY (MUD), Some
ol i 1 . (Section 6, 110 cm) have thin Liver of conrse dquartz-feldspar-mica
'I.Dw: TS - CC: 10 -1 concentrated st the basal contsct. Upper contacts burrowed, 12
] B0 unspecifi —— N s oF cyclos wisiblo. Siltier portians have more mud, allve brown (5Y
] may be dolamitic . ’ R G i * 4/4) huses. Unspecified carbonate grains and nannotossiki. Con-
E i gy 1o tents vary with grain size but siltier sones are more calcareo.
10% relict opaline diatom and silicecus tests and fragments A =K R & ociiy pivesersd blokse: -
= 15% sngular quartzo-feidspathic grains, wit-size = \-ruﬂ‘cmu‘lmu P:."Im" -'. . Fly .I\'m'\r mm‘:‘;"ﬂ_
. 35 rsureind, deid N i B Spemphon i - o many mafics including hornblende and apatits. CH = symiml
- 2% lwrge pyrite tramboldy k! for o i
s 2% benthic foraminifers = evidence of Chandrites,
3 3 e meyalized Cemsoto: 2| 44 SMEAR SLIDE SUMMARY
2 e 1420 560 6105
. SMEAR SLIDE mm&v'mhm“ = il :J_ bac ol iy i
] TEXTURE: T TEXTURE:
= Sand - L Sand 50 - 100
] P > 13 i n ® 2
o Clay - ik ¥ -
: =1 COMPOSITION:
E gm‘: BE :'J-. Chmarez 30 20 30
] Silicotiagallutes 15 -j& - Feldspar ;: 12 Y
e L Mica 5
3l 3l 11 Heavy minerals 5 3 10
H b P Clay w3l -
SITE 474  HOLE A CORE 1 CORED INTERVAL 163.5-173.0m E E Glauconite 2 - -
g FOSSIL B ] T Pyrite = 1 3]
w § CHARACTER B . Carbonats unspec. 5 2 5
§»— GulB)Z|2 g| g GRAPHIC 9 e E E::T:::::mih g » -
i =§ £ 8 : E § LITHOLOGY LITHOLOGIC DESCRIFTION & N ; skl a
g1 ;§6§ C E 8 2 A M Ht b o Radiolaslans [
BN HE L E _!‘ = = Sworgespicsin (5 (10 frgments
= |2]2|d]|a E w 4 4 wvoip f Silicotlagellstes =
A 3 L] Plant debris 3 2 -
. cycle — .1 Opaques 3 2 -
- = Moderats olive brown (SY 4/4) fim CLAYEY SILT to SILTY ] R Rack fragment - - 10
oy CLAY. Mannofossils comman, particularly in siltier beds, partly B o e ) )
1 ] calcansous. Severnl thick, muddy turbidite or debris flow cycles . | CARBONATE BOME: 1111 = 9%
7 ] are pressnt. Large (1-3 om) matrix supported clasts and shell e
;_n.: ] fragments [pecten) in Sections 1 wnd 2 and a few scattersd e e
-1 I sand pockets. Mics flskes glint on the wrfsces. Approximatsly " r
< juos ] 8 cycles prosant from 16 to 20 cm thick, show a shift to lighter -3 lod
- I j color hus toware silitier base. Basal contacts sharp, upper tran- -
3 | sitional. Pebitder include gquartz, bryozoan chunk: n\:hc fine- A " 5 ] LT Toiaaoe
- grained limestone. In Section 4, 28 cm @ vitric white ash oceurs i
= E which corelates with Site 474, Cors 18, Section 2, 121 to 124 ;::"W" :":; ik :‘;‘;""‘
R = om. Foraminifers fragments appesr partly recrystallized. At the o s e
— base of first cyeln (Section 1, 32 cm) Find concentration of e s e
2 = 2 suthigenie calcite crystals; eguidimenional, subhedral, ~ 10
-+ micron kerge. +
g Z: SMEAR SLIDE SUMMARY '
i - 127 132 280 383 CC ¢
8 o | | S N © M M m o i i
E =T o TEXTURE: L
& A u Sand 10 - - - - 2 .
_, T o= sih 0 10 ™ 40 60 L] .
> o Clay @ 30 B0 B0 40 4 i
2 % oy COMPOSITION: 51: I
S e - 5 2 5 1
8 1 Loo| | BGYER2 Faldsper }N = 5 S = B " nE ;
., ] Mica 2 - 2 5 - cc .
A = 5 Heavy minerak - - - 2 TR
i by 0 10 S0 85
1 Voloanke glass. 2 2 1 - -
i Pyrite/Opagues - 2 1 2 3
1 Ash layar Carbanate urpee 15 B0 5 2 8
= 5 Faraminifers TH - 4 = -
s o Cale. nannofossils 7 TR B W0 -
| |a 4 17 Faay. 5 = il | [ 4,68-70 4,85:87 4,101-103
= 2 st Lo S R Tihology Silty clay  Clayadailt Silty sand
n o] Spongs splouies ¥ = = Sand 378 062 728
(!‘ _.J_ Silicoflageiiates. ;'I'R TR = = = Silt 4045 54,50 2312
N 3 Dolomize ® N - Clay 5580 4480 580
v T sGY R
pis . CARBONATE BOMB: 478 = 4%
L S e — 4.90 = 9% [sand)
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SITE 474  HOLE A CORE 3 "CORED INTERVAL 1825-1920m SITE 474 HOLE A CORE 4 CORED INTERVAL  192.0-201.5m
g FOSSIL FOSSIL
% ; CHARACTER i CHARACTER
- EMAEFE Z| 2 g wle] 2 IR
‘f% §§ g E g g FREAre. LITHOLOGIC DESCRIPTION = ,_-§ £l g é g g i rulll L LITHOLOGIC DESCRIPTION
SR EEIE TR N HEHHEEE ++H
BN HEHH £ HEIEE H i
= |2|2]|2]5 HEIEE 3
c G ] Moderately disturbed, Firm, grayish alive (10Y 4/2) SILTY CLAY
) Moderamaly disrurbed, MUDDY TURBIDITES comprising ot hard c {MUD) with same sightly lighter [5GY 372} SILTY MUD TUR-
05 *| sgvan grayish cliveqgreen |5GY 3/2] CLAYEY SILT marked by-a thin BIDITES. These fe.g, Section 1, 110 cm 1o Section 2, 128 cm)
] hasal sand. Contain nannctomii and poarly preserved ailiceoun c have a thin wandy base and subtly grace up 1o & burrowed Top.
! B Fragments. Approximately 8 to O cycles preserved. [ Sarting is poor snd mowt parts sre clayey sl with & massive
I-D-: tewturs and @ fow sand blebs. In Sections 3 and 4 mud turbidite
= SANDS {yellow brown] e.g. Section B, 118 cm 1o dark gray (N2), cyeles s very subtle, marked by & smadl sand layer and upward
¢ @ - Section 2, 110 om with shallow water carbonates and heavy A darkening of color. Basal partions contaln emattaring of wood
= minerals; continental-derived organic matter. Section 3, 40 om; debriy.
calcarsousmnd. Inciudes  benthick  foraminifers, schinoderm
] wgines, bryorosn siocks and granitie rock fragments, Heavy SMEAR SLIDE SUMMARY
- minesals are hornblende, mica, calcarsous and silicoous com: 475
i ponents diminishing downhols. ot
m TEXTURE:
2| SMEAR SLIDE SUMMARY - Sand 2
A 150 5139 542 5743 sift 8
i e M Cla 0
. TEXTURE: e un;msmnn:
. Sand -~ 85 & 5 Cuartz %
-+ Sl B0 w0 % 0 Clay (=
- Clay 40 5 m 65 Pyrite 1
- COMPOSITION: Micranodubes 1
Quartz 0 0 15 15 Cale. nannatosils 2
— Feldspar 15 15 5 5 Diatoms 7
. Mica 3 2 5 5 Aadiolariars 1
3 1 Heavy mineraly - 2z TR 1 A Sporgs wpicules 2
iy . Clay 3 = 40 45 w Plant dubris [
Z =1 Fiock fragmants - 5 - - z
g = & - Pyrite 3 - 3 2 o CARBONATE BOME: 4.71 - 5%
E 8 Opague minerals 2 - 3 2 o
Zeolites - - H - it
w 7 Carboinate unpes, 5 o ' ] o |
~ = Foramirifers ™ 5 3 3 a | R
Lt =) Cale. nannofomsis 16 - 0w 5
3 =] Distoers m - 10 3 E
2 4 . Radiolsrians 3 - w R - 4, 7678
R M - Spange spicules 5 hogments  § 2 Lithalogy Silty clay
Silicoflagellates 1 1 Sl 083
— Plant debris 4 E 5 = silt 3633
= Carbonate clusty — 30 — - § EGY 512 Clay. 62.7a
= ! CARBONATE BOMS: 5.114 = 2% (low, incraases n sands) =
. CH A
. 1
k || 8
= | T Tl o|A
A Sls ] I 53537  578-80 5 100-111 §,137-139
- | Lithology Clayed silt  Clayed silt  Siltysand  Sand
— Sand 0.61 1.41 50,12 75.90
- | Sl 61.33 B1.10 4259 0.44
= > Yellow Clay .06 3749 7.9 168
| e ®| Sand
A MG| b
: I
3 E !
= 6 1
w9 ]
= —
o -
b —
| 3
& H
e .
A M7l 4
cC
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SITE 474 HOLE A CORE & CORED INTERVAL 2015-211.0m
e ossiIL
! s CHARACTER
8 |5ule]z gl e
Ex Eg ¥ § g I Lﬁ.’"‘gmgv kY LITHOLOGIC DESCRIPTION
w2 NlZ < - 2 = B
= |E |3 8 g Bl = 2 )
o3 1Elz|3]% s = g,
g |2|2|d]a E E
B P -[o[1
@ ] o|!
u - : 0¥ 472 Thres mud turbidites of hard, grayish obive {10% 4721 SILTY
3 0.5 | CLAY: siightly calcarsous, Siight grayish green (10GY 472}
B N | i mottling in the tops of some graded cysles, bate marked by thin
r ¢ GM 1 HIL sand.
g 1.0 [T o
> 5 I 3 SMEAR SLIDE SUMMARY
[ - 1 175
< | ]
Lo ¢ M - 4L TEXTURE:
c LIPS -1 Sand 0
1 it 40
lcd L) Clay 50
COMPOSITION:
CQuartz 25
Falctapar 2
Mica Al]
- Hewvy minerals 3
= Clay 25
= Pyrite 2
g Dpaques 3
o Carbonate unspec. 10
) Faraminiters 2
ﬁ_ Cale. nannofouslls &
v Distens 1
Spange spiculen 3
Plant debris B

SITE 474 HOLE A CORE 6  CORED INTERVAL 211.0-2205m
E] FOSSIL
o ; CHARACTER
M EMAE HE
“,‘% E§ g E ; HE Ll LITHOLOGIC DESCRIPTION
E I
R HE
& |2|=
] Parts of 6 mud turbidites: grayish oljvegroeen [EGY 3/2] NANND-
A G 0.5 L. BGY 372 FOSSIL-BEARING SILTY CLAY TO CLAYEY SILTS and
A M -1 . misddy sand-layer with grains over mm-scale, Shghtly calcareous
w c G 1 ol 1o [~5%) in finer fraction, More (-8 ta T5%) m coarser parts. Main
z R . body of & geaded wnit i mastive, elayey sl without sediment
1] |»ﬂ':_l_ . structures. Burrowing common near tops of chandrites type. Set
E = o s of smear sites taken over ane thick turbiditn (109 em] shows
- - continuous, sibtle grading present m thick, muddy mid- section,
w c g e - avaraga thickness of B bedy & 55 em. Woady fragmants common
o g : E L)s in sands slong with foraminiferss and mica fiskes, Base of cosre
T Z ] -} I tand turbidize (Section 2, 13 em| with sunengular, broke sub-
s E hedral gusts snd felspar (4O0%) with micrite qraint {25%) haavy
wi - "i‘ miénerals (apatite, zircon, sphana, chioritel (V%) and scattered
2 _::1'_‘ I - foraminifers, micas, and opaoues. with iron stans, Numerous
] qran tic rock fragments
c M 3 j i
- SMEAR SLIDE SUMMARY
= [t | 155 175 1.66 1.106 1125 1146 26 292 277
'Ji | sl Bl B} Dl §D) iDb D1 Db ICFD IW
4 TEXTURE:
ccl ) Sandt t 2 5 - 10 W B W0 2
= Sin 18 2B 30 &0 5 5O 0 - 33
Clay B0 7O & 40 45 30 20 - 65
COMPOSITION:
Quarts 5 10 16 10 40 |g; 40 B0 10
Faidspar 1 5 B B a 1 20 2
Mica 2 2 2 5 (] 2 0 3 5
Heavy mineraly 1 - = = 1 2 10 5 1
Clay GE 40 40 40 16 b 0 - 5
WVolcanic glass - = - 5 - = = =]
Pyrite 1 = 1 B L i = 2
Micronodules. 2 3 2 - 4 - - 2
Zeolite - - = - =4 -
Coborammunspec. 3 5§ 6 10 - - - 2 1]
Foraminifers 2 3 2 - I W 1w - 2
_ Cale. nannofossie & 165 15 10 15 (1] 5 15
z Digtoms. 1 1 1 1 1 2 1 - 2
2 Fadinlarians - - = 1 1 2 I 1
= Sponge spicules 3 3 2 2 3 1 1 = 4
o 1,88-101  1,148-150 2,11-13 Silicoflageliates - = - = L - - -
\ Lithology Clayedsilt  Sandysilt  Siltsand-clay [Plant debris 3 3 4 = 3 - - - L]
B Sand 1.26 #0.90 2113 Euhedral calcite - - §: iia o -
L7 Sit 50.53 42,08 a7.40 -
oy 821 1812 30.47

|

CARBONATE BOMB: 1-148 = 20% (D}
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230 474 E A ] CORED INTERVAL  230.0-239.5m
SITE CORE 7 CORED INTERVAL  220.5-230.0 m SITE 3 Hu:i:.‘ass CORE
- g 1L
] ¢ z CHARACTER
5 |2 5 (2. e z| e
2 |Z.0E]= z|e e |S2]|E] '§ ol % GRAPHIC LITHOLOGIC DESCRIPTION
S EEIH 5| g SRAPHIC LITHOLOGIC DESCRIPTION B HEE G| & [ vmotosy |
I HEH g g4 |4meled 2 £7 1272 5|25 (B = &+
AR = & Atk
c § 3 = = z a =]
= x a r
]
c M Very hard, grayish-olive {10 4721 wilty clay 1o clayey siftand,
Firm grayish olivegreen (BGY 3/2) SILTY CLAY 10 CLAYEY 05 Lol MUD TURBIDITES. Cloys fow in carbonats [< 5%1, sitty shaut
SILT, rannofcssil baaring. Color huet darker towardy the buse e 10%. Some geaded silts show tolor change to moderate olive
of units of posible mud turbidites. Scattered wnd layers (12 1 ] BY 4id heown (BY #/4) near base. Main body of turbidites structureless,
1 om); grayish are non-calcareous othirs, yellowish carbonate-rich, . . poor grading 10 bioturbatecavexy. One over 185 cm thick;
Mast of section & bioturbated. Siliceous fragments reappear, 1.0 average of 31 am for 14 turhidites and about 55% of care in
R maay compiate frustules. mud turbidite facies. Drill breccis in Section 3 may contain
R coarse basal wand from a large turhidite.,
& 5GY a8 SMEAR SLIDE SUMMARY
E 250 SMEAR SLIDE SUMMARY
8 c (] 370 543 563
b TEXTURE: (o} [CF) (D)
;] . Sand 1 TEXTURE:
W sitt 49 2 0¥ 472 Sad W0 8 1
o 2 Clay 50 siir w - 38
3 R COMPOSITION : Clay B0
S Quartz 20 £ COMPESITION:
s Feldspar 10 ek |50 W s
Mica 2 Foldspar 0 5
Heavy minavaly 1 Mica 113 &
¢ Clay % Hoavy minerali TR~ -
- & Pyrite 2 " Clay 20 -
z Opagquis 8 Volcanis glass TR - -
2 Carbooate unipes. 5 2, 45-51 e L Rock fragmems = & —
E Cale nannofosti & Lithology  Clayed silt E 3 Pyrite/Opagues m - é
g Digtoms 15 Sand 6.52 w Carbonats unapec. 3 = 10
h Sponge picules Sitt 8.3 8 c Foraminifers - 2 2
o Plant debris 5 Clay 45.30 & Cae, mannofossils (& — 10
< w Diatoms E - 4
- CARBOMATE BOMB: 2107 = 6% = Rudiclarians 1 - =
> Sponge spicules =16~ 5
&j Flant detiria - 2 =8
=3 Dotomim - = TR
')
4 CARBONATE BOMB: 567 = 20% ID)
o
il Gray IN2Z) sand
(=
d L evaa
5 ;L Silty elay
z =
2| |n K
s i
fl\ |onn
] [} E‘:
v ==
i i
o L
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SITE 474 HOLE A CORE 9 CORED INTERVAL 239.5-249.0m SITE 474 HOLE A CORE 10 CORED INTERVAL  29.0-258.5m
2 FOSSIL Ty
H SSIL
. ; CHARACTER - s CHARACTER
g |sulg]2]¥ z|l e g8 |2 z| =
e |25|8 gl & GRAPHIC EMEE E|l=
L% z§ z g H 5| E | wmoeay s LITHOLOGIGOESORIEYION 38 HEE g £l & iochey LITHOLOGIC DESCRIPTION
R HHHAREE FHP N HHEREE
S BHHHE FEH R HEEE
) H 2 “ £ § HEIH
b | 6Y 4ja
Change to hemipsiagic claymons with » low caeonate content c MP A
and (ncreased diotomececis Tragments. Gravish olive (10 472) 05_—] Grayish olive (10Y 4/2) CLAYSTONE with some mare modarate
SILTY CLAYSTONE, dightly calcareous; poorly-preserved frag- -1 ative beawn (5 4/4) SILTY CLAYSTONES (Section 1,010 52
ments of digtompoeous siliceous fomils, The claystone is fusile, 1 = em), Burrowed in derker hues. Some minor scattered spaculite
parting resdily along bedding, Variations in burrow intensity. - wpecks. Shghtly calcareous, with some distom fragments poorly
R 0¥ 452 Carbonate conent neremses and diatoms decreass n | " 1.0 praserved. Graded beds masked by burrowed lutite toos, Clay-
{silter) hues. Thare is & fluctugtion in wliceous end nannotosil 7 stone to silty claystone may be turtidie cycles.
] components. Scatieved discoastars are observid. -1
- SMEAR SLIDE SUMMARY - 0¥ 472 SMEAR SLIDE SUMMARY
. it 281 390 477 e c L 7 160 360 4.60
- Hi Planalites (DF 1D} M) (sittier) (M) -1 L1 = T {1}
- W : - TEXTURE:
TEXTURE: -
] Sand a5 2 ] Sand w o0
3 $ Site 12 4 43 2l A Sik 0 3 20
R 2 Clay 8 55 55 Clay 0 e 8
e COMPOSITION : COMPOSITION:
w 9 { Quartz 10 W0 10 0 Cuartz 0 20
& 3 Feldypar 5 3 6 5 Fatchipar 5 5 1
8 ! Mica 4 2 1 Mica ; 2 5 3
=) Heavy menerak 1 = = - Heavy minerals TR 1 TR
i . Clay 45 45 45 50 w R Clay 40 a0 36
b 3 Pyrite 12 5 5 b Pyrite 1 TR
L % . 1 Opsques & &4 3 - g ~ Opagues. 5 3 2
ﬁ -1 Carbonateunsgee. 5 & 10 ] [= 7 Cawbonate unspec. 5 15 20
« ¢ ., E Fataminifars 3 - - 1 g 3 ] Faraminifers -
b3 - = Cale. nannafowis 10 - 10 3 o R . = Calc.nmnofossihi & 2 5
N l Diatoms LT | 10 ; B Diatoms % 185 1
- Rodiokarians 12 1 - = B Radiclarians 1 -
i Spongespicules 2 5 1 = ] 1 Sponge spiculss  ~ 2 2
B " Silicoflagelistes { - ~ w Sulm::uums - 1 =
B 1 ' Plant dabris 4 5 B 4 | Plant debris « B8 5
- i CARBONATE BOMB: 455 = 12% (D) g " | CARBONATE BOME: 458 = Z2%
Z B HHE 4
@ 9 i 3,59-60
2 — Lithology  Clayed silt 2808
- —
-] . i Sarad 240 Lithology  Clayed siit
& 1 ! o Site 49,08 Sand 210
o 1 Clay 4852 Sin 66.08
2 ] Clay 3184
v c 5
z
g s| A
= .
M —
& 3
o .
.\-f' o~
g 7
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SITE 474  HOLE A CORE 11 CORED INTERVAL 2685-268.0m '_s_ITE 474 HOLE A CORE 12 CORED INTERVAL 268.0-2775m
= FOSSIL 2 FOSSIL
o ; CHARACTER § 5 CHARACTER
EMEMEEE z| 2 EMOEE z|
e 19818 = GRAPHIC e |S2|5] 5 ol & GRAPHIC
- g HE g ] HE L0 R . LITHOLOGIC DESCRIFTION ‘g £5|¢ E H i E LmioLogy fo LITHOLOGIC DESCRIPTION
w32V S £l 2l (2|2 g £7(E7|5) 5|2 (8] (%)= ceEd g
|8 |z HETF g F | HEL = §
= |2|3[2]5 HHHHE E
YOI R 7 ol |-
Section 1, 0 ta 40 cm: dark aliva gray (10¥ 3/4] MICACEOUS .
R SAND, drilling distirbed. 3 o]
Betow Section 1, 80 cm: Aeappesrance of mud Turbidites in 053 o Disturbed, grayish olive (10¥ 4/2) CLAYEY SILT to SILTY
hemipslagic clay, Sublle varstions of grayih olive (106G 4/2) 1 ] CLAYSTONE and mo_m-lnt i turh_idlw- lswtlm 2, _23 W
CH, Planalites  SILTY CLAYSTONE to SAND-CLAY-SILT, Graded mud unit o] 80 em and B0 em; Section 4. 61 em). Thiek clayey silt portion of
Claystonn marked by & burrowed top with chondrites (CH], Basal contact =] poorly graded bed, mamsive, structureless, ﬂlﬁlmml In:mnu
sharp, Cartbanate (up to 20%) more prevalent in siltier portions .N towards base. Upper part burramdndwhh chandrites if‘dh and
af turbidites, contain shaflow water deltis, much organic maner LL meniscate forms (M), Scattered wo bits in coorse sandy \mu
Silty claystones gra carbonsts poor but contain wome distom i M S.u:r.lﬂn f. 0 to ‘JJB em. Heavy mineral concentrati with apatite,
fragmants, Hemvy mineals 10 sand nclide apitite, aircon, augite, = | AcH sircon, . Angular gralns 200 o
pyroxgne, and epidate e - - M 400 microns large.
c R )
o
= o] SMEAR SLIDE SUMMARY SMEAR SLIDE w!:'a‘hsn *‘
a Goga 110 271 3139 3439 2 ! P
g o) {cFl D) (o) 4 i) N
@ TEXTURE: ] b "M s : & ‘i
] Sand - 8 & 15 1 H o o el
o Silt W 6 B &0 ] i o &
o Cny 0 - s 2 ] i ay
2 COMPOSITION:
= COMPOSITION c 7l | 4o
g o Quartz % W W ] Cuartz 50
o }-ﬂl ~f Faldipar
i - . Heswy minerals B BiA, 20}
Mics 2 6 3 - g =1 Pl 5 N
A Heawy minerals TR & 1 - z B o S el
Clay ] a0 10 g 3 7] Prite B 3
Pyrtin/Opsques 3 W 4 5 . &
F Coubonateunpee. 16— 30 40 elastic) 5 ] wl"' i 8
- Foraminifers - 2 2 1 u 3 Dm“""*“ - )
N 3 z 3
2 |- 5Y 4/4 Cal. nannofossils < 2 2 B 4 3 .
o Diatoms w - - - | R Sponge spicules
fid Risfiolaians 2 2 1 = B
: 4121~
: Sponge wpicule  — 1 2 z b CARBONATE BOMB: 4121 6%
& Plant dabrie ] 4 = o CC = 10% {in silty clayl
v Aock fragmants = 2 - — L Gray sand 5 sret
Motluses f " — - 4 - 1 , 62—
it 4 i Lithelogy Clayed silt
s Sand 4.4
e Silt 8024
- voio Clay 26,32
c ]
E
§ 5
-]
A
8
I
cCj
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A

SITE :74 HOLE A CORE 13 CORED INTERVAL 277.5-287.0m SITE HOLE CORE 14 CORED INTERVAL 287.0-2865m
2 FOSSIL o
w |E CHARACTER " g CHARACTER
= = el=]g z| w g
g |0yl 2|z S| & | crarmic Gul8)| 2] % 5| &
E = 4 IC DESCRIPT! Ep |2 & o GRAPHI
1z Eﬁ HE £ ; G £ | wmowoay o . LYTHOLOS 16 1o 'z EHE i i £l E | CHotosy LITHOLOGIC DESCRIPTION
E715 (3828 |%]® BEfEY ¢ A HEE R i
=18 5|33 HE § R IR e g
ll' e . o : = a |8 z|a B 5
c MP 1 BN
Grayish clive (10 4/2) MUD TURBIDITES mainly CLAYEY o| sy Grayish olive {10Y 4/2] MUDDY TURBIDITES and BURROW.
::tl:;r(:l;:; T:I.I‘I'Y EL:‘;ﬂO";:: :Il;l’l;;l::“mm 5,,_:‘:; ED SILTY CLAY, Only traces of carbonate including rare thal
e ning units, ion 3, low water debris in coarser layers. Mostly clayey siltstone with
a,‘;_m m'-:-l lﬂh:nﬂu_b:n;vu:tmnlﬁsmmu.:&hi; 1 A A ong massive bed Soctions 3 to 4, Fourteen turbidites form 55% of
grading. Tops u a | ] corn with an average thickness of 33 cm. e nannofossiirich
PLANOLITES (P} in the lutite portion: Euhadral calelte erystaly '—r o marl, heavily burrowed occurs et Section 5, BO o B5 cm, dusky
and haavy minerals comman in sands, A yellaw (5 6/4],
SMEAR SLIDE SUMMARY SMEAR SLIDE SUMMARY
ém 383 46 408 A -39 379 5.80
i © () (D) R PM uy o M M)
It A TEXTURE:
3 0o - 60 = Sand w30 0
1 0 40 40 2 Silt 80 B0 0
A o @ - Clay w20 0
P COMPOSITION:
Tf o 0 10 30 r e um':mEl W 0
Feldspar w1 a0 & Felckpar }
Mica 2 2 & Mica - 15 -
Heavy mineraks 5 16 5 M H Haavy minarals 2 1 2(ApZrh TRIZA
% Clay w o - A ! Clay 5 6 0
.n, Pyrite m B 3 Pyrite 3 o B
'! Carbonate wnapee, 10 20 10 i cH Carbonate urapec. 12 5 5
1 P Foraminifers b o~ | Formmirilers ™R 2 -
w L | Toe xm.ulllanil! 578 1 e Claystane ::Mm_ohlnln 5 ‘ g 50
nge spicules - M nge spicules - L ™
g 10V a3 Piant debris TR = TR iwood) W l.(i A Silicoflagallanes 1 }
Plant debris - 10 L]
5 CARBONATE BOMS: 3.58 = 18% § cH
;1 .| midsction 5 Hi Sita 4744, Core 15, 296.5-306.0 m: NO RECOVERY.
> | ﬁ
: | SRIERRE
w | 3.B1-B3 4,70 4,108-110 &, 116-118 =
Lithology Clayed silt Clayed silt Sandy silt Clayed silt o<
! Sandd 0.87 153 2248 1524 - w 4
i A Baw Silt 62,87 61.04 089 57.24
,’iT' Clay .45 2043 1653 752 i &
L) P
i i
il la i |
o cf | | i
i
'}I & rﬁ‘r A
i R Mp| 5 11 * | 57 814 (veliowish|
| 1
CcH
i
R Y R M
i g s
. £
H B _Jf. A
i cH = 4
: i 3 6 e
= ]
g ! 8
3 ! i
o |
A |
v I
|

It
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SITE 474 HOLE A CORE 186 CORED INTERVAL 306.0-3165m SITE 474 HOLE A CORE 17 CORED INTERVAL 3155-325.0m
Q FOBSIL 2 FOSSIL
§ ; CHARACTER » 5 CHARACTER
EMABEB z| 2 S, |5u(E HE
Sz 2zl 1k § B | LiHotoay LITHOLOGIC DESCRIFTION ‘f’g‘ HE g Ele L. LITHOLOGIC DESCRIFTION
<8 gz @ NIZ =
g3z § HEH B EE 3 8 P HHE IR P
@ aHHHEEN Tk LR HEEHE :
S HEHE E 82 |8|sldlF
i R
c 3 A Hemipalagic mudstane snd thick mud turbidites of grayish olive A Ofive gray (5 3/2) SILTY CLAYSTONE to CLAYEY BILT-
- (10¥ 472} CLAYEY-SILTETONE o BILTY CLAVETOME. Ex: STONE with thick mud turbldites. Marked by chondrites, Hemi
" B e e | oo o e o o
10 100 em, : . i ; cH ightly cal X faintly grated basal
! it A muddy, structureless, faintly graded at the base and burrowed 1 ks :nﬂ\r ah;:na'\:l u-ml e :ﬂ;-{::ﬁ:-m.:ﬂu
' tops (chandrites). One ovr 240 om (Sections 4, 5, and 6], Sedi- ragmani cammaon, .
o) s Clepiuns ments #ightly calcareous, mare in coarse slits. Sevanty-three prasches erkoss. Heavy minerals; sputite,
7 i pereent of the section compeites turbidites of average 50 om SMEAR SLIDE SUMMARY
- thicknesi, 166 460 526
n [ M i
1 SMEAR SLIDE SUMMARY = TEXTURE:
c ] 10y 412 2 377 3900 Sand i & .=
. (TR TR . } siig | 40
] TEXTURE: = A Cly 7 58 45
B ad - = 2
2 i A Sand - ;: % 2 COMPOSITION:
i sit 40 “ Quarx 0 B »
. | 1) A Clay 60 3% B0 =] Febdupat
z COMPOSITION: B Mica E - 2
Quartz B 15 15 o Hawey minarals 7 - -
2 Feldsoar 5 B 5 = M1 |a Cly & &
g Mica 1 16 - 'n‘ P Valeanic glass - 4 2
\ Heavy mineraki 4 2 1 cH Pyrite 2 2 0
] ¢ Mid-turbidite Clay 30 40 60 g R 1o Cabonateunspec. 2 10 -
v Sitistons PeibiOomaues;, & & % 4 il G Calc.rancafowis & & 2
3 . Carbonate unspec. 10 2 3 8 3 Dintoms =
. Foraminiers - T - = ,JT cH Radiolariang -
3 |:,‘| o | cravstone Cale. nannofossis 10 15 — & Sponge spiciles — 1"‘ ™
E W Rodiotarism - 2 - o Silicafiageliates -
g ) Saanga spiailes ) 1 7 > Plant debris - - TR
Plant debri 1
& e ’ g
w g R
Yy A T A CH
z s ke i 4, a‘:ac
= Lithalogy  Clayed silt
e # § 3,67-60 ne sna o ons
Lithology  Clayed silt Sit 66,98
fr 4 Send 490 4 o Cry 127
Sih 5785
Cuy 116
=P L
| R
| Lid » | Cusvstone
¢ 5
5
L B [ s e
6 s &
(-t |
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SITE 474 HOLE A CORE 18 CORED INTERVAL 325.0-327.0m SITE 474 HOLE A CORE 20 CORED INTERVAL 334.5-344.0m
o FOSSIL T2 FOSSIL
§ Z CHARACTER 3 ; CHARACTER
= E g - 2 -3 AEE g -
Ee 22| g 21s GRAPHIC E- |25 HE gl = GRAPHIC o
L E H | & | utHooay UTHOLOGIGDESCRIPTION = EEEEE E| £ | umhoroay 4 LITHOLOGIC DESCRIPTION
2E" 5152 8] [#] 3 wS|2N|E|E|5)e| (8] % 23 g
S = 18 |35 § HE HE g
s |2|2]|2]a 3 |S|2[Z]a *xE
R M w
w
- HE e l
H S| o ]
> f
B Distusried olive gray (5Y H2) quartzose SILTY CLAYSTONE B g C“"f;‘:f;‘;];":“ ;'ﬂ::;;‘:;‘“-""‘ sandy bists of alive-
w 1 arading 1o SANDY MUD st base. Mud turbidite with structuratss wl o L :
E‘ mid-portion and scattered burrows, [ “|'
-
Z SMEAR SLIDE SUMMARY 2| g
z 1110 g7
u ] i
TEXTURE
cc| S -
Silt £
Clay 5
COMPOSITION
L
= Foldspar
z Mica 10
o Hesvy minerals TR
o Clay
4 Voleanic plsss 2
’;\ Pyrite 1
g Carbonste umipee. 5
- Faraminifars 2
v Calc. nannofoisii 5
Radiclarians ™
SITE 474 HOLE A CORE 19 CORED INTERVAL 327.0-3345m
2 FOSSIL
- = CHARACTER
MM RBE gl e
scEz|s| 2 | E | Shaic LITHOLOGIC DESCRIPTION
= E E 5l s LITHOLOGY
g3 [e™1215|218] (=)= BEEH 1
g |z |2 HEH g
= § x g g
cH
Ht
A M CHive gray [5Y 32} SILTY CLAYSTOME: mud turbidites.
A P fat s Fa% CH Lighter clive-hrown (8 4/4) ity claystone layer [Section 1, 145
1 i cmi] containg more carborate.
1 S5y an SMEAR SLIDE SUMMARY
w y 180 335
3 i 0} (o}
3] ;
3 % . |, Silry claystone ;g:;runs )
5 c P - sv 4 ; =
w 1 Silt “w -
| Clay B0 -
: 1 COMPOSITION:
= t" Quiaete a0
3|z 2 Faldsper 1‘53 2,52-54
“ g " P Mica 10 Lithology  Clayed sify
A Clay @ 45 Sand 0.27
g Volcanie glass - 1 St 5353
[} Pyrite 2 TR Clay 48,20
2.5 Carbonate umpee. — 1+ 2
o Foraminifens ™ -
i 3 Cale. nannofomsils. TR
A Clayay wiit
el CARBONATE BOMB: 2-55 = 5%
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SITE 474 HOLE A CORE 21 CORED INTERVAL 344.0-3535m SITE 474  HOLE A CORE 22 CORED INTERVAL 3535-363.0m
2 FossIL g FOSSIL
5 g CHARACTER " ; CHARACTER
EIEL[ETaTeT 1 18 2 AAGEoemir
o2 o) & RAPH T 4
‘f% H{HE £l & LRI LITHOLOGIC DESCRIPTION s E5|E g H HE bl LITHOLOGIC DESCRIFTION
w3 12N1218l 58] [5]E FHE PEE IR gl % BEE o
z H ¥ : H HEE a c
= z g i % e = E 2 x =
2 | |5 3 EREEEE E
F=—=d | VOID 3
1By oH Olive gray (5¥ 372} SILTY CLAYVSTONE TO SILTSTONE with
cH ing zones bi and Very chactic
TONE TO CLAYEY SILT-
o5 ! g ™ ga:’ﬂn::&f:mm“w tha prasence o spitodic foed in Section 3, O to B om with gxidized pebbiles (W) of mud-
| ' I ; i ) cH stones with some wood [ 011, Grading in this 240 em unit unclear
1 BY a4/4 chondrites burrows (CH) but grading only teim. Main pan i B Ko ol s
I * | starlstone structurslss mud. Pebbles oocur In Section 5; possibly oxidued oH but general tining upwards. Below i Sections orm
1.0 | "m sediment transported a5 debris flows. Other rounded quartz, mud ity chiystona.
i pebble, coarse gray sabdy Wit fight olive beown (5Y 5/8) arkosic
I sand pockets. Section 1, BO to 85 om, thin yellowith alive brown SMEAR SLIDE SUMMARY
poc
] 15y 4/4) il marlgione. itdebris poarly pee: 280
a servet, svan L
. TEXTURE:
: -4 g .
. SMEAR SLIDE SUMMARY St ]
7 183 234 56 690 Clay 80
2 e M IDh (CF) (CF) c L COMPOSITION:
5 " TEXTURE Cuartz 0
o Sand 1 5 M0 B0 Feldspar 1
. cH sit W B W 15 Mica 2
1 Clay 85 8 W0 5 Clay 66
cH COMPOSI TION: Pyrite 3
G, Quartz 4 B 40 40 Micronadubes
] | Feldspar 1 4w W B Carbonate unspec. 5
- | M Mics 2 2 15 AL Foraminifers 1
= Heawy minerals - = 1 = a Cale, nannofossils 1
- Clay 40 % 80 5 5 Plant debyris 3
3 | i o Pyrite - § 2 5 5 ri B
| Opagues 2 ‘ 5 1 z
Carbonsts unpec. 50 = 20 7 ] ]
w | Foraminifers Il E o <]
2 | Cale. naneotomis TRIZTR - - &
g Pl debris (wood] 3 5 10 20 o
- | a
E CARBONATE BOMB: 576 = 7% >
ey s | 646 = 5% =
5 o 7 A 5 R "
-4 | O
< = |
"' = |
- voip '
= Pebbles 6, 79-81
Lithotogy  Clayed silt
Sand 201 s
Silt §2.85
Clay 4514
5
Sand arkose
H A
:
o
A 2
\ W e z
R B (=]
= Sardy 0
v N R G
= 7
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SITE 474 HOLE A CORE 23 CORED INTEAVAL 363.0-3725m
o FOSSIL
Sy 7 CHARACTER
<
-MEMAHE z| 2
=
EolPEls H 2l e b tle LITHOLOGIC DESCRIPTION
g| H 3R|3 H g § g Ll GY 3 i
= E H H g - 5- !
ERHHEHE +
5Y 32
Olivegray (5Y 372} SILTY CLAYSTONE TO CLAYEY SILT-
STONE s mud turbidites wih burrowed tops end interlayers.
Section 1, 100 10 120 cm a chaatic sandy mud. May be a debris
. c 1 Tow base, Other finung upward beds shaw light to darkar color
z change upwards but just heneath the overlying sandy mus
= raY cantact is commarily oxidizod, Pelecypod shell, opon upward in
5 T Dabirk fiow Fina chaystone at Section 2, 53 em.
=] - - |
L
& r SMEAR SLIDE SUMMARY
o -
v = el o
- TEXTURE:
= K Sand 5
g = i s
2 = i Clay a0
R 1 } COMPOSITION
E Quartz 15
= m Foidwoar 15
3 ‘F Mics 1
u Clay 45
53 Volesnss piass 2
- Pyrite 3
3 Carbonate umpec. 16
Foraminiters 1 {ipyrital
;J 3 I;'.i: nanofosis 2
w Diiatoms.
S o Fodiotarians ! 5 (debris
I " Spanges wpicules
o Silicotlagellates
pr Plant debris a
& CH
>
% P
<
pr R PM P
4
1, 88-00 4, 87-83 4113116
Lithology  Siltasnd-clay Clayedsit  Clayed silt
Sanel 3323 141 RED)
: Sl 4542 5345 67.47
-1 Clay 21.35 e 2855
B a CH
if
= s
5 .
=
-
=
v R
6
cg

SITE 474 HOLE A CORE 24 CORED INTERVAL 3725-3820m
2 FOSSIL
- ; CHARACTER
é.- EMHE 5 gl g GRAPHIC g
T2 ES|E 7 £| £ | umoloey |3 LITHOLOGIC DESCRIPTION
w5 |28]2 M g B &
£ = |2 g @ o
(= ‘g" =|z 5 14 5
= |2]2]2]5 5
R P Nannofossil markstone
1 syan Oitve gray 16Y 3/2), hard, SILTY CLAYSTONE. Color hues
lighter {e.g. Section 1, 40 om) in some zones with over 20% car-
baram, A lightening of color huss suggests o size gradient in
abternating beds. On mud turtsidites not s prominant; chondrites
may mark tops but without abvious hatalt sand.
SMEAR 5LIDE SUMMARY
143
L]
R M TEXTURE
Sardt -
2 sitt 30
Clay
COMPOSITION
w Clay 40
=+ R P Waleanie glass TR
g cH Pyrite 1.2
= Cabonate unipee. 5
Cale. nannofassily 56
o
= f‘” CARBONATE BOME: 2.137 - 8%
-
3 large
Z c p "
w
[+ MP|
P
z
o 4
L}
-~ P
it
e [ P
v
|5
CCy
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SITE 474 HOLE A CORE 25 CORED INTERVAL 382.0-391.5m SITE 474 HOLE A CORE 26  CORED INTERVAL 391.5-401.0m
g (=]
= FOSSIL = FOSSIL
. ; CHARACTER § § CHARACTER
8 |zul2[z]e z|e z.l2[3 zle
-4 = i - 3
=E EHHEIE El g | iSoene, LITHOLOGIC DESCRIPTION TE gzlz 3 E 2l E uar'w)ﬁ;gv & LITHOLOGIC DESCRIPTION
S HHHHREE 10 S HHHREE gk s
£71E(3]2]3)|8] |*® ] ) z |5 |3|2)2 G EEEL 2
Fo1g |5lE(§]z = 5 = |5 : HEH E+H
s |2 & E = z|l=zla e
R i PR Geayisheolive (107 4/2) CLAYSTONE TO SILTY CLAYSTONE
1. from thick mud turbidites. Section 1, homogeneous mad with 10¥ 472
seatiavod burrows. May be silty clay part of 3 thick turbidite. Grayish-olive (10 4/2) SILTY CLAYSTONE with some beds of
Some faint burrow streaking causes & smekled swrfscs. Much af olive brown (5Y 4/4) siitier clayitore, Mud turbidite focies,
1| . o 5 a homogeneous silty claysone which show partngs along but difficult to distinguish top. Usually shaws chondrites [CH)
bedding, Rscoversd sbour 9 wusbidite cycles thicker than B em. c burrevs, and thin sand ot bas,
[~
i Coarsa fractions dominated by fhices, quartz, feldspar. Access z A SMEAR SLIDE SUMMARY
o inchude apatite, hornblends and calcarcou graing. =] CH 1106 278
c E ACH mi o)
Fay w0 TEXTURE:
. SMEAR SLIDE SUMMARY & A Sand 5 -
177 2B 377 640 B4 = TH Sire w70
TR T - > R cH Clay 0 B
1 s 7 & 100 3 :‘: B COMPOSITION:
- Claystone Otz 40
sint B 7 W - 0 Lo A ki pe }W
Clay 70 W @ - a5 A e 3 i3
COMPOGTION, — A Heavy minarals -
Cuartz 20 W |45 W a0 = Clay % 26
O Faoldipar L] & n - Pyrite
] Mica H 1. 5w B iz Mierariodules } r o8
a Feavy minesaly 1 2 2 B 1 . " oy o &
E 5:; L e 2 = "‘J' Foraminiters 1 1
[} ori }5 5 5 - L] = Cale, nannalossils 2 1
& B Mol b Plant debris w s
> Claystone Carbonate urspec. 15 26 10 6 10
5:. Foraminiiern 1 - - - 1
3 Cale: nannofossils 1 s TR &
n Plant debris B - - - 0
[ CARBONATE BOME: 1.140 = 6%
' 215 = 1%
|
g
H}
|
%E
H L2 1,62-84
= | Lithalogy  Claysd silt
&5 Sané 3.60
by Siay 65,20
| . Clay o
~ .
v
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SITE 474 HOLE A CORE 27  CORED INTERVAL 401.0-4105m SITE 474 HOLE A CORE 28  CORED INTERVAL 410.5-420.0m
g FOSSIL g FOSSIL
« |& CHARACTER « |E CHARACTER
-REMARE Zl 2 R EMEIELE] 2zl w
N E i g E[E | (Tiotoar LITHOLOGIC DESCRIPTION EE gé HEIE g E |  Gaac LITHOLOGIC DESCRIFTION
> [2VE|5)518] |82 g g g3 |E¥E1 51318 |B| 2
A HEHHE ; HAHHHE
2 18]31:|3 E ERHHEHE
(o] c
Lo}
! Grayish-olive (10 4/2) CLAYSTONE TO SILTY CLAYSTONE, 05 At Mainly grayisholive (10Y 4721 CLAYEY-SILTSTONE TO
1 | with 7 thick mud wrbidite cyches. Slightly calesreous, one over 1 SILTY CLAYSTONE s mud turbidites and hemipalagic mud.
] 206 em thick, Mastly massive siftstons without structures, con- Stightly calcarsous.
| taining sbudant contorental plant detritus. Meniscate (M) bur AcH
M rows common but chandrites burrows (CH) at top al &l turbi- Section 1, 110 om through Saction 3, 140 am & a 325 cm thick,
] CH dites. Carbongte mainly sedepotited, much is siltsand sire upweard fining unit interpeeted a5 0 single mud wrbidite cycls
R f Dominantly neueturiss dlty-mud with 8 lew scattered burrcws,
' M SMEAR SLIDE SUMMARY Grades gradunily lrom sand-silt-clay 10 a chayey silt
CH 238 2104 372 380 566 107 42
» o 1 i Dl 1] In Section 1, 84 om: white uresks of pure montmorillonite
¢ P TEXTURE elay and sanicing from formet ssh,
Sand - 5 50 - 10 c
2 Silt @0 S0 20 W0 0 2 SMEAR SLIDE SUMMARY
Clay 80 45 0 w0 &0 164 166 4.28
. COMPOSITION: D1 (M fwsh] o)
Quartz 35 A M0 5 } 20 w TEXTURE:
Fabdspar a4 w1 W Sand z W ]
w Mica ¢ 3 2 1 1 8 st W - o
z Haavy mineraly 1 3 - - - i Clay 68 90 55
] Cuy B’ W/ W T 0 o R COMPOSITION:
£ Pyrite } 5 5 8 1 3 = Quart o 2 2%
o Micronoduies . Faldupar 1 5 (sanidingl 2
W 3 . |2 Cuboruteuripec. 16 10 20 10 0 2 3 Mics 2 1 ]
e . |8 Faraminiters 1 1 1 1 o Haavy minarsh 1 - 1
* Cale, nannofomiti 1 T - 1 2 2 Clay 3 80 ]
-
© Diatams - 1 - - - Pyrit } 5 = a
x Plant debris L3 L3 5 5 - Micronodubes
Plant debiris (wood| 1 - - - - Carbonate unepes. 10 - Farl
Foraminifers - il
CH CARBONATE BOMB: 376 = 28% |sand) Calc. nannotomils TR — 1
Plant debris {marinel 10 - §
R Piar dobris (wood) 3 =
CH -
4 = 4 CARBONATE BOME: 2.118- 9%
4,69-T1 =
Lithology  Sifty ctay g 4, 68-71
Sand 0.84 A Lithology Sty clay
Silt 822 AL Sand 0.84
= Clay 50.94 - Sl 4822
hecs v Clay 50.94
& c P o
'I
= & L
v
8 [cel
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: SITE 474 HOLE A CORE 29 CORED INTERVAL 420.0-4205m SITE 474 HOLE A CORE 30 COREDINTERVAL 4295-4390m
oo 2 FOSSIL g FOSSIL
>~ 5 CHARACTER " ; CHARACTER
R EMAEE g |swl2f2 2
EAEHERE §[E | omamc LITHOLOGIC DESCRIFTION =el2zlE £ § | ORARHIC LITHOLOGIC DESCRIPTION
HEHEHEE E § | vmoweer b HEEEHEE | & | umower L u
w E &
goIET (5|82 ]E] |® ; S ENHEIF I R £k
R HEHE E R HHEE £ H
2 |8|£]2|8 & H HE 3
R : c v
&Y 414
Grayish alive [10Y 4/2) SILTY CLAYSTONE TO CLAYEY - Grayish clive (10Y 4/2) 1o olive gray [5G 4/1) BILTY CLAY.
L).d s | LBusw wad SILTSTONE, mainly o4 part of thick mud turbidies. These are 0.5 STONE TO CLAYEY SILTSTONE; mud turbidites (Section 1,
} faintly graded at the bass, with a sharp contact marked by & 0 cm to Section 2, 114 am, type section), Bioturbation increases
thin sorted. sendy-sitt and burrowed at the top by chondrites 1 5G 41 with depth. Serbes of smest shde samples taken in homogenous
l .
. Tha thick mid-section it sructinaless, wnifarm, clyey sinione mid section.
with rarg burrows. At Section 4, 10 to 80 cm, several contorted 1.0 .
unsoried sand-silt lyers may be a debels flow deposit. Inclutes SMEAR SLIDE SUMMARY
reddish wood fragments snd shallow-water catonate debris 1.140
Feldinathic sand graing have iron-oxide coating:, shaw weathar- L] ol
R ng. TEXTURE:
R M . Sanel 16
SMEAR SLIDE SUMMARY perit =
145 4108 4107 586 w L Clay L
(M (CF) M ) z . COMPOSITION:
TEXTURE: u R M|2 btk
Sand - - 0 - e Feldupar }:m
Silt 30 - 30 BD w Mica 1
7 50 20 o * Heavy minerals 2
COMPOSITION & Ciny P
X Qi } a0 }10 L] = Valcanic glass 2
.l |a ol 3 W it il
it
Hemvy minacsly L L Carbonate urvipec. 5
Ciay ® - 40 15 Cae. nannatossih 2
w
Z @ Pyrite/Opagus 2 = 4 5 3 Plant dabein 1
o Carbonats unsges, 5 2 5 ] Euhscral esicits 10
8 el A Faraminifers = 2 = =
B - Calc.rannafomii & - 5 5 CARBONATE BOME: 1.60= 8%
o 9 A& Flant dobris = 1
o T. Plant debeis (wood) 10 - ot
'\I_J " i} Fiock fragmenti - w0 - -
L~
3 s CARBONATE BOME: 142 - 0% & L o
=
" g 1110123 2.3-6 2, 4345 2,113-116  3.88-70
oy ~ 4 Lithology  Sir Clayed sy Sandy sl Silty sand Sty dlay
- Sand 249 1377 27.06 70,24 1.01
kL Limotogy 2,:‘2_‘“ T LA 7687 8479 66,15 71.26 4541
o 1. 77 873 6358
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SITE 474 HOLE A CORE 31 CORED INTERVAL 430.0-4485m SITE 474 HOLE A CORE 32 CORED INTERVAL 4485-457.0 m

Q FOSSIL H FossiL
" ; CHARACTER E ; CHARACTER
8 l=ulelz z| = EMEELE Bl &

Euw F] ] - =l 2 = GRAPHIC 1€ DESCRIPTI
HAEH g 2l s fraedph LITHOLOGIC DESCRIPTION Ve .‘..é HEE 5| E | umolocy . i LiTHOLOGIC o0
gs Fa ; 3 ¥ 2 g i § ; E E al = E 5
2 |5 = ; £ E %

F g5 = 8 T 3
FHHHE 3 EHEHEHE £
R L - | R » Olive gray [5Y 3/2) SILTY CLAYSTONE, very uniform with
; lirtle bioturbation except wheve indicated. Few mud turbidites,
I Gray olive (10Y &/21 SILTY CLAYSTONE; wrbidites. Chan- cH Some scattered moderate olive brown (5 4/4] clayey siftstones
i drites, planolites snd meniscate typs biaturbation [ppowinte oxidation layers or higher content of nannofostils).
1
1 SMEAR SLIDE SUMMARY 3 SMEAR SLIDE SUMMARY
| 2129 354 570 720
! 10y 42 o o m o
[Bay TEXTURE: 4 TEXTURE:
By Sand 2 - Sand E =
¢ ol L siit 0 40 R P silt s 50
| Clay % ® Clay 60 50
4 COMPOSITION: COMPOSITION:
[ 5A Quarez }m 2 Quarte n s
| Feldspar Faldspar 2w 15
2 Mica L Mica 2 -
| Clay 7w 55 Heawy mineestt  — 1
| Volcanic glass 1 - iy 60 50
Pyrite/Opaques 2 5Y a2 Pyritn/Opagques 3 3
Zeolite = 2 Carbonate umipec. 3 3
Carbonate unspec. & 1 Cale. nannofostie 3 3
=L Cale. nannofossils 2 2 Plant detbris a 7
™ R Euhedral calcite 10 ] R P Dolamite ; e
= Discoasters ™ - o Discoasters - 1
] o
g = CARBONATE BOMB: 2120 - 0%
¥ af cH 730 = 6%
w P
a ~ e
e = P, CH
4 3.64-56 < v
| Lithology  Silt CH
& Sand 0.24 5, 108110
Sin 75.37 Lithalogy it
| Clay 4.3 Sl 148
| St 19.68
Clay 18,85
I Pm
P
th -
it R P
o e
cH
R
T CH
it
2l |
£ | |
A
| t
o xa -
Y o z
~
ih 7
i
o
ML P o ®
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SITE 474 HOLE A CORE 33 CORED INTERVAL 457,0-466.5m SITE 474 HOLE A CORE 34 CORED INTERVAL  466.5-476.0 m
2 FOSSIL b FOSSIL
" § CHARACTER 2 E CHARACTER
<
- EMEF z| 2 g l=.l¢]2 z|l e
e L e S| = GRAPHIC R EH R 5 2| E GRAPHIC
5 £g £ : El & | uiwotoar |, LITHOLOGIC DESCRIPTION = EHHEE £l | diHolosy L i LITHOLOGIC DESCAIPTION
S ERHEFHBEE Eap o A HHEHEEE $EE
=18 |E|2lE|s = i H E H E HE E s
a |2|2[2(5 E af £ |2l=]d|a &
R I oH o
| | |f Dlive gray [5Y 372} CLAYEY SILTSTONE TO SILTY CLAY.
Oltve gray 18Y 32| CLAYSTONE TO SILTY CLAYSTONE, | ! STONE. Moderste to extemive biowrbation with chondrites
3 moderats Bioturbation. CH = chandrites, P = planodiies, and i i {CH), planclites M) and some large mud Turbedite sequences
M = menscate types. Small mud turbidites, Sendy fraction 1 | ! Sandy layers snow lighter medivm alive brown (5Y 414} bues.
cantalne many weatharsd graing. Thesa tend 10 be very faldspathic, with weathered anguiar graing,
1 El BY 32 Tty pyrite lilked, wsealll Micas
Section 2, 76 cm to Section 3, 10 cm: contorted santd and clay- R MP| fo] 1 Enclude much chiotite.
#1004 layers, possibly related to debris flow. : tl
| SMEAR SLIDE SUMMARY
add SMEAR SLIDE SUMMARY o 240 250
R 173 430 R M = | BY 44 M 1od
o (o | o | S TEXTURE: &
TEXTURE: hes | ® » Sand -
Sand ~ % " R4 Sitt T
Sit B a0 i il Clay 0%
Clay L ] =z Tu L COMPOSITION:
COMPOSITION: 8 R . a1 o Ouartz )
Quartz }ﬁ » e Hily Feldupar 30
Fold s 15 & N Mica o 3
Mica ] 5 w l Heavy minerals  1- 2 2
R Heweyminerah 1.2 3 ‘5 [ P 5 a0
L] kL] ! : = B
& | hand s 5
Volcanicglss  1- 2 1.2 “l. M :
Pyrite/Opagues | 12 B | parsd CH =
Calet ] Carbonate unipes. 2 2 3 | [ &5 TR
Foraminiten TR - A a -
w Colc. nannofossih =~ & 10 [ CH Plant detsrls - 5
& i Plant dabvis 55 | r1 F Euhedral caicite ; -
D4 ers -
g § Discoastort ™ I Liﬂ; & iscom
& \
a
o B b !
< t
< ~
= 2 3,83-88 =
-3 Lithology Claved silt | 4 |
3 Sand a07 9 | |
— Sit 6310 v |
= Eiay 083 R 3 Il
. CH CC| | ]!
Shell
[
Shell
R
o "
Iy
v
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:‘-“4 HOLE A CORE 35 CORED INTERVAL 477.0-4865 m SITE 474 HOLE A CORE 36 CORED INTERVAL 486.5-496.0 m
= FOSSIL ] FOSSIL
5 GHARACIER “ 5 CHARACTER
Eu|g| 32 ; gl 2 8 |= wle z| w
- 1 S| = GRAPHIC Ew|B| 2 Zl g
.;é % a1z £l E | uiHolocy LITHOLOGIC DESCRIPTION B H 2 Bl & L%’ﬂg&‘gv LITHOLOGIC DESCRIPTION
AHHHOREE Sk S HHHARE Bde
A HEHE B E L7875 8(2]3) |® £ FE
N HEHEE E =18 12]3]315 FEE
& = 8 R HEIEH E F
Chondrites - - 4 7y
Slighly dinmurbind, olive gray (5Y 3/2) hard, SILTY CLAY- l P Slightly disturbed alivegray (5Y 3/2) hard, SILTY CLAYSTONE
STONE TO CLAYEY SILTSTONE (very uniform). Appears to TO CLAYEY SILTSTONE, Homogeneous with faint bicturba-
- mainty comist of one large mud turbidite wnit (=25 m thick). tion thought to sparate mud turbedites. An indurated ARKOSIC
= Basal sandy layer, mors fina-grained. Bioturbation present and SANDSTONE occurs al the top, Passibilities of origin include 1)
:;'] Identifiable in Sections 3, 50 to 110 on, but in other sections coarse fractions from the base of large turbidite laver md il
; is very fain1, Below Section 3, 48 cm nannofossils more abun- redeposited a5 debwis flow boulder or cobbls, Not comidered
(] dant, bioturbation present. 0 carnented batal turbidite bed as no other evidence of lithi-
g fication. Shell fragments prevalent in mud turbidites (some large
eYaa SMEAR SLIDE SUMMARY i thickness, some small) from Sections 3 and 4,
M el : Iy wellsorted 1100 1o 260um), grains
TEXTURE: TS5 1,4 w0 8 em: mwlraurd wied | E0m), gr:
Smd A = A0%  matrix caleite-cement a5 0.05 mm mosaic
Silt 50 40 CH 3% angulsr quartz
w et e ¢ 20% feldspws (piagioctsse and K-felgspans) braken, frosh
COMPOSITION: K
4 [+ 5% benthic forsminifers
w Ciuartz 36 o % opagues
f.f Faispar 3 s i iy
z Mich ‘ 2 i %  chaicedany rock frsgmenty
w Hemwy mineraly 2 3 A . 2% calcarsoun
b3 e d s 0 o 2% hesvy minerals, pyroxens, homblende, blotite, chiorite
3 Pyritn 5 8 2
(F:I'bm::.:lme lt‘i 15 E i TS 1,610 7 cm: as showe,
arami - R
w
CHrara) Cale. mannofoie 3 10 u
Flanclites Plant debria Imarinel10 < s SMEAR SLIDE m‘:’?;u
c Medeagn oMb T o o
CARBONATE : 122m1
22=17% i i TEXTURE:
Sand 1 50
= sitt 9 2%
;3; Clay woos
4 c i o COMPOSITION:
= . Quartz 0 B
§ cH Feldupar 1 30
& | P Mica 2 2
Heavy 1
g z| [P oyl 3 o 2, 104-108
No basal sand :3 Pyrita 2 3 Lithobogy Clayed silt
" CH, P 4 Sand 1.50
¥ Micronodule 5 - i
f.ll lui " Cabonamumpec. 3 10 i wx
v U b Calc.nancfomsili 5 1 Clay L
Plant debris a 1
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SITE 474 HOLE A CORE 37 COREDINTERVAL 496.0-505.5m SITE 474 HOLE A CORE 38  CORED INTERVAL 5055-515.0m
o FOSSIL 8 FOSSIL
2 ; CHARACTER o g CHARACTER
g, |5|2]2 B 8, |5s[2[2 Zlz
sE EE = § § i Lfr':igmgv LITHOLOGIC DESCRIPTION Tg gg HE] § g w LIG'INHAUFL'SEY LITHOLOGIC DESCRIPTION
£ [E"(2| 8| 2| 8| |%| % FEE N HEEHERER & E=E
R HEHEHE =TH SN HEEE =4H
2 |8]2]2|3 3 5 |82 HE = ok
Pl ﬁ
@@6 @ : * Olive geay (EY 3/2), herd, SILTY CLAYSTONE, vary uniiom Section 1, 80 em 10 Core-Catcher: moderately disturbed uniform
0.5 b I «with Wle dscernile blovarthation. Saction: 1., 0 to 49 o alive geay (5Y 32, hard, SILTY CLAYSTONE. Section 1, 25 to
o ARKOSIC SANDSTONE {40 cm) cobbies o top of cors may BO cm: hatsl ARKOSIC SANDSTONE which appears graded
1 3 darive from 1) the bass of & very sandy turbidite bed or 2} may containg anguisr basalt clasts and shell fragmants, Pebble at
- o -] e an exotic biock from some othir source, Again mud rurbidites 3 bottem of mud turbidite at Section 1, BO om, has either an
10— 1! T buabow do not have indurated basal sanditones. Saudstone cam =] alteration rim or chemical coating [phosphoritedl, Turbidites
| P panents show 2 general grading upward with bioturbation continuss. Occasionally large dishass pebbles
WL EH {Section 2, 50 cm) are szen gt the bottom of a turbidite (o debris
R 1 T5 134 10 36 cm: grainsuppocted, modecately well-sorted C Hioe.
! quartre-leldipathic tandstons {100 to 250 microm). 8Y 32
R 91 [ 40%  cernanted by cakcaresus mossic, some Mclcular w TS 381, 70 1o 72 cm: Coarss polygenstic sndstane, quanzo
| F%  bunthic foraminifers icluding miliolids 5 teldspathic, rock fragments {30%) include gquarts, siltstone,
30%  quarts, angular fragments o Basalt, metamarphice.
! 20%  K-leldsaar and plagioclase =] cH 20%  quartz grains
2 | 1% basaltic rock fragments 7 P 30% teielspar grains
| 1% pyroxenes, hornblanda, mice w '+ oH 30% calcium cwbanate cement
7 E'“ 'CS‘ Some teattared bonthic foraminifrs and postibly apaline silics
| =] eorrent. Most grains 1 1o 3 mm,
" | SMEAR SLIDE SUMMARY "
z o] 245 SMEAR SLIDE SUMMARY
] [s] o) P 278
§ ¢ [ TEXTURE: (7]
z ] Sand 2 TEXTURE:
E | Sl 30 Sand -u
Clay 68 site 4
3 3 o) COMPOSITION: c Clay 50
[e] Qlurart? n COMPOSITION:
1 Faidspar 10 Cuartz 20
) Mics 2 Faldspar 5
Clay b Mica 5
| Pyrite 3 .. Heary minerals 312r, Apl
I Carbonate unspec. 5 = Clay
- 1 Oale. nannofonils 1 3 Orpacies 10
= A | Plant debiris 1 Carbonate unspee. 2
b g 4 Cole. rannofowsits 1
',\ | CARBONATE BOMB: 3100 = 10% d Plant dobris [}
::4 | Discossters 1
v
ce 1!
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SITE 474 HOLE A -
t = CORE 39 CORED INTERVAL 515.0-5246m SITE 474 HOLE A CORE 40 CORED INTERVAL 5245-534.0m
H cHARBETER £ a1
§ . x |3 CHARACTER
= 2 = w
== 122 E ] H 2l & A LITHOLOGIC DESCRIPTION -8 HEHE Bl £ | ocrapmc
gg gg E g g § g g LITHOLOGY o s g.g =215 § H g 5 E LITHOLOGY A . LITHOLOGIC DESCRIPTION
2 = = | =73 3 &l = g
@ e = = i E
i AHEHHE *tH 2 BHHH Bl
= = 3 = § z & E g
c M ! .
Hily ™ 7 Section 1—Section 2, 115 om: DOLERITE SILL,
] 1 i P g Section 2, 116140 em: pepperad gray and light gray.green
I M Sectiont 1 1o 3, 130 em: allve geay (SY 3/2) hard, UNIFORM 057 Noav. 572) el e, col ed, Lam
1 1 o CLAYSTONE. Extensively burrowsd with chandrites, planalites; WA inated, micaceous, pootly sorted, no. graling, in comtact fehil
i 7 : . - margin?] with datss sl
I ! | :( x'nn 1, 110 em 1o base wltI:m‘:iTui:mls |"“I|in nu:u:.‘: 1_9—‘ Saction 3 " |
1 zone (Section 3, BO cm) with sn ARKOSE SANDSTONE in P L A YATONE
| eontact with BASALT occurring in one pabbles from a drilling T ord, wiiform bioturbated slightly calcarsous. Locally white
! ! e 1 spacis, no chear grading. Some scattered shed fragments,
A P = :
I i i Saction 3, 140 cm to Section 4 APHYRIC BABALT in contaet 3 THAGE, 175 o vy cosniy: s | (0% sndeidne: 0.2t
with  calcie-cemented wndstone  grades to medium-grained . 03 mm). wery: anguisr components, calcite-cementad
-l | ii doterity. ; 1 o plagiocinsa and K-feldspars, micaceous linestion, rare
A MP| P W ] hormbiende 121
" 2 I cH SMEAR SLIDE SUMMARY g 2| 4 7% sattered carbonate clasts and relict recrywallized for:
1 il " 170 3 = = wniters (miliclaks?), some scattersd sutectic quarts
E | Ll b oy (o & graims from plutonic rocks
= | | | ;:);TURE: 1 3 c M =) -3 gic.v B2
= = &
I i b i z P ( H SMEAR SLIDE u.m:onv
3 R MP l Clay 56 45 R M |1 pa :;I!
11, COMPOSITION: R M a il TEXTURE:
I jid L 7 i Sand 10 2
i :.um 2 1 R m - l | sit 40 70
i ica 8 R P = | Clry s0 =
H i t
] i I wavy minarale 1 - 3 . ! oup
: Clay PR R M ] e 0¥ 42 Quart 20 &
Opaquies P =] i
8 | lI . Carbonate unspec. 10 30 c MG % | 1 :;:‘p" i §
? Colcanncfossils 1 1 3 .
8 ol el B 3 06 ik Hewy minersh 2 (ApZrSeh) 3
:2: pos s Puant dabris 5 i R P . W | H Clay an Frl
L] . - L] Volcanic glasi 3 -
a Driscoasters. - 1 - | Opagues 8
3 ol WAL Micronodules E
& CARBO| : 320~ * iy =
g < NATE BOMES ;—:.;: b % -
2111 6% . Cale. nannotossils 1 TR
Z Plant debris 5 [pyritized) 2
B o {pyritized
A
i CARBONATE BOMB: 1120 = 10%
=;i 2136 = 6%
35=4%
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64-4744.39 Depth 515.0 to 5245 m

SECTION 3: DOMINANT LITHOLODGY: APHYRIC BASALT CON-
TACT with sandstons,

Macroscopic Description

b £ ki _g k] g & Aphyric basalt with 1 mm calcite vein snd 6'mm calcite vug, Distinct
c £ 2 £ E = H % § S glassy chill against sandstone. Sandstons not baked, but claystone
g 2 § §F 2 & £ g g ] £ & £ 2 g 2 = g @ 2 = g & above sandstons extensively brecciated, and fossils in sediment
E g £ E § £ g E £ 5 E H E § g E ‘s S Big H oE % B E JE 2 E have been atlored in areas adjacent to basalt
. = [ 4 = L ' - .
z 2 E E z 23 g E £ =2 % 8 B g z 2 g E g z ; § 3% 2 £8 E _E z 5 g i TS 149 cm (Pisce 1B): Parphyritic BASALT, sampled adjacent to
3 s2 § 2 § 8z § 235 3 Eé 5 2 z i '§‘ £ 8 & 8 8 5 g 28 8§ g8 g & E #g = B chillod margin, Phenocrysts: plagiociass approximately 15%, up to
e 8 G & 268 5652 2685 53 286255 £ 6285 62 £ GE S b & dx O % < 2 mm across, subhedral tabulate and lathshaped crystals; spinel
RIS e SR — — — —  approximately 2%, 0.1-0.2 mm, euhedral red chromespinel, Ground-
] ] ] ] [ B mass: fina-grained  veriolitic/sub-spheculit dmass comprising
7 / 3 lagioe! li Py . di opeques and
| # / Wesicles: none, Alteration: about 20% of the rock contains pssud-
ad : / = omerphs of an unidentified mineral, probably replacing olivine.
* / 4 SECTION 4: DOMINANT LITHOLOGY: DOLERITE.
7 |/ Macroscopic Description
— * = Fine: to medium-gramed equigranular dolerite; fresh appesrance,
1-2 mm wide veins of CaCOy {rock with HCI) in Pieces 2 and 3.
* _| TS 65 cm (Piece 8): DOLERITE. Texture: subophitic, with seriate
= gradation of groundmass to phenocryst phasas [olivine]. Phanocrysts:
o olivine, ranging .in size up to 2 mm; subhedral, fractured, slightly
7 sltered to bowlingite {» green clay mineraloid) 5% Groundmass:
. — comprises olivine, 10%: plagiociase, 40%. Angy . and pale brown
augite, frequently enclosing plagiociase (aths, 35%; magnetite, 01—
- = 02 mm, occurs interstitially, Grain-size varies from 0.1-1.0 mm,
No vesiclas are seen. Alteration restrictad to rims and cracks of olivine.
- M -
3l * T -
-
| v —
N p
= 1A 7]
i B / |_ -
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Ba-4TaA-40 Depth 524.5 to 534.0m
SECTION 1: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description
Dominantly equigranuler dolerite, More plagioclase crystals ccour in
lower portion of section {140=150 cm) (phenocrysts up 1o 1 mml.
Mo vesicles,
Alteration of main body of dolerite slight, but severly veined by calcite
&t 120-150 cm, Minor calcite veins occur throughout.
TS 70 em (Piece 2B): OLIVINE DOLERITE. Texture: porphyriric sub-
doleritic, small (<1 mm) interlocking plagioctase ths surrounded by
1.0-1.3 mm ofivine, partially altered to bowlingite and clinopyroxsns,
Groundmass: plagioclase laths, 40%, up to 1 mm, Ann. unzoned.
Olivine, 10%, 0.2-05 mm, subh ieroph yats; chi
ene, 25%, 0.2-08 mm, sugite, anhedral, brown, may be TiOg-rich;
opaques mainly magnetite, disparsed,
SECTION 2: DOMINANT LITHOLOGY: DOLERITE and contact to
SANDSTONE.
Macroscopic Description
Madium-grained, dark grey dolerite. Mainly equigranular bur altered
olivine(?) phenocrysts (up to 2 mm} occur in random concentrations
throughout intervals 1688, 104107, and 113-118 cm. Veining in-
tense {mainly CaCO4), with 1—5 mm wide veins. Vertical trending veins
mast commaon, Lower contact presarved in Pisce 58 as & wide chilled(7)
(not glassy) margin, conining rock SANDSTONE similar 10 that a1
upper contact except that sandstone is baked a1 lower contact at
approximarely 121 em,
TS 38 em (Piece 3E}: Sampled adjacent to vaining material and within
phenocryst-rich zone. OLIVINE-RICH DOLERITE/COARSE BASALT.
Phenocrysts: no primary phenoerysts have been preserved, but up to
30% of the sample sas euhedral to hs of
green bowlinglite, presumably after ofivine. Size from 0.3-3.0 mm,
Groundmass: bowlingite, after olivine (0.3-0,6 mm). 10%; plagioclase
{Angy, 0.3-0.8 mm), 30%; medium brown anhedral augite, generally
interstitial to feldspar, 0.3—-0.8 mm, 30%; magnetite, 5%. Texture:
subs-doleritic 1o i i ofivine replaced
by bowlingsite.

SITE AT4  HOLE A CORE 41  CORED INTERVAL 534.0-5435m
2 FOSSIL
i ; CHARACTER
g |=.l2l3 z| @
Er U = S|l = RAP
.'g Eé g 8 § 5 E Lﬁm’ggv LITHOLOGIC DESCRIPTION
175 2(2]8] (B|F Bl
= B z
&l AHEHEHE FEH
w | = o
[=] LB
A ] oy .
o) 1 Deminantly, graviib-olive black (5Y 2/2] SILTY CLAYSTONE,
| wery indurated, slightly ealcarsoas. Bioturbation sxtensive and
cH iithitied, with pyrite, Some rones more siity. Section 2, 32 em:
] | - witite retinl specks borite or apatite concruthons. Section 1, 145
| 1 i Lignite e cakcite-cemented sandyione end pyriticed burow. Sectl
- | ].L. 2, 54 cm and Section 3, 22 em: calearecus, hard slitstanes st the
1 B3 5Y 27230 base of what ook fike musd turbidites. Just sbowe tha eantact 1o
i A DOLERITE (balow Section 5, 125 cmi are 7 ar mare thin (10
(M H| em] rurbidites (slty 1o cley eycles). Calcite veins, and pyrite, in
(] i bolack sittstane st contaet
c M %- Fina
I
1 LA
TS 413, 110 em: laminated, calcarsous siftstone, very angular,
2 'ﬂ van clastic fragments
IP I calcite cemant
| 0% porosity
ik 5% calcareouws lomils (benthic foraminifers) filled or e
erystaliized
0% quartz
- . 2T fwbdapars tmostly K- leidupar)
é f SMEAR SLIDE SUMMARY
© | 17 180 288 417 5a%
3 c ll & ! MM m (D)
o | TEXTURE:
= ' Sand 5 - 2 - 5
S ! Site 50 60 = pel
| Clay a5 - 38 0
~ B COMPOSITION:
1ke Quartz - - 5 w0
| Fldspar - - 5 - 5
Mica - - 1 2
B 8 Haavy mibnvaly - - 1 2
Clay 0 = s 20 [
4 | Vilcanic glass = = = B 2
| DpagyesPyrite - - - 80 2
i cH Carbanate WHpEC. - - &0 - ]
u]‘ Cale nannafowile TR — - - -
Plant debris 20 < 1 - -
d P Lignite = oApy = =
z i Apatite? Haritr? n = =
e LLEY
a I B CARBONATE BOMB: 319 = 38% (silstone cement)
3 b 3110 - 6%
g CH
] 5
R M
R P A
R M
1]
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Ba-4TAA-41 Depth 534.0 1o 543.5 m

SECTION 5: DOMINANT LITHOLOGY: DOLERITE AND BAKED
SEDIMENT

Macroscopic Description
128120 om: buked contact between overlying sediment and top of
dolerite sill contact is chilled { ~ 2 mm) and grainsize decreases
from contact where it is olivine(?) phyric (1 mm grains] to more
fino-grained at sbout 145 em. Large (B mm) ealcite vein occurs
between 131-132 em. Balow approximately 145 cm dolerite is
wguigranular to aphyric,
TS 129 cm (Piece 1A): section taken in chilled margin, Variolitic 1o
HYALOPILITIC BASALT. Phenocrysts of euhedral olivine [15%,
05-1.2 mm, now altered 1o green clay minerals; plagioclase, 5%,
0.1-0.2 mm ; microphenoerysts (chrome?) spinel, 2%, 0.1 mm,
Groundmass, 70%, very finegrained (0.2 mm), comprising minute
feldspar microlites in a dark, iron-rich mesostass, Glasy. Minor clay,
Narrow veins | ~ 0.5 mm wide) cross-cut glassy margin and sedimant.
Composed almast entirely of calcite.

© SECTION 6: DOMINANT LITHOLOGY: DOLERITE weins with

calgite.

Large, 1.2 cm thick calcite vein cuts across Piece 1 — eguigranular
dolerite showing some tendency towards altored olivine phyric basalt
near calcite vains. Other pieces 2-5; dolerite,

TS 38—40 cm (Piece 5): OLIVINE DOLERITE/COARSE BASALT.
Crosses vain. Texture is porphyritic, doleritic, Phenocrysts: 16% olivine,
up to 1 mm size, completly altered to gresn clay minarals (bowlingite),
Groundmazs: olivine, 5%, now completely altered; plagioclase, 45%,
0.10-05 mm, Angs: clinopyroxens, ~ 30%, 0.1-05 mm, sugits
{possibly titaniterous) and magnetite, ~2%. Veins consist of 5% Cacca
and 85% zeolite (irigonal? chabazite].

64-4744-42 Depth 543.5 to 553.0 m
SECTION 1: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

Finegrained equigranufar gray-dolerite for most of the section. Dark
grean olivine phenocrysts occutring in random origntation from interl
40118 cm, in the vicinity of calcitegreen clay(?) veins. These veins
cut aCross In A o ion, with a wickth of 1 cm.,
Some phenocrysts are up to 3 mm long, At intervals 0-30 and 113—
—140 cm -dolerite is fairly fresh. The rest of the section i mod-
erstely altered veining occurs at intervals 31—110 em and 138146 em.
TS 68 cm (Piece 2A): fine-grained olivine-rich dolerite. Texture: sub-
ophiticporphyritic. Phenocrysts: alivine 25%, 0,5-2.0 mm, mostly
altered 10 green clay minerals; plagiociase, 2%, 0.5 mm, tabulate; spinel,
2%, 005-0.1 mm, red chromite. Groundmass: olivine, 10% [ < 0.5
mm), - attered to green clay minerals; plagioctase 40% (0.2—1.0 mm],
Angg: clinopyroxene, 20% (0.2-1.0 mm), pale brown sugite; and
magnetite, 4% (0.05—-0.1 mm).

SECTION 2: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

Fine-grained dark gray equigranular dolerite, with some phenocrysts of
aitared wlivine occurring st intervals 21=23 and 73-82 cm. Calcite
weing eut in vertical trends. At Interval 82134 em variolitic cavities
wre filled with radisl fibrous zeolitic|?) marerial. Moderate alteration
throughout the section, Some quartz visible in Piecs 1(7).

SECTION 3: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

Finagrained dark gray equigranular dolerite, Almast no ealeite veining
s present. The whole section looks very homogeneous. At intesval

3575 em some vesichs are filled with calcite-zeolitel?). Alteration i
maderated,

TS 66 cm (Piece 5D): dolerite with subophitic texture, No phanocryst
phasas. Groundmass: olivine, 10%, 0.1-02 mm_ 50% of which i
replaced by bowlingite, areen clay lagioel A0%, 0510
mm; augite, 40%, 0.1-0.2 mm, pale brown; and magnetite, 3%, 0.1—
0.2 mm. Alteration restricted to green clay mineralt sround oliving
graine. Pyroxenis very fresh,

SECTION 4: DOMINANT LITHOLOGY: DOLERITE.

Macroscopie Description

Fina-grained dark gray equigtanular fresh dolerite, aphyric, very massive
and homogensous. Some minor calcite vaing, No vuge are visible,

B4-474A42 Dapth: 543.5 10 553.0 m
SECTION 5: DOMINANT LITHOLOGY: DOLERITE.

Maerescopic Description

Fine-grained, equigranular, dark gray dolerite, massive, homogeneous.
Some caleite veining; lsrgest ones <1 mm thick. Similar to Section 4.

LOASNVIL NIDUVIN JAISSVd VINHOAI'IVO VIV



87l

B4-4T4A-43 Dapth 553.0 to 562.5 m

SECTION 1: DOMINANT LITHOLOGY: DOLERITE.

Macroscopic Description

0-2 cm: top of section comprises 2 cm of greanish-gray CLAYSTONE

No chilled contact seen.

Entire section comprises gray-dolerite, similar to Core 42,

Essentially equigranular, although from 32—78 and 105-150 cm
sbout 10% green phenocrysts(?) of altered ollvine [ <1 mm) oceur.
Rare calcite-filled vesicles (<1 mm) from 106180 em. Calcite
weining has caused considersble braak-up of the dolarite in regions
83-87 em. Fracturing commaon, resulting in many small fragments
in intervals 2429, B4=~70, B1=B7 cm. Slickensides in fractures
around 10-28 em.

4 TS 118 cm (Piece dJ): doleritefcoarse basalt, Phenacrysts: ollvine,

+ 5%, 0.5 mm, microphanocrysts; plagioclase, 5%, <2 mm, elongate

— and tabulowe, Groundmass: olivine, 20%, 0.1-0.5 mm, interstitial,

subhedral, probably growing in situ; plagioclsse, 40%, 0.2-1.0 mm

- laths, radial cluster {varioles); cli in i%; and altered

groundmass, mainly altersd to yellow clay mineraloids. Texture i
* = Tina-grained almaost basaltic with occasional vesicles,
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4 SECTION 2: DOMINANT LITHOLOGY: dolerite,
M Macroscopic Description
+ =3 Dark grey equigranular dolerite. Green crystals noted in previous
sections are more rounded and may be olivine replaced by clay
pssudomarnhs, Occasional 1 mm calcite- and smectite-filled vesicion
Pieces 18 and 1C at 12-25 om, and 1J, 1K and 1L at 4055 cm have 2
1-3 mm wide vein subparallel to the core liner, comprising dark,
eryptocrystalline material, possibly altered glass, probably 1o clay
minerals with accessory pyrites.
1 T& 20 em (Piece 1B): coarse basalt or dolerite. Texture is subdoleritic
Groundmass: plagioclase, 40%, up to 15 mm lsths; clinopyroxens:
up to 1.0 mm, elongate anhedral cyrstals of palo-brown augite; mag-
ntite, 5%, granular, and llmenite, 2%, vongate, skeletal, dendritic
WVesicles, 5%, up to 3 mm across, spherical, and with green clay minaral
infilling. Alteration: clays, 10%, in groundmass mesostasis olivina?)
and reolite, 20%, in vein,
= SECTION 3: DOMINANT LITHOLOGY: DOLERITE.
4 Macroscopic Description
Dark gray equig dolerite, mad i , with sporadic grean
Iphenocrysts of altered olivine. Calcite veins rare [Pieces 2, 4, and 8],
Composite vains In Pieces 10A.B.C, and D comprise calcite and dark
4 material {as in Core 43, Section 2, 12—-25 cm and 40-55 cm] with
pyite.
SECTION 4: DOMINANT LITHOLOGY: DOLERITE.
- Macroseophe Description
Medium-grained equigranular dark gray generally fresh dolerite. Occa-
— sional green clay patches(?) after olivine, Fresh tabloid olivine crystals
{up to 3 mm lang] clearly visible,
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CORE/SECTION 44/1 44/2
BA-4T74A-44 Depth 562.5 to 672.0 m

SECTION 1: DOMINANT LITHOLOGY: BASALT with baked mud-

stone selvage,

Macroscopic Description

0-43 cm: medium gray aphanitic basalt in & breccisted mixwre of
coarse basalt containg 2 mm wide glomarocrysts of plagiociase and
alivine. This section much fractured and calcite (1 mm wide) veined.
This section grades into frasher, fine-grained gray basalt
with p vats | ~2%, up 10 2 mm longl.
105—115 cm intarval contains occasional plagioclase/olivina glomer-
ocrysts.
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TS 7 em (Piece 1A): hyalo-crystalline basalt. Chilled margin. Pheno-
crysts: plagiociass, 6%, 0.6—1.0 mm. Groundmass: plagioclase: ~Aa0%,
0.05-0.1 mm microlites; magnetite; altered 30%. Vesicles:
= 20%, spharical, 0540 mm, found in chill zone. Zeolites, 5%, in
vesicles,

TS 105 cm {Pioce 12A): aphyric basalt. Groundmass: plagiociase, <06
mm, 50%, skeletal; clinopyroxene, <0.1 mm, guench, —20%; magnetite,
3%, disseminated, Variolitic texture, 18% vesicles, and ~ 10% min-
arals.
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SECTION 2: DOMINANT LITHOLOGY: BASALT

Macroscopic Description

0=11 em: dark gray ic busalt with i ! luse micro-
phenocrysts, A continuation of the basalt In Core 44 Section 1
Baked mudstone selvages ot 0—10 cm and Piece 7A.

11-116 em: light to medium gray aphanitic basalt with numerous
[ ~5%) large plagioclase phenocrysts (up to B mm diameter] as well
a3 phenocrysts as indicated, Glassy selvage st 34 cm (Core 44, Sec-
tion 2, Piece 6.

116=140 cm: dark gray basalt, finegrained, with sbundant { ~ 20%)
green clay-filled amygdales (< 1 mm diameter). Xenocrysts still
prasent. Glassy selvage at 1189 cm [Core 44, Section 2, Piece 15).

Alteration: green clay-filled veing in Pieces 1, 7, and 14 [vesicles filled
with clay)

TE 66 cm (Piece BA); Intersertal 1o hyalopilitie plllow basalt — slightly

wesicular with clay- and caleste-filled 0.1-1.0 mm vasicles; 20%, 05—

20 mm plagioclase laths {Anﬁo_ml. many have small fractures

Abundant plagioclase microlites ~1 mm [15%) in diamater indicate

rapid chilling of pillow margin up to 20 cm from the glassy pillow

selvage. Plagioclase laths and microlites, alang with altersd augite

occurs on subhedral, 2.5-1.0 mm phenocrysts, are surrounded by o

mesostasis of slightly altered basaltic glass and plagloclase and elino-

pyroxens groundmass crystals, [Imenite laths, 0.1-0.3 mm |ong, are
wery abundant and evenly dispersed throughout the rock.

SECTION 3: DOMINANT LITHOLODGY: BASALT

Macrascopic Description

0-28 em: dark gray fine-grained bagalt: ph yats aof
plagioctase frequent [ ~10M%) as in Section 2. Over 20% clay minerals
and calcite-filled vasicles, Baked clay swlvage a1 <22 cm,

20--88 em: xenocrystic, gray, fine-grained basalt, with a zone of
amygdale fres, aphanitic basalt (but still containing glomerocrysts
as in remaindsr of section) between 53—98 em.

89-132 em: dark gray fine o medium-grained xenocrystic basalt
Xenocrysts as n remainder of section, up to & mm in diameter, and
composad of olivine? and plagioclase. Green clay filled vesicles
aguin sbundant as in 0=28 cm interval,

Alteration slight, restrieted 1o aress where fllled vesicies are present

TS 38 cm {Piece 5B): basalt. Phenocrvsts: plagioclase, 5%, large (14
mm| tabulate crystals, commanly in aggregates, the crystals having
resorbed edges and frequently zoned; plagioclass, 30%, elongate micro-
phanocrysts; spinal, 2-4%, ?chrome spinel. in groundmass and in
I 1 y ysts, G i textures];  olivine
5%, joelase 20%, 16%, 5%, 10% altered
mesostasis; 10% vesicles, containing some clay and calcite,

SECTION 4: DOMINANT LITHOLOGY: BASALT.

Macroscopic Daseription

0-4 em: 2 mm vesicdes filled with green clay minerals, many
-2 mm phenocrysts of in a roughly i
textured medium gray basalt st 14-15 em, phenocrysts are ~4 mm
in diamater. Small aheration zone (inches] ar 16 em, Texture is
fairly uniform throughout section. Rocks are slightly fractured but
anly small caleite veins are presant, Few veticles <1 mm are filled
with calcite,

Baked sediment contact occurs in Piece 14A on top and tide of pisce —
tractures and feel characterize baked sediment.

SECTION 5: DOMINANT LITHOLOGY: BASALT

Macrotcopic Description

Aphanitic to slightly coarser-grained medium gray basalt. Texture is

fine equigranular up to 70 cm then becomes coarser-grained with

phenocrysts of plagioclase. Entire section & fresh with only slight

alteration near small calcite weing, Larger calcite vaing occur in Places

11 and 14,

T5 105 cm (Piece 14A): subophitic basalt, slightly altered, up to 2 mm

laths of plagioclase — soma showing slight alteration to clays at their

edges — surrounding small clivine and clinopyroxene  microphino-

crysts, 0.1-0.3 mm in size in & matrix of plagioclase, clinopyroxens,

oliving and limenite and basalt glass. Many of the olivine and clino-

pyroxene are moderately to | raplaced by pro-

ducts. Non-vesicular,
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B4-4T4A45 Depth 572.0 10 581.0 m

SECTION 1: DOMINANT LITHOLOGY: BASALT.

Macroscopic Dascription

Top 3 em is an olive gray fine-grained claystone (NN 16 Interval

3-138 em is & fine-grained dark gray equigranular basalt with some

plagioclase glomeracrysts mainly from the 75—120 em interval. Calcite

grean clay |?) veining eccurs in Pieces 1, 2C, 20, and 2G to 2K, Veim

are up to 5 mm thick. No chiorite-calcite vesicles are present in this

saction. Except for tha veining restricted to some areas, the basalt

looks vury fresh.

SECTION 2: DOMINANT LITHOLOGY: BASALT.

Macroseopic Description

Madium. to fine-grained basalt grans become coarser toward the base
of the section with some glomerocrysts throughout it Caleite
green clay(?] veins occur in Piece 1 at 1527 cm and in Pieces 28 o
2Cand 4A to 4B. Veins are about 2 mm wide.

E ysts of plagi inan toxture from 100 1o

140 em interval, Basalt is fresh, Alteration anly in veins.

by SECTION 3: DOMINANT LITHOLOGY: BASALT,

+ p Macroscopic Deseription

Medium- to fine-grained aphyric dark gray basalt, plagioclase laths up

- 1o 3 mm, Some g yits th jh the section,

seems 1o be restricted to some cracks in Pieces 1C and 1D, otherwise

= basalt is vary fresh. Pisce 3 shows a green-clay chioritel?) vein.

SECTION 4: DOMINANT LITHOLOGY: PLAGIOCLASE-PHYRIC

DOLERITE.

Macroscopie Description

Medum- to fine-grained dark gray aphyric basalt. Plagioclase laths up

to 3 mm. Glomeroerysts throughout the section. Calcite-chlarite(?)

wains restricted 1o 3040 cm and 120-138 cm intervals. No vesicles

are presant, No alteration excapt for veins.

TS 10 em (Pisca 1A): Subophitic to hyalopilitic dolerite — 0.5 to 20

mm laths af plagioel Ome i ing; sur ding altered olivine

ph ¥ ito bowlingite] and fresh clinopy {augite} pheno-

crysts (0.25—1 mm in size] in a matrix of plagioclase, clinopyroxens

end glass with abundant opaques. Some glass and all olivines are altered.

Clinopyroxene is anhedral and is present in lath shapes that have parted

along clesvage planes.

’ SECTION 5: DOMINANT LITHOLOGY: BASALT.

Macroscopic Description

Same as Section 4. Medium- to fine-grained aphyric, dark gray, basalt

Plagioclase laths up to 4 mm visible. Some calcite veins in Pieces 6A—

BB, Mo alteration observed and no vugs.

- SECTION 6: DOMINANT LITHOLOGY: BASALT,

Macroscopic Description

™™ Similar to Section 5, medium- to finegrained dark gray aphyric basalt,

' with plagioglase phenocrysts up to 3 mm, Small chiorite (green clay?)-
cakzite vein 8t 12 em. Rock very fresh, and homogeneous. Glomero-

+ crysts hacoma less abundant than in previous sections.
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54474 A-46 Dapth B81.0 10 590.0 m
SECTION 1: DOMINANT LITHOLOGY: BASALT.

Macroscopic Description

Dark gray aphanitic basalt with some plagioclase laths up 1o 3 mm
Very massive and L, s ially the i of
Cora 45, Section 6, becoming finer 1o the bottom, Mo veim, vesiches,
or ary alteration is visible in this saction

TE 10 em (Piece 2A}; Dolerite. Subophite texture, Phenoctysts:

plagiociase, 5%, 2 mm digmoter. Tabulate form, often forming multl-

crystal aggrogates, The marging are resorbed and the crystals are zoned.

Groundmass! olivine, 5%, 0.3—05 mm; plagioclase, 40%, 0.3-0.1 mm,

Angp_ge. generally lath-shaped and ophitically enclosed in clino-

pyroxene: augite, 40%, up to 2 mm across; opaques. Alterstion re-

stricted 10 replacement of olivings by clay minerals,

T& 110 em (Piece 2F]: Same o4 above, dolerite

SECTION 2: DOMINANT LITHOLOGY: BASALT

Macrowcopic Description

From 0-18 em, fine-grained dark gray aphanitic basalt with scarce
plagiociase phenocrysts |2 mm). Thix Plecs 1 & the continuation
of the previous Section 1. Two calcitefilled veins gt the base of
Piece 1. This and the two Pieces 2 ssem to be the bottom of a
cooling unit, a3 contrasted with the rest of the section below, The
CONTACE Was nOT recovered,

Interval 20-110 em shows a different texture, with & much larger

amount of plagioclass megacrysts up to 1 cm long and alw a largar
amount of clinopyroxtnes. Some calcite veins appear in this sill,

Intarval 113-134 em s possibly snothar unit whose upper part [Piece
11A] shows glass near the top. Some megacrysts of plagioclsse and
elinopyroxene sre obearved. Minor alteration.,

TS 21 cm (Piece 3); porphyritic basalt, Texture: porphyritic; pilotaxitic

quenched groundmass. Phenocrysts: plagioclase A | ~Angg) (1—8 mm,

5% of rockl. Subhedral, tabulate, meny inclusions, resorbed margins,

zoned, Thess have been termed megacrysts. Plagioclase B ( ~Angg ol

subhedral, lath-like or tebulate phenccrysts (10% of rock). Ground-

mass: 20% plagiociase . 20% Py and 10% d
ated 30% A
small degree of lon of is to clay. Pseud aof bowl-

inite, 0.5-1.0 mm across, are probably after olivine phenocrysts.

TS 35 em (Piece 5): very similar ta 21 cm description. Megacrysts of
plagiociese up 12 & mm, and B% of rock consists of 1 mm-diameter,
clay-ined vesicles, Pilotaxitic textures again,

SECTION 3: DOMINANT LITHOLOGY: BASALT,

Macroscopic Deseription

Dark gray aphyric basalt, large plagiocisse megacrysts up to 1.om lang,
altered olivine, clingpyroxane erystals 1 mm long Some veining with
ealcite-green-clay?,

LOFSNVUL NIDIVIN HAISSVd VINHOIITVO VIvE



CEl

B4-4T4A.47 Depth 580.0 to 589.0 m
SECTION 1: DOMINANT LITHOLOGY: megacrystrich BASALT,
Macroseopic Description

Dark gray basalt with fine-grained to aphaniti o ]
approximately 10-15% anhedral to subhedral plagioclase megacrysts
fup to 1.5 em across, usually ~0.5 em). Aheration very slight, restricted
to minor calcite and green clay veining iPieces 6, 7, 8, 15, 16, and 17)
and of grean clay in small [<0.5mmling Glass
sefvage in Piece 4.

TS 110 em (Piece 16]: itic basalt, shyrit iolitic, Pheno
erysts: oliving, ~4%, ~0.3 mm, subhed: i h yits; i
~10%, 16 mm, megacrysts and phenocrysts; and spinel, <2%, 0.1-0.2
mm, chrome-spinel (red). Groundmass: 5% olivine — may be micro-
4  phenccrysts; 40% plagioclase, 0.2—1.0 mm, microlites and laths; 20%
brown augite up to 1.0 mm laths; 5% magnetite — disseminated and
=1 granular; 2% ilmenite; and 20% mesostasis. Vesicles: 4%, 0.8-1.2 mm
random, spherical vesicles filled with clay minerals. Alteration: 5%
+ 9  clay minerals throughout groundmass,

SECTION 2: DOMINANT LITHOLOGY: megacryst-rich BASALT

Macroscopic Description

T 1 Dark gray basit with fineg d 1o or
approximately 10 1o 16% anhedral to subhedral plagioclase megacrysts

=1 [(0.5-1.0 cm width). Alteration slight, restricted to calcite and chiorite

weining (1-2 mm wide vein runs through Pleces 7A—F). Small, calcite-

filled vesicles occur sporadically in Pleces 7E and F.

— SECTION 3: DOMINANT LITHOLOGY: meagscryst-rich BASALT.

Macroscopic Description

Dark gray basalt with a finegrained aphanitic groundmass, containing

spproximately 10—15% anhedral to subhedral plagioclase megacrysts

(0.6—1.5 cm). Alteration very slight. Calcite veins in Pieces 1, 24, 11

and 12. Glassy selvages at base of Plece 13, and along edge of Piece 12.

TS 122 cm (Piece 12): plagioclase-phyric basalt, ssmpled adjecent to
= glassy margin, Texture is G Ph ysts: ofivina,
6-8%, 0.3-2 mm euhedral, mostly replaced by bowlingite; plagioclase,
16%, 5%, 0.5-8.0 mm, magacrysts and 10%, 0.5-2 mm, phenocrysts;
spinel: 1% <0.2 mm, red ch pinal. very fine-grained
guenched texture. Alteration: <5% clays in groundmass, and replace
mant of olivine by howlingite.

SECTION 4: DOMINANT LITHOLOGY: megacryst-rich BASALT.

= Macroscopic Description

Gray basalt with a fine-grained aphanitic matrlx, containing approxi-
4 mately 10-15% anhedral to subbadral plagioclase megacrysts {0.5—
15 em). Alteration slight, restricted to calcite and gr lay chlorite-
filled wains {1 mm width), Glassy solvages In Pieces 1, 5C and D.

- SECTION 5: DOMINANT LITHOLOGY: megacrystrich BASALT,
Macroscopic Description

Gray basalt with a finegrained to aphanitic matrix, containing approxi-
mately 10-15% anhedral to subhedral plagioclsse megacrysts (0.5
156 em), A slight, i 1o calcite/chiorite vains on Piece 6.

— TS 35 om [Piece 3): PLAGIOCLASE-PHYRIC BASALT. Texture is

parphyritic or pil itic, Phenocrysts: ! hs of ingit
- 05-1.0 mm across, raplacing olivine (5%); plagiociase, 5% large, tabu-
late aggregate megecrysts, 1-6 mm, > Mm.— plagioclase ~10%, 0.5-1
—| mm lath shaped phenocrysts, PAngn—Anqg: red spinel, ~3%, 0.1-0.2
mm cubes and octahedra, probably chrome-spinel, Groundmass: plagio-
=] clase, 15%, 0.2-0.4 mm, mi; and quench il s on plagio.
clase phanocrysts; clinopyroxens, 40%7, <01 mm dendrites, wheat
sheaves; and magnetite, 5%, disseminated, Vesicles: 5%, 1 mm dismeter
spherical filled with green clay. Alteration: clays in veins and replacing
olivine (no more than 10%),
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£l

g & £ & g i g 64474448 Depth: 589.0 10 608.0 m
- 2 [ 3 e = 'E 3 = = = s =
i g .E £ g s s E 2 z E 2 é E ) ‘% i S % SECTION 1: DOMINANT LITHOLDGY: plagioclase megacryst-rich
£ £vs 5 Efes 5 £23:es 5 28vs § %fzs : #Ezs §5 Eiis pllow RAGAL:
3 E 82 2 2% a5 g 2 s E L] E 3 ¢ 8 3 & z 28 E 2 ¢ 2 £ B g e § E -] Macroscopic Dascription
8 H 25 E g8 g g 8 § & 8 85 B 2 E B ‘é 5 c 2 E g ¢ g 5 8 ‘§§ g £ Dark gray porphyritic basalt with plagicclase megacrysts up 1o
2 2 8 2 B 2 B 2 - L = 2 28 T . 5 s 3
& o &3 &£ 68 5 53 & 5 ﬁg f 6 5 5% L G s &3 L2685 5% 2 58 5 53 16 cm { ~16%). Plag i . Matrix s Caleire
weins restricted to Pieces 1A, 1B, 10, and 11. Glass selvage on Pieces
0 |_' ! ] W\ 7 1 1 1 1 - 1A, 1B, 4,6, 6, 7A, B, 8, and 14, Slight alteration restricted 1o veins.
1A Fa:i * / [_ Many small veinlets are zeolite and clays. Glass selvages are mostly very
T i / T fresh and only at times slightly palagonitized. Small hair-like fractures
rifl- * (vertical 1o subvertical) occur in the pillow selvages and extend about
I 1B @1 * by, 2—4 ¢m into 8 pillow (d ). Larger megacry ek
. P J de not ocour near top of pillows, but are usually found 5—7 cm down-
2o | m cora from the salvage.
— A4l 4 44 \ —| TS5 em (Piscs 1A): porphyritic basalt with pilotaxitic texture, Similar
pil— r‘ to TS 88 cm (Piece 7D), but with 5% vesicles filled with iron-rich
T 3 |{o=D Hu 1 mesostasis, and with 10% i ing olivine p ¥
o
cnd — M = TS 19 em (Piece 1C}: porphyritic basalt with quenched spherulitic
4A "‘ texture, 16% plagiociese phenocryste up o 3 mm, Very fine-grained
- + H i * - guenched groundmass.. Sampled adjscent to glassy margin, Spherulites
' 0 :
4B | == L/ =] present. Clays in groundmass | 5%),
- ﬁ 0 ‘ + = TS 88 cm (Piece 7D): plagiociase-phyric basalt. Phenocrysts: olivine,
- 5 ] + 5%, 0.1-1.0 mm across, very fresh; plagioclass A, 5%, 2-10 mm,
& = Afigp, dral, tabulate, megacrysts; plagiockise B, 10%,
d o
- ‘——‘} —-J 05-1.0 mm, -~ An lath-shaped; and spinel, 3%, 0.1-02 mm,
50 = il 5
& inel. 15%, 0,1-0.5 mm, microlites;

i
* J inopy not from is; opaques, 5%, dis-
seminated; mesostasis, G0%, very siightly altered. No vesicies. Texture:
- parphyritic; pil to varkolitie, { very slight, restricted
te ~B5% eloys in mesostasis.
SECTION 2: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
PILLOW BASALT.
‘ Macroscopie Description
. Several pillow basalt flows — medium gray unaltered basalt with abun-
dant plagloclass megacrysts, most are subhedral to anhedral aithough
=1 some euhedral, Plagioclass megacrysts are from 2 mm to 1 cm large.
+ Frash basaltic glass, occurs in Pieces 7 and 8 — slightly altered glass
is found in Piece 8 — glassy pillow selvages are from 2 mm to <1 cm
thick, however it sppears that parts of the glassy selvages were des-
troyed by the drilling, Mumsrous fractures are present <1 mm thick.
Those from the pillow selvages are vertical and roughly radisl from en
* . imaginary cantar point of the pillow. Small calcite veinlets at times
fill the fractures. Clay mingrals are also present in some of the fractures.
T5 141 em (Piece 13C): plagiociass phyric basalt. Texture is porphy-
- ritie, sub-spherulitic. Phenoerysts: 10%, lath-like, with guench over-
growths developing (0.2-1.5 mm); groundmass: too fine to be disti
- guished; vesicles: <1%, spharical, filled with reoclite; alteration: zeclites,
10% in veins and vesicles.
SECTION 3: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
- PILLOW BASALT.
Macroscapic Description
Medium gray plagiociase phyric pillow basslt with sbundant 0.5—1cm
plagioclase megacrysts and some clinopyroxene and olivine pheno-
crysts, A ~0.5 cm glass selvage ocours in Section 1. Thin fractures
common, Some calcite and clay veins occur within fractures. Larger
1—2 mm thick, calcite-zeolite veins occur in Pieces 10 and 11, After-
= ation is slight to moderate in areas with veins. Otherwise section is
similar to top 2 sections in this core.
SECTION 4: DOMINANT LITHOLOGY: PLAGIDCLASE PHYRIC
L] e L] — L S— ] — PiLLOW BASALT.

48/4 Macroscopie Daseription
Fairly fresh medium grey basalt, with some calcite and clay veins
filling fractures. Fractures common, Abundant plagioclass megacrysts
wvenly distributed. Some clinopyroxene and olivine phenocrysts.
Fresh glassy selvages occur in Pleces 9 and 10. Palagonitized selvage
oceurs in Piece 1, Interestingly one plagioclase megacryst is included in
the glassy selvage indicating that megecrysts sre pre-eruptive. Section
i similar in texture and appearance to the other sections of this core.

]l

(]
[

6A

()

i
SON NN

NSNNRNRN

e
Bexr.rg

S

2

&l

RN

o
o

o

gy
&8

_l"
IEIE
\oo

NN
———— - -
1

NN

RN

180

LOASNVEL NIDAVIN JAISSVd VINYOAITVO VIVE



pEl

g e
i 3
E
2 §
§ 85
i a O
n—
— 1
] wl@
_ 28
2C
7 20
— 2E
50— 2F
T 3
o 4
- 5
) 6A
6B
— 7A
78
] 7c
Tl 8
100—
9A
9B |¢
— ac
p a0
i 9E
A 104
108
. 10¢
oy 10D)|

CORE/SECTION

— e e Orientation

-

S Alteration

Shipboard Studies

N N AR R N TG e e B S R A RRNTTRG TN NN

Shipboard Studies

| Alteration

]
E
z
i

Orientation

MS

~

N

Orientation

-— e e e -

49/3

Shiphoard Studies

Alteration

Piece Number

[Pl ]| e

L]

@ OB W

EMPTY LINER

Orientation

49/4

Shiphoard Studies

Alteration

|

Piece Number

Graphic

Representation

Orientation

Shipboard Studies

| Atteration

|

Piece Numbar

Graphic

Reprasentation

Orientation

Shiphoard Studies

] Alteration

Piece Number
I Graphic

Representation

Orientation

Shipboard Studies

] Alteration

B4-474A-49 Depth: B08.0 10 617.0 m

SECTION 1: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
PILLOW BASALT

Macroscopic Description

Dark gray plagioclase megacryst-rich pillow basalt. Plagociase mega
erysts evenly distributed throughout the section in an aphanitic matrix
They range in size fram 1 mm up to 1.5 cm, making up about 15% of
the rock. Some clinopyroxenss visible In Pieces 2A, 2F, and 10A.
Fractures up to 1 om wide (Piece 2E) filled with calcita and clay
minerals In a subvertical trend. Thinner fractuses run horizontally
Glassy selvage at top of Piece 1 fing some i
phanocrysts. Section very fractured and moderataly altered at interval
20120 e, where veing ocour.

SECTION 2: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
PILLOW BASAT

Macroscopic Description

Dark gray plagioclass megacryst-rich pillow basalt, Plagioclase megs-
eryits  (=10%) distributed in an sphanitic matrix through ®
section, size from 2 mm to 15 cm. A few caicire-clayi?) filled vains
show a subvertical trend. Horizontal cracks in several pioces. Glassy
selvage in Piece 4. Section highly fractured but moderate alteration
restricted to sume veins [Piecss 3 and 4). Mostly fresh,

TS 14 em (Pieca 3): i, i gacryst-rich pillow
basalt, Lwrge plagioctase megecrysts {2-4 mm) some rectangular
inclusions of glass{?) slong cleavage. Some phenocrysts of clinopyroxens
and olivine, which k& commanly sltered. Surrcunded by & mesortasis
al besaltic glass, tiny plagioclese laths and opagues, Plagiociam megs-
crysts ars commonly composed of several large interkocking plagiocinse
laths. Normal feldspar zoning is common. Glass in mesostasis is fairly
fresh, Somae small 0.5-0.75 mm round vesicles are presant and are filled
with clays and reolites and/or calcite,

TS 30 cm (Piece 4); Glassy margin of pillow basalt (salvage) somewhat
alered basaltic glass in some megaerysts of plegioclase up to 4 mm
long, F e texture with { by glass it

and plagioclase microlites and tiny laths. Minor opaques

SECTION 3: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
PILLOW BASALT

Macroscopic Deseription

Dark gray plagiociase megacryst-rich basait. Plagioclase megacrysts up
to 1.6 cm distributed evenly along the section in an aphanitie matrix.
Section highly fractured with some calcite-clay mineral veins in Pieces 8
and 8D, Clinopyroxenes visible in Plece 8, with some green clay-filled
wasicles, Minor alteration of the section except for the weins. Glamy
selvage on Piece B

SECTION 4: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
PILLOW BASALT.

Macroscopic Description

Dark gray plagiociase megacryst-rich basalt. Plagiociase megscrysts up
to 1 em and less sburdant than in the upper sections of this core.
Calcitefilled veins and fractures with clay minerals in Piece 2, Matrix
is aphanitic. Glassy selvage in Piece 2
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G4-474A50 Depth 617.0 10 626.0 m

SECTION 1: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC
BASALT,

Macroscopic Description

Dark gray porphyritic basalt, 1 cm make up ~10% of the section.
Matrix is aphanitic. Altered olivines visible in some piscas (2A, 5B,
5C, 88, BC, and BE) ~1—2 mm size. Groen clay-filled vesicles alo
present in 2A, Small pyrite erystals occur at 78 cm and at 144 em.
Slickenside structure developed in Piece 3 at 49 em, slong & green
clay(?)-filled vein about 0.5 em wide. This vain is ahove

of alteration except for a few minute calcite-filled vesicles in Pieces
4and 5A.

TS 146 em (Piece 12): COARSE BASALT or dolerite, practically
indistinguishable from Core 50, Section 4, 16 cm. Intergranular to
subophitic texture. Phanocrysts: a few (5%) tabulate plagioclase (0.5—
2 mm), Wpri: il 40%), 0.1=1 mm and
anhedral clinopyroxens (30%), 0.2—-1.6 mm, Alteration: 20% pseudo-
morphs of clay [bowlingite replacing olivina).

SECTION 4: DOMINANT LITHOLOGY: BASALT.

on Piece 2B and below on Piece 4, In a subwertical fashion, thinnar

horizontal cracks are visible throughout the section. Alteration is

restricted to pieces with chlorite(?) veins and 1o some vesicles filled with

green cloy chlorite, on Piece 2,

TS 47 cm [Piece 3): porphyritic basalt, samplad adjacent to veined

and sheared arep, Phenocrysts: plagioclese up to 10%, up to 5 mm in

size, large, tabiilste rounded megacrysts and smaller lath-shaped cry-
stals. very fine-grained, il icroli
whaat sheave pyroxene and dissaminated ore. No vesicles. Little aler-
ation, restricted to staining of groundmas,

SECTION 2: DOMINANT LITHOLOGY: PLAGIOCLASE PHYRIC

BASALT,

Macroscopic Description

Dark gray porphyritic basalt. Plagioclase megacrysts up to 1 cm wide

distributed in the upper part of the section from 0 to 110 em. Matrix

is aphanitic. The size of the megacrysts diminishes downhole. At inter-
val 60 to 150 em there are abundant green clay{?] filled vesicles and
some calcite-filled ones. Calcite veins appear in Piece 5C (2 mm), while
some green clay-filled veins appear in Pieces 5E, BA, and 118 up to

3 mm wide, Pyrite crystals appear in Piece 5E, about 4 mm long.

Alreration it restricted 10 veins and to the lower part of the section

{70150 em].

TS 62 cm (Piece 5E): PORPHYRITIC BASALT. Sampled adjacent to

wein. Variolitic. Phonocrysts: plagioclase A, 1—2 mm tabulate, rounded,

partially resorbed phonocrysts, 10% and plagioclase B, 0.5—2 mm long
lathshaped  phenocrysts; olivine, <08 mm (6 %), snhedral micro-
phenoerysts which may be groundmass phases in part. Groundmass:

possibly some olivine; plegioclase sbout 30% microlites, 0.1-0.5 mm

long. Aest of groundmass is very fing-grained, quench textured clino.

pryoxens, opaques and mesostasis. Vesicles: 5%, ~1 mm diameter
spherical with clay and ealeite filling. Vein: containing zeolite, asbout

2 mm wide, Alteration: about 5% clay minerals in groundmass, Olivines

fresh,

TS 72 em (Piece 7A): sparsely phyric VARIOLITIC BASALT, Phano-

crysis: plagioclase about 8%, 0.5—1.3 mm, heavily resorbed equant cry-

stals. Groundmass: olivine, 5%, <0.5%, anhedral, skelctal, may be
microphenocrysts. Plagioclase, 50%, < 1.0 mm lath-shaped. Rest of

groundmass very finegrained, Vesicles: 10%, spherical, 0.3—1 mm,

filled with clay. Alteration: clay in mesostasis.

TS 126 em (Piece 11B): Aphyric basalt. Similar to TS 72 cm (Piece TA)

but with ~1% plagioclase and 15% vesicles.

SECTION 3: DOMINANT LITHOLOGY: dark gray BASALT,

Macroseopic Description

Interval 0 to 45 cm is &an equigranular aphanitic to very fine-grained
basalt badly fractured and cut by green clay-filled veins, Piece 2C
shows some slickensides along the vein plane.

The next interval from 45 1o 160 em Is a dark gray aphanitic equi-
granular basalt, which shows no megacrysts as in the cores above,
Probably this is a different unit whose contact has not been re-
covered. Only.a very few olivine crystals can be seen { =1 mm} in
the lower portions. Contrasting with interval above this basalt
looks very fresh, massive, end homogeneous and shows no signs

Mostly aphyric medium gray (NG} basalt with some caleite veins {1 mm
wide) and some small fractures. Some vesicles 1=2 mm in size and filled
with green clay minerals. Some small phenccrysts of plagioclase is
wvanly distributed in an otherwise fine matrix.

TS 16 cm (Piece 1C): DOLERITE OR COARSE BASALT. Pheno-
crysts: plagioclase, 5%, 0.5-2 mm tabulste and lath-thaped, completaly
altered oliving: 10% bowlingite pseudomorphs after olivine, Ground-
mass: 10% bowlingite probably after olivine; 40% plagiociase, 0.2-1.0
mm lath-shaped partially enclosed in clinepyroxene; 30% augite par-
tially interstitial o plagiociase (0.2—1.5 mm); 5% magnetite, 0.1-0.5
mm cubic:anhedral grains; and 2% iimenite. Texture: subophitic to
imtergranular. Alteration: replaced olivines as noted above.
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SITE 476 HOLE CORE 1 CORED INTERVAL SITE 476 HOLE CORE 2  COREDINTERVAL 8.0-155m
£ cuaniren £ | cumnacren
o - w %
- EMARE 2 EMEAE #
TE ENE' HEIE g £ ety LITHOLOGIG DESCRIPTION ¥L§‘ gé HE ; E g Aty g LITHOLOGIG DESCRIPTION
;3 E ; § g § E = §u | s : ; § H ! gl e § "
= E = ] E
S HHEHE T EHEHHE =
] DIATOMACEQUS SILTY CLAY, with avidence lor cm-thick
1 bedding, werying nannofosil sbunidsnce with only & irace of
0511 Highly disturbed, rious greenish geayish ofive (10Y 472} : carbonate in most sections. Some lighter mottles, trace of
Y a7 nannafossil-bearing DI&‘I’D"MEO_I.B SILTY CLAY. Vlflhlﬂ! 1 glauconite {Section 3, 132 am), Locally, disky yellowgresn;
-+~ diatom sbundances. Scattersd calcium carbonate silt particles. [+ G lightar mortles (SGY §/2) aro less siliceous, more nannofossi
g 101 SMEAR SLIDE SUMMARY 107 412 baaing and carbonate rich, Ouartzrich SAND LAYERS st
AL T 262 CC ~ Section 3, 45 to 65 cm: mud twibldites with thin basal sand,
§ n o} o1 imicaceous quarte-rich at Saction 4, 42 to 150 cm with coans
B ] TEXTURE: Bacterls sand at hase, light olive gray (5Y 5/2) — poorly graded wnit:
w —1 Sand - = = darker brown towards the base. At Section 5, 4 pockets of wall
oy E sitt 0 40 3] washed-sored gray (N4) sand, tharp contact, Gusrta- aimd biotito
w . Clay 62 L . rich
5 - COMPOSITION: — SMEAR SLIDE SUMMARY
. * Quartz 15 7 1 160 417 4112 512 CC
2 . Feldupar 5 2 c G|2 . o) M b M D)
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= Heavy minerals 1 1 (Hbl, Agl = Sand 2 = B 100 =
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Faraminifers 5 3 1] Mica 2 5 2 2
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Diatoms 1B 36 Lhalogy Silty clay " me| 3 :“ Qny TR - - a0
Radiolasians 3 F — 312 n Pt y T B oy
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Siicoflagallates 1 = g g330 ] T Corbonate unspes. & — - w3
Plant debers 1 TR o ) sGY 52 Faoraminitars 1 3 5 - 3
5 = Cale. nanvotossis 15 10— — 18
COARSE FRACTION: E " Lighter morties Diatom 0 5 - - a
ot e %1404 & A + ¥ Radlolarians 3 -
Faraminiters 0 40 G G i ol — gl o 5 g ld
Fadioiariam 0 @0 e BN :‘“‘ M‘FIHI“_ . i
Plant dabirly 1 1 j 1 Plant debeis - 1 - = =
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= ;mm 20 —7 ;: )y, ap, Ep
z Glaucanita filling TR - 14 18) 2, Hol, Ap
g Mics 3 s = . .| S 1el Eqraminitar detriz
¢ t graun glauconite 23
3 foraminiter filling and = 141 Fragmats
fecal palletsh =3 Dusky yellow
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= - Sand Planktonic faraminifer 2
I Sponge spicules 1
Biotite 0
] Heavy mineral 5
- 5GY 372
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SITE 475  HOLE

CORE 3 COREDINTERVAL 155-25.0m SITE 474  HOLE CORE 4  CORED INTERVAL 25.0-345m
— FOSSIL i) FOSSIL
§ ; CHARACTER o ; CHARACTER
EMAEE - R EMOE zlg
S EHHEEE é g ||| jomame LITHOLOGIC DESCRIPTION =clgzle i ; 2l g | Snaemc, LITHOLOGIC DESCRIPTION
A HHHHBEE ++H R HHE AR TN
= |5 E HHE =2 i M ENHEHHIE : g
s |2]2|2|& F 3 s [8]3]|3|a E:
A L = i " Highly disturbed grayish ofive (10Y 4/2) nannofossil-besring
2 Core wery disturbod but stratigraphically in onder. Section 1: i
o5 moderate olive beown (5Y 4/4) o grayish cive {10V &/4) 05 SILTY GLAY TD CLAYEY SILT. Minar vitric nannofos| muds,
] 5Y 4 DIATOMACEQUS CLAYEY-SILT, with radiclarian-rich pulses. - variable mannofowsil content. Slight Ho5 smell, rare, no sand
1 - Sections 2 and 3: changes gradationally o dusky yeliowgreen A G 1 1 laynars. Little carbonate in Section 1 increasing 1o bottom, Bleck
= (5GY 5/2) NANNOFOSSIL-RICH SILTY CLAY. Section 4 and ] {organicl strosks prevalent throughourt core. Mica flakas visible on
; 1_9.: & balow, alternating nannofomilrich; digtom-rich dusky yelbow 1.0 wurface and incregse from Section 5, 127 om to battom, Alter
] ] green [SGY 5/2) and maderete olive-beown (5Y 4/4] respectively E nating greyish olive (10¥ 4/2) or grayish gresn (10GY 5/2) and
8 3 3"'""“:'5"::5_- ""'b: "d*:‘:d“m""u“'cl‘”“”'w ‘_‘;"m = I . moderste olive brown (5Y 4/4] with no prading texture fram
3 L o snctizoklpelamm it Due | | e 5y oY Sectian B, 127 cm 1o core hottom |tharp contacts), wpgest hami-
: . -1 :::’“5’:? wpecks. Glauconite and black (organic-FeS) stroaks. - —_._" Eackaris tle sttty )
= —_— o A EEL |
31= . . e SMEAR SLIDE SUMMARY
3 . 1430 390 5123
§ - - o o M
g 2| n el2|l 3 TEXTURE
A G -1 1 — Sand ] - 2
i o | Light olive green (8GY 4721 — sit @ 2 E2]
3 Sy 7] Clay v 70
7 SMEAR SLIDE SUMMARY p — COMPORITIN:
Qunrtz 26 L] 10
1100 2100 383 573 - ol s i %
E [T =T | ] eabiie o 3 3 .
5 2:(17”“: 2 Hieavy minaral 2 = =
- = = - - - Ciay 80 45 45
= H oo o= ” =] Volcanic glsss 5 10 -
w A 63 I = = A al3 A Glauconite a T 1
i 7 aady | Glausoniz COMPOSITION: I -1 . Pyrite - 3 -
3 = Bl Quart s 17 2 lee ] = Cabonatounspee. 2 B 4
= . Fldiper A 1 o - Forgminiten s e '
& 7 Miex Ll B = o 3 Cale. nannofosmils  — 20 30
o Heavy minaraly TH 1 ;] = Diatam 2 3 5
Lo ) tod 4 20 A > 5 Radilarians 1 2 3
> b Voleanic glass 2 3 3 = = c MP| . Sponge spicules 2 TR =
= - Glaconite - = T -] 7 i i 3 L B
] A P = Pyrite TR0 ? & 3 Icofiage
w -1 Catbonate umpec. 3 s - 2 = —_—
] =} Scattered dol 3 shards are chear.
4 -1 Foraminifes K TR 2 ™ 4 1 et IM'::'M are chear,
0 Cale. mannofouin 5 0 - 1 =]
=) Dlatarm 30 0 - _
- Radialarians 3 2 - l =
3 Sponge spicules 2 1 &0 ;3 1
Siicofisgatate 3 - - -
Plant delais 3 1 ™ - Ly
4
a G 18} 2, Hit Tl
A MP| .| Dok ek i 1
5 * | s CARBONATE BOMB: 2.70 = 19% N R ol 5 1.
in burrow E :—t—
1
g {if e
| | Eraas = -,
= ’? 106Y 52
- ~ 4
5 5 10V 42 '\_; 6 -
= s - Diatom pulwe 1 | 1 1 \;\%{i
2 - 86y 572 EJ T -
2 & | 2 ) ———1 wvar
=
v
7
cC
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SITE 475 HoLE CORE 5  CORED INTERVAL 34.5-44.0m SITE 475  HOLE CORE 8  CORED INTERVAL 44.0-535m
2 FOSSIL ] FOSSIL
§ g CHARACTER § g CHARACTER
x 2 L) ! z o = - - : = “
F EHHE ol = GRAPHI w| 2] 3 ]
TE ,_E HEIE E| & umwﬁ, LITHOLOGIC DESCRIFTION A E g 2l & anamie LITHOLOGIC DESCRIPTION
ML jm 2 8 B z I B LITHOLOGY
S AHHHIEN / HAHHEHEEE Ede
S cAHEHHE Tt S BHEHEE :
E 3 R HEE 3
== =
T Highty disturbed mestly duvky yellow green (5GY 5/2| to gray- o}
mil Iﬁvnin (10GY B/2) 1o grayish-alive (10Y &2} SILTY CLAY -lo Highty. disturbesd grayith clivé grese (BGY 3/2) SILTY CLAY.
051 some foreminifers bearing. Mo SAND LAYERS except small Binck | K i Eeatarid |
E wand bich at Section 2, 101 em. Sactions 2 and 3: alternating R o] i fEyinle] Kris PUAHORL: Semiac- At 3 ¥ memy
mn ] P :
1 to driflig disturbance. Below Section § alternating coloes (gray
— wquence of grayish-graen (10GY 5/21 and moderate olive brovwn 1
ur p [o] ish olive green (SGY 32| to grayish-green (10GY 572} SILTY
{5Y 4/a) at Section B, 30 cm 1o bottam, micsceois tamipetagic : N S 4 i
A G 101 . milses. Black forganic) strsaks pravalent 2 CLAY, Section @ is considerataly firmor and less disturbed than
1 Faram hearing ) ' : SGY 372 the rest of core. Color altemation may by present in the mntire
p sifry iy [e] core but i etfectively destrayed in the upper sections. Mare mica
3 SMEAR SLIDE SUMMARY flakes are visible in Saction 6 and telow,
1100 2101
3 o SMEAR SLIDE SUMMARY
G - TEXTURE 668
A ] Sart - = R P (o)
Silt 30 0 TEXTURE:
2 7 Clay 18 2 Sand -
E COMPOSITION: Sift 18
. Sand Quaniz 0 30 a2
Faldspar 3 10 COMPOSITION
Mica 1 ] Quarts 15
Haavy minerals 1 3 (Ap, Hbl) Faldinar - |
Cly 60 20 Mica 4
il Glauconite 3 - Haavy minerals 2
H Pyrite L Clay &5
23 Carbonats unipee. - 10 {debris) R e Glauconits 1
o Foraminifers 0 10 (pyritiel Pyrite 2
n 3 Calc nannafossie 5 5 3 Zeakita 12
w CHatoms 2 - w Carbongte umpee: 2
™M pe
& A Auiolarisms ; R ] Foaminifers TR
x Sponge spicules 1 3 2 Calc. nannofosmile 2
= Silicoflagellates 1 - E Digtoms 1
z Plant debris 1 o Radiolarians 1
= Sponge spicules 1
CARBONATE BOMB: 3.70 - 11% > Silicofiagellates 1 ifragmants]
E. Fith remaing 1
b A M Plant debeis 1
W
. Lok g By 4 CARBONATE BOMB: 250 = 2.5%
c M Sand a8 253+ 5%
it 2704 5115~ 2.6%
Clay 53.40
7] | ] A aM
= 10GY 6/2
5 p 5Y 4/4 5
c L'} -1
z A I_ 106Y 52
2 », e 5Y 4/
2 3 -
= 3 - 10GY 612
A — BY 4/4
] ] <]
= - H 10GY 5/2 5GY 32
v -] - z
= sy AR E & 10GY 612
cc| - - 10GY 52 5] Clay
o R L)
A
i BGY 372
L
v
7
cC
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475

SITE HOLE CORE 7  CORED INTERVAL 535-63.0m SITE 475  HOLE CORE & CORED INTERVAL  B3.0-725m
2 FOSSIL g FOSSIL
i ; CHARACTER 44 ; CHARACTER
5 |= - z| @ g |=.[2= z| w
o = g| = w 2 b2
= ’:5: £Z g E| B | (oeosy | LITHOLOGIC DESCAIPTION =2 HEE E B|E | o, [o LITHOLOGIC DESCRIPTION
A HHHANEE 1 F N HHHANEE 418
i £15|% EeE3 ; 2 |& ] |E E
H FIEE o 5 g |Bl3fs]8 & of b 3
O A
Highty deformed (drill breccial grayish-olive green (5GY 3720 Highly disturbed grayish-alive (10Y 4721 SILTY CLAY TO
SILTY CLAY. Unifarm hemipelagic mud. Silt particies angulas, CLAYEY SILT {Section 1 to Section B, 75 cm| unifore,
R G quartzrich, A lew radiotarian and sponge spicules are found & hemipelagic mud. Below Section 5, 75 cm: alternating darker
Fragments, but no foraminifers or nennofossils, Section 2, 20 em: and lighter color layers. Darker loyers — mare siit, more pyrite
1 minar gray wand patch, erganiceich without carbonate. than lighter Layers. Siliceous components occur & tiny {ragmaents,
Conspicuous mica flakes, Pliccens -Plaistocens boundary oocurs
SMEAR SLIDE WU:::V between top of core and middle of Section 2,
) N SMEAR SLIDE SUMMARY
TEXTURE: 27 BN 612
Sand - {11 |- ]
st 40 A TEXTURE:
Clay L Sand 2 - 5
[ P COMPOSITION: i /40 40
2 Cuartz 1 . Sitty clay Clay 0 80 BB
Feldspar 3 COMPOSITION:
Mica 5 Quarz 10 10 o5
Heavy minerids 2 [anataw, zirconh Febdupar 5 2
- Mica 2 8 3
Gluuconite 1 Huavy minarals 2i 1
Pyrita 5 (frambaidal) Clay 0 &5 60
Dpagues Glauconite 1 TR -
Carbonate unspec. 1 Pyrite 1 3
voID Cale. nannofossils ! Opagues 2 = =
Radiolarians 1 Carbonate unspec, 1 3 5
3 Sponge spicules 1 [fragmenti) 3 Foraminifers - - 1
Cale. annofossi 4 - L]
R GP w Diatams 2 1 2
7] Radiolarions - 1 2
2 (=} Spongs ipicules 1 1 -
= g A G Sticoftagellates 2 2 TR
5] = Piant debris = LU
& £ 107 42 Discoatters 4 3 -
173
= 3 CARBONATE BOMB: 5133 - 1%
& 4 4 622 7%
E R GP " Sitry clay <
P i Bt
X c Litholtogy Clayed tilr
Sand 353
s 6343
Clay 4304
c GM| -§-
b
5 & s
o Lo | 10GY 672
c G o | rovaz
== Clayey silt
- 10GY 6/2
z c M _ ]
=2 ] GP| c MG| g 107 472
; e - Silty clay
A cc voiD \i”‘“ e
6
L ] B2
v 1 wvom
!
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475 HoLe CORE 9  CORED INTERVAL 725-820m SITE 475  HOLE CORE 11 CORED INTERVAL 815-1010m
2 e 23 FOSSIL
” é CHARACTER = § CHARACTER
& |sulelz z| 2 8 |sulz]al® Zle
R E g § E| & | woroay E LITROLOG I DEFCAIRTION % 'g' E HEEIE El & | Uiotosy | 353 LITHOLOGIC DESCRIFTION
€575 [2|8] (3|2 T TE eS[ER|2| 23 le| |8 % N
o I ; 2|8 cEE 2 5 = I R R =+
z |2 z |8 5 G 2 § s|s|3 3
Highly disturted, grayith-alive (10 4/2) 1o grayeh-green (10GY
| R GM Highty disturbed, dominantly grayith olive [10Y 4/2) SILTY 5/2) SILTY CLAY. Homagenized 1o uniform textuse by drilling
CLAY, uniiform texture heminelegic mud, but i A G Some black [organic) streaks present. Section 2, 5O cm
has the core, ien and mica glavconite biebs present. Section 5, 40 em: woody fragments
1 flakes incrosss Iuw.\drbolr,um of core. Locally sponge spiculites 1 present. Pyrite concration l'_a‘mm 4, 100 em); irreguisr thapes
specks present (e.g. Section 3, 104 em). Ssction 4, 38 cm: Grad- auile dense, uppear 10 cndist almost wl_nulwrl\r af pryrite with
ual change 16 a much firmer, olive groy (5Y 3/2) SILTY CLAY. vomn . Probably pyritie berrow Tillings. May be reworkad
= Appears 1o be bi attop. i ipelagic pultes, 10y 472 previous to drilling of out of filace dur 10 drilling, &5 some seem
= 20 10 30 cm wicle, Color change back to gravish-olive {10Y 472} quite large. Color witernates below Section 6, 55 1 123 om
o at Saction 4, 75 om and less firm sediment. Glauconitic wnd {10G 472 and 10GY 6721, as hamipelagic pubiest?) 10 10 70 om
T bletrs present ot Section 4, B3 cm, incressed mica belaw Section thick.
5 4, 75 em. Small pheces of charcoaldiko (lignite?) carbanaceous PR—— v
v mistesial {Section 3, 110 s Section 4, 80 om). Glguconity 580
A GM i)
2 SMEAR SLIDE SUMMARY 2 TEXTURE:
419 460 478 Sand TR
o o ot 2
TEXTURE: Clay m
Sand TR - - COMPOSITION:
w i il R Quarte i
= Clay w70 - Faidinat M
] COMPOSITION: Mica 2
§ Quaitz 1w e - c M Hemvy minerats TR
2 R M Faldspar Chay 60
w Clay o o, = Volcanic giors 1
- B Volcanic glass 1 5 - ] by 3
ﬁ Glaucanite 1 - - Pyrite 3
Cosl Pyris 2 5 Opagues 9
Carbanams unpse. 5 2 = Carbonate unipee. 2
= Culc. snnclomiu: - 3 £ = Furaminifars T
Digicnis 2 & - = Cale. nannofossils 15
3 . Fadiolariany 1 1 - W frosinding 1
¢ L ] Somepchia. 1 ro= 3 Radiolarians 1
F3 b= Sillcatisgeliates 1 - - 5 c G & sl 3
= c M = * Piant dabaris 1 1 = = Silkcofiagailates 1
o 4 . . Coal, ignite - - 1 = a =}
i E Coal 3 ] CARBONATE DOME: 470 = 1%
g — Glaucanite CARBONATE BOMB: 3.20 « 5% 3 Nodule
i R MG ] 6, 16-18
] = . Uithology  Silty clay
Sand 4.30
b A voio 1 Sin arr
4 Clay 58.00
475 HOLE CORE 10 CORED INTERVAL 820-816m A - ] Woak
FOSSIL =
§ CHARACTER 3 3
wlE] 2 E|l = :
e § HE é HE Opamc. L LITHOLOGIC DESCRIPTION ]
e3|2%|5| 8|2 |8 |%)® E 3
= H g H -
e HEIHIE 3
- zls|o -4
c o, c M =3
w z k
2 0¥ 472 = e i 106Y 572
g 4/2) SILTY CLAY, N 5 C 3] 10V 42
2 Highly disturbed, uniform graynh alive (10 4/2} I_L . b & 1 10067 572
= hamipslagic mud without snd or other minoe lithologees or “g‘ = | 10Y 42
5 ExOtics, ? - - SR
SMEAR SLIDE SUMMARY ]
1
[[+]]
TEXTURE:
Sand -
Silt a0
Clay ]
COMPOSITION:
Cuarte } 20
Feldsgar
= Mics 3
Z Clay B0
a Pyrite 2
o Carbonate unspee. B
& Foraminifers 1
L] Cale. nannctossili 3
W Distoms 2
Hadiolarians 2
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SITE 476 HOLE CORE 12 CORED INTERVAL 101.0-1105m SITE 476  HOLE CORE 13 CORED INTERVAL 110.5-120.0m
o FOSSIL FOSSIL
- ; CHARACTER - CHARACTER
- EM A E g - EMABEE &
- gg HE g g E lm’l_"ggv LITHOLOGIC DESCRIPTION HAEH g s ,E, E L?m:gév LITHOLOGIC DESCRIPTION
wS|ZN] 2 ¥ - - Zlan|z < = ¥ 3 -
g>IET| B3 [E] | - ] HEHHBE e
o AHHHE i B HHHE T EH
g |8 H HHEIE E
1T =
- Highly disturbed grayish-gresn (10GY 6/2) SILTY CLAY uni. A G W Highly disturbed, uniform texture, grayish-olive (10Y 4/2)
40 form mexturs throughaut come, scattersd black, organicerich DIATOMACEOUS SILTY CLAY. Grades in color only to grayish
0.,—-.‘_ wtreaks. Section 1, 140 om: endesite tff roundad pebible, Section green (10GY 6/2] to dusky yellow green [5GY 5/2), Some light
c g 3, §5 cm: glwuconite occurs, Section 5, 10 em: pyrita nodule maottling or bioturbation?. Mica move visible down core, scattered
1 3 (burrow filling concretion [cementation] |, 1 biack organicrich streaks. At Section 1, 10 em and Seetion 4, 70
e em: pyritized burrow filling {looks Ifke o flattened planalites
w0 TS 121, 141 cm: rounded sndusitic pebbie, Scattered euhedral burrow).
18 plagioctsse laths 1 1o 2 mm in a variolitic, veticular, glassy fine-
=N Y| E—— grained groundmass. Fiow lineation, 25% opeques, and 5% SMEAR 5““’“‘:;!“
m teidapar. o)
b Y, SMEAR SLIDE SUMMARY TEXTURE:
A 1] 37 ¢ b Sand -
= (o) Silt a0
2 - TEXTURE: 2 0
Sand TR e COMPOSITION:
o St an A Quartz 5
! Clay & o Haavy minerals 3
:J_ COMPOSITION. % =1 Clay 60
4, Quartz 15 0 Pyrite 3
- Faidwpar 2 § =] rl WGY 52 Foraminifers 1
.t Clay 50 = o] Cale. nannofouih 5
‘ —H Volcanic glass 3 e j.u: Distoms 16
w A j n Pyrita 1 ) E-T) Radialariang 2
= - Carbonare umipee. 2 < <+ Sponge spicules 1
g 3| Y . Calc. nannofosils 5 A MP| 3 P~ . Sificoflagelintes 2
5 - " Diatoms 5 P~ Plant debria 1
a 11 Gilauconite Radiclsrians ™ =
=4 i Sponge wpicules 2 A CARBONATE BOMB: 448~ 5%
5 A Silcatiogellates 1 39
M APRTT ¥a ¥ 4,51-53
4 A CARBONATE BOME: 4.117 = 2% = i Litholgy  Clayed s
— = Sand 133
5 z| |A GM p] st 5134
iy o 1 Cly 4733
4 L X 4 ]
" & ]
oy o —
. vVoIo
oo i
= A Pyrite
b}
N 5
3
v
CC|
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SITE 475  HOLE CORE 14 CORED INTERVAL 120.0-1285m SITE 475 HOLE CORE 15 CORED INTERVAL 120.5-138.0m
o 2
S o FOSE|L
g CHARACTER ” g CHARACTER
MAE 5|2 M AAEE z| e
o =] w = =
EZlE g = GRAPMIC LITHOLOGIC DESCRIFTION = |22 HE 2 w APHIC LITHOLOGIC DESCRIPTION
23 ol & LITHOLOGY 12 leolt] s Bl & LITHOLOGY
E;u;g g ¥ 2k e 1 S HEEIF I £ =
8 § 5 a5 4 g F |8 HEIEIE g i
& HE 3 ENEEHEE 3 £
R |
0 Saversly disturbed, bracciated by drilling. Dusky yeflow green | - Clay Section 1. 0 ta 71 cm: grayishgreen [V0GY 5/2) SILTY CLAY,
o [5G 5/2) SILTY CLAY, uniform scartorsd dark gray strasks and | 10GY 52 wnifarm, race black stresks. Balow Ssction 1, 71 em: Lithology
small sand blaby indicats burrowing and wuggest original alterms- | changes 1o turbidite sequence of mare brownish hues of moderate
o tion of color shades, Scattered mica flakes, prominent in Section R PM| il Sitty sand brown [BY 5/4) to dusky yellow (BY 6/4] burrowed SILTY
1 o i 7. Setion 1, 83 cm: ANDESITE(?) TUFF PEBBLE, mostty @ 1 § CLAY, with distoms and homogeneous mud, olive brown, lght
& . opaque, scatterod glass fragments — pumice. R i olive gray to ofive gray brown [5Y 3/2) DIATOMACEOQUS
A SILTY CLAY. Scattered wpiculite clusters. Some of thess muds
k: £ appesr ms light to darker fining upward cyciem, possibly rede-
(o] CARBONATE BOMB: No reaction to HCI drops " posited. Several units are marked gt the base by thin send laninse
(o] p?f or & mndy mid. Mort have 8 very thick section of homogeneous
’ | BY 4/ s, In some larger cycles the top of a bed below the naxt thin
o [+ M sand has o fine-grained, waxy taxture, Interpreted m the top of a
[o] MUD TURBIDITE. Sectian 3, 87 cm: » reversaly graded and bus-
roved sand,
O
2 b P2 SMEAR SLIDE SUMMARY
o} 13 172 R 3 43
o] = A m o o) D)
o = . TEXTURE:
L Sand - -] 0 B0 -
= o e i | s sun 5 2 85 15 4
] n e Clay B5 LU I 5 56
7] o] o Shaek's 0t COMPOSITION:
¥ Ouartz { 4§ ¥/ 33 B0 0
= 10 L B Feidipur % 15 20 10
3 . R GP| 3 Mica 1 5 2 2 2
= O .& e | Sana Heavy minerals 1 2 2 2 2
- lo u Clay % w2/ - &0
] Pyrite - - 8 8 5
g 4 o & Microncdules = = = - TR
g . 2 g Carbonate unspsc. TR a 2 - =
o -1 a Foraminifers - 1 2 2 1
=l 1 o > w Calc. nannafouil 2 TR - -
a 3
- = i Driatoms 1 15 10 ] 20
P—' —~ o 5 Radiolerians 2 a 2 - 1
] . o Sponge wpicuies - 1 1 1
" o 4 Silicoflageligtes 2 2 1 - 2
Dinoflagellates - 2 - - -
10 C GP Limgie dolomite
- o Sandy rhambs - - - - 13
— o CARBONATE BOMB: 2122 = 255
7 o R . 455 =%
L]
(o]
5 ] 0 5
4 o - BY 32
= 10
o
10
o]
(o] - &Y 52
o] c GM|
z s 3 g 6
3 N —-—
o i o z
A ©
o ] o b svsn
o [ M ] o 1 b=
MG, 7 (o] :; =
O v
cC 3 O cC
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475 485
SHEE HOLE CORE 18 CORED INTERVAL 129.0-1485m SITE 475 HOLE CORE 17 CORED INTERVAL 1485-158.0m
= FOSSIL m
§ ; SHARAGIER § cnionmmtl A
o
MBAEE z|lm g2 "
£ |98 2 ol g GR. wl2l2 Ele
HEHHE §| £ | umoLosy HITHOLOGIC DESCRIFTION AR § ElE | Shame LITHOLOGIC DESCRIPTION
z = o =2 E] 2 B 5 Lr 0GY
oA HHHAREE R HHHAREE T1E
s |5 HE L 5 R HEE I E
E HE 5 & o N HE E
- Uniformly cclored mederste ollve brown (BY 4/4), MUDDY
A GM| 5 DIATOMACEOUS OOZE TO MUD. Texture varies from slightly s 50 i i T el
. Sy ey o chrmy it Wl e Wi My G vy fol (Y 4/4) ;Arbuucfa;slm.ﬂ Cl.:‘;"’:vilh soma rare dusky
1 B . . Considared thick mud turbidite-beds with subtle upward finings, R A kit psaninlpaispup i ety
p Clayey silt : yellow (SY B/2) s o of muddy 5
. marked by discrete, commanly winnowed thin gray send leminas. bl byt erisaan tising
1.0 Soma scatiered gray specks, Some smandy layers st leminated. ilnh.luc\vth with i e M"““" :‘lw‘“,ﬂm n“’:ﬂ"ﬂl
. BY 4/4 Multiple upward-fining cycles. The tops of cycles in Sections a y M"“’"ﬂl IM""""“‘M 4 ooy
3 4 to 5 are siightly burrow mottied by dusky-yellow [BY 8/4). Nu""“m" m""““m prifhuin homogeneous.
- Two large and 8 small graded cycles recognized.
3 SRR RLP R AMARY: 4103 538 Section 3, 130 cm to Section 4, 122 cm: thick MUD TURBIDITE
o ol with clean, sored sandy basa. (matrix} faliowed by very poorly
. o TEXTURE: s m i L o1 £ sorted muddy sand, then a rone with peraliel laminated sands
: = capped by 5 massive moderate olive brown [5Y 4/4) hard silty
1
4 . A - = |8 i clay which fines upward faintly. Distoms sbundances diminish.
E 2';'.”5“,0“, " * ® = Saction 4, 124 cm 1o Section 6, 10 em: burrowed, hard brown
& 5 wray (EYR 4/1) CLAY with glsuconite and abundant zeolitest{).
E siveiceh Ll {’5 5 { - { - Srul < 10 rod shaped, low bifringssnce, RLI. Pyrit framboids
—~-"— Mica AL 1 2 2 1 ard crystals sbundant,
T Heavy minerals - - 1 1 1
= 20 s W W - Section 6. 10 to 42 cm: dusky yallow (5 6/4) GLAUCONITIC,
c aM e Light olive blatch . DOLOMITIC; MUDSTONE, limpid, subedral dolomite matrix,
I v ;\\;:I;adulu i 2 2 2 2 2 friable, soft, and burrowed, Large matrix supported glauconite
3 :‘_'u'_)-' Carborate unspee, 5 1 3 3 - B pelles.
1 Foraminifers 1 - - 2 3
T_": Cade. mannafossin 5 — 2 IR TS 17:6 1012 cm: dolomite, soft uniform erystals ~16 mieron,
o g Distoms. 25 45 an 30 20 wuhedral, limpid-ciear, with few inchumlors. Gresn glaucanite
= Radictarians TR TR - = = pellets ~1 mim matrix supported. Scattered minor detrital frag-
H 25 - Spange spicubes 1 1 - - - mants of cherti?).
ot .l ﬂ Silicatlagellsten 2 1 2 2 2
8 -~ Plant debieis 3 1 2 2 2 8 SMEAR SLIDE SUMMARY
p C MP . 170 348 4700 4122 BE B2
; i 5Y 6/4 CARBONATE BOMB: 2104 - 2% ——— (- TR L
é a 1o ,__v l“ n Top - B Sand 10 5 18 o0 - 2
b i 3 Middle Muddy sand s % e 3 40 4B
o ang® Bair . 5, 33-35 Glauconite- pyrite  Cuy 35 60 W 80 80
i ;:;dw‘ c‘l‘;;d " B COMPOSITION;
- fﬁ Site 042 Gray sand Ouerts ® w0 1 % 18 3
a G 748 Brown clay (5YR 4/1) Fuidec s w oW om B f
7 ﬁ SY B Delomite-mud 1 1 1 L] - 1
m 15Y 6/4) Hawwy minarais. e = = 1 o
R M il o Yellow digtom Clar a0 30 W0 5 60 m
it [ — - 1w - - "
5 Pyrine - 2 1w W 2 3
Onaques - 4 % - =
Tealive - - x " ]
BY 44 2,84-48 4, 42-44 Cotonateumgms. 10 5 10— 7 -
Lithology Clayed silt  Claynd silt Calenannofeniie 1 TH 1 =
Sand 14.31 133 Digtares w3 2™ - -
— Sl 57.33 88.40 Radiokarieni i ] E = -
N Clay 2836 1027 Sepioe —~ f R3 - - =
R P il Silicoglgetists A4 3 1. 2 - -
& | Plani delvin 2 YR - 1 2
| Dolomita - = - - 2 @
:- 3 CARBONATE BOMB: 1.70 - 2%
4am -
s 585=1%
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64-475-18 Depth 158.0 10 167.5 m

SECTION 1: DOMINANT LITHOLOGY: pebblesof mostly meta

morphic rocks.

nlnmuuph Deseription

ic and v clasts POLYGENETIC boulder to
pebble CONGLOMERATE comprising mostly medium grade meta-
marphic clasts including meta-ignimbrites, finegrained volcanics,
graywacke, perlitic rhyolite, quartzite, shale, schist, quartz-meta-
conglomerate,

Piece 1: METAVOLCANICS, finegrained, light medium gray. Thin
subparallel quartz-filled fractures | < 1 mml. Orthogonal joint pat
tern,

Piece 2: METAQUARTZITE: light beige.

Piaces 3 and 4: grained, 1-2 mm, qgreen, low-grade
QUARTZ SANDSTONE,

Piece B: greenish gray METAVOLCANIC,

Pieces B, 7, 8, and 11: METAMORPHOSED prain-supported CON-
GLOMERATE, large fractured clasts of feldspar, quartz, volcanic
and lath-shaped minerals, up to Tcm; reddish hue,

TS (Pisce 1): metabasalt altered fine groundmass with abundant o-

paques, altered clinopyroxene and olivine phenoerysts. Small caleite

veing. No foliation.

TS (Piece 2|: quartz grains, B0%, ~250 um,ragged edges, recrystallized,

undulating extinction. Sat in (acy mica tramework, soma apidote,

TS (Piece 4): cemented by ohered clay, some silica; feldspar-rich

scattered pyroxene, Grains rounded subhedral, or angular, many highly

weatherad to sericite.

TS (Piece 5): ized viel?], fis ined pi itic, porphy-

ritic. Phenocrysts: 3%, 0.1=0.5 mm, cubic lu irregular reddish sphens

(replace Ti-Magn.}; 10%, 0.5-2 mm, orthoclase or sanidine, subhedral

to suhedral, altered. Groundmass: 40%, < 0.4 mm, feldspar laths; 30%,

<0.2 mm, quartz interstitial, mesh with fefdspar; 16%, 0.06-0.5 mm,

chiorite(?) elengate strands, pleochroic green. Some possible amphibole

(5%) alteration with prehnite,

TS (Pieces 8 and 11): mostly rock fragments, metamorphic, low-grade;

clasts include laminated gquartz siltstone, coarss weathered granite,

quartz-mica schist. Most fractured, broken. Trace of black bitumen in
pregnation, Clay mineral and quartz cement.

5447519 Depth 167.5 10 177.0 m

SECTION 1: DOMINANT LITHOLOGY: varied polygenetic boulder

to pebble conglomerate-cobbles varying from metavolcanic to meta-

sedimentary rock.

Macroscopic Description

Piece 1: matagraywacks similar to Pieces 3 and 4 in Core 18, Section 1.

Piece 2: graysh-orange pink [5YR 7/2) subrounded cobble with quarte
and feldspar crystals randomly set in the pinkish, fine-grained
matrix.

Piece 3: strongly banded pinkish-gray to gray blus bands.

Piece 4: small pebble similar 1o Piece 1.

Piece 5! fight gray METAVOLCANIC?

Pieces A and B: small, moderats borwn (5YR 3/4) purplish pebble.

Piece 7: pale red [10R G/2) cobble with light colored inclusions (not
crystals).

Piece B: coarsegrained rock, grayish, compossd of subrounded rock
clasts (2-5 mm) crudely aligned at times.

Piece 9: grayish-pale red (10R 6/2), fine-grained rock with feldspar
clasts, subhedral 1o anhedral, set in & gray-pinkish fine matrix with
biotite flakes in a crude, pooriy-defined parallel alignment.

TS L'Phn 20 OUAR'IZ FELDSPAR PORPHYRY (metarhyolitel;
porphyritic, of quartz, feldspar (epicttoe?],

RAock may have been ] tuﬁ but no lineation. Some fibrous chiorite,
Phenocrysts: 10% quartz, 0.5-2.5 mm, subhedral to euhedral, rounded;

5%, 0.5-3 mm and albite; ing ystic
aggregates.

TS (Piece 3): RHYOLITE IGNIMBRITE or flow banded rhyolite.
Aecrystallized groundmass, fine-grained, banded, commonly opagues,
quartz, feldspar. Flow diverted around phenocrysts: (10%), ~ 1-2 mm
albite or orthoclase, subhedral, sericitized.

TS (Piece 7): RHOLITE; tm‘ll“ll&' but almast aphyric groundmass.

partially d, Qusrizose BO% silica. Less
than 3%, <2 mm, which ware fibrous
clusters,

TS (Piece 9): RHYOLITE TUFF. Scattered angular quartz shards with
subhedral (albite, orthoclase)] and plagioclsse grains {1-2 mm) in & fine-
grained, recrystallized groundmass, chiorite, quartz alteration. Weather-
ed rind with iron oxides, many grains show sericitization. Some faint
grain imbrication,

B4-475-20 Depth 177.0 10 186.5 m

SECTION 1: DOMINANT LITHOLOGY: cobbles to pebbles of vol-

canicasdimantary rock showing low 1o medium grade mrtamorphism,

Macroscopic Description

Piece 1: several pebble 1, ant thows g and
clasts aligned in crude bedding,

Piece 2: palygenstic CONGLOMERATE similar 1o Pieces 3 and 4 in
Core 18 Section 1 and Piece 1 in Core 19 Section 1.

Pisce 3: dark gray with white inclusians,

Piece 4: pink pebbles similar to Core 18 Section 1, Pieces 6, 7, 8, and
11 {rhyolite).

Picces 5 and 6: dense grayish olive green (S5GY 3/2) rounded cobbles
with pink veins,

Picce 7: metaconglomer ate.

Piece B8: IGNIMBRITE, RHYOLITIC,

Piece 8: finegrained, VOLCANIC rock, very dusky red {10R 2/2} with
green specks,

Pieces 10 and 11: pinkish, poerly sorted, VOLCANIC with green
specks.

Piece 12: grayish-blue metagraywacke(?) bimodal serting: feldspar and
quarte clasts.

TS (Piece 1): QUARTZITE, grainsupported, rounded, angular and

microcrystalline-sgoregate claste (02—-1.0 mm) with fibrous mica

um-lupw Siliceous cement, mony w-u intergrown. Poar [ineation,

Det d, quartz with

TS (Pisce 2): clasts are angular rock fragments to brecela [1=10 mm);

inelude mica-schist, quartzita, granite, large quartz end mica frag-

ments, Grain supported; matrix siliceous {clay and quartzl, some mica

ervelopes, 5% opaques.

TS [Piece 8): flow-banded with fiamme, (BO%) very fine groundmass

mosaic of quartz, feldspar and minor micasand opagues. Shards, re-

crystallized, reaction rims. Phenoarysts: 10%, ~ 1 mm orthoclase [Ab)

subhedral, sericitized 5% ~1 mm, guartz, subhedrel, embayed. Rare

high hif ouhedral {ap } along wall-devel

oped, nl-w fk.m laminations,

TS (Piece 9): feldspar [plagioclase-K-feldspar) phenocrysts and frag-

ments (30%]; euhedral to subhedral altered pyroxene (5%), sphene

(3%), quartz (10%) | ~1 mm) in a light brown, partly devirrified glass

{much isotopic) groundmass (40%). TRACHYTE(?),

TS (Piece 11): =s sbove. GLASSY VOLCANIC EFFUSIVE (50%)

euhedral to  fragmentary to subhedral to globuler feldspar (plagio-

clase and K-feldspar), and guartz with (50%) light brown isotopic

groundmass. Some devitrification to chiorite(?].

64.475.21 Depth 1865 to 196.0 m
SECTION 1:

Macroscopic Description

Piece 1: 1—-2 mm grain-sized silicacemented graywacke, Grains include
quartz, feldspar and lithic fragments. Marrow calcite band,

Pisce 2: purplish colored feldspathic tuff{?) with equal proportions
of clasts and aphanitic groundmass,

Piece 3: very fine-grained light yellow (5YR 5/2) rhyolits with orange
1.0-1.5 mm yellow phenocrysts.

Piece 4: same as Piece 1.

Piece 6; very coarse polymictic breccia, with quanz {up 10 & mm) and
lithic fragments {up to 2 cm} in a siliceous brown groundmass:

Pieca B: coarse polymitic conglomerate. Large quartzite pebbles { »0.5
mm} in siliceous matrix,

Piece 7: 05-4.0 mm groin-sized silica-cemented graywacke with
guartz-rich hands. Some lithic fragments.

Plece 8: 7 medium-grained metasediment (7).

Piece 9 Psiliceaus vein material

Piece 10: similar 1o Piece 2.

Piece 11: fine-grained dark gray quartzitie sandstone,

Piece 12: fine-grained graywacke(?) or poorly sorted sandstone with
foliation [probably depositional) shown by biotite.

Piece 13: medium-grained Dlln @iy quartzitic sandstone.

Piece 14: palyjmicti ining 0.2-3 om clasts of
quartzite and pelites.
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476 HOLE A CORE 1 COREDINTERVAL 0.0-85m

4!

TIME — ROCK
UNIT

g FOSSIL

; CHARACTER

-4 z “

-] ? =4 GRAPHIC

;E z E| & | umrology LITHOLDGIC DESCRIPTION
£ AR -

&

(=}

=

FORAMINIFERS
| MANNOFOSSILS
DIATOMS

GRILLTRG
SAMPLES

g
3

PLIOCENE

Chunks of mainly olive gray (5Y 3/2) hard CLAYEY SILT TO
SILTY CLAY. Scattered mica flakes, quurtzose. High level of
Incizrarion af this muditone matcher most closely with musf tur-
1 Iuidtites o1 the base of Core 17, Hole 476

In the Core-Catcher teeth thers was one tiny chip of greenish.
qray silicifisd matssiltstone similiar to some cored in Hole 476 —
cobbie zone, Heavy mineral suite curiously dominated by mafics.
Feldspars are highly weathered.

SMEAR SLIDE SUMMARY
cc

o}

2 TEXTURE:
Sand -}
S a0
Clay 55
COMPOSITION:
Cusarez 15

1 Fridspar 8

Mica L]
Hoavy minerals B{Zr=2 Ap=1Hbi=2, Pyrx= 1]
Cay 80
Glauconite 2

3 Pyrite S
Fargminifen 1
Cale. nannafosils TR (discoasters)
Plant detwis 2

CARBOMATE BOMB: «<1%
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SITE 475 HOLE 8 CORE 1 CORED INTERVAL 00-95m
-] FOSSIL
- 5 CHARACTER
8 |z.le3 zle
1 el =
AEEHE g £l B | iy i LITHOLOGIC DESCRIPTION
<
R HHEAREE TEP
z = ! g = 2
B ETHE A E 3
|l i FEHE
E .
05 EY 312
., Moderate 1o imsnsaly disurbed olive gray brown (5Y 3/2)
i 3 DA DOZE TO MUD, il an
. bearing. Downward increase to nannofossil muts 10 ooze, very
104 fossil rich, Coloes define bands of olive gray brown [BY 372),
n gray olive (10 3/2) and pale clive to vary pale ollve (10 5/2—
~ 772). Lightly mortied. Paler invees and lower brown layers have
4 more nannofosmils. Various dark stroaks, burrow fills,
- 2 oY 4R Section 2, 130 to 190 cm: @ layer graded bed with thin sand
= liyer: ofive brown. Decimeterthick sends deline productivity
= warigtions,
2 =
. | Gray alive {10Y 6/4)
= BY a4 SMEAR SLIDE SUMMARY
= 130 230 530 7-60
= o} o} o} L
= TEXTURE:
-1 Sand 5 7 2 1
=3 Sint 40 L] 80 B0
—4 Clay 55 48 40 40
= COMPOSITION:
3 -, Ouartz } 10 } 15 B ]
g R Feldspar - 3
w = Mica 2 - - 2
2 B Heavy minerals 3 3 1 1
E ~ 3 Clay L
= = Pyrite 1 H 2 3
2 z I 10Y 672 Carbonate unspec. 2z 3 -
= 11 Foraminifers 1 TR TR 3
= i Pt 107 472 Cale. nannatouil 3 3 20 40
3 e Distorms % % B 6
al 1 10V 62 Radiolarians 5 5 1 5
N Spange spicules 3 2 - 2
3= Silicofiagellater 2 3 - -
B Plant debeis 2 1 - -
B 0¥ 72
= = CARBONATE BOMB: 533 = B.5%
1= 542 =%
[ =
1 o | ven
- A
—
- M
_-l‘
s| 12
- A
.y 10V 672
N
B g
3=
4 =F
— |
e
47 BY 472
T
Ik
=
¥
& o4
o
=1
1
<+
=
<4~
1 Vary paln
4= . ury pal
7 ..’iJ [~ 1082
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150—

Piece Number

CORE/SECTION -

Orientation

211

Shipboard Studies

TSR ST Al

Piece Number
Graphic

Representation

LSl

Orientation

Shipboard Studies

NN S SO SN] Aeration

Piece Number

Graphic

Representation

Orientation

5

Void

an

Shipboard Studies

Alteration

Piece Number

Representation
Orientation

Graphic

|

-

| Alteration

Shipboard Studies

Alteration

Piece Number

Represntation

Graphic

Orientation

Shipboard Studies

Piece Number

Graphic

Representation

Orientation

Shiphoard Studies

| Aneration

Piece Number
l Graphic

Representation

Orientation

Shipboard Studies

Alteration

G4-4TER-2 Depth 760 to 77.5 m
SECTION 1: DOMINANT LITHOLOGY: alivine basalt.

Macroscopic Description

Very fine-grained dark gray (N4) basalt with sbout 3% plagloclase
microphenocrysts end rather more [fresh, apple green) | ~5%) olivine
microphenocrysts, None of the phenocrysts exceeds 20 mm, and
generally they are less than 0.5 mm, The rock has a heavy foel

Glassy selvages (fresh) occur in Pieces 3 and 5. Mostly the rock is
vary fresh, but slightly brown rims cccor on Piecss 1, 3, and 6.
The peripheral nature of the alteration suggests that these fragments
are probably cobbles lying exposed to sediments and/or water

Fractures in Piece 2 contain caleite,

Fractures on Pieces B and 7 arc covered with green vein matereal and
Taeclite(Piece B).

TS 14 om (Piece 2): fine-grained olivine basalt, Texture: quenched:
variofitic and intersertal, porphyritic. Phenoerysts: olivine 10%, 0.2-
2.0 mm, enhedral to subhedral crystals, many of which are broken,
Very frash, with evidence of only very slight alteration. Mo plagio-
class phenocrysts seen in this thin section. Groundmass: olivine ~5%,
=02 mm skeletal, elongate erystallites growing in si laginciase
B0%, 0.1—-0.3 mm long microlites, some of which i variolitic
chesters, i 20% clinopy . = 5% magnetite, and
~B% llmenite lis' in about 10% mesostaus. Alteration: apart from
slight alteration in ollvine, none, No vesicles.

64-4758-3 Depth B5.5 10 87.0m
SECTION 1: DOMINANT LITHOLOGY: olivine basalt.
Macroscopic Description

Very finagrained dark gray (N4) basalt with <3% plagioclase micro-
phenocrysts and rather more . (apple green) fresh olivine |~ 5%)
Y yits, The mi h yits gra generally less than
0.5 mm in diameter,
Slight altaration rims indicate that thess are small individual cobbles.
Glassy selvages found on Pieces 1 and 3,
Indistinguishable from the basalt of Core 2.

6447584 Depth 96,0 10 966 m

SECTION 1: DOMINANT LITHOLOGY: sparsely phyric olivine basalt

Macroscopic Description

Very finegrained dark gray (N4) basalt with <3% plagiocisse micro-
phenocrysts and rather more (apple green) frash olivine (< &%)
microphenocrysts. Microphenocrysts generally <0.5 mm in dinmeter,

Indistinguishable from basalts in Cores 2 and 3.
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SITE 476 HOLE CORE_1 CORED INTERVAL g0-90m SITE 476 HOLE GOPH_E 2 CORED INTERVAL
B FOSSIL 2 FOSSIL
§ 5 CHARACTER . ; CHARACTER
EMARE HE - EMAE I
e 5"5 HEE 2l LITHOLOGIC DESCRIPTION HIEH i 2 gl e LITHOLOGIC DESCRIPTION
mMiz| 2 o Rz =
e HHHHEEE A AHHHHEEE 1 IH
g |5 z =4 R ; e =}
ENHE g i S |5 g 5 £ §
= z @ - | = o o
= L. Olive
] Fsv Y
] Very disturbed grayisholive gresn (5GY 3/2) to moderate ofive
-1 brown (5Y #/4) MUDDY NANNOFOSSIL.DIATOMACEOUS c ma| ) ’
ipelagi i Intermaly disturbed, dusky yellow green (SGY 6/2) to grayish-
053 BGY 411 OOZE, Hemipelagic sediment; colors aherate frequently, ind. ol rr— olive graen (5GY 2] musidy NANNOFOSSILDIATOMACE.
1 i cativa of changes in bwwﬂc.mu. Nannofossil-rich laysr 1 i borassali OUS DOZE. Same slternating derkes and lighter colaring indicat-
1 are lighter in color; diatom-rich layers relatively darker, Cantacts caze ing rnnatosltrich (light] or distom-rich (dark) sediments. HyS
1.0 are gradational. Biogenic componant incresses down core, HyS peesent., reduction streaks and wpots common, slight coarsening
- pravadent Wﬂum core. Reduction streeks and POty common, milmﬂ ||h' dawnward 'n the cora
. Silicenus components fragmented.
3 AR SLIDE SUMMARY
A G s SMEAR SLIDE SUMMARY - S 1 262 360 413
5 110 280 340 480 = (] (L] (1] o)
3 ol o) M (D) p TEXTURE:
. TEXTURE: . ) . . Paie MIIQM— Sand 2 - - -
. Sand H — # | rouddynan Sike 3 a0 o0 60
2l A Woad st w 3% 40 2 font oty
A M 3 o E 5GY 572 Gy I AR
] Ciay 58 83 3 - COMPOSITION:
— COMPOSITION: =4 CHLSAPLE Quartz 15 8 2 w0
1 Quartz & 15 ] } 10 2] Fekdepar 3 2 2 5
7 Faldtpar 3 2 1 ] Mica 1 2 - 1
m Mica 3 1 2 3
v ineraly 1 - e 1
A MG| =1 braa Hoavy minarshe 1 1 i o 2 ] mm % 4w 20 W
1 Clay 30 30 10 30 g ] Glawconite - TH - -
x Pyrite 2 12 2 1 Y 7 Pyrite 1 2 4 4
s Carbonate unspec. 3 2 & 5 ! — Carbonats urapse. 2 ] — 2
B Foraminifers 5 5 5 3 B ] Distompcecus- Forsminlen - = -
3| 3 107 42 Cale.nanncfomis 10 26 36 2% = 3 i muddy e 5 3% 2% 15
= Diatoms 5 20 32 20 w |V e Distoms 0 0 W 3
= Radiolarians 5 5 : ] - ¢ g Radiolarians 3 Nt 2 3
B Spanga spicules i 2 - g Sponge spicules 1 g T 1
ki = Silicofiageltates 2 2 3 E Sillcofiagellates 1 1 TR
ﬁ = Plant dubiris 3 1 1 - 2 Plant debriv 2 = - TR
) | 4 "
E R CARBONATE BOMB: 2.61 - 5% % n " e ™ CARBONATE BOMB: 2.19 - 6%
& 7 i = = Imusddy) 375= 17%
g . 3
B 4 3 .
g —
A MG, =
b 5Y 4/4
s [ Gm 1
= & m
5 : 107 5/4 c_c E
c =
z o 3
2 ]
o =
=3 4
¥ B
7| 3
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SITE 476 HOLE CORE 3 CORED INTERVAL 18,5-28.0m SITE 476 HOLE CORE 4 CORED INTERVAL 28.0-375m
e FOSSIL e FOSSIL
5 ; CHARACTER § g CHARACTER
- EMAE | 2 EMAERE 2 u
S i 2 & SIRAPHIC LITHOLOGIC DESCRIPTION Ce|2z|8 4 § & SRARiIC LITHOLOGIC DESCRIPTION
12 |E8|s H 5 LITHOLOGY 1z |gg|s & b LITHOLOGY
R HHHAREE e SR HHHAREE 110
£ |= |2 l C = E 2|8 5
P 5 5 £ |5 |2|Z|5 E 5
FAHEIEE 3 R HEHE 3
: —
N ki ey Highty disturbed, olive gray (5Y 3/2 1o 2/2) to moderste olive
- brown  (5Y 4/4) muddy NANNOFOSSIL-DIATOMACEOUS Imtarsabty clsturbed, marbled, Hght olive (10Y 5/4], 1o graysh
“:J._L 0OZE, pulses of lighter (nannafosilrich] and darker (diatom: * | msmnofossiicome  alive (10Y #/2) muddy NANNDEOSSIL OOZE (MARL) TO
1 L rich] homipelagic mud on a 20 to 50 cm cabs. Some palw ight A M|y DIATOM-BEARING SILTY CLAY, Mud has very litde wilt,
_—_J_—l- " Mannatossil ooe olive (10Y 6/2) to grayish olive [10Y 4/2) moniing in Section 6, dark and light bands with transitional and sharp contacts but
10, < - Sandy Contscts between color [nannofossi)-distomeceous-nannotoni|| not graded beds. Light olive leyers sre nannatossilsich, Graykh.
A GM ~J'_|_ . changes gradational, lighter upwards, may represent fine.grained olive are modorately rannofossilrich. Some datker brown sedi:
5 il mud turbidites, Spange spiculitn blsby camman. HoS presens. muents fminor) are nannofossil poor. HoS present. Color wisps
- 8Y B2 suggest former decimetar 1o cantimater badding,
—1i SMEAR SLIDE SUMMARY
3. A 180 3100 670 1110 CF 1 — mixture:
] @ o (R 0% quartz, 5% feldapsr, 5% biotite, 4% gluconite pellets. 40%
== EY 44 TEXTURE: planktonlc foraminifers, 26% benthonic foraminifers, 10%
A M - 10 512 Sand 6 - 2 - A G pyritized burrows and wood fragments, and 1% ostreced and
2 T . St 25 ;0 83 = 2 pleropod.
4+ Sy 4/ Gy 70 70 45 -
4= COMPOSITION: SMEAR SLIDE SUMMARY
% gl Ouartz 5 65 12 20 150 380 550
o Fedupar 10 5 3w o MM
- Mica 3 3 5 5 TEXTURE
e b B Heavy minerals  — 1z VA 7 Sand TR TR -
= Clay s W W - sit £ 50
=1 = Glauconite - - = 5 65 60 50
—_:_4:.—\"“-‘. By 4/4 E\'-r\n R s 5 & . g'n;b:“msmnu
- t bonate unpsee. 5§ 3 & -
3 _J_i.'_\-:" Foraminiters 3 - 5 15 large benthic] 3 Feldspar {s {» {
A M Jdu——RA - 18 {planktonic) i c " Mics = 2 2
E 4 4E Calc.nannofossin B0 20 3B - u Heawy minerat  — 2 3
W T Distom w40 20 ) = Clay L 16
8 3 o Fadiolasians TR 3 - 2 Pyrite 1 - 2
& S el Spange tpicules 1 L2 2 2 ir Carbonae unspec. 3 5 -
w _L"L}'— Silicollagellates T 2 2 - i . Foraminifers 3 1 3
a ] €14 SAMPLE Plant defieis - 3 1 - = - Calc. nannofossify 5 50
w _,J_-l- - > I Diutoms 16 10 [
B R o B ATl Y CARBONATE BOMB: 4120 = 4% (darker] 2 3 Rastivlarian T3 2
3 LY I S et 657 = 21% light) < ¢ Mla| 3 Sponge spicules 1 1 1
-4_"'.":._ e 3 Silicoflagellates 1 2 2
T4 . Plant dabris | -
= B B e B 7 Discosters = = ™
- oG Grewnish gray _ . CARBONATE BOMB: 526 = 12%
44 "‘i}_. pat (BGY 8/1) 4 .
] - 2 .
T .
8 e T < A ]
A am| | 3 J—E"‘, - S fom . .
= e B B 0767 ! 7
5 Jt _._i"' e s|
b i v .-
L icC =
T
- =
Z 5 L__I_L.
g oy
= A GM| —Ju
A -L-I-
% ¢ - *
m =
1 o, -
e 4
o | A
- e
1
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SITE 476 HOLE CORE_ 6 CORED INTERVAL 37.5-47.0m SITE 476 HOLE CORE 8 CORED INTERVAL 47.0-565m
2 FOSSIL =t FOSSIL
" § CHARACTER - g CHARACTER
M EMBRBE HF: M EMAE 3l e
B |28 & GRAPHIC o 3 gl & GRAPHIC
e E..S. E g - 5 E LITHOLOGY “ LITHOLOGIC DESCRIPTION 'E '-EE ; g : £ E LITHOLOGY LITHOLOGIC DESCRIPTION
A HE I E £ g3 (E8(E15(3(8| (&2 + TH
F g |z i HE £} 3 E | HEE = §
@ |2 a =] -3 § HEE 3
F~— ; ] c:)
4] ]
o - 5GY 672
Moderate 1
o D ey B Intersaly disturbed, dusky yellow green (SGY §/2) 1o |
05| — a | SRR Intenmly. dimrted, murblad, dusky yiliomgraea. (S 8/2) 05 . ol sriy (5Y 47 NANNOFOSSIL-DIATOM BEARING SILTY
> EAR 0. Woderdie oy beosin ISY: /1) HAMMNGEORSIL DIAIO: ] CLAY TO CLAYEY SILT. Hemipsiagic mud, Biogenic compon-
1 _I_—v; MACEQUS MUD TO MUDDY DIATOMACEOUS MANNO- 1 4 ent decremsns 1o bottom of cors, Compaction incressing; with
’n: b FOSSIL OOZE, May have bean ﬂglmllulvoﬂ_w layered (non- B w-: darker Layers arn firmor than fighter layers, Wood fragmants,
m ¥ notosii-distomacesus oozes and silty claysl, Biogenic eampan- - HyS odar, Reduction spots and streaks common,
-J-"v? ents decrease 1o bottom of core, H?S prasent; reduction streaks i
:1_ ) and pott comemon. Some mofiling presant. = Section 4 and Core-Catcher: akmost sntiraly tersigenous sediment,
- 10GY 62 ) -
:L-u_-‘ Section 2, 100 em; Section 3, 30 to 90 cm; and Seotion 4: dusky ] SMEAR SLIDE SUMMARY
i~ yellow [5Y B/4) BAND patches, highly disturbed. Viery clean, . 150 a68
o 11 well-sorted medium- 1o fine-sand with banthonic and plankianic ~ (ol i
c M= foraminifers, quarts, fukispar. May have been o basal sand of a . TEXTURE:
2 = A= . Dusky yellow mud turbidite o 8 burrowed sand filling, 2 7 Sand £ o
3 B a5
. 'V“: . SMEAR SLIDE SUMMARY A = 2:' :g =
Y S, foraminiferal sand) 150 280 2100 4130 z =] COMPOSITION
n == b} (o) (eF) (O} 2 3 Quartz 15 15
I ESLET TEXTURE § b Pl B 8
| Sand 4 - 100 - =] - Mics 2 2
Site & W = B # Hoavy minersli  2(Ep.Api 4
A ] Clay o - 6 ~ an’ w
b COMPOSITION: v Glauconitn TR -
. Cuarts 0 8 10 A Pyrite 1 1
3| 3 Faldspar 10 3 { 4 5 3
= 3 Carbonate unspec.  — 1
n Mice & 2 E! Foraminifers - 3
= Menvy minersls 2 L 1 Pals olive Cale. nannofonils 12 ]
w 1 Clay 2 20 - ¢ v e Distoms 5 3
g - o % & - 8 w Radiolarians 2 { fragrmants 1
te - z ;
=] = Sponge spicules 2 1
B 4L Carbonate unspec. 3 - 5 ) 2 § Plant detwlx 2 2
r} Lo Foraminitars 2 5 gl _ 8
| — Cale. nannafostils 15 E) - 7 w ¥ CARBONATE BOMB: 232 = 13%
; A —h— ) Distoms 20 20 - 1] ] i v
o s o Grayish grasn Rradiaiarians - R ] T 4 .
5 i Sponge spicules 1 1 2 2 > fo)
ui T £y Silicoflagallstes -~ TR - - & o
4, Plant debris 8 - - 2 <
[P - Coal? = = 2 - |0
T o]
_t. - 10Gv 82 18 henthic: 16% and planktanic 15% ool o}
s CARBONATE BOMB: 3.136= 12%
k= BGY 512 3138 = 12%
5 i TR A
c :t_
= 1
F34 T~
§ Ju
g‘ A T
h L] -
2] N,
v o :J'-
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SITE :?6 HOLE CORE 7 CORED INTERVAL 56.5-66.0m SITE 478 HOLE CORE_8 CORED INTERVAL 86.0-766m
g FOSSIL m
g FOSSIL
§ ; CHARACTER . g CHARACTER
EuwlB| 5|2 Zl e g |= ] @
N H R =3 GRAPHIC Suw|E| 2 gl 8
' '&E § ] El E | uoroay LITHOLOGIC DESCRIPTION tE .‘-E £ g E | | emame, LITHOLOGIC DESCRIPTION
| Bl [ i|f g = 2 g5 (892 ile IR L "
gl |3|2]312 g £ HHEHHBEE g
El EHHEE E SN HEHEE E
Highty disturbed, graylsh olive {10 4/2) diatormn-bearing SILTY A
CLAY and dusky yellow (5Y B/4) SAND. Sectiom 3 and 4: Intersaly disturbed, homogenired grayish-olive green (5GY 3/2}
scartered large biebs (lormer layers) of SAND; wallsored and dightly siliceaus SILTY.CLAY. Soma evidence of lighter Layer
1 0¥ 42 very clesn. Containe ~50% broken foraminifers (benthic and bur badly dlsturbed, Slight HoS present. Some reduction sireaks
c planktonicl, quartz, feidspar, e biotits. Some mattling of silty 1 BGY 372 and 1pots, Wellsorted, coarse, dusky yellow (5Y 6/4) SAND
cley. HaS present; mduction wpots and itresks commen. Colors prevalent in Section 2, 10 to 50 em, snd scattered blebs.
lighten to grayish yellow green (BGY 6/2) at bortam aof core 4 i
Sty ciay SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY 1110 2110
2111 4110 (] o)
ol (cFl D) TEXTURE:
TEXTURE: . L CEi5VOA Sand - 2
Sand 2 - 5 W wellow sand] Sl 30 a8
Silt £l - E 5 A Clay 70 23
c 2 ot Clay . 0 5} 2 COMPOSITION
Siity elay COMPOSITION: o 5 Quartz ] }
¢ CF Cuartz 20 B |;ngd;:rz Al & T
* | (foraminiferal Foldsar { 0 g {"'5 W . Mica 2 3
sand) Mica 3 1 3 = Heavy minerals 2(H, Ap) 304
~C14 SAMPLE Heawy miverals 2 H 1 % Clay 60 50
Clay o - 50 [ Glaueonite 1 =
Glaucanits - ™ - e Pyrite 2 2
Pyrite 2 - 3 A Carbonate unipec. TR 5
Carbonats unspec. 2 20 5 Foraminiters 2 3
3 Foramniters - aglel _ loy 42 Cale. mannofomsi 1 7
i Cale. nannofouils 10 - 3 3 Diazommi
E c Diatoer 0 - 10 {poor sliceoun
5] Racolarians 3 - 1 fosil presrvation] 2 5
g Spongaspiculs 3 TR 2 Raiolarians 3 |
L] Silicoflagellates 1 - 2 Sponge wicules ] 2
. 14 gerthic and planktonic Silieoflagellates 1 ]
& CARBONATE BOME: 2-103 = 40% [sand)
Lo 4 6108 = 7% (mudi COARSE FRACTIONS: 234
= = Quartz
= 1 Feldupar %
R 4 =l Plagiociase 2
] Plankronic
4 o | Claveysin foreninifers E
= = Benthic
E = taraminiters PO
= g Large woad 2
cd Unipec. carbonate
by snell 10
i Spange spicules -]
2 Huary minerats 2 tap, Zr, Ep)
. v Pallan 1
5 _ Mica H
10GY 62
s A &
Z
2
=
I_Rl_ BGY 672
vl |® 7
cC
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SITE 476 HOLE CORE 2 CORED INT AL 75.5-85.0m SITE 476 HOLE CORE 10 CORED INTERVAL B5.0-845m
g FOSSIL o FOSSIL
é i CHARACTER G ; CHARACTER
EMEE gl g 2 |lzulel= z| w
2. |BulE[2|2 4 B GRAPHIC = ™ ER R s 2 GRAPHIC
£ ;é HEIF] £l E | umowoer | g LITHOLOGIC DESCRIPTION TZ QE E Bl2 ElE | dmHococy LITHOLDGIC DESCRIPTION
N HHEHHBEE +FE A HEHH N .
R HHEHE E+H =18 |3]5]3]z :
= z|2|8 B @ |e|= 8 ]
¥
Intersely diswrbed o deill breccla of uniform gravish-olive BGY. ¥
green (SGY 3/2) hemipelagic SILTY CLAY. No sand pressnt, Intersaly disturbed, grayisheolive green (BGY 32| m w“’!ﬂl
slight HaS odar, rare wponge wpiculites, Some darker mattling, 05— green (10GY 6/2] SILTY CLAY, firmer. Moderate mottling,
noted frace occurrence of reslite and carbonats idolomitel c j :hu Inm‘;n;l"d:lh to &T.ms-:;ﬂ:! :ﬂ':?:\;“a:::
rhombs rovn patches [n 2 .
5Y 404 torted), These may be basal sands of mud turbidites. Sands are
BUIEAR RLILE SURAARY 1.0 Ying-grained, with significant clay fraction
10
i) Section 6, 95 to 97 em: small VITRIC ASH bilebl, clear anguiar
i TEXTURE: shards up 1o B.A mm R, |, 1.51 to 1.50, more cobmsivenen and
: * o 2 lms divturbance with depth, Alternating color layers appesr in
sik i bottom of core. Coarser imzo Core-Catcher but no Besal sand
70 present.
Wood
20 R % Section 7 and Core-Catchér show o turbidite with basal sand
g andt gracual lightening of colar upwards, Section 7, 61 cm: lighter
; ayers more nannofossil-rich
2 (Ap, Fr, Sphens)
. 80 SMEAR SLIDE SUMMARY
T 695 751
3 ioh LU L]
B 1 106Y 52 TEXTURE:
1 {datomite?} Sand TR - TR
1 Silt 30 - 45
1 Clay 70 - 66
R COMPOSITION:
3
- Radiolarians s Sity clay Gusriz { . .
Spange spicules abdspar -
s B e Mics 3 = 2
g o s"'m"#i_“lﬂ 2l = H minaraly 5 - a
5 o Plant debris 7 = = {;::v i &
w = -
2 : @
= 0 CARBONATE BOMB: 2.52 = 4% 8| B Pyrite = 1
> o} bl s Micronodules 2 - 2
e wl A Carbonate unspee. 5 = 5
= o} 2] 4 Cale. rannofomsits 1~ 15
g o bl Diatoms 2 - TR
o a0 v |a . Radbolarians g = e
- o < Spongs spicubes 1 - 1
= Plarm debris 1 5 -
o] Vitric ssh - 1w -
10
! CARBONATE BOME: 6114 = 2%
g
i A 5
O
z J’ w
g g 8
o -
2 a
™~ w
- -
‘ 3 g c L] Sand
~
n Ash
o
o 5GY 312
W
R 7 sy 44
cc 10GY 52

IDASNVYEL NIDYVIN JAISSVd VINYOAITYD VIvH



149!

SITE 476 HOLE CORE__ 11 CORED INTERVAL 945-104.0m SITE 476 HOLE CORE 12  CORED INTERVAL 104.0-1135m
o FOSSIL -] FOSSIL
§ ; CHARACTER § i_ CHARACTER
= 2 1218 = “ (-4 ! s E “
= 2% 2] 5| 2 ol = GRAPHIC e 213 8| = GRAPHIC -
Tt :é £ g i E|E | umiotoey LITHOLOGIC DESCRIPTION TE ;E HEE E| & | umotosy LITHOLOGIC DESCRIPTION
PR ER HHEH R HE Bl S HEHHBEE +TH
= - = E E
£ g HEIEIE 3 ! E |z |3|Z)5|k E 5
= |2|=|2]|5 B = [2|2]|2]|5 B
1 : ] -
lIntensely disturbed, grayish-olive green (BGY 3/2) firm SILTY 3 107 4/2 Intensely disturbed trrigneown mud, grayish-clive (10Y 4/2)
i CLAY., tarrigenous mud. Small gradations! color change thiough- 0.5 SILTY CLAY TO MANNOFOSSILBEARING SILTY CLAY.
73 ’ EGY 312 out the core. Scattersd mica- flakes comman, disappears in B Mo sand patches of HyS. Small amount of mica visible in discrete
ML Haction 4, Na- Wi of aied myseey iait isod:biete o Secon 4, c s|' 3 layers (40 cm thickness). Some derker mattfing in Sectioms 1
Saction 5: darker mottling common a1 Bottoe. 'I,O-: i and 2. Reduction rtraaks or spors commen, Faint Indication of
- SMEAR SLIDE SUMMARY 3 possible graded cycles of fine-grained mud turtidites,
3 4
P f:.l ll:‘ﬂ 1 ! Section 5: some small pyrite nodubes s burraw illings comented
A TEXTURE: - { with pyrite. Scettered purmice chios alio present.
! Sand - 3
~ 1 SMEAR SLIDE SUMMARY
9 Silt % 1 ! 270 570
! COMPOSITION o o (o
A 1] : s
2 = \lgic i Quartz i { -~ c G| g . ;I":.:TURE -
Feldpar . Sily 36 a5
ica 1 = = Clay (3 66
Heavy minerals 5 2 — ‘COMPOSITION:
Clay ] 65 ] o
o= Pyrite 3 - - & 0 12
mmuu ; q | Ptk Mica - 2
Caic.nannofossits 7 41 a oot s B S
Distoms. 1 3 A G -] Pyrite 5 1
A M| 3 Radiolariem :2 : 3 Carbonate unspec. 2 10
S?‘.""“"““" Foraminifers 2 =
Bilcfuptiv| | ™ Colc nannofossin 13 10
CARBONATE BOMB: 4100 = 3% E . ine > 3
i 3
= = * Sponge peculen - 1
§ i 4 Silicaflagellates - TR
=1 z 9 Plartt dabris - ™
s 8 7 Disconsters 3 -
[ =] -
= = —
3 ¢ M| 4 5 R m|a| 1
E i
G ] .
[ § " ]
g =
Mottling 3
z d
~ ™
?' v
A
s G
™~ c & .
v
sY a2
c G|7
CC)
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SITE 476 HOLE CORE 13 CORED INTERVAL 1335 1230m SITE 476 HOLE CORE 14 CORED INTERVAL 123.0-132.6m
g FOSSIL £ FOSSIL
AN HORRE g (3 | e
w
R H gl = GRAPHIC -MENEE Ele
(5 :§ £ i HE LIFMBLOOT LITHOLOGIC DESCRIPTION SEIEE|E g g elwe ‘_f".':‘g:ggv LITHOLOGIC DESCRIPTION
g° HHIREE E2eH 8 I HHE Bl & LY,
g |2 8 S EjgE 2 $° 17582 £ % £k
g (5|3 g £ ] 3 Fols |2|E|a|s = ;
& |2 H 3 EHEIHE 3 E
3 —— Highly disturbed urtiform mud, grayish-olive 110 4/2) to dusky
0-5: yellow green (BGY 5/2) to grayish-green (10GY 5/2) firm SILTY c M Highly disturbed, homogensous, grayish-green (10GY 572) SILTY
] CLAY. No HoS5 or sand layers. Pyritized burrow fillings snd CLAY ; hemipelagic mud with minar, poorty presseved siliceous
1 ] L3 " pebbiles of andesite il common. Reduction straaks and spott 1 dabris. No evidence for sand, or Bioturbation mottles, scat-
A L ] m'&".'-?,‘.'?i‘.'\'; common, Small sand Blebs {1 to 2 em) could be burrow Tilling. tared roduction epecks and stresks common, Same scattered it
1.0 iy More mica and darker color st battom af core. pebbles
= SMEAR SLIDE SUMMARY 10GY B2 SMEAR SLIDE SUMMARY
- 170 470 270 570
[[=1] ol o} o)
= TEXTURE: TEXTURE:
] Sand - - Sand 1 -
=1 Sin 30 26 Silt 40 a0
- Clay 70 75 Clay B0 B0
2 = COMPOSITION: 2 o | Siltyclay COMPOSITION:
. Quartz } Ouariz 15
Feidspar { L Fakdspar L a
Mica 2 1 " Mics i 2
Heavy minarals 3 2 o Haavy minersh - 1
Clay 50 [ A 65 60
Pyrite 1 1 p’f Glaucanite ™ -
Carbonate unspee. 3 3 Ll Pyrite 2 2
Cale. nannofossie 5 ¥ 1 1
Diatoms 2 B Forsminifers - 1
Radiolarians TR ™ Cale. nannotossis 2 @
A mel 2 Sporgespicuin TR 1. 2 3 Distoms. 5 5
Siicofisgellstes - T Radlolarians 1 kg
Discouters 1 1 A G Spangs spicubes 2 3
Sificoflagallates  ~ 1
CARBONATE BOMB: 181 =7%
H ] w 19! gilicaous components as debris fragments.
w - W
8 + g CARBONATE BOMB: No HCI rasction
& =
w @ A MpP
4 . o
5 A M . g 4
[ M| ] A M
5 ] 5 .
u
s
~
L G|¢
o
c G|y
(=
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CORE 15 CORED INTERVAL 1325-142.0m SITE 476 HOLE CORE 16 CORED INTERVAL 1420-16156m
5 g FOSSIL
g g CHARACTER
g g g
g l=z.08 zl g EMEIE zle
S EH S GRAPHIC HEHE S GRAPHIG
i HE B e, LITHOLOGIC DESCRIPTION I E ] g | wuThooay LITHOLOGIC DESCRIPTION
wd|EN]E w ]
£7|E |3 L H 3 = H
@ AHHHE ! A HEHEHE g
@ | =] = a i
: 56Y 672
Interse drilling disturbance, dusky yeliow green (5GY 52} Sections 1 and 2, intenaely disturbed, firm, grayish-green IB.GY
SILTY CLAY. Bloturbation, reduction M; comman. No st B2} SILTY CLAY with some siresks and nmn of Ihﬂl.llr
st sandy layers. Hemipelagic mud cantaining some poorly pre more olive. Mo evidenes for send or carbonate. Minor reduction
served silicsous fossil debris, wpots. Minor iilicsous debris present.
s.cm3,Nun:bl|b.wmywiwﬁnu:‘mrm:;rﬂlno:- E.nlon‘;; and m W e Tm] hard, T::D-
taining very angular fragments of a low A.D. [ -1.52). Low bi- MACE MuUD, y yellow green to grayi vy
fringence clesr miners| (quart2?), Soma crystal faces, chonood- (10Y 6/2] with taint pale olive (10 /2] mottles. Structursles,
dal frocture, without carbonate. Well-preserved distoms. Moderstely well:
3 worted grain-wpported SANDS as discrate beds (1 1o 2 om thick),
SMEAR SLIDE SUMMARY ‘; Quartz-biotitefaldspas  variety, scoemory forsminifers, bower
170 M o~ contact sharp, Possibly same heavily burrowed silty, faintly
o L fl\ graded. Muds are redeposited. Rars white, (7} SAND SPECKS
TEXTURE: 2|~ s burrow fillings at Section 3, 50 cm,
2 Sandd 1 85 § .G c
k] 15
w ﬁ‘w &0 i = SMEAR SLIDE SUMMARY
= COMPOSITION g 170 350 3120 484
8 . m ey Db M (cFl (D)
<] o ] S ] = TEXTURE:
=5 Feldspar 20 5 - - 4
& Mica 3 2 Send 2 3
& Heavy minerals 1 2 - Mo oW oW
3 g‘,}" 8: 2 | White specka COMPOSITION:
z R Quartz B 8 75 15
z Carben =
B pachriso i Feldsoar w2 w0
9 3 . Cale. nannotomsils 2 1 o 4 3 & 5
'A i Z . Heavy minerals 2 - - 1
1 * Radiolariany 2 Sillceous presarvation Cimy o B &0
% Spongaspicules 1 poor |- Detrital sand s s = = pics
3,77-18 =
CARBONATE BOMB: No HCIresction  Lithology  Silty sand MP\H“. 5 _e 2 - _3
5 08 - 1% Sand B84 Zeolites - - -
£ - e = 2" 2
CC —{ = ¥ Dieieraskcut Foraminifers - - 10 -
3 c musd {5Y 4/4] Cale. nannotossils 4 - - 3
~ Diatoens 2 - - »
o ‘Poadiolarian 2 - - 1
Al 0¥ 412 Spongespicules 1 - - 1
& Silicoflagetlates  — - - 5
g Plant debris 2 - - -
TE BOMB: No HCI reaction
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SITE 478 HOLE ‘CORE 17 CORED INTERVAL 151.5-161.0m SITE 476 HOLE CORE 18 CORED INTERVAL 161.0-1705m
=2 FOSSIL u FOSSIL
" § CHARACTER - ; CHARACTER
CEMOE u 8 l= 2] “
=H] 5 ow 2 =
A HE g E g | Jnaric LITHOLOGIC DESCRIPTION TolEz|e 5 E @ || SRAMNE, LITHOLOGIC DESCRIPTION
MRS HEE gl g FER M HHE FTRELR F =M
E |5 LR : R HHEH R $FE
2 H 3 MHEHHE H
s |2|2[2]a 3 & z [ E ]
= B 2 BY 476 r
o T 6Y 514 Unifaem, firm, moderate olive brown (5 5/&), light alive brown -l _ _
o 8 s} ||al, (8¥ 4/8) to light olive gray {5Y 5/2) and dusky yeHow (5Y 8/} 7 Groan (5G 7/2]  Drll hash in Sections 1 s 2, then uniform, moderats olive
A 05 Muddy dWtOmE 40 of MUDDY DIATOMACEQUS OOZE fainty mottied c GMl | 0.5 o | sty clay caviogs (1 prown (5¥ 5/4-4/4) MUDDY DIATOMACEOUS OOZE with
¢|, . o Darker layers are slightly siftier with gracdational contacts but up- 7 some scattared sand-filled burrows, diffuse ofive gray (8Y 3/2)
=1 1 3 ward fining. Scartared poorty-sorted mndier zones, Slightly cal- 1 : rones [Section 4, B4-85 em and Sectiom 5§, 77, 101-103, and
¥ . carcous with discossters and coccoliths comoded. =1 140=150 cmi. Traces of powsible grading with gredationally
1o 1.0 dorker cotoes dovaward [Section 8, 3306 cm) and a pale afive
—| |¢ & o| = Section 3, 86 to B7 em: thin dark gray (N2) GLAUCONITE . 110Y 8721 1op,
5Y 32 SAND, wellsorisd with sbundant benthic forsminifers, pertly =1 .
plauconite filled, Quartoose sand sbove and below, Section 3, 130 cm to Section &, 15 cm . dark gray (N2-N4), wail,
0 el ik ¥ - - sorted, thick VITRIC ASHM, no fekdupar fragments, rivalitie,
- DNt CF 1, 120 em: well sorted, angular quarty, sand, aned rack frag- ] BY 472 R.1, ~1.50, geainvsize — 100 to 300 micrans, clear shards,
i 5 [ M =
= *| S . = Section 6, 0 to 33 em: vary sandy mud from FINE GLAUGON-
z 2| 1 i SMEAR SLIDE SUMMARY 2| ITE SANDY MUD, quattzose with benthic foraminifers, Polagic
§ Y 84 142 1128 249 386 386 foraminifers wre filled with gimsconite. A 2 em baml band of
= [[+1] 1+1] ol (L] fcF) = wallsorted glauconite sand occurs, Not geaded,
g 2 TEXTURE 3 SMEAR SLIDE SUMMARY
5 = i) s g = % N ix 160 370 42 830
z - £ Lo T ] M o W e
< i Clay b3 - 10 3 = -] 6Y 4/4 TEXTURE:
w . COMPOSITION: z = Sand z § 30 -
9 Quastz 15 @ = silt 6 s 80—
& s ] Faldsaar w0 | B L al |© g - Mo dla Cay B w10
_ Glauconity Mica 2 - 2 - f — tomatecus " .
3| ] i i — slat 1 O 5 3|l 4 o | vitric ooz COMPOSITION
] e Clay 25 - 10 5 - v } 15 i 10
Glauconite 1 1 - E an -] : 3 2
Pyrite 4 a 2 2 - i RAhyolit N - N B
Carbonate unspee, 3 ] - - z = | B e 20 -
Foraminifers == 5 = 5 0® § . % 2w -
Cale. nannofossls  ~ - 5 1 - =] - 3 E 4 =
Diatoms. 35 5 60 2 - o ol i 5 = 4
- Radiotarians 2 2 3 - - > R 3 3 = \
z Spange wicalm 2 - - - - = ] 5 = B =
-4 Pholadiae 3 ko= - & = Forarinifars = = 20{benthi)
A . Cale. nanmofossily 2 5 - -
o 181 | ciudes sawaral sawetoath pytoxenes. - Distoms 15 p 5 e
Radialariam 1
v CARBONATE BOMB: 362 - 4% Sponge spicuies - = B ™
Siticafiagellates 1 - - 6
Plant debsris - 1 = =
B 44 Rock fragments - - - 3
c CARBONATE BOMB: 540 » 4%
688 = 7%
Glaucon
» | sandicE
¢ 10V 672
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SITE Dm HOLE CORE 19 CORED INTERVAL 170.5-180.0m SITE 476 HOLE CORE 20 CORED INTERVAL 1800-1895m
2 a3 FOSSIL
§ i . - g CHARACTER
= z -
oy 2 = 3 |=. [] z| @
e 5 é 2l & uﬁmgr 4 LITHOLOGIC DESCRIPTION SE Eg § g E g (anasc e LITHOLOGIC DESCRIFTION
w3S|ENZ ; [ g g E o3 é" zZ| e 7 LOGY o g
HAHHH sl A HHHUEGE & FH
Q < = El5 o 5 2
MHHHE i ERHEHHE FEH
. ¥
3 [s) e Sectiom 1 and 2, homegansous, Fghtolive gray (BY 5/2) MUD-
Unitorm, firm but disturbed moderate olive brown (5Y 4/4 to 7 DY DIATOMACEOUS OOZE - almost s drilling hreccia Some
5/M) MUDDY DIATOMACEOUS ODZE. Scuttered specks and 05— O mottles and traces of farmar sandy layers,
c M|, Slightty sandy blebs of sandy, whits wilt, in burrows. Masive, withaut HCI n o
o | Gotomscsousmud  raction. A few zones of darker gray (N2-N4) fine Urgtaded A G| Section 3t ehangs in lithalogy 1 hard, light ollve gray (5Y 5/2)
gawconitic sand a1 Section 2, 0 to 12 cm and 55 to 70 cm, and . O SILTY CLAY TO ZEOLITIC MUD with  beownish cast. Smoar
Section B, 135 to 150 em. Scattured tiny vitric patches. I.D-_' (o] slides show & vary finegrained low R, |, low bitringence slong.
” ated ragged minersl [ ~4micrans) Wdentified a5 ZEOLITE AND &
Na CF 10, CC: Radiolaria, diatoms, 50% wmall foramenilers, 30% pr o] dwindling of siliosous debris. Bedding is disurbed 10 vertical.
™1 [ svan glaucanite, 1% biotite, snd 10% quartz. o Some wndler Zones with glaucanite {Section 5, 31 to 32, 46 o
o 47, 65 to 68, B2 10 B4, B3 1o 94, 110 1o 112, and 120 cm) are
SMEAR SLIDE SUMMARY more calcaneous,
| Na 147 370 &T0 o
] ol o D) Section 6, 89 to 150 cm: 3 rhythmic units peesent. Grading
2 TEXTURE: A Mla o color shades continuing into Section 7 and Core-Catchar. One
Sand 20 TH TH [o] typical unit (Section 7, 10 1 28 cm) sampled from gray (N2)
Sin 70 40 &0 silty mnd to olve gray (10Y 4/2) to graylsh-alive green (5GY
Clay 10 80 0 © 32) 10 dusky yallow grean [SGY 5/2) zealitic ity clay, One thin
COMPOSITION: 0 bed (Section &, 134 ol possibly ASH, with small smount of
Ohartz } A B B : o BY 52 glass, mastly opaques and clesr sanading fragmants.
Feldspar a 2
Heavy minerals EL .
Clay o e n SMIAR SLIDE SUMMARY
Volcanic glass - 2 - 370 428 491 584 112 6177 B1M T ™MW T
3 . Glauconite - 2 - w LL T T T TR T T I TR - )
Pyritn 3 3 ] Z2 c M|3 TEXTURE.
Carbonate unspec. 2 3 3 g Sy i 1w TH 2 - -
Cale. nannotosily i 1 1 = Sy 2 4 a 1 18 £ ™ M B0 &
N Diatams 30 a0 60 E sy WO s T " n o W 85
=) (o] Radiolarian TR TR > COMPOSITION
i : Sponge spicules 1 1 1 = | G i w oW 0 w5 w7 7
5 1© Silicoflageilates 5 2 2 < Hard st poinne M s s 8 1 3 ¥ 3
3 [o] Plant debris ~ 1 1 = ] - I Mics 7 8 2 2 1 : r 12 '
B 2 1 ey minaray [ 1 - 2 0+ -
Lt A G 1l pibie monsiie: w g cw #® W B W M B[ W ¥ W @
[ 4 7 i Fl4 B Vnlcar gl 1T = = - - - - ? - -
= . CARBONATE BOMB: No HCI resction 8 R ] < [er—— T 5 3 OB = = o= e o=
= i 188=1% 5 - Pyiite § 5 1 1 2 T - w 1 ®
3 1-106 = 3% [ 5 Micsomoouie 2. - 1 - = - - =
- i = 3] Zoalite o™ e ow W & 5 M| .
= 9 Caronaty wnspec. (] 1w " - - -
Cale. nannofoasil 1 3 ™ 7 3 15 - ™ 2 ™
I o] Y Daattree 5 8 oW 3 ™ = e =
3 Hadiciarisrn ™ ™ - - - - - -
0 Spongs wheule ] - 1 - - - - -
c M| {e] - L LI L - - - - =
A MP| 5 Piant dwbrih v 8 - - - - - 5 -
o — il 2EATDE T G
U i
pr i 1oh e pe
= 15} 2 gt wary sl =4 o, ey in isceon
- Q 10 a2 Zeodstas very sl =4 n, iy i part contaie feve sisceoin delirls
. < CARBONATE BOME: 3-120=11%
4 o a4 12%
R O - c M
L] = N &
! Duark mottied
5 = | Light o0
ﬂ. : Ash graded cycles
Distomaceaus ap
7 it . E‘.'?E"
8 2 i
cc . cc A "
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SITE 476 HOLE CORE 21 CORED INTERVAL 1895-1990m
g FOSSIL
- ; CHARACTER
EMAEE HE
oW -4
%E =1 ] % T [ LITHOLOGIC DESCRIPTION
E: <Rl E a 2 2 ; @
A HHEHE =ik
FEHEHBE FEE
] (o]
¢ ] o) Section 1 and 2: mostly drilling beeccis of fine light olive gray
05 (o] (BY 5/2} ZEOLITIC SILTY CLAY with minor siit.
L o Section 2: speces between fitm clay "biscults” & filled with
QO 5Y B2 GLAUCONITIC SAND, grayith ofive green (G 2/2) weltsorted,
ol locan, with littl o no mairix. Increases to Section 3 to o thick
unifarm medism fine wnd bed including sbundant quartz and
O ghaconite,
O From Section 3, 170 em to Core-Catcher: complex rone with
O olive gray [BY 6/2) clayey silt with white saocks, organic.rich
c o with & thin hard PHOSPHORITE (Section 4, 2 eml, poorly
graced beds with glauconite. A PYRITE-CEMENTED SILT-
2 o STONE (Section 4, 16 o), and at Section 4, 18 ta 62 cm cycla
fo] rhythms with busrow fills, pyrita. A green CEMENTED SILT-
STONE at Section 8, 52 em. At Section 4, 52 to 72 em, olive
() 5Y &2 black (5 2/1] ORGANIC CLAYSTONE TO SAPROPEL with
O migrolaminations, pettaliferous odor, quarts wll, glesconite,
wndd pryrite.
o
O T5 4, 50 em; Quartz [70%)—mica (15%) siltstone. Low-grade
B matamorphic, undulating extinction, lrregular graina.  Falict
BG 32 " ie rare hibole, na linerar textune,
i
1 Glaveonite sl
wnd SMEAR SLIDE SUMMARY
270 383 42 448 cCC cc
o L] i Ml M (L]
5Y 572 TEXTURE:
Phesphorite Sand - 50 - 10 -1
Sl 40 15 = & 55
B 4 Clay 0 3% - = an
Organi COMPOSITION
B cllva:u Cuartz 0 15 TR 30 20
oc 5Y 21 Feldspar oW - 0 s @
1-' L Mica 3 5 - 2 - 2
Heavy mineraty 5 - 1 1 3 2
Clay % 15 = 0 30 36
Volcanic glass - L B - - -
Glauconite } 30 - 2 20 -
3 - [
1 2
- - 2
= - TH
0 - 5
2 0 ™
- 20 -
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64-476-22 Depth 199.0to0 2085 m
CORE-CATCHER:

Macroscopic Deseription

Recovary was only & few specks of well-sorted, sand with numerous,
eloudy, gray rounded quartz and some pink, possibly weathered K-
feldspars, Rare sugite, minor carbonate, and specks of wlrlﬂ‘! Wn
A tiny fragment of possibly quartz-albite-epidote-chl 1]
matasiltstona.
TS CC: i QUARTZITE, d,
somae rones with fabric.
50% irregular broken quartz grains, 1—2 mm, stressed, mosaic frag-

mants, angular, fractursd

20% muscovite s cemant and grain envelopes

2% relict plagioclase

5% raplace; altered feldspar

2% rock fragments (quartz schist]

64-476-23 Dopth 2085 1o 2180 m
CORE-CATCHER:

Macrowcopic Description

One cored piece of a larga METAMORPHIC COBBLE. Part of » con-
glomerate bed, Light bluish gray (58 7/1) green schist facies, silicitied
sandstons, fine-grained. May contain slbite, brown mica, but 76%
quartz. Soma graphite, pyrite.

T§ CC: coarse mi . QUARTZITE.
35% quartz grains, Imﬂtnn angular, stressed nJE—o.BOmm

35% muscavite, (0.025 m} stressed, deformed

30% quartz-mica mesh work {0,026 m) matrix

ralict grain feldspars, zones.
64-476-24 Depth 218.0 to 2275 m
CORE-CATCHER:
Macroscopic Description

Hard, metasandstone, greenish gray [5G 4/1) guartzitic, pyrite seams,

caleite veins, fine-grained components. Powmible volcanic sources.

TS CC: QUARTZ-mica-chiorite, felsigranoblastic

10% relict grain outlines replaced by a fine quartz mosaic | ~0.025
mm}

20% grain outlined by mica sheaves, bent, deformed (chlorite?)
brownish in TS

10% quartz graing, recrystallized

35% fine quartz mosaic groundmass with mics

16% subshedral opague grains

Similar to Cors 23, Gore-Catcher.

B4-476-25 Depth 227.0 10 2376 m

SECTION 1: DOMINANT LITHOLOGY: Polygenstic CONGLOM-

ERATE of matamorphic and igneous rock components,

Macroscopic Description

Poor recovery, any matrix would have besn washed out.

Piece 1: light colored weathered QUARTZITE: poorly-sorted, low-
grade, friable, wih quartz, feldspar, chiorite, some tale, calcite.
Rounded,

Piece 2: low-grade, altered, recrystallized VOLCANIC TUFF(?) ande-
sitie{?). Fine {0.01=0.1 mm) meshwork of relict grains (0.2-03
mm), altered to guartz-feldspar-chioritel?) and spears of newly
formed micas. Much occluded opaque or iron-hydroxide. One cal-
cite pseudomorph after olivine. Some possible epidote; large relict
altered plagiociase phenocryst.

Pisce 3: coarsegrained highly weathersd GRANITIC ROCK: grano-
blastic, equigranular

Pieces 4 and 5: METABASALT or disbase: guartz-afthite-epidote-
chlorite feldspar,

At 55 cm: base has a bieb of medium dark gray (N4) 1o dark gray (N3]
quartzsilt with (barite mud). Mostly weathered grains, angular
quartz (50%), iron oxides {10%} and clay {30%).

T Pioce 3:
B0% quartz (24 mm) stressed, fractured, veins, subangular
20% perthitic feldspars weathered to fine (0.02 mm) quartz, mica,

clays
3% carbonate vein filling
2% amphibole
2% plagioclase
20% A N fine-grained =

scopically rock similar to Fiece 1

TS Piece 5: mostly fine g b {0.05—
0.1 mm) of 30% reliet md replaced plagioclase, 26% mica (chlorite?)
and high bi epidote needles, 10% larger quertz (0,150 mm)| grains,
15% opaques. Breccisted rones criss-crossed by carbonate-filled, ir-
regular wveing, commonly lined by a guartz mosaic, Scattered pyrite
crystals,

55 1-45;

50% Quartz langular, inclusions)

6% Feldspar (pitted, inclusions)
2% Heavy minarals (hamatite, rutile)
30% Clay

1-% Fe-opaques

TR  Carbonate unspec,

64-476-26 Depth 237.5 to 247.0 m

SECTION 1: DOMINANT LITHOLOGY: CONGLOMERATE COB-
BLES and GRAY SANDY CLAY.

Macroscopic Description

Piece 1: speckled greenish — WEATHERED GRANITIC ROCK. Large
{5—7 mm} K-feldspar phenocrysts. Altered mafics.

Piece 2: milky white quartz pebibles | ~2 em) subangular.

Sediment — 1, 12-55 cm: medium dark gray (N4-N3) QUARTZ-
ILLITE-RICH GRITTY CLAY. 5% sand, 40% silt, 55% clay, rough
plastic texture, poorly sorted,

Pieces 3 and 4: aliered quarts-leidsp, i rock | diarti
greanish-white, friable pating. Speckled, Mafics altered, replaced bv
chlorite(?].

TS Piace 1: granolblastic texture {1-3 mm) with many minerals altared

ta fine (0.01-0.02 mm} gs ization of fald-

spars and matics:

40% guartz, 1 mm, irregular, equigranular, clear, some subhedral

faces intarlocking mosaics, Some stressed.

20% quartz in fine groundmass meshwork

10% plagioclase albite twinned (1-2 mm] partial relict, sericitized

16% large K.feldspars, perthitic, twinned, largely sltered

5% opaques as alteration of mafics
5% relicts of hernblends complately altered

15% clear mica (muscovitel, ss 0.5—1 mm sheaves, and alteration

products in groundmass

55 Piece 2: whita mud; 30% sand; 50% silt; 20% clay; 10% feldspars,

highly altered; 30% 10 um  ragged crystals, low bf R 1.64-155

fillite); 40% angular to subrounded quartz-silt; 2% ealeite; 1% apatite

rods; 1% rutile needles; and 10% barite from drill mud,

55 1.40:

50% quartz, mostly siltsize, anguler to subrounded, many stressed,
dark inclusions

45% clay minaral, R.l. 1.65-157, bf = 0.10 ragged laths 1—10 um
hydromuscovite
5% foldspars, opagues, heavy minerals, and other specks
Compositionally equivalent to fault gauge of weathered granite or local
pond receiving granitic debris.

B4-476-27 Depth 247.0 10 2565 m
CORE-CATCHER:
Macroscopic Daseription
Small bleb (10 cc) of greenish gray [5G 6/2) and white poorly sorted,
weathered QUARTZ-FELDSPAR PEBBLE. Smashed by drilling into a
coarsr angular sand hash_
85 Core-Catcher:
30%  Quartz {micromosaic)
30% Feldspar [weathered pervimive sericita)
2% Mica ichlorite)
2% Heavy minerals (opagques)
208 Clay (illite? other)
0% Other

B64-476-28 Dupth 256.0 10 265,65 m
CORE-CATCHER: DOMINANT LITHOLOGY: hornblendebiotite-
granite,

Macroscopic Dascription

Medium-grained (largest grain size ~B mm] light gray [ ~ 58 7/1}
inequigranular granitic rock.

Comprises slightly sitered white feldspar | —B60%) anhedral quarts
[30%}{?). Equant and acicular dark gresn hornblende (5%) crystals,
and biotite (5%) and muscovite [5%) are also present. There appears
to be slight chloritization of the mafic minerals.

Pyrites are present in several patches. The uncut and cut surfaces show
miaralitic cavities containing quartz [drusy). These cavities are
epproximately 5x2 mm in size, or smaller,

Quartz crystals appear to be fractured, and parthites can be seen in
the faldspars.

I1DASNVYL NIDYVIN HAISSVd VINYOAI'TVO VIVE
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64-476-29 Depth 265.5 to 276.0 m
SECTION 1: DOMINANT LITHOLOGY: granite.
Macroscopic Description

Light bluish gray (58 7/1), inequigranular GRANITIC-alterod with all
or most of the biatite and hornblande having been ehleritized. Some
flow structures are seen in hand specimen — a sort of banding of the
whitish feldspar separated by the grayish guartz. Flow lines could
represant syn-cooling movemnent of orystalized masees within the mush.
Alternatively the deformations could result from the rock baing proxi-
mate to a fault. Some pyrite presant in small veins. Pieces 5 and 12
appear to ba much fresher and atteration of the mafic minerals has not
progressed very far, and no flowage is visible on the cut faces.

7] TS Piece 9: CATACLASTIC GRANITE: silicified cataclastic matrix
containing hypidiomorphic granite. Interspersed between blocks of
fresher hypidiomaorphic granite {530 mml are zones comprising
small angular fragments of quartz (0.02-1.0 mm) and feldspar in &
wery fine-grained opoque-rich matrix.

C for i i y

15% plagioclase [-2 mm), albite, an- to subhedral, sericitized

—{ 40% quartz {1—3 mm} anhedral, rounded, fractured

408 alkali feldspar (1-3 mm) orthoclase, subhedrsl, perthite

1 1% zircon (0,02 mm) subhedral, in chiorite or blotite

1% sericite in feldspars

=1 5% pseudomorphs of chiorite after biotite and hornblende

* . TS Piecs 11: CATACLASTIC GRANITE: hypidiomorphic fragments
in @ cataclastic matrix (silicified), Blocks (530 mm) set in zones of
small {0.02-10 mm) angular fragments of quartz and feldspar in a
fine-grained opague-rich matrix,

15% albite (up to 2 mm) subhedral, sericitized

40% quartz {up to 3 mm) anhedral, rounded, fractured
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50— 8 —
40% alkall leldspar (1-3 mm) subhedral, perthitic erthoclase
| 9 T 0 1% zircon (0.2 mm| subhedral, inclusion in micas
o 1% sericite in albites
— 5% paaudomorphs of chlorite after biotite and horblende
- 10
] 64-476-30 Depth 276.0 to 276.1 m
* | SECTION 1: DOMINANT LITHOLOGY: HORNBLENDE-BIOTITE
- 1 a T | GRANITE
ik Macroscopic Description
] = Medium-grained {largest grain size ~6-8 mm) light gray { ~58 7/1)
12 inaguigranular granitic rock, Very similar to Core 28, Core-Catcher,
- - Piace 1
_ 13| Gy Comprises slightly altered white feldspars | ~ 60%), anhedral quartz
— - { ~30%7). Equant and acicular dark green homblende (5%) crystals,

and biotite (5%), a muscovite (6%} are also prasent. There appears

by Vaoid =1 1o be slight chloritization of the mafic minerals,
100— Pyrites are present in scveral patches, Miaroditic cavities are not seen in
] the piece, unlike Core 28, Core-Catcher, Piece 1.
T saarem Depth 284.5 m
] — CORE-CATCHER: DOMINANT LITHOLOGY: GRANITE.
= Macroscopic Description
" Macroscopically idantical to Core 30, Section 1, Pieca 1.
50 T O N A U U U U

CORE/SECTION 291 3011 31/cc
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HOLE 478

Date occupied: 24 December 1978

Date departed: 28 December 1978

Time on hole: 4 days

Position: 27°08.51"'N; 111°30.46'W

Water depth (sea level; corrected m, echo-sounding): 1889
Water depth (rig floor; corrected m, echo-sounding): 1899
Bottom felt (m, drill pipe): 1913

Penetration (m): 464

Number of cores: 54

Total length of cored section (m): 464

Total core recovered (m): 310.25

Core recovery (%): Average 67; 72 in sediments; 61 in basalt
Oldest sediment cored:

HOLES 481 AND 481A

Date occupied: 3 January 1979 (481); 4 January 1979 (481A)
Date departed: 4 January 1979 (481); 8 January 1979 (481A)

Time on hole: 1 day, 7 hr., 40 min. (481); 3 days, 22 hr., 32 min.
(481A)

Position: 27°15.18"N; 111°30.46° W (481 and 481A)

Water depth (sea level; corrected m, echo-sounding): 1998
(481 and 481A)

Water depth (rig floor; corrected m, echo-sounding): 2008
(481 and 481A)

Bottom felt (m, drill pipe): 2016.5 (481 and 481A)
Penetration (m): 52.25 (481); 384 (481A)

Number of cores: 11 (481); 37 (481A)

Total length of cored section (m): 52.25 (481), 338 (481A)
Total core recovered (m): 33.70 (481); 161.12 (481A)

Depth sub-bottom (m): 336
Nature: Nannofossil mudstone
Age: Late Pleistocene NN20

Basement: Not reached
Principal results: Hole 478, 12.1 km northwest of the spreading rift in

the southern Guaymas Basin, was drilled to compare the geology
and processes of an older flanking site to those of the active rift
drilled at Site 477. On the basis of postulated spreading rates Site
478 is estimated to be 400,000 yr. old. Multichannel seismic data
suggest that the acoustic basement here is contiguous to that of the
modern rift zone.

Four lithologic units are assigned the section. The first, from
0.0 to 188.2 meters, comprises latest Pleistocene (NN21) muddy
diatomaceous ooze to diatom mud with episodic gray sandy turbi-
dites. Unit II, from 188.2 to 260 meters, is also of NN21 age and
comprises dolomitic siltstones and diatomaceous mudstones in-
truded by two dolerite sills with contact aureoles, The third unit,
from 260 to 342 meters, is made up of uniform diatom mudstone
overlying laminated diatom mud with dolomite over siltstone in
basal contact with the dolerite intrusion below. Diatoms indicate
that the section above 310 meters is less than 260,000 yr. old. Rate
of sedimentation in Units I-1II is about 1300 m/m.y. This very
high rate makes it possible to detect nonsteady-state conditions in
the pore water chemistry of the sediments. From 342.5 to 464 me-
ters is Unit IV, a complex intrusion of doleritic to basaltic texture.
Drilling stopped in the basalt because of time limitations, The rela-
tively voung age of the oldest sediments, the state of their physical
properties, and the lack of alteration of the sediments in general all
suggest that deeper drilling would probably have again encoun-
tered sediment. Heat flow was 3.66 HFU.

210

Core recovery (%o): 64 (481); 47, 56 through 481A-30 (481A)

Oldest sediment cored:
Depth sub-bottom (m): 52 (481); 364 (481A)
Nature: Thick turbidite (481); claystone (481A)
Age: Late Quaternary (481 and 481A)

Basement: Not reached (481 and 481A)

Principal results: Site 481 lies near the southwestern end of the north-
ern active spreading rift of the Guaymas Basin in a situation analo-
gous to that of Site 477—located near hydrothermal deposits ob-
served during a submersible dive. Heat flow in the area, although
high in places, is generally lower than at Site 477. Heat flow in
Hole 481 A was 4 HFU. Hole 481 was piston cored to 52 meters to
allow detailed studies of early changes in physical and chemical
properties. Hole 481A was conventionally cored from 42 to 384
meters. The sediment section for the two holes includes four alter-
nating interbedded diatomaceous depositional types: 2 distinctive
turbidite types, mass flow deposits, laminated sediments, and
“host’ sediments. The turbidite types imply different source ter-
rains. Four igneous units, sills or sill groups, were encountered in-
truded into the soft young sediments, but recovery was only
< 1-40%p, averaging about 33%. The sills range in texture from
basalt to gabbro. Altered zones at sill/sediment contacts were thick-
er above than below the sills and hydrothermal fluids were prob-
ably heated pore waters, as dissolution of calcareous nannofossils
is observed only in a 7-meter-thick zone above Igneous Unit 1.

Sediments at this site were deposited very rapidly. No deposi-
tional rates were calculated as no fossil boundaries were crossed,
but we estimate that they must exceed 1000 m/m.y. These high
rates of deposition yielded extremely high alkalinities and am-
monia contents from the pore water. Hydrocarbon gases of the
sediments are mainly biogenic CH,, CO,, and H,S with traces of
C,Hg. Between the sills, a large thermogenic component is super-
imposed on the biogenic.

Note: Site summary for Site 477 appears on pp. 219-220.



