5. GUAYMAS BASIN SLOPE: SITES 479 AND 480!

Shipboard Scientific Party?

BACKGROUND AND OBJECTIVES

Drilling at these two sites on the continental slope of
the northeast side of the Guaymas Basin, off the city of
Guaymas, Sonora, had three principal objectives:

1) Knowledge of the history of the proto-Gulf of
California.

2) The best possible core recovery of the laminated
diatomaceous sediments from the oxygen minimum on
this continental slope.

3) The first full-scale field test of the newly developed
Serocki-Storms-Cameron hydraulic piston corer (HPC).

Moore and Buffington (1968) and Moore (1973) first
pointed out that the Gulf is not closed in a reconstruc-
tion by taking out the sea floor apparently formed dur-
ing the past 3.5 m.y. A marine basin of moderate water
depth prior to that time is indicated by such a geometric
reconstruction, by evidence from surrounding land ge-
ology and well information, and by structure and dredge
samples from escarpments along the margins of the new
basins. An excellent example of such a presumed proto-
Gulf remnant lies along the mainland side of the Guay-
mas Basin, and Moore (1973) reported on a dredge sam-
ple (D-5) of Miocene or early Pliocene argillaceous silt-
stone from this scarp.

Sites 479 and 480 are located approximately on a pro-
file from Moore (1973) (see Fig. 3). The Dredge Sample
D-5 is from the scarp below these sites. Site 479 (GCA-
29) is in the axis of the syncline above the scarp and was
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planned to penetrate two unconformities that might re-
veal some of the history of the present phase of opening
and history of the transform fault that forms the scarp.
If it had been possible to penetrate well below these un-
conformities, we might have been able to sample some
of the proto-Gulf sediments analogous to the dredge
sample and possibly basement of the proto-Gulf. Safety
considerations halted our drilling, however, and the
nature of this basement rock is not yet known. One
hypothesis of the origin of the proto-Gulf is ‘‘back-arc”’
extension and formation either of oceanic crust or
thinned continental crust that occurred during the Mio-
cene (Karig and Jensky, 1972). Others have proposed an
earlier period of rifting (Moore and Buffington 1978;
Jensky, 1974; Mammerickx, 1980).

The Guaymas Basin is an area high in organic pro-
ductivity, with strong diatom blooms generally extend-
ing somewhat randomly throughout the year—although
there is apparently some tendency for increased num-
bers of blooms in autumn and spring. The basin also re-
ceives a large contribution of terrigenous sediment from
major rivers on the mainland flank, especially from the
Yaqui. Rains are highly seasonal and concentrated dur-
ing most years in July, August, and September, although
occasionally the area receives some of the winter rains
of December and January—more typical of southern
California in the climatic zone to the north. The result
of these two seasonally influenced sources of sediment is
deposition of alternating laminae of diatom-rich layers
and layers rich in terrigenous sediment into laminae or
varve pairs. Calvert (1964, 1966) concluded that the pre-
dominant seasonal influence is the terrigenous sediment
supply.

The other environmental factor contributing to for-
mation of these laminated sequences is preferential pres-
ervation in the strong oxygen minimum between 300 and
1400 meters (Fig. 1). Essentially the same seasonal sedi-
ment supplies are delivered to the slopes and to the basin
floors, with the exception of additional turbidite supply
to the basin floors, especially during times of lowered
sea level. Benthic organisms destroy the laminations
above and below the oxygen minimum but not within it
(Figs. 2, 3).

Detailed sampling and study of these laminated se-
quences of sediment thus offer the possibility of gaining
information and insight into varying environmental con-
ditions, such as climatic changes and cycles, changes in
circulation patterns, changes in depth of oxygen mini-
mum, changes in sea level, and changes in floral and
faunal assemblages. Sampling a sufficient thickness of a
laminated sequence would furthermore make some study
of diagenetic changes and lithification possible.
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Figure 1. A. Cross-section through the water mass of the central Guaymas Basin to show the
distribution of dissolved oxygen. The section extends from Mulegé to the mouth of the Rio
Yaqui (see Fig. 2 for locations). Isopleths of oxygen concentration after Calvert (1964). B. (i)
Depth distribution of sediment cores from the Guaymas and San Pedro Martir basins. Those
cores showing laminations to the core surface are indicated by the shaded area on the histo-
gram. The remaining cores are homogeneous, mottled, or partially laminated (homogeneous
at the surface, but laminated at some variable depth in the core). (ii) Vertical distribution of
dissolved oxygen from 20 hydrographic stations occupied in the Guaymas and San Pedro
Martir basins during October-November 1961. Each point represents a single determination
from a Nansen bottle sample at the depth indicated (from Calvert, 1964).
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Figure 3. Simplified lithologic results from drilling and line drawing of a seismic section through Sites 479 and 480. (V, VI, and VII are transform

faults.)

Site 479 was drilled first with conventional drill bit
and coring. This site was selected as a compromise be-
tween proto-Gulf objectives and laminated sediment ob-
jectives. The plan was to then test the HPC at this same
site after completion of the first hole if the upper part of
the section consisted of good laminated sediments. Our
experience on the ship was, however, that because of the
excessive disturbance by conventional coring, we could
not determine with confidence whether or not this upper
section was well laminated. Rather than test the HPC at
this site, we moved approximately 7 km to Site 480,
where previous oceanographic ship-piston and gravity
cores had demonstrated good lamination in the upper
few meters of the sediment column.

PRINCIPAL RESULTS

These sites were drilled to test the hydraulic piston
corer, to obtain a record of laminated diatomaceous
sediments from the oxygen minimum, and to penetrate
the upper part of the sedimentary section overlying
proto-Gulf crust. The HPC test Site 480 was technologi-
cally and scientifically successful and obtained almost
complete recovery of a 152-meter section of varved
sediments. Drilling at Site 479 penetrated several uncon-
formities and terminated in late Pliocene sediments. The
correlation with seismic data suggests that uplift of this
upper part of the section occurred in the past 1 m.y.

HOLE 479

Date occupied: 29 December 1978

Date departed: 31 Decembper 1978

Time on hole (hrs.): 76.75

Postion: 27°50.76'N; 111°37.49'W

Water depth (sea level; corrected m; echo-sounding): 747
Water depth (rig floor; corrected m; echo-sounding): 757
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Bottom felt at (m; drill pipe): 766
Penetration (m): 440

Number of cores: 47

Total length of cored section (m): 440
Total core recovered (m): 272.8

Core recovery (%): 62

Oldest sediment cored:
Depth sub-bottom (m): 440
Nature: Laminated mudstone
Age: Late Pliocene
Measured velocity (km/s): Not determined

Basement: Not reached

Principal results: Hole 479 lies on the northwest continental slope of
the Guaymas Basin within the oxygen minimum and over presumed
proto-Gulf of California sediments and crust. It was located by a
predrilling survey in the axis of a syncline above the scarp of the
transform fault of the basin where the drilled section outcrops at
the sea floor. The objective was to sample these presumed proto-
Gulf sediments as deeply as time would permit and to date the un-
conformities and folding above the scarp. The lithology of the sec-
tion was Quaternary to late Pliocene and mainly muddy diatoma-
ceous ooze with alternating sequences of varves and homogeneous,
probably bioturbated, zones. Three lithological units were distin-
guished on the basis of diagenesis, degree of consolidation, and
micropaleontology. These correlate rather well with the sediment
sections between the unconformities in the seismic reflection rec-
ords, We conclude that all uplift and folding indicated within the
shallow part of the section drilled occurred during the Pleistocene.
Drilling was terminated at 440 meters because of gas pressure, in-
creasing C,/C, ratio, and increase of hydrocarbons in the gasoline
range. Heat flow was measured at 2.36 HFU.

HOLE 480

Date occupied: 31 December 1978

Date departed: 2 January 1979

Time on hole (hrs.): 39.62

Position: 27°54.10"'N; 111°39.34'W

Water depth (sea level; corrected m; echo-sounding): 655



Water depth (rig floor; corrected m; echo-sounding): 665
Bottom felt at (m; drill pipe): 674.5

Penetration (m): 152

Number of cores: 31

Total length of cored section (m): 147.25

Total core recovered (m): 117.89

Core recovery (7): 80

Oldest sediment cored:

Depth sub-bottom (m): 152

Nature: Diatomaceous ooze

Age: Quaternary

Measured velocity (km/s): Not determined
Basement: Not reached

Principal results: Hole 480 lies only 7 km northwest of Site 479 and was
occupied to test the HPC and to obtain the best section possible of
varved diatomites within the oxygen-minimum zone. The piston
corer was an unqualified success, and we duplicated the upper 152
meters of the section from Hole 479 with excellent recovery of un-
disturbed cores. Rhythmically laminated (varved) sequences alter-
nate with bioturbated sections, perhaps as a function of movement
of the oxygen minimum with Quaternary climate and sea-level
changes. Study of the varves aboard ship was very limited, because
the shipboard scientific party refrained from sampling in order to
preserve the cores for shore-based studies, which require intact
working halves of the cores. We proposed special curating and
sample distribution procedures for the cores.

SITES 479 AND 480 OPERATIONS

We departed Site 478 on 29 December at 05127 on
course 350° toward a predrilling reflection seismic sur-
vey of the area around proposed Site 479 using Glomar
Challenger seismic equipment. Site 479 was selected
along an old (1967) C. H. Davis line run before satellite
navigation (Fig. 4), and it was, therefore, of uncertain
position. We thus needed an area survey to select the de-
sired site in the axis of a syncline, as recommended by
the JOIDES Safety Panel. We changed course to 035° at
1015Z on 29 December and began the survey. The sur-
vey track and the final sites selected for drilling are
shown in Figure 4. Examples of the records (including
seismic records) are given in the section on correlation
of drilling results. We completed our survey at 1618Z,
dropped a beacon, retrieved the profiling gear, hove to
in the area, and lowered the positioning hydrophones—
but alas, no beacon signals. After awaiting a satellite,
we again began profiling in the area at 1755Z and at
1844Z let go a second beacon in 747 meters water depth.
At 2000Z we positioned in automatic over the second
beacon and began running-in the hole (Table 1).

Our first core was on deck at 2313Z; thereafter, until
0424Z on 31 December, we continuously cored 440 me-
ters of Quaternary sediments with no drilling problems.
Heat flow and pore water were sampled with the combi-
nation instrument at 88.5 and 221.5 meters. Drilling was
terminated because of possible hydrocarbon pollution
with further penetration. The C,/C, ratio was rising,
and increasing amounts of propane and butane were
measured.

We then prepared the hole for logging, released the
bit, and pulled the pipe to the mudline. Five logging
runs were made between 0900 and 2000Z. Tools for the
first were temperature, density, gamma, and caliper. The
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second utilized sonic caliper and gamma; the third was
guard, neutron, and gamma; fourth, induction and gam-
ma; and the fifth run used only the temperature tool.
We next secured the logging equipment, placed a cement
plug from 920 to 870 meters, and pulled out of the hole.
At 2300Z we were underway for the next site, Site 480,
which was selected to complement this site for piston
coring.

Although the upper 100 meters of cores at Site 479
were, as usual, badly disturbed, we did not see any con-
vincing evidence for laminated diatomaceous ooze. Site
480 is only about 6.8 km to the northwest and in an op-
timum locality for coring laminated diatomaceous ooze
and mud. No seismic profiling was done on the short
traverse from Site 479 to Site 480, because Site 480 is on
one of the lines run in the survey for Site 479. We used the
3.5 kHz to record structure in the upper 50 meters. At
0000Z on January 1 we reached our position and dropped
a beacon in 655 meters of water. From 0030 to 0230Z we
then positioned in automatic over the beacon and ran
pipe in the hole. The piston corer was then rigged, and
our first core was on deck at 0715Z on 1 January 1979.
We then took a very successful series of 31 piston cores,
terminating at 1313Z on 2 January at a total depth of
152 meters. Only two cores contained no undisturbed
sediments, and recovery was generally 80 to 95%. The
cores are remarkably undisturbed, and throughout much
of the sequence, finely laminated diatomaceous ooze
and silt were recovered. Average time for each core was
1 hr. at this depth. This first operational use of the hy-
draulic piston corer was an unqualified technical and
scientific success.

Because this same section had been logged at Site 479,
just 6.8 km to the southeast (and since in any case only
the lower 90 m could be logged), we opted not to relog,
thereby saving time for drilling and logging our next and
final site. We therefore pulled out of the hole and were
underway for the next site at 1653Z on 2 January 1979.

SITE 479 SEDIMENTARY LITHOLOGY

In general, sediments at Site 479 are a uniform, some-
what monotonous, rather disturbed, thick, hemipelagic,
Quaternary sequence of muddy diatomaceous ooze to
mudstone. Most of the section was originally rhythmi-
cally laminated. Sedimentation has been rapid as might
be expected from the nearby terrigenous sources and
profusive diatom productivity at this locality within the
belt of intense upwelling. Discrete, hard, lithified layers
of calcareous mudstones to limestone—some laminated
—are recurrent at several intervals but are more com-
mon with depth. On the composite stratigraphic section
(Fig. 5), missing sediments and the position of indurated
layers have been slightly modified from core-barrel
depths by adjustment with the sonic- and bulk-density
logging results.

Although the entire section at Site 479 seems to show
a similar environment of deposition, we have decided to
use subtle differences to designate three units (see Table
2) to delimit possible breaks in the record. These criteria
include indurations, gas, the relative abundance of dia-
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Figure 4. Tracks of Glomar Challenger, approaching Stations 479 and 480, a multichannel seismic-reflection line from Guay-
mas Expedition, Scripps Institution of Oceanography, and a 1967 C. H. Davis line.

toms, silicoflagellates, sands and laminates, and the re-
curring frequency of discrete dolomitic beds.

Unit I: Late Pleistocene (479-1 through
479-26,CC; 0-240.5 m)

The correlation with Hole 480 suggests that the soft
and highly disturbed sediments from the upper part of

422

Hole 479 also seem to consist mainly of rhythmically al-
ternating thin layers of moderate olive brown (5Y 4/4)
muddy diatomaceous ooze and millimeter-scale laminae
of matted pale olive (10Y 6/2) diatomaceous ooze. Some
layers are mainly diatomaceous mud or silty clays. Where
undisturbed, laminations are subparallel to parallel (see
lithology section, Site 480).



Table 1. Coring summary, Holes 479 and 480,

Depth from Depth below
Date Drill Floor Sea Floor Length Length
(Dec. (m; (m; Cored Recovered Recovery
Core 1978) Time top-b ] top-t } (m) (m) (o)
479-1 29 1613 766.0-769.0 0-3.0 3.0 234 78
2 29 1631 769.0-778.5 3.0-12.5 9.5 0.00 0
3 29 1653 778.5-788.0 12.5-22.0 9.5 3.97 41
4 29 1712 788.0-797.5 22.0-31.5 9.5 0.00 0
L] 29 1735 797.5-807.0 31.5-41.0 9.5 6.76 71
6 29 1812 B07.0-816.5 41.0-50.5 9.5 B.40 88
7 29 1852 816.5-826.0 50.5-60.0 9.5 9.05 95
8 28 1915 826.0-835.5 60.0-69.5 9.5 8.10 85
9 29 1943 835.5-845.0 69.5-79.0 9.5 6.18 68
10 29 1959  B845.0-854.5 79.0-88.5 9.5 9.56 101
1 29 2020  B54.5-864.0 88.5-98.0 9.5 5.36 56
12 29 2140 864.0-873.5 98.0-107.5 9.5 935 98
13 29 2208 B873.5-883.0 107.5-117.0 9.5 334 35
14 29 2226 883.0-892.5 117.0-126.5 9.5 7.88 83
15 29 2249  892.5-902.0 126.5-136.0 9.5 8.55 90
16 29 2311 902.0-911.5 136.0-145.5 9.5 4,42 47
17 29 2332 911.5-921.0 145.5-155.0 9.5 8.54 90
18 29 2357 921.0-930.5 155.0-164.5 9.5 3.28 35
19 0 0125 930.5-940.0 164.5-174.0 9.5 B.23 87
20 30 0152 940.0-949.5 174.0-183.5 9.5 8.79 93
21 30 0220 949.5-959.0 183.5-193.0 9.5 7.35 ki
22 30 0252 959.0-968.5 193.0-202.5 9.5 6.59 69
23 30 0320  968.5-978.0 202.5-212.0 9.5 8.03 8s
24 30 0353 978.0-987.5 212.0-221.5 9.5 8.24 87
25 30 0427  987.5-997.0 221.5-231.0 9.5 2.72 29
26 30 0604 997.0-1006.5 231.0-240.5 9.5 8.37 88
27 30 0645  1006.5-1016.0  240.5-250.0 9.3 6.61 70
28 30 0716 1016.0-1025.5  250.0-259.5 9.5 6.47 68
29 30 0751  1025.5-1035.0 259.5-269.0 9.5 5.68 60
30 30 0826  1035.0-1044.5  269.0-278.5 9.5 0.00 0
31 30 0911  1044.5-1054.0  278.5-288.0 9.5 8.27 87
32 30 0254 1054.0-1063.5  288.0-297.5 9.5 2.18 23
33 30 1037  1063.5-1073.0  297.5-307.0 9.5 0.00 0
i4 30 1108  1073.0-1082.5 307.0-316.5 9.5 7.90 83
s 30 1141 1082.5-1092.0  316.5-326.0 9.5 7.55 )
i6 30 1214  1092.0-1101.5 326.0-335.5 9.5 7.22 76
37 0 1256 1101.5-1111.0 335.5-345.0 9.5 7.02 74
38 30 1332 1111.0-1120.5  345.0-354.5 9.5 8.23 87
9 30 1400  1120.5-1130.0 354.5-364.0 9.5 7.16 75
40 30 1432 1130.0-1139.5  364.0-373.5 9.5 9.66 102
41 30 1505  1139.5-1149.0 373.5-383.0 9.5 1.48 16
42 30 1605 1149.0-1158.5  383.0-392.5 9.5 0.22 2
43 0 1654  1158.5-1168.0 392.5-402.0 9.5 2.50 26
44 30 1753 1168.0-1177.5  402.0-411.5 9.5 7.59 80
45 30 1913 1177.5-1187.0  411.5-421.0 9.5 3.01 32
46 30 2020 1187.0-1196.5 421.0-430.5 9.5 0.00 0
47 30 2124 1196.5-1206.0  430.5-440.0 9.5 9.05 95
480-1 1 0015  674.50-679.25 0.00-4.75 4.75 N 80
2 1 0118 679.25-684.00 4.75-9.50 4.75 4.12 87
3 1 0213 6B4.00-688.75 9.50-14.25 4.75 4,39 92
4 1 0312 688.25-693.50  14.25-19.00 4,75 4,55 96
5 1 0358  693.50-698.25 19.00-23.75 4.75 4.60 97
6 1 0448  698.25-703.00  23.25-28.50 4.75 4.50 95
7 1 0546  703.00-707.25  28.50-33.25 4.75 4.50 95
8 1 0642  707.75-712.50  33.25-38.00 4.75 4,55 96
9 1 0742 712.50-717.25  38.00-42.75 4.75 4.54 96
10 1 0820 717.25-722.00  42.75-47.50 4.75 4.45 94
11 1 0940 722.00-726.25  47.50-52.25 4.75 1.59 33
12 1 1040  726.75-731.50  52.25-57.00 4.75 0.20 4
(washed) 731.50-736.25  57.00-61.75 — — -
13 1 1259  736.25-741.00 61.75-66.50 4.75 4.35 92
14 1 1350  741.00-745.75  66.50-71.25 4.75 4.13 87
15 1 1440 745.75-750.50 71.25-76.00 4,75 2.23 47
16 1 1515  750.50-755.25  76.00-80.75 4.75 4.45 94
17 1 1558 755.25-760.00  80.75-85.50 4.75 3.95 83
18 1 1645  760.00-764.25  85.50-90.25 4.75 3.81 80
19 1 1735  764.75-769.50  90.25-95.00 4.75 4.30 90
20 1 1B49  769.50-774.25  95.00-99.75 4.75 .87 81
21 1 1944  774.25-779.00 99.75-104.50 4.75 4.20 90
22 1 2056 779.00-783.75 104.50-109.25  4.75 4.52 95
23 1 2150 783.75-788.50 109.25-114.00 4.75 3.67 T
24 1 2247  788.50-793.25 114.00-118.75  4.75 0.00 0
25 2 0020 793.25-798.00 118.75-123.50 4,75 4,60 97
26 2 0130 798.00-802.75 123.50-128.25  4.75 3.86 81
27 2 0213 B02.75-807.50 128.25-133.00 4,75 4.49 95
28 2 0308 807.50-812.25 133.00-137.75 4.75 4.35 92
29 2 0405 812.25-817.00 137.75-142.50  4.75 4,58 96
30 2 0505 817.00-821.75 142.50-147.25 4.75 2.16 45
31 2 D613  B21.75-826.50 147.25-152.00 4.75 4.59 97

Diatoms comprise 20 to 50% of the sediment. Other
biogenic components include nannofossils (2-15%),
common silicoflagellates, and rare foraminifers or ra-
diolaria. Terrigenous constituents are dominated by silt-
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Figure 5. General lithology, lithologic units, core recovery, and bulk
density, Site 479.

sized angular to rounded feldspars, with quartz and mi-
nor amounts of opaque and heavy minerals, pyrite, and
plant debris.

An H,S odor is present through Core 479-10, and
most of the unit shows a spongy or gelatinous, ruptured
surface texture caused by the exolution of gas (biogenic
CO, methane) when drilled. Gas is a prominent feature
of Unit I and some sediments froth into the core barrel
(Fig. 6).

Four hard, decimeter-thick, pale olive (10Y 6/2-5Y
3/2) to grayish olive (10Y 4/2) dolomite-cemented mud-
stone layers were recovered from 88.5, 110, 170, and 198
meters. Smear slides and thin sections show relict quartz
grains and diatom fragments enmeshed in micrite-size,
blocky dolomite. The first samples are moderately soft
with individual rhombic grains. Some of the pieces are
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Table 2. Lithology, Sites 479 and 480.

Sub-bottom Average
Depth Palecenvironment Accumulation
Site  Unit Cores (m) Lithology Interpretation Age Rate
479 1 1 to 26,CC 0 to 240.5 Moderate olive brown, grayish olive = Hemipelagic: outer slope  Late Quaternary  Rapid estimates:
to pale olive muddy diatomaceous episodically intersecting ~550 m/m.y.
ooze to diatom muds; alternations the O7 minimum
of rhythmically laminated and beneath zones of upwell-
homogeneous zones; includes some ing and high productivity
sand and dolomite interlayers and
gas-rich zones
Contact: massive sand Unconformity?
I 27-11039,CC 240.5to Firm to hard, moderate-olive- Hemipelagic Quaternary Moderate
364.5 brown, laminated and homogeneous (up to ~ 100-280
zones of muddy diatomaceous ooze, ~0.9 m.y.) m/m.y.
includes diagenetic carbonates but
few sand, ash, or gaseous layers
Contact Hiatus
Il 40-1 10 47,CC  364.5 to 440 Laminated, diatomaceous muds to Hemipelagic Late Pliocene Moderate
laminated mudstone; induration (1.8-2.4 m.y.) ?
increases, diatoms disappear; 7 to 8
hard, diagenetic dolomitic
interlayers
Alternations of:
480 I 480-1 to 0to Type 1A:
480-31,CC 152.0 Rhythmically laminated, moderate- Hemipelagic outer slope; ~ 6252
olive-brown (5Y 4/4), muddy dia- high diatom productivity ~500b

tomaceous ooze and pale-olive
(10Y 6/2) to moderate-yellow (5Y
7/6) diatomaceous ooze

Type 1B:

Homogeneous, moderate-olive-
brown (5Y 4/4) diatomaceous mud
and olive-gray (5Y 3/2) to light-
olive-gray (5Y 5/2), diatomaceous,
silty clay

Interruptions: sands (Cores 20, 21),
dolomitic mudstone (Core 21)

with upwelling and sedi-
ments in O minimum
zone

Diatom production less;
infauna present at ocean
floor

Lowered sea level(?);
diagenetic carbonate

2 From 16 varves/cm counted.
From correlation with Site 479.

thinly laminated; others are bioturbated to homogenous
(Fig. 7) (see Kelts and McKenzie, this volume, Pt. 2).
Other minor interlayers include a thin, unaltered, silt-
sized, gray (N7) vitric rhyolitic ash in Sections 479-17-3
and 479-17-4 (152 m). Sands are quantitatively unim-
portant, and where present do not show grading. In Core
479-24-1, a thin gray sand also contains up to 10% py-
rite, which suggests winnowing. A medium gray (N5)
50-cm-thick, well-sorted, coarse sand layer occurs at
50.5 meters (Core 479-6). The base of Unit I, however,
is marked by a massive, 7-meter-thick, coarse-grained,
well-sorted, dark greenish gray (5G 4/1) sand in Core
479-26. These sands seem to be winnowed of fines and
have sharp upper and basal contacts. Compositionally,
feldspars are more abundant than quartz and volcanic
rock fragments with minor heavy minerals and micas
(Aguayo, this volume, Pt. 2). Shallow- or deep-water car-
bonate is rare, although there are a few benthic foramin-
ifers and a trace of reworked coccoliths and diatoms.

Unit II: Late Pleistocene (479-27 through 479-39,CC;
240.5-364.5 m)

Below the massive sand (Core 479-26), induration in-
creases, and many sections are not badly disturbed by
drilling. These show distinct rhythmic light and dark
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laminated zones (Fig. 8) between more homogeneous
zones. Other differences are also present. The unit is less
gaseous, and gas rupturing decreases; there are more
abundant silicoflagellates in Cores 479-28, 479-32, 479-
34, and 479-35. The frequency of limestone interlayers
increases, and some preserve clear evidence of burrow-
ing. Sands are rare. Some phosphate-rich zones occur.

In the laminated sequences, a common couplet type
consists of a grayish olive (10Y 4/2) diatomaceous silty
clay (dark) and pale olive (10Y 6/2) muddy diatomaceous
ooze (light). The couplets seem slightly less diatoma-
ceous with more terrigenous sediment than the upper
section. Typical counts range from 22 to 30 couplets per
centimeter.

Six hard dolomitic mudstones, several centimeters
thick, were encountered in this section. They are thicker
than similar Unit-1 layers, and cut surfaces commonly
show excellently preserved exponential-type burrowing
down into a laminated sequence (Kelts and McKenzie,
this volume, Pt. 2). Other, more indurated sections also
show pervasive burrow structures that must represent
the homogenous, clayey units.

Minor beds include fish-scale-rich hard clays (in Sec-
tions 479-35-4, 479-38-5) and several 1-cm-thick beds of
black sand-sized particles composed of basaltic glass
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Figure 7. Photograph of 479-13,CC, showing fragment of hard, lami-
nated, dolomitic mudstone,
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Figure 8. Photograph of 479-35-5, 53-59 cm, showing laminated dia-
tomaceous mudstones of Unit II.

and feldspars coated with manganese oxyhydroxides and
some quartz and diatoms (20%) suggesting a pessible
short time of slowed deposition.

Unit III: Pliocene (479-40 through 47,CC;
364.5-440.0 m)

The contact of Unit 11/11I is defined by a change in
bulk density trends and by a jump to late Pliocene (Ma-
toba and Oda, this volume, Pt. 2). Most of the section
consists of thinly laminated mudstones, which are either
grayish olive (10Y 4/2) or pale olive (10Y 6/2) silty clay
to diatom mud. Sediments continue to show rhythmic,
very fine laminations. Trends continue over a transi-
tional zone that began about in Core 479-35. Diatom
frustules diminish and disappear, as do most nannofos-
sils. Once diatom abundance has dropped to minimum
values, there is a clear linear increase in induration levels
from Cores 479-39 to 479-47, which can be followed on
the density log (Fig. 5). Layers rich in fish scales (e.g.,
Sections 479-40-6, 479-41-1, 479-43-2, 479-46-1, 479-46-
2) become prominent. Cores 479-40, 479-42, 479-45,
and 479-47 contain a few scattered, paper-thin white
laminae that are an almost pure nannofossil ooze, con-
taining a single cosmopolitan species indicative of spe-
cial blooms.

Nine hard, dolomitic interlayers were counted. One
example (Sample 479-47-2, 125-145 cm) shows a pro-
gressive change downward from relatively soft, extreme-
ly finely laminated claystones to harder limestones (see
Kelts and McKenzie, this volume, Pt. 2). Initially paral-
lel structures are completely preserved. Laminations be-
come wavy, then intermittent, then broader and diffuse,
mostly as a result of obliteration of the thin dark lami-
nae, rich in organic matter. This suggests a progressive
trend in the pattern of lithification of the limestone beds.

Depositional Environment

Sediments at Site 479 show a pattern of an outer-
slope hemipelagic depositional environment throughout
the time interval drilled.
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There is also a good correlation with Site 480, which
strongly suggests the upper, highly disturbed 150 meters
are similarly composed of alternating zones of fine varve-
like diatomaceous rhythmites and homogeneous muddy
diatomaceous ooze. Conditions were generally favor-
able to the preservation of the laminaticns, which indi-
cate a long-period stable location of the oxygen mini-
mum, similar to that of today. Although some contro-
versy surrounds the nature of the more homogeneous
zones (see biostratigraphy, Site 480) in deeper, more in-
durated sections, pervasive burrowing is conspicuous.
This indicates a fluctuating oxygen content in bottom
waters during some discrete times.

There is little evidence for major turbidite sedimenta-
tion in most of the section at Site 479. We do not observe
very silty beds or homogeneous muds typical of a deltaic
environment. Sands, particularly graded ones, are rare.
This is consistent with its present protected, low gra-
dient, outer-slope location. But, the thick sand bed in
Core 479-26 probably defines an unconformity. The
composition of coarse-grained (250-600 pm) angular
quartz, abundant feldspar, and rounded volcanic rock
fragments without carbonates suggests a terrigenous flu-
vial source similar to the present Guaymas area. This
layer is associated with a low-angle, but distinct uncon-
formity visible on seismic records. These sands could in-
dicate times of lowered sea levels or enhanced bottom
currents.

Diagenesis and Varves

Based on decreasing drilling disturbance, general con-
solidation of the sediments begins below about 250 me-
ters or below the zone enriched in biogenic gas. Large
amounts of biogenic gas that charge the sediments indi-
cate rather high accumulation rates and low oxidation
potentials. These gases may counteract compaction to
some degree. Induration is first apparent below Core
479-39 (360 m).

Diatom abundance decreases downhole from gener-
ally high levels midsection (45-60%), to intermittently
high and low, then generally low below 360 meters. Be-
low 390 meters (Core 479-43) diatoms disappear. This
change is parallel to the induration pattern, which sug-
gests silica diagenesis in progress.

Sediments both above and below the claystone bound-
ary are rhythmically laminated with a couplet consisting
of a light (A) and a dark (B) lamina. The light laminae
lower in the section (Core 479-37) appear to contain
more robust types of diatoms.

The last core (479-47) is an example of a claystone
showing a continuous succession of very fine rhythmic
couplets but containing no frustules (Fig. 9). Light and
dark layers, if annual, indicate a span of about 27,000 y.
for this core, (about 30-35 couplets per cm). Both light
and dark laminae seem to have almost identical bulk
compositions at present: dominantly clay (80-85%) with
scattered fine carbonate grains.

Close inspection shows that a variety of other lamina-
tions or sublaminations are also present. Many of the
darker laminations are underlain by a hairline (0.1 mm)
reddish brown layer of pure organic matter. This may
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Figure 9. Photograph of 479-47-5, 53-60 cm, showing laminated
mudstone from Unit III, without diatom frustules.

be a relict of diatom blooms or may instead indicate
other seasonal algal productivity.

Successions are interrupted frequently by thin (2-3
mm), gray (N6) silty clays, which may derive from ex-
ceptional flood years.

Thin, homogeneous brown to tan silty clay (2-3 mm)
bands are less frequent but may indicate burrowing or
longer periods of low productivity. A few thin (0.3 mm),
creamy white laminations stand out in darker sections.
These proved to be a pure nannofossil bloom consisting
of one dominant, dissolution-resistant species, Cocco-
lithus pelagicus.

Some laminae consist of a single layer of fish scales,
which is best detected along parted beds. In some zones,
the sediment approaches a fish-scale clay. Commonly,
the scales are concentrated at the top of the dark lami-
nae, which appears microburrowed, and below thin or-
ganic-rich films occur.

Scattered, grayish orange bands and clumps are phos-
phate-rich, Both of these latter types of laminae indicate
a deeper zone near strong upwelling.

Recurring Dolomitic Layers

Hard lithified layers show up on density log records
(Fig. 31) as 18 to 20 thin beds, which increase in abun-
dance downhole but show little relation to the overall
diagenetic trend. Evidence suggests an in sifu process ce-
menting host lithologies. This curious recurrent pattern
is difficult to explain. Possibly some layers were sedi-
mented with more than a critical amount of carbonate,
which would later recrystallize (Kelts and McKenzie,
this volume, Pt. 2).

Volcanic Ashes

The occurrence of basaltic ash in lower sections of
the hole (Cores 479-35-479-39) contrasts with more rhy-



olitic material at the top (Core 479-17). Both appear
to have been transported mainly by wind, because the
grains are well sorted and silt sized without admixture.
These suggest basaltic and rhyolitic volcanism from
mainland volcanoes during the Quaternary; some of the
possible volcanic sources (weathered volcanoes) were
visible 15 km away from the ship. The black coatings on
the basaltic ash components may have been acquired be-
fore transport, as a rapid burial in anoxic oozes would
seem to preclude a manganese coating.

SITE 480 SEDIMENT LITHOLOGY

Table 2 and Figure 5 summarize the lithologies of
Sites 479 and 480. Because the hemipelagic environment
of deposition changed little during this time, we recog-
nize only one lithological unit that contains two main
sediment types on the basis of primary sedimentary struc-
tures and biogenic composition. Type 1A consists of
alternating dark (rich in terrigenous matter) and light
(diatom-rich) laminations. Type 1B consists of homoge-
neous diatom muds (rich in terrigenous matter) to diato-
maceous silt clays that are occasionally bioturbated at
the contact with laminated sections. Contacts between
these alternating subunits are usually gradational.

Unit I: late Quaternary (Core 480-1 through
Section 480-31,CC; 0.0-152.0 m)

Laminated oozes consist of rhythmic couplets of mod-
erate olive brown (5Y 4/4) muddy diatomaceous ooze
and pale olive (10Y 6/2) to moderate yellow (5Y 7/6)
diatomaceous ooze. The lighter diatomaceous ooze lam-
inae have a consistently narrow compositional range of
70 to 80% diatoms, 15 to 25% clay, 1 to 2% quartz and
feldspar, and 1 to 2% silicoflagellates. The darker mud-
dy diatomaceous ooze layers are also consistent in com-
position with 45 to 50% clay, 25 to 45% diatoms, 1 to
8% quartz, 1 to 3% feldspar, and trace to 10% nanno-
fossils. The laminae are consistently submillimeter to
millimeter scale in thickness with rare examples of dia-
tomaceous ooze laminae greater than 1 to 2 mm. Cores
480-1 and 480-2 exhibit a gelatinous consistency in the
varved sections because of a very high water content.
The laminations are indistinct but visible. At Core 480-3
the laminae consolidate sufficiently for recognition of
the boundaries between light and dark layers. The num-
ber of dark/light couplets per centimeter is uniform
throughout the section. Because of compaction, ran-
dom counts of laminae give 12 to 15 couplets per centi-
meter in the top 4 cores and 12 to 20 couplets per centi-
meter in the bottom 4 cores.

Frequently, the rhythmic couplets have faint or vague
boundaries from dark to light laminae. The lighter lami-
nae are mostly pale olive.

Interruptions within the alternation pattern are un-
common. Notable exceptions occur in Cores 480-20 and
480-21. Core 480-20 has three medium gray (N5), mas-
sive, well-sorted sand layers in sharp contact with the
laminations—in one instance unconformably so (see
Fig. 10). Sands are arkosic, with angular to subangular
grains, The sand composition seems typical of the Yaqui
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Figure 10. Photograph of 480-20-1, 60-90 cm, showing top of a rare
coarse, gray sand and laminated muddy diatomaceous ooze. A
smooth, irregular splotch around 75 to 78 cm was caused by bio-
turbation from a larger animal.
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River province (van Andel, 1964) and consists of quartz
and orthoclase with heavy minerals of epidote, horn-
blende, pyroxene, and minor biotite. A small percentage
of the > 63y fraction includes red brown volcanic frag-
ments. Core 480-21 contains a 10- to 15-cm section of
well-indurated grayish yellow (5Y 8/4) dolomitic mud-
stone showing bioturbation structures. This was the
only indurated sediment recovered in Site 480; we sus-
pect, however, that other hard layers encountered in
drilling—but not recovered—were also calcareous mud-
stones. Immediately below the calcareous mudstone is a
50-cm section of alternating, centimeter-scale, medium
bluish gray (5B 5/1) quartz silt-clay layers with milli-
meter-scale basal sands and pale olive (10Y 6/2) to mod-
erate olive brown (5Y 4/4) muddy diatomaceous ooze,
There is grading in each of the quartz silt-clay layers
suggesting small-scale turbidite deposition. Wood chips
and shell fragments occur rarely within the rhythmic
laminations.

Hydrogen sulfide gas is ubiquitous in the sediment
section and is manifested by large gas pockets in the
cores, gas fractures, cut sediment surfaces, and H,S
odor.

Altered basaltic ash with manganese oxyhydroxide
coating on clays (Sample 480-14-1, 110 ¢cm), unaltered
rhyolitic ash (Sample 480-28-1, 115 cm), fish scales, and
phosphatic material (Samples 480-9-1, 108 cm, 480-26-3,
60-140 cm) are present but rare.

Type 1B homogeneous diatomaceous muds consist of
moderate olive brown (5Y 4/4) to olive gray (5Y 3/2)
diatomaceous mud grading to light olive gray (5Y 5/2)
nannofossil-bearing diatomaceous silty clay, These sedi-
ments show no rhythmic laminations or other primary
sedimentary structures. Homogeneous sections are uni-
form in color with some evidence of bioturbation at
lower contacts. Type 1B can be divided into two distinct
textural groups. Diatomaceous silty clays are character-
ized by 50 to 60% clay, 10 to 15% each of diatoms and
calcareous nannofossils, 6 to 10% quartz, 4 to 12% feld-
spar, and 1 to 3% each of mica, pyrite framboids in dia-
tom frustules, and organic debris. Diatomaceous muds
are characterized by 45% clay, 30 to 35% diatoms, 10 to
20% quartz, 2 to 5% feldspar, 1 to 3% pyrite, and 1 to
2% organic debris. Calcareous nannofossils are rare.

These homogeneous sections of the sediment column
do not appear to be turbidites or redeposited sediments.
There is no evidence of graded bedding or basal sands.
In addition, contacts with the rhythmic laminations
above and below these sections are gradational.

Sedimentary Processes, Upwelling, and
the O, Minimum

Alternating zones of rhythmic couplets of dark (rich
in terrigenous matter) and light (biogenic-rich) laminae,
here interpreted to be annual varves, and the homogene-
ous diatomaceous mud zones suggest two possible sedi-
mentary histories. Site 480 is in an O, minimum zone,
which effectively prevents infaunal bioturbation. The
O, minimum is the result of seasonal upwelling of deep,
nutrient-rich bottom waters and concomitant high pro-
ductivity in the surface waters. The massive pelagic
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“‘rain’’ of organic material depletes the O,, and the sta-
bility of water masses allows the O, minimum to sustain
its integrity. Consequently, the varve-like rhythms indi-
cate seasonal fluctuation of surface water productivity
or terrigenous input controlled by the interaction of
oceanographic climatic conditions.

Homogeneous zones perhaps represent times when
the O, minimum was not in existence or fluctuated (ap-
proximately 300-1400 m today). Bioturbation, how-
ever, is not readily apparent. Very few burrows are rec-
ognized, and these are only seen at the lower gradational
contacts with varved zones (Cores 480-8, 480-13, 480-14,
480-19, 480-26).

Correlation of Sites 479 and 480

From smear-slide descriptions the sediment litholo-
gies, textures and colors at Sites 479 and 480 are similar
if not identical. Direct correlation of the two sites is,
however, somewhat limited by intensive disturbance to
the top 150 meters at Site 479. From the logging records
at Site 479 (Fig. 31) it is possible to detect the exact loca-
tion and thickness of indurated beds that may have been
cored but not recovered. Two calcareous claystone lay-
ers that were recovered at Site 479 show strong jumps on
the neutron, resistivity, and bulk density curves. Only
one of these layers was recovered at Site 480; however,
the drilling record indicates another hard layer drilled
very close to the depth of the second calcareous mud-
stone at Site 479. Similarly, sand layers are present in
both sections at approximately the same depth. The
most equivocal correlation is that of two occurrences of
vitric rhyolitic ash. The differences in depth make this
correlation tenuous, and, in fact, the actual correlative
ash bed in Site 480 may lie just below the termination
depth of 152.0 meters.

SITE 479 ORGANIC GEOCHEMISTRY

The shipboard monitoring program was carried out
in harried real-time—as each core arrived on deck it was
sampled for gas from voids in the liner (if present) or
later from the pressure build-up under the end caps; the
core catcher samples were split and examined for fluo-
rescence. The gases were analyzed mainly by the Carle
Gas Chromatograph (GC), and spot checks were done
with the Hewlett-Packard GC. The maturation of the
organic matter was followed by the fluorescence of the
toluene-ethanol extract of small sediment samples and
microscopic examination of smear slides.

C,-C; Hydrocarbon Analyses

Methane, ethane, carbon dioxide, and hydrogen sul-
fide were monitored in real-time, and selected samples
were further analyzed for C,-Cs hydrocarbons. The CH,
concentration is very scattered, with a general decrease
in concentrations with depth, and the normalized data
are shown in Figure 11. It shows a decrease (~60%) to
about 100 meters sub-bottom, then remains level to
about 250 meters. This is followed by a successive in-
crease to 300 meters, a decrease to 450 meters, and an
increase again to the bottom of the hole. The upper dis-
tribution to 100 meters represents the biogenic respira-
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Figure 11. Concentrations of methane (A) and ethane (B) versus depth
for Site 479.

tion (cf. CO,) followed by the biogenic products to
about 250 meters (Claypool and Kaplan, 1974). The C,H,
data are also plotted in Figure 11, and the concentration
increases to about 0.016% by about 50 meters sub-bot-
tom; it then remains at that value to about 250 meters.
This is followed by an increase to >0.1% with consider-
able scatter. The ethane-to-methane ratio is plotted ver-
sus depth in Figure 12. It exhibits a similar trend with an
increase to about 50 meters, approximately constant to
about 250 meters, followed by an increase and break at
about 380 meters.

The > C, hydrocarbon concentrations were observed
to increase, e.g., Section 479-31-5 at 285 meters shows
an increase in C;Hy and Section 479-47-3 at 435 meters
contains isobutane > propane. Thus a series of samples
was analyzed to evaluate this hydrocarbon increase, and
the results are plotted versus depth in Figure 13 (all the
data are normalized to 100% CH,). The ethane shows
considerable scatter versus depth, but an inflection to
higher concentration is evident at about 270 meters. The
propane shows a steady increase with depth, with a
definite minimum at about 270 meters and a decreasing
trend below about 400 meters. Isobutane is at back-
ground levels to about 270 meters and then shows a rap-
id increase to a maximum concentration (greater than
propane) at about 400 meters—also followed by a de-
creasing trend below that depth. Both n-butane and »n-
pentane remain at background levels throughout the
hole. Isopentane also shows a rapid increase in concen-
tration from about 270 meters to >435 meters, how-
ever, with some scatter. The maximum concentrations
of the C,-Cs hydrocarbons are: C, =0.122%, C; =
0.010%, C4 = 0.016%, and Cs = 0.0015%. The con-
centrations of C, + Cs hydrocarbons are greater than
those observed for the previous Sites 474, 477, and 478.
These data indicated that we were approaching a zone
with potential liquid hydrocarbons at depths > 430 me-
ters, and the concentration gradients indicate that the
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Figure 12. Ratio of ethane to methane versus depth at Site 479.

more volatile hydrocarbons (C,-Cs) have migrated up-
ward in the sedimentary column to just below the indu-
rated ““cap rock’’ sequences ( ~200-250 meters) and ac-
cumulated according to their volatility (i.e., boiling
points). The propane and isobutane are at a maximum
concentration above the isopentane. The absolute
amount of thermogenic C,-Cs hydrocarbons superim-
posed on the endogenous hydrocarbons is small.

The carbon dioxide concentration versus depth is
shown in Figure 14. The values show an initial increase
to about 30% at 90 meters, remain level at that value
(with some scatter) to 270 meters, and then increase and
decrease with more variability to the bottom of the hole.
Normalization of the data did not improve the scatter
(cf. Figure 14). The trends of the CO, distribution do
not follow the calcium concentration or the alkalinity.
H,S was detected by gas chromatography in only two
shallow samples, but the odor persisted strongly from
about 3 to 50 meters and faintly to about 200 meters.

Fluorescence

Fluorescence data were measured on (1) dried sedi-
ment and on tetrachloroethylene extract solutions of (2)
dried sediment and (3) pyrolized sediment (red heat).
None of the dried sediments exhibited any fluorescence,
and the real-time fluorescence monitoring of split sec-
tions showed only fluorescence along the liners—a re-
sult of pipe dope contamination. The extracts of the
dried sediments exhibit light orange to orange yellow
fluorescence for the shallow and immature samples
grading to light yellow, yellow, yellow green with depth,
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Figure 14. Concentration of CO, versus depth at Site 479. A. Raw data.
B. Data normalized after correction for air.

which indicates some maturation of the lipid material.
The extracts from the pyrolized samples exhibit a yellow
blue to yellow white fluorescence in the upper sediment
section, grading to a strong blue white below about 140

430

meters. This indicates that this sediment sequence has a
petrogenic potential and can yield pyrolisate of a more
aliphatic composition in the upper section and more
aromatic at depths > 140 meters.

Organic Carbon and Organic Nitrogen

The samples were prepared and analyzed as already
described, and the results are found in Appendix I, this
volume, Pt. 2. The organic carbon and nitrogen con-
tents are plotted in Figure 15. The organic carbon ranges
from 3.6% near the surface to 1.2% at hole bottom,
with an essentially linear distribution. The organic ni-
trogen values range from 0.4% near the surface to
0.17% at depth. The C/N ratio data are also found in
Figure 15 and the range is from 9 to 16 with a mean
value of 14, These values are typical for Recent imma-
ture sediments (~ 12; Ryther, 1956).

Conclusions

The surface sediments of Site 479 (to about 250 me-
ters) are diatomites rich in organic matter (up to 3.6%
organic carbon) and contain biogenic gas (CH,, CO,,
H,S, minor C,Hg). Below about 250 meters the sedi-
ments become more indurated and the > C, hydrocar-
bon content of the interstitial gas rapidly increases. Pro-
pane and isobutane attain a maximum concentration at
about 400 meters sub-bottom and isopentane is increas-
ing to a maximum concentration below that depth. These
data indicate that at greater depth the higher weight
hydrocarbons (> Cs) would be encountered and that the
C;-Cs hydrocarbons had migrated (diffused or distilled)
upward from depth. This rapid increase in the relative
concentrations of the C;-Cs hydrocarbons with their ex-
tent into the gasoline range (coupled with the increase of
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Figure 15. Organic-carbon (A) and organic-nitrogen (B) contents and
ratios (C) versus depth at Site 479.

the C,/C, to about 20 x 10-4) and the uncertainty of
the numbers and thicknesses of sand layers that could
accumulate these liquid hydrocarbons at greater depths
led to the termination of drilling at Site 479,

SITE 480 ORGANIC GEOCHEMISTRY

The onboard monitoring program was again carried
out in harried real-time. As each core arrived on deck it
was sampled for gas from voids in the liner (if present)
or later from the pressure build-up under the end caps;
the core catcher samples were split and examined for
fluorescence. The gases were analyzed mainly by the
Carle GC, and spot checks were done with the Hewlett-
Packard GC. The maturation of the organic matter was
followed by the fluorescence of the toluene-ethanol ex-
tract of small sediment samples.

C,;-C; Hydrocarbon Analyses

The gases CH,, C,Hg, CO,, and H,S were monitored,
and the normalized CH, and C,H, data are plotted ver-
sus depth in Figure 16. The methane concentration
shows a gradual decrease from 90% at 10 meters to
about 75% at 125 meters, followed by a more rapid de-
crease to the bottom of the hole. The overall gas pres-
sure that developed in the core liners increased with
depth. The ethane concentration is low and shows a scat-
tered distribution (cf., Fig. 16). The C,/C, is plotted in
Figure 17 with the approximate data distribution for
Site 479. The C,/C, shows a more rapid increase than
for Site 479, indicating a higher influx of thermogenic
hydrocarbons or a higher thermal gradient (assuming
that the sedimentation rates are similar). This is further
supported by the results of the > C, hydrocarbon analy-
ses, where the ethane, propane, and isobutane are pres-
ent at greater concentrations than at Site 479. The maxi-
mum concentrations of the C,-C, hydrocarbons are:
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at Site 480. (Data are normalized after correction for air, and the
ethane data are plotted in relation to the same data for Site 479).
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Figure 17. Ratios of ethane to methane versus depth at Site 480, The
data are plotted in relation to the trend of C,/C, at Site 479.

C, =91.8%, C, =0.035%, C; =0.003%, and C, =
0.0003%.

The CO, concentration shows a gradual increase ver-
sus depth (Fig. 18) from about 10% at 10 meters to 50%
at 150 meters. The hydrogen sulfide showed a more ran-
dom distribution with depth. Large concentrations of
H,S were detected by GC (Fig. 18) and by odor through-
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Figure 18. Concentrations of CO, (A) and H,S (B) versus depth at Site
480 (data normalized after correction for air).

out the hole. The distribution maxima may be correlat-
able with lithology or possibly with fluctuations in oxic-
ity of the paleoenvironment.

Organic Carbon and Organic Nitrogen

The samples were prepared and analyzed as already
described, and the results are given in Appendix I, this
volume, Pt. 2. The organic carbon and nitrogen con-
tents and C/N ratios are plotted versus depth in Figure
19. The organic carbon ranges from 2.2 to 3.21% with
an essentially uniform distribution, and the organic ni-
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Figure 19. Organic-carbon (A) and organic-nitrogen (B) contents and
ratios (C) versus depth at Site 480.
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trogen content ranges from 0.16 to 0.27% with an anal-
ogous distribution to that of carbon and a slight de-
crease with depth. The C/N data show an increase from
12 to 16 with depth, and these values are typical for im-
mature Recent sediments (~ 12; Ryther, 1956) and may
reflect the onset of maturation.

Conclusion

The sediments of Site 480 are laminated diatomites,
rich in organic material, and contain biogenic gas (CHy,
CO,, H,S, minor C,Hy). The C,/C, of Site 480 increases
more rapidly than at Site 479, possibly indicating a
slightly higher maturation rate caused by a higher ther-
mal gradient.

SITE 479 INORGANIC GEOCHEMISTRY

Interstitial Water Chemistry (Fig. 20)

Alkalinity and phosphate concentrations show large
maxima at a depth of 15 meters and are the result of
bacterial decomposition of organic carbon in these rap-
idly accumulated sediments. Of interest is the contin-
uous increase in dissolved ammonia to a maximum of 26
mM at 220 meters. These large increases must be the re-
sult of the continued alteration of organic matter, pre-
sumably by methane-producing bacteria. Dissolved cal-
cium shows a minimum, and dissolved magnesium shows
a complex pattern. The sharp drop in magnesium at
about 80 meters can be understood in terms of dolomite
formation. Dissolved silica shows a steady state increase
to 350 meters; below this depth, concentrations drop as
a result of biogenic silica transformation reactions.

SITE 479 BIOSTRATIGRAPHY

The hemipelagic sediments recovered at Site 479 were
rich in microfossils. Diatoms and silicoflagellates, gen-
erally well preserved, constituted the bulk of the fossil
remains as far as Core 479-44; beneath this core, they
disappear.

The coccoliths, less well preserved, occur inconsis-
tently and in variable amounts; Cores 479-29 to 479-39
are barren of coccoliths. Radiolarians and benthic and
planktonic foraminifers are minor components.

The diatoms and coccoliths indicate that the sediment
section recovered at Site 479 is Pleistocene, but the
planktonic foraminifers indicate uppermost Pliocene sed-
iments in Core 479-44 to 479-47.

Tentatively, a late Pleistocene age (less than 400,000
y.) is assigned to Cores 479-1 through 479-25. Within
the lower Pleistocene sequence, the Mesocena elliptica
extinction datum (~0.7 m.y.) does occur in Core 479-
32,CC, and the first occurrence datum (~0.93 m.y.) oc-
curs in Core 479-39,CC.

Nannofossils

The late Pleistocene sediments recovered at Site 479
were generally poor in calcareous nannofossils. Because
of their poor preservation, scarcity, and low diversity,
the coccoliths do not allow a reliable biostratigraphic
subdivision at this site. On the basis of the characteris-
tics of the coccolith assemblages, the section is divided
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Figure 20. Composite plot of pore-water geochemistry, Site 479. (Open symbols show data from in sifu pore-water samples.)

into two parts, separated by an almost barren interval.
With the exception of Sample 479-32-1, 103-104 c¢m,
which contains scarce and poorly-preserved Gephyro-
capsids and Cyclococcolithus leptoporus, the interval
between Samples 479-29-1, 59-60 and 479-40-2, 31-32 is
barren of calcareous nannofossils. In the upper part,
from Core 479-1 to 479-28, coccoliths are found in very
irregular amounts, being either rare, common, or abun-
dant. They may be absent. Coccoliths reworked from
upper Cretaceous rocks are frequent.

In the lower part of the section, from Core 479-40 to
479-47, Coccolithus pelagicus strongly dominates the as-
semblages and can form thin monospecific nannofossil
ooze layers: Samples 479-43-2, 48 cm; 479-44-3, 88 cm,
99 cm, 113 cm, 117 cm, 125 cm; Samples 479-44-4, 111
cm, 135 cm; Samples 479-45-3, 115 cm; Samples 479-
45-6, 43 cm,

Diatoms

Diatoms and silicoflagellates were abundant and com-
monly well preserved at Site 479. Their preservation and
abundance drop sharply below Core 479-43, and sam-
ples below Core 479-44 were barren.

The diatom assemblages were dominated by a mero-
planktonic component consisting of Actinocyclus ehren-
bergii, Stephanopyxis turris, A. undulatus a.o. Assem-
blages varied greatly within short intervals, representa-
tive of postulated (Schuette and Schrader, 1978a) spe-
cies succession in sediments underlying coastal upwell-
ing. A laminated section in Section 479-33,CC was sam-
pled in detail and within 5 mm revealed the following as-
semblages: (1) Thalassiosira oestrupii (over 90%); (2)
T. oestrupii (~50%) and oceanic component (~ 20%);
and (3) S. turris with almost no Chaetoceros bristle frag-
ments nor spores. Similarly, a high variation within the
varved interval at Core 479-36 was observed. An in-
crease in the oceanic component with Pseudoeunotia
doliolus and Rhizosolenia bergonii commonly occurred
also and will be useful in determining the influence of
oceanic Pacific waters at distinct intervals.

Displaced marine benthic species were observed fre-
quently throughout this site, whereas no displaced fresh-
water diatoms were found. Reworked, older index fos-
sils were observed only in Section 479-35,CC with abun-
dant Rhizosolenia barboi and R. curvirostris. This da-
tum, representing the evolutionary transition, is estab-
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lished in the North Pacific near the Pliocene/Pleisto-
cene boundary. Both species do occur only in colder
environments, and thus far no clue is in hand to inter-
pret their occurrence. '

The Nitzschia fossilis datum was not observed at this
site. The Mesocena elliptica extinction datum, which is
placed at around 0.7 m.y., did occur in Section 479-32,
CC and the first occurrence datum, ~0.93 m.y., in Sec-
tion 479-39,CC. No other datum levels, either Equato-
rial Pacific or North Pacific, were observed except the
extinction level of N. reinholdii, which is time trans-
gressive from high to low latitudes. Thus, the oldest
diatom-bearing sediments in Core 479-43 might not be
older than about 1.7 m.y. (extinction level of R. matu-
yamai). Other datum levels using abundance of species
and bimodal mean diameter size distribution of Cos-
cinodiscus nodulifer will be established on shore.

Radiolarians

Only seven samples were analyzed from Site 479: Sec-
tion 479-1,CC, and Cores 479-10, 479-20, 479-31, 479-
37, 479-40, and 479-47. Radiolarian remains are strongly
diluted by diatom frustules in the sediments.

In the samples Ommatodiscus sp. (Benson, 1966),
Teocalyptra davisiana, Dictyocoryne truncatum, Tetra-
pyle octacantha, and Euchitonia furcata were among
the common species.

In Section 479-31,CC, two incomplete reworked spe-
cimens of Ommatartus avitus were observed. This spe-
cies became extinct during the middle Pliocene in the
equatorial Pacific.

Foraminifers

Two (or three) cooler intervals are seen in the plank-
tonic foraminiferal fauna in the section above Core
479-28. The lowest part of the section at this site, from
Core 479-42 to 479-47, is indicated as the latest Pliocene
by the co-occurrence of Globigerinoides obliquus, G.
bollii, and Pulleniatina obliquiloculata (s.s.). The ben-
thic fauna is characterized by the abundant occurrence
of several species of genus Bolivina throughout the sec-
tion; Bolivina seminuda, B. subadvena, B. spissa, B. ar-
gentea, and so forth. Buliminella tenuata and Cassidu-
lina cushmani are also abundant.

SITE 480 BIOSTRATIGRAPHY

Nannofossils

The common occurrence and better preservation of
the coccoliths in the detrital clayey laminae at Site 480 is
surprising when compared with the absence of nanno-
fossils in the diatomaceous laminae. The latter are inter-
preted as being accumulations derived from biogenic
blooms caused by upwelling. The calcareous nannofossil
assemblages at Site 480 are similar to those found in sed-
iments of comparable age (late Pleistocene) at previous
sites in the Guaymas Basin.

Foraminifers

One or two cooler intervals occur though the occur-
rence of planktonic foraminifera are scattered. As at
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Site 479, the benthic foraminifers are dominated by sev-
eral species of Bolivina.

Diatoms and Silicoflagellates

A total of 152 meters of hemipelagic sediments were
continuously piston cored; recovery was generally great-
er than 80%. The section can visually be subdivided into
finely laminated and homogeneous intervals. The spac-
ing of these intervals seems not to be cyclic. All sedi-
ments except for a few narrow sand and turbidite layers
are very rich in diatoms and silicoflagellates and offer a
unique opportunity to study in detail floral changes and
relate them to local and over-regional climatic events.

Since the shipboard scientific party decided not to
disturb the collected section by the usual plastic cylinder
punching method but rather to postpone detailed sam-
pling to a later shore-lab date, only the core catcher
samples, in addition to a few sedimentological smear
slides, were available for shipboard study.

The varved sediments present the fortunate opportu-
nity of defining an absolute chronology obtainable by
counting the annual laminae pairs. The first test thus
was to confirm if indeed laminated sediments in the
deeper cores might represent varves as defined by Cal-
vert (1964) and amended later by Baumgartner et al.
(1979).

A 0.5-cm-thick piece of laminated diatomaceous mud
was used from Section 480-29,CC. We sliced into its
white and greenish laminae as accurately as possible and
mounted it separately. A total of 26 laminae were sepa-
rated and microscopically analyzed for their diatom con-
tent. The following sequence was observed (Fig. 21).

1) Greenish with sublaminae (a); thicker than (b);
opal phytoplankton preservation excellent, mostly con-
sisting of Chaetoceros spores, meroplanktic species,
Thalassiosira nitzschioides and to a much lower content
of oceanic species, with abundant clay.

2) White layers without sublaminae (b); opal phyto-
plankton preservation poor, mostly consisting of Cosci-
nodiscus nodulifer, without clay.

On the basis of sediments underlying recent coastal
upwelling areas off Peru (Schuette and Schrader, 1981a)
and off southwest Africa (Schuette and Schrader, 1981b)
and containing similar flora, the greenish laminae with
well-preserved meroplanktic diatoms are interpreted to
represent coastal upwelling seasons, whereas the white
laminae with poor to moderate, almost monospecific,

_—__- Greenish, with faint sublaminae

b White, no sublamination

Figure 21. Makeup of laminated couplets, Core 480-29,CC: a: Lami-
nae representing upwelling season; b: Laminae representing non-
upwelling season.



assemblages (C. nodulifer in Section 480-29,CC and C.
cf. oculus-iridis in Section 480-16,CC) represent non-
upwelling seasons. The terms *‘coastal-upwelling’’ and
“nonupwelling”’ influenced sediments will be used strict-
ly in the later part of this chapter. An attempt to relate
these to climatic patterns will be discussed in detail in
the discussion and summary.

The greenish coastal-upwelling laminae (Type a) are
generally (in Sections 480-29,CC and 480-16,CC) thick-
er than the white ones and contain, in addition to the
well-preserved diatom component, a substantial amount
of clay (up to 60%), whereas the white, nonupwelling
laminae (Type b) are thinner and contain almost no clay
or silty terrigenous components. Frequently, calcareous
nannofossils were observed together with the white lam-
inae (for discussion see below); they should represent
times of lower sedimentation.

The higher number of laminae distinguished visually
in Core 480-29,CC showed the following separation, us-
ing the above-outlined criteria: (1) non-upwelling, (2)
upwelling, (3) non-upwelling, (4) upwelling, (5) non-up-
welling, (6,7,8) upwelling, (9) non-upwelling, (10,11) up-
welling, (12) non-upwelling, (13) upwelling, (14,15) non-
upwelling, (16) upwelling, (17) non-upwelling, (18) up-
welling, (19) non-upwelling, (20) upwelling, (21,22,23)
non-upwelling, and (24,25,26) upwelling. In summary, a
total of nine non-upwelling seasons, and a total of nine
upwelling seasons could be separated (Fig. 21).

The lamination within the greenish intervals is faint
and represents fluctuation and species succession during
the highly variable upwelling season. As typical popula-
tions within these ‘‘upwelling’” layers, the following
could be separated: (1) Chaetoceros spores (<80%),
meroplanktic component (~ 10%); (2) Pseudoenotia do-
liolus (40%), Chaetoceros spores (30%); (3) Chaetoce-
rcs spores (50%), Thalassionema nitzschioides (thin)
(30%), Coscinodiscus nodulifer (10%); (4) Chaetoceros
spores (40%), Thalassiosira oestrupii (20%).

The white layers are generally homogeneous and con-
tain only one or two species—Coscinodiscus nodulifer
and/or Pseudoeunotia doliolus. Because the size distri-
bution of C. nodulifer seems to be climatically con-
trolled, these layers offer a good chance to correlate the
unimodal and/or bimodal size distribution in the Gulf
to the eastern equatorial Pacific, where it has been tied
into the §'80 stratigraphy (Burckle and McLaughlin,
1976).

Four smear slides from a homogeneous section con-
tained the following distinct floras:

1) 480-P4-1, 70 cm: C. nodulifer A, P. doliolus T,
no marine benthic forms, and no fresh-water forms.
Preservation was poor (representing a non-upwelling
season).

2) 480-P4-2, 15 cm: Chaetoceros spores C, P. dolio-
lus F, T. oestrupii F, R. semispina R, marine benthic
forms (excellently preserved) ~2%, and fresh-water
forms ~1%. Preservation excellent (representing an
upwelling season).

3) 480-P4-2, 70 cm: Thalassionema nitzschioides C,
Cyclotella striata F, Chaetoceros spores F, P. doliolus F,
Coscinodiscus nodulifer R, no fresh-water forms, trace
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of marine benthic forms, poorly preserved. Preserva-
tion moderate (representing a mixture of an upwelling
and a non-upwelling season).

4) 480-P4-3, 70 cm: C. nodulifer A, no fresh-water
forms, marine benthic forms T (poorly preserved). Pres-
ervation poor (representing a non-upwelling season).

It seems that the homogeneous sections do contain a
similar upwelling/non-upwelling diatomaceous signal.
These signals might be visually disturbed by a rather
constant supply of terrigenous material which blurs the
lamination. On the other hand, such sharply expressed
signals cannot be preserved in a bioturbated record; thus
it might be postulated that parts of the homogeneous
section are not bioturbated, or only bioturbated in sur-
face layers. Calcareous nannoplankton, because of its
oceanic habitat and its controversial environmental re-
quirements compared to diatoms, should be commoner
in those intervals interpreted as non-upwelling based on
diatoms. The following percentages were found on the
above-mentioned samples: (1) with ~10% and (4) with
~ 12% nannofossils, as determined by smear-slide sedi-
mentological description.

Another, ~ l-cm-thick slab of Core 480-16,CC re-
vealed 12 distinct white and 11 greenish layers; again,
the greenish layers were generally 50% thicker and
showed again a sublamination similar to the one found
in Core 480-29,CC.

Another distinct feature was the occurrence of a
monolayer of fish scales at the bottom of each greenish
layer; this became apparent on dry laminated pieces,
whereas microscopic tests on the original wet samples
did not readily resolve this structure (Fig. 22). The ex-
planation for this type of cyclic occurrence of fish scales
might be the depletion of available phytoplankton at the
termination of an upwelling cycle, and change to more-
uniform, constant oceanic conditions.

Three samples were available from Core 480-14:

1) 480-P14-1, 100 cm: clayey diatomaceous ooze: T.
nitzschioides A, Thalassiosira oestrupii F, Chaetoceros
spores F, Octactis pulchra F, Cyclotella striata R, preser-
vation of opal phytoplankton excellent, with Skeleto-
nema costatum as one index. Surprisingly, this sample
contained about 10% calcareous nannoplankton and
seems to be different from other findings (compare dis-
cussion above).

x Top
Bottom

Monolayer of fish scales
on top of diatomite.

b 3-:2 o?o?g-gp E?oaiinwﬁ :E-°°? o_gn 009

Figure 22. Microstructure of couplets of laminae, Cores 480-16 and
29,CC, illustrating monolayer of fish scales on top of pure diatom-
ite layer with oceanic species: Coscinodiscus nodulifer in 29,CC,
and C. oculus-iridis(?) in 16,CC.
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2) 480-P14-1, 110 cm: dark diatomaceous ooze with
volcanic glass: Thalassionema nitzschioides A, Chaeto-
ceros spores R, O. pulchra F, meroplanktic component
T, preservation of opal phytoplankton excellent. Again,
similar to (1) about 7 to 8% calcareous nannoplankton
was observed.

3) 480-P14-2, 70 cm: muddy diatomaceous ooze: 7.
nitzschioides A, Chaetoceros spores C, Dictyocha fibula
F, marine benthic forms ~2% (moderately well pre-
served), A. undulatus F, P. doliolus F, Cyclotella striata
F, Coscinodiscus nodulifer R, preservation moderate.

The homogeneous interval in Sections 480-14-2 and
480-14-3 again might carry the seasonal upwelling/non-
upwelling signal, which is blurred by terrigenous input.
On the other hand, the relatively high percentages of
calcareous nannofossils might serve as an indication of
decreased coastal upwelling and a decrease in depth of
the upper oxygen-minimum boundary, which ultimately
allows for bioturbation.

Another suite of samples was examined:

1) 480-P13-2, 66 cm: gray diatomaceous clayey lay-
er: Chaetoceros spores A, T. nitzschioides (thin) C, A.
undulatus F, no fresh-water nor marine benthic forms,
O. pulchra T, assemblage excellently preserved, cocco-
liths trace, probably an upwelling layer.

2) 480-P15-2, 65 cm: diatomaceous clayey silt
(stone?): Chaetoceros spores A, T. nitzschioides C
(thin), O. pulchra F, Cyclotella striata R, well-preserved
assemblage, probably an upwelling layer.

3) 480-P21-1, 134 cm: calcareous claystone: Cosci-
nodiscus nodulifer A, poorly preserved assemblage, rep-
resenting time of low productivity and warm oceanic
conditions, probably a non-upwelling layer.

4) 480-P21-2, 18 cm: muddy diatomaceous ooze, pale
olive layer: P. doliolus C, O. pulchra F, Chaetoceros
spores F, A. undulatus F, assemblage excellently pre-
served, probably an upwelling assemblage (note also
>40% clay).

5) 480-P21-2, 15 cm: gray layer: Chaetoceros spores
C, P. doliolus F, Thalassiosira oestrupii R, marine ben-
thic forms F, preservation good, probably an upwelling
layer at the termination of coastal upwelling.

6) 480-P26-1, 83.4 cm: diatomaceous ooze white(?)
layer (70% diatoms): Thalassionema nitzschioides A, P.
doliolus F, Thalassiosira oestrupii F, Chaetoceros spores
few, preservation excellent, probably an upwelling lay-
er, with only little terrigenous input (25% clay).

7) 480-P26-1, 83.6 cm: muddy diatomaceous ooze,
dark layer: T. oestrupii C, Thalassionema nitzschioides
C, A. undulatus F, preservation excellent, probably an
upwelling layer (50% clay).

Diatom and silicoflagellate species of equatorial to
subtropical habitat (as defined in Baumgartner et al.,
1979) were found frequently at distinct horizons (P21,
P15, P14) (O. pulchra, P. doliolus, Stephanopyxis pal-
meriana, Thalassiosira lineata); cold-water species such
as Coscinodiscus marginatus, T. angunte-lineata, Dicty-
ocha epidon were found on the other hand only sporadi-
cally.

So far, no trend in an enrichment of cold- or warm-
water species has been detected. Biostratigraphic index
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species were observed only in 480-29,CC, where about
1% of the P. doliolus assemblage consisted of Nitzschia
Jfossilis, which became extinct in the equatorial Pacific
around 0.26 Ma, and, if this datum level is synchronous
in the Gulf, sediments below 480-29,CC should be older
than 0.26 m.y. The exact position of this extinction
datum cannot be defined yet, because of the lack of
available material uphole. On the other hand, this type
of rare occurrence, one individual out of 100 observed
specimens, seems to be rather selective, especially in
assemblages which do not carry a large number of P.
doliolus.

SITE 479 PHYSICAL PROPERTIES

At Site 479, core disturbance by drilling and expand-
ing gas was more intensive than at the other sites of Leg
64. The following cores were highly disturbed: 479-5
through 7, 479-11, 479-13 through 25. Core 479-34 con-
tained drilling breccia. Small samples were taken for
water content, porosity, and bulk density. Cores 479-2,
4, 30, 33, and 46 were empty. Downhole disturbances by
gas decreased from Cores 479-28 and 29. Cores 479-38
through 47 were better preserved than those from the
middle and upper part of the hole. From Core 479-32
downward it became difficult to use the “‘cheese cutter,”
but only the deepest core (479-47) had to be split entirely
by the saw. Because of the many disturbed cores, a great
part of the GRAPE measurements carried out on one or
two sections of about half of all the cores cannot be
evaluated.

Near the sea bottom, the partially varved sediments
rich in diatoms have very high water contents (~ 80%)
and porosities (~90%), and extremely low bulk densi-
ties (1.1 g/cm?; Fig. 23). Down to about 80 meters, the
physical properties change more or less in the common
way, and then appear to become rather stable downhole
to about 380 meters. This signifies that, down to this
depth range, the relatively slowly increasing effective
overburden pressure (see summary of physical proper-
ties, Einsele, this volume, Pt. 2) does not affect the sedi-
ments very much. Further evidence for this statement is
the observation that varved sediments at 350 to 370
meters depth still have water contents and porosities
about as high as at 50 meters sub-bottom (55-60% and
70-80%, respectively). These findings are confirmed by
the density log, as well as by GRAPE measurements.
The scatter of data in the depth range from 0 to 380
meters is caused mainly by changing composition of the
sediments. Varved beds rich in biogenic silica have lew
average grain densities (often between 2.3 and 2.4 g/
cm?) and are less compacted than dark mud layers con-
taining higher amounts of terrigenous material (see Fig.
23 and results for Site 480), but because of the bad pres-
ervation of most of the cores, the relationship of the
samples to one of these two groups often could not be
recognized. Therefore, the trend lines shown in Figure
23 represent more or less the average physical properties
of the lighter olive-gray varved and darker homogene-
ous beds.

From about 370 to 390 meters downhole, the physical
properties change considerably. These changes may be
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Figure 23. Mass physical properties, shrinkage, and content of opaline silica in sediments from Hole 479. The strong
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related in part to an unconformity in the section at ap-
proximately this depth. Water content decreases by 15 to
20% to 30 to 35%, porosity decreases by 10 to 15% to
55 to 60%, and bulk density increases by 0.2 to 0.3
g/cm? to 1.7 to 1.8 g/cm?. These values correspond to
those at 280 to 300 meters depth in Hole 474A, where at
250 to 260 meters depth already the same effective over-
burden pressure is reached as in Hole 479 at 380 meters
depth (see Einsele, this volume, Pt. 2). The marked
change in compaction at Hole 479 probably is caused
mainly by the decrease of biogenic siliceous fossils (both
in the original composition and by diagenesis), which
can be derived also from the average grain densities
(Fig. 23). However, other changes in the composition of
the sediments also may have some influence. The higher
compaction of the sediments in the lowermost part of
the hole is confirmed by the density log (although the
absolute figures of this log appear to be incorrect), and
the GRAPE measurements.

Vane shear strength increases more slowly versus
depth than at previous sites. This may be partly due to
the low bulk density of the silica-rich varved layers,
which cannot build up the same overburden pressure as
terrigenous deposits at the corresponding depth. Further-
more, these deposits possibly develop only low cohesion
because of their low content in clay minerals. But some
of the values measured are certainly too low. At 360 me-
ters and farther downhole, vane shear strength values
between 1400 and 1500 g/cm? appear to be ‘‘normal.””

From the few values determined for shrinkage it can
be seen (Fig. 23) that the resistance of the grain frame-
work against the forces of shrinkage (suction) increases
downhole. Low values of shrinkage must be related pri-
marily to diagenetic changes, but to some extent they
also reflect the low content of clay minerals in layers
rich in biogenic silica.

Some values of laboratory measurements of sonic ve-
locity and bulk density are listed in Table 3.

SITE 480 PHYSICAL PROPERTIES

By using the newly developed piston corer in combi-
nation with the drilling pipe (see above), most of the
cores were excellently preserved. Usually only a zone of
less than 3 mm along the contact with the core liner was
disturbed. It would have been a rare opportunity to de-
termine physical properties on these cores, but they were
reserved for special studies on varves. Therefore, we
took no samples from the core sections, except from

Table 3. Laboratory measurements of sound velocity and wet-bulk
density on core samples from Hole 479.

Wet-Bulk

Interval Vg Densi%y

Section {cm) Sample Description  Orientation (km/s)  (g/cm?)
479-13,CC Calcareous mudstone = 4.40 2.57
479-20-3 82-84 Calcareous mudstone = 4.79 2.57
479-29-1 22-24  Calcareous mudstone = 4.05 2.48
479-32,CC Caleareous mudstone - 2.76
479-354 145-147  Silty clay, hard i 1.49 —
479-40-3 0-2 Calcareous siltstone - 2.7
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Sections 480-P1-1 and 2. All the other samples came
from the core catcher of these piston cores and were
rather disturbed and contorted. Therefore, we probed
only with small cylinders (5 cm?) and did not carry out
vane tests.

Nevertheless, the physical-property data from Hole
480 yielded some information additional to the results at
Site 479. In contrast to the badly preserved cores at the
previous site, here it was possible to distinguish between
relatively light olive-gray varved diaiomaceous ooze and
more or less homogeneous dark-gray coxe sections (clay-
rich layers or mud turbidites). At all investigated depths,
the physical properties of the dark beds differ consider-
ably from those of the varved sections. The trend lines
in Figure 24 mainly represent the varved sections, where-
as the dark beds show lower water contents and porosi-
ties, but higher bulk densities and average grain densi-
ties. For that reason, the trend lines for the varved beds
of Hole 480 start near the surface at even higher water
contents (80-85%) and porosities (90-95%), and lower
bulk densities (~1.1 g/cm?) than in Hole 479. Prin-
cipally, the trend lines of physical properties versus
depth are similar in both holes. From 50 to 70 meters
downhole, the values appear to become rather stable, as
in Hole 479. Shrinkage is rather low in some light-
colored varved beds, whereas the darker beds and also
some turbidites show relatively high shrinkage at the
corresponding depth. The content of opaline silica, as
determined from average grain densities (see Site 474
report), is plotted in Figure 24.

On a limited number of sections, GRAPE measure-
ments were performed. Because of the small core distur-
bances, the results are very good. The records reliably
show the location of varved or homogeneous dark sec-
tions. From Core 479-P8 to the bottom of the hole, the
varved sections consistently have GRAPE bulk densities
of 1.2 to 1.3 g/cm? (in the lowermost sections, up to
1.35 g/cm3), whereas the dark beds are considerably
denser (1.45-1.6 g/cm?). These measurements agree well
with the bulk densities determined by gravimetric meth-
ods (Fig. 24).

Laboratory measurements of sonic velocity could not
be carried out.

Conclusions for Sites 479 and 480:

1) The varved beds rich in biogenic silica keep up
very high water content and porosities in combination
with very low bulk densities, down to at least 350 meters
below the sediment surface.

2) The gain of shear strength in relation to burial
depth appears to be smaller in diatomaceous ooze than
in sediments with higher amounts of clay and other ter-
rigenous material.

3) Shrinkage, an indicator of the onset of diagenesis,
can drop to 5 to 10% even at shallow depth (< 100 m) in
sediments rich in biogenic silica.

4) Relatively strong variations in the relationship
between physical properties and depth are caused by
changing input of terrigenous material into the ‘“host’
sedimentation, consisting mainly of diatomaceous ooze.
This can be clearly seen on the GRAPE record and the
density log (Site 479).
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Figure 24. Mass physical properties, shrinkage, and content of opaline silica in sediments from Hole
480. (T) = turbidites, (d) = dark layers rich in clay.

SITE 479 HEAT FLOW

The undisturbed formation temperature at Site 479
was calculated from the final temperatures measured by
the two logging runs, using the formula of Dowdle and
Cobb (1974). In their notation, the measured tempera-
ture

h, + At
At

T..=T,— Clog

where T; is the formation temperature, C a constant to
be determined, ¢, is the circulation time, and Af is the
time after circulation ceased. Because we have two sets
of values of A7 and T, we solve for C and T;. For Site
479 these values are

Run 1: T,, = 37.5°C

Af = 2 hr
Run 2: T, = 47.3°C
At = 12 hr

Calculations for circulation time #, of 4 hr and 1 hr
gave nearly identical results; the bottomhole tempera-
ture (BHT) came out 7; = 49.5°C. The temperature at
the mudline is 7.9°, leaving a difference of 41,60°.
Dividing by the length of the hole (434 m) yields a gradi-
ent of 95.9°C/km.

Thermal conductivity is calculated from the lithology
and some measurements on samples (Table 4). Because
the diatomaceous sediments are likely to be more con-
ducting in situ, the value 2.26 was adopted instead of

2.14 for the soft sediments from 0 to 360 meters. From
360 to 440 meters, the sediments become increasingly in-
durated to claystone, for which we assigned a conduc-
tivity of 4.04. The average conductivity for the whole
rock column is

<K> = [@ + &)L]“] = 2.46 mcal/cm s°C
2.26 4.04/440

The heat flow in Site 479 thus is 2.36 HFU.

Three temperatures were taken with the Uyeda in-
strument at this site. When the probe was in the sedi-
ment, the one at 98 meters gave a temperature nearly
constant with time, the one at 165 meters gave a curve
with decreasing slope, and the temperature at the deep-
est at 231 meters was rising with a constant slope. For
the shallowest penetration, the temperature at which the
curve leveled off was taken as the formation tempera-
ture. In the case of the measurement at 165 meters, it
was estimated that the formation temperature was 1°C
higher than the last-measured temperature. For the
deepest penetration, 2°C was added to the last-mea-
sured temperature; the conductivity was taken to be
2.26 for all three measurements. Table 5 gives the details
of the calculations. This is 88% of the value given by the
bottomhole temperature from logging.

Comparison of the values from the Japanese instru-
ment with those from bottomhole temperatures is essen-
tial to establish the best way of interpreting its readings.
In any case, all logging tools should be equipped with
maximum thermometers according to standard practice.
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Table 4. Measurements of thermal conductivity,

K
(mcal/
Sample cm s °C)
478-26-1, 114-116 4.54 Basalt
29-1, 23-26 4.59 Basalt
41-5, 56-58 4.38 Basalt
49-3, 56-58 4.31 Basalt
54-3, 16 — 3.80 Basalt
54-1, 5d 5.42 Basalt
54-4, 4.85 Basalt
<4.56>
+0.50
479-1-1, 104-107 1.68 Soft sediment
1,CC 2.40
1,CC 2.28
14, bottom 1.73
23-7, 3-12 1.97
3-7, 3-12 2.06
12,CC 2.15
29-1, 23-26 4.04 Calcified rock
29-1, 38-43 2.28 Soft sediment
37-2, 0-10 2.62
40-2, 62-69 2.21
<2.14> Without the rock
+0.29
481-P2-2, 50-55 1.76 Av. of 3 meas. spongy diatomaceous

ooze expanded by gas
Av. of 2 meas. spongy diatomaceous
ooze expanded by gas
Av. of 2 meas. spongy diatomaceous
ooze expanded by gas

P4-1, 67-74 1.75

P8-3, 94-100 1.94

P11-3, 2.36 Av. of 2 meas. spongy diatomaceous
ooze expanded by gas
1-2, 86-93 1.95 Av. of 6 meas. +0.15 spongy
diatomaceous ooze expanded by gas
481A-64, 23-24 2.48

12-6, 45-50  2.58
28-2, 36-41 2.46
22-5, 4-8 2.34
31-1,CC 3.68

Firm gray silt, not malleable

Av. of 2 pieces vesicular basalt

Table 5. Measured temperatures and heat flow.

Estimated
Sub-bottom Measured Corrected Mudline Heat
Depth Temperature Temperature Temperature Flow
(m) (°C) (°C) (°C) (HFU)
98 14.0 14.0 6.5 1.73
165 23.0 24.0 6.4 2.42
231 26.0 28.0 6.6 2.09

<2.08> +0.35

CORRELATION OF DRILLING RESULTS WITH
SEISMIC AND DOWNHOLE LOGGING DATA,
SITES 479 AND 480

Site 479 was proposed on the basis of a 1967 survey
line, near a new SIO multichannel lines. Figure 4 shows
the survey made during the selection of Site 479 with
Glomar Challenger. We will return to a discussion of
these records shortly.

After completion of Site 479, we transited directly to
the preselected location of Site 480, running only the

3.5-kHz echo sounder (Fig. 25). Thus, we could directly
correlate the shallow reflectors at the two sites and at-
tempt to correlate with the drilling results. These corre-
lations are listed and explained in Table 6.

Examples of the seismic-reflection records from the
Glomar Challenger survey are shown in Figures 26
through 28. Note the important regional unconformity,
reflector K, drawn into each section. The overlying
strata downlap onto this surface in a progressive man-
ner, indicating that this has been a growth structure up-
lifted during deposition of much of the overlying sec-
tion. In Figure 29, this unconformity is tied into the sec-
tion which passes directly into Site 479, where we pene-
trated this horizon. An enlargement of the 5-second-
sweep record of Line D is shown in Figure 27, marked
with some of the unconformities and reflecting horizons
discussed below and shown in Table 6. The 2-second-
sweep record from the same line is shown in Figure 29.
Note that the drill site is not located on Line D; it is
shown projected approximately onto the line in order to
demonstrate its position with respect to the synclinal
axis. Some of the same reflecting horizons are shown
carried into Line B (Fig. 30) across the location of Site
480, which penetrated only 152 meters into the same
sedimentary sequence drilled at Site 479.

The reflectors are listed in Table 6, but will also be de-
scribed somewhat more fully below. In making these cor-
relations, we have attempted to assume reasonable seis-
mic velocities and gently to force fits between lithology
and the reflecting horizons. We have no reliable velocity
information whatsoever here. The uppermost multichan-
nel move-out velocity is calculated for the upper 650
meters; the downhole sonic-log velocities appear at face
value to be too low; the sediments were too gassy for re-
liable laboratory measurements; and we have no sono-
buoy data in this vicinity. The velocities we have as-
sumed are indicated in Table 6. Furthermore, these rela-
tively low-frequency seismic records are sometimes am-
biguous and permit some license in selecting a recorded
phase to measure and correlate, both for the sea floor
and sub-bottom reflectors. The correlations are, there-
fore, to a certain extent what we think they should be.

The shallow reflectors in the 3.5-kHz records corre-
late well from site to site, but not necessarily as well with
lithologies in the holes (Fig. 25). The best correlation is
reflectors C and D, which delineate a sandy zone in the
cores, and which also match a shallow unconformity in
the 2-second records. This is an erosional surface with
truncated underlying strata and some shelf-edge (mar-
ginal-plateau edge) erosion in Line D. This may repre-
sent a Pleistocene low sea-level stand, although the indi-
cations of oxygen minimum above and below this level
and the present water depth would make subaerial ex-
posure somewhat improbable.

Horizon E (Figs. 25 and 28) is also an erosional sur-
face truncating underlying strata. It appears to correlate
with either a sand layer at 96 meters or a dolomitic mud-
stone at 102 meters at Site 480, and it appears to corre-
late with a dolomite at Site 479. The mystery regarding
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Figure 29. Correlation of drilling lithologies, Site 479, with 2-sec air-
gun reflection profile. (See Table 6 for reflectors D-K.)
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Figure 30. Correlation of drilling lithologies, Site 480, with 2-sec air-
gun reflection record, Line B; prominent unconformities also
shown. (See Table 6 for reflectors D-J.)

Table 6. Correlation of seismic reflectors and lithology.

Sub-bottom  Sub-bottom  Assumed

Depth, Depth, Reflection
Hole 479 Hole 480 Velocity
Reflector (i) (m) (m/s) Lithology

A 12 11 1.50 Approx. Holocene/Pleistocene contact;
laminated/homogenous muds

B 26 26 1.50 Top of better-laminated muds

C 48 52 1.50 Top of sandy zone

D 53 63 1.50 Bottom of sandy and homogeneous
zone, over better-laminated section

E 89 102 1.50 Sandy zone, correlating with erosional
unconformity in airgun records, and/or
dolomitic mudstone

F 112 115 1.50 Dolomite in 479, zone of no recovery
in 480

G 140 — —

H 214 - 1.50 Increase in gamma ray curve

I 240 — 1.50 Contact Unit 1/Unit 11
Changes in geochemistry

1 290 - 1.53

K 364 — 155 Contact Unit 11/Unit 111; Increase in

density log

this reflector is that in both Lines B and D another re-
flector appears to cross it at a location somewhat sea-
ward of the site locations (Figs. 28 and 30).

Horizon G appears to subdivide the section into dif-
ferent characters of reflection of strata, but it cannot be
related to the lithologies at this time. Horizon H serves
the same function, but it can be quite definitely corre-
lated with a jump upward in the trend of the natural-
gamma-ray curve.

Horizon I appears to be of considerable significance.
It coincides with the boundary between Lithologic Units
1 and 2, and it marks the level of pronounced changes in
both organic and inorganic geochemistry. It appears to
be an angular unconformity in Line D, but not so in
Line B.

Reflector J is an easily recognized horizon in all lines
of the survey, because it is a pronounced change in char-
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acter of reflections, and other strata onlap upon it. Ho-
rizon K is the level of the onlap unconformity in the
5-second records and appears to coincide with the bound-
ary between Lithologic Subunits IB and IC (Plio/Pleis-
tocene contact) and with a significant change in physical
properties and density determined by the logging. We
conclude that this horizon indicates the time of initia-
tion of a period of uplift along the transform fault lying
to the southwest,

One of the objectives of this pair of sites was struc-
tural history and a test of the thesis that it might be re-
lated to history of the transition from proto-Gulf to
modern Gulf and/or history of movement along this
transform. It is premature to come to any final conclu-
sions at this time, but it would appear that this escarp-
ment underwent uplift between the times of Horizons K
and E, possibly continuing to the time of Horizon D.
This span is from the beginning of Pleistocene time to
about 100,000 years (or possibly to as late as 65,000
years). Uplift may have continued past this time, but
slowly enough to permit the draping of this marginal
plateau with pelagic and hemipelagic sediments.

Finally, it must be emphasized that we are examining
here only the latest episodes in a much longer geological
history of the proto-Gulf of California. This marine em-
bayment was formed during the Miocene, and the sedi-
mentary section near here may be as much as 3 s. This is
discussed by Moore and Curray (this volume, Pt. 2).

DOWNHOLE LOGGING FOR SITE 479

Results of Site 479 downhole logging, compared to li-
thology, calcium carbonate, and physical properties, are
shown in Figure 31. (Original tapes are available from
storage at the DSDP Information Handling Group.)

SUMMARY AND CONCLUSIONS,
SITES 479 AND 480

Sites 479 and 480 were selected for two primary ob-
jectives: first, to test the proto-Gulf concept and tectonic
history of the central Gulf, and, second, to sample and
study the varved diatomaceous sediments of the oxygen
minimum in the central Gulf. Site 479, the first target,
lies on a marginal plateau, above the escarpment of the
transform fault bounding the northeast side of Guay-
mas Basin. This plateau is presumed to overlie proto-
Gulf sediments and basement, and although not an ideal
drilling target, it was the best which could be located on
the basis of the existing survey network and which was
acceptable to the Safety Panel. Part of the sediment sec-
tion could be penetrated, although drilling was restricted
to the thickest part of the section in the axis of a syncline,
and basement could not be reached. This site, and as a
backup, Site 480, lie in the oxygen minimum where pis-
ton cores had previously recovered laminated (varved?)
diatomaceous sediments.

Only Quaternary sediments were recovered in these
two holes, and despite great difference in degree of dis-
turbance, we conclude that the upper 152 meters is du-
plicated in the two holes. The column is divided into
three units which do not differ greatly in lithologies.
The first unit, 0 to 250 meters, consists of rhythmically
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alternating laminae or varves of muddy diatomaceous
ooze, with sparse layers of calcareous diatomaceous
mudstone and sands. The varved part of the section will
be discussed more fully later. The second unit, 250 to
355 meters, consists of the same muddy diatomaceous-
ooze varves, but with more frequent layers of calcareous
mudstone. The third layer, 355 to 440 meters, consists
of diatomaeous silty clay with frequent interlayers of
calcareous diatomaceous mudstone. The three units are
very similar, differing mainly in the proportion of cal-
careous-mudstone layers and in the relative abundance
of diatoms, probably a function of diagenesis and con-
solidation. These sediments are mainly hemipelagic
slope deposits, although a minor proportion of turbi-
dites is also present.

These units can be recognized in a correlation with
the seismic-reflection survey of the region of the two
sites. The seismic section displays several reflecting hori-
zons, some of which represent either erosional or onlap
unconformities that can be related to the section recov-
ered by drilling. Significant changes in geochemical and
physical properties also occur across these unit bounda-
ries. The C,/C, ratio increases sharply at the 250-meter
level, and decreases at approximately 355 meters. Pro-
pane and isobutane reach maxima at about this latter
level but isopentane continues to increase below that
depth. These data indicate that at a greater depth the
higher weight hydrocarbons (> Cs) would be encountered
and that the C;-Cs hydrocarbons had diffused or distilled
upward from below. These increases and further antici-
pated increases led us to our decision to terminate Hole
479 at 440 meters. Heat flow measured in Hole 479 was
2.36 HFU.

The high sedimentation rates of organic-carbon-rich
and siliceous sediments lead to high alkalinities and the
highest ammonia concentrations recorded to date, the
latter peaking at about 250 meters. Decrease in dis-
solved-magnesium concentrations suggests uptake into
carbonate sediments and dolomitization of nannofossil
carbonates at 70 meters, and dolomites occur below this
depth. Dissolved silica increases with depth, correlating
with disappearance of diatoms and increasing silicifica-
tion of the sediments.

Sediments from these holes have unusually high wa-
ter contents (~80% near the sea floor) and porosities
(~90%), and low bulk densities (1.1 g/cm3). These
change rapidly with depth and level out between about
80 and 350 meters. Varved sediments at 350 meters still
have water contents and porosities of 55 to 60% and 70
to 80%, respectively. From 340 to 380 meters, the depth
range of an important unconformity and contact be-
tween Lithologic Sub-units IB and IC, there is a zone of
even higher water content and porosity and lower bulk
density, but below this level they decrease and increase
more rapidly as expected.

Hole 480 was the first field test of the newly devel-
oped Serocki-Storms-Cameron hydraulic piston corer.
This test was an unqualified technical and scientific suc-
cess. Recovery for the 152-meter section averaged 80%,
although it was generally about 90%, with zero or near
zero recovery in a few sections now believed to be sands.



The result was recovery of a unique set of almost undis-
turbed cores of laminated (varved?) diatomaceous sedi-
ments previously sampled here in the oxygen minimum
only by normal gravity and piston cores. Because this
set of cores is so unique and potentially so valuable for
study of climatology and other environmental changes
in this area, the shipboard scientific party has refrained
from sampling more than the core catcher samples in or-
der to preserve the cores for varve studies on shore,
which will require intact working halves of the cores. We
are furthermore proposing to DSDP and NSF that these
cores be curated and samples distributed in a special
way.

Origin of these varves has been debated previously in
the literature, and the debate has continued aboard Glo-
mar Challenger, this time based on a much longer rec-
ord, although with only minimal study because of our
self-imposed restrictions on sampling. Two principal en-
vironmental controls have been responsible for forma-
tion and preservation of the laminations, which we be-
lieve to be varves, or annual laminae couples. First is a
seasonal fluctuation in type of sediment deposited, and
second is the oxygen minimum, which limits the number
of burrowing organisms.

The laminae couples have dark laminae containing
generally >60% clay and <20% diatoms, and light-
colored laminae containing >60% diatoms. One sea-
sonal influence is rainfall, concentrated in the drainage
areas for this part of the Gulf in July, August, and Sep-
tember, with a minor mode in November and Decem-
ber. The second seasonal influence is the wind system,
which controls upwelling, one of the major controls
over diatom and silicoflagellate blooms. Upwelling and
blooms on this northeast side of the Gulf should occur
with the prevailing northwesterly winds from about No-
vember through April. At first examination, these influ-
ences would appear to be in phase to produce the ob-
served laminae pairs: the dark layers during the rainy
season, and the light layers during the upwelling-bloom
season. Detailed observations of the flora, however, ap-
pear to contradict this simple explanation, because the
species believed to be characteristic of blooms occur
predominantly in the dark layers, and the oceanic forms
of light-colored layers commonly are almost monospe-
cific. Origin of the varves remains an open question re-
quiring detailed studies we have not yet permitted our-
selves to do.

Sequences of varves alternate with homogeneous sec-
tions of the cores. We assume that these homogeneous
sections may represent bioturbated zones representing
times when the oxygen minimum did not impinge on the
sea floor, but a final interpretation must await shore-
based studies with X-radiographs of the cores. A possi-
ble explanation is that the periods of migration or de-
struction of the oxygen minimum coincide with glacial
low stands of sea level.

We have estimated two possible chronologies of the
varved and homogeneous sections, based on different
assumptions. Direct varve counts appear to give higher
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rates of sediment accumulation than paleontological zo-
nation boundaries, but either chronology can be forced
to fit glacial versus interglacial stages, sea-level fluctua-
tion, and oxygen-isotope curves. Several possibilities oc-
cur to us as explanations for the difference between the
two chronologies. The ‘‘varves’’ may not strictly repre-
sent 1-year periods, and we may not be able to differen-
tiate the very fine laminae deposited during periods of
drought. A second possibility is that the homogeneous
sections might represent periods of much slower rate of
sediment accumulation, although if these are periods of
lowered sea level, they should represent higher sedimen-
tation rates. Finally, a third possibility is that significant
amounts of section are missing at some of the unconfor-
mities distinguished in the seismic-reflection records.

The unconformities in the seismic records are related
to uplift associated with the transform fault. Some of
them show onlap relations of the overlying strata only,
but a few of them show truncation and erosion of a part
of the underlying section. We cannot estimate how
much removal of section might have occurred, but we
judge that it could not have been very much, because
neither site is located on the uplifted flank of the syn-
cline above the fault.

Two of the objectives of these sites were accom-
plished, namely sampling of the varved sediments and
dating the folding and uplift. The important objective
of learning about the nature and history of the proto-
Gulf could not have been accomplished at this site with-
out penetration into the sediment section much deeper
than safety would permit. Basement of this part of the
proto-Gulf must remain an unknown, pending further
work, which might be geophysics, dredging, or drilling.
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. TEXTURE: '5 E = 160 cC
2 Sike 70 g 3 (LT
Y 4/4 2 R TEXTURE:
2 - Diatama- Clay - A GM| 2 =4 S 0 m
= cuous oaze COMPOSITION: £
2 Quartz 2 : Cloy "
E Clay 30 = = s a4 COMPOSITION:
E = Pyiite 2 . :ﬁm 1 -
3 3 Carbanare unspec, 2 a:w = 22 P
= . nannofossi 1 =
& 3 ‘:nu':u o 85 3 3 . 107 4/2 Carbonate unspec. 2 -
§ ] Silicoflagellates 3 g - i ] e, Foraminifers 2 R
8 - 2 FM cG| |cc| Calc. nannafossil H -
2 win = CARBOMATE BOMB: 6111 = 3% = Distoms. 60 10
g PR 3| z Radiotariens . -
= = voio Spange spicules 1 =
= =1 § Silicoflagetlates 3 -
% 3 ] Rock tragments 1
i n W
E = E BOMB: 1110=—
W VoID
& .
) e | VOoID
o —
= . VOID
31 | &l 3 VoI
Vol
vaiB
BY 4/4
L 10Y 672
- VOID
5
NoID
NVoiD
o
c/
I 10Y 672
s
Z| |e o
i =
ot = VOoID
(=] -
¥
7 ]
CC! -
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HOLE CORE 14  CORED INTERVAL 117.0-1265m SITE 479  HOLE CORE 15  CORED INTERVAL 126.5-1360m
FOSSIL g FOSSIL
CHARACTER i § CHARACTER
MHEE gl & GRAPHI R EMHE ; 8| &g
3 = c £ |2 1 o GRAPHIC
E % alz £ E LITHOLOGY = LITHOLOGIC DESCRIPTION & :E g HE £ E LITHOLDGY LITHOLOGIC DESCRIPTION
SHHHUBEL 35 £ (E7(5|5]2)8] |=|% +FE
AHHEE s A AHHEHE E1H
5 § H g a E o & s [2|2]|d]a &
= - ] =]
Very defarmed, uniform, moderste olive brown (5Y 4/4) 1o R P |~ = i : i v
qrayish alive [10Y 4/2) to MUDDY DIATOM OOZE. Gas tepar. % o Pl ;‘::.;m :T&m‘?mmﬂ‘mﬂ """B‘.’Jé’m'é:f
ation, spangy. No HaS odor, sand, or indications of lamination, 05 b o ol Torrigenous part of smear clides i montly clay sies, Gar separ-
BY 4/2 1 i it ations and spongy surface. No calcarsous compianent
. SMEAR SLIDE SUMMARY g —_—
b 10— 27 SMEAR SLIDE SUMMARY
voID 3
o} 570
TEXTURE: [1+]
o 107 412 Sir ] TEXTURE:
i Clay 0 site 0
COMPOSITION: Clay 40
Quartz 1 COMPOSITION:
Feldspar 3 Cuiartz 12
Clay S 2 Feldspar 12
Pyrite 1 Qpaurs TR
Carbanate unspac. 2 Clay 40
Foraminitors 2 Pyrite 1
Cae. L Carbanate unspes, 3
VOID Diatorns 60 Cate, nannatossils 1
Radialarian 2 Distoms 50
Sponge spiculrs 1 w X Radiolarisns 1
Sticofiagalistas 3 &
o
CARBONATE BOMB: 2.97 = —
CARBONATE BOMB: 2.50 = 5% e 3 Ere==
w
B wl e vOID
o -:_ -
Ele .
sle -
S ]
2 .
= 3
8 3 3
= 3
. 4 _voip
s -
! £ =
. voID
voID
X
. J R 3 .
5 - 5
b .
N voID z
® E g
& . I g &
= VoID A
e
P
=z te :
im ca| |

SHLIS 3dOTS NISVH SVINAVNO



1474

SITE 478 HOLE %  coml
g L CORE JRED INTERVAL 136.0-1455m SITE 479 HOLE CORE 17 CORED INTERVAL 1455-155.0 m
£ CHARACTER 2 FOSSIL
®x 13 | CHARACTER
8 l=.l2la]= z| = §
EEEHE S & | omaemc LITHOLOGIC DESCRIPTION g, |6xlEl |4 ElE | onarmc
!fg 28 § HE E E LiITHOLOGY |, - ol 12 § £ £ £l & | umiooay . LITHOLOGIC DESCRIPTION
z |e £l2 ! = 2 ) 5 3 wl g
F |8 HEIE = g 3 ; L E
+ 4 2 = BT =3
H § HEID 3 ; Z|a B
8 e B B -
5Y 4/8 oA g e, | "
1 = ‘ary deformed, modersts olive brown (BY 4/6) MUDDY DIA-
05 TOMACEOUS OOZE. Bedding suggestsd by some rare vertical
1 Vary daformed, uniform, moderate olive brawn, (6Y 416) MUD- g BY 46 streaks including pale olive (10Y 872) (Section 7, 8 em) clay
z DY DIATOM OOZE with fine-grained clay fraction, Structure R L S ard moderate brown (5Y R 5/6) clay.
= A P less, uniform, Surface spongy from degasirg, Traces of carbon: ety
2 sie. No laminations. Slight smmanis odor? L R Sections 3 and 4 scattered pockets, blebs of gray (N7) VITRIC
3 P i [ g ASH, rhyolitic I <152, uniform, grain size = 0,100 mm, con-
2l v Section 2, 38 em and 56 em: pale yellow [10Y 872) wisps of T centrated around Section 4, 30-70 cm, Wall-sortad, very fresh
LH calearcous mud, posibly dolomitic =Vt
g . 1 SMEAR SLIDE SUMMARY
E . learsous SMEAR SLIDE SUMMARY 3 voID
E § 1080 = 3102 460 570
a 238 370 B e M MCFI D)
© B 2 M o) 2l 5 TEXTURE:
b= E TEXTURE: o Ry Sand - 35 =
“1s ;.m Sty 0 4 s sit - B &
§ Clay 80 55 = Clay wo - a0
5 COMPOSITION: . voID COMPOSITION
= Quarts 1 a X Quarez TR 1 4
Feldspar 1 3 | R Faldspar TR 1 3
§ Opaques T TR b L Mica 2 2 ™
¥ BY. 4% Clay 34 45 5 = Opsques TH 1 1
Pyrite TR 1 w (B — Clay @ - 40
R P L Carbonate untpec. BS 2 E 3 = Wolcaric glass - o7 *
(VP Cale, nannafossily - 34 o 'E 3 - ™ NT Pyrie - - 12
i Diatome ] 40 2 |& Cale. nannotasils - = TR
lem|  lea e Radiolariens = TH e - * | Clay Distoms 1 TR 50
S Sponge spicules - 12 u E |5¥R 5/8) Aadiclarians - - 12
e = Sponga spicules - - 1
CARBONATE BOMB: 14126+ 3% g E Siticottagel|stes - - 1
B NS
B ” .
N7
X
- N7
BY 414
B
e H "] svam
XA
’ = 10Y 812 whip
& 5vR 5/
=
=1
v c Pl7 10v 672
L
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SITE 470  HOLE CORE_ 18 CORED INTERVAL 1550-1845m SITE 479 HOLE CORE 19 CORED INTERVAL 1845-174.0m
li’ FOSSIL H FOSSIL
§ z CHARACTER é z CHARACTER
MABEE gl 2 Gul8fd 1
“I" s E H S H .9_ P mec LITHOLDGIC DESCRIFTION = g =y § 2 & GRAPHIC LITHOLOGIC DESCRIPTION
= GY 12 |ED|s £ LITHOLOGY
§;~;E5! g% FFH I HEHE g RS g
¥ e 2122 8l = o 7 E |= ; 2la z S o
=18 |z 2|3]|% £ § = o|e |2 g B =] ]
EHEIHE 3 & |2 L 3 ]
R B Very deformed, uniform, moderately olive brown (BY 4/4] :’Tﬂ = Highly disurbed, uniform MUDDY DIATOM ODOZE which
I r 1 MUDDY DIATOMACEQUS QOZE, gus ruptured, spongy. s mixes fighter and darker shades of moderate olive brown (5Y
05 B 05 10 412 4/4) and grayish olive (10Y 4/2), Darkens in some oress to
1 ~ Section 1 hay 2 small wpdothces (80 cm, 85 cml of gray [NT) 1 BY 3/2. Grades finer to siltier in Sections 3 10 4 with scattered
= witriz, rhyoditic ash? 3 BY 4/8 fish scales (o.g. Section 4, B0 em and Section 7, 48 cm), Stightly
i 10 ealcareous with some sand sizod specks.
& ~ SMEAR SLIDE SUMMARY =
2 2] ] Section 6, 55 em changes 10 more moderats brawn to yellowish
w|® B 270 - [BY 474}, caleareous, very fiem MUDDY DIATOMACEOUS
Z|& 3 (o) - 00ZE.
§ g 8 3 TEXTURE: ]
i it 60 i ] Same rore brownish aresi may be redeposited, One graded bed
& § 7 Ciay 40 X/F = st Section 2, B5-100 om, Extensive sepaeation featurss from
u -1 COMPOSITION: Y a2 i prEssUre.
a |3 2 = r Ouarts 4 2 .
pol= 3 Feldsmar 5 - Vv a4 SMEAR ELIDE SUMMARY
5| g = Opeaues 2 =
-] - Clay » - 270 870
= Pyrite 12 ] (LT ]
- Carbonate unspec. 3 = 0¥ 472 TEXTURE:
z - Cale. nannofossils & -1 Sand 15 =
CG A Diatoms a5 . Silt 45 60
§ (28 Radiolarians 2 - Clay 20 40
< Sponge spicules 1 - COMPOSITION:
W w 1 Ouartz 0 5
CARBONATE BOMB: 182=0% F Feldimpar 12 57
E Heavy minerals LL
Clay 0 30
z = Pyrite 2 <1
ped | — 0¥ 472 Opegues TR TR
a m Carbonats unie, ) 34
{ 7 Foraminifers 2 21
5 " -l Cale. nannofonil TR 8
= Diatoms 3o 40
P’c =4 Rediolasians - 12
4 . Sponge spicules -
= Silicoftagaliates - 1
= Rock fragments 2 -
- 107 412
] 5Y 414
= .
¢ 2 = 10¥ 472
L R
. 5Y 4/4
z B
= c m|6 3 =
Q 4
= =
v 3
e BY 474
7 .
Al fem| Jec|
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SITE 479 HOLE CORE 20 CORED INTERVAL  174.0-1835m SITE 479 HOLE CORE 21 CORED INTERVAL 183.5-183.0m
FOSSIL g FOSSIL
2 AR AL TR « |E CHARACTER
wlB| L] % £l g 8 |l=.l2]2 z|l » |*
TE E % g E £ i GRAPHIC LITHOLOGIC DESCRIPTION =‘§ gé s E E g "f_. L?'P:éf‘:ggr LITHOLOGIC DESCRIPTION
S “ z < "
M AHHHHEUE H A HEHHERE +FF
- F3 . E I =
& =2
HEEE H MHHHE TEE
P ]
;ﬂ: Completely disturbied, moderate ofive brown [5Y 4/4) MUDDY 3 { Highly disturbed, uniform MUDDY DIATOMACEOUS OOZE
DIATOMACEOUS OOZE with a fmw scattersd patches of mare B Graylsh olive (10Y 4/2) In Saction 1 then moderste olive brown
BY 42 sifty grayish olive (107 4/2) MUDDY DIATOM OOZE in Section 05 10V 42 {5Y 4/4) below, Spongy from strong gas exsolution, A Tow dusky
1 1 becoming dominant beiow Sectian 2. Spangy from gt ex- 2 yellow (5Y 4] wreaks of distom caze occur at Section 5,
wolution X R - 80 and 110 ém, Section . and Section 7, 0-20 e
Core is highly disturbed to brecesated with some scattered chips I.O-: S odor structures, sand, or misch carbonate but seme faint
of broken dolostons In Sections 1 and 2. - traces of g em-layering. The yellow stresks are remnants from
3 diatom-rich laminae, 1-2 mm thick; ctotted or matted
Ar Section 2, 100 cm: pale olive DOLOSTONE with regular fine, E
:m c brownish parallel laminations on & sub mm-scale. Mostly dolo- 3 Br-ats SMEAR SLIDE SUMMARY
mitic although staining indicates some calcite. Carbonate graing p 4
mastly anhedral, 1040 microns. RiC e | Tz 7193
] | [CT)
2 SMEAR 5LIDE SUMMARY c 2| TEXTURE:
- BY 48 Sl 55 55
* Ty e 2102 470 =] Clay 45 45
Hard (L ] . COMPOSITION:
TEXTURE: - Ouartr Tr 8
Sand - 2.3 n Faldmar TR 10
st 0 40 - ! Clay 30 40
al Clay a0 55 3 . Pyrite 12 12
= COMPOSITION B Orpaues TR 1
8 Ouartz - B - Carbonete unmpec, - 2
8 E 3 Fatdspar 3 m 1 Foraminifers - ™
E 3 Mica - R 3 - Cale. nannofossily - 34
u i= 0¥ 472 Clay wn k- g . Dintoms 6576 35
= Pyrita - 2lin frustules) ) B g { Rastiolariurs - TR
- Opagues 1 g2 Silicaflagalintes - 1
T A Cabonmte unspec, 710 2 e . i Rock fragments = 1
Cale. nannofossits - 1 o
Distoms 3 a0 z i 1 CARBONATE BOMB: Litts resction
Radiolarians - 1 w - 5110 = 19%
é Plant debeis - TH g X = H
4 - . Ydatomite o B 4 : i VoID
E : s
= . §
] 107 42 E n i
E ] BY 44
T A ] |
o 5 vOID 5| O
= -
Z |y .
§ voin
e —_
W e | E‘
WA 8 2
o | X
AMamiEm|  |cc v
B &
5 614
7 5Y 4/d
Muddy disto-
FM| P cC Macsous oole
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SITE 479  HOLE CORE 22 COREDINTERVAL 193.0-2025m SITE 479 HOLE CORE 23 CORED INTERVAL 2025-2120m
g FOSSIL ] FOSSIL
. ; CHARACTER % E CHARACTER
-MEMAE HE R EMAE - [
o & 2 HIC
= EE HE E g ] tﬁ'},‘;"{gg, LITHOLDGIC DESCRIPTION TE EE il ; £l B LITHOLDGY LITHOLOGIC DESCRIPTION
g3258(813(9| (8] % EiEd T ENHH B $TE
= =] =
al i tif al Hk
- z 8 5 B |2]& 3 B
Highly disturbed, uniform modarste olive brown (5Y 44 . Sectlon 1 ta Section 2, 80 cm: unifarm, very disturbed; mod-
6Y 372 and 6 5/8) MUPGY DIATOMACEOUS DOZE. Spongy 4 R S eeate aliva brown (5 4/4) MUDDY DIATOMACEOUS DOZE
sY 4/ — gas exsalution textures. Includes some clive geay (5Y 5/3) P 05 with some faint patches of obive gray (Y 3/2). Surface exten:
patches as well 11 yellow streaks and patches of mattied DIATOM 1 . BY 56 sively gas ruptursd, , slight HEI dnn snd: scatterec
OOZE. Some widence of formar lamination [Section 4, 0-5 om). - * | N3, sand wehite specks,
X Pals laminss mostly fragile, lang diatom frustules. |n:|
. = About B0 em in Section 2, there is 4 gradual tramition to more
SMEAR SLIOE SUMMARY. 3 sty cohosive alive gray to grayish olive [10Y 4/2) DIATO-
s MACEDUS MUD which continues to Section 7. Les gas wpars
3136 6480 ] tion, smoother murface, Calesrsous components. increass down:
= M D) . word:
P ] TEXTURE: ]
o 7 Siit B 60 7 Ssction 1, 5075 am: a clumg of light brown olive (5Y 6/8)
3 Clay L = dolomitic distomacecus saze which has 3 unilateral mantls beiow
= COMPOSITION: 2 I of thin gray (N3} sand sbout 1 mm thick,
7 Quarts - 3 -
= Clay L o 3 SMEAR SLIDE SUMMARY
3 Pyrite 1 2 F
f 7 Carbonate unspee.  — 2 = o2 173 320
- Cale. nannafossls - 0 = i =]
= Distorms 80 50 - TEXTURE:
- Sliicotiagelistes 2 2 - . siny @ 0
(VP : L Plant detris - 1 g Clay 0 0
A ] =5 ar2 A IGM)| = COMPOSITION:
= darkar CARBONATE BOMB: Little reaction =3 10 42 Cuartz 7 7
7 5101 = - ~ 3 4 Faldspar = 2
. = Mica - 2
w |5 E = B Clay -
& 2 & 8 1 Pyrite 3 [
8 le~ TR, <] 3 Carbonate unspee, 407 2
E = waler 'u-’ g Foraminifers - 1
o8 o Colc, nannofossili ~ — 10
2|z z |2 Diatoms b 25
: i w | = Plant debris 2 -
=] = 3 wovar Fock fragments - 1
3 =il I 4 4 Adolomite {7)
E E CARBONATE BOMB: 473 = 15%
=
]
o
AR 5
5Y 372
z .
v ¢ s I
= M
b o | svan ;ﬂ_ c &
L =
g 3 7
RP AP cC
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479 HOLE CORE 24 CORED INTERVAL 212.0-2215m SITE 479 HOLE CORE 25 CORED INTERVAL 2215-2310m
B FOSSIL g fossiL
§ 4 CHARACTER § g cH ACTER
M zle MAERE z| @
A HE 2 Bl | Niochey LITHOLOGIC DESCRIPTION Ee E§ £ld|: E|E: | Jonammc, 8 LITHOLOGIC DESCRIPTION
& o
w3 [3IN)2 < - B 2 ® wS|EN|ZIE] s ] = 3 8
IE B o = 3 5
S AHHHE T EH R EHE Tib
R HEEH 3 s |2)=f2]a E
ST
i VoID High deformed, spongy, grayish aliva (10¥ 472) MUDDY DIA- 10y 412
Fr—r T TOMACEOUS DOZE,
0.1-:1'-\,— ® | N4, sandy A M
1 e Section 1, 15—120 cm: splatches and patches of gray (N4] SAND e 1 . Highty disturbed uniform grayish olive (10Y 4/2) DIATOMA-
R and some minor slightly darker colored zones. Scattered whitish [Fral CEOUS MUD with s spongy wrface from gas expansion and
S e, which may be of former mm-amination w sepatation,
. lﬂ-:_ A patches parts i E
Fic =1 SMEAR SLIDE SUMMARY 5] SMEAR SLIDE SUMMARY
B 2
n 154 370 7 170
8 o ™ i o L]
< TEXTURE: o TEXTURE:
s w0y 42 Sand a5 5 =3 Sand ™
[ a i, Siir 6 50 < VOID Silt a0
Fl -':c — Clay 10 45 2 Clay )
= . COMPOSITION: COMPOSITION:
- Vo Ouertz ’ 10 Quartz 1
T Feldspar a0 10 Faldspar 3
£ o Mica ~ 12 vz Wica 2
A P! ] Clay 0 45 Clay 50
] Pyrite a 12 Pyrim &
5 Carbongte unipec. 2 TR " Carbonate ungpec, L]
-5 Foraminiars TR - =z AM Cale, nannolossils 12
- Calc. nannofossils TR = = Distoms 0
. - Dlatoms ) 40 o Silbcoflagellates 2
31 3 Sponge witules LG & Plant dabriv TR
e 3 Siticaflagollates - 12 »
g = Aacc fragments 15 - CARBONATE BOMB: 2.131 = 4%
g ] CARBONATE BOMB: 385~ —
w
)
o
w
'5 -
4 -
] P
m
M
7
=7 10 412
5 B
X -
R P
§ =
= -
g P .
ol L0 6|
7 .
% 7 H
AP cc|
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SITE 479 HOLE CORE 26 CORED INTERVAL 231.0-2405m SITE 479 HOLE CORE 27 CORED INTERVAL 2405-250.0 m
E] FOSSIL g FOSSIL
- ; CHARACTER é E CHARACTER
8 |zul2]s El g e [al= z| @«
= = oY H ol &
e|gz|g i : EhE | Doume LITHOLOGIC DESCRIPTION TE|EE|E g - LITHOLOGIC DESCRIPTION
HIFCHEE gl | Hmemeary = M HEE Gl k a7 &
e ENHHETIRGE g £ 1T E(ElS(E] (%% EE S
S Z H g |z|2 HE e 3
FERHEIEE 3 & |82 | Eaf b
= = VOoID |
voIiD Sectiom 1 and 2! highly disturbed chunks of 'Il‘lﬂfll'l!.ﬂ ofive -4 SY A/ Disturbed, partings parallal Section 1, 100 em uniform, mod-
wray (BY 372} SILTY CLAY _In large blebs and dark graenish gray J—_ wrote olive brown (BY 4/4] SILTY CLAY TO DIATOM MUD.
A 05— [5G /1) speckied unconsolidated SAND, Washed, sorted, un- 0. T Below Section 1. 100 em: changes gradually 10 MUDDY DHA-
ruc A 1 Mid graded, Grain-size s 250600 um. Conteins angulsr quartz, sbun: 1 ~ TOMACEOUS DOZE. Slightly calcarsous, rivythmic laminations
s s dant teidspars and some roundad rock fragmants, little carbanate, 3 . voio occur in Sections 5 and B, defined by a light dusky yellow (5Y
1 some hroken distoms and scattersd biotite fhakes, 1.0 B B/4) thin laminae of DIATOM ODZE. Light layer rich in fragile,
- 1 VoID long spectes, Sediment becomes firm below Section 3.
Below Section 2 mostly sand, =
— Section 8 110 em: weathersd VITRIC ASH, fight gray (N7
i SMEAR SLIDE SUMMARY -] Glam A1 <1.52 and numerous altered foldspars,
RIR 140 380 7 CoreCatcher: two pieces of hord lnhifed celcareous DOLO-
(o) ol - STONE with distoms, thinly laminated and partly burrowed
L TEXTURE: .
2 o ss-d! 5 58 20 3 SMEAR SLIDE SUMMARY
il 30 c M Wi
o) Clay w = A 180 514855149 660 B0
[o) COMPOSITION: L+1] M M D) L]
arz % % 9 (ight!  {dark)
Fabdspar 25 30 TEXTURE:
o Mica 23 TR S silt 5 70 55 55 k]
Hewvy minaraly 2 - 3 Clay 45 E] 45 a5 k]
fe] Clay 40 15 3 COMPOSITION:
o Dﬂl_wu - 1 w _ Chuartz 15 4 5 & &
3 Pyrite 5 2 z M 3 B Feldipar 10 3 4 3 10
s o] . Carbanate unspec, 1 a =} [RiA . Clay &0 25 30 &0 0
= o Calc.nannofossils TR TR g . Velcanic glass - - - - ]
) Diatoms 0 56 z - 5 1 - 1 1 -
e Siliecagellates 12 p = Pyrite 2 1 1 ] =
B~ Plant dabris 2 TR 1 = Voio Carbonate unspee., 2 12 23 2 -
| Rock fragments. - =] 3 | Foraminifars - - - - TR
= . Cale. nannafossils - - TR 3 -
@ CARBONATE BOMB: 182~ — =] e | Distoms ” e 5 45 10
< R MG| 2 Fadolarians ™ - ™ - -
R - | voip - ko= W 3
X 4 4 . = 1 Sillcaftagelianes 1 "R - 12 -
. vOID | Rock fragments - - 1 - -
1 o | CARBONATE BOMB: 4.72= %
E -
B GAS |
o - |
~ W
1= |
5 5] 4 woio Cauphet
— ISY 472+
- Y B4}
3:’? ’ Light
F a,| Dark
PO
+5- o
X " -
z =z o=y o
z T .
B 6 g o] B=2rooc
=] P |
o ¥ e
v - | * = N7, mh
B g, | =
P = |
'\F' — |
7 7 T
cc cc I
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SITE 479 HOLE CORE 28 CORED INTERVAL 250.0-2595 m SITE 479 HOLE CORE 28 CORED INTERVAL 250.5-2608.0m
2 FOSSIL = FOSSIL
§ ; CHARACTER i ; CHARACTER
MAE HIE] M EMAAE Zl 2
ow = ol = =] 2 = GRAFHIC
se HHE § HEE (ORARC. LITHOLOGIC DESCRIPTION 'f% ‘i§ E i % ElE | dioloey 5 . LITHOLOGIC DESCRIPTION
Nz "
S P G F AAHHHUEME £ FH
E = = |a < E §
HHEHE $1H M HEHEE 3
c GP)
P Moderately disturbed. Section 1, 0-28 cm: light olive gray I5Y 5/2) to pale gray (5Y
XA 3 svaz 7/2) saries of lithified DOLOMITIC BEDS. Busrowed 1o lamin
. Section 1, D70 crn: darker moderate clive (5Y 473) brawn, B 03] s | Ginsvicasa ated, One piece 4] has a thin whits stringer of powsible auartz
1 homogenecus distom-rich SILTY CLAY, may be turbidite but 1 -1 e Contacts tharp,
atructureless. Trace carbonate and vory rich in silicoflagullates. o
10 Section 1, 31150 om: olive gray |BY 5/31 silty DIATOM MUD,
Balowe Sectian 1, 70 em: maderate ofive beown {5 4/4) MUDDY — mostiy homoganeous. Some pisces very hard, Brown in brown
DIATOMACEQUS OQOZE. Some sones show locally wellde- ] laminated couplets noor base. No grading where homogensous.
weloped fine rhythmic laminations on a sub-mm scale, Lighter "
= pale 1o dusky yeliow [5Y 8/4) part of couplet s DIATOM DOZE. - Section 2 to 7: shernating bands of e
] 3 af finely laminated firm MUDDY DIATOMACEOUS OOZE.
=1 Section 1, 115 em: minor blel of vitric ash with wme dlatam 7] Disturbance Is moderate with some partings dus to gas exparsion.
= i, Rl = 162, =
B e o {irhise spock Section 7: chamge to more borwnish black (SYR 2/1) CLAY-
2| ] u| ¥ SMEAR SLIDE SUMMARY 2l 3 . STOME, homogeneous, waxy, 45 cm thick then 15 om teminated
. a muddy distom ooze.
- 130 1115 654 =1
- (-] o) [1+]] - TS 15: lominated doh i
. TEXTURE: & 11020 micront) dolamite (70%) crystals. Rhambs, some large
= Sand - - 1 180 microns) or subhedeal graing as individual erywtal framework.
- Silu 60 BO EE bz Encloses soma distom frustules (10%) which are fully praserved,
T Clay 30 0 45 . Minor quartz and clay. Rare pyrite.
. COMPOSITION:
” Cuartz 10 - 5 =] SMEAR SLIDE SUMMARY
L Feldspar 10 - 3 &
bl 3 Heavy minarals - 3 = 3l 4 Vo 160 278 3
= Clay 4 s 5 = o M (ob
3 " Voleanic glass - 60 - B & | TEXTURE:
o Others - 5 - ¥ ) sily 8 B 85
= Pyrite - - B — 4 Clay 15 k3
4 Carbanate urspes. i - ™ COMPOSITION:
Diatoms 20 20 45 Chusarez 5 0 5
Silicotlageliates 0 - 1 - Feldspar 7 L] &
s =1 Plant debriy | - 5 . Clay 65 10 30
R/A R — Pyrite 3 - 2
4 ] 4 Carbonate unspec. 5 - ™
7 Vol B ] Diatoms ® 10 8
- =3 Sponge spicules o 2 -
q b Silicatlagellater T™H - T
. . Plant debeis ™o - ™
- e voip
] R CARBONATE BOMB: 5114 - 3%
. = Nota: Site 479, Core 30, 269.0-278.5 m: No Recovery.
5 ] 5 )
— B B
2 6 &
2 X
-]
b
L 7 sYA 2/
cC
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SITE 479 HOLE CORE 31 CORED INTERVAL 278.5-288.0 m SITE 479 HOLE CORE 32 CORED INTERVAL 288.0-297.5m
2 FOSSIL 2 FOSSIL
g ; CHARACTER - 5 CHARACTER
M EMAEB gl 8 w 8 |zulel=Te z| 2
nAHHEE ElE Lﬁmﬁﬁr LITHOLOGIC DESCRIPTION S 2E|f E 2l & L Ay LITHOLOGIC DESCRIPTION
Z|aR - o HFSE L "
ENHEHEBEE EEEr g ;g—gﬁg gl % FEM
- z|9 =3 = = ! = E
L - £ gz E 5 18 [2|215]|s =
s |2 HHE E 2 |g]8|3]5 3
= 1
7 | Disturtved inchucang many partings from gas expansion Olive gray {5Y 3/7) SILICEOUS MUD compeiiing abundant
0.5: silicofisgellstes with distoma. Mostly uniform, structureles.
- Section 1-3, 100 am: uniform, mostly oflw gray (Y 3728 firm BY a2 Sediment Is very firm and shows fissle paraliel driil-fractures.
Ll - ' DIATOMACEOUS CLAYEY SILT. Distoms mostly fragmented 2 i
. I or robust ipecies. Seattered reduction stroaks, pyrite-rich, ome 2 ¥ Section 1, 130-150 cm and Section 2, 5065 cm; Intercalations
::F 1.0 small spots of light (N9) quamz CLAY (e.g. Section 3, 61 am), T R of rhythmicsily laminated couplens of modarate alive brown (5Y
] ' Shightly calcanscu, 2 4/4) and pale olive (10 B/2) MUDDY DIATOM DOZE. Soms
= | E lamingn are subiparaltel, with lenticular features from burrowing
| Ssction 3, 100 em 1o Section 4, 130 cm: stight color change ta
moderate olive brown [5Y 4/8) unifarm. Distinct but gradetional i Core-Catcher: 3 pieces of light olive gray (5Y 5/2) lithified
' wiszs of lightar calors intermixed A DOLOSTONE, laminations subpsralisl; sub-mm, disturbed by
— e soms bioturbation.
- ; Balow Section 4, 130 em; alternating sones of laminated and
2 = N homogeneous moderate alive brawn (5 4/4 + 5Y 3/2) MUDDY ] SMEAR SLIDE SUMMARY
-1 i DIATOMACEQUS DOZE. Contacts tramitional. Laminae from B .
8 = | submm couplets (spproximately 20-26 couplarsiem] compris i oo
e ing light distem-rich and dark mud-rich slements. Homogansous (] M)
=1 zones appost bioturbared, not graded. Upwelling ipecies domin- (Dolomite]
] H ant, TEXTURE:
: Ll coten e Sand <1
= [5Y 5/21
3 Evam SMEAR SLIDE SUMMARY Silt & =
= Clay 40 100
| White (MO} 270 3841 B3 COMPOSITION:
= - B ™ D) Quanz 5 -
Vid a ] TEXTURE: Feltsipar a =
X H = Silt 70 20 80 Mica 2 -
—5 Clay L 20 Clay 35 40
3 -VOID COMPOSITION: Pyrite P
< Quortz 12 L} 5 Carbonats unspec, 5 L
= Faldspar 15 3 5 Faraminifers 1 ==
5Y 352 Hiavy mineraly 3 - - Cale, nannofosils 3
Clay ki 20 20 Diaroms 20 -
Pyrite 7 TR TH Sificofiage(lates 20 2
Carbonate umpec. 10 TR TR Plant debris 2 -
B Dhiatams. i3 10 kL
4 Silicotlagellates T - - CARBONATE BOMB: 163 = —
Plant debwrls 5 2 -2
Mote: Site 478, Corw 33, 207.5-307.0 m: No Recovery.
WWhite speck CARBONATE BOMB: 550 = 0%
B, sandt 570 = 0%
SY 32+
5 BY 44
x ]
6 ]
X 7
LLL cC
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SITE 479  HOLE CORE 34 CORED INTERVAL 307.0-3165m SITE 479  HOLE CORE_ 35  CORED INTERVAL 3165-3260m
g FOSSIL o T
. § CHARACTER § oo
§ (R IETETET T 1z 2 5 5 e
e 9215 2] = gl & GRAPHIC EMBEEE El g
N g H g = ; LTHOLOGY |, LITHOLOGIC DESCRIPTION Te EE £ Fi Ef & A, K g’ LITHOLOGIC DESCRIPTION
il - 2 o =3 g w3 [ZMfZ 3 w| g 3 a
N RHHEHE 2 +F A AHHH N =5
g |elefzla E M HEHE 3
(o]
Deill brecelated and broken; olive gray (5Y 372} 1 grayith olve VOoID Distuetsed, grayish olive (10Y 4/2) DIATOMACEOUS MUD TO
o [10Y 4/2) MUDDY DIATOMACEOQUS QOZE, very lirm with oY 4/2 00ZE from laminsted srd non-laminated ones of more bio
[e] Oltve gray abupdant slicofiagelistes [Mesocenidsl, Gas ruptured, o vhible turbated character. Contacts tramsitionsl, Cm-scale dark medium
B 1 I5Y 3/2) laminations, some reduction stresks in Section 6. ray (N5) clayey-silt lyens. Rhythmic laminations on a subrmm
[s] B 1 scale very faint. Some clayey beds contain numerous lage fish
o e Section 5, 140150 om: grayish olive (10¥ 4/2) Iithified CAL- scales (0.5, Section 4, 145 e, Sediment firm to fissle. Breaks
o CAREOUS DOLOMITIC MUDSTONE: bioturbated with pals X along subs-parallel planes.
* olive burrow fillings ol the top, darker near botlom, but may
(o] mask considerable silicecus or clyy component. Scrappings Below Section 4, 140 em: grayish olive (10Y 4/2] with pale
- 40 comprise mostly anhedrsl carbonste micrite but may emask olive {10Y 672) distom mud couplens; laminatedon a sub-mm-
- comiderabile silicesis of clay component scale,
a2 o
- lo At Section 6, 54 cm thin gray (N4) sand layer. Saction 6 muddy At Section 2, 125 cm: pyrite-ich [20%) gray (NS} clay band.
=1 diatom core comprises mostly Tregile, wavy upwelling distom Equigranular cubses + framboidy,
2 3] (o] species with very few silicoflagellutos 2
-1 o 7 At Section 3, 58 om: dark gray (NS) clay-rich in terrestrial
- SMEAR SLIDE SUMMARY — arganie bit
-t 0 :
b o 470 549 * 3 - NE At Saction 4, 94 em: couplets rich in monatpecific diatoms.
oo i
= (o] TEXTURE: ® - At Sectin 4, 145 cm: pocket of fish debis.
- Sand = 1l B
. (o] si o 40 x . At Section 5, B9 em: pyrite-vich with thambs of sigerite? (5%
~ (o] Clay o a0 P lB - - NE
3 o COMPOSITION: IR = SMEAR SLIDE SUMMARY
Ouartz 5 5 10¥ 672
VP o (o] Feldspar 3 5 2136 358 484 4145 560
i a Clay L B .- T
] b Pyrite a2 b s TEXTURE:
- ~40 Carbonats unspec. 5 2 | ns silt 4 45 50 0
ol o Cale. nannofoutits TR - Clay 55 56 50 80
g 3 Distoms w @ COMPOSITION:
% 8 i o Sificaftageliates B, = 0¥ 42 Ouanz : s 2 2
- 3 Plant dabris 2 T ekdspar 2 2
= o sY 3 B Mica T - 1
" 4] 3 ol |° CARDONATE DOMB: 244 = 4 Hiawy mineraly A < 5
5108=— ; Clay 5 50 30
1© 4 5 f,'w Pyrite 5 6 10
Q Carbonate unspes, 12 - - 5
o Cale. nannofossils L - ™
. Diatoms 5 5 46 0
VOID i
| Fiah detris Silicoflagellates i 12 28 it
Flgh ramalng - - - 100 -
Plant debris - % TH TR
L N5
. i3 CARBONATE BOMB: 4139 = —
5
B
[} 10Y 472
o | M4, sand
CC|
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SITE 478 HOLE CORE 36  CORED INTERVAL 326.0-3555m SITE 479  HOLE CORE 37  COREDINTERVAL 3355-345.0m
2 FOSSIL g FOSSIL
= CHARACTER = CHARACTER
§ : a8 Z|l = § S A1 Zleg
“:dd s -
S EHHEE E ol LITHOLOGIC DESCAIPTION S EHHEE 2| |  oneewic, LITHOLOGIC DESCAIFTION
iz 5 & ZlaR]z < ol w »
w3 |3R[Z 2] z| |38 3 w £ 2| e ]
e A HEE g £71E7(5] 5|3 g
= |8 HEIE = - |& s al% ;
FEHEHE 3 g |8 HIE
- « | VOID
i - 58 5/1
- Graylsh olive (10Y 4/2] DIATOMACEOUS MUD (SILTY CLAY) =
~ TO MUDDY OOZE. Entire cors unifarmly laminatid with sub- % | Numerous voids dus to ge partings, Grayish afive (10Y 4/2),
0.5 mm requiar rhythmie lamingtions. Light coupler member is pate Firm, DI SILTY CLAY subs-rmm-scabe
1 . alive [10Y 8/2). 1 | rhythmic cauplets.
Lﬂ: At Section B, 128 em: a thin block sand lamines is composed of | Section 1, 20-130 em and Section 2, 0-70 cm: several intarcs-
- 0¥ 472 lirawn basaltic glass anel feldipars costed with apaques [mangan- lated reanes are , with ol oo
¥ 3 ase). jed by some quarte (%) and diatoms [20%), = . 1acts 1o lamingted sress, Parts are drillirocciated, homogensous.,
B Glass partially altersd,
3 At Section 2, 80 om, 113 cm, 126 cm. 142 cm: thin black N1}
. SMEAR SLIDE SUMMARY | Inminae of sancly basaltic glats and opaque coated feldspar grains.
=t 170 5128 | Glass highly ahtered,
X = o) M % | L w1
e TEXTURE: A 4 = N1 At Section 1, 14 cm: thin bluish gray clay lamina , quartz-
. Sandd .
* g.t 40 0 g o | Black sandy Teddupar-rich.
¥ &0 10 N1
& S— 8 - SMEAR SLIDE SUMMARY
m arie 5 - 114 197 570
7 Feldspar a 0 £ | L N1 ™D M D)
w Mica 1 TEXTURE:
= =T Hemvy minarais 1 = o Sand = 5 0 -
e % Clay a5 i
4 4= Silt 80 60 40 85
o -~ Volcanic ghes - 70 20 40 = kL
5 o Pyrite & - COMPOSITI
‘:._u e g:unm n[lq)alc :; - - 0 a8 - k)
i e, . nannofossil 1 == — E
E & 3| =l Ojstoma W wla a (o} = Foldwer x & ™ 7
2 3= Silicoflagaiiates o - z |2 e = o] I 095 3B - 36
8 Py Plant debiis TR - o2 Valcanic glass - - 60 -
- :u-_x. CAHBONATE 2 g ® Pyrite 1 1 - <1
= BOMB: 370 = 6% o Casbonate 3 86 - 34
o | - Cale. nannofossily TH TR - TR
[~ L'-_J Diatoms TR 4 9 &
= T~ o g 107 42 Sponge spicules - TR - -
e - & Silicaflngellates - R TH
S il Wi
45 - Vo8 CARBONATE BOMB: 2.78 - —
B 4 =21 x 4
a4 —-VOID
% = 0¥ 42 VOID
. B8
] 4 wvo
. . .
(e 5 * 5 -
il . X =
- Ash 3
M ec E
& .
7 3
AMCG CC) -1
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SITE 479 HOLE CORE 38 CORED INTERVAL 345.0 m SITE 4 HOLE CORE CORED INTERVAL
79 354,5-364.0 m
2 FOSSIL 2 FOSSIL
" E CHARACTER g ; CHARACTER
g |su|e]sTe zZ|l 2 =, 2|«
= = - [
EAEHE Fl 2| & anariic LITHOLOGIC DESCRIPTION HAEHE : 2| & GRAPHIC LITHOLOGIC DESCRIPTION
12158 Bl = LITHOLOGY | Z |Rg]% [ el = LITHOLOGY
S HHEHRUE +H R HHE PR 3
E HHEHE = g C g|= E
& | HE 3 & |8 HEH
Dolostona Grayish alive (10Y '4/2) DIATOMACEQUS MUD AND DDZE
Unfloem firm o hord geavish olve (107 4/2) DIATOMACEOUS » with regular, uniform, light-dark rhythmic laminated couplets
SILTY CLAY AND OOZE. Laminated in rhythmic couplets on & Distom abundance decresses downward.
sub-rmem-scale, Some pale distom-rich layers up 1 1 mm thick,
Average of 3 sections shows 2630 cycles/om. Sediments become 0¥ 4/2 At Section 1, 30—45 em: 5 pieces of hard grayish olive [10Y 4/2}
tissibe towards base. indurated CARBONATE (DOLOMITIC?] laminated with original
varve-like lnyers wome of which appear discontinuous, possdbly
SMEAR SLIDE SUMMARY bioturbated, Carbonate micrite size snhodral graine.
470 At Section 2, 94, 87, and 130 cm are | cmthick BASALTIC
(1] ASH bedswith tand-size glass and faldipar graing costed with
TEXTURE: manganass and moderstely altersd.
Sl 85
Chay 45 SMEAR SLIDE SUMMARY
COMPOSITION: N
Ouartz ] = 13} 23
Fuldspar 7 E MM (D)
Heavy minerals TR ] N1 TEXTURE:
10¥ 472 E\l.w <;o A * :In:'m s—n ;o ;u
Tity 1 |
Carbonate unzpec, ™ ] b Clay 20 0 50
Diatarny a5 & ] COMPOSITION:
Rctholatlans TR v s Quartz TR - 1
Sitlcalisgeliates ™ a3 I Faldspar T 10 ]
3 Plant dabris 2 z - . Heavy minerals TR i 1
E w = Chay E
i g CARBONATE BOME: 5129 - 0% 8 |-~ 3 = Volesnic glass = m =
® = B Pyrite LT 1
E = w|E 1 Opanues e
g = = IR - Carbonate urspec o - 4
2 = g |s . Cale_nannofossils = - ™
S = < 3 Distoms - R
o = 8 = Saangs spicules ™ =
= = = =] Silleoflagellstes LR RE
3 8 E E 7 Bdalomite
= B ] CARBONATE BOMB: 4.107 - —
= =
= = 10¥ 472
= z e
= g ]
= 3 7
= g 3
= 2 =
= 3 s|
E 107 472 :
E :
= AG icC B
=
=
=
=
=
G =
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SITE 470 HOLE CORE 40  CORED INTERVAL 384.0-3736m SITE 478 HOLE cORE_ 41 CORED INTERVAL 3735-383.0m
& FOSSIL FOSSIL
x ; CHARAGTER v CHARACTER
FREMAE z|l g 8 MEH zZ|l 2
1 i g 2l | Gramc LITHOLOGIC DESCRIPTION Eclgzlal gl 3 2| & | gRaeuic LITHOLOGIC DESCRIPTION
HEHE Bl | UmoLoGY |, 12|25 2 E G| £ | vmuowosy |
S HHELIBEE 2 ¥ HEHIREIE SR
8 |g g gl= = F 5|% = §
8 12131318 3 HEE E
; grayish olive (10Y 4/2) DIATOMACEQUS MUD b
::.‘:.‘.r.‘:m:ﬁ.w:..t S (ghdaek coupiets, Sama st 5 Grayish olive [10Y 4721 DIATOM MUD slightly calcarsous,
7 thick et 5 107 412 Rhythmic parallel laminations, on a sub-mm-scale, Scattered
05 tared gray layers. Digtom sbundance cont to dechine. u 05 it i kil yonirciod
1 . Fish scales comman on clay laminee partings. z . ] A b common,
B ction 145 cm: catited homogeneous, grayish- 8 ]
1.0 :ivl-w:; ?:G-Y Z;a“ n:;;:;lr-n:nmﬂm, to sk 'L::g..- & 1.0 Section 1, 135 em andt Core-Catchar: four thin, platy DOLD-
-1 contact transitional, grades +.ownward from waxy textume to sifty, u - IGTDNE bful‘.\: hard, no visible leminstions. Occur imbedded
3 Compomnts include & fm. oroken robust-type distom frustules al® E n diatam N
and scattered chigs (brown, low b1, clear, no cleavegel of sither > =z
4 phosphate or fish debeis. Land derived organics abundant have 21 % AM  |FM ce| S SMEAR SLIDE SUMMARY
= single dabamite thombs. May be redeposited. = 70
. Section 2, 145 cm to Section 3, 88 cm: olive gray, hard, Kithified . [1]]
2 -1 # DOLOSTONE. Shows prase ved fine laminations and manganese ;.EI-‘KTURE, it
. R o CI.r s
. Section 3, B8 cm: light gr v (NG silt comprising alteved and very COMPOSITION:
fresh sub- to suhedral felcapars and opagues. ?vm 7
: SUMMAR M‘H“: rals E
- SMEAR SLIDE i) g mine: b
i 170 270 2144 388 ::r: - ‘:
o) M} My M note unages,
E TEXTURE: c-l? nannofossily 10
g 3 Sand - - - 15 Distomns
&5 =R Sift 80 80 &0  BS Plant debris 3
w = e 0 4 a0 -
5 2 = mﬂwosmqu: CARBONATE BOME: 199 = -
>z = Quartz EINE R T R
HIE = Feldspar 6 10 W 3%
< — Mica - - - T™H SITE 478 HOLE CORE 42 CORED INTERVAL 383.0-3925m
“ = Opaques 11 TR 58 S EBEEIE
= Clay 45 50 35 15 " ; CHARACTER
= it s 2 w0 - EMAHE 5l g
—] 3 u = e |2 |2 2 GRAPHIC
4 — Carbonate umspee. 3 10 5 - 2 :é i H 5| E | umotosy LITHOLOGIC DESCRIFTION
—] Diatoms % TR 1B TR g7 = ; 3l 2| g g
= Silicoftagellates wmo - - - £ |k HELE g
= Fish remaing - 5 - - FEHHHE ]
] Rock fragments - - - TH
= om| Jea| eo of [*] rwven
= CARRORATE oM SHO=10K Geayith olive (10Y 4/2) hard DIATOM-BEARING MANNO-
= FOSSIL MUD. Distoms mostly fragments. Dolomite rhombs
| —] {2040 microns) are common. Deill disurbed but evidence
e = w for fine-rhythmie laminations.
5 i | = z
F— = 8 o Core-Catcher: one piece of grayish olive (10Y 4/2] hard, fine-
| a8 Elz grained DOLOSTONE.
+ — -l
= = = SMEAR 5LIDE SUMMARY
—
== I Fish scales ::I
11 o)
o TEXTURE:
-
M . 3
COMPOSITION:
Cuarte TR
Faldspar "
Hewvy minerals =1
Pyrine 4
! Cabonate umpae. 16
FH[HM{C'I‘ CC| glh:;mw‘ ossils ﬁ
Silicoflagellates 2
Plant dabis 1
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SITE 479 HOLE CORE 43 CORED INTEAVAL 392.5-4020m SITE 479 HOLE CORE 44 CORED INTERVAL 4020-4115m
2 [ FOSSI
z cHan aTER z CHARAETER
5 B.hTaTs 8 |5.RTaT T8l e
MR : z ouw ol e H o
b EHE Bz ,E_ | cRArae LITHOLOGIC DESCRIFTION Sz Es g ] Bl s L?:gu:g* Ed LITHOLOGIC DESCRIPTION
PR L IR K gle F FEE I HHEHREE +EE
= |E [E]2)2 5 . i = = ! El “ b
CRERHEEH EiEd § S RHEEHE TEE
A HHEE 3 s |8 H E af
s o] Mogerataly 1o slight disturbed grayish olive (107 ml‘ Dla- o Hard, graysh olve (10¥ &/2) CLAY TO SILTY CLAY, Bio
. o] MU, sigftly eab oy . turbatod, Same zore with rhythme laminations
0.5 Scattered calcarsous dobris. somn dolamitic thin ones shawing o
i ™y homogeneous. Several partings along laminee are rich in fith ' o ! Section 1, B0—150 om and Section 2. 10 a Section 3, 40 em:
v | s appear to show faint grading: possible turbidite redeposited
! bed
z v a2 Section 2, 48-52 cm: seversl thin yeliow layers slang taminas ( :
g e il e ik L o Sectian 2, 140 cm: stresk of red 1o light brown (5YR 5781 s
g~ rannofossi;matted, way laminations. powible phosphats eoncration [isotropic, high R.1., yellow
E IH brown).
3 SMEAR SLIDE SUMMARY |
& Section 3, 50 cm and Core-Catches: thinly lamenated, hard,
- 170 248 | lithified, DOLOSTONE. Protervation of primary burrows and
§ o o Larminations by dalomite cament,
TEXTURE: 2
Silt 35 » Section 3, 80, 85, 116, and 130 cm and Section 4, 111 and
Fint Cly . = 136 om: aminss of pure whita (N9) NANNOFOSSIL DOZE
COMPOSITION: monospecilic lange types,
Qaariz ® = SYA S/
Feldspar 1 - SMEAR SLIDE SUMMARY
Opacues 1 =
Clay T 2941 378 470
Pyrite 2 TR NE (2] L]
Carbonsts unipee, 0 - TEXTURE
Cale, nanncfomsils 10 48 Sand - - 5
Distorms % 45 3 o silt - 100 40
Rnctialarians ™m - L Clay - - 55
Silicoflagetiates 1 = NS COMPOSITION:
Fieh remaine a - No Cuartz = s '
Plant debris 2 - Felcigar = = 8
Opaquas - - 1
CARBONATE BOMB: 282 = 10% Cloy = =
Photphate o0 - =
Pyrite - - 12
Carbonate unspec, — — »
8 4 Faraminifers - - T
Cate. nennolomil - 10¢ 2
M Radialarians - - T
e CARBOMATE BOMB: 393 ~ -
5
Hard cal+
B carsout
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SITE 478 HOLE CORE 45  CORED INTERVAL 4115421.0m SITE 479 HOLE CORE 47 CORED INTERVAL 4305-440.0m
g FOSSIL g FOSS]
P s CHARACTER > E CHARACTER
- EMAE gl g MR z| w
2 = = el =
St 55 g g é 5l E .,f’&?fg&v LITHOLOGIC DESCRIPTION ?';— EE|2 g z E|lE Lﬁ;%,':_}gg, LITHOLOGIC DESCRIPTION
EN - < g g% 2 " w3 [ZN]| 2 - w =
2 & 5 2l E o 2 |E ! E = 2
Folg |z HELE § FolE |3 8 g
g |Z|2|2]5 g |2|Z]|a H
= *Fsvinz
= Very deformed, considerstle drillbreccia, Grayish olive (10
0_5: 471 CLAY TO SILTY CLAY without evidence of rhythmic Section 1, 0-17 em: homogenecus yellow gray (5Y 7/2] m
1 oV AR taminations. Matly hemogensous with soma faint small burrow . ight live gray (8Y 5/2) DOLOMITIC CLAY TO SILTY CLAY.
1 =) tentures. 1
3 ] Below 17 cm rathar unifaem, olive gray (5% 3/2) CLAYSTONE,
o 1.0 Core-Catcher: grayish alive {10 472} hard, Indurated dolostons, rhythmically laminated on 8 very fine, regulss sub-mm-icale,
§ = possibly with some silica, Dolomitic cement pressrves primary Pinchout layers from Mi ™ i
@™ =4 . Iminations in upper get af sample, not calcareous except certain laminae with pure nannofossil:
i 3 VOID svan ooz, Sectiors 1 and 2 fich in fish debris,
o = Section 2, 45 cm: thin purs white (ND) NANNOFOSSIL DOZE .
. Inminse. r Section 2, 120-150 em: hard, incurated laminated DOLO-
o STONE with downwand incressing hardress smd gredual dis-
SMEAR SLIDE SUMMARY appearance of varve-like laminations, Seven types of layers occur
2 ® discrete laminss including: o] light cloy part of couplet; b}
1128 2 dark clay: ¢} very dark red brown organicrich laminse; d) thin
ol gray (NB) bands of clastic influx; snd ¢ brown or tan cloy
TEXTURE: it influxes; and f} thin craamy white nannofossil oozes laminas,
Sin 20 QT Average couplet thickneses: 38/cm—40/cm, some 20 cm etl-
Chay B0 Hard mate of 20 000 vesrs for core. Mare calcarsous lwyers towards
COMPOSITION: Y the base,
RP B cC 4 Quartz 10
Feldupar 8 SMIAR SLIDE SUMMARY
Heavy mingraly 1 0] [C ] n e
Clay 65 o 10 1467 2960 3528 3624 3623 3763 INIT 141440
Pyrite 2 3 - LU L.
Opaques 2 w TEXTURE
Carbanate wnapes. 10 E Sand o I - - - - - - -
Cale, nannafossils 21 . Lol W ® M 13 (LI ] n -
Diatorms TR E - Clay L ) L] [ = = ‘-
Fizh ramairs TH wu . COMPOSITION:
Plast debris 3 u sz 2 ¥ TR - 58 4 Fl 72 3 w0
o Falhonr 2 1T TR B H 1 H E 1T n
CARBONATE BOMB: 181 = 3% . Mhes ™M 1 = = - - i = .3 2
oS = U e
Note: Sita 479, Cora 45, 421.0-430.5 m: No Recovery. Clay 65 75 1018 :o : : : :‘n :: ‘:
4 Pyriee 12 ooa oo 1 ™ <t <1
Corboramumec. 30 3 86 B 560 0 ™ W W
Cale.nannotesis 12 2 TR TR ™ TR TR w4 4
Digtorns - = = .= = L& - - - W
Fish rmains - = - T o b = = = =L
Frant detein ™ TR - - - - = A=
CARBONATE BOME: 4.108 = 0%
5
L]
FM| B cC
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480 HOLE CORE 1 CORED INTERVAL  0.00-4.75m SITE 480 HOLE CORE 3 CORED INTERVAL 8.50-14.25m
= FOSSIL g FOSSIL
; CHARACTER § ; CHARACTER
EMEIELE: Zl g MARE z| e
s9|8 3 2 GRAPHIC Er |58 HE g| = GRAPHIC
b E g : 5| & | umHotoay |, LITHOLOGIC DESCRIPTION TE §§ HEEH E| E | urhotoay LITHOLOGIC DESCRIPTION
AHEIFIHEEE E R I FIF IR EE £5E
B l=|z|&8]|% =1 gl |= 2 =
= o = =
-HHEHE ; EHEHEE FEE
3 - Undisturbed hydraulie piston core, Rhythmically laminated 5
-1 mm-couplets of alternating moderate olive brown [5Y 414} MUD- . Rhythmically laminated couplets of altermating moderste clive
05 DY DIATOM OOZE and pale olive (10Y &/2) DIATOM DOZE. i E brown [5Y 4/4) muddy diatom oaze and pale ollve (10Y B72)
= Puls laminas commonly matted texture from fibrous frustules w 0.5 diatom ooze, Strong Hy$ odor,
— 1 . Core has gelstinous consistency due 1o high water content 8. ' .
< . Strong H5 component. b= ] At Soction 1, 80 om to Section 2, 16 cm and Section 3, 55-125
E 10— o (8 1.0 em: zones of homagencous DIATOMACEOUS MUD with nanna-
& B SMEAR SLIDE wm:n“u oo 2lz . fomlis. Silty bioturbated, upper unit contact gradational,
; R £ .
. w -
9 3 ol M = . ::mmlm Section 2, 76 em: erenulation,
2 = TEXTURE: i | s
; 7 Sand - .
w E i 0 10 7 SMEAR SLIDE SUMMARY
= - Clay B0 30 B e
9 3 COMPOSITION: s X L]
5 2| Quartz 1 - w 2 s‘:’;m“-
o o iy # : & . silt :u
y 3 Mica - 1 ]
- 3 Clay s 2 g E c &
- Pyrite ™ - g e COMPOSITION
= Diatams 45 75 . 1 ?""“ :
1 Sponge mrculs. 1 1 w - oldspar
= Silicoflogeltates 3 2 & e Mica 2
3 3 Plant debris 1 - E 7 z:m mineraly 5;
— Pailen - 2 . 4
E il = Pyrite 1
kG| . 4 3 5 Zeolite !
- - Carbonats unipes. 2
= Foraminiters 2
480 HOLE CORE 2 CORED INTERVAL 4.75-850m e {am B Cale. fosslls 15
g FOSSIL |G/ Diatoms 15
= |3 CHARACTER I Sponge spicules 1
- EMBE g z| 2 FoMn opeues i
- -4 i = -3 -
12 E“E' : z E E LITHOLOGIC DESCRIPTION SARNATE DO SR
£71E |5 g8 § =
L = o
ER EEHE SITE 480  HOLE CORE 4  CORED INTERVAL 14.25-19.00m
= 2 FOSSIL
. = CHARACTER
] Riwihric laminations of alternating moderate ofive brown § S AEE ) [
05 (5Y 4/4] MUDDY DIATOM ODZE snd pale olive (10 672} e [2818] 5 21 GRAPHIC
- DIATOM OOZE. Some distom coze layers as thick as 0.75 em [ “'é ‘i E B 5 E LITHOLOGY LITHOLOGIC DESCRIPTION
1 3 with “paperlike mats of distoms (eg. Section 1, 71 om), I =S5 3 5 al £ g g
Some devistion from horitontal bedding of laminse (coring - |z i § § % B
= 10 etfoct?). Strong HaS. Gelatinaus consistency near the top of A HEHEE 3
= 3 the core, but firms toward the bottom, Laminsted couplets == -
g - sub-mm- 10 wubomscale in thickness, parsliel with discordant d,07)
w layering Section 2, 130—150 cm. B Homogeneous, moderate ofive brown (5% 4/4) DIATOM MUD,
8 -3 b o P weith nannolossibs, bioturbated, rather sty inchuding BENTHIC
2 . 051, 1o FORAMINIFERA. Small pisces of shell scattornd throughout
o= - » the section, Some patchy motties. There appears 10 be & subtie
z ~ 1 . . aceaus mud
N 8 3 " :} g.::‘m o coarsening down the core but smear slides show little textural
F 3 0 change. HyS |8 strong with gas pimples common on the cut
= 2 1 1
& m -+ surfaces.
- A
E = Jur'~ SMEAR SLIDE SUMMARY
w - i 70 248 270 ETO
w Unconfarmit m Pl
o 4 Inconfarmity A 7 . Y [1]] (L] ol [=]]
& -1 z N Dintormsceous mud TEXTURE.
] 21z 4 Sand TR - -
g g R Sin R
i 2 . = * | Diswomacsous mud Clay 55 45 40 55
3 412 1,14 sin COMPOSITION:
I = Ouartr 8 12 0 1
e ) Feldspar [ 5 8 12
5 E Mica 3. = 2 =
X CGl e Heavy minerals 3 - 2 3
] Clay 55 45 60 60
] Pyrits 3 2 2 2
- Carbonats unipec. 3 1 3 2
| Cale. nannafossils 10 TR L 12
3 - - Diatosms. o 30 15 ]
-1 Mannatossil slity Radiotarizns 1 b - -
. clay Spange splcules - TR - -
- Sificofiagelatey 1 2 - -
ad e Phant debiris 3 1 2 2
oM =l Opacues =i 2 - -
. Rock fragments - - - 2
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SITE 480  HOLE CORE 5  CORED INTERVAL 18.00-23.75 m SITE 480  HoLE cORE 7 CORED INTERVAL 28.50-33.25m
2 FOSSIL u FOSSIL
iy g CHARACTER = = CHARACTER
g |z lel=]z z| w 8 H z| =»
N H B E S| & GRAPHI Gulg) 2% G| &
s EELE £| B | uotogy B LITHOLOGIC DESCRIPTION i EHEHEE Blw | Gheemc, | g4 LITHOLOGIC DESCRIPTION
A HHHIREE £ tF A HHHI NS = TR
E R HELE EEE 2 5 z |3 é H E
A HEIFH B af H HEE E
. Zones of rhymically laminated couplets of moderate olive brown Rhythmically lsminated couplets of moderate olive brown
05 . (5¥ 4/4] MUDDY DIATOM OOZE and pala olive (10Y &3] (6Y 4/4] MUDDY DIATOM OOZE arc paie olive (107 872}
- DIATOM OOZE with zomes of . o DIATOM OOZE ahiernste with zomes of olive brown (5Y 4/4}
1 E erate olive brown [5Y 5/4) DIATOM MUD. Contacts partly 1 DIATOM MUD in homogensoud sections. Strong odor.
] diffise to gradational. Homogeneous mattles common in lam- 2 Laminated sections have some clayey homogencous marties
1.0 inatedd sones moy be burrows, Strong HaS odor. Scattered ben i} Indicative of disturbancs. Sediment structures Include  recurm.
~ thic foraminifer-rich zones, o bent fold at Section 1, 012 cm.
B 5|~ =
- CARBONATE BOME: CC: 0% m = Section 3, B3—08 cm: large fish bone,
e —
3 g SMEAR SLIDE SUMMARY
3 1 - 354
= 3 = = Ml
=1 = - -, TEXTURE;
E 2 . 2 =1 Send -
] n b Sy B0
Y = e = Clay ]
a B . = COMPOSITION:
=4 . Unconformity (7] 3 N Ouartz 1
g w Feldupar
8 =] Opeques Th
& = Ciay 15
rrr ;‘ Uneantormiry Pyrite 1
E.‘ E Distomaceous core i cup it m
3 w = Visve Cale. nannoftossils TR
= 3 =] Diatams a0
= = Radiclarians ™
Siicaflagellates 2
E CARBONATE BOMB: CC:4%
X an = X |[FP cg
SITE 480  HOLE CORE 6  CORED INTERVAL 23752850 m SITE 480  HoLE CORE B  CORED INTERVAL 33.25-38.00m
] FOSSIL ] FOSSIL
” § CHARACTER v § CHARACTER
8 |zul2[z]E zl e R EMAEE z| e
o = o 2 = ol &
TE|EE|E g E ElE L'ﬂrﬁg:gav LITHOLOGIC DESCRIPTION SE :E HEIE B um’,::gy LITHOLOGIC DESCRIPTION
w3 [EN|E ¥ 2 o w3 |FNI =) 5|4 ol w 2 -
N HEE : N AHHHUBUE
= 5|z E g o
AHHHE T iH AHHHE il
3 Rbvythmically laminated mm-scale couplets of moderate olive | Moderate olive brown (BY 474} grading to olive gray (Y 372)
= brown (57 4/4) muddy distom oore and pale olive (10Y 6/2) MUDDY w_uou DOZE TO DIATOM MUD with small zone of
o. ) distom ocoze, Varves altarmating with zones of homogensous | moderate olive brown (6Y 4/4) muddy distom oore and pale
1 . moderate olive brown (SY 4/4] diatom mud. Strong Ho$ odor, | olive [10Y 672) distom pose thythmic couplats, same of which
- Commonty Laminated 2onet thow disturbance In the form of appesr disturbed, Homogeneous ssctions show evidence of large
1,\): elaywy lumps which intersect the core liner. | [2-3 cm] burrows indicating bioturbastion ut lower contact to
- laminated rone. Strang HyS odor,
-1 CARBONATE BOME: CC: 0% |
3 SMEAR SLIDE SUMMARY
i | 3120
= = w [L-1]
& = z | TEXTURE:
=] ] | Sand -
E —~ E Sin 50
w 2 @0 | Clay 50
a =l B . - Disturbad varves COMPGRITAON:
e W 4 I Undisturbed varves oo Y
1 B 3 = . | Disturbod varves Feldspar ';‘
] 3 . Large burrow Joruns
R ||t % Clay 5
= — ] Pyrite -2
- = Carbanate unspec. )
] = | Calc. nannofossits TR
= — Distams =3
7 5 | Silicoflage(fates 3-2
| - | Plant debris T
. " -
g Shamin - | CARBONATE BOMB: CC: 0%
= uncantermity | * | Muddy
— -
= X A [e] tomaceous oaze
S lad e - o

SHLIS HdOIS NISVH SYIWAVD
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SITE 480  HOLE CORE 9  CORED INTERVAL 38.00-4275m SITE _4gp HOLE CORE 11 CORED INTERVAL 47.50-52.26 m
2 FOSSIL g FOSSIL
= CHARACTER = CHARACTER
1 1
PR E|l g AR z|w
M EEIH =3 GRAPHIC £ |E2| 8 ] ol & GRAPHIC
5 :é & H E| 2 | ooy LITHOLOGIC DESCRIPTION HEE g : gl & | urHowoey |, LITHOLOGIC DESCRIPTION
gs ; E E 2| = 3 i g5(EN51513 g 2ly 2 g
g § HHEE = s S L = g
5 EERE 3 5 |8|3[2]|5 3
L a — B =
:,'_":, Homogeneous light olive gray {5Y 5/21 DIATOM MUD, and = BY 3/2 Section 1, 070 om: disturbed wn section of olive gray (5Y
T bioturbated, Scattersd fish vertebrae (0.5, Section 1, B4 and o nl'll"'"Tf"‘W' 3/2) DIATOM MUD and moderate olive brown (5 4/4) muddy
05 108 cm and Section 3, 60 cm), Stronn HgS odor, e : ey aik diatom oaze.
2 | B g o4
w T Section 2, 05 em: trace of & 7one of rhythmic couplets b At 70 cm shpt change 1o faint hythmically laminated MUD-
3 o e a DY DIATOM OOZE. Laminations become distinctive to the
E . | (T —— Semall piece of silitonn with rhyelitic ssh at Section 1, 108 cm. K bottom of the cors. Strong H,S odar. Considarable gas rupturing
i I g Mg and fractusing.
of F iy, d
= ~ SMEAR SLIDE SUMMARY SMEAR SLIDE SUMMARY
s = 1-108 AG 115
-
I e ™) i
o e, COMPOSITION: . TERTURE:
- Opaquns Sand -
—r
w 2l A Cuy *»0 Silt 55
z I~ Pyrite TR Clay 45
i i Distoms 8 COMPOSITION:
§ A Eish remain 50 Quartz 12
3=
© o Feldspar 2
b - A : CC: 1
@ ] : CARBONATE BOMB: CC o 2
i = Clay a5
I + Pyrite 3
9 o Carbonato urapee. TA
4 - Diatoms n
=1 Radiolarians TR
e 3 Spange spicules 'rg
o = Silicofiageliates
il e AG 2] Plant debwiy 2
Fock fragments 1
SITE 480  HOLE CORE 10 CORED INTERVAL 42.76-47.60 m CARBONATE ROMB: CC: 5%
| FOSSIL
z CHARACTER
5 |2 z
MAHE g -
T EE £ 2 gl & ot LITHOLDGIC DESCRIPTION SITE 480  HOLE CORE 12 CORED INTERVAL 62.25-57.00 m
L E 5| E | umoLosy o ey
E:r E ; ; 2 ; gl = ; 3 - g CHARACTER
= |8 |= g 2 = H g
o |8 i = O] w
& z 3 & of b wll] 2 Z| &
i = %e E§ ilE § | E | e, LITHOLOGIC DESCAIPTION
k- z < 2 ow "
Section 1, 080 cm: s, moclersts olkes brown (5Y g E HELE 2 |2| 2 ZEH e
4/4) to light alive gray (SY 3/2) DIATOM MUD with some =l =] 3 g < ;
darker mattins which have organic (biack] 1poty 5 |2|=2 a
. ) . R AP | 3 = i
Below Section 1, B0 cm: Ahythmicelly laminsted modersts z B Cntoas carrhy by, B voared gray sid,
oiive brown [BY 4/4) MUDDY DIATOM OOZE and pale olive u :FF piepiri g
(0¥ 62) DIATOM OOZE couplots. Unconformities in tha E wirthed
lgminae are observed. Laminatiors are faint near the top of -
The section, becoming mon distinctive with depth, i
-
z
g " iy Strang HoS odor.
B
o~
2|z
w| =
g Uneanformity
=

SHLIS 3dO7IS NISVH SYINAVNOD
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SITE 480  HOLE CORE 13 CORED INTERVAL 61.75-6650m SITE 480  HOLE CORE 14 CORED INTERVAL 6650-71.25m
D FOSSIL g FOSSIL
« 13 CHARACTER « |E CHARACTER
M EMAE il e M EAE zl =
s 2zl § 2 § e LITHOLDGIC DESCRIPTION =E S 2 § E 2 L?r?lgmgv LITHOLOGIC DESCAIPTION
w5 |ZN|E 35 E; B 8 ...:rgws..gg | g 3 a
= |z [3]E[2)8 FEER £ |5 |3[5]8)2 E
C D g =18 |E|5]8)z E g
M HEHHE FEH A HHEHE :
. _ ; g
CF Section 1 to Section 2, 50 cm: light olive gray (BY E/2) diatom - Section 1 te Saction 2, 10 cm: leminated couplets of moderats
mud with medium light gray (NG} sand blebs snd stringers grades g g olive brown (Y 4/4) MUDDY DIATOM QOZE snd pale olive
Inta grayish allve (10Y 4/2) to moderate olive brown (5Y 4/4) 05— —] (10 6/2) DIATOM DOZE with same clayey hamogenscis mot-
£ digtom mud with poesible wridence of bioturbution seen o pate = = thes (disturbance]. Wood chips common. Soms distom cozm
w olive (10 6/21 burrows. Mediem sands, sorted, may be small 1 -5 3 couplats are mm-cale, most mib-mm.
2 vrhidites but grading is subitie. 1] =
-4 s = X At Sectian 2, 10 cm: grades to grayish oliva {10Y 4/2) homo-
2 At Saction 2, 50 cm: begin rhythmic couplets of moderate olive § MU genvous (bioturbated?) DIATOM MUD, nannofossil besring
g brown (SY 4/4) MUDDY DIATOM OOZE and palo olive {10Y ] hirtepnriaslic
6/2) DIATOM DOZES. Contact; burrowed tramsitional. Sorme gloss At Section 1, 110 cm: daek fine-grained fragrmental layer with
light to medium light gray [N6—NT] dit Inyars sre cbesrved in 7 vome minar witric ash, R 1. =152 and graing eontaining tiny
the top of the laminated tone with mm-scale basal sands sisoci- = ik
ated with ssch, These may be small turbidites or current deposits. w -
Oceatlonal clay lump disturbance. Anythmites grade back 10 z ] Strong HyS odor,
* | wanz homogeneous (blaturbated) gray olive (10 472) distom mud st 8 21 4 .
Dintomsceoun the bottom of core {Sectiva 3, 45 em). ol _ E -
clay B E mud SMEAR SLIDE SUMMARY
H Strang HyS eder, u 1100 1110 270
=1 al=z (-] LU
] SMEAR SLIDE SUMMARY w| = TEXTURE:
5 266 g ] Sand - 23 -
W L] . Sile w &2 50
2 TEXTURE: - Clay [ 3 50
] Sandl - = COMPOSITION
g g EI:V g 3 B Ouartz 23 3 4
= ] Feldipar 1 1
E COMPOSITION: . Opacues 1 3 1
— Cusnz 15 hiw 1 Clay 50 % 45
] Faldspar 3 ed Volcanlc glass : 20 e
- Opaquas 23 i O s Pyrite »2 TR 2
/A RP AG) = Clay 50 Carbonats unspec. a 2 45
Valeanic glaw ™ Foraminiters TR 1 TR
Pyrite 2 Cale, nannafassils w e 12
Carbonate unspec. 3 Diatorms 36 35 a6
Cale. nannofosiih TR Silicofiagallates - TR -
Diatorne 16 Plant debris - - ™
Radliolarians TR
Siicoflagallatss A
SITE 480 HOLE CORE 16 CORED INTERVAL 71.25-76.00 m
CARBONATE BOME; CG: 1% = . T
2 SSIL
= 5 CHARACTER
- EMABRE R
£ |2 HE = - GRAPHIC
= HEE E[ £ | «rhotogy . LITHOLOGIC DESCRIPTION
N HE I RE +TH
F - 3
g |3 HE 3 £+H
— o Homogeneous grayhih olive (10¥ 4/2] to moderate olive brown
=~ = (5Y 4/4) DIATOM MUD, Strang H,S adar, gax separations. Faint
0541 Uneanformity mattien. Seerns bioturbated.
= From Section 1, 43-80 e thin z0na of rhythmically amin-
a1 ated, faint couplats moderate olive brown (5Y 4/4] of MUDDY
1= VoID DIATOM OOZE. Shows angulsr discordance st 45 em, Lower
e package tiited.
=
w +H=d
Z 3= Sectian 1, 147 cm: small rounded exotic pebble,
o - - voID
g 1 SMEAR SLIDE SUMMARY
o) n 265
4 - voin 1D}
E’ 2 . * | o TEXTURE:
. elay Sand
5 - Voo silt S 50
= = Clay 50
= COMPOSITION
::E‘G'I;m: S Quartz 8
Fekdspar 23
Opagues. TR
Clay 45
3 Pyrite 2
Carbonate unspec. 3 4
AG| e Foraminifers 1
Cale. nannofossils 810
Distoms a0
Plant debiris T
Rock fragments 1
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SITE 480 HOLE CORE 16 CORED INTERVAL 76.00-80.76 m SITE 480 HOLE CORE 18 CORED INTERVAL 85.50-90.25m
H] FOSSIL ] FOSSIL
- § CHARACTER - ; CHARACTER
- 218 =g 2 l=.lgl= z| w
Ex |2 2| = Sl E GRAPHIC P S, |BulE| 2|2 gl & GRAPHIC
z LITHOLOGIC DESCRIFTION tlE 3 £ LITHOLOGIC DESCRIPTION
i IEEE £| B | umoroay LiEY 15 FEEEE 5| £ | wmoroey
I ESEH & g7 12715 5| 2|8 [®]®
F 13 HE E 5 = olg |2 § 3|z
= z|= g 3 = 2 L
=
—
Rhythmically laminated, moderate alive brown (BY 4.4 MUD- T Rhythmically laminsted moderate olive brown (BY 4/4) MUD-
DY DIATOMACEOUS ODZE with pale olive (10Y 621 DI- i DY DIATOMACEOUS DOZE and pale ollvw (1Y &2} DIA-
ATOMACEOUS OOZE couplet. Some laminations folded. D.!: TOMACEOUS OOZE couplats with wall-defined flmnnp: Several
Strong HyS odor, w 1 b zomes of thick dlatom ooze layers suggest high productivity (Sec-
& ] tion 1, 90, 110, and 130 cm and Section 2, 7, 12, 27, 33, and 45
= Several large (rregular patches of mottled homogensous muds 2 1.0 cm), These Laminas have a mare yaliowish color (5 7/6). Strang
w E leg,, Section 1, 30 em and Section 2, 30 cm]. Cross-cul [eming- E P — Hz,Sodcr.
g g tiars [burrows?). i 3
& z 3
u |3 At Sectien 3, 50 cm: some very thick pale ollve diatom cozs ]
i laminae. 2
In Saction 3; fish scsbes prominent, icattersd on surface end :
dlong partings, Scattersd phosphate [e. g, Section 3, 35 em), w —
B e "
At Section 3, 85 cm: on thin, purs nannotossil leming, § s
W ]
z & B
] = -
] 2 ]
b w x
E, L
E .|
) voio
3 3
X|RP 1AG]
2
10
SITE 480 HOLE CORE 19 CORED INTERVAL  90.25-95.00 m
SITE 480 HOLE CORE 17 CORED INTERVAL B80.75-85.50 m g cu:gs:i:#:n
g ik 2 |2
3 CHARACTI A RE "
5|2 S “ %L— gz|: g i ,E_ g | Bamic i LITHOLOGIC DESCRIETION
[ H
g, |8z|2| 2|2 R GRAPHIC 45 |3R| 2 H Sl E EP
= CE B IR El B | urHoloey LITHOLOGIC DESCRIPTION g7 = '; 2 @ = B
wE L § 4 ! § ] 3 @ = ﬁ a 25 E g
z |5 H 5 § 8 4 s 3|d|a 5
2 |a = = -
o a|Xx a =3 “
> > Zones of thythmicslly lsminated couplsts of moderate olive
. 4/4] MUDDY DIATOM OOZE and pale ollve (10Y
Very disturbed core mostly lsminsted, moderste olive brown 051 brown [5Y 4/4) MUDD' Pal ] ;
5Y 478) fn olive 110 4/2] DIATOM DOZE AND MUD- w - B8/2) DIATOM OOZE alternate with zones of homogeneous, tic-
! SLRCE ST z | A turbated grayish olive (10¥ 4721 1o moderats olive brown (5Y
DY DIATOM OOZE. Murture of homoguneous and laminated @ B 4/4) DIATDM MUDS. Light member (distom-rich} grades in
" roces with structures oblierated. Strong H:Sm E 10 ! ™ " and fuctivity or ditfer
z - in terrigenous input on o mall scale. Zones with nurmenous
8 BOME: o 7 thicker pale olive lsminae sround Section 1, 100 em; contacts
8|~ CARBONATE BOMS: 0% z ] 1 between laminated and hamogensaus commonly gredstianal.
E = Somne bioturbation? sccurs in the gradational contact with the
w p warves. Strong HyS odor.
o
? : At Section 2, 125=130 om: rhythmites are fainter,
s 2| 3 VoI CARBONATE BOME: CC: 0%
Z
g
w 5 =
w
7 5 =
- 4
-
o a
: =
-
X |Rp |AG CcCj
X |RP |AG)




SITE 480 HOLE CORE 20 CORED INTEAVAL 45.00-99.76 m SITE 480  HOLE CORE 21  CORED INTERVAL 99.76-104.50 m

FOSSIL £ FOSSIL
@ CHARACTER " g CHARACTER
NEMAEE z & |zule Z] =2
Er = =1 Ee 9% 1 S| B GRAPHIC
‘£ ﬁ ] H g LITHOLOGIC DESCRIPTION '§ ,;§ E i E E bt LITHOLOGIC DESCRIPTION
i 2 H @
al A1 N AHHHH N

e
HELE HHHE

Intertayering of sveral lithologles:

Rhythmically laminated moderats olive brown (5Y 4/4] MUD-
DY DIATOM OOZE srd pale olive {10 8/2) DIATOM DOZE
couplats.

At Section 1. 811 em ard 0089 cm; and Section 2, 3840 cm

1. Zanes of rhythmically laminated coupiets of moderste olive
brawn (5Y 4/4) MUDDY DIATOMACEQUS QOZE and pals
olive (10Y 6/2) distom coze, mm- to sub-mm-scale, Strong st

ELY

odor.

and 143 em: medium gray (NS) well-sorted tand beds ungraded
with sharp contacts. Laminstions unconformably to the sand

2. Several thicker laminss to cr-beds af gresnith gray [5G B/4)

feyers. to medium blulsh gray (58 5/1] SILTY CLAYS TO SANDY
SILT, in Section 1, at 41, 80, and 145150 em. In Section 2,
w A4 Sastion. 17,9010 om: RANCY has. scaitad wood. chige. they acour a1 & sequence of 17 rhythmic cm-thick beds from
ﬁ T Section 2, 5-50 cm with 3 moras from Section 2, 117-124 om:
At Section 2, 120-130 cmn: unconlormities and apparent cros- theta are clparly graded TURBIDITES with & well-sorted, thin
E atleling are cbtarved within laminsted rares = sandy base. Some are saparated by a few thin distomacsous lam.
w - w inme. Upper and lower contacts sre shorp, Immedistely below
o E Stromg Hy5 odor, Q ] the turbidite sequence is 8 grodstional changs dewnward (Sec:
b B 21 3 E g tion 2, B5—104 cm) from homeogeneous to lminated cores.
E =] GF 100 oy sa0c; .wl.r. = ".‘le. Sxngoamts. iy w z Lsminations below tmbidite unit sre fainter than above.
j - Uniconformity feidspathic. Well-sorted, graim slightly weathered. Feldipars, : £
= En scheton laminss monly plagioclass (60%], angular wlﬂll [25%). gray siltsione i 3, At Section 1, 130-142 cm: @ grayish-yellow [5Y B4} fithi-
= [eros-bedding?) rock fragments [156%), fine-grained white [I%), blotite (2%), = fied, DOLOMITIC B i
green hatnblands (%), No calcarsaut or fomll dabris, 9 e isitatd o d iy s ol e o e
] It homogensous with soma faint burrow mottling. Along the
3 . fower contact i a 3-4 cm layer of blukth gray (58 5/4) silty
= eand,
hvp =
i cs| Jee[ - SMEAR SLIDE SUMMARY
1138 245 28
M (L1 [
TEXTURE:
M Sand - - -
AAAM) CG) Silt 50 B0 5
Clay 50 L] 45
COMPOSITION:
Quanz - 4 58
Faldspar - 15 1
Opagues - a 1
Clay w 1 40
Pyrite 1 23 2
Carbonate umipec. a5 = -
Cale. nannotossil TR - -
Dintoms 5 B0 50
Siticoflagellates = - 23
Plant debriy - 4 ™

CARBONATE BOMB: CC: 10%
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SITE 480 HOLE CORE 22 CORED INTERVAL 104.50-109.25 m SITE 480 HOLE CORE 25 CORED INTERVAL 118.75-123.50 m
o FOSSIL 2 FOSSIL
‘ 5 CHARACTER % |E CHARACTER
- EMEEE gl e g, |52(2] 3 gl g
A HEE 2| 5 |  Grasic e LITHOLOGIC DESCRIPTION 1 EHHE E £l | wonatme. LITHOLOGIC DESCRIPTION
L2 l LITHOLOGY ol w
wo |ZN] 2 - 2l w 4 2 w3 N i o o 3 8
7 1E7[2] 53 Z B = £ H HE] ! el = E
E|B £ B E H =
g (=2 1% 3 = Fl g ]
& HEIEAE = 5 |z a -3
: 1. Section 1, 0-76 &m and Section 1, 128 om to Section 2,
Intaslayering of: voID u
1. Two zones of homogensous moderate oltve brown [5Y 4/4] 87 em: homun!mu:u, moderate T"“ trown (5Y 4/4) DIATOM
voIiD DIATOM MUD Section 1, 289 cm and Section 1, 120 cm to |_voip MUD. Scattered ::«l: Mg“;‘:mi Large: i-lu luwml > -’m
1 Section 2, 100 cm. Top 30 cm may be drill disturbed. w "W“"".“'m"'" ey m:- ';am"; Tb";":;;‘ o ""i':;"'l:
o o — 70 — show
w and deformed bits of rhythmite. Upper contact of homogeneous
2. Twa zones of rvythmically laminated couplmts of sub-mm- 0
scale maderate olive brawn (3Y 4/4) MUDDY DIATOM OOZE E " Fonw {x sharp, Sediment rathar dry and srumbly with ga ruptures
o P olh:"l‘:\" kil 'hmmzi i) w Clay 2. Section 1, 76126 em and Section 2. 95 em o bottam:
. y e 3 . 3 :
Yoelp S o Hrowee e i o rhythmically laminsted couplets of MUDDY DIATOM OOZE
— quency and member of thick pale olive laminss. Thare |s a sec. andpale olive (10Y G2) DIA ooz el dack
- VoIiD ondary eyclic deredopment on a 510 cm scale. At Section 3, NOID piia pide mmm‘“"‘w - Ligh e
= 50 cm laminated oores are discordant, cutting off sbout 10 ke, 'ww
= =1 ; X 5 em-scaln. From Section 2, 85140 em; irregular, patchy homao-
g - couplets. Ar Socnnn 3, 78 em: disrupted I-nu.mlun, partiafly marties [large burrows?) interseet laminee without
2 = folded, At Section 3, 116 cm & minor Jaminss meumbent 2 :ﬂ':m“'"m Strong HyS odar
E ] 1 sharp fakd, Strang HyS ador. . 4
E = VOID Fish debris in common at Section 1, #8-50 cm; Section 2,
z = w 43 and 110 em; Section 3. 42, 99, and 122 cm.
r 8
3 — 3 VIR SMEAR SLIDE SUMMARY
E 5 1138
3 y L]
- & TEXTURE:
] = Sand -
3 5 ﬁ 3 it 0
2 Clay an
= COMPOSITION:
= En echeion laminge ?:;:' ik
- {erons-beddding) % |am agl lcel ] e :
CC = Clay 80
Pyrite k3
SITE 480 HOLE CORE 109.25-114.0m ‘;Tbm:hmf— ;
FOSSIL Silicoflagellstes 1
§ CHARACTER
z13]% gl CARBONATE BOMB: CC: 0%
w|& gl =
£ 2 < ) RAFHI
12158 g g H £ E LTHOLOGY |, g . LITHOLOGIC DESCRIPTION
2 = =
A HHE L = Fh
HEHEE i
. I Intensely then moderately disturbed moderate olive brown
] I5Y 4/4) DIATOM MUD with minor medium gray (N5} sand
03 - } blebs. Laminations rare in Sections 1 and 2.
3 .
= 1 voIp At Section 3, 50 e graden into undisturbed rhythmically lamin-
1.0 sted couplets (moderate olive brown [BY 4/4] MUDDY DI
. E ATOM DOZE and pale olive [10Y 6/2] DIATOM DOZEI
w 3
T — H At Section 2, 33-37 em: a medium bluish gray (58 5/1) 3-4
E = | E om tayer of quartz silt.
= - 585/
i 7 E Strong HaS odor.
& = = CARBONATE BOMB: CC: 0%
E 1 3 Note: Site 480, Core 24, 114,0~118.75 m: No Recovery.
B =
= VoIp
¥
[
T T
b
ol ]
Tpor A
aBREEE==
I P i
T
ol N
L
X =
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SITE 480  HOLE CORE 26 CORED INTERVAL 123.50-128.25 m SITE 480  HOLE CORE 27 CORED INTERVAL 128.25-123.00 m
o FOSSIL 2 FOBEIL
§ ; CHARACTER 2 ; CHARACTER
1HEH & 8, |5«(2[2 e
e gzl ; § LITHOLOGIC DESCRIPTION I HE § gl E | Shamey LITHOLOGIC DESCRIFTION
JE =Rz 3 e w3 |ZN|Z[E] < o] w 5 -
£ |E 2 i @ g 5|z E 2l = F ]
Z |5 HHELE I g HHE H
ERHEE FRHEIHEH FEE
L VOID
Sections 1 and 2: uniform, undisturbed sequance of rhymically = —] 1. Ahythmically laminated moderate olive brown (5Y 4/4)
laminated wunln.s of m'um (10 6/2) and moderate olive N = = MUDDY DIATOM OOZE and pale olive (10Y 6/2) DIATOM
voID brown {5Y £/4) DIATOM OOZE, AND MUDDY DIATOM 0—"‘: 'DOZE. Sharp and gracistionsl contacts between laminated zomes,
. OODZE. Cauplats wery fine ranging from 0.2 mmipaic to 0.5 1 ~
1 m";ﬂ sude; Thicker imalianed “paper®e diinces heywrs sommon: . 2. Moderate ofive brown (5Y -M:J humogensaus MATII;:‘M.
Dark secand order cycles on decimeter-scals,  Dlstom-rich laywrs ane 10— "‘m i b‘“‘--l ; rom e h': Mﬂm ,
distinetive and rlatively thick indications, Higher productivity 5 - i o “uh"""“‘ "‘:M“; "W""'I"";: e '“F'h . 1”‘
¢ andlor low terriganous input. Light layers commanly fragile = matties or splotche cut faminations or with relic lamin.
W frustules, Section 3 and Core-Cateher; cantact from leminated = stod patchas,
o down 1o homogeneous tharp. Transitional rona Section 3, 5060 w5 =2 1 2 2
= cm 1o hurrowed hormogensous with zones showing concentrations FH s 3 voio At Sectian 2, 50-70 cm: 12 coupletyform,
i 10YR 6/8 of i lal and with fith scalet =
) Grayish orange RGBS AN Ao AT 1A ] 3 B 13 couhetsiom In Section 3. Genaral cownward incrasing
aw At Section 2, 52 em: grayish orange (10¥R 6/ phosphatn, 5 : —~ A frequancy of thick paie oilve leminse.
2 nodule, 2 em, flattensd lozenge, Isotropic fine anhedral phes- 2 . |
nh.‘.‘. ™ g E B ] | At Section 2, 106 cm: sub-om lensss of gray sand and at Section
= S - NE 2. 145 cm scattered bits of wood,
-1 ]
Strong HaS odar. 5 - ‘ Swong HyS odor,
SMEAR SLIDE SUMMARY = VOID
. 1834 1836 1137 263 363 = )
w 1 vowo () (ol M M D) 7 CARBONATE BOMB: CC: 0%
G| e . TEXTURE: light)  [dark] ]
ﬁ = = ) Sand - > by e * =
= g 3| 3 T oy e sitt 70 45 3’ 15 58 3| 3
e ] Iredepasition, iy W B 8 % 4 =
& - shallaw benthic COMPOSITION: E
o E diatoms] Quartz 1 4 g 5 2 B B
E P -1 Feldspar 1 1 1 N
3| = fodom| |ag fecl 4 Mics g e - ™ X ad leel 3
Opaques ™ 1 = TH TR
Clay il 60 - - 40
Pyrits <1 TR 1 1 )
Carbonate unspec. - 1-2 - =- a
Foraminiten - TR = -~ 2
Cale. naninofossily - TR - - 88
Diatems 70 40 L] i 40
Rudiclarisns - TR = = TR
Spange spicules - 1 - - -
Silicoflagellates 1 - TR TR -
Plant debeis T - - -
Rock fragmani - - - - 1
Isotropic phosphate = 53 85 1
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SITE 480 HOLE CORE 28 CORED INTERVAL 133.00-137.76m SITE 480 HOLE CORE 20 CORED INTERVAL 137.75-142.50 m
2 FOSSI e AL
- g CHARACTER " § CHARACTER
2 lzule]a]2 z| 2 8 E.MET=TE z| w
I 2 A GRAPHIC 2 |28 2] 2] = gl GRAPHIC
" g §§ ; g z E E LITHOLOGY . . LITHOLOGIC DESCRIPTION I E Eé £ g £ E LITHOLOGY . LITHOLOGIC DESCRIPTION
g1 215(3|5| |8 F 3 22175828 (¥|* 5
@ L : @ AL f
ENHEHHE 3 : |8 : 3
——r——
1= -
[ s Mg Modersta allve brown (Y 4/4) muddy distom ooze and pale E Complete cors comprises undisturbed rogulas rhythmic Innina.
05+ ¥ olive {10¥ B/2) diatom oae in varved section, Woad ehigs are o053 tlons of moderste oilve brown MUDDY DIATOMACEOUS
-+ — obterved with some pumice ssh, Vares couples gverage 16/cm, 3 DOZE and pala olive (10Y 672} to dusky yellow mm«:_isv
1 1~ Beginning of transition 1o homogeneous (hioturhated?} tons at 1 E 6/4) DIATOM OOZE couplets. Some sectians. extremaly finely
4= the battom of core. Strang HaS odor. 7 laminated. Near bulo of Section 3, numarous very prominent
1045 1.0 mhk_ diatomn core-rich pale lyers. .'uuf.l scondary eyches of
== Unitorm, ythmically laminated couplets of moderate olive = light 1 dark o6 4 10-cinyscate, Strong HyS odor.
<+ brown {5Y 4/4) MUDDY DIATOM OOZE and pale ollve (10 -
7 6/2) DIATOM DOZE. Laminations reguiss, but have s secend 218 At Saction 3, 57 cm: 3 disurbed laeminge.
= 4= arder cycle of morg and fewer thicker pale olive lsminae securing [l |
wla 3= «an & Gemacale. In Sectlon 3, decremsa in number of pale olive, 813 CARBONATE BOMB: 0O 1%
w o D Counts of 19, 14, 12=15, and 12 coupleta/em, 5 3 3
= L Z2ls -
5|3 7 ?-']"-'u-"‘ At Section 1, 118 cm; seversl pumice pebbles imbedded o 2 o 3
o —_—r wxatics, Frishle, rounded and hard, w B - VOID
g 1= g ]
E = = R At Section 1, 26 cm: reddlith brown wood fragmants. 3 g
3 I At Secrion 1, 140141 cm: several thin white laminee of purs .
,\;_" nanrafonil coze, simost monepecific.
B a
1= At Section 3, 126136 em: tramithonal changet 1o hamogansou. -
= -
- —
T SMEAR SLIDE SUMMARY -
3 1~ 115 1116 3 3
+5s ) ]
=m e, TEXTURE: o
- - Sand - - ]
AG ot V. Site 70 B0 | ]
[t Clay 0 10 X AG  [oc =]
COMPOSITION
Cusrtz 1-2 1
Fuldupar
Opetues ™ -
Clay b 10
Valcanic giass 75
Pyrim ™ 2
Distoms 72 810
RAadioturisns TR TR
Silicoflageltates 1 2
Plant debris TR -
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SITE 480 HOLE CORE 30 cORED INTERVAL 142.50-147.26 m
o FOSSIL
o § CHARACTER
& 1=.lz]als z| -
LS 2[E | anarme LITHOLOGIC DESCRIPTION
LE Eg S g E 5 E LITHOLOGY E _
£7|E (E|g|z2 g Bl =
al MEHE S
s |8 AL H
L)
w | = o Finuly lminated, moderate olive brown (BY 44) o grayish
E e NOID alive 110 4/Z) MUDDY DIATOM OOZE ana pale alive {107
FAE voID 672) 1o moderata yallow (5Y 7/8) diatom core couphets. Thin
E 3 pale olive lamines less prominant than peevioun corm gling
2= genarsd darker cast. Couplers, thinmer oo & subanmeacale, Evi-
3132 8 asrce of minar biotirhtion ot Sectken 2. 72 o, Swang HyS
o) g oo
bl
5=
x
SITE 480 HOLE CORE 31  CORED INTERVAL 147.26—-152.00 m
2 FOSSIL
x CHARACTER
5 3G ol
- o =
TE oE|¥ g g 2l il LITHOLDGIC CESCRIPTION
gSIEV|Elsiziel (8] 23k g
= |k g HEE =2 £
= = 3 H B 3 z
Q
o Ry thmieslly teminated moderate olive prown {5Y 34) m griy
alive (10¥ 4/72) MUDDY DIATOM OOZE and pala olive (107
8721 1 moderate yellow [5Y 7/8] DIATOM OOZE couplets,
1 Fadu in intensity in some cones paratinl with decroass in distom
sbundance.
At Section 2. 6590 cm: amall sction of grovish olive (10
A2 homogerscus (lwoturbated 7). DIATOM MUD with gra-
dational contact 1o leminated rones. Strang HyS ador,
Section 1, B6-101 em: fingeriike, ohiiaues homogesous sendy
intrusian in rhythenited. Upped pert hamogeneout mud. May ba
il clismirbance or burmow track
% § ai 2 Section 3 weveral scatiersd pccurrencst of fish/eral debirs. One
§ § large crunchy pod ot Section 3, 4.6 cm,
& -E Section 3, 62 em: angular discordance i rhythenites Genersl
g |z n 1020 om secondary cyche of lightar 1o darker rooes.
o E -
g g 7 CARBONATE BOME: CC: 0%
~
H
3 3
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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L
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GUAYMAS BASIN SLOPE SITES

Site 479
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GUAYMAS BASIN SLOPE SITES

Site 479

—0 cm
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
—0 cm Site 479
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES

—Dem Site 479
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GUAYMAS BASIN SLOPE SITES

Site 479
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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GUAYMAS BASIN SLOPE SITES
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