8. SITE 473: RIVERA PLATE!

Shipboard Scientific Party?

HOLE 473

Date occupied: 22 November 1978

Date departed: 25 November 1978

Position: 20°57.92'N, 107°03.81'W

Water depth (sea level; corrected m, echo-sounding): 3249
Bottom felt (m, drill pipe): 3267.5

Penetration (m): 287.5

Number of cores: 34

Total length of cored section (m): 287.5

Total core recovered (m): 142.07

Core recovery (7): 49

Oldest sediment cored:
Depth sub-bottom (m): 248.1
Nature: Siltstone, silty sand
Chronostratigraphy: Upper Miocene (6-6.5 m.y.)

Basement:
Depth sub-bottom (m): 287.5
Nature: Basalt

Principal results: Site 473 on the Rivera plate south of Tres Marias
Islands was cored continuously to obtain an upper Neogene
reference section at the mouth of the Gulf of California and to in-
vestigate the possibility that oceanic crust at the mouth of the gulf
formed prior to 4 m.y. ago. Terrigenous clay that was deposited
from the early Pliocene to the Quaternary, locally containing silt
or ash, was cored to 143 meters, and moderately indurated dia-
tomaceous and calcareous claystone deposited in the early Plio-
cene was cored from 143 to 181 meters. The boundary between
these two sub-units, identified mainly on the basis of the difference
in consolidation, is a seismic reflector. From 181 meters to the base
of the sedimentary section at 248.1 meters, silty claystone and local
silty quartzose sand, deposited in the late Miocene and early Plio-
cene, include turbidites with common Bouma T,, T4 and T, Ty,
and T, sequences. The age of the basal sediments is 6 to 7 m.y.

Sediment velocities are 1.5 to 1.6 km/s from mudline to 181
meters, increasing to 1.98 km/s at the basal sediments. Densities
are 1.5 g/cm’, increasing downward to 1.7 g/cm®. Heat-flow
measurements at 67, 143, and 181.5 meters suggest a geothermal
gradient of 64°C/km (heat flow—1.3 HFU [heat-flow units]), but
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measurements at 105 and 219 meters suggest a gradient of
173°C/km (3.9 HFU). A gradient of 126°C/km is suggested by a
downhole Temperature Log from 133 to 185 meters (consistent
with the temperature-sensitive first appearance of opal-CT
[cristobalite] and the disappearance of siliceous microfossils at 181
meters). The reason for these discrepancies among gradients is
unclear. Igneous rocks below the sediments are mainly massive,
altered diabase with a density of 2.7 g/cm? and a velocity of 5.2 to
5.3 km/s, but a fragment of pillow basalt was found at the bottom
of the last core.

Sediment accumulation rates are 40 m/m.y. for the last 3
million years (0-130 m depth) and 20 m/m.y. for the rest of the
section. The high percentage of terrigenous material (including
turbidites) at the site was surprising in view of the pelagic ap-
pearance of the sediments on the seismic record.

BACKGROUND AND OBJECTIVES

Site 473 is located in the mouth of the Gulf of Cali-
fornia east of the crest of the East Pacific Rise (Figs. 1
and 2). The rise crest is seismically active, as are the
Rivera fracture zone to the south and the northern end
of the Middle America trench to the east. It is not en-
tirely clear whether the Tamayo fracture zone north of
Site 473 is also seismically active (Fig. 2). The Rivera
fracture zone is a transform fault marking the displace-
ment of the active rise crest from 109°W longitude in
the mouth of the gulf to 105°W longitude farther south.
The small segment of oceanic crust bounded by the East
Pacific Rise, the Rivera fracture zone, and the Middle
America trench is commonly known as the Rivera plate.

Striped magnetic anomalies symmetrical about the
present East Pacific Rise crest indicate an age of 4 m.y.
for the gulf’s most recent episode of opening; the ocean
floor just east of the tip of Baja California is assigned
that age on the basis of magnetics. The ocean floor east
of the rise crest in the Rivera plate is broader, and mag-
netic stripes at Site 473 suggest an age as old as 6 m.y.
Figure 3 is a more detailed map showing the relation of
the site to the Middle America trench and the abrupt
scarp at the foot of the Tres Marias Islands.

Site 473 was proposed to date the oceanic crust of the
Rivera plate as close to the Middle America trench as
possible. Because of the shallow depth of the crust at
this location, we anticipated finding a good Pliocene
and Quaternary carbonate section. We also expected to
discover some terrigenous contribution from the conti-
nental shelf to the northeast, where the Tres Marias
Islands are located.

OPERATIONS

On 22 November 1978, we approached the proposed
site near Tres Marias Islands from the west-northwest,
subparallel to an existing seismic line (GAM 2, shown in
Fig. 3); we intersected this line almost over the proposed
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Figure 1. Location of Leg 63 sites.
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Figure 2. Earthquake epicenters and sea-floor ages at the mouth of
the Gulf of California (after Atwater [1970) and Chase et al.
[1970]. (Locations of Sites 471, 472, and 473 are shown.)
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Figure 3. Detailed bathymetry (in meters) in the area near Site 473
north of the Rivera fracture zone (Mammerickx et al., 1978). (Line
GAM-2 is a site survey seismic line. The Challenger line approach-
ing Site 473 is also shown. Map scale is 8” to 1° longitude.)

locality. After we had made an approximate site selec-
tion, we continued the survey along the same line for an
hour and then changed course at 1500Z hours to 034° to
survey north of the site. At 1600Z hours, we changed
course once again to 270° to arrive at the site from the
east (see Fig. 3). We reached the site at 1752Z hours and
dropped a 13.5-kHz beacon immediately (1052 local



time). The hole was spudded in 3267.5 meters of water
over a fairly flat-topped topographic feature showing
some 250 meters of sediments draped over irregular
basement (Fig. 4).

The site was continuously cored, and coring opera-
tions were routine (Table 1). Softer terrigenous clay was
recovered in the upper 143 meters and, below this, mod-
erately to well indurated claystone to a depth of 248
meters. Below the claystone, 39.1 meters of diabase sill
was cored, and the hole bottomed at 287.5 meters in pil-
low basalt.

Five in situ heat-flow measurements were made suc-
cessfully at 67 meters, 105 meters, 143 meters, 181.5
meters, and 219 meters depth. Two of the measure-
ments, at 105 and 219 meters, seem anomalously high,
possibly owing to the friction of the probe in the hole.

Coring operations stopped at 1115 hours (local time)
on 25 November, and the hole was readied for logging.
The shifting tool released the bit, and pipe was raised to
132.5 meters below the mudline. The Sonic-Gamma
Ray-Hole Caliper was run, but a sediment bridge was
found at 185 meters below the mudline, preventing fur-
ther penetration. A stand of pipe took weight at the
bridge, then proceeded into open hole. The Sonic Log
was run again, but the hole caliper showed hole size
greater than 18 in. through most of the sediment col-
umn, rendering the Sonic Log virtually useless. Further-
more, the log would not penetrate into basalt, suggest-
ing that the diameter of the hole in the basalt was too
narrow. The Sonic Log was pulled, and a Temperature
Log was run with sinker bar to get a bottom-hole temper-
ature, because the open hole had been permitted to stand
without circulation for over 12 hours. A Temperature
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Log was obtained from 133 meters to the sediment bridge
at 185 meters, but it would not go below the bridge. The
pipe was pulled, and the hole was abandoned.

LITHOLOGY

Sediments and Sedimentary Rocks

The sediment at Site 473 is dominated by clay, clay-
stone, and silty claystone. We defined two lithologic
units on the basis of mineralogy, sedimentary struc-
tures, microfossil abundances, and induration (Fig. 5,
Table 2). Unit 1 is primarily clay and claystone. Unit 2 is
primarily silty claystone, siltstone, and sandstone.

Unit 1: Clay and Claystone (0-181 m)

Unit 1 consists of clay with minor amounts of silty
clay and diatomaceous clay. The unit can be subdivided
into two parts on the basis of induration and a slight in-
crease in the siliceous biogenic component of the sedi-
ment in the lower part.

The sediments of Sub-unit 1a (Cores 1-26; 0-143 m)
consist of clay with subordinate amounts of silty clay
and ash. The clay is olive gray to greenish gray and is
mottled by reduction spots and streaks of finely dissemi-
nated pyrite. The clay contains up to 8% angular to sub-
angular quartz and feldspar. Cores 1 and 2 and Cores 13
and 14 are mainly silty clay that contain up to 20% silt.
The silty component consists of angular to subangular
quartz, feldspar, and lithic fragments with minor
amounts of mica, heavy minerals, glauconite, plant
debris, and carbonized wood fragments. The clay con-
tains a few per cent of calcareous nannofossils and fora-
minifers. Patches of vitric and altered ash occur
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Figure 4. Challenger seismic profile approaching Site 473. (See Fig. 3 for location and text for description.)
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Table 1. Coring summary, Site 473.

Darte Depth from Depth below  Length Length Core
Core  (Nov. Drill Floor Sea Floor Cored  Recovered  Recovered
No. 1978) Time (m) (m) (m}) (m) ()
1 22 1812 3267.5-3268.0 0.0-0.5 0.5 0.26 52
2 22 1915  3268.0-3277.5 0.5-10.0 8.5 7.35 77
3 2 2015 3277.5-3287.0 10.0-19.5 9.5 6.20 65
4 2 2114 3287.0-3296.5 19.5-29.0 9.5 4.80 51
5 n 2212 3296.5-3306.0 29.0-38.5 9.5 6.76 n
6 n 2307  3306.0-3315.5 38.5-48.0 9.5 2.89 30
7 23 0003 3315.5-3325.0 48.0-57.5 9.5 5.38 57
8 23 0104  3325.0-3334.5 57.5-67.0 9.5 343 36
9 23 0333 3334.5-33440 67.0-76.5 9.5 2.48 26
10 23 0428 3344.0-3353.5 76.5-86.0 9.5 2.43 26
11 2] 0527  3353.5-3363.0 86.0-95.5 9.5 .20 34
12 23 0630  3363.0-3372.5 95.5-105.0 9.5 292 31
13 23 1048 3372.5-3382.0 105.0-114.5 9.5 5.75 61
14 23 1147  3382.0-3391.5 114.5-124.0 9.5 13 35
15 23 1245  3391.5-3401.0  124.0-133.5 9.5 5.74 60
16 23 1351  3401.0-3410.5 133.5-143.0 9.5 8.48 89
17 23 1653  3410.5-3420.0  143.0-152.5 9.5 9.07 95
18 23 1803 3420.0-3429.5 152.5-162.0 9.5 .29 as
19 23 1910 3429.5-3439.0  162.0-171.5 9.5 6.75 T
20 23 2016  3439.0-3448.5 171.5-181.0 9.5 8.66 91
21 23 2315 3448.5-3455.0  181.0-187.5 6.5 6.94 100+
2 24 0020  3455.0-3458.0  187.5-190.5 1.0 0.21 T
23 24 0129 3458.0-3467.5 190.5-200.0 9.5 4.86 51
24 24 0232 3467.5-2477.0  200.0-209.5 5.5 3.61 k1
25 24 0336  3477.0-3486.5  209.5-219.0 9.5 2.25 24
26 24 0615  3486.5-3496.0  219.0-228.5 9.5 3.48 a7
27 24 0725  3496.0-3505.5  228.5-238.0 9.5 1.40 15
28 24 0835  3505.5-3515.0 238.0-247.5 9.5 1.43 15
29 24 1000 3515.0-3519.5  247.5-252.0 4.5 0.65 14
30 24 1333 3519.5-3524.5  252.0-257.0 5.0 i 74
31 24 1942 3524.5-3533.5  257.0-266.0 9.0 2.14 24
32 25 0143 3533.5-3542.5  266.0-275.0 9.0 5.21 58
3 25 0556 3542.5-3551.5  275.0-284.0 9.0 174 42
34 25 1047  3551.5-3555.0 284,0-287.5 35 3.27 93
Total 287.5 142.07 49

throughout the unit, increasing in abundance downhole.
Core 16 contains several patches and a 12-cm-thick layer
of greenish gray vitric tuff,

The major component of Sub-unit 1b (Cores 17-20,
143-181 m) is also clay, but the sediments are more in-
durated and contain more siliceous microfossils than do
those of Sub-unit l1a. The clay is grayish olive green to
greenish gray and is moderately to intensely biotur-
bated. Cores 17 and 18 are diatomaceous and contain
up to 50% diatoms. The remainder of the unit is clay-
stone, with varying amounts of siliceous microfossils
and a few thin layers of clayey nannofossil chalk. A few
small patches of vitric and altered ash are also present.
The sediment in this sub-unit is moderately well in-
durated. The boundary between Units 1 and 2 is located
between Cores 20 and 21, where the microfossil abun-
dance decreases and the claystone becomes distinctly
more silty.

Unit 2: Silty and Sandy Claystones (181.0-248.1 m)

Unit 2 is composed of silty claystone, claystone, silt-
stone, sandstone, and minor porcellanite. The upper
part of the unit is made up of intensely bioturbated
grayish olive green to grayish green silty claystone. The
silty component accounts for up to 40% of the sediment
and is composed primarily of angular to subangular
quartz (15-23%) and feldspar (2-6%), with traces of
mica, heavy minerals, and volcanic ash. The silty clay-
stone contains trace quantities of nannofossils and up to
2% pyritized siliceous microfossils.

Bouma sequences T,, Ty, and T, are represented in
the lower portion of Unit 2 (Cores 26-28). The sand-
stones in these sequences have sharp basal contacts with
the underlying laminated sediment. These sands are
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fine-grained and average about 1 cm thick. They con-
tain about 60% angular to subangular quartz, 10% feld-
spar, lithic fragments (up to 5%), mica (up to 5%), and
trace amounts of glauconite and heavy minerals, includ-
ing pyrite. The sands grade upward to intensely biotur-
bated siltstone (Bouma T, interval) and silty claystone
(Bouma T, interval). Bouma T, Ty, and T, sequences
are in aggregate about 25 cm thick in Core 26 and thin
to about 15 ¢m in Cores 27 and 28.

Throughout Unit 2 some of the silty claystone is por-
cellaneous, and thin porcellanite intervals were re-
covered in Cores 24 and 27. The porcellanites have simi-
lar sedimentary structures and are the same color as the
silty claystone in Unit 2. Some of the silty claystone in
these sequences contains up to 20% altered ash. A few
pieces of black silty claystone and silty sandstone occur
in the diabase rocks at the base of Unit 2 (Core 29).

Igneous Rocks

Diabase (Cooling Unit 1) is the principal igneous rock
recovered at Site 473 (Fig. 6). It is fine- to medium-
grained, aphyric and massive, with chilled margins of
glomeroporphyritic basalt at its upper and lower con-
tacts. The boundaries of the chilled zones are grada-
tional over about 1.5 meters, with grain size increasing
gradually away from each contact. Otherwise the dia-
base is compositionally and texturally uniform, com-
posed mainly of plagioclase, clinopyroxene, and minor
opaque minerals. Greenish brown smectite is the com-
mon alteration mineral, filling vesicles as well as in-
terstices between plagioclase laths and anhedral clino-
pyroxenes. Clay and calcite pseudomorphs after olivine
occur occasionally. Calcite and clay also fill fractures.
The texture of this diabase varies from intersertal to
subophitic to intersertal,

The chilled margins (basalt) and a fine-grained inter-
val of the diabase at about 268 meters have a glomero-
porphyritic texture, with plagioclase and clinopyroxene
phenocrysts set in an intersertal to subvariolitic ground-
mass. Clay and calcite pseudomorphs of olivine also oc-
cur with these phenocrysts. The groundmass consists of
plagioclase microlites, equant clinopyroxenes, and
opaque minerals set in an altered, clay-rich mesostasis.
An increase in drilling rate between 275 and 279 meters
may indicate a sedimentary layer between Cooling Units
1 and 2.

We tentatively distinguish a 10-cm-long piece of ba-
salt (Cooling Unit 2) recovered from the base of Hole
473 from the overlying diabase solely on petrographic
criteria: the basalt is less altered than is the diabase, and
its texture and mineralogy are typical of tholeiitic ba-
salts extruded on the ocean floor. This piece is dark
gray, massive, and vesicular, the vesicles commonly
filled with green clay. In thin section the texture is glo-
meroporphyritic, with plagioclase and clinopyroxene
phenocrysts set in a hyalophitic groundmass. Brownish
clay pseudomorphs of olivine occur together with the
plagioclase and pyroxene. The groundmass is predomin-
antly opaque, devitrified glass with minor skeletal
plagioclase microlites and feathery clinopyroxenes. Al-
though these quench morphologies suggest that the ba-
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Figure 5. Lithologic and biostratigraphic summary, Site 473.
Table 2. Summary of lithologic units, Site 473. BIOSTRATIGRAPHY
U Dt Upper Quaternarly through upper Miocene sediments
Sub-unit  Number (m) Chronostratigraphy Lithology were recovered at Site 473. Rare to common calcareous
la 1-16  00-143.0  Quaternary- Clay. with milnior amounts of ity nannofossils provide biostratigraphic control through-
lower Pliocene clay and vitric and altered ash. 1 1
. R PP Denrms A U e out the entire succession from Cores 1 through 27.
lArriiae Wik milnce Mokt of Planktonic foraminifers are rare to common in the
Sehcitoms, m ininoy vikle ash: Quaternary section (Cores 1 through 10); below Core 10
2 21-29 181.0-248.1 lower Pliocene- Silty claystone, claystone

upper Pliocene siltstone, silty quartzose
sand, and minor porcellanite.

salt specimen is part of an extrusive pillow or flow, we
recovered no glassy margins to support this inference.
On the other hand, the overlying diabase is probably a
sill, as suggested by the grain size that coarsens away
from contacts, alteration of the overlying sediment, and
the absence of pillow structures or quench morphol-
ogies.

they are mostly absent. Rare to common siliceous micro-
fossils are present in the upper Quaternary (Cores 1
through 4) and in the lower Pliocene (Cores 16 through
20). Cores 28 and 29 are barren except for rare diatom
fragments in Core 29.

The upper Quaternary (tropical Pseudoeunotia doli-
olus Zone) is indicated for Cores 1 through 4 on the
basis of calcareous nannofossils and diatoms. The
boundary between Quaternary and Pliocene is between
Cores 10 and 11. Cores 11 through 15 can be assigned to
the upper Pliocene, acording to coccoliths, but no
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Figure 6. Igneous rock sequence at Site 473.

assemblages of the lower upper Pliocene Discoaster ta-
malis Subzone were found. Rare to common coccoliths
(Sphenolithus neoabies Subzone), rare diatoms (Nitz-
schia jouseae Zone), and rare radiolarians (Spongaster
pentas Zone) suggest that Cores 16 through 20 were
deposited in the early Plicoene.

The boundary between Pliocene and Miocene is
probably within the interval of Cores 21 and 22, accord-
ing to the siliceous microfossils and coccoliths. Cores 23
through 27 are assigned to the upper Miocene (Disco-
aster quinqueramus Zone), which suggests that the sedi-
ment at the top of the diabase sill (Core 29) is about 2
m.y. old.

Figure 5 summarizes zone assignments for Hole 473;
Figure 7 plots downhole variations in abundances of the
microfossil groups.

Coccoliths

Hole 473 contains rare to common, poorly to moder-
ately preserved Quaternary coccoliths in Cores 1 to 10
(0-86 m). The boundary between the upper Quaternary
Ceratolithus cristatus Subzone and the Emiliania ovata
Subzone (approximately 0.46 m.y. of age) lies between
Cores 3 and 4. Preservation and abundance are worst in
Cores 6 to 10 (38.5-86 m).

Upper Pliocene assemblages in Cores 11 to 15 (86—
133.5 m) are sparse to few, with evident dissolution ef-
fects. No lower upper Pliocene Discoaster tamalis Sub-
zone assemblages occur. The presence of Ceratolithus
rugosus Bukry and Bramlette, Reticulofenestra pseudo-
umbilica (Gartner), and Sphenolithus abies Deflandre
indicate that Cores 16 to 18 (133.5-162 m) were depos-
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ited in the early Pliocene. All three cores are tentatively
assigned to the Sphenolithus neoabies Subzone because
of the absence of younger Discoaster tamalis Kamptner
and older Amaurolithus spp. The poor assemblages of
Cores 19 to 22 and the lack of any Amaurolithus spp. in
deeper cores make the duration of the S. neoabies Sub-
zone and the placement of the Miocene/Pliocene bound-
ary questionable.

Discoaster quinqueramus Gartner ranges through
Cores 23 to 27 (190.5-238 m) and indicates either the
upper upper Miocene Discoaster quinqueramus Zone
(approximately 5.6-7 m.y.) or possibly reworking and
redeposition by turbidite flows during the earliest Plio-
cene. An in situ occurrence of the D. quinqueramus
Zone is favored, yielding an estimated age of 6 to 7 m.y.
at the top of the diabase sill in Core 29. Core 28 is bar-
ren. Sediment recovered in diabase Core 30, Section 2 is
barren as well.

Silicoflagellates

Silicoflagellates are sparse to few in upper Quater-
nary Cores 1 to 4 (0-29 m). The upper assemblages lack
Dictyocha aculeata (Lemmermann), but it occurs in
Core 4 without Mesocena quadrangula Ehrenberg ex
Haeckel, thus indicating the Dictyocha aculeata Zone.
Cores 5 to 15 (29-133.5 m) are barren. Lower Pliocene
Cores 16 to 18 (133.5-162 m) contain few to common
Dictyocha sp. aff. D. perlaevis Frenguelli, and few D.
brevispina (Lemmermann), Distephanus speculum
(Ehrenberg), and D. boliviensis (Frenguelli). Silicoflag-
ellates are most common in Sample 16,CC and are ab-
sent in Pliocene and upper Miocene Cores 19 to 29.
Elongate and panicoid opal phytoliths from terrestrial
grasses occur in Cores 1, 3, 4, 9, 10, 11, and 16.

Radiolarians

Rare to common, poorly to moderately preserved up-
per Quaternary radiolarians were recovered from Cores
1 through 4. Cores 5 through 16 are barren or contain
only very rare, mainly nondiagnostic radiolarians. Core
17 through Core 21, Section 1 yielded rare to abundant,
poorly to well preserved lower Pliocene radiolarian as-
semblages. Rare and poorly preserved radiolarians from
Core 21, Section 3 through Core 23, Section 3 indicate
deposition in the late Miocene. Cores 24 through 28 are
barren.

Samples 473-1,CC through 473-4,CC contain a mixed
radiolarian assemblage composed of the typical equato-
rial species Amphirhopalum ypsilon, Anthocyrtidium
angulare, Ommatartus tetrathalamus, Pterocanium
praetextum, Spongaster tetras, Theocorythium trache-
lium, and T. vetulum, and of the northeast Pacific cold-
water species Lamprocyrtis haysi, L. neoheteroporos,
and L. heteroporos. According to Dinkelman (1973),
the presence of A. angulare and T. vetulum suggests
deposition in the early Quaternary, because both these
species are assumed to be restricted to the basal Quater-
nary A. angulare Zone. In addition, Collosphaera
tuberosa and Buccinosphaera invaginata, which make
their earliest appearance in upper Quaternary sedi-
ments, are absent. Nannofossils, diatoms, and L. haysi
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Figure 7. Plots of abundances of planktonic microfossils at Site 473.

indicate, however, deposition in the late Quaternary for
Cores 1 through 4. Consequently, A. angulare and T.
vetulum could not have become extinct during the early
Quaternary but would have continued until the late
Quaternary (0.45-0.7 m.y. ago). This means that the
radiolarian zonation of the equatorial Quaternary can-
not be used in the region of Site 473.

Sediments in Core 16, Section 1 through Core 21,
Section 1 are assigned to the lower Pliocene (upper part
of Stichocorys peregrina Zone), because this interval
yielded rare to abundant individuals of S. peregrina and
some rare specimens of (?)Spongaster pentas, Omma-
tartus tetrathalamus, O. penultimus, and Lamprocyrtis
heteroporos. The boundary between the upper Miocene
and lower Pliocene (i.e., between the lower and the up-
per part of the S. peregrina Zone) is placed beneath the
first appearance of L. heteroporos (Section 21-1). The
upper upper Miocene succession is part of the lower S.
peregrina Zone, because it contains sporadic S. pere-
grina and O. penultimus (Section 21-3 through Section
23-3).

Diatoms

Rare to few diatoms in Cores 1 through 4 at Site 473
are assigned to the upper Quaternary, tropical Pseudo-
eunotia doliolus Zone because of the presence of P.
doliolus and Nitzschia marina and the absence of N.
reinholdii. Diatoms are rare or absent in Cores 5 through
15, although one specimen of the silicoflagellate Di-
stephanus boliviensis pentagonus in Sample 473-10,CC
suggests deposition in the late Miocene to the Pliocene.
Rare freshwater diatoms, including Stephanodiscus sp.,
Melosira granulata, and fresh-water pennate diatoms in
Sample 473-10,CC, may have been wind blown. Pliocene
diatoms, including Cussia sp., Nitzschia reinholdii,
Thalassiosira convexa var. aspinosa, and T. oestrupii,
are rare in Cores 16 through 18. A well-preserved lower
Pliocene diatom assemblage of the tropical Nitzschia
Jouseae Zone occurs in Sample 473-20-6, 52-54 cm;

Nitzschia jouseae, N. reinholdii, T. convexa var. aspin-
osa, and T. nativa are among the diatoms present. Dia-
toms are absent or represented by pyritized fragments of
Coscinodiscus spp. in the lower parts of Hole 473
(Cores 21 through 29).

Foraminifers

Planktonic foraminifers are rare to common and
moderately well preserved in the Quaternary to upper-
most Pliocene section (Cores 1 through 10) of Hole 473.
Neogloboquadrina dutertrei, Globigerinoides sacculi-
fer, G. ruber, Orbulina universa, and keeled Globoro-
talia are usual constituents of the assemblages of this in-
terval.

Below Core 10, foraminifers are rare or absent and,
with the exception of Globoquadrina altispira and Sphae-
roidinellopsis seminulina in Sample 473-14,CC, no stra-
tigraphically diagnostic taxa were encountered.

SEDIMENT ACCUMULATION RATES

Selected coccolith (C) and radiolarian (R) events were
used to construct the sediment accumulation rate curve
for Site 473 (Fig. 8).

The plot indicates accumulation rates of about 40
m/m.y. for the Quaternary into the Pliocene and about
20 m/m.y. for the early Pliocene and late Miocene. A
short hiatus may be present in the Pliocene between
Cores 15 and 16.

GEOCHEMICAL MEASUREMENTS

Interstitial Water

The salinity, chlorinity, alkalinity, pH, and calcium
and magnesium contents of five interstitial water
samples from Site 473 were determined on board (Fig.
9). An alkalinity maximum occurs at 60 meters depth;
upon opening, cores from this depth had a faint odor of
H,S, and the sediments contained abundant pyrite spots
and streaks as well as pyritized diatoms and radio-
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Figure 8. Sediment accumulation rates, Site 473.

larians. The alkalinity maximum may, therefore, reflect
sulfate reduction in the sediments. The calcium content
increases downcore, whereas the magnesium content de-
creases (as is common in the slowly accumulating terrig-
enous sediments cored in previous sites on this leg). An
inflection in the magnesium concentration profile in the
direction of magnesium removal from interstitial water
occurs at the same depth as the alkalinity maximum,

Calcium Carbonate Content

The calcium carbonate contents of Site 473 samples
were measured on board by the carbonate-bomb tech-
nique. The results of these determinations are included
in the core descriptions in this chapter and plotted in
Figure 10. The sediments at the site are dominated by
terrigenous clay and silt, and the carbonate content of
all sediments at the site is very low—0% to 8%.

PHYSICAL PROPERTIES AND DOWNHOLE LOGS

Figure 10 summarizes the physical-properties data
for Site 473. Saturated bulk density is constant (~ 1.5
g/cm3) down to about 100 meters, then increases stead-
ily to about 1.7 g/cm? just above the igneous rocks. The
altered diabase has an average density of 2.79 g/cm3.
The velocity profile is similar to the density curve. Ve-
locity is low (about 1.5 km/s) for the upper 150 meters,
increasing to about 2.0 km/s just above the diabase. An
anomalous zone at 190 to 220 meters, having velocities
in the range 2.0 to 2.5 km/s, corresponds to an interval
of common sandy and porcellaneous layers. The partial
Velocity Log obtained in this hole (not shown in Fig. 10)
records mostly water velocities, because the hole was
washed out. However, several intervals at 192 to 196
meters and 202 to 208 meters that are not washed out
have velocities near 1.6 to 1.7 km/s. The average veloc-
ity of the diabase from sample measurements is 5.1
km/s. Table 3 lists the average velocities and impedance
contrasts for the lithologic units at this site.

Figure 11 displays the results of five heat-flow-probe
runs made with the U/K probe at Site 473. The tempera-
ture recorded at a depth of 143 meters is fairly constant,
except for a slight increase caused by frictional heating
produced by lowering the pipe and probe. This appears
to be the most reliable measurement. Runs at 67, 105,
181.5, and 219 meters show nonlinear increases of tem-
perature with time. These warming curves indicate an
increase in probe temperature with time toward a stable
maximum value. The run at 219 meters has several
anomalous points corresponding to frictional heating
associated with lowering the pipe. A plot of temperature
versus depth (Fig. 12) shows that the three measure-
ments at 67, 143, and 181.5 meters define a linear gra-
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Figure 9. Interstitial water profiles, Site 473.
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Table 3. Summary of densities, velocities, and impedance contrasts
for Site 473.

dient of 64°C/km. The two measurements at 105 and
219 meters yield temperatures that appear to be anoma-
lously high. The measurement at 219 meters is suspect

G g because of the steep decay curve and discontinuous
Lithologic  Interval Averaﬁe Density Average felociw lrgpodme breaks probably associated with frictional heat pro-
SR i o onrast duced by lowering the pipe. The measurement at 105
;g . 4‘3{:3 ::ig ::g; 0.02 meters, on the other hand, appear to btl: reliable; fric-
2 181-248 1.73 1.98 g< ;9]‘ tional heating may also be the cause of this anomalously
*'Diabase’ 248-T.D. 2.19 521 ' high value, but we cannot eliminate it with certainty.
The most reliable measurements appear to be at 67 and
30 [ T T v ] T T L T T T ¥ T L [] T T T
L 67 m below sea floor on deck
8 20 o ; 30 [T 1 T T T T 1 T T T T B | 1 1 T 7 T 1 T T ]
g ] B 181.5 m below sea floor ]
& i] [ on deck ]
% E AN start 7]
2 101 ] C ]
. at mudline - 20 E =
- — = £ ]
- pipe I ]
V| LI S (O L, PP | I?we‘redl_‘_ (AT, | S| ?; - —
20 20 0 80 100 E ot o 5
Elapsed Time {min} % L ;elowm 105 m 4
= 10: mudline below )
1 mudline ]
r pass ]
Op———T7—71 T T o b T 0 g = mudline =
105 m below sea floor on deck 1 r E
- on bottom ' 3 PR SR B | [ IR PR S S SR B :
start 1 20 a0 0 80 100
5 20f down _‘ Elapsed Time (min)
e ]
2 E ]
B - a4
E i 1
10F ]
L : : m, T T T T T T T T T T T T T T 1 T T T
5 pass mudline at mudiine 3 r 219 m below sea floor :
E : ; on bottom :
EAT TN TS ST N SN TN [ S | o b g gy e g =) - 1
20 30 60 80 100 k. g
Elapsed Time (min) o ]
30_ LEIEE CEEL BEN VRN B [ N N S L S AL L L o 305 ::,::—. p b p
- 143 m below sea floor on deck :I e [ (reefal) ]
- 1 3 :/ B
3 1 8 & ]
r 1 ¢ ]
- 1 % E
g 2or B 2 3
E : ] L ]
2 L ] g s
E L on bottom 1 10:— :
- r__‘_"_ﬁ 4 L 4
: 10f ] - 7
[ A [ 1 1 n 1 L 1 1 ]
- page: . 20 60 100
- mudline ] Elapsed Time (min)
L ]
DRSPS i TN (TS ] TR M 1Ot e (T [N CHREH [N VS g U R T ]
20 40 60 80 100
Elapsed Time {min)

Figure 11. Heat-tlow-probe runs at Site 473.

386



0—C T T T
O = sediment temperature
X = water temperature
50
X o 4
E 100} -
= h. 4 -—0
[=]
3
e
3
re XX o)
@ 150 B
x o]
200 .
— 64° C/km
-—0
250 1 L 1
10 20 30 40

Temperature { °C)

Figure 12. Estimated thermal gradient at Site 473 from heat-flow-
probe temperatures (water and sediment values).

143 meters, where decay curves are quite flat. We favor
these values and the similarity of the water-temperature
measurements and thus suggest that the line in Figure 12
represents a true linear gradient of 64°C/km.

The partial Temperature Log does not help resolve
the apparent anomalous temperatures suggested by the
heat-probe measurements, because we were able to run
the tool in only 50 meters of open hole. This profile
shows a low gradient of 16°C/km for the first 100
meters in the hole (in pipe) (Fig. 10). The gradient in-
creases sharply below this in the open hole to about
126°C/km. The tool rested on a ledge in the constricted
part of the hole at 185 meters for about 5 min. before we
retrieved it. The stable temperature after this time was
13.2°C. The water temperature measured earlier at
181.5 meters with the heat-flow probe was 5.5°C (Figs.
11 and 12). Using 2°C as the temperature at the top of
the hole and 13.2°C at 185 meters, the computed linear
geothermal gradient is 61°C/km, quite similar to the
64°C/km gradient estimated from the probe values
(Figure 12).

Because we made no thermal-conductivity measure-
ments of the material recovered at Site 473, we can only
estimate heat flow. Using a gradient of 64°C/km and an
assumed conductivity of 2.1 mcal/cm s °C, the esti-
mated heat flow at Site 473 is about 1.3 HFU.

CORRELATION OF REFLECTION PROFILE
WITH DRILLING RESULTS

The correlation of the stratigraphic column and the
seismic-reflection profile obtained on the Glomar Chal-

SITE 473

lenger’s approach to Site 473 (Fig. 4) is shown in Figure
13. The seismic profile shows an upper transparent
acoustic unit that consists of very weak, discontinuous
reflectors. Underlying this transparent unit is a lower
acoustic unit characterized by closely spaced and some-
what more continuous reflectors.

The upper acoustic unit (0-0.19 s sub-bottom) corre-
lates well with the Quaternary to Pliocene clay and silty
clay that make up Lithologic Sub-unit 1a. The homo-
geneous lithology and the lack of any indurated beds
within this unit probably account for its transparent
character. The lower, more reflective acoustic unit cor-
relates with Lithologic Sub-unit 1b and Unit 2, which
consist of moderately well indurated diatomaceous and
calcareous claystone and sand-silt-clay turbidite se-
quences. The top of acoustic basement, which has a
hummocky surface marked by a pair of strong reflec-
tors, correlates with the diabase recovered at Site 473.

CONCLUSIONS

1. The paleontological age of the basal sediments
overlying diabase and basalt is approximately 6.5 m.y.
and is no older than 8 m.y., as indicated by the presence
of the Discoaster quinqueramus Zone. This age is in
agreement with that indicated by magnetic anomalies
(Larson et al., 1968).

2. The sediment section is unexpectedly terrigenous
in spite of its pelagic appearance on reflection profiles.
Silts and sands in Cores 26 through 29 in the lower part
of the section are distal turbidites with Bouma T, and T4
and T,, T4, and T, sequences. At present, the site is iso-
lated from land by the Middle America trench, the East
Pacific Rise crest, and a depression at the foot of the
Tres Marias escarpment (Fig. 3). Clays in the upper part
of the hole could have been derived by nepheloid trans-
port across depressions. But the presence of turbidites
near the base of the section must indicate greater acces-
sibility to land areas, perhaps to the north, when the
gulf was much narrower than it is today.

3. Sedimentation rates are estimated as 20 m/m.y. in
the lower part of the hole and 40 m/m.y. in the upper
part. This is surprising, because the coarser-grained
sediments are concentrated in the lower part of the hole
where sedimentation rates are lower. The lower rates
may reflect greater compaction of the older, more lithi-
fied strata. These rates are somewhat speculative,
however, because of poor fossil control resulting from
dilution by terrigenous material.

4. The sediments are underlain by about 39 meters of
massive, homogeneous, and extensively altered diabase
showing quenched margins near the contact with sedi-
ments. An increase in drilling rate between 275 and 279
meters (Fig. 10) may reflect the presence of sediments in
this interval. Pillow basalt was recovered from the base
of the hole, suggesting that the diabase is underlain by
flows.
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i fusliplactgne hd SITE 473  HOLE CORE 10 CORED INTERVAL 76.5-86.0m
- Sporge speculen 1 m
E 3 FOSSIL
» H CHARACTER
v - EMAE zl e
[ = o
q f § gg HE] § H B Wiyt IR J LITHOLOGIC DESCRIPTION
= 4 S HHHHREE 4 E 3
E |z |2|3 E
A HEHEE EE
AM cc i s ] voID
SITE 473  HOLE CORE 8 CORED INTERVAL 57.5-67.0m t CLAY, dark greanish gray {5GY 4/1) 1o madium olive gray
] FOSSIL [5Y 4/2) intensely mottled with streaks of medium dark gray
= [N4). Minor patches of VITRIC ASH in Section 1, Interes
£ CHARACTER
w 1% drilling deformation.
§ |8l 2 ! gl g GRAPHIC 3
5 |F8| = £ ElE | vmHolosy LITHOLOGIE DESCRIFTION >|_% ORGANIC CARBON AND CARBONATE
wSIEN|E[E)3 1] (8% £ FH z[zf 130 122
Fole E HHE g g z (25 % Organic Carbon~ — 109
& |2]= g a & @ ﬂ E % CaC03 oo
¥
7 é SMEAR SLIDE SUMMARY
7] CLAY, madium alive gray {5Y 4/2) with same greenish gray 250
P -1 motthes (56 6/1). Several small patches of very light gray (N8} - ok
£ 057 * VITRIC ASH at bass of care, Intenss drilling deformation. TEXTURE:
E 1 Send -
g CARBON AND E Ml RP| B | RP Sl 0
223 2130
10 Clay 80
-] "
- - % Organic Carbon - 114 COMPOSITION:
i il % CaCO3 0 o Ouartr a
> | = a Fuldepar TH
z|E voib SMEAR SLIDE SUMMARY Mica ™
z ::’n Clay 20
=l Volcanic 2
= 3 TEXTURE: Pt s S
g 3 + Sand = Carbonam unspec. 3
=] 2 + Siit Foraminifers 2
Qry Ly Cale. Nannofossis TR
COMPOSITION: Attt ™
= e Quartz 4 Spange wpicules L]
= E Feldspar 2
] - Mica ™
F3 3 Hegvy minerals TH
Clay B4
AMRP| B| B |CC| Volcanic glasy TH
Carbonate 2
Foraminifars 1
Calc, Nannafossils 7
Rdiclarinn. TH
Spangs ipicules TR




UPPER PLIOCENE

473 HOLE CORE__ 11 CORED INTERVAL 86.0-955m SITE 473 HOLE CORE 13  CORED INTERVAL 105.0-1145m
2 FOSSIL 2 FOSSIL
- ; CHARACTER " 5 CHARACTER
M EMAEE zl g R EMRE z| @
e H gz GRAPHIC S _|5«|2| 2|2 R crarmc | Y
12 Eé ; z 5| E | umoloey LITHOLOGIC DESCRIFTION ; % 'EE % E E E umooey L IEE LITHOLOGIC DESCRIPTION
eS(E¥| 2|53 (8] (#)2 EEEH ¢ N H I E EEE
a BHHHE £ NN HEEHE £FH
z |2]2|2|a & & |a]l=f{z|5 E ]
CLAY, olive gray (5 372}, mottled with medium greenish CLAY, dark greenish gray (5GY 3/1), mottied with patches
RP gray (5G 5/1) streaks. Intense drilling deformatian. ::'CL&YFY SILT and VITRIC ASH sa marked. Intense drilling
NI armation,
CARBON AND o .
238 1 o
£ e ” %Organic Carbon~ —
.g. . Oz % CaC0y ]
H SMEAR SLIDE SUMMARY =
u|g 1108 SMEAR SLIDE SUMMARY
8 § (] 1120
= TEXTURE: TEXTURE: ”
T |2 il = Sand 10
w silt 8 s 10
- Clay W
& AP + COMPOSITION: 3 2z 2 t;:amsmou: a2
5 Foldspar 1 § antz 30
Mica 1 E :IM :
Heavy minerala TR ca
Clay 1] o Hewey minsals 4
ro|  |ne o ! £ Voo 3
Cale, Nannofossily 1 2| Glaucanits T:
Spange grizules TR m’::umu .
A Lithie fragments 10
SITE 473 HOLE CORE 12 CORED INTERVAL 95.5-105.0m
g2 FOSSIL 3
@ g CHARACTER .
8 = = z|l e 3
ze |S% E =] GRAPHIC E
1|58 - v CFTHOLOGY LITHOLOGIC DESCRIFTION B
w3 | 2 3 5 1 voio
= E 8 g E 3 = 5 a -
= ole gl= E g & 4
= =l =3 b
= )
ELAY, aliva gray (5 3/2) with medium greenish gray FM| FPIB | B

156G B/1) marties Irtwnisa drili

SMEAR SLIDE SUMMARY
160
ol

[ 8l

TEXTURE:
Sand

S

Clay
COMPOSITION:
Ouartz

Bal

Discoaster surcufus (N}

Feldspar

Mica

Heavy minerals
Clay

Valcanic gliss
Pyrite
Foraminifers
Cale. Nannofossils

FF---n83370

Spongs spicules
Silicoflagellates

£6¢

ELP LIS
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SITE 473 HOLE CORE 14 CORED INT AL 1145-1240m SITE 473  HOLE CORE 16 CORED INTERVAL 124.0-1336m
g FOSSIL g 0SSIL
% g CHARACTER s g CHARACTER
FREMAE Zl 2 8 |=.[2l z| &
oW =2 & . = Q| =
£ 'g EHE 5 § g | [emamc. . LITHOLOGIC DESCRIPTION 4 H § g El E | dhoehee LITHOLOGIC DESCRIPTION
NlZ = 52 z e -
¢ HHEHHEEE EEEH ¢ A HH IR FFH
g HEE E =18 |z H ; 5 = §
FRHEHE E i FEHEIEE 3
CLAY, dark greenish gray [SGY 4/1), slightly calcareous = CLAY, dark greenish gray (5GY 4/1) with scattered patchey
g i places. Interval B3—104 am in Section 2 s dark — of light olive gray (BY 5/2] to grayish blue groan (BBG 5/2)
= & greenish gray clay farmed by aheration of vitric ash, 05— clay, Interval 44—88 cm in Section B is clay containing
1 Invtenae driliing deformation. 1 wome volcanic ghass. ponibly an oltered ash, Intense drilling
- dutormation.
b CARBON AND E 1.0 ORGANIC CARBON AND CARBONATE
190 230 = 110
m % Organic Carbon - 0.66 o % Organic Carbon -
§ [} of Colcareous %Cal03 LI 7 o| Calcsrsoun %CalO3 2
s1° SMEAR SLIDE SUMMARY 3 SMEAR SLIDE SUMMARY
& o 180 10 295 E 1ME 350 454
= [=T ] [L]] 3] M o) (D)
= TEXTURE: . TEXTURE:
=] 2 Sand - - z 2 Sand - - =
. Silt B 20 ] = Silt a0 8 15
Alvarad Clay BO w0 g = Clay 57 L
- wh? COMPOSITION: ] COMPOSITION:
= Quartz ¥ 3 1 8 Quartz 2 1
= Feldspar 5 2 3 =] Feldupar 1 2 5
& 3 Mics TR TR ™" = Mica wm O OTR 1
=4 Hewvy minarals TR TR TR W Heavy minerals TR TR TR
i el I jcel Clay 8 80 o0 g é . Clay 57 o 85
Volcanic glass 1 ™ R S |8 Voleanic glass TR TR &
Pyrite 2 TR 5 S Pyrite T 1 -
Zeolite = - 1 3 Zeolite - T o
Carbonate unspec. - 16 - + Carbonate unipec. 40 - =
Cale. Nannofossily TR TR - Calc. Nannofossils TR - =
Digterma TR - -
Flant debris L -
Lithic fragments TR - -
® | Abered
mhi7)
" 0
lrrlele| e

ELPHLIS
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SITE 473 HOLE CORE 16 CORED INTERVAL 1335-143.0m SITE 473 HOLE CORE_ 17 CORED INTERVAL 143.0-152.6 m
2 FOSSIL FOSSIL
§ ; CHARACTER » CHARACTER
M El e 8 MHEE gl g
9z|& : g1 GRAPHIC A EH < o GRAPHIC
"g =5t E 5l E | umioloey LITHOLOGIC DESCRIPTION HEE S F £ E LITHOLDGY A L LITHOLOGIC DESCRIPTION
N HHEHREE EEER 2 H HEE g §| = :
g g |z H 2 3 E : ; a5 =
M HHEHE 3 HETEE E
4 2 ’ y
CLAY, dark groenish gray [5Y 4/1), fairly homogensous with 3 DIATOMAGEOUS CLAYSTONE, grayish alive [10Y 4/2)
scattered patches of vitric ash and pyrite-vich streaks. Layer -1 i o greenish gray (BGY 6/1), intensely burrowed, comman
of VITRIC TUFF accurs in Section 3. Diatoms become 05 lenticular bedding. Laver of olive gray (5 3/2) SILTY
' commaon in clay of Core-Catcher. Sediment is firm especially 1 4 i SANDSTONE in Section § is graded with comveluts
the tutf layar. Orilling daformation is moderate 1o intense, I hardding in kower part snd laminated near it 1o, Sandione
CARBON AND TE 1.0 s diatomacecut and ash-rich, Claystone is firm and broken
530 -3 vt ddr(Bling biscuits in most sections,
% Organic Carbon = 7 I
*| Glaucanim % CaCOy L] 1 A NIC CARBON AND TE
x 470 598
SMEAR SLIDE SUMMARY B % Organic Carbon.~~ —  0.55
1127 334 341 427 CCE 71 % CaCOy o 0
a M M) M) (D)} D} |
= TEXTURE: = I SMEAR SLIDE SUMMARY
¥ RP 2 Sand - - - - - = 21 2927 432 56
i Site a0 57 100 9 25 i - o D) M
8 cy * W 43 - B 7 = - | TEXTURE:
e} COMPOSITION 2 -4 . Sand - - &
L Quartz 2 2 6 3 4 Q 7 Sl w o0 2
Foldspar 3 3 B 2 2 a1 Clay 80 w7
Clay 60 43 - 81 75 & = COMPOSITION:
i . Valcanic glass TR 80 80 1 1 = = Ouartz 3 3 2
= . Glauconite 26 - - = - i -1 Feldspar 2 2 10
w Pyrite 10 2 0 2 2 = Mica TR TR TR
8 Zeslite 25 = 20 s w 4| 3 Heavy minerals TR TR TR
E 3 Diatoms = - - - wn 2 Tz = Gy 80 10 17
= Racliolurian - - - - TR 2 s = Volcanic glass TR TR TR
w Spongs spicules - - - = 1 5 E — Glatsconite TR - TR
z Silicoflagellates - - - - 5 a = Pyris 2 B 3
= & - Carbonats umpec. TR - B
g _ Diatoms 25 B0 15
_ L g : = Radiolarians 1 2 1
z oy -1 H" - Sponge wpciules 1 3 1
=z = Silicoflagetlates 8 5 1
k 1 Fish ramainy TR - -
RP| 4 4 * Prant dobris - ¥R
] Lithie fragments - - o
é 2 7
£ <]
j 1ul
+ |
. |1
-4
= 5 5
H +
% 0G
B
L]
FM| RP hd T
RPL}J Cj ¢ |

ELY ALIS
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SITE 473 HOLE CORE_ 18 CORED INTERVAL 1525-162.0m SITE 473 HOLE CORE 19 CORED INTERVAL 162.0-171.5m
o sSIL = FOSSIL
§ ; CHARACTER - g CHARACTER
M AE z| @« 8 |= I "
e |25 1 S|l = oW ) gl &
E =HE g E E e, LITHOLOGIC DESCRIPTION = 5 5 HE I LITHOLOGIC DESCRIPTION
w3275 5] 3 2 £ EE us HEIREES HEE
E |- |2 B = g} = E HE =
F g |z ! glz = CfS = % |8 HEIH = g
s [2)|2]2]5 ¥k & HEE E
[= - DIATOMACEDOUS CLAYSTONE, grayish olive (10 4/2), 5 3 CLAYSTONE, grayish olive green (5GY 3/2) to dark
1 hurrawed throughout and breceigted by drilling. Layer of = -1 gresnish gray (BGY 4/1) with scattersd patches of
057 4 durk gray (N3} pyritized VITRIC TUFF occurs at hass 5 05 vellowish gray (5Y 7/2) CALCAREOUS CLAYSTONE.
1 s of Section 1 8 1 . ; A i glass i in the claystan in Section 1,
_9 J ORGANIC CARBON AND CARBONATE 5 ®| Advich B0 om, Much of the clavetone is burrowed. Core s
Z3] 1.0 2110 3 10 breccisted by drilling.
w (g = % Organic Carbon~~ — ; B CARROR s
z E_ 7 % CaC04 3 7 + 1130
o = . o % Organic Carbon -
c = - SMEAR SLIDE SUMMARY - ‘m]a 0
2 |3k = s 2
c |8 = [ 7 SMEAR SLIDE SUMMARY
) E.E = TEXTURE 3 173 150 4140
o |2= 3 Send = - 1 o) (o) (D)
3|53 2 sit 0 100 il 2 TEXTURE:
;i o | Clay LR Z Sand - = =
& ] " COMPOSITION: = ] Silt & 30 85
1 p Quurtz 3 2 z - Clay 8 70 15
3 Fasdspar 2 3 8 5 COMPOSITION:
Mica ™ - o . Quartz a 3 3
3 = Heawy mineras TR TR F a H Faidspar 1 2 2
FP|celrrlFM|  [oc] Clay - 1 . Mica TR OTH TR
Valeanke glass 2 80 w — Heavy minerals TR TR TR
Glaucanite ™o - z - Clay 55 &5 85
Pyrit 1 15 = a Voleanie gla - 2/ 2
umape. 1 2 3 Pyrite 1 1 2
Diatoms w» = Zealite - TR 2
Radiolarians TR - Carbanats umpee. % - 2
Spange spicules 1 = 7 Cale, Nennofossit B 5 -
Silicoflagallates 5 - a ] Diatoms - 2
Plant dubria ™ - Sponge spiciles - = TR
4
4| 7
] .
A
5 3
FP|RP|RA  |cc| 1
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SITE 473 HOLE CORE 20  CORED INTERVAL 1715-181.0m SITE 473 HOLE CORE 21 CORED INTERVAL 181.0-187.6m
o FOSSIL - FOSSIL
i g CHARACTER R ; CHARACTER
MABEE z| 2 M EMABE z|l e
N EF1H 5| e GRAPHIC A EH L E 2| & GRAPHIC
'§ .‘_5 H g E H 5 LIFHDLOGY a LITHOLOGIC DESCRIPTION (5 .;E HE H 5 E LITHOLOGY LITHOLOGIC DESCRIPTION
N HEELBEE F = e (272 E[2(E[ (%] : g
S ik i R ERHEEHE £EH
ERHEIRE 3 5 HEH E
I
CLAYSTONE, dark greenish gray [5GY 411} to ofive gray g SILTY CLAYSTONE, grayish olive green (5GY 3/21,
[EY /1), benticular bedding snd burrows throughout. Several 3 3 - butrerwed threughout with thin lsyen of dusky yellow
patchas and thin intarvals of dusky yaliow (5Y 8/4) g erange (10 R 7/6) NANNOFOSSIL CHALK in Sections
1 CALCAREOUS CLAYSTONE in Sections 3 and 6. Core it B § 3 and 5 as marked. Radiolarians in chalk layars oftan
partially lithified and brecciated by deilling, a |2 pyritized. Core breccinted by drilling,
x 2 CARBON AND CARBONATE
ORGANIC CARBON AND CARBONATE 240
= 340 368 § . % Organic Cabon~ —
8 % Organic Carbon~~ —  1.31 % CaCOy 3
% CaCOy 15 2
g - g SMEAR SLIDE SUMMARY
2 SMEAR SLIDE SUMMARY 2 W 150 1127 375 450
o 2110 823 [L T R VT
o D _ TEXTURE:
2 TEXTURE! 3 Sancl ] 2 - -
£ Sand = =
s w Silt 2 4w 20 8
. zﬁ ;: x z Clay 0 B0 80 B4
ay COMPOSITION
COMPOSITION: i E [ 12 18 TR &
Cuartz 3 1 z | Foldspar 3 8 TR 1
= Feldipar 2 1 g5 Mica ™ 2 - TR
£ Mica i - 2|2 Haavy minaeals T 1 TR
E + Hemvy mineraly TR - E E] Clay 6 58 13 80
" g B ?a'\;.‘ o af 41 i e vm_gnn - 1 - =
= 3 ol glass - 2 o oL Glauconits - - - TR
w| 5 Pyrits 1 2 S la Hannotossll Pyrite 1 8 2 2
2 Zealite L - z ety Cobonataunspec. | — M1
E + Carbonate unapec. AL F-] g Focaminifers TR 1 = =
o ?lc."-momlll 2 0] 3 Cale. Nannofosaily 2 2 B -
w| s iatoms 5 ] Ointoms 8 4 1 -
g g Radlolarians w2 S Radiolarlans 4 1 5 -
= Soorge spicubes TR TH & Ssange spiculin 11 TR -
fg Silicoflagaliates a ] = Silicoflagatlates 1 TR TR -
4 =
3 i
: !
é {— Mannatossi)
& chalk layors
: i
% E
-
5 8 cr|B |8
l.l.l
=
w
o
=]
=
o
w -
B
e
= CG)
&
FP|RP|RP e
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SITE 473 HOLE CORE 22 CORED INTERVAL 187.5-190.5m SITE 473 HOLE CORE 24 CORED INTERVAL 200.0-209.5m
o FOSSIL L FOSSIL
" § CHARACTER = g CHARACTER
g 1E z g |2 0 z| @
S EH g2 Guwl2]|3 H B
1 HE é sl Plras-fi403 LITHOLOGIC DESCRIPTION 1EHE E gl B | Shae. LITHOLOGIC DESCRIPTION
w3 |ZN K 2 2 " HEEE < 2| # 2 2
: & 5138 g = E ) 271715 ¢)2 H °° C
R HHEE F£H N AHE ££H
a Z|2|a I o s |2[2]|3|a 5 0
RMcP|B | B ce 1 &
A YSTONE AND SILTY CLAYSTONE, grayish alive
SILTY CLAYSTONE, grayith ofive green (5GY 4/2) e ¢
s! . and burrowed. Core brecciated by driling. :ln{ﬁﬁYl.‘ZHndu:;\'lllmw (5GY 6/2),
rrowed ictous
w | w i P = pyritized. Sevoral fragments of SILICEOUS(?) CLAYSTONE
& § = ot o ' ¥ OR PORCELLANITE(?) occur in Sectian 2, 145151 em, and in
=] e E z Coce-Catcher, 1113 em. Care is brecciated by drilling,
3 |2dg]s o 107 | ‘ CARBON AND
- 3 Q -1 178
£ [£ é w | 2 m % Organic Cabon~ —
z | 1™ % CaC04 o
51 3 |
o | _ = SMEAR SLIDE SUMMARY
2| 2] lwm B . 2850 315 cc4
|z . {0l (0 (D)
= - TEXTURE:
473 HOLE CORE 23 CORED INTERVAL 130.5-200.0m £ E 21 ] Sand - - -
] FossIL a I sut 0 15
- CHARACTER Clay 0 85 7%
2 [ z| » COMPOSITION:
EM TR ol = GRAPHIC 3 Ouartz 7n 1B 20
HEEHHE 5| B | umwowosy | ZEH LITHOLOGIC DESCRIPTION & l Porestlanite(?) i L
H H HHBEE EEfSE S 5 S Mica ™R OTR 1
= E g z E 5 | H Heavy minaral ™ 1 1
gl= [ » | Poresilanite(?) Clay Lo
r APICMIRP | PR [EE) fragments Volcanic glass ™ - -
m\'mﬂE.wnmcle!mY‘ﬂlbomm‘ Glauconite - TR 'l';
. olive (10Y 4/2), moderately burrowed. Top Section 1 Py v
and basa of Core-Catcher appear 1o be slightly silty. i i 3 :“n 1:
1 Care brecciated by drilling, Cale. Nannafouils
Digtoms 2 TR 2
CARBON AND T Molmh rl\ - ;:
285 299 Bpongs ipieu -
% Ovganic Carbon - 084 Siticoflagellates TR - TR
| % CaCOy o - Opal CT(7) - TR -
H
SMEAR SLIDE SUMMARY
1460 SITE 473 HOLE CORE 26 CORED INTERVAL 209.5-219.0m
w o FOSSIL
E | TEXTURE: " CHARACTER
Sardd - 2
<] b silt 15 o, |Eu|E|2| % gl g GRAPHIC o SCRIPTION
Z | -+ Clay 8s 13 |E8|E HE: E| £ | Lvowosy i LITHOLOGIC DE
o ? COMPOSITION: e 8|3 g Wl = E 8
g os H HE E
e 1 Quartz ] = 3 Bl = bl o
5 | | Foldspar 2 HHEH E o

. Clay B3 [ :

) Pyrite W : o SILTY CLAYSTONE, grayish groen (10GY 5/2) o medium
Cale, Nannofossl 2 = | olive gray [5Y 4/2), intersely burrowed theoughour. Several
m-nn.m : 1 = I thin intervaly of PORCELANECUS(?) SILTY CLAYSTONE

3 Raciolarians ™ w |2 acewt in Section 1,
Silicatiagnlintes ! & | ORGANIC CARBON AND CARBONATE
g 17 14
H | %Organie Carbon~~ — 037
|2 %CaC0, o o
4 El |
RP|B |B SMEAR SLIDE SUMMARY
lec| 14 5 E | ik
3 D)
TEXTURE:
RP|B| B | W - Sind 7]
sitt a0
Clay &0
COMPOSITION:
Cusartz 25
Feldspar [
Mica 1
Heavy minerals 1
Clay 80
Voleanic glass 5
Cale. Nannafosils 1
Diatorns: 1
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SITE 473 HOLE CORE 26 CORED INTERVAL 219.0-2285m SITE 473 HOLE CORE 28 CORED INTERVAL 238.0-247.5m
g FossiL g FOSSIL
” g CHARACTER § 5 CHARACTER
- EARE H Zl g A E z| @
S EE H o GRAPHIC = |2 H =] GRAPHI
I E HH £ | urHoloay LIFMOLCIN DEACAIRTION A EHELE HER R LITHOLOGIC DESCRIPTION
g3 |E%|5(5[2 (3 2 g S HEF R 3
= g = E
E E ; ; E £ § F E g HELE E
|5 HE H 3 s |?|3|3|a *E
I rreddod Y ETONI SANDS : K
fanad ?:Z'.'.m.m’e'?ff.f"‘ m& M?I?I.L::.u..d.u:.o“‘ i Interbedded SILTY CLAYSTONE AND SILTY SANDSTONE.
I T dark gray (N4) sandy layer with a sharp bottom contact ang 1 Color, . and bedding same 8t
" lamninated above, grading up to (2} olive gray [5Y 4/1) sandy Cores 26 and 27, Four sandy layers noted (besal contacts
I + sittstone ntguvlm groan (10GY 5/2) clayey siltstons, marked by graded symbol). Burrows comman.
= I busmowed, then dusky yellow beown {10YR 2/3} porcellaneous(?) §ide
= sitty claystone. At least 11 cycles are present averaging ~25 om myers
= [ At i thick sach. Sity laystone in Section O comtsing mincr aitared B ORGANIC CARBON AND CARBONATE
" N s ]
w y layers; TE =
iy E [ e v cannuu....‘._..m il [l 1 :mmco.bm -
g8 by graded CaC0y
8 [ 0| e % Organic Carbon =
= | i % CaClly o
- 2 ] mmsun:sumnv
wu | Ere 51 2.34
| & o o1
5 | It TEXTURE:
= [
: i o
£ vy
l = COMPOSITION:
Quarts 0 5
| Feldeom 01
5 TR
T Hmvmmlrm 2 TR
| 16 &
FP|FP| B | B '} Vhluncum TR 25
Glauconite 2 -
Pyrite 2 TR
Carbonate inspec. TR TR
Lithic fragments 5 -
SITE 473  HOLE CORE 27 CORED INTERVAL 228.5-238.0m
S FOSSIL
§ § CHARACTER
M ENE |l e
-8 =H = GRAPHIC
,é §§ E g § £ E | umioioey ; LITHOLOGIC DESCRIPTION
§ g |2 E 2 .!. . e ] F
MHHHE +EH
i
z AN
;’ ﬁ AT b ’|...:_~' SILTY CLAY AND SILTY s
” W + "‘ ""m“.d M?&Num‘!wunlmui
il Z-F . :':W“ CARBON AND TE
5 frod 130 145
= B :i ‘ % Organic Carbon 025 —
E B "IT % CaCOy o 0
. FP|B|B | mnsuoﬁwmnv
IDI
TEXTURE:
Sand -
Sit 40
&0
COMPOSITION
Ouartz E ]
Faldapar 3
Mica TR
Hawvy minerals TR
Clay L]
Volesnic glass 3
Pyrite 2
Carbonate unpec. 2
Calc, Nannofossils TR
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SITE 473, CORE 29, SECTION 1, 247 5-2484 m
MAJOR ROCK TYPE — DIABASE

g ; £ 2 2
e T [ § - § g ‘E 2 . E g MINOR ROCK TYPES — SILTY CLAYSTONE, SILTY SANDSTONE
& -] H | f ) o
2 ‘% a% £ i & 2 2 & § .E e & .E g s - Macroscopic Descriptions
E £ § E § B E g E 2 B | 5 2 B | E e 2 T8 Diabase — medium gray to medium dark gray, fine: to medium-grained,
Z 28 g : z 2 E -] § k - z 28 E 'E z B % 2 28 B g F aphyric, and badly altered. Grain sise decresses noted in Pieces 14 and €,
g §' 5. g 8 § .5' 3 g 3 E & § £ 2 £ ‘g § K- g g E § - 3C, and 6A, Vesicles scatterad throughout. Calcite veing in Piecas 6A and C.
e E O & & « & dx & & < & & < S & & * : 5 & < E O & &<
— Silty Claystone and Silty Sandstone — Pieces 4 and 5 are interbedded olive
Lo "| T [T] ”|” i M [7] bisck [5Y 2/1) silty elaystone and greenish gray [5G B/1), fine-grained silty
1A @ ‘ 1A / sandstone. Sandstone occurs s thin layers and irregular pods in claystone,
n L ‘ ] % Sharp contacts between two lithologies.
- 1 L i Thin Section Descriptions
- B % Basalt — Section 1, Piece 1C, 17-18 em
o Texture: ¢ itic with g
i T 1 O@ i 1 Phanocrysts: plagiociase, 5%, 0.2—1.0 mm, euhedral-subhedral; clinopyroxene,
- s ic + 2%, 0.1-0.7 mm, subhadral, equant; olivine[?} clay and calcite psaudomaorphs),
TR, suhedral
by 2 DVP 2 @ Groundmass: plagiociase, 30%, 0,06-0.1 mm, prismatic laths; clinopyroxene,
— 4 10%, 0.06-0.1 mm, anhedral, equant; opaques, 10%, 0.01-0.05, enhedral
. Q} 1 Vesicles: 4%, 0,2-0.7 mm, circular, clay- and calcite-filled
" 3 3a [l / Alteration: calcite (2%) and clays [37%) fill vesicles and replace olive and
: ECS % i AL i A mesostasis
N » @ A ¥ Basalt — Section 1, Piece 6D, B892 cm
- 4 Zﬂ 3c ‘ Texture: intergranular to intersartal
_—_| / Phenocrysts: -
50— _'m ) @ ‘ ‘ Groundmass: plagiociase, 40%, 0.1—1.5 mm, subhedral, laths; elinopyroxens,
BA = 28 |\ / 25%, 0.05-0.7 mm, anhedral, equant: olivine(?) (clay/calcite pseudomerphs],
1 ®|() i 1%, 0.5-1.0 mm, subhedral; opaquas, 7%, 0.05-0.2 mm, anhedral
=l 58 % / Vesicles: 2%, 0.8 mm, circular, clay filled
T.ONVA Alteration: calcite {3%) and clays [22%] replace olivine and mesostasis and
4 3F ) I\ e fill vesicles
ema— * / Shipbosrd Data
— Sample +] Vil Vi P
an g s l / Section 1, Piace 1C, 18 em 263 441 — 13
7 4B
| 1] SITE 473, CORE 30, SECTIONS 1-3, 252.0-256.3 m
= N @ . MAJOR ROCK TYPE — DIABASE
-1 5B D@ Macroicopic Description
- 20 | /] Diabasa — medium gray, fine- 1o medium-grained, aphyric, and badly altered,
= 6 ‘ . Fractured with some fractures filled with calcite or green clay. Ore mineras(?)
n / in vein in Piece 1A, Section 2.
& @ ) Thin Section Deseriptions
100— i / Diabase — Section 1, Pieca 3F, 162 cm
i @ ‘ ® l Texture: intersertal to subophitic
- Phenocrysts: —
= / Groundmass: plagioclase, 40%, 0.1-2 mm, inopy "
— selv 6 ‘ l /‘ 39%, 0.1-1 mm, anhadral; opaques, 7%, 0.05—0.2 mm, anhedral
& Alteration: clays {10%). calcite (4%] and zeciite (TR) replace part of mesostasis
- 56 ‘ ‘ ‘ T / Dighase — Section 2, Piaca 1A, 3-5 em
o / Texture: intergranular to intersertsl
st =
‘ " ] Groundmass: plagioctase, 20%, 0.1-2 mm, subhedral; clinopyroxens,
— BH b l 20%, 0.1-0.5 mm, anhadral, equant; opaques, 5%, 0.05—0.2 mm, anhedral
bl _|_ y Alteration: clay [15%) replaces mesostasis; caleite (10%) and quartz (30%) in veins
b s [ \ Shipboard Data
= — 2H D.V.P) Sampla ] Vi Vil P
Section 1, Piece 2, 23 cm 279 500 - 7
= 6 A 2 @ [
150 | | LJ L — LLJ | SITE 4:2::::::‘SEI::IBHS ;—-2, 2B70-252T m
CORE/SECTION 281 301 30/3 an 3142 MAJO! Desci ~ DiABAS|

Diabasa — medium gray, fine- to medium-grained, aphyric, and moderately

1o badly altered, Homogeneous througheut. Fractures filled with clay and

calcite.

Thin Section Description

Disbase — Section 2, Pieca 8D, 116=120 cm

Texture: intarsartal to subophitic

Phanocrysts: —

Groundmass: plagioclase, 39%, 0,1-2 mm, subhedral-auhedral; clinopyroxene,
38%, 0.1—1 mm, anhedral; opagues, 8%, 0.05-0.2 mm, anhedral

Alreratian: clay (16%), ealcite (TR), and zealita [TR) replace mesastasis

Shipboard Data

Sample D Vil Vi P

Section 1, Pisce 2H, 122 cm 280 499 -— 8
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SITE 473, CORE 32, SECTIONS 1-4, 266.0-271.7 m
MAJOR ROCK TYPE — DIABASE

i E g E: .3 . 4 § e
13 o P = lacroscopic Description
g .E £ g .E g = E 2 '-5- f.% i -E g ,§ § = f‘g 2 -E- = 5 Diabase — medium gray to dark gray, fine- to madium-grained, aphyrie,
5 T E E 5 E 8 g E 5 i g S E e '5 2 e ® and moderately to badly altered, Vesicular in part; vesiches increase in
E E ; Z 2§ B E 3 z £8 B § F z 2 g £ 3 2 g8 § ; z 238 B 83 z2 8 g e sizn down core in Section 2, 70—140 em. Fracturas filled with calcite
= S [ =8 S 3 S and clay. Pieces 2K and L are almost completely altered to clay.
FEf pEIPGF P el pELEEE periii psrsii pafsi
5 & = & 8 & & * G & & = & Sz & E £ & & = & oo : & dc Thin Section Description
Disbase — Saction 4, Piece 1A, 2—4 cm
- 3 = i . : . -
“1 E i Ea 5 M (30 |— ﬁ i ‘ P Texture: intersertal o intergranular
4 > 1A 1A Phencerysts: —
P | * g * VP 1 ("l B Groundmass. plagioclase, 38%, 0.1-2 mm, subhedral 1o anhedral;
. ‘ 1A ‘| r"* 1wl ||V D, ® [} 1B clinopyroxene, 38%, 0.1=1.5, anhedral: opaques, 8%, 0.05—0.5 mm.
(=) " anhgdral
- 9—‘ ‘ 1B L4 E} Alteraticn: clay (15%) and calcite (TR) replace mesostasis
18 =4 }k 1 Shipboard Data
=1 + 2 ) = ) = 1A \ Sample DVl VIl P
. Q Section 4, Pleca 1A, 7 ecm 292 526 - 4
24
— 2 '%p i 7\ N | v SITE 473, CORE 33, SECTIONS 1-3, 276.0-279.0 m
qh ¥ vi\l L % MAJOR ROCK TYPE — DIABASE
h — 2 1c 1 % q Macroscopic Description
‘ [ 1= L 10 Diabase — medium gray to dark gray fine- to medium-grained, aphyric,
1 % ‘ — : \ [} and badly aitersd. Homeogenaous throughout. Fractures filled calcits and
-1 v 2ol v ‘ clay. Drilling rates indicate possibly soft sediment encountered, but none
5 1E ‘ recovered.
wi= fri—4 L v Thin Section Description
38 lﬁ ‘ W Diabase — Section 1, Piece 2G, 121-123em
-1 l — 1F 1€ v ‘ ..,—J i * Texture: intersartal to subophitic
2 viv — v 1 Phenccrysts: —
—l i ‘ o Groundmass: plagiocise, 38%, 0.1-7 mm, subhedral-anhedral; clinopyroxens,
4 A4 (13 v | o SR 38%, 0.1-2 mm, subhedral.-anhedral ; opagues, 8%, 0,05-0.3 mm, anhedral
2D | a4 — 'l 20 ¥ N Alteration: clay (15%) and calcite [TH) replace masostasis
- q‘ v 18 v Shipboard Data
- < " | 16 v ; | " } Sample b VG Vi P
T | Section 1, Plece 2G, 121 285 669 — [
2 ‘ L1 5 ,J il & ion 1, Pieca em
9 o A < | I DO v — =1y
i L l ! 5 || v
2F [N, v ‘ sC r_,_. i v /] | 16
o I i q L
v @ [
- ) ‘Z |
v ) 4 SE | ) 2| v v ™ |
100— v /] 5F ) 1E /]
26] v 3 v — A
i Nos SR a\D |
-l Hf| v
v
ol il " s ‘ 2Ff v ‘
2y | i Ty
== R
K ] =) v
-3 o v J + * zd v 'i,D.V,F
v
) @ ‘ l ] " ’ ‘
1 ’@ ‘ I ‘ :
] 2L SN
150— |.|_ Ll L |..| L |._ S L] — -
CORE/SECTION 2h 3z 324 3n 33z 333
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SITE 473, CORE 34, SECTIONS 1-3, 284.0-287.4 m

MAJOR ROCK TYPE — DIABASE

MINOR ROCK TYPE — BASALT

Macrozcopic Descriptions

Diabase — midium gray *o dark gray, fine- to medium-grained, aphyric and badiy
altered. Grain size decreases slightly toward base Section 2. Colcite: and elay -filled
fractures

Basalt — Piece 2, Saction 3, is medium dark gray, moderately altered, vesicular
basalt, Clay fills some vesicles. Plagiociese phanocrysts [~1 mm long) are
visibile on cut surface,
Thin Saction Descrintion
Basalt — Section 3, Plece 2, 2720 cm
Texture: itie with hyaloophitic g |
Phenocrysts: plagiociase, 7%, 0.2—1 mm, euhedral; clinopyroxene, 5%,
0.1<0.5 mm, euhedral-subhedral; olivina(?) (clay paeudomarphs),
TR, 0.5 mm

plass, 55%; plagiocl 10%, 0.01-0.5 mm,
skeletal, hollow; clinopyroxene, 5%, 0.01-0.05 mm, skeletal,
feathary, opagues, 8%, 0.01 mm, anhedral

Vesiches: 10%, 0.1=2 mm, aval, clay: and zeolite(?]-filled
Alteration: clay (8%} replaces olivine and fills vesicles; zealite(7) (1%)
fills vesicles

Shipboard Data
Sample o} Vi v P
Section 3, Pisce 2, 27 cm - 534 — =
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