6. SITE 490!

Shipboard Scientific Party?

HOLE 490

Date occupied: 8 April 1979

Date departed: 13 April 1979

Time on hole: 115 hours

Position: 16°09.56'N; 99°03.39'W

Water depth (sea level; corrected m, echo-sounding): 1761
Water depth (rig floor; corrected m, echo-sounding): 1771
Bottom felt (m, drill pipe): 1777

Penetration (m): 588.5

Number of cores: 64

Total length of cored section (m): 586.5

Total core recovered (m): 341.4

Core recovery (%): 58

Oldest sediment cored:
Depth sub-bottom (m): 588.5
Nature: Muddy siltstone
Age: Late Miocene

Principal results: Drilling at Site 490 penetrated 588.5 meters of mud,
silt, and muddy siltstone ranging in age from Quaternary to late
Miocene (Table 1). Figure 1 shows properties of these sediments.
Fractures and slickensides indicate normal faulting during the
early Pliocene. The strike of these faults was roughly perpen-
dicular to the trend axis. We found no evidence of compression
stress.

Pre-middle Pliocene sediments were deposited below the CCD
(carbonate compensation depth). Subsequent rates of uplift are
difficult to establish in detail because of poor microfossil assem-
blages but are roughly 200 m/m.y. Similarly, sedimentation rates
are poorly known in detail but irregularly average about 150
m/m.y.

Methane is common and ethane ranges from below limits of
detectability to 0.18% near the bottom of the hole. Gas-releasing
ice inclusions and frozen sediments may indicate the presence of

! nitial Reports of the Deep Sea Drilling Project, Volume 66.
Joel. S. Watkins (Co-Chief Scientist), Gulf R h and Develop C

H , Texas (p dd Geology nnd Interpretation Depanmem Exptnmmn :md
Producuon Division, Guif Sci and Technology Ci . Pi 3

Casey Moore (Co-Chief Scientist), Earth Sciences Board, Unwemly of Cs.llfornla Santa
Cruz, California; Steven B. Bachman, Department of Geology, University of California,
Davis, California (present address: Department of Geological Sciences, Cornell University,
Ithaca, New York); Floyd W. Beghtel, Phillips Petroleumn Company, Bartlesville, Oklahoma;
Arif Butt, Institut und M fiir Geologie und Palé logie, Universitidt Tiibingen, Tib-
ingen, Federal Republic of German; Borys M. Didyk, Research and Development Labora-
tory, Empresa Nacional del Petrbleo (ENAP), Concon, Chile; Glen Foss, Deep Sea Drilling
Project, Scripps Institution of Oceanography, La Jolla, California; Jeremy K. Leggett, De-
partment of Geology, Imperial College of Science and Technology, London, United King-
dom; Neil Lundberg, Earth Sciences Board, University of California, Santa Cruz, California;
Kenneth J. McMillen, Geophysics Laboratory, Marine Science Institute, University of Texas,
Galveston, Texas (p ddress: Geology and Interpretation Department, Exploration and
Production Division, Gulf Sci and Technology C , Pittsburg, Pennsylvania);
Nobuaki Niitsuma, Institute of Geosciences, Shizuoka University, Oya, Shizuoka, Japan; Les
E. Shephard, Department of Oceanography, College of Geosciences, Texas A&M University,
College Station, Texas (present address: Sandia National Laboratories, Division 4536, Albu-
querque, New Mexico); Jean-Frangois Stephan, Départment de Géotectonique, Université
Pierre et Marie Curie, Paris, France; Thomas H. Shipley, Scripps Institution of Oceanog-
raphy, University of California at San Diego, La Jolla, California; and Herbert Stradner,
Geologische Bundesanstalt, Vienna, Austria.

gas hydrates, but solution in seawater could also account for
amounts of gases released.

Oldest sediments sampled in this hole could have been depos-
ited on top of accretionary zone sediments as part of the slope
apron or, alternatively, deposited off the edge of continental crust
between continental schists of Site 489 and the accretionary zone.

BACKGROUND AND OBJECTIVES

A major objective of the Leg 66 program was the
sampling of sediments deposited during late presubduc-
tion and early synsubduction times in order to obtain in-
formation about the onset and beginnings of subduc-
tion. As noted in the Site 489 site chapter, the Leg 66
transit is unique in that upper parts of the presubduc-
tion and synsubduction sequences, relatively simple
structurally and accessible beneath a relatively thin
slope apron, are evident in seismic data. At Site 489 and
490 (Figs. 2 and 3) we focused on late presubduction
and early synsubduction, 489 sampling sediments de-
posited on the seaward edge of the continental crustal
block and 490 sampling those deposited in an area
thought to lie immediately seaward of the continental
crust edge.

Several geological models of Site 490 are consistent
with the seismic reflection data. First, the principal
strong reflector, at about 0.35 s sub-bottom, could be
gneissic basement, as in Hole 489. The irregular surface
of the reflector resembles that of gneissic basement far-
ther shoreward. Deeper reflectors may have the same
origin as those within the gneissic basement. Fault brec-
cia along landward-dipping shear zones could account
for the landward-dipping reflectors beneath the prin-
cipal reflector. The seismic refraction velocity below the
principal reflector is about 3.0 km/s, the same as the
velocity of uppermost basement at Site 489. Although
the lack of higher refraction velocities at greater depth
argues against a basement interpretation, fractured
gneissic basement would be then consistent with the ob-
served velocities.

A second possibility is that rocks below the principal
reflector consist of slope sediments deposited in the time
interval between separation and removal of continental
crust to the southwest and the beginning of active sub-
duction—that is, late presubduction-facies. Seismic re-
flection data show these rocks to be somewhat deformed
today, but deformation could have occurred during early
stages of subduction.

The third possibility, and the one most consistent
with seismic reflection data, is that rocks beneath the
principal sub-bottom reflector belong to the early accre-
tionary zone suite—that is, early synsubduction facies.
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Table 1. Coring summary, Hole 490. Velocities are consistent with those expected in moder-
ately indurated sediment, and weak landward-dipping
Cored Interval Recovered reflectors resemble those downslope in younger parts of

below Bottom: Cored the accretionary zone.

Core () G ey ) Discrimination among the three models is funda-
1 0.0-7.0 7.0  6.06 64 mental to an understanding of the evolution of the sub-
g 9.0-18.5 95 883 93 duction system. Samples from Site 490, together with
i iﬁﬁ?'? g-g ?}‘g; ‘2(‘5 samples from adjacent holes, were expected to con-
p 37.5-47.0 95 035 o8 tribute to the understanding of the_early evolution of the
6 47.0-56.5 95 7170 81 subduction mechanism in this region.

7 .5-66. ; :
s eomms o5 605 o OPERATIONS
]g ;g‘g:gi'g g'g g'gg 3; Site 490 is located 13 km south-southwest of Site 489.
11 94:5—ID‘1.0 9:5 1:20 13 Transit time between Site 489 and beacon launch at 490
12 104.0-113.5 9.5 263 28 was one hour.
13 113.5-123.0 9.5  0.30 3 Operations proceeded routinely, and the seafloor was
14 123.0-132.5 9.5 000 0 found with a punch core at 1777 meters, 22 meters
15 132.5-142.0 9.5 647 68 : ;
16 142.0-151.5 95 535 56 deeper than the PDR reading. A mudline core test of the
17 151.5-161.0 9.5 292 31 pressure core barrel was conducted before continuous
18 161.0-170.5 9.5 849 89 coring resumed. Good hole conditions and generally
;g };g-g:}gg-g g-g g-z‘; 93 good core recovery persisted throughout the hole with
21 189.5-199.0 95 827 87 the exception of an interval of fractured siltstones and
22 199.0-208.5 95 860 91 loose sand strata from about 405 to 475 meters below
23 208.5-218.0 9.5 7.0 75 seafloor (BSF). Unstable hole conditions were again en-
24 218.0-227.5 9.5 752 19 countered beginning at about 570 meters. Despite mud
%g ig;g:ﬁzg g'g g‘;g 2;" flushes to clean the hole, excessive fill caused the drill
27 246.5-256.0 95 49 52 string to stick temporarily following the retrieval of
28 256.0-265.5 9.5 973 102 Core 490-64 from 588.5 meters BSF. The hole was
29 265.5-275.0 9.5 6.04 64 cleaned out, with some difficulty, to total depth.
30 275.0-2845 9.5 346 36 A “‘wiper trip’’ was made to prepare the hole for log-
g; %ﬁ:gjg;:g ?:3 E:g? éi ging. Considerable fill was again encoun_tered at the bo't-
33 299.0-303.5 4.5 1.28 13 tom of the hole. Torquing and plugging of the drill
34 303.5-313.0 9.5 4.68 49 string prevented cleaning the hole below 580 meters. A
35 313.0-3225 9.5 720 76 go-devil was then pumped down the pipe to actuate the
W aaoaed U8 Ba 7 hydraulic bit release. The release failed to shift after
38 341.5-351.0 95 870 92 repeated pressuring up with the mud-pump. The go-
39 351.0-360.5 95 9.15 9 devil was retrieved with the sandline and a second go-
40 360.5-370.0 9.5 873 92 devil was pumped down. Again the bit failed to release
41 370.0-379.5 9.5 219 23 and the overshot was lowered to retrieve the go-devil.
:g ;ggf}:ggg:g g:g 1:?,_2 E The go-devil stuck at the bit and a second wireline was
44 398.5-408.0 95 370 39 required to work it free after the safety release pin in the
45 408.0-417.5 9.5 1.60 17 overshot was sheared.
46 417.5-422.5 50 0.72 8 Plans for logging were abandoned, and the hole was
8 ma 4L NE W filled to about 280 meters BSF with weighted drilling
i . S 161 17 3 ;
49  436.5-446.0 95 258 27 mud. The bit was then pulled to the top of the mud fill,
50 446.0-455.5 9.5 122 13 and cement slurry was emplaced up to about 120 meters
gé :g;gj?ig gg 1?; g BSF before the drill string was recovered. The Chal-
. : ] I i i
= T8 s 480D 25 1% 48 lenger departed for Site 491 at 1400 hours, April 13.
54 484.0-493.5 9.5 6.03 63
55 493,5-503.0 9.5 605 64 GITHOLMACEERMANE
56 503.0-512.5 9.5 8.14 86 Drilling at Site 490 penetrated 588.5 meters into argil-
57 512.5-522.0 9.5 9.6 9 laceous sediments of upper Miocene to Quaternary age.
gg gfg:giig g'g 3‘3? 32 Sedimentary and structural attributes suggest division
60  541.0-550.5 95 535 36 of sediments into three units (Fig. 4, back pocket).
61 550.5-560.0 95 521 55 Unit 1, Quaternary (0- ~ 142 m sub-bottom), consists
62 560.0-569.5 9.5 597 63 of muddy silt to mud, for the most part olive gray in
63  569.5-579.0 9.5 301 32 color, becoming olive green in the uppermost 20 meters
& SE8.3 %% 18 20 and olive black between 94.5 and 114 meters. Although

predominantly homogeneous, subtle color changes sug-
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Figure 1. Summary of age, nannofossil and radiolarian zones (1 = Pterocanium prismatium, 2 = Spongaster pentas, and 3
= Stichocorys peregrina, B = barren), magnetic polarity zones (black = normal, white = reversed), lithology, struc-
tures, porosity, organic geochemistry (C,/C; and C;_s), age-depth relationships for recovered sediments. Radiolarian
and nannofossil boundaries based on Berggren and Van Couvering [1974] and paleomagnetic ages based on Ryan et al.

[1974].)

gest bedding in several places. Bioturbation is only dis-
cernible in a small area of Core 12. From about the 85 to
107 meter levels the mud is diatomaceous. Occasional
minute white spots of sponge remains occur throughout
the unit, and scattered blebs of fine sand (2-8 mm in
diameter) occur below the 56-meter level.

Two bored limestone nodules, each measuring 8 x 2
cm, occur in the topmost 10 meters (Sample 490-1-4,
80-90 cm and 490-1-1, 20-30 cm). In the shallower sam-
ple, the borings are concentrated in the upper half of the
nodule. Carbonate elsewhere in the unit is limited to oc-
casional diffuse olive brown spots and indurated con-
cretions, never more than a few centimeters in diameter,

Glauconite is locally important in this unit, occurring
both in scattered concentrations and as a common trace
component in the upper 60 meters of mud. A 10-cm

graded bed of glauconitic muddy sand at the 47-meter
level has a sharp, irregular (possibly scoured) base and is
probably redeposited.

Unit 2, Pliocene and lowermost Quaternary (~ 142-
~399 m), comprises some 250 meters of olive gray
muddy siltstone, for the most part bioturbated. Only
small variations in composition and grain size are evi-
dent; these include one mudstone horizon (Core 21),
one siltstone horizon (Core 35), and a siliceous compo-
nent in the muddy siltstone in Core 23.

The essential uniformity of this unit is broken in
places by minor thin interbeds and lenses of ash and
limestone. Millimeter-scale laminations and thin beds of
silt and fine sand, in some cases graded, are relatively
abundant in several horizons. The small calcareous
areas (both diffuse and relatively well indurated) and
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Figure 3. Portion of multichannel seismic Line OM-7N with hole locations 489 and 490.
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occasional millimeter-scale fine sand blebs observed in
Unit 1 also occur in Unit 2. Glauconite is a common
trace of the sediment, with one major concentration oc-
curring between ~ 260 and 280 meters. Pyrite nodules
up to several millimeters across are common through
much of the unit. A 30-cm mud chip breccia occurs at
231 meters (Sample 490-25-4, 0-32 ¢cm); plant material is
concentrated in the muddy silt immediately underlying
and overlying this unit,

Ash and vitric beds occur in several places. At 145.5
meters (Sample 490-16-3, 50 cm) horizontal lamination
is pinpointed in a 25-cm vitric silt by light to dark gray
color changes. At 166.5 meters (Sample 490-18-4, 50-85
cm) a 35-cm ash bed, with similar horizontal lamina-
tion, is coarser grained in the basal 4 cm. These ash beds
were very cold when first removed form the core liner.
In Core 18, thermister probe readings varied between
—0.8°and —2°C. Furthermore, an irregular 3-cm frag-
ment of bubbling ice was recovered in Core 15. The im-
plications of these observations are discussed in the
Organic Geochemistry section. Several thinner ash and
vitric silt beds occur in the lower half of Unit 2.

Limestone and chalk occur in thin lenses and discrete
beds, between 6 and 40 cm thick. The sediment varies in
color from pale greenish gray to light olive gray to
dusky yellow green and contains no clear biogenic com-
ponent. Several beds contain irregular microveins, and
the thickest bed (Sections 490-29-4, and 490-29-5) is in-
ternally brecciated.

Bedding, which in most places is easily discernible
in Unit 2, infrequently deviates from the horizontal.
Oblique open fractures become increasingly common
toward the base of the unit; many of these are thought
to be of tectonic origin, especially where slickensiding is
observed. In Unit 3, bedding is inclined throughout, and
slickensided fractures are more or less ubiquitous. For
convenience, the boundary between Units 2 and 3 has
been placed above the first of two breccia horizons
(Core 44). It might equally well be placed above the first
appearance of pervasive slickensided fracture planes
(Core 42).

Unit 3 (~399-588.5 m) differs little from Unit 2 in
overall sedimentary characteristics (Fig. 4). Thin chalk
and ash beds are present, although glauconite is largely
missing. However, the muddy siltstone of Unit 3 is well
indurated throughout and characterized by abundant
fracture planes varying in orientation from zero to near
vertical. Slickensides, often showing dip-slip move-
ments, are common on the fracture surfaces. Bedding,
often demarcated by concentrations of flattened bur-
rows, dips at shallow to moderately steep angles.

Breccia units at the top of the unit consist of a mix-
ture of loose, muddy siltstone chips and some medium
sand. The granule- and pebble-sized clasts of muddy
siltstone are highly indurated, angular, and up to 5 cm
across. The thicker breccia indicated in the generalized
column was observed in a zone of poor recovery (Cores
45 and 46) and may or may not occupy the entire zone.

Interpretation

The central question arising from Site 490 data is
whether to interpret the deformed sediments of Unit 3

SITE 490

as accreted trench or ocean floor deposits below a rela-
tively undeformed lower slope sequence (Units 1 and 2)
or to consider the whole section a slope sequence pro-
gressively more deformed at the base. Given that trench
deposits are not invariably sandy, especially during peri-
ods not associated with lower stands of sea level, the
fine-grained sediments of Unit 3 give little clue to their
paleogeographic setting, other than that they were prob-
ably deposited below the CCD (see Biostratigraphy sec-
tion). They could be terrigenous ocean floor sediments,
fine-grained trench fill, or deposits of the lower portion
of the lower slope.

The somewhat abrupt appearance of intense fractur-
ing might indicate a structural break around 380 meters
sub-bottom (around Core 42), arguing for an accre-
tionary origin for Unit 3. On the other hand, dip-slip
motions indicated by slickensides are not what would be
expected in a compressional (i.e., underthrusting and
offscraping) regime. Dip-slip motions have been re-
corded on fractures and microfaults in lower slope sedi-
ments from the Japan (Leg 57, Hole 440B, e.g., Core
45) and Marianas (Leg 60, Site 459) forearcs. The origin
of this deformation is further discussed in the Paleo-
magnetism and Summary and Conclusions sections.

On balance, the whole section recovered from Hole
490 is best interpreted as a lower slope sequence of up-
per Miocene through Quaternary age.

Drilling Artifacts

Horizontal laminations, 2 to 4 mm thick on average,
are common in the better-lithified cores retrieved so far
during Leg 66. Their extreme regularity (2-4 cm spac-
ing) engendered debate among the shipboard sedimen-
tologists as to their origin: sedimentary or mechanical.

BIOSTRATIGRAPHY

At Site 490 we penetrated a Quaternary to upper
Miocene section of hemipelagic middle-slope sediments.
Carbonate dissolution in the lower half of the hole, re-
working of upslope Miocene to Quaternary microfos-
sils, and microfossil dilution by terrigenous sediments
hamper biostratigraphic dating.

Figure 1 presents the biostratigraphic summary of
Site 490, The miscorrelation between the nannofossil
NNI11 Zone and the radiolarian Stichocorys peregrina
Zone represents coccolith reworking. In view of the fact
that calcareous nannoplankton preservation is very poor
in the lower part of Hole 490 and that nannoplankton
are absent at the base of the hole, it is possible that all
preserved nannoplankton below Core 34 (310 m) were
redeposited and buried before dissolving. Pliocene nan-
nofossils, which accumulated under ordinary pelagic
conditions, are mostly dissolved as well. Reworked Mio-
cene and Pliocene radiolarians occur throughout the
Pliocene and Quaternary sections of Hole 490.

Calcareous Nannoplankion

The assemblages of coccoliths and other nannofossils
found in the sediments of Hole 490 are assigned to Qua-
ternary, Pliocene, and upper Miocene. No nannofossils
older than Miocene were found, not even reworked ones.

155



SITE 490

Quaternary Nannoplankton
(Sections 490-1,CC-490-15,CC)

With the exception of Section 490-1,CC only moder-
ately preserved coccoliths are present. In 7,CC there is
the lowest occurrence of Gephyrocapsa oceanica with
the central bridge preserved. The last occurrence of
Emiliania annula (Pseudoemiliania lacunosa) was found
in 10,CC. The last discoasters (Discoaster brouweri) oc-
cur in 16,CC, marking the Pliocene/Pleistocene boun-
dary at about the top of the Olduvai (1.6 m.y. ago). The
following datum levels were observed: Core 7: NN20
Zone bottom-0.6 m.y.; Core 15: NN19 Zone bottom-
1.6 m.y.

Pliocene Nannoplankton
(Sections 490-16,CC-490-27,CC)

The Discoaster brouweri Zone NN18 extends from
Sections 490-16 to 490-25,CC. The D. pentaradiatus
Zone NN17, a comparatively narrow nannoplankton
zone, is found in 26,CC and 27,CC. The following
datum levels occur: Section 490-16,CC: NN18 top-1.6
m.y.; Sections 490-25 to 26,CC: NN17 top-2.5 m.y.;
Section 490-27,CC: NNI17 bottom-2.7 m.y. Core
catchers 28,CC and 29,CC are barren.

Upper Miocene Nannoplankton

From Sections 490-30,CC down to 490-59,CC the
nannoplankton assemblages have few coccoliths. The
dominant species are Discoasters quinquerarus, which
are five-rayed discoasters with distinct knobs on either
sides of their central areas, and common sphenoliths
(Sphenolithus abies and S. neoabies). There are also
rare D. calcaris and D. variabilis in 30 to 32,CC and D.
brouweri and D. surculus. No ceratoliths were recorded.
Whether these assemblages are reworked or not is an
open question. From 30,CC to 32,CC one might still
consider reworking of NNI11 nannoflora to a poor
NN17 nannoflora. Deeper down, however, D. quingue-
ramus and the sphenoliths are the main constituents of
the poor assemblages. Nannoplankton zones NN16 to
NNI12 are lacking and should be recognizable by com-
mon D. surculus and Ceratolithus tricorniculatus. The
NN11 D. gquinqueramus range zone comprises a long in-
terval of 4.5 m.y. in the upper Miocene—that is, from §
to 9.5 m.y. ago.

Siliceous Microfossils

Silicoflagellates were found only sporadically except
in Sections 490-5,CC and 490-30,CC, where the follow-
ing species occur: Section 490-5,CC: Dictyocha stape-
dia, D. fibula, and Mesocena elliptica. This places Sec-
tion 490-5,CC in the M. elliptica Zone (Bukry and Fos-
ter, 1973) or the M. quadrangula Zone (Martini, 1976),
in the lower to middle Quaternary (top NN19). In Sec-
tion 490-30,CC we found D. fibula, D. perlaevis, D.
rhombica, D. speculum, and D. crux. This places 30,CC
in the D. fibula zone (Martini, 1976) in the upper Mio-
cene (NN11) to middle Pliocene (top NN15). Actiniscus
tetraterias, which has an upper Pliocene to lower Pleis-
tocene range (Dumitrica, 1973), was found in 16,CC.
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Foraminifers

Hole 490 penetrates Miocene to Quaternary glau-
conitic muds, muddy silts, and siltstones. The sediment
in the lower part of the section is indurated and could
not be fully disintegrated for foraminiferal study.

Cores 1 to 12 contain abundant well-preserved upper
Quaternary foraminifers. Cores 13 to 28 contain poorly
preserved lower Quaternary and Pliocene foraminifers.
Cores 29 to 64 are nearly barren of foraminifers except
for reworked upper slope species.

Scarcity of the foraminifers in the sedimentary sec-
tion precludes application of standard foraminiferal
zonation. Nevertheless, abundance and preservation of
foraminifers are useful in distinguishing the depth of
deposition of inner slope sediments,

Cores 1 through 16 contain the following Quaternary
foraminifers: Globorotalia flexuosa, G. tumida, G. me-
nardii, Globigerinoides ruber, G. triloba, G. sacculifer,
G. quadrilobatus, Neogloboquadrina dutertrei, Pulleni-
atina obliquiloculata, and Orbulina universa.

The planktonic foraminiferal assemblage in the sec-
tion indicates tropical to subtropical watermasses. Ben-
thic foraminifers in the upper Quaternary sediments are
abundant and diverse and correspond well to the mod-
ern water depth (lower bathyal). Some of the typical
forms include Melonis pompilioides, Planulina wueller-
storfi, Gyroidina soldanii, Hoeglundina elegans, Ori-
dosalis umbonatus, Pullenia bulloides, Cassidulina sub-
globosa, Uvigerina proboscidea, U. aculeata, U. his-
pida, Lagena, Stilostomella, and, occasionally, Pyrgo.

The Pliocene section, in Cores 17 through 30, con-
tains the following species: Globigerinoides fistulosus?,
G. ruber, Hastigerina aequilateralis, Pulleniatina obli-
quiloculata, and Neogloboquadrina humerosa. The
Pliocene-lower Quaternary assemblage also contains
shelf or upper slope reworked forms that include Can-
cris, Hanzawaia, and Bolivina. Certain sandy layers in
the section—for example, Sample 490-24-1, 18-20 cm
shows a high concentration of upper slope foraminifers
that were transported down by turbidity currents.

Depositional Environment

The absence of foraminifers in the Miocene sediment
at Site 490 indicates dissolution below the CCD. Rela-
tively abundant partially preserved foraminifers in the
Pliocene and lower Quaternary sections reveal an up-
ward shallowing trend through the CCD, whereas the
abundant and diverse well-preserved upper Quaternary
foraminiferal assemblage indicates deposition above the
CCD.

Radiolarians

Two factors affect the radiolarian record at Site 490:
dilution by a fairly high sedimentation rate and contam-
ination by upper Miocene through Quaternary radio-
larians reworked from upslope outcrops. Contamina-
tion is the more serious problem, because extinction
levels are difficult to recognize and many seem to be in
error.



Approximately the upper one-third of Site 490 is
Quaternary. The Quaternary/Pliocene boundary is dif-
ficult to locate because Pterocanium prismatium (Riedel
and Sanfilippo, 1971) is absent in this area. Within the
Quaternary, the extinction level of Axoprunum an-
gelinum (0.4 m.y. ago, Hays, 1970) occurs within Core 2
at 15 meters, and the extinction level of Anthocyrtidium
angulare occurs within Core 18. Pliocene radiolarians
are moderately to poorly preserved, and a largely barren
interval occurs between Cores 33 and 50 (305-445 m).
The only recognizable datum plane is the evolution level
of A. angulare (280 m), which occurs midway through
the P. prismatium Zone (Dinkelman, 1973).

An upper Miocene/lower Pliocene fauna consisting
of Ommatartus antepenultimus, O. penultimus, Sticho-
corys peregrina, and A. angelium defines the S. pere-
grina Zone (Dinkelman, 1973) below Core 61. The pa-
leomagnetic data suggest that Hole 490 bottoms in the
uppermost Miocene, which is consistent with this faunal
zone interpretation. Poor preservation above Core 61
precludes accurate location of the Miocene/Pliocene
boundary, but extrapolation suggests location near 560
meters in Core 62.

Deposition of reworked radiolarians began at Site
490 in the mid-Pliocene and continues actively today.
The mid-Pliocene initiation of Miocene contaminant
microfossils may mark the onset of erosion of middle
and upper Miocene sediments upslope.

SEDIMENT ACCUMULATION RATES

The age versus depth curve is based on biostrati-
graphic datum levels and some paleomagnetic reversal
boundaries (Fig. 5). The presence of the Axoprunum
angelinum extinction level within Core 1 suggests a slow
accumulation rate of 10 m/m.y. for the uppermost por-
tion of Site 490. The carbonate nodule with animal bor-
ings found in Core 1, Section 4, suggests an erosional
and/or nondepositional episode within Core 1. Rates
for the rest of Site 490 show no consistent trend but vary
between 90 and 405 m/m.y.

PALEOBATHYMETRY AND
VERTICAL TECTONICS

Paleobathymetric determinations based on assem-
blages of benthonic foraminifers is impossible at Site
490 because of the poor foraminiferal preservation be-
low 90 meters and total absence of large foraminifers
below 280 meters. As a result, the paleobathymetry is
estimated by relating the carbonate preservation at Site
490 to the level of the CCD. This trend suggests that late
Miocene deposition at Site 490 began below the CCD,
then passed through it in the early Pliocene time (4 m.y.
ago) (Fig. 5) (McMillen and Bachman, this volume).
Uplift rates calculated by removal of sediment accumu-
lation of 580 meters at Site 490 are roughly 200 m/m.y.
since the late Miocene.

PALEOMAGNETISM

Paleomagnetic analyses at Site 490 established mag-
netostratigraphy and determined dips of certain beds
and faults. Sediments in Hole 490 can be correlated with
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Figure 5. Age vs. depth and inferred paleobathymetry at Site 490.

polarity epochs to Epoch 5. Dip direction and stress
field are concordant with submarine topography around
the site.

We collected 105 oriented samples from the sedimen-
tary sequence of Hole 490. Stability of remanent mag-
netization of selected samples was checked with stepwise
AF demagnetization (Niitsuma, this volume).

Average intensity of the samples is 10-6-6£0.9 emu/cc
after 15 mT AF demagnetization. Intensities in sand-
stones are one or two orders of magnitude less, sug-
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gesting that sandy material originated in a different
source area than sediments. Changes in inclination sug-
gest seven magnetozones.

The magnetozones can be correlated with the Brun-
hes normal polarity epoch (1), the Matuyama reversed
polarity epoch (2), the Gauss normal polarity epoch (3),
the Gilbert reversed polarity epoch (4), the normal
events of a and C, in the Gilbert Epoch, early part of
Gilbert Epoch (4), and Epoch 5, as shown in Figure 1.
This correlation is consistent with nannoplankton fossil
data.

Sediments from lower part of Site 490 dip from 10°
to 81°. If the drilling core axis is vertical, orientation of
bedding plane can be calculated from magnetic data
(Niitsuma, this volume).

Most bedding planes dip westward; a few dip north-
ward. Mean and standard deviation of westward dips
are toward N80° +25°W. This direction corresponds to
the topographic slope direction in the area of Site 490.

The change in dip angle with subsurface depth is
represented as follows: dips of sediments below 350
meters gradually increase with depth until they are cut
by normal faults, with slickensides dipping from 10° to
75° toward N84° +17°W between 400 and 430 meters.
Dips gradually decrease with depth below this fault zone.
The change suggests that the steep dips are related to the
normal faults.

Many faults with slickensides were observed in the
lower part of sediments in Hole 490. The stress field
associated with the conjugate set can be calculated using
the fault plan orientations and fault displacements. We
find that the compressional axis is almost vertical and
the tensional axis horizontal with east-west direction.
Direction of the tension axis is concordant with the dip
direction of bedding plane. Thus the steep dip of bed-
ding plane may have been caused by drag folds associ-
ated with westward-dipping normal fault. The westward
slope of submarine topography can also be explained by
this tectonic movement,

ORGANIC GEOCHEMISTRY

The shipboard organic geochemistry monitoring pro-
gram consisted of analysis of gases released in core liners,
degasification of selected sediment samples, and visual
inspection for fluorescence in split core.

Gases

Moderate amounts of gas were released in core liners
from depths of 30 meters and below. The gas initially
contained methane, CO,, and small amounts of H,S.
The last, detectable by its distinctive odor, was present
down to depths of about 60 meters. Methane content re-
mained fairly constant with depth (Fig. 6) except for a
minimum in the 420 to 470 meter interval. This interval
was associated with a high sand content in the sediments
that resulted in substantial gas and sediment loss from
washout and dilution of core liner gas with air gases.

Ethane content was below the detection limit of the
Carle gas chromatograph at depths shallower than 155
meters but increased gradually with depth to reach a
maximum of 0.18% by volume. The methane to ethane
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ratio also increased with depth, reaching a maximum of
26.3 x 104 near the base of the cored section (Fig. 6).

CO, content in core liner gases varied from 6.5% to
0.24%, being higher in the upper portions of the cored
sequence and decreasing with depth.

Hydrocarbons in the C;-C; range were monitored on
the Hewlett-Packard 5710-A gas chromatograph from a
depth of 165 meters to T.D. Their abundance was found
to vary with depth and showed a maximum in the 300 to
400 meter interval (max. 879 ppm, Fig. 6).

Upon splitting Core 15 (Sample 490-15-5, 110cm at a
sub-bottom depth of 139.6 m), gas-releasing ice inclu-
sions were observed near a gas expansion void of some 8
to 10 cm in length (Fig. 7). These ice fragments released
gas in the ratio of 0.91 volume of gas per volume of ice.
The evolved gases consisted of methane (76, 77%) and
CO, (23, 23%) with no ethane detectable on the Carle
gas chromatograph. Degasification of a sample at a sub-
bottom depth of 155 meters by high-speed blending
showed a gas-generating ratio of 4.2 x 10-2 volume of
gas per volume of sediment and with a similar composi-
tion (methane, 74.65%, and CO,, 25.34%).

An in situ interstitial water sample was retrieved from
near this depth (189.5 m) and released gas in the ratio of
0.47 volume of gas per volume of water (GGR = 47 X
10-2); the composition of the gas was 87.10% methane
and 12.90% CO,.

Gas released from samples involving pore fluids and
sediments showed a CO, content considerably higher
than did the core liner gas. This indicates that core liner
gas composition is significantly affected by the water
solubilities of the different gases at the pressures and
temperatures prevailing during sampling and result in
CO, depletion of the gas released in core liners. Core
temperatures of —2°C to 8°C have been observed, and
the gas pressure depends on the degree of induration of
the core material and on the presence or absence of
closure of the core against the liner. There is no control
of these parameters.

We were unable to establish the origin of the ice in
Core 15; it could have originated in the freezing of a
mixture of interstitial and seawater trapped between the
core and core liner. The decrease in core temperature
necessary for ice generation may not be adequately ac-
counted for by gas release and expansion; possibly a
phase change would be required as well. Degasification
of in situ interstitial water indicates that the amount of
dissolved gas is of the order of 1 ml gas/ml of interstitial
water.

Fluorescence

Split cores showed no evidence of fluorescence due to
crude oil or bitumen impregnation.

Organic Carbon, Hydrogen, Nitrogen, and Carbonate

Samples for CHN and carbonate analysis were taken
from selected cores and analyzed as indicated in the Site
487 Site Chapter. The results of these analyses are
shown in Figure 6. Throughout the cored sequence, the
organic carbon content varied from 0.80% to 3.0% and
the total nitrogen content from 0.06% to 0.27%. The
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Figure 6. Methane and methane/ethane ratios, ethane and higher hydrocarbon abundance, and carbon and nitrogen abundances.

organic potential of the sediments ranged from good for
the upper 200 meters to intermediate for the lower sec-
tion, The carbon content decreases with depth, being
higher in upper sediments and decreasing in the lower
part of the sequence. The nitrogen content also de-
creases with depth and parallels the decrease in organic
carbon.

C/N varied from 11.9 to 16.8, remaining approxi-
mately constant throughout the hole (Fig. 6). This is in
the range for organic matter associated with recent sedi-
ments (Fairbridge, 1972) and suggests that the organic
matter present in these sediments has a low degree of
thermal maturation. Low amounts of carbonates (up to
4%) were detected in the upper 250 meters of the hole,
decreasing below the detection limit of the carbonate
bomb analysis.

Conclusions

Gases, mainly of biogenic origin, were detected
throughout this hole, causing a low to moderate degas-
sing of the cores. The organic potential of the sediments
varied from intermediate to good, but the C/N suggests
a low degree of geothermal maturation. No evidence of
petroleum or bitumen impregnation was detected. Fur-
ther, suspected hydrates consisting of gas-releasing ice
inclusions and frozen sediments were detected in the
145.4 to 145.7, 166.5 to 166.8, and 364.0 to 364.5 meter
intervals. Heavier hydrocarbons, C;~Cs, increased with
depth without evidence of an increase in geothermal
maturation. The origin of these gases is not known.

They could have originated in more geothermally ma-
tured sediments and been emplaced in shallower depths
by migration, but a biogenic origin cannot be excluded.

PHYSICAL PROPERTIES

Site 490 physical property analyses included porosity,
water content, wet bulk density, compressional sound
velocity, and undrained shear strength determined by
standard DSDP techniques (Boyce, 1976). Significant
changes in Site 490 physical properties with depth
correspond directly with changes in lithology. From 0 to
140 meters (Unit 1, see lithologic column) these proper-
ties change very slowly (Figs. 8 and 9), typical of sedi-
ments deposited in a lower slope environment at mode-
rate sediment accumulation rates. Between 140 meters
and 400 meters (Unit 2) the change in physical proper-
ties corresponds to the transformation from soft sedi-
ment to mudstone., Below 400 meters (Unit 3) a small
but significant change in these properties may reflect an
increase in deformation. A general summary of these in-
dividual properties is presented in the following sec-
tions.

Porosity, Water Content, and Bulk Density

Porosity decreases from 68% at 2.3 meters to 35% at
540 meters (Fig. 8). This fairly uniform decrease sug-
gests gravitational rather than tectonic forces as the pri-
mary dewatering mechanism. Water content decreases
regularly from 48% at 2.3 meters to 16% at 540 meters.
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Figure 7. Gas-releasing ice inclusions (C15 S5-110).
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Figure 8. Physical properties summary profiles.

Bulk density decreases from 1.53 Mg/m?3 at 2.3 meters
to 2.11 Mg/m?3 at 540 meters.

Compressional Sound Velocity

Only two velocity measurements were performed
above 350 meters sub-bottom because of gas attenua-
tion. Below 350 meters velocity varies, ranging from
1.71 km/s at 427 meters to 1.88 km/s at 485 meters.

INHOLE TEMPERATURE MEASUREMENTS

Three inhole temperature measurements yielded
usable data only at 227.5 meters. The typical curve, with
a slow increase in temperature as the probe and sedi-
ments equilibrate, is observed for this run at 227.5
meters, giving a gradient of 2.5°C/100 m, which agrees
well with the minimum gradient of 2.1°C/100 m pre-

dicted on the basis of reflection depths and hydrates
phase relationships (Shipley et al., 1979).

Thermal conductivity measurements using sediment
slabs yielded values of 2.3 to 2.8 ucal/cm s°C. These
values result in heat flow values of about 6 or 7 ucal/
c¢m? s, much higher than predicted. We suspect conduc-
tivity measurements are in error, probably owing to the
lack of needle probes normally used to measure conduc-
tivities of soft sediment. Shipley and Shephard (this vol-
ume) discuss thermal measurements made during Leg
66.

CORRELATION OF SEISMIC REFLECTION DATA
AND DRILLING RESULTS

Site 490, 13 km seaward of Site 489, is interpreted to
be seaward of the continental basement. A migrated
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seismic reflection line crosses the drilling site at the posi-
tion indicated in Figure 10.

Seaward of the site several landward-dipping reflec-
tions in the deeper part of the section are interpreted as
part of the accretionary zone, In detail, Site 490 lies
within an anomalous zone along the seismic line where
the normally strong sub-bottom reflection at 0.38 s (340
m) is discontinuous (Fig. 3). Above 0.38 s several reflec-
tions in the slope apron dip gently northeast and appear
to be truncated at or near the seafloor. The lack of an
unconformity suggests that the seafloor ‘‘truncation”
results from a depositional process and that dipping
reflections are part of a prograded slope facies.

The drilled section has a velocity of 1.8 km/s, as
derived from analysis of multichannel seismic data. No
refractors were detected from the several sonobuoy ex-
periments within the upper slope area. A velocity of 1.8
km/s and a penetration of 585.5 meters is equivalent to
0.65 s (Fig. 10).

Correlation of reflectors to the cored section is diffi-
cult, because the number of reflections exceeds observed
lithologic and physical property changes. However, one
reflection (0.30 s, 270 m), may correspond to thin
limestone beds and/or to the beginning of fractures.

SUMMARY AND CONCLUSIONS

Site 490 penetrated 588.5 meters of mud, silt and
muddy siltstone ranging in age from latest Miocene to
Quaternary. Locations of age boundaries are vague
because of carbonate dissolution in the lower cores and
reworking evident in upper cores.

Fracturing with slickensides, first observed between
300 and 400 meters, became pervasive below 400 meters.
A significant increase in induration accompanied the de-
velopment of pervasive fracturing. Paleomagnetic data
and slickenside orientations suggest northwest-dipping
normal faults with minor reverse faults between 400 and
430 meters. We found no evidence of the compressive
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stress that would be expected to accompany accretion.

Paleontologic data show that the pre-middle Pliocene
part of the section was deposited below the CCD. Sub-
sequent uplift raised the section through the CCD and
thence to its present position. We estimate uplift rates to
be 200 m/m.y. Sedimentation rates show no zonation
except for the extreme top of the hole, where 10 m/m.y.
is observed. Rates in the lower part of the hole are ir-
regular, averaging about 150 m/m.y.

Reworked Miocene and later fauna evident in middle
Pliocene and younger parts of the section probably de-
rive from upslope erosion, as evidenced by a pronounced
unconformity at Site 489.

Methane was evident throughout the section. Ethane
ranged from lower limits of detectability to a maximum
of 0.18% near the bottom of the hole. Smaller amounts
of C;-Cs were also detected. A gas-releasing ice inclu-
sion at 137 meters produced a 0.91 ml CH,/ml H,0.
The gas could be either an in situ hydrate or incor-
porated in seawater frozen because of cooling from gas
expansion during core recovery. Organic carbon content
ranged from 0.8 to 3.0%, with highest percentages oc-
curring in the upper 200 meters. All organic carbon
showed a low degree of thermal maturity. Traces of
more mature hydrocarbons (C,-Cs) probably migrated
from rocks below the hole.

We conclude the following:

1) Oldest sediments observed in Hole 490 were de-
posited in a lower slope environment. Younger rocks
were deposited in progressively shallower environments
as the section was uplifted, probably owing to under-
plating during accretion.

2) The section was normally faulted in middle(?)
Pliocene, resulting in uplift of rocks to the east and for-
mation of a small basin to the west. The coincidence of
uplift and the upslope hiatus at Site 489 suggests a cause
and effect relationship. Redeposition of microfossils
after the early Pliocene probably correlates with the
middle Miocene-Quaternary unconformity observed in
Hole 489A.

3) There is no firm evidence relating Hole 490 sedi-
ments to the accretionary zone. We find no sands sug-
gestive of deposition in a trench environment, no steeply
landward-dipping bedding indicative of rotation during
ing underplating, no fracture orientations indicative of
north-south compression, and no landward-dipping re-
flectors in the immediate vicinity of 490. Thus these
sediments were probably deposited on the lower slope,
either as part of a slope apron or as a slope deposit in
the gap between the accretionary zone and the seaward
lip of continental crust. The magnitude of compres-
sional stresses transmitted to Hole 490 sediments during
underplating was evidently inadequate to completely
deform the sediments, probably because underplating
occurred relatively deep beneath the bottom of the hole.
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Figure 10. Seismic reflection profile near Site 490.
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=t EHE

L]
o Ginwconitic sand unir, 1op and base diffuss,
greenish black (56 271
p———Gilauiconite concentration, locsl
7 i
e lag VoID
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430  HOLE CORE & CORED INTERVAL 37.5-47.0m SITE 490 HOLE CORE & CORED INTERVAL 47.0-565m
- FOSSIL 2 FOSSIL
> 5 CHARACTER W = CHARACTER
%
- EARE z| » g g elTe z| w
£ o w &
5z E% HE g E a' | o oRasic LITHOLOGIC DESCRIPTION e gg HEIE E w | GRAPMIC b LITHOLOGIC DESCRIPTION
R HE R ELR e e EH R EiEd s
E g [2|F]z]3 HIE § z |5 HEHE = 5
= |8|3|2|5 i g [B[2)2]3 E
MUDDY SILT, olive gray [5Y 32} 1o gravih clive (107
. v | Y . G
42), wft 1o moderaiely fum, structureless with minor :“:‘D'?WE::; ':; ::;n 'Z;.n.z.'.d"“:f;’_""?“.,'...;n'.'
aiemitn: BANG: grownish lsck|6G 2/1) G wkpaion CoreCatcher arrificially mn'mncuu lextrided from Com
1 GZ eracks comman Catcher originaliy)
o SMEAR SLIDES SMEAR SLIDES
i1 i
250 550 g:'"—mi' I.?I
TEXTURE: oy M}
» Sand 1 z-ll ;
sin a4 Ly
? Clay 45 55 COMPOSITION:
COMPOSITION: voio Quartz £
Quar 43 M :‘Im :
Feldspar 5 2 en
Mics 2 2 Hll:\f\‘ mirgrah TR
Hoavy minerals TR - Pu\u-i: ;:
Pyrire 2 TR iy
Clay 45 B5 :!':mi:“ T:‘l
Glauconite - " X i
Cart. urapec. TR 2 > Faoraminifers TR
3 Farsminifens TR TR ® Nmulo_u.h ™
Narwotomis TR TR s X Rsgioluisns TR
e Radiatarians ™ TR |8 Diatoms a
| 8 Diatoms 1 1 Bl= Sponge spicules 2
§ = Sponge spicules 2 2 < | = Plant fragmens 2
= = Sificollmellates TR — a
;E ~ Plant fragments = 2
z
a3l = GRAIN SIZE
170
Sand 8
4 St 55.0
Clay az
.
B0--50 cm — concantration
5 e of 1ponge remaing
1101560 cm ~ scattered
[~ sponge remaing
CMICM | FG
&
VoI
22 Graded bed of medium- 1o fie-grained glaucanitic wand,
cmicm | aG 7 =] |=- Irreguilar (loaded?) scoured buse.
f=s
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430 HOLE CORE__7  CORED INTERVAL 56.5-66.0m SITE 480 HOLE CORE 8  CORED INTERVAL 66.0-756m
¥ FOSSIL g FOSSIL
« |2 CHARACTER - E CHARACTER
EEMEIRE z| w g |=u.le2l=5Te z|
A E 218 GRAPHIC 4 LITHOLOGIC DESCRIPTION L Q% wlals gl E ARAPHIG g LITHOLOGIC DESCRIPTION
LZ|kR|E E 5| £ | umowoay b g, 12 158]4 2 H 5l E | umowoey 5
g (EVE(5)| 2 (B[ [#]2 EEE goIET 35| 5 (8] [®]*= e
18 |z a|% EE 2 § Folg |Z|z|5]z E §
ERHEIEIE 6 afs & & |2|2|=2]|a E
o
MUDDY SILT, olive gray (BY 3/2) soft to moderate fiim, [ I .
e rarvile, antianil oty i Gt mipanion Eraks MUBDY SILT, olive gray (5Y 32} saft to firm, homogen-
b small {2=5 mun) diffuse sand blebs. Gat expanson cracks 0.5 wous, infrequent spongs remains, Firmor towards bese of
comman, 1 o,
= G expansion crack
SMEAR SLIDES SMEAR SLIDES
3 iz 2
>e 350
110 37 TEXTURE: o)
x TEXTURE: oM Sand 1
= Sand - 100 S o
g =] Sl 30 = Clay w
W o Clay 0 = COMPOSITION
Z| = COMPOSITION 2 Cuartz 2
5 Quartz B0 Feldspar 1
2 e |wmination of
a » Foldpar 2 L1 [=lighter (grayith olive, Mica 1
Mica 3 10 421 mud Pyrite 1
Pyrita 1 - Clay ™
Clay 0 - E Carb. unspec. TH
Zoalite ™ - ¥l = Harofoulls TR
Cobumpee. TR — 2|2 Tadialeriams ™
Foramintfers ™ - il Digtoms 2
58 mm fine soeabyei = ‘ Sponge wicules 2
» Jeajand bleb Dlatoms 3 = 8 Pant tragments 2
Sponge spicules 2 — 3
Plant fragments 2 -
L] TE
FMIFP |AG 150
% Drganic Carbon. 2.5
% CaCOy (]
4
FM|FP [CG cC

06% H.LIS
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SITE 490 HoLE CoRE 9  CORED INTERVAL 75.5-850m SITE 490 HOLE CORE_ 10 CORED INTERVAL 85.0-845m
i FOSSIL o FOSSIL
§ ; CHARACTER 5 E CHARACTER
= £l z| @ g8 l=,lelale z| @
o = al e SwlE &
b EHEHE g il | EAIC, LITHOLOGIC DESCRIFTION S EHEE Elm | | caamie, g LITHOLOGIC DESCRIPTION
w3 (2N S ol w 3 @ S|EN|ElE] s 8 4 g -
E s HE g i i E £°127 (5] 5|23 “ A
E |5 HEIE === ; |z |2 s 5|g EtEs :
H HERE 3 g |2 Z|a + EE
] " MUDDY SILT, alive gray [BY 22), wah, hamogensour, 3
Dispacsed gas ; ] DIATOMACEQUS MUDDY SILT, olive gray (5Y 32
wxpansion cracks ""::M""“: 12-3 """é ‘:: T aand; od: spange 0.5 1o olive black (5Y 271), firm, homagensaus, scattered
IEOREN, I . i minute (12 mm) blebs of fine-greived sand,
L3
SMEAR SLIDES 3 1 SMEAR SLIDES
1.0 3
& = ]
< Vory firm 280 Y
Zla TEXTURE 7] ]
4 Sand 2 - 1
z Silv a0 5
3 Sy a TEXTURE: i
a COMPOSITION: 1 3
. Sand 2
Quartz 26 = i 4
» Feldspar 2 2 = C:'-l‘r 5%
Lo : ] COMPOSITION:
Pyrita TR ¥ Cuartz 26
—=—Ging sxpanyon crack Clay L. B Feddapar 2
Diatoms 8 . - 2
Sponge woule 2 Pyrite 2
AM|FP |CG Plant fragments 1 - Cay ah
GRAIN SIZE ::;:l:::: ::
10
Ditems 9
Sandd 3 .
si g > 3 Sponge tpicules 3
Clay 2?0 E Plant fragments 1
2|2
ORGANIC CARBON AND CARBONATE H
X - ; = Gas expansion crack
% Oryanic Carbon 2.8 <
%CaC05 o 3
sy 2
4
L~ Gas expansion crack
= G expansion crack
voiD
5
Several gas
expansion cracks

06¥ ALIS




490 HOLE CORE 11 CORED INTERVAL 845 1040m SITE 490 HOLE CORE 13 COREDINTERVAL 113.5-123.0m
H FossIL £ FOSSIL
” g CHARACTER o § CHARACTER
& |zsulela]® £l e 8 le.[2]aTe 2| @
= -4 - =
se HHE i E 2| = Lf_‘,’:‘gﬂ,_[gv LITHOLOGIC DESCHIPTION e EHH g § 2| & LERALHIC:, LITHOLOGIE DESCRIPTION
un§~:.;! E‘; B = ...:gn:..gg 2| e I o
3 | 5 2 o = = R - ]
G R HEEHE SRS N HEHEHE oEd e
o | w (B o of G ® m |=]|=2 o B &
—Gas expansion crack = [+] |
= RP AP |CG
L DIATOMACEOUS MUDDY SILT, ollve blsck (BY 2/1) § a o MUDDY SILT, olive black (5Y 2/11, satr,
Z| = firm, homageneous, scartered minute (1-3 mm| béebs o z
£l =z == G exparion crack Gt Hine SAND, ane sporailic sponge remains, 3 SMEAR SLIDES 3
|2 . §
< -
2 R e e SMEAR SLIDES e
| Broken by 3 TEXTURE: (ol
RG{CM |G ﬂ 14 S E Tex :
I3 Sile 28
gE Clary 10
COMPOSITION:
i Ouartr 7
TEXTURE. ol Pl 1
Sant 2 Mica 3
ik C Pyrite 1
o w Clay 0
COMPOSITION fow ik
L i Rasiolarians "
ki 4 Diatoema 3
he 2 Sponge sicules 1
i 2 Plan? fragments 1
Clay 56
Foraminifers TR
Nanrotos s TR
Ridiolarians TH
Dintoms. a9
Spangs picules 2
Plant Iragments 1
ORGANIC CARBON AND CAREONATE
-3
% Ovgamt Carbon 30
% CaClly a
SITE 490  HOLE CORE 12 COREDINTERVAL 104.0-1135m
2 FOSSIL
s g CHARACTER
§,_ Gulf | g g 2 GRAPHIC
12 §§ H 3 z E| £ | umHowsey |, LITHOLOGIC DESCRIPTION
R E A g |82 g g
Folg |z § gl = ,5
g |2 |8 FEE
o}
o l‘ G ion DIATOMACEQUS, MUDDY SILT, alive black (5Y 2/1]
! i u:::l and minor grayish black (N2), seft to wery firm, hamo-
| ) eneous. Below 75 om in Section 2, moderatsly mottied,
1 J 4 with alive gray dnd minor geaish black aress. Bioturhated.
10 ! SMEAR SLIDES  _
?‘* = | + |=—5 mem sand bilebs {118 cm) B
2l e ] |
[ - T 'E
| = - L
S . — ‘l 2119
a M |- [ Geewpemioncrecks  TEXTURE: o
2 7l = ] Sand 1
] silt “
- =4 Clay 56
] « ¢ COMPOSITION:
. Chusaetr 26
Fabdspar 3
- = -] VoI bicieg 3
i i — Hemey minersis TR
Pyrite 2
Clay 56
Faraminiters TR
Nannolossils TR
Radiolarisns 1
Diatoms 8
Sponge spiculey a
TE
1124
% Organic Carbon 2.4
X CaCOy 1
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SITE 490 HOLE CORE 15 CORED INTERVAL 132.5-142.0m SITE 490  HOLE CORE_ 16 CORED INTERvAL 1420-1515m
2 FOSSIL o FOSSIL
- ia‘ CHARACTER . ; CHARACTER
§ culB] 3|2 ZEla EREMORE z| w
o -3 - kS =3 GRAPHIC g (oglE ol = GRAPHIC
\ E :§ I E H £ E LITHOLOGY g L LITHOLOGIC DESCRIPTION H :’5‘ ; sl E LITHOLOBY L . LITHOLOGIC DESCRIPTION
N HE MR e §o e HEREE T HE
N ERHHHE £ H N A HHEHE EEH
. HE =] - = ] =]
T vere Sit 490, Core 14, 123,0-132.5 m; NO RECOVERY. 028 e satt, muddy sl
[} * — Gy ppansion cricks ]
MUDDY SILT, olive gray (Y 3/2] soft, unctwelas to ] ) )
MUDDY SILTSTONE, ofive gray (5Y 3021 struewreless L m MUDDY SILTSTONE, payh als (10Y 72 15 oive
1 | (below B cm in Section 1) 1 ] aray {5 372), tine wnel VI ILT,
Section &: Slightly darker mottting atfeet in this section 1.0+ " Traet (Section 31
dur o bioturbation, Several dilfuse aress, up to seveval em :] Miusiity sHE grayish ofive [V0V 473}
wcross, light alive brown [5Y B8] to grayish ollve (10Y i g ‘ 0. Witrie musery i, madham gy (8]
» 4/2), cilcasous - Tncipient concretiom (40, 70, B4, s :::U‘ r yarie muoev it
[=— Gas oxpamsion cracks and 100 em). Millimater-icate fine sand nlubls betweer ] {mmmd] . . i g P
100 and 115 em, Vary pecasional minuts white spangs ~ : o i Wl-—«m:\' o
specks. 5 Wikl #lIL. i dark way (4T
w ]
Section G: 118 om: Pals culcarsous arew, mi in Secucn 4, ﬁ = ]
2 120 e 6 = 3 x 1 an wood fragment. 123126 am: 3 = 2 .
3 em ireguinr ICE fragment {canmed), == .
Z|s =
SMEAR SLIDES z ﬁ =z —
z a2
3 s £ = mam fins sand bod, 10-30° accurata dip {6 cm]
Z = 5 - & [securate dig apparently caused by diilling)
et ] |——— Minute fine sand bleb (15 em)
TEXTURE: mim - -~ Dithuse calzareous discoloration, spprosching light
; Sand 7 20 —f olive brawn In color [BY 5/6) (3035 em}
3 | 3 it 53 80 3 3 ™ Napparem: dip ~10* (4076 cm
A B Clay 0 < -
) COMPOSITION: = SMEAR SLIDES 3
L4 stz &7 M =] Dittuse calcarsous discoloaation
8 Faldsgar 7 7 m =— approaching fight hrown (5 5/6] _E
o in cobor (126127 am} & £}
Mica 2 2 £ H »
Heavy minsraly 1 ™ 3 = 3£ -
pranil p 1 I == Minute fine sand blets (15 cm} 43 Ay 398
Clay o 15 4 ]
TEXTURE: M| L
e ‘;H n = =, G sxpansion cracks ;mlm 1 J 3 2
Carbs, Unipee. - = i
. Radiotarians Wmoo0s welRe co ool .:.Iu @ u @
2 om indursted caleateout  poen T™®H D& ay
Goriéanion, ithoc Spongespicules 1 1 COMPOSITION:
i i it Quartz ¢ @& e
Silicofiagellates. - TR Fakloer y 3 &
Plant tragments 1 TR e 1 4 5
Heavy minarale 1 1 1
Pyrits 1 1 7
Clay w0 w 5
Glass. 8 L] 16
=—Gim sxpansion cracks m;:ilpu T:'E ;" ;n
e
5 e i famiination of very fine st Diistoms 08 TR TR
Spongespiculss 1 TR -
acks
‘“G. s Flant fragments  — 1 TR
o J ORGANIC CARBON AND CARBONATE
- 2100
s Voo % Organic Carbon 2.0
% CoCO. 2
RP | AP [CG E 3
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SITE 490 HOLE CORE 17 CORED INTERVAL 151.5-161.0m SITE 490 HOLE CORE 18 CORED INTERVAL  161.0-170.5 m
o $5 e FOSSIL
- g CHARACTER ; CHARACTER
g M Ble GRAPHIC - E Sy|E) 2 i 8| & G
B g|: = o T E LITHOLDGIC DESCRIPTION TE|EZ|E K £ ] (ReARE LITHOLOGIC DESERIPTION
S|Enjz| 2] = gl w 1 E Sl=rml|z| 2|« o 2 -
£ HELE LR 2 g £71E7 )5 g 3 HIBELE] - H
£ HEE £ 5 =18 |2)z|E]E Bl 2
MHHHE FE N HHEE TEE
1 o :
= | T  voio MUDDY SILTSTONE, gravith olive green (5GY %),
MUD, grayith olive gresn [5GY 3/2] to greenish black Occavonal minute white spong specks, Splinting of this
e | {5G 2/1) and MUDDY SILTSTONE. greenish bisck [5G inclursted tadiment with wire cutter finstead of saw, 1o
1 v ! 4 2010, woft, wructureleis 1 avoid losing possitie clathrates] means that intermal ttruc-
tures am difficult to se, Occasional drillig biseuit lamir-
1 1 SMEAR SLIDES. . stions are wvident (n plaess. Fine SAND laminations and
' l— 86201 E E" -E ASM are rare.
=¥ = = In Section 4, 100-135 cm paraliel lsminsted sah it
! i g i predominently greenish grey {5GY 8/1) with laminations
= i'x & of modium pray (NG), medium Hght gray (NE) and light
4 2 wray INT) to very light gray (NBJ. When first opened,
= 179 333 520 =Tus expension crack frozen, Fine wandgize in basal 4 cm. very fine sandaize
= TEXTURE: o o o over ramainger,
2] 3 Sand 1 7 4 2
7 Silt W 53 56 SMEAR SLIDES
s Clay 60 a5 40 =
. COMPOSITION: E §
3 Quartz M M a3
voio Fabdspor 57 7 »E
4 = Mics F T ! i g,. 5 s
o Heavy minoraly ' TR TR = <
3 Pyritn 1 2 2 443 483 2108 413
= Ciny % 45 a0 TEXTURE: [T T ]
= |z 3 Glans . ™ e 3 S 0 3 3% 8
= Glauconite TR - - = Silt 0 e 6 10
E Canl. umagic, = TR = § Clay 20 30 5 5
= Sille, unspec. - 1 - = Y COMPOSITION:
. Rudiatatian TR TR TR 2|2 Quartz 70 48 wo o
Diiatoms 2 5 3 - Feldspar ? 10 2 2
Spongespiculs 3 1 3 ¢ Mica 1 4 TR TR
Silicoflageliates - = ™ =1 Hizawy mindrats 1 1 TR T
Pyrite 1 2 1 2
(= e sund lamination g':‘ 1‘ 2_5 !; a:
4 4 - voi Undeterm, silie, 1 - -
Thermister probe resdings!  Farsminifon 2 e = TR
fe Minu 2.0°C — 110 em Nennatousils - 2 ™ 2
e Minu LEC - 1200m g taria TR TR - ™
MR ATE ST Divime voe w1
Vague mottling In Swwialm 1 a TR TH
. upper portion ol mscale ditfuse fin sang  SHICOMoglaes  — TR 1 -
section — probably elst {2530 em) Plant fragments TR - - -
= 5 Biaturtation
Fire sand bed {rmm scaln),
5 |~ apparent dip 12° (76 cm)
AP | RP | CG |
CARBON TE
310
% Organic Carbon 2.4
%CaC0y 3
L]
|- Firm 1and bletn
—1= 7 - voip
[AMICM | AG ce [~ Ah arems in Core-Catchar rubble

06% LIS



TL1

SITE 490  HOLE

INTERVAL 180.0-189.5m

490
o — FOSSIL
g - ;— CHARACTER
2. ETaT a M EMAE g2
EH i H § & LITHOLOGIC DESCRIFTION A E ] § E 5 LITHOLOGIC DESCRIPTION
z [ o T
E“ig;! o +HE g3 (E7(5 5|2 (B[ (| % 2ok =
o 2 H i = £]3 5
= = o &
FHHHE T EH B HEIHE T EH
|0 ~—uddy siitsione, grayish
— all ith
5 ?s:'m :t;u:’::,unov SITETONE: o w;:,‘:m.m‘m::‘ MUDDY SILTSTONE, aliva black [5Y 2/1) with gragish
- g appareni .
o} tdip 7 clive green (5GY /21, Mottling due o intense  bio-
turbation, Colar varies dawneare from ollve gray (5Y 42)
w SMEAR SLIDES 10 gresnish black [SGY 2/1), Drilling lsminations af regular
5] 1!, 13 em) intervaly. Pyrite concentrations common as hanl
2 5 nocdules up to 3 or 4 mm diameter,
J|2 3 =
sz . In Section & a1 19 and 30 em two thin dark clay lamin.
ﬁ F4 I E wtions oot — the lower one displaces a bioturbated sone.
& - = The dark laminations are soft snd paw into & marginal
S ] 1134 amaary loyer of similer dark clay — ewidnece that thise
s TEXTURE: o laminations ate producad in the deilling process.
— Sanel 4
— zil“ ‘5: SMEAR SLIDES
B ay -
— COMPOSITION: ] =
Cuartz T; 2 = i . =
Feldspar =¥ =
Mica 3 i bof gz g 13
Vikars el 1 Grayish olive (10Y 472) g £ s
eavy ~=—famination, 4 mm thick, 3 3 ] i
Pyrile 2 with indistinct conzacts o N E =
Clay . ﬁ 2114 47 &0 435 480
Nanholuils TEXTURE: ) MMM (D)
H.adwlsnam 2 g Sand 2 3 - 1
Diatoms ; S sitt 68 8B - - ™
Sponge wcuks S i Clay E T
per| ; COMPOSITION:
el - Quarts ® o - - s
Faldspar =, =
g | Dork greanish gray color band, M.icn ‘g ": !g
ilty than rovmal ==
E el Hewyminerali TR 1§ - - TR
(™. One bedt of glauconite Pyrite 2 6 - w8 1
. sand with pyrite (15 em| Clay 30 - - - 5
Glauconite - 0 - - -
Zeolite - - w - -
. Casls, unipes. TR - - - =
Nannotossily TH = = = =
Radiolarians TR TR - TR
Drigtoms. 5 TR = = 6
Sponge spicules 2 TR - - -2
Siticalisgellates - - - = TR
CARBON AND -
5120
% Qwganic Carbon 2.0
% CaClg 1

AP| CG| CG|

5Y.33

- SGY 211

06¥ A.LIS
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SITE 490 HOLE CORE 21 CORED INTERVAL 189.5-189.0m SITE HOLE CORE 22 CORED INTERVAL 189.0-2085m
2 0851L ] FOSSIL
2 g CHARACTER " ; CHARACTER
g l=zule]2 zl 2 8 lz.=T= z| w
B =] cw|= el &
i E§ HE § e | G, ] LITHOLOGIC DESCAIPTION - HE § El g SRasmic LITHOLOGIC DESCRIPTION
SNz 2|« S =Rz H " "
N HHHHERE H A HHE LR :
= |k |2 g H H S HEE :H
s |2 il3 El !s 2lz|d|a »
—— voin
SILICEDUS MUDSTONE, oties gra (5Y 321 with CLAY. » MUDSTONE, ofive grary (5Y 3/2) moderstely bioturbated,
STONE graylsh olive (10Y 4/2), Slight mottling, maderate Gradational chango to muddy siltstane in Secrion 2 and
bistrubation, pyrite nodules common in Sectians 1 through 16 8 SILICEOUS MUDDY SILTSTONE In Section B, Thin
4. Dritling biscuits and laminations — spuced ewery few line SAND lamination comman in Sections 5 and 6
emi ta ten of cms. 4 Comman to sbundant drilling biscuits snd laminations,
at reqular [2<3 om} intervale. Small {up to 2 mm) pyrite
- modites commoen to sbundant,
—Chiive ey, edurated, BORADItES
SMEAR SLIDES I
Dk gray, st LY em bieb of yellawish -
gray (6Y 7/2) claystone s :E-.
=] (25 em) E §€E E
. B : SMEAR SLIDES o 3 i 1 5
. voip H & o T 136 441 6103 &11Z
aystone, man ares, -
o [ probable Bioturbation £ 32 - TEXTURE i D) MW
197103 cm) 3 Sand 3 5 8 40
| ] sitt 2 60 e 45
b E Clay 5 3}/ B/ 16
1113 2101 . COMPOSITION:
JexTuRe: o} i B Quartz ® 41 6 8
- 5 1 1 1
B0 a 2 . Feldspar 7 0 5 o
c % 9 ] Mica 2 2 4 1
COMPOSITION ] Gaswxporsion 3kt gy minersls - TR 2 1
3 uria ® 2 3| — NOID Pyrite A |
Faldagr TR ] 3 Clay 0 3/ 1N s
H i Z 1M I o Glass s - W =
& Ciaystone, an irregular R, 1. 19 g = 1 i Cob.umpec. - TR - -
3 =20 o iy Carb, unspec, - 3 3| @ 3 Glilsoole B - 3
= | & (123133 om) Foraminiters = TR ; = Foraminifers = - = 3
= 5 Nannatotsi ™M -~ = B Mannatossils = = 1 -
5 Radiolarises 1 I 3 Racliolarians A TR 4 TR
?td gpnllpi soilcubey g I: = - Diatoms 4 3 (] 2
= - SSTh i o Spongaspicules 1 2 2 1
. : . li 4 3 ” Silicollagebntn TR TR - -
i. = Plant fragments - - TR -
e B
E & ] CARBON AND TE
] 180
1 % Organic Carbon 1.9
bl - Thin (14 mm] fina sand % €900 o
] .. |wyurs, apgarent digs of 2-T°,
: I this section
5 “ 5 i voio
n
o voip
173
£ ] Thin {1-2 mm] siightly sandier
- beds, with 5% foraminifers
6 H = i
el
& [=— «ZcemVOIDS
= 5 70 3 Thin (1-2 mim) tayers
o, B L g, 3 of fine sand
r| ne| col ccl ebwiin B 11

06 HLIS
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SITE 480 HOLE CORE 23 CORED INTERVAL  208.5-218.0m SITE 480 HOLE CORE 24 CORED INTERVAL 218.0-227.5m
< FOSSIL g FOSSIL
% § CHARACTER - s CHARACTER
8 (e lz]alz z| @ 8 |= E] z|
Gw 3 | £ 2
g 55 HE E I Grapuic = LITHOLOGIC DESCRIFTION e EE u g 2 E Lm”_'gg\, LITHOLOGIC DESCRIPTION
A HEE IR 2 8 wS|ENIE[5|3 a2l ¥ |- 3
E |5 |z HEE £3F £15 5|2 |z|8] |® EEE
o £ 3 Lo -1 =3
A HHEE FIH ERHEHHE T
oo v _Bem feral
SILICEQUS MUDDY SILTSTONE, olie way (5Y 2| i oy Wi 1322 cmi  MUDDY SILTSTONE, olive gray (8Y 3721, stightly bio-
slight bioturbation, infrequent  drifling bocuits, and | I turbated, Thin silt layer and lamination occul throughout
infrequent pyrite nodules (1-2 mm). Drllling biseults @ —:“,“;’32:" TSI corm but most comman in Sections 1,2, tnd 3. Vary few
1 i abundant in Section &, 1 i pyrite nodubes (up 1o 1 mm] common to sbundant dril-
g bisouits.
3‘3 Gas sxpanion cracks SMEAR SLIDES | _ T
T o ol b b SMEAR 5LIDES
o re-ampdium send beds, i; - -
=—1-2 mm, & apaarent { } 5
dhip 1138-143 cm} Eg i; - = §§
wE WET ] i =2 g
o it
] Guessamincracks  reyrype: ™ (o) & =
Sl a0 1 118 388
3.5 om foraminifer
2 I e b silt E 2 TEXTURE: [
Clay E Sand s 10
COMPOSITION: . 50
Quartz E ) & 40 4
-1 Feldspar o 15
- Mica s 3 - voin 50 54
31 Hewvy minersly 2 2 w 1 Pule blug green 3 18
e Pyrite 2 1 2 L] (5BG 772} Treduction 5 5
i Clay 7 10 2|8 aF spatafTclasts — slightly 3 b
- = Gas expamion rack il i 2| = mare indurated than
3 1 e | = matrix, § mm ¢ 1 cm 1 2
3| Carby. unspte, 2 ® 3 diametars {5 and 20 cm) 1315
7 Foraminifers B - g L = 2 2
™| Gas expansion eracks MNamnofossiis 1 1 =] Carb, wntpec. 3 -
Hadiclarian 1 3 + Foraminifers 15 -
Diatams B 7 =1 i 1 1
w Sponge spicuwes 1 2 N Radiolarians -
£ ; Silicatiagailates r? Distoms ™2
5 Plant fragments 1 -1 Spange spicules 1 1
gle 3 | Small black fhacks — Sllcofiagallates TR —
|z == arganic mane t - Plant lragments TR 1
c| < &
E 4 = ORGANIC CARBON AND CARBONATE
=1 = ‘ =~ Gin exparsion crack 2
- % Organic Carbon 1.6
b % CaCOgy o
[=—F i sawd l@mination
3 {~—Gat axpanion crack [
7 ! = Laver of small 1-2 mm) black flecks | forganic matiar| = voIp
5 1 { re|  |RG
- ; } Several fas expansion cracks
- | 2 om vOID
6 il
] E t — G expanion crack
. | Numetous horzontal brosks in the siltstone, due 1o extrusion from core harrel.
g Mo drilling deformation within individual pieces,
AP cG 1
=) !
—lk
7 ks I 1.5 1.5 % 0.5 e whita ash fragmant
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SITE 490 HOLE CORE 25  CORED INTERVAL 2275-237.0m SITE HOLE CORE 26  CORED INTERVAL  237.0-246.5m
£ FOSSIL 2 FOSSIL
% 5 CHARACTER § £ CHARACTER
R EMAEE z|e H z| @
S EEH g BRAPHIC MEE zZ| g
| E ;§ HEE £| £ | urHoLoey UTHOLOGIG DESIRFTION SE|EE| g § £le bl 4 LITHOLOGIC DESCRIFTION
S HHHAREE F 350 A HEHHBEE +FF
£ s = =
R Y hEs 2 N E R CEE S
R HEIES 5 El & |2 5 Zla E o 5}
o
MUDDY SILTSTONE, ofive gray (5Y 312} locally vitric,
Shightly bioturbated, with occasional thin 1-2 mm ailt MUD, ofive gray (6Y 372 soft and MUDDY SILTSTONE,
= ! Interbeds, Rare to comemeon drifling biscuit. olive gray [5Y 3721, abundant drilling biscusts. Comman
¥ =3 voip 1 small pytite nodules {1 mml. Gas expansion crocks
Section 1, 05-150 cm: inwerval less indursted, fiem N common in Sectian 4, Minor SILT and SAND a1 basa of
1 muddy silt, otherwise a5 sbove, sona,
SMEAR SLIDES
— ) =010 em: firm g
Gas expansion cracks ii
] i i
] 180 2132
2 2 TEXTURE: ol D)
Sand 8 15
+* Siir a0 50
SMEAR SLIDES Clay 52 »
COMPOSITION:
2 5 E s Quartz 56 56
ERH g Faldiper w o W
- -
w Mica 5 0
5 114275 &1 Heavymineras 2 1
§ TEXTURE: W o) M) S 5 4
o|= Sand 0 TR\ Clay 0 8
g2 = 3 . Sin 4 B I8 3 Glass TR ]
-
e | = |3 om liyee of Cclay % 45 4 Carb, unspsc. % 7
& al COMPOSITION: Forsminifenn TR TR
& jlane material voiD
> PR e Quarez s0 & 58 Nannofouile 1 1
chip layer, v arse dipar B 1 iotari TR TR
o ueldew peibia sim, Clasts ::_'ﬂ r: M : :;“’ e T8
rou to anguiar, some clests = w —d araimy
pale graenish yellow (10 B/2) Huavy minesals 3 2 5 z Spoogm splcules 2 1
and grayish yellow [5Y 8/4) - Pyrite 1 1 1 8 Plant fragments TR 1
ke any mudsione claerved Clay - 0 10 2.
0 far in the cone. Gilass F-3 1 2 2= — CARBON AND TE
4 7 mm thick pyritized Gheuconite - - 3 c |2 = g
wood fragrmant Faramintens TR 1 1 § - % Qrganic Carbon 14
Nannotosily 2 == 1 1 % Cal 1
Radialarian ™ OTR - - Vo e
Digtoms 2 4 1
Sponge spicules 2 2 a
Silleaflage/lates - TR =
Plant fragments - TR TR
tn GRAIN $1ZE
- 2100 :
5 1 ¢ Sand 124 . 1 =—Slightly bioturbatsd
] Silt 515
-~ Ctay 362
3 o]}
s B————
= Ld
& &
7
z o voin Thin kayers of silt and fine sand (14-24 em)
ar rp na] ccl 1 cp| cm| Fm lec

SLI

06¥ LIS



9L1

06 4.LIS

SITE 490 HOLE CORE 27 CORED INTERVAL  246.5-256.0m SITE 490 HOLE CORE 28 CORED INTERVAL  256.0-2655 m
= FOSSIL 8 FOSSIL
i i CHARACTER - ; CHARACTEH
A EMEEE HE: R BE zl e
3 ] 2 gl =
] §§ HEE Blw | Shamuc LITHOLOGIC DESCRIFTION s HE § S - e LITHOLOGIC DESCRIPTION
z 28|z - ol & =] " H ER HE B £ o
£22%5) 8| 3|8 (2|2 £ R P HEFHEBEE 3
C R I = = |8 |E|z|3]: 5
= |2]2]8]= s |2]2]|2]a 3
MUDDY SILTSTOME, alive gray (5Y 32 drilling biscuil
near bawe, sl amount of pyrite, Section 2 dighily MUDDY SILTSTONE, ofive gray (6Y 12} the lup to &
05 miottied mml sift tayers, mostly graded, with  appsrent  dips
1 * 0-8° . Drilling biscuits present,
SMEAR SLIDES
# Reducing spot = 7em E SMEAR SLIDES
maximm dimarsen, £ iz
~angular, well indurateel 2 i
2-66 2
TEXTURE: [[+]] &=
Sand 5 7%
Sile 70 TEXTURE (1]
Clay 5 Sand 30
MPOSITION:
E B 3 ! ol :g:smmn g‘oll:fﬂ 10N 53 - [=—2 om graded calcarsaus muddy silt (65 cm) 2:\‘ x
w 86 em = T
gz Feldipar 8 e S Ty A COMPOSITION:
=) Mica 4 5 cm slightly grade silt bed Ouartz 48
a Heavy minerals TR [=—Plant fragments bed Fakippt Ly
Pytita 2 (112=116 em) Mica 4
. > Heavy minasais TH
Glauconkts 2 Pyrite 1
Radialarians TH Clay 20
Diatoams. TR Gliss TH
|=—1 mm fine sand
e Spange spicules 1 Glauconite 1
! Plant fragments 1 Foramin:fars 15
3 | ] DY Narinalosili 1
) em it Radiclarians ™
j G Erpamein e Diators TR
w Sporge spiculen 1
& Prant frogments 1
F 3 AND TE
hd & 160
RP|RPJFG % Organic Carbon 1.9

% CaCOy 1
f=— & crm alit bed

=4 uil bedts, lower three graded

[T Wery fine sand lamination,
11" spparent dip

[~ 3 mam sily, 11 apparent dlp

[~ 12 sppawent dip

|~ Carbanaceout muttar
- VoIin
& ” [~ Calearsous pads (fine silt size calcite)
fuilarty pods
7 fone at 70 om 8 2 x 1 cm]
cC

FG
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SITE :90 HOLE CORE__ 29  CORED INTERVAL  265.5-275.0m SITE 480 HOLE CORE 30 CORED INTERVAL  275.0-2845m
2 FOSSIL 2 FOSSIL
§ § CHARACTEN =) 5 CHARACTER
3 gla g z|l w g -
EEHH I E g| = GRAPHIC MAEE 2l 2
EEEE : ElE | uTioroay |, ! LITHOLOGIC DESCAIPTION EoE=ls 2 o o e LITHOLOGIC DESCRIPTION
21" 2 8[218) (=] £k I HHH AR M
c |k HEE 5 - ilg|2 7= E H
A HEHEE : R HEEE 5
T 3 H HEIE E
{ Apparent dips
of fracture MUDDY SILT, grayish olive (10 720 with minor duthy
MUDDY SILT and MUDDY SILTSTONE gravish ofive
4 g yellow groen (BGY 5/2) LIMESTONE. Fractures common . {10Y 472) structureless with LIMESTONE, ::mw ity
ar in Section 1 lls?ltillllmy b-ﬂ:u. its occut i all sections, Bio G IBGY /1 wal) with irtaguilar palar carhonate veir, light
1 »r :rul:::n I:mhnud !‘n"?:m areas. Glauconite graing 1 iluish gray [58 7/1). Drilling biscuits visibie in Section 3,
- Apparant dipy Section 2,60 cm: Vague mattling — probably biotutbation, SMEAR SLIDES
= e B0 e Concentratian of Sithise pale olhve ares EE
o e
10 Section & Fragments limestone, with internal breccisted g Vi g;;
35 wxture and comman, vasomly-ocieeted el microvein, g
= =] 18
SMEAR SLIDES = TEXTURE: [L+]]
I & Sand 20
2 it &0
g g z + Clay w0
=] F38 3 COMPOSITION
§ ‘g ; = Quartz )
g o3l 23 ] Faidapar 10
232 317 430 Mics 2
. TEXTURE: (L VR . Heavy minersi 2
Sand 40 1 [+ 3 Pyrite 2
Sl % M 30 Clay 15
Clay w0 F| R cC Glaucanite TR
a3 | COMPOSITION: Forsminifers TH
Ouariz 56 -1} ] Il_a:liolarim LL
Feldupar {1 1] o Diimteams 2
Mica i 3 3 Spange picules 2
Hoavy mirerals 2 1 2 Sibcollegliate TH
Pyrite 3 2 2
Clay 0 w0 i) GRAIN SIZE
Glauconite 15 - 1 150 150
* |30 em: diffuse fine Radiolarians - TR TR Sand 462 408
sand lamingtion, ~1em  Distoms - TR TR it 387 403
thick, slighly inglinad Sponge spiculin 1 1 H Clay 151 188
4
CARBON AND T
280
% Organie Carbon 1.2
— % CatOy 0
£r o E—Sss SITE 490 HOLE CORE 31 CORED INTERVAL _ 2B45-2040m
g m
» E CHARACTER
2 |= AE zl g
AR EE e GRAPHI
1z §§ E g E ElE |_.1.mmgy LITHOLDGIC DESCRIPTION
w
ETIE 15|28 g Bl= % B
Folg |Z£|%|8|s E H
FRHEIHE 3 5
MUDDY SILTSTOME (st where intemely deformed by
drillirg), grayish alivs (10Y &/F) structureien.
.
w
z
g
= 1
g 1
i
= 5 voiD
RF| oM FG [+ s 0 [=— Fractured siltstone

06% LIS
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SITE 480 HOLE CORE 32 CORED INTERVAL  294.0-2990m SITE 490 HOLE CORE 33 CORED INTERVAL  289.0-303.5 m
- FOSSIL g FOSSIL
2 g CHARACTER ,‘ ; CHARACTER
g |zulel= 2 |= e z| w
=] = gl & GRAPHIC GulB| 2|2 ol =
TE E§ HE g | E | umoloey LETROLCMN: DESCRIFTION TE R E E|E e LITHOLOGIC DESCRIFTION
A H 2EEn o R HEE gl T 5H
i BHHHE 1 R HEHE FEH
g |f]lz|=]3 3 ‘E 2lzl= e
* MUDDY SILY, gravish ollve {10 4/2), moderately hard, ~ f':'s‘,:g“"”"“" MUDDY SILT fio 56 cmi and MUDDY SILTSTONE,
structursiess. g N grayish olive {10Y 4/2) to olive gray (5Y 3721, sructues
™ inne.
== SMEARSLIDES F 3 8
Gas expansion cracks E i 3 SMEAR SLIDES
2 . N
"E E i3 | Am
i i ;13
® 23 E2 }EE
125 555 655 33
TEXTURE: o) o 18
Sand 15 0 30 TEXTURE: L0
si & 70 30 Sand 7%
Clay W Sile ]
COMPOSITION: Clay 18
Quartz 58 & 40 COMPOSITION:
Feldwpar 10 B B Ouartz 65
Mica PO Feldspas 10
::| Gias expansion cracks Haavy mineraly 2 1 2 Mica 3
Pyrite 1 2 2 Heavy minerals 2
Glauconite - ™ = Pyrita 2
Carh. umpec. 2 - 2 Clay 15
Fossminiters - T - Cacb. unipec. 2
Nannotassils TR TR 1 Faraninifens ™R
Radiotarians TR TR TR Mannotossils TR
Gas expantion cracks Digtoms 2 1 1 Fadiotarian TH
[l Sponge spicules 2 2 2 Diatorms TR
Silcallags/lates - TR = Sponge spicules 1
~
= CARBON AND TE
i 140
2 % Organic Carbon 1.0
E % o
SITE 490 HOLE CORE 34 CORED INTERVAL  303.5-313.0m
g FOSSIL
- ; CHARACTER
g l=.lels z| w
o =
TE £zlE g é || e, LITHOLOGIC DESCRIPTION
=83 H G| & o
g" 4 g 2 g 4l = &
R HE H
5 |2]= & 2
T
| | Cosmenioncacks MUDDY SILTSTONE, ofive gray (5Y 3/2), with drilling
L. . lamination and miner fing- to medium SAND, medium
dark geay (N4}, soupy and SANDY MUD [drilling breccia?),
. é;.:‘m::‘msm alive black {5Y 2/1].
7 drilling disturbance) g 3: mare mottled (olive gray and darker alive gray).
SMEAR SLIDES
£
. E E =
Sandy laminations E i
S " qil il
in Secti
R Sion & z 16 139 348 364
8 2 TEXTURE: M Dl M (o)
=1 Sand B 4 @ 0B
] siit o & 3, 45
Clay 5 30 10 20
COMPOSITION:
Cuartz 80 54 63 70
£ o] A . Feldspar B 8 8 7
Sarady laminatians Mica 2 2 3 2
Hesvy minasaly 1 1 2 1
. Pyrite 2 2 3 1
. 5 % W 15
3 Glauconite - m -
- Carb. urspec. 1 2 1 2
Faraminifers - M = -
Mannofosils - 1 TR TR
¢ | Fracturing (probably Rsdiolarians TR TR TR TR
i drilling disturbance) Dilatams ™ - R | 1
4 ‘ Sponge spicules 1 I a4 1
cP ool
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SITE 490 HOLE COR: 35 CORED INTERVAL  313.0-3225m SITE 490 HOLE CORE 38 CORED INTERVAL 3225-3320m
2 FOSSIL H FOSSIL
§ Z CHARACTER E z CHARACTER
MBI E HE: cwlE| 2|2 x| 2
Ee |22 g 2l & SAFTNG LITHOLOGIC DESCRIPTION e 22wl 5] 2 S| § GRAPHIC LITHOLOGIC DESCRIPTION
121582 E ; Lo 8 LITHOLOGY 3 " 21383 g g g E LITHOLOGY : "
w W w I3 1 L -
= |E (3|28 “| = = 2 = ilgle w B
F & e = H E 8% E g
g |8 5 g a E 3 I § 2|5 3
7 [e]
o 1 SILTSTONE, olkve gray (BY 32), moderate momm-\nfl. MUDDY SILTSTONE, greenish blsck (SG 2/1). Open
T | Seation 14 frechired. thoghourl, with ackipy aiiet fractuiras warlously oeented in Sections 1 s 2. Fractures
05,—_- between the biocks. Fare drilling biseuits in Sections generally olserved In Section 3. Drilling bistuits become
1 1 ; 3,4,80d5, el
=] SMEAR SLIDES
_p__ : SMEAR SLIDES
! i i :
) iéi
+ 382 551 32
TEXTURE: [1=1] H;l} 461
Sand 0 ATURE: o}
Silt 0 &2 TEXTURE
Sand 15
Clay w3
2 Fine sand-filled COMPOSITION: Si &5
sl brraws Chuartz 74 B4 Clay 20
A Feldspar 8 7 COMPOSITION:
E Mica 3 2 Cuartz 7
. :\::: iariod ; ; Faldipar 8
3 Clay 0 30 . Mica 3
= Carb, unipac. TH 1 Soma burrow fillings Heavy minarals 1
- Fine sand laminations Foraminilers - TR maore 3ty than matrix Pyrite 1
1 Nannatossily L ¢l 15
u Andiolarians T TR b 5
w Driatoms TR 1
es 2 2 MNannatossil TR
g 3 & § e Radiolariars ™
& Diatoms ™
Py CARBON AND TE Sponge spitules 3
] 217
]l % Organic Carbon 1.4 "
3 % CaCO3 [} ]
] 4 em fine sand z
3] bads ut 04 and ]
— 1830 em 5
- g
- .
4
|— Fine sand biebs
e Olive black [BY 2/1) clay lump
RP|RG
Twe sand-silt-sty mud
graded units, 3830 and
] . 83-50cm
cc
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SITE 490  HOLE CORE_ 37 CORED INTERvAL 332.0-3415m SITE 480  HOLE CORE 38 CORED INTERVAL  3415-361.0m
! FOSSIL FOSSIL
o E CHARACTER e CHARACTER
MEMAE z|l 2 8 |2 [e]=]z z|w
o H -3 GRAPHIC £ w5l o) & GRAPHIC
l% £8 % g g E| £ | uTHology L = AHOLOQIrDRSERTION E =5 | £ K 2 | umvorosr | LITHOLOGIC DESCRIFTION
A HHHHBEE E1F A HHHHBEHE +5F
£ |s HEE = § g )3 H
o |Ejz|5|= E g -4 = a
= |2|lz|=]|5 5} HEIEIE =
MUDDY SILTSTONE, grayish ol green (SGY 3/2). MUDDLY SILTSTONE, ofive geay (5Y 3/2), Drilling
dlightly maottled, highly  bioturbated, driliing  biscuit laminaticns commaon to abundant, Moderately baoturbated,
eammaon with minor limestans, light olive gray I5Y 5/2) 1o
ravish olive (10 4721, structurless. Section 4: minor fractures, with 21-72° apparent dip,
Section 6: minor fractures, with 17-89°  gmarent dip,
SMEAR SLIDES Apparant conjugste set,
E Section B: minar fractures, 1578 apparent dip.
i
397 SMEAR SLIDES
TEXTURE: 1o} .5
Send 15 i
si 65 £
Clay 0 374
COMPOSITION: TEXTURE o}
Chisartz B8 Sand 10
Faldipar L} Silt 80
Mica 3 & Clay 0
Heavy minerals 2 - i":l;;‘;g,'ﬂm, COMPOSITION:
Pyrite & clay Ouarts 65
Clay 15 Fatdspar 10
Glauconite TH Rare to cammen pyrite Mica 10
Nannofossils ™ micronadulss in this i e 2
Padiotarians TH . e Pyrits 1
Diatoms. TR Clay 0
~ Sponge spicules 2 & Glas TR
E] Siticallageltates TR H e TH
8 3] Carb, unspec. 1
2 ORGANIC CARBON AND CARBONATE § Foraminifers ™
=1 140 a Nannafossiis TR
o % Organic Carbon 1.1 Diatoms TR
% Cal04 0 Sponge spicuier 1
Plant fragments TR
Husledd fracture, smooth,
apparently mud-Tdled,
L apparent dip 68"
RP|FP CcC
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SITE 490 HOLE CORE 39 NTERVAL _361.0-360.5 m SITE 490 HOLE CORE 40 CORED INTERVAL _ 360.5-370.0m
o FOSSIL 2 FOSSIL
5 ; CHARACTER % § CHARACTER
-NEMAE zl e 2 |z lETaTe z| =
oyl El= of| = ET R &
b EIHE g H R LITHOLOGIC DESCRIPTION B HEE ELE | i GG GRS
HE HHHAREE: 3 R HHE N B o
£70E |5 2|2 @ H ;,_iasg 2|2 EEEq s
F |a [Z|3)|8]|5 = F o lg |Z|E)8 =
EHEHEB 3 = |8|3|8]3 3
+ 1o
MUDDY SILTSTOME, olive gray (5Y 3/2). Moderately . 1o MULDY SILTSTONE, olive gray (SY 32). Sk
y B cm bed. o clesr bio biaturbated, drilling biscuits camemn to aburdant. 5] bicturbated, Driling biscilt common 1o abiindant pryrita
E' ganic campanent, micronodules (1=2 mm) rare to common, Minor, very
1 i irregulat hasal contact Sectian 3: Minor fractures, 12° 1o vertical, 1 H light gray INGI ASH st TUEF and light clive sray (5Y
wmm‘lut::tmllllehlkn Saction §: Minor froctures, 165—65" apparent dips. 6/2] CHALEK
t gray anel lig i " e
alivn gray (BY 5/2) chalk. Saction B; Small pyrite nodules {1-2 mm) rane 1o common, e T e i ekt B30
ction 4: Minor frectures in this section, 0
SMEAR SLIDES
=
| i L
2 I - 2 31 456
3 L=
L Bisturbated |108—114] and parallel [aminated (126—132) ;’E:TU“E & ;
= Small {2-3 mm] anguler lragments of chalk underisin by ull 1 - scl::\f ; g
o [Fivhiot COMPOSITION:
» Quarnz 3 40
Lt f—fush lena Feldspar F I 1
] 4 & Mixed zone of tutf and Micy - 10
z 3 F“ X nbwiariiiont z iy siltstone,  mixed by FHeavy mineraly - L
8 5 & b ion, Frozen. Pytite - 1
g 8 Thermister roading at 75 em Glass % 8
| = bevel (2 hrs after core camn Glauconite = 1
g & uph + 1L7°C. i S
Nannafossit - T
. Fasnish dainetian Diastoms - ™
.- Sponge spicules - 1
7 2 x 3 em limentone et fragments TR
=3 [ st
- -
o 7 f
2 b= Chalic lens
SMEAR SLIDES
s §i
: 3 s
174 284 2920
s TEXTURE: M o W
Smatl diffuse areas of chafk {CBE] Sand - 20 iy
it B &0 -
Clay a5 a0 -
5 COMPOSITION
Quartz 4 a2 -
Foldspar L B
Mics = 15 -
Heavy minerals - 2 -
Clay - 15 -
Glass - 3 w0
Carb. umipec. 95 1 = . 2
Foraminifers - TR - {=— Chalk, diffuse, modorately Bioturbated
MNannofossils - TR -
RAsdiolarians = TR -
L] e DHaroms - 1 - |=— 3 mum pyrite nodule (84 cm)
Lol Spongs splcules - 1 -
CARBON AND
36
VoI % Organic Carbon 1.8
% CaCOy 0
7 = Slightly sandier lens, 1 cm thick
-
cC AP
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CORE__ 41  CORED INTEAVAL  370.0-3795m SITE 490 HOLE CORE 42  CORED INTERVAL  378.5-388.0m
] ¥ OSSIL
CHARACTER
g... H I g ;,,, ABE zl e
EHE El & | Jitesy LITHOLOGIC DESCRIPTION 3 HEE = B LITHOLOGIC DESCRIPTION
£~3 § B paH & e HHE IR B35 o
2 |2 c § |z HEHE B g
HHHE FEH BHHHE TEH
< I- Bs)
o ] MUDDY SILTSTONE, olive ray (5Y 3721, slightly bio-
MUDDY SILTSTOME, olive gray (5Y 3/2). Modarately 7 o
i [o] hinturbated, drilling biscuits throughout, in places wpar- ) P mﬂ:::m';:m: drilling biscuits. Many
ated. 1 i
1 o]
. SMEAR SLIDES SMEAR SLIDES
& ;3 35
= 3! -3
L
g 362
& 148 9
g 11 TEXTURE: ] ;E:mns. ::n
! Sw : Silt L]
[ » . 4
COMPOSITION: 2 COMPOSITION =
ot I Fule s
Mics 15
t Mica 10
Heavy minarais 2 :::\!r minerals ;
Pyrite 2
Clay 5
:z:, 13 | Glaueonite 5
i Carb. umipec. 1
Lo i : G | Nannatossih TR
Carby, unapes, 1 =z - .
MNannofossils TR w Diatzems TR
Radiclarians TR 8 3 Sporge Wecubis. 1
Distoms 1 =
Sponge wgiculss 2 ~ ORGANIC CARBON auomnmue

% Organic Carbon 1.3
% CaCOy
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SITE 490 HOLE CORE 43 CORED INTERVAL  388.0-33%85m SITE 490 HOLE CORE 44 CORED INTERVAL  398.5-408.0m
a FOSSIL o FOSSIL
@ ; CHARACTER - g CHARACTER
M EMAE z|e S EMAE @
elezlBlRIE] | (B E | o, | o urHoLoeic bescarPTION S HHHAR LiTHoLoGIc escaIPTION
FEAELTH ils g2l e 2 @ w3 |ZN]|E| €% g L 2 2
£ |= |3 § = in F|E |El¢g|s el = g
C R HE B s = g |3lz[E|E = §
FEHEHE 3 E g |8]2]2]& E El
1Al } Soft imuddy wilt] MUDDY SILTSTONE, olive gray (5Y 3/2) intersely bio-
MLIDDY SILTSTONE, clive gray (5Y 3721, slightly biotur- A turbated. Very highly fractured. Most planas sub-harizontal
bated, Orfiling biscuits common to abundant. [ntorss A in Section 1. Section 1, 30-60 em: Brecoiated unit, pos
fracturing wn Section 2 with 2 main sels apparent dipi Ibly primary hreccia, but not cernanted. In Section 2 the
1 ~ 10" andt BO* 4l frmctures are steepty dipping fauits s well s sub-horizontal
planes occur, Bedding i defined by conceniral
aligned burtows, 52-58" apparant dips. Numarous slicken:
SMEARIUDES videt o faults, in two cases showing dipslip narmal)
mation,
il :
= 2
= w SMEAR SLIDES
2103 8 .
& TEXTURE: o 5 2
El Sand 7 & 3 g
g 2 silt 73 ®
= Chay 0 29
a‘ - COMPOSI TION: TEXTURE: {+]]
Quartz 66 Sand 8
Feidipar & it &
Mica 2 Clay 0
ik Heavy minarals 1 COMPOSITION:
Prytite 2 Quarte 81
Clay 20 Faldspar 10
Carty, ursspoc. T Mica 2
3 Radialariam T AP + Heavy minerals 1
" Diatams TH Pyrite 2
Sponge spicules. 1 Clay 20
Zealite TR
DRGANIC CARBON AND CARBONATE Carbe. urspee. TH
386 Nannotossily TR
‘% Organic Carbon 1B Fencliolarians ™
cCl RCh0; O Diatosms 1
Spange spicules 3
1 AND TE
CC-16
% Organic Carbon 1.3
% CaC0, o
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SITE 490  HOLE CORE 46 CORED INTERVAL  408.0-417.5m SITE 490 HOLE CORE 47 CORED INTERVAL 4225-4270m
4 FOSSIL = FOSSIL
¥ 1 CHARACTER i = CHARACTER
a
8 |zulef=]2 5| @ 8 |e.le]a]2 z|le
&Er il= S| & GRAPHIC S EHFIFIE gl GRARHIC
'Z ﬁ E & & E E LITHOLOGY LITHOLOGIC DESCRIPTION 5 .‘_E £ 4 i £ E UTHOLOGY |, ga LITHOLOGIC DESCAIPTION
H HEEHHEE i £71E735]8|2|8] |%]* E£TH
E HHE ; = HEHELE EE i
g HEL = HEE ¥4
o %]
Loose sediment cuttings ol pebble-sized muddy wiistone O MUDDY SILTSTONE, oitve gray [5Y 321, very well
Q at the tase, medicm SAND sbove, Pebbles of muddy st inclurated, slightly & moderataly bioturbated, very frac-
ol . stone up 1o 3 em in Gore-Catcher, b twred (578" tue dipsl, stickensided predomnantly
w 1 1 indicata dip alin motinn
= G W
[} z
8 A & SMEAR SLIDES
=] SMEAR SLIDES H g
g -y 5 -3 3 g';.
o §§§ 2 Fractures dip 533
| 5-50" (trum) e
RA FM| FM) lec A . 33 .!‘3 2 Sate o 0
TEXTURE L]
cM|Ra
TEXTURE: o o) |cC| b7 i
s gl s 60
St 10 &0 Clay 20
Clay L COMPOSITION:
COMPOSITION: Gty -
Quartz 80 &7 Foliupar 1
Faldcnar L {1} Mica 2
Mica 13 Flaavy mingeals 3
Hoavy minerals a1 Pyrite 1
Pyrite 1 z Clay 15
Clay 5 15 Nannofossls TH
Zeolive =, T8 Rodlolarian ™
Fossminifers TR TH Distams ™
N.nnnlu,ula - TR Sponge spioules 2
Radiolariam - TH
DHatoms TR TR
5 i ™ 2 SITE 400 HOLE CORE 48 CORED INTERVAL  427.0-436.5m
g FOSSIL
H CHARACTER
SITE 490 HOLE CORE 46 CORED INTERVAL 417.5-4225m § 2 G 2| w
[T} ow u o| &
2] CHARAETER TE|EE|E A g| @ | Shamic LITHOLOGIC DESCRIPTION
3 R e T sl 5 S RHHHAREE TR
£ E
e L A 8| & GRAPHIC E |= ZlElE = H
i :g £ z t| B | umnorocy LITHOLOGIE DESCRIPTION S (8 HEE 3
§° |.‘5 HHHHBEE & FE 5
5
= 5% = E: -lo
§ g § Z|a FIE § 1 MUDDY SILTSTONE, olive gray (BY 32) moderutly
A 0.5 bisturbated, very fractured. Below 30 on the ek s
H A . MUDDY SILTSTONE clasts, olive gray 15Y 372, up 1o w | B 1 =) H hraken mlnlmmn blocks, = 10 em long possibly along
] 1 i A 5 em scross In a saft matrix of similar matesiak — possiily = § . Pemexisting Hacture wrfaces.
s & =
% A pubverized by drilling. 8 : 1_9.: e Fire sandd SMEAR SLIDES E
£ >
= A AP cc & 2|2 E
SMEAR SLIDES H " £ - i
& } Diilling brece 183 185
- FELIN e eiitinntrea TEXTURE: o
é Sandt 0w s
£ silt 75 30
o Cia 15 10
¥
s COMPOSITION:
TEXTURE: o) et 73 74
Sand E -3 Faldspar 0 8
S a0 et 5. 3
Clwy » Heavy minerals 2 3
COMPOSITION: Pyrite 2 1
Quartz 80 Clay 10 0
Feldspar B Carty, unspec. T -
Mics 4 Nannofussity ™ TR
Heavy minerals 2 Rodiotarisns TR
;rrh. 2: Diatoms TR TR
ay Sponge wicules - 1
Mannofossits 1 s
i 1 ORGANIC CARBON AND CARBONATE
Spange spicules 2 1148
% Orgnic Corbon~ 15
ORGANIC CARBON AND CARBONATE ey " 2
1.
% Organic Carbon 1.1
% CaC0y 0
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4555-465.0 m

SITE 490 HOLE CORE 49  CORED INTERVAL 43654460 m SITE 490 HOLE CORE 51  CORED INTERVAL
2 FOSSIL = FOSSIL
i ; CHARACTER " E CHARACTER
M E HE g, |gu|2]2 R
S HHHRABEH K LTHoL0G1G oescarPTIon A HHHHARHE K E T oo ossceTioN
R RN HHEAREE FER ..,gg-v:.u.gg gl e % =H
z | |3 g - 55 E HELE o EEEE
F ol HH = 5 T B s
|5 § z a 3 a |2)2 H B ol
7 |
| MUDDY SILTSTOME, olive gray (5Y 321 moderats MUDDY SILTSTOME, ofive gy [GY 3/2) misture of
! bigturbation, with st 0 fine ssnd Burrow fillings. drilling beeccia and parted blocks. Bedding indicated at
A Combination of breceis snd sougy sedemont, Also drilling i 80, 75, end 95 em levels by burrow alignmants (apparent
1 - breccia intilling betwesn larger clatzs. Fracture, varausly w | dips 40 1o 43* ),
| orented, some with slickensides. E I h
2 = SMEAR SLIDES
w I SMEAR SLIDES 2 B
i | 5- gs— & A §
g | E§ 3z 14 E
2 el RP| RP|FM A
= | 170 238 o 186
v TEXTURE oy o TEXTURE; o}
| Sand o x Sng 5
Silt I
| Clay 1% 20 g; E‘:
COMPOSITION:
COMPOSITION:
- | Fu-ru 68 -3 5 ”
ehdpar 8 2 itz
Mica 2 2 Feltiper 0
Heavy mineraks ; g Mica 3
e
:'I-v 15 5 Heawy mineraly 2
Glass 1 - Pyrite 2
Zoalit T - Clay 10
Carbs, usspec. 1 1 Carb. ursspec., TR
el e =" 18 Faraminifen ™
annctossily = 2
FRadiolarians TR TR Nmrwfmnh TR
Diatom TR TR R.-molurlml TR
Sporge sacules 1 1 Distosma. TR
Sponge spiculen 1
50 446.0—456.6 m
EITE um HOLE LosE MEHVAL SITE 480 HOLE CORE _ 52 CORED INTERVAL  465.0-4745m
z AL o FOSSIL
§ g CHARACTER r ; CHARACTER
(.4 g : = = =)
oslE ol = - = - z| =
TE|ZE|%| i El 2| Joioey g HTHeLoRISbEScaeon E'—‘ HHE 2| £ |  GRaric LITHOLOGIC DESCRIPTION
Mk E H 2|k ek o g |EG|E| 8| = 5| E | uTHoLogy
:Eiga‘g @ EEEE ED;N§5:§ gl & &
F s |s = g £ |B H £
o < [ e
HIHHHE i A HHEHE :
MUDGY SILTSTONE, ok stor 81 318l mamemm e ' Loose fine to medium SAND, olive gray (5Y 3/2) and
u ¥ D, 2 w"“:m‘: - 44 a E sub-angular clasts of bioturbated, indurated MUDDY SILT-
b Colllaatmesis, v s g 1los- % STONE, dlive gray (6Y 32) st in loose sand (as above),
8 .
E SMEAR SLIDES _ : SMEAR SLIDES
ggi En| F lec] of »f
" Hii:
173 [ =
TEXTURE: ] 190 154
Sand o TEXTURE: [T ]
o £ Sand -] 3
Clay 15 -
COMPOSITION: Silt 1 80
Quartz B8 Clay - 7
Feldspar w COMPOSITION:
Mis oo 3 Ouartr B 5B
il 2 Feldioar 6 15
Clay 15 Mica & 1
Diatoems TR Heavy minaals 7 1
spiculns 1 Pyrite - 3
Clay - Lk
DRGANIC cmm‘mn CARBOMATE G i 2 =
Carb. unspec = 1
% Organic Carbon 0.0 Mannofossils ™
% CacOy o Radiolarians -
Diatorms ™ 2
Sponge splcules - 2
CARBON AND TE
166
% Organic Caban DA
% Cal0y 0

06¥ HLIS
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oo
o SITE 480 HOLE CORE 53 CORED INTERVAL  474.5-484.0m SITE 490 HOLE CORE 55 CORED INTERVAL 493 5-503.0 m
2 FOSSIL 2 FOSSIL
w ; CHARACTER - i CHARACTER
FR AR Zle w 8 |2 [ET=T% “
o al & GRAPH) w | 5|l &
f'g- H ] g E|E Frssieg o) LITHOLOGIC DESCRIPTION A EHE FAE ElE psHic. LITHOLOGIC DESCAIPTION
g7 (€715 81218 |%]% £FH e A H R :
& BHHHE Tk & AHHHE :
& |& ] = z a B
3 a ; 04 cn: VOID
. & MUDDY SILTSTONE, olive gray [5Y 3721 moderatly bio- MUDDY SILTSTONE, olive gray (SY 3/2) Intensely bio-
0.5 a turbated, Discrute indurated biocks are separated by soft turbated. Feachured into discrete 1025 em blacks,
w -3 A matrix of the same material, Drilling biscuis.
z 1| 3 il 1 i Section 1 fractures dip 8—31° {true dip).
§ 1.0+ SMEAR SLIDES = Seotion 2 fractures dip 555" (irue
a ]
- -~ cc £3 Section 3 fractunes 5-50° (true)
S 1':? Section 4 fractures 12-30° (i),
by e Care Catchar froctures 10-18° (]
Clay 2%
COMPOSITION: — iti SMEAR ELIDES
Ounrtz 50 i v E
Feldupar 15 — 5
Mics 2 =
e 368
Pyrite 3 i
u:\r % E . :ﬂ:ruaE. |:r
Carb. uripec. 2
Nannatossils TH § Silt 0
Radiclarisnt ] & EI‘J.:!PDSITION %
Diatosres TR U
Sponge spicules 3 “I . 2::':" s;
.
SITE 480 HOLE CORE__ 54  CORED INTERVAL _ 484.0-4935m Mica 8
Heavy minetals 2
2 FOSSIL Pryrite H
§ H CHARACTER Clan &
FMNE z| o Glass 1
3 EE HE E E & (ORI, LITHOLOGIC DESCRIPTION Glaucorite ]
H G H - i} 2 u Carby, unspec, 1
g7 (=" 513 g gl 2 £ B Nannafossits TH
 BHEHEE TEE i Do e T
Spangs secules 3
MUDDY SILTSTONE, olive gray I5Y 32} nld-!w "f" ?‘—Il“l‘:‘m;“-:m
tured, fracturss dipping up to B8 (true din). Bedding with fracture Tones —
true dips to 30° | Moderats hinturbation Iptirmary tectonic breccia
SMEAR SLIDES
E RM|
i
152
TEXTURE: (ot
Sand 20
St 45
Clay 35
COMPOSITION:
Ouartz 50
Feldzpar 15
Mica 12
Heavy minerals 2
Pyrite 2
. Clay 10
& Gl 2
8 Carty. ianspec, 3
3 Nannatossil TR
a Rodiolerians TR
Diatoms 1
Sponge spicules 2
Plant fragments 1
CARBON AN TE
156
% Orgenic Corbon 1.6
%CaCOyq 0
FP
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SITE 490 HOLE CORE_ 56  CORED INTERVAL  503.0-5125m SITE 490 HOLE CORE 57 CORED INTERVAL  §125-5220m
£ FOSSIL g FosSIL
” § CHARACTER ” 5 CHARACTER
MR E z| e N ERnE z| @
e H gl & GRAPHIC g, [Su(Bl2]2 gl = GRAPHIC
= :S E 8| £| B | wrHoLagy LITHOLDGIC DESCRIPTION = .‘;E HEIE E| & | Lmiotosy LITHOLOGIC DESCRIPTION
A HEEHBHE B g R HEE )% B #
HAHHEHEE 4 £ 1E" 1533 E
FIE |s s 8z = ; F g (5|3 8ls = 5
g |< HE 3 a |f|=z]=|8 S 5 o
i MUDDY SILTSTONE, olive gray (5 3/2), well indurated,
Bloturbatsd el MUDOY. SILTSYOME:. ML G 0. I Ritwrdely sporadic drilling biscult developments, mensely biotur.
blsturbated with one gl olive gray (5 572) CHALK pated, Minos light oliva gray (BY 372) chalk
Tayer. Wall indurated, y .
Six laminations
Soction 1: 8 Fractures in this section (B-37° true dipi), EH in 160 em
soma with slickensides, mostly indicating bedding, dip- SMEAR SLIDES
slip mation,, Flamaned and concantrated hurrows, 26" true e
dip. iEi
SMEAR SLIDES =2
Eight i 163
i fractures in om Dl
?;;,;.‘:;_';:" ig ] N {3 with stickeraidar) Yesune ;, !
trun dip some with 5 i ! Ladw:q kL3 silt e
slickensides, same not 5% 2l 3 v dle Clay 15
TEXTURE: o) ] COMPOSITION: i
Saned iH B Cuiartz
sile ] n Feldipar 8
Clay 20 B Mica 2
COMPOSITION: —1 Hivy minevals ]
Drilling biscuits Quarts 63 . Orfractums n 150em  FYItE 1
feri comman bitkaw Feldspar “; ] {with dip-slip sfickunsides) g: 1?
H Mica ite
AL Two fractures in Haavy mingrat 2 g :a Diatoms T
§ 150 om Pyrite 1 u 3 7 ' Sponge spicules 1
= Clay 20 § 3
Glass ™" = -
Zeoie 1 i
Radlolarians TR o
Diatoms ™ .
Sponge spicubes 1 %
Five fractunes in 3
W pparentl 4
ol =Y ORGANIC CARBON AND CARBONATE n
% Qrgaric Carhon 1.6 _ Chalk intermely
% CaCDg o 4 bioturbated
Mo Iractunes in
Sactions 5 and § ?;!fél:\!u'ﬂ n
no
shickensicles)
5
| Bmdding, apnsrent dip 40°
AN RM|
&

06% 4.LIS
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SITE 490  HOLE CORE 58 CORED INTERVAL 522.0-5315m SITE 480 HOLE CORE 59 CORED INTERVAL  531.65-541.0m
g FOSSIL 8 FOSSIL
v 5 CHARACTER . ; CHARACTER
- EMAEE z| 2 8 |=_[2]= 3 z| v
2 |0 z| = =] GRAPHIC e |SE|E] 2 S| = GRAPHIC
i E 2z El B | umoloey MTHOLOGIG ORSCRIPTION I E g H 5| E | umiowosy LITHOLOGIC DESCRIPTION
S A HEHH R T 1 I HHH PR HE +EF
S ERHEEHE T G ERHHEHE E+H
] xlz]=]5 E & 15 |z |& -3
. 10 cm: bacding 42°, azimuth 2707
7 @ 1 faukt BT, azimuth 234°
] + {in warking hall] 3cm x 3 mm? 38 ¢m; bedding, 37° dip MUDDY SILTSTONE, afive gray (5 3/2), moderars b
0.5 ! wooudy tragment } : wrtiation, drilling biscuits common, Four fractuies, all
. 1! spparnily along becding defined by burrow cancanirs:
1 tion,
3 MUDDY SILTSTONE, clive gray (5 3/2). moderata bio- H
!D—_ li tushation, deilling biscults commaon, iR g 38 i SMEAR SLIDES R
3 ORGANIC CARBON AND CARBONATE ig 5
% Oeganic Carbon 1.5 30 ST
. % Ca00y 9 TEXTURE: ©
p Sand s
o Sitt 75100
=} Clay -
2 H VoID ii i! COMPOSITION:
- Cuartr a4 -
Foldspar [T
Mica 2 -
Heavy minerals TR -
Pyrite 3 -
Clay 0 -
Glast = 100
Carty, unvspec.
- o o Nannafossity m -
+ & 53 orm: fault, &2 dip, 10 niimuiny, PONW Wi TR -
E = slickensides, pitch £2° 1o 80" 10
H eait, footwall facing 2207, pitch
& E i 3 27
=
5 &4 e faubt, 63 dip,
8 lickensides pitch
= notches in footwall facing 2707,
= aiteh 4 10 E_suggesting nosmal

Suwon fractures (2 slong
bedding planes]. 1 (44 cm
level} with slickansiades

a4 em: fault, 38° dip,
asimuth 1587, slicken-
sides aximuth 216"

Four or five fractures
with alickensides
27 cm: lmult, 58° dip
61 cm: fault, 27 dip, 173 asimuth 214°
58 om: fault, 46" dip, 180 arimuth 208"

2 om: fault, BS dip, 240 azimuth, slickensides pitch 15-00° azimuth
25 em: tedding, 40" dip
fault, 45" dip, 203 szimuth, with sickensides ar 190° arimuth [large)
and 178° azimuth tumall]

About 10 fractures (section cut at low angls 1o slickemide)

lickensides pitch 68° NE

™ 33 em: feult, 56 dip, 58—

mverment with right lateral components

18 wimuath,

06t ALIS
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SITE 490 HOLE CORE_ 60  CORED INTERVAL  541.0-550.5m SITE 490  HOLE CORE 61  CORED INTERVAL  550.5-560.0 m
g FOSSIL 2 FOSSIL
« |3 CHARACTER P g CHARACTER
- EMTE gl 2 8 |= ] g z| @
= b = w|B) 3 gl = wi
S HHHAREH R wimwotoaic osscmimon S HHHHRAR SR T wimwoLos oescaprion
HERHHHARHE 3 Eh I HHHAREE TP
F o |a B = § Z |s g I = g
E -] < E 55 =
2 [8lziz|8 FEH BHEHHE 5=
E A
+ A MUDDY SILTSTONE, olive gray (5Y 372, fractured,
Fa% 50 cm: foul, 4557 dip A shickersides, moderate Bloturbation. Comman  drilling
A slickensides, pitch 50° to NE 05 A biseuits.
=65 cm; bedding 18" dip ' 7 i
ﬁ Eight fractures in section, A ! SMEAR SLIDES s
either beddung ardior g
faults =
=
o MUDDY SILTSTONE, olive gray ISY 3/2), moderaty bio 27
ﬁ wrbation, Fracturing now sppasrs sub-parallel 1o faul TEXTURE: [{:1)
8 . wrtaces, drilling biscuits comemon, Sandd 5
= Sile 55
= ! SMEAR SLIDES Il Only minar Fractusing Clay 40
L } in Sactions 2 and 3 COMPOSITION:
i‘g B Quartr (]
(o] -] 5 Feldipar 5
o] 23 ] Mica 5
o 235 8 Heavy minerals 3
TEXTURE: o 2 Pyritg 1
Sanct 5 = Clay 15
i = Glass 2
iy
e COMPOSITION: Cort, unepec, TR
I iI Quarts a7 Sponge spicules TR
ras Faldspar 18
FG| Mica 20 trun dip picked out
Heavy minerats:  TH } by Miattoned burrows =
Pyrite 3 aligned mud chigs
Clay 20
Carby. urspec, TR
HNannofossiis TR
Spongs ipkcles TR
ORGANIC CARBON AND CARBONATE
12
% Orgonic Carbon 1.2
% CaCOy (] g

06% 4.LIS
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SITE 490 HOLE CORE 62 CORED INTERVAL  560.0-569.5 m SITE 490 HOLE CORE 63  CORED INTERVAL  569.5-579.0m
] g FOSSIL
S ; I:H:Onﬂ:tn i ; CHARACTER
2 |2.0ETETE z| s 8 |zul2]z zZ| 2
H GR
A 2 § 2l | Gnamic LITHOLOGIC DESCRIFTION e HHE § =l e PRt doli o LITHOLOGIC DESCRIPTION
R HHFHIREE & A E I E R EehE
£ |& £ £ : E HE N
S R HHEIE T EH FHHEHE T FH
14 — e, TV
-1 MUCDY. SILTSTONE, olive gray. (EY 372). madarate B 18] 1. MUDDY SILTSTONE, olive gray (5Y /2], intensaly bio-
Slpeatharion, Cemingn Al ing s, Frahied. 5 g turbate. Comman driling biscuits
3 i
Alll SMEAR SLIDES Al SMEAR SLIDES
™ B 1A Three fractures weth
gé z|E sickentides in 150 am is
o 2
. gt g
272 | 140
TEXTURE: (ol |5 TEXTURE: (]
Send 8 & Sand 5
' Sint 50 ERE t“ silt 8
i Sy ] @ : 18 major shickensided 19 »
i - COMPOSITION: fraeturss i COMPOSITION
Quarz 68 142 em Ouartr 2
£12 Foldupsr 17 Febdupar 5
bils Mica E Mics 5
8 E Heavy minerais 2 Heavy minaral 1
H Pyrite 1 _ Pyrite 3
= Chay 0 ca m Ore siickonsided fracture  Clay 0
v Glass 1 ir 22 em s 1
g Carb. unipec. TR Carb. unspec. TR
5 i Radiolarians T™H Fadictarians ;
Dinstoms. 1 Diatasmis
{ Spongs splcles ' Sponge spicules 1
Silicoflageltates TR Siticallagellates TR
CARBON AND i
] SITE 480 HOLE CORE 64 CORED INTERVAL  579.0-5885m
% Organic Carbon 1.2 = ORI
Caray v - CHARACTER
+
§-— HE E gl g GRAPHIC . 3
Ii H I—§ g § z E| £ | umiowosy 2 LITHOLOGIC DESCRIPTION
g HEHE: 5 Bl = g
& § HELE E a
110120 cm: bedd 4 Bk 2 S
om: ing
10F apparent dip 3
= ] o] + MUDDY SILTSTONE, ofive gray (5Y 32}, mntensely bio-
0.5 - wirbated. Broken up with fractures with slickensides ared
FRE ja 1o by drilling deformation, Finegrained sofi muddy silt be-
g 1 ¥ o IH Ten .‘5":‘; " tween hiscuits and fragmeants.
2 10+4- fracturstin 150 6m SMEAR SLIDES
: (3 ] g
: : i
§|% = . =
4 2| Two slickensided
O Hi fractures in 52 cm 150
cG g g o TEXTURE: (o}
¥ Sanet ™
it 55
Clay 45
COMPOSITION
Quartz 2]
Feldspar B
Mica 4
Hesvy ininerals 2
Pyrite b
Clay 15
Glass 1
Radiolarians TR
Diatoms 1
Sponge specules 2
Silicoflagallates TR
Plant fragments TR

ORGANIC CARBON AND CARBONATE
153

% Organic Carbon 1.3
% CaCOg []

06 4LIS



SITE 490

Site 490
—0 cm =

-—150

1-2 1-3 1-4 1,CC 2,CC

191



SITE 490

Site 490
cm

—160 =

3-7 3,CC

192



SITE 490

—150

4.5 4,CC 5-7 5,CC 6-1 6-2

193



SITE 490

Site 490
—0 cm

'—

—100

—125

=15 6-3 7-3 7,cC 8-1 8-2 8-3 8-4
8,cC

194



SITE 490

0 G Site 490

—1 - !
= 9,cc 10-1 10-2 10-3 10-4 10-5 10,CC 111 11C 1241

195



SITE 490

-—150

196

—0 cm

Site 490

122

12,CC

13-1

13,CC

15-1

15-6

15,CC

161



—0 cm

Site 490

SITE 490

164 16CC 171 172 173 174 175  170C 181 182
197



SITE 490

FO cm

pes

Site 490

=

—150

18-3

198

18-4 18-5 18-6 18-7 18,CC 191 19-2 19,CC

20-1

20-2

20-3



,—-0 cm

—150

Site 490

20-4

SITE 490

21-7
199



SITE 490

—150

200

—0 cm

Site 490

21,CC

221

22-2

22-3

220C 231

23-2

23-3



SITE 490

236 237 241 24-2 24-3 24-4 245 24CC 251 25-2
201



SITE 490

Site 490

150 25-3 254 25-5 25-6 25-7 25,CC 26-1 26-2 26-3 26-4 265 26-6

202



SITE 490

28-3 28-4

28-56

Site 490
—0 cm

26-7 26,CcC 271 27-2 27-3 27-4 27,cC 281 28-2

—150

203



SITE 490

28-7 28,CC 29-1 29-2 293 29-4 30-1 - 30-3 30,CC



Site 490

31-2 31,cC

321

SITE 490

32CC 331



SITE 490

Site 490
—0 cm

—25

LI

-—150

34-1 ; 3 344 34CC 351 ? -3 . 355  35CC 361

206



—0 cm

T

T

5

T

T

T

T

2
—50
7

5

T

—100

1

125

—150

Site 490

36-2 36-3 36-4 36-5 36-6

36,CC

SITE 490

37-2 37-3 374 3756 37-6

37-1
207



SITE 490

Site 490
—0 cm

38-2 38-3 384 38-5

37-7 37,CcC 38-6 38,CC 39-2 39-3



Site 490
—0 cm

394

39-5

39-6

39-7

39,CC

40-1

40-2

40-3

40-4

40-6

40-6

SITE 490

407



SITE 490

Site 490
—0 cm

—150 -
426 431 432 433
42,CC

210



FO cm
-

-

Site 490

43,CC

441 44-2 44-3 44,CC 4541 45,CC  46-1 46,CC 47-1 47-2
47,CcC

SITE 490



S

ITE 490

(5]

—150

48,CC 49-1 49-2 50-1 50,CC 511 51,CC 52-1 52,CC 5341
49,CC

54-1

54-2



SITE 490

56-3

56-4

Site 490
cm

56-1 56-2

—150

543 544 54,CC 551 2 554  55,0C

213



SITE 490
Site 490

r-O cm

—25

—50

—75

—100

—125

"

0 : 7.4 575
56-5 56-6 56,CC 57-1 57-2 57-3 57-4

57-6 67,CC 58-1 58-2
214



Site 490
—0 cm

=

-—150

58-3

SITE 490

59,CC  60-1



SITE 490

Site 490
—0 cm

L

60-2 60-3 60-4 61-1 61-2 61-3 61-4 62-1
60,CC 61,CC




—150

SITE 490



