7. SITE 499: MIDDLE AMERICA TRENCH AXIS!

Shipboard Scientific Party?

HOLE 499

Date occupied: 12 June 1979

Date departed: 14 June 1979

Time on hole: 64.1 hr.

Position: 12°40.35'N; 90°56.65' W

Water depth (sea level; corrected m, echo sounding): 6105
Water depth (rig floor; corrected m, echo sounding): 6115
Bottom felt (m, drill pipe): 6126.5

Penetration (m): 229.0

Number of cores: 25

Total length of cored section (m): 229.0

Total core recovered (m): 118.9

Core recovery (7o): 51.9

Oldest sediment cored:
Depth sub-bottom (m): 229.0
Nature: Calcareous ooze

Age: Late early Miocene
Basement: Not reached

Principal results: A pelagic sedimentary section was encountered be-
neath a wedge of trench-filling turbidites.

HOLE 499A

Date occupied: 14 June 1979

Date departed: 16 June 1979

Time on hole: 25.4 hr.

Position: 12°40.65'N; 90°56.78'W

Water depth (sea level; corrected m, echo sounding): 6108
Water depth (rig floor; corrected m, echo sounding): 6118
Bottom felt (m, drill pipe): 6132
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Penetration (m): 43

Number of cores: 5

Total length of cored section (m): 43
Total core recovered (m): 12.59
Core recovery (%): 29.2

Oldest sediment cored:
Depth sub-bottom (m): 43
Nature: Mudstone
Age: Quaternary

Basement: Not reached

Principal results: A comparison with Hole 499 indicates no lateral
facies change in trench-filling turbidities.

HOLE 4998

Date occupied: 15 June 1979

Date departed: 17 June 1979

Time on hole: 40 hr.

Position: 12°40.23'N; 90°56.68" W

Water depth (sea level; corrected m, echo sounding): 6105
Water depth (rig floor; corrected m, echo sounding): 6115
Bottom felt (m, drill pipe): 6126.5

Penetration (m): 286.5

Number of cores: 10

Total length of cored section (m): 85.5

Total core recovered (m): 21.35

Core recovery (7): 24.9

Oldest sediment cored:
Depth sub-bottom (m): 268
Nature: Chalk
Age: Early Miocene
Measured velocity (km/s): 1.6-1.8

Basement:
Depth sub-bottom (m): 285
Nature: Basalt
Velocity range (km/s): 5.6

Principal results: Portions of the stratigraphic section drilled at Hole
499 were repeated; we encountered weathered basalt at 285 meters
sub-bottom depth.

HOLE 499C

Date occupied: 17 June 1979

Date departed: 18 June 1979

Time on hole: 25.6 hr.

Position: 12°40.30'N; 90°57.03'W

Water depth (sea level; corrected m, echo sounding): 6102
Water depth (rig floor; corrected m, echo sounding): 6112
Bottom felt (m, drill pipe): 6112
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Penetration (m): 263

Number of cores: |

Total length of cored section (m): 3
Total core recovered (m): 0.3

Core recovery ("): 10

Oldest sediment cored: None

Basement:
Depth sub-bottom (m): 260
Nature: Basalt
Velocity range (km/s): 5.6

Principal results: We recovered weathered basalt at 260 meters sub-
bottom depth.

HOLE 499D

Date occupied: 23 June 1979

Date departed: 25 June 1979

Time on hole: 36.3 hr.

Position: 12°40.45'N; 90°56.70° W

Water depth (sea level; corrected m, echo sounding): 6116
Water depth (rig floor; corrected m, echo sounding): 6126
Bottom felt (m, drill pipe): 6126

Penetration (m): 216

Number of cores: |

Total length of cored section (m): 3.5

Total core recovered (m): 0.75

Core recovery (%): 21

Oldest sediment cored: Not available

Basement: o
Depth sub-bottom (m): 213

Principal results: We encpuniered weathered basalt at a sub-bottom
depth of 213 meters, about 60 meters shallower than the level at
which rock was encountered in Holes 499B and 499C.

Principal results (Holes 499-499D): Site 499 includes five holes drilled
on the trench floor (Figs. 1 and 2). Seismic-reflection records show
a sequence of horizontal reflections, presumed to be trench fill,
underlain by a sequence of reflections with a gentle landward dip,
perhaps representative of the deep-ocean sedimentary section. Hole
499 was drilled just seaward of the trench axis (Fig. 2) and con-
sisted of 201 meters of terrigenous mud overlying nannofossil chalk.
Subsequently, the bottom of an axial depression was drilled at
499A to define lateral facies changes in the trench fill. Hole 499
was paralleled at 499B, which was drilled to a rubbly basalt. Be-
cause basalt cobbles from Hole 499B were altered and rounded
and not a convincing indication of basement, another hole (499C),
offset 1,000 ft. along strike, was washed to basement. Once again,
rounded and altered basalt cobbles were cored. Hole 499D was
washed to 216 meters for the purpose of logging, and a rubbly con-
glomerate was encountered about 50 meters above the seismic base-
ment_objective.

The lithologic sequence at Site 499 is the same as at Site 495,
the oceanic reference site, but with the addition of a cover trench-
fill turbidite. The turbidites, 117 meters thick, are predominantly
muddy, although sandy layers may have been penetrated in inter-
vals of poor recovery. About 1 km away, at Hole 499A, similar
turbidite units appear in a channel indicating that the axial fill of
the Middle America Trench is uniform at this location. At Site 499
the turbidites end abruptly and are underlain by burrow-mottled
hemipelagic mud, calcareous ooze and chalk, and finally basalt
rubble. The calcareous section is about one-third as thick as that at
Site 495.

Microfossils occur in the same succession as at Site 495 with the
addition of the Quaternary trench-fill sequence. The trench fill has

268

abundant reworked and transported calcareous microfossils, and
the 400,000-yr. radiolarian zonal marker clearly exists below the
trench fill. Within the calcareous section, there is more dissolution
of foraminifers than at Site 495, indicating deposition nearer the
CCD. The oldest sediment was deposited in the earliest Miocene,
as at Site 495.

In addition to lithology and biogenic constituents, the mea-
sured physical properties and gaseous hydrocarbons change down-
hole between the trench fill and the underlying deep-ocean section.

BACKGROUND AND OBJECTIVES

Site 499 is in the Middle America Trench axis off
Guatemala, about 1 km from the seaward slope and in
6126 meters of water. This site was originally planned as
an alternate if Hole 495 was not drilled; however, it was
drilled in order to allow time for decisions on shore re-
garding further drilling at Site 494,

Both the multichannel reflection profiles GUA-13 and

18 and the single-channel records made from the Chal-
lenger show an upper horizontal reflective sequence un-
derlain by a landward dipping sequence. Site 499 was
positioned so that both sequences would be sampled,
but not where they are thickest. At Site 499 we antici-
pated drilling ponded trench fill, an underlying sequence
of hemipelagic sediment, calcareous ooze, and finally
basalt analogous to the section at Site 495.
* Our objective was to date the trench fill in order to
provide an estimate of the maximum residence time a
segment of ocean crust is in the trench axis. Considering
the approximate 2.8-km width of the trench fill, if the
ocean crust is converging with the continental crust at a
rate of 9 cm/yr., the residence time of a segment of ocean
crust under the trench fill should be about 320,000 yr.
That time span is probably too short to be defined by
biostratigraphic or paleomagnetic methods, however,
we do not know if the maximum age of the trench fill
was greater than 320,000 yr.

OPERATIONS

Glomar Challenger departed Site 498 on June 10,
1518L (Local Time), bound for Acajutla, El Salvador,
to make an emergency call and pick up chemicals needed
in the engine room. On June 11 the ship anchored out-
side the harbor and departed 7 hr. later enroute to Site
494. A message received from the Deep Sea Drilling Proj-
ect ordered drilling at Site 499 instead.

Glomar Challenger crossed the 494 beacon and fol-
lowed the GUA-13 and 18 seismic lines, passing over
Site 499. The beacon to be deployed failed before launch-
ing, therefore no beacon was dropped during the first
pass. On a return track, a new beacon was dropped and
the Challenger was in position on the site on June 12,
0420L.

The first core was recovered at Site 499 on June 12
1852L (Table 1). Shortly thereafter a second message
from DSDP requested immediate drilling at Site 494
to avoid simultaneous drilling and recovery of the HIG
data package. The string was pulled above the mudline
prior to reaching basalt. A short hole at 499A was drilled
to test lateral facies variability in the trench fill, and
then the drill pipe was brought on board. Still another
message from DSDP arrived when the ship was depart-
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Figure 1. Location map for Site 499.

ing for Site 494. The Project disallowed drilling at Site
494 during retrieval of the HIG data package. Thus the
drill string was again lowered and Hole 499B was drilled
to basalt. The calcareous section was much thinner than
at 495 and the basalt appeared to be from a rubble zone.
Hole 499C, an offset along strike 1000 ft. from 499B,
was washed down to recore the lower chalk and basalt,
During wash down a hard layer was intercepted prior to
lower chalk depth at Hole 499B. A 3-meter core brought
up more basalt rubble with some drill-cut pieces. Fol-
lowing drilling operations at Site 500, Hole 499D was

washed to an unexpectedly shallow rubble horizon at a
sub-bottom depth of 213 meters.

LITHOSTRATIGRAPHY

At Site 499, five holes were drilled (499, 499A, 499B,
499C, and 499D) at water depths between 6112 and 6132
meters on the floor of the Middle America Trench off
Guatemala. Site 499 is located approximately 20 km
NNE (north-northeast) of Site 495, the Leg 67 oceanic
reference site for pelagic and hemipelagic sediment of
the Cocos Plate. The surface of the horizontal trench fill
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To Site 494
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®500
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o { 500A Beacon 500 is at 1.1 mi.
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499C-370'N/930'W
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Figure 2. Detail of Middle America Trench axis showing relative posi-
tions of the eight holes drilled at Sites 499 and 500. (Holes 499 and
499B were drilled at the Site 499 beacon.)

is approximately 2.3 km wide at this locality. Hole 499
was placed at a slightly elevated position on the trench
floor, approximately 1 km from the seaward slope rather
than in the trench axis, to avoid possible poor core
recovery should the somewhat deeper central portion
represent a channel filled with coarse sediment. After
drilling to the calcareous section in Hole 499, a second
hole (499A) was drilled in the trench axis. Because plans
to drill an additional hole at Site 494 were abandoned, it
was possible for the Challenger to reoccupy Site 499 and
attempt to penetrate oceanic basement under the trench
floor. When the drill string stuck in Hole 499B short of
this objective, a fourth hole (499C) offset along strike
was drilled. A fifth hole was drilled for the purpose of
logging (499D).

At Site 499 six lithologic units were distinguished; the
uppermost is composed of terrigenous trench fill and
the lowermost of basalt (Fig. 3). The four units between
consist of hemipelagic and pelagic sediments that repre-
sent lateral equivalents of the oceanic sequence encoun-
tered at Site 495.

Unit 1 (Hole 499, Cores 1 to 14, Section 2, 42 cm,
0-117.0 m sub-bottom depth; Hole 499A, Cores 1 to
5, 0-43.0 m sub-bottom depth; Quaternary)

The sediment of Unit 1 is an alternate muddy and
sandy upper Pleistocene to Holocene trench fill. Dark
olive gray (5Y 3/2) or very dark olive gray (5Y 2.5/2) to
greenish olive gray (5GY 4/1) diatomaceous, partly nan-
nofossil- and/or ash-bearing muds, terrigenous and vol-
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canogenic sand layers, and a few distinct ash layers
(which are restricted to Cores 1 and 13) compose Unit 1
sediments.

The first distinct turbidite is in Core 3—a relatively
light olive gray (5Y 4/2), nannofossil-rich mud layer
that grades downward into laminated sandy mud. The
latter occurs in Section 4 of Core 3, but it was not clear
whether this turbidite includes the entire 4.0-meter-thick
mud layer of Sections 2 and 3 as well as the upper half
of Section 4 overlying the olive gray mud. In general,
distinguishing turbidite muds from hemipelagic muds is
difficult without the use of a specific X-radiography
technique (e.g., Hesse, 1977), but in cores severely dis-
turbed by drilling it may be impossible. Turbidite sands
of Unit | are as badly affected by drilling disturbance as
are the muds and rarely display primary sedimentary
structures other than deformed laminations. Often the
sand layers are broken into patches, swirls, and blobs
(e.g., Core 6, Section 3). Even where grading was ob-
served in thick, coarse, sand layers (e.g., Core 6, Section
4; Core 7, Section 4; Core 9, Section 1; Core 11, Section
1), it might have been produced by drilling, as shown by
the graded drilling breccia recovered at Site 498 (Core 2,
Section 1 and Core 4, Section 1), The maximum thick-
ness of recovered turbidite sands in Hole 499 is 110 cm
(e.g., Core 6, Section 4, Core 11, Section 1). The max-
imum grain size at the base of some of these layers is
coarse sand. The sand to mud layer thickness ratio may
not be meaningful for there is probably a minimum
amount of sand recovered in Unit 1. Cores with no
recovery (i.e., Cores 4 and 8 in Unit 1) may have been
unconsolidated sand.

The sediment composing the trench fill includes a
spectrum of microfossils and fossil fragments ranging
from terrestrial plants (Cores 1-10) to shallow marine
benthic foraminifers (Cores 1-5), echinoid spines, upper
bathyal foraminifers (Cores 1-10), and lower bathyal
abyssal foraminifers, which indicate redeposition (see
the section on Biostratigraphy). Some of the redeposited
muds, particularly lighter olive gray varieties, contain
up to 30% calcareous nannofossils that must be alloch-
thonous, because water depth of the trench floor is well
below the calcite compensation level. The occurrence of
limestone pebbles with lower Miocene nannofossils in
the sand turbidite of Core 9, Section 1 also indicates re-
deposition of sediment from higher up on the slope.

Terrigenous volcanogenic sediment is abundant in the
trench-fill sediment. The sand and silt-sized fractions
are glass, feldspar, (quartz?), and a suite of heavy miner-
als (usually hypersthene, augite, epidote, titanium horn-
blende, etc.) that can be related to the Neogene volcanic
rocks of Guatemala.

Paucity of bioturbation in the muds of Unit 1 as com-
pared to Units 2 to 4 suggests that these may be domi-
nantly turbiditic in origin.

In Cores 1 to 5 of Hole 499A (located about 1 km
landward from Hole 499), a lithologic sequence nearly
matches that of Hole 499. With better-quality cores, a
layer-to-layer matching might have been achieved. The
lack of substantially coarser sediments in Hole 499A
suggests that the slight axial depression of the trench



SITE 499

Table 1. Coring summary for Holes 499, 499A, 499B, 499C, and 499D.

Depth from

Sub-bottom Length Length
Date Local Time Drill Floor Depth Cored  Recovered Recovery
Core No,  (June, 1979) (L) (m; top-bottom)  (m; top-bottom) (m} (m}) (")
Hole 499
I 12 1852 6126.5-6127.5 0.0-1.0 1.0 0.73 73
2 12 2041 6127.5-6137.0 1.0-10.5 9.5 9.99 100
3 12 2215 6137.0-6146.5 10.5-20.0 9.5 6.00 63
4 11 0353 6146.5-6156.0 20.0-29.5 9.5 0.0 4]
5 13 0529 6156.0-6165.5 29.5-39.0 9.5 B.00 84
6 13 0706 6165.5-6175.0 39.0-48.5 9.5 5.84 il
7 13 0838 6175.0-6184.5 48.5-58.0 9.5 8.32 a8
L] 13 1020 6184.5-6194.0 58.0-67.5 9.5 0.0 0
9 13 1208 6194.0-6203.5 67.5-77.0 9.5 1.21 13
10 13 1406 6203.5-6213.0 77.0-86.5 9.5 6.08 64
1 13 1558 6213.0-6222.5 86.5-96.0 9.5 3.86 41
12 13 1741 6222.5-6232.0 96.0-105.5 9.5 170 19
13 13 1936 6232.0-6241.5 105.5-115.0 9.5 7.24 76
14 13 2132 6241.5-6251.0 115.0-124.5 9.5 187 41
15 13 2320 6251.0-6260.5 124,5-134.0 9.5 4.93 52
6 14 o1l 6260.5-6270.0 134.0-143.5 9.5 0.45 5
17 4 0243 6270.0-6279.5 143.5-153.0 9.5 6.60 64
18 14 0415 6279.5-6289.0 153.0-162.5 9.5 8.74 92
19 14 0550 6289.0-6298.5 162.5-172.0 9.5 852 9
20 14 0731 6298, 5-6308.0 172.0-181.5 9.5 0.0 0
21 14 0921 6308.0-6317.5 181.5-191.0 9.5 038 4
2 4 1o 6317.5-6327.0 191.0-200.5 9.5 8.3l 98
23 14 1312 6327.0-6336.5 200.5-210.0 9.5 5.68 60
24 14 1459 6336.5-6346.0 210.0-219.5 9.5 4,62 49
25 14 1657 6346.0-6355.5 219.5-229.0 9.5 4,92 52
Hale 4994
] 15 0047 6132.0-6137.0 0.0-5.0 5.0 292 58
2 15 0238 6137.0-6146.5 5.0-14.5 9.5 2.83 30
3 15 0417 6146.5-6156.0 14.5-24.0 9.5 5.3% 56
4 15 0552 6156.0-6165.5 24.0-33.5 9.5 0.0 0
5 15 0719 6165.5-6175.0 33.5-43.0 9.5 1.49 16
Hole 4998
1 16 1653 6327.0-6337.0 201.0-210.5 9.5 0.14 1
2 16 1830 6337.0-6346.5 210.5-220.0 9.5 2.30 24
;| 16 2017 6346.5-6356.0 220.0-229.5 9.5 6.91 3
4 1] 2206 6356.0-6365.5 229.5-239.0 9.5 4.25 45
L] 16 2354 §365.5-6375.0 239.0-248.5 9.5 0.30 3
6 17 132 6375.0-6384.5 248.5-258.0 9.5 1.22 13
7 17 0332 6384, 5-6394.0 258.0-267.5 9.5 0.08 >1
8 17 0516 6394.0-6403.5 267.5-277.0 9.5 523 55
9 17 0802 6403.5-6412.0 277.0-285.5 8.5 0.5% [
10 17 0930 6412.0-6413.0 285.5-286.5 1.0 0.4C 40
Hole 499C
1 17 2132 6372.0-6375.0 260.0-263.0 3.0 0,30 10
Hole 459D
1 4 0118 6338.5-6342.0 212.5-216.0 1.5 1.0 28

floor at Hole 499A (6 m deeper than marginal portions)
does not represent a channel. Currents in a channel
might have differentiated coarse channel-fill and finer
spill-over facies on a levee. Because the trench floor
is relatively narrow at this locality, it may serve as a
““‘channel’” itself, the entire width representing a channel
floor without discernible levees.

Unit 2 (Hole 499, Core 14, Section 2, 42 cm to
Core 23, Section 1, 30 cm, 117.0-201.0 m sub-bottom
depth; lower Pleistocene to upper Pliocene)

Turbidite deposition disappears abruptly in Hole 499
below Core 14, Section 2, 42 c¢cm, suggesting that the
boundary between the trench fill (Unit 1) and the un-
derlying sediments is sharp. The latter comprise an 84.0-
meter-thick sequence of hemipelagic dark olive gray (5Y
3/2 to rarely 5Y 2/1) or dark greenish gray (SGY 4/1)
diatomaceous mud. Volcanic glass is abundant. In Core
18, a fibrous authigenic carbonate produces a lighter-
colored calcareous mud. The absence of biogenic CaCo,
in the lower half of Unit 2 is noteworthy. Bioturbation is
the outstanding structural feature of these sediments.

The occurrence of basalt cobbles at the top of Core
15 might be related to the occurrence of a fault scarp ex-

posing basalt at the time when the oceanic crust ap-
proached the trench region.

Unit 3 (Hole 499, Core 23, Section 1, 30-83 cm,
201.0-201.5 m sub-bottom depth; lower
Pliocene to upper Miocene)

Unit 3 consists of only 50 cm of the bioturbated, sili-
ceous mud resembling that encountered in Unit 2 except
for the addition of dark reddish gray colors (10R 3/1)
occurring as bioturbated laminae, patches, or lumps.
This thin unit covers a time span of 12 m.y., signaling
extremely low sedimentation rates. The unit probably
corresponds to the brown abyssal clay found in Unit 2
of Site 495.

Unit 4 (Hole 499, Core 23, Section 1, lower half,
to Core 25, 201.5-229.0 m sub-bottom depth;
Hole 499B, Cores 1 to 8, Section 3, 201.0-
272.0 m sub-bottom depth; upper Miocene)

Nannofossil ooze and chalk of Unit 4 follow and are
in sharp contact with Unit 3. The contact is well dis-
played in Hole 499, Core 23, Section 1 by the pronounced
color contrast between the dark sediments of Unit 3 and
the light-colored calcareous sediments of Unit 4. The
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Figure 3. Summary lithologic column for Site 499. (Symbols follow DSDP format.)

boundary was also encountered in the core catcher of
Core 1, Hole 499B, although there the sediment was dis-
turbed by drilling. Colors in the nannofossil and foram-
iniferal chalk vary from very pale brown (10YR 7/3),
brownish white (10YR 8/4), light brownish gray (10YR
6/2) to very light orange (10YR 8/3) or pinkish white
(5YR 8/2) at the top (Cores | to 3, Hole 499B), to a
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dominant light bluish white (5B 8/1) in Cores 4 to 6.
Starting with Core 7 light yellow white (5Y 8/1) colors
reappear, which in Core 8 change to brownish hues.
Thus the downhole color variation in the pelagic chalks
of Holes 499 and 499B is very similar to the one ob-
served in the upper and lower sub-units of Unit 3, Site
495. No radiolarians were found below Core 7, Hole



499B. The chalk at Site 499 is 70.0 meters thick, less
than a third as thick as the 235 meters at Site 495. All
sediments of Unit 4 are highly bioturbated.

Unit 5 (Hole 499B, Core 8, Section 3, 100 cm, to
Core 9, 272.0-280.0 m sub-bottom depth;
lower Miocene)

Six meters of pale yellow (5Y 8/3) and white (2.5Y
8/2) to grayish brown (10YR 5/2) manganiferous chalk
compose Unit 5. Manganese minerals occur in the form
of dark dendrites. The sediment is highly bioturbated.

Unit 6 consists of basalt (see the following section on
Igneous Petrology).

Igneous Petrology

One fragment of basalt was recovered in the core
catcher of Core 9 (Hole 499B), and both Core 10 from
Hole 499B and Core 1 from Hole 499C contained sev-
eral pieces of basalt. Most pieces are dark gray, me-
dium-grained, phyric basalt containing up to 20% dark
gray to yellow white clusters of plagioclase phenocrysts
up to 5 mm in diameter. A few pieces contain 5% or less
of 1- to 3-mm olivine(?) phenocrysts that have been
completely altered to a soft, dark brown clay. Several
pieces in Core 1 (499C) have color variations suggestive
of weathered exteriors. Pieces 7 and 8 in this core are
subrounded and smooth and have yellowish gray ex-
teriors. Well-developed weathering rinds enclose darker
gray cores. These pieces are aphyric and aphanitic and
contain abundant disseminated pyrite grains.

Six thin sections from these cores were studied. The
basalts typically have subophitic to intergranular, dia-
basic textures, and the groundmass consists of about
25% to 30% colorless to very pale brown clinopyroxene
augite and 70% zoned plagioclase laths averaging 0.5
mm in length. Samples are coarser-grained and distinctly
more porphyritic than those recovered at Site 495. Pla-
gioclase phenocrysts up to 2 mm long are generally clus-
tered and display oscillatory zoning. Piece 8 in Core |
(499C) is finer grained and has intergranular texture;
plagioclase microlites are 0.1 to 0.2 mm long.

The alteration mineralogy is unusual for oceanic ridge
basalts in general. Each sample studied petrographically
contains fine-grained, fibrous to prismatic, pale green
amphibole tentatively identified as actinolite. The am-
phibole has partially replaced clinopyroxene, but in all
but one thin section it is distributed in patches or local-
ized in tiny veinlets. In Piece 1 of Core 1 (499C), nearly
all of the augite has been replaced. Some preliminary
optical data were obtained: 2V(-) > 70°; positive elon-
gation; z A c averages 16° but some extinction angles as
large as 21° were noted; pleochroism Z = green, X =
very pale green, Y = very pale yellowish green, Several
sections also contain a very pale green, limpid intersertal
mineral with low birefringence tentatively interpreted to
be chlorite. All sections contain murky, greenish brown
intersertal clay, which might have replaced clinopyrox-
ene or possibly primary glass. Very rare relict olivine
phenocrysts are totally replaced by brown clay and also,
in Piece 6 in Core 10 (499B), by very fine-grained ag-
gregates of a highly birefringent mineral that may be

SITE 499

talc. Small disseminated pyrite grains constitute 2% to
5% of all samples studied. Neither chlorite nor actin-
olite were noted in basalts from Site 495, which instead

contain clay minerals, zeolite, and calcite.

The actinolite and chlorite(?) in these samples are evi-
dence of a high-temperature, probably hydrothermal,
alteration that was induced at or near a spreading cen-
ter. ‘“Hydrothermal’” actinolite was also noted in some
basalts recovered on Leg 65 in the Gulf of California.
Most oceanic basalts, however, are characterized by the
alteration mineralogy encountered at Site 495, which
forms during cold seawater-rock interactions. Samples
from Site 499 also show the effects of submarine weath-
ering, and even though their primary mineralogy is typ-
ical of oceanic basalts and diabases, the fragments might
have accumulated in talus originating from submarine
scarps exposing basaltic crust,

PHYSICAL PROPERTIES

Bulk Density and Water Content

Both parameters are sensitive to lithologic variation
at Site 499. Three distinctly different units can be seen
(Fig. 4A).

Unit 1 extends from the mud line down to 140 meters.
Bulk density increases gradually through the first 50 me-
ters to about 1.55 Mg/m? and shows considerable varia-
bility, perhaps attributable to alternating coarse- and
fine-grained turbidite sediments. Water content decreases
as expected to 90 meters and remains essentially con-
stant at 80% to 140 meters.

Unit 2 extends from 140 meters down to 225 meters.
Bulk density remains unusually constant at about 1.48
Mg/m3. On the other hand, water content increases to
values in excess of 100% (dry weight) and shows con-
siderable variability. Intermittent lenses and layers of vol-
canic ash, interbedded with siliceous hemipelagic oozes
occur through this unit and give it its water-rich char-
acter. Toward the base of the unit, bulk density in-
creases significantly with the addition of a highly sili-
ceous component.

Unit 3. Sampling above and below the contact with
the white calcareous nannofossil chalk indicates sharp
differences in water content (130% vs. 75%) and bulk
density (from 1.47 Mg/m?3 vs, 1.70 Mg/m3).

Figure 4B shows bulk density and water content for
Hole 499A. They correspond with the values for Unit 1
(Hole 499), as expected.

Figure 4C shows bulk density and water content for
Hole 499B. Cores 2 and 3 have bulk densities and water
contents similar to Unit 3 of Hole 499 (Figs. 4A and 3)
and characterize the physical properties of the Miocene
chalk. There is a general increase in bulk density and
decrease in water content approaching the basalt.

Compressional-Wave Velocity

Hole 499B

Figure 5 shows the compressional-wave velocity pro-
file with depth in the Miocene chalks of Hole 499B. Ve-
locities varied between 1.58 to 1.84 km/s, increasing to
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Figure 4. A-C Physical properties for Site 499.

the maximum in Core 8. The maximum velocity re-
corded (5.97 km/s) was measured on a basalt cobble
from the base of the Core 9 core catcher (not plotted).

Determination of the velocity of the Quaternary sedi-
ments at Site 499 was unsuccessful.

Shear Strength
Hole 499

Shear strength remains low from the mud line down
to 110 meters (Core 12), increasing to about 35 kPa
(core average) to the base of the section (Fig. 6). Two
distinct sedimentary units are thus outlined. (The shear
strength measured at Core 12 represents a single mea-
surement in a turbidite unit. If this measurement is dis-
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regarded, the strength profile would show a gradual in-
crease to a maximum value at 140 meters [Core 15], cor-
responding to the break between Unit 1 and Unit 2 of
Fig. 3.) Table 2 summarizes the physical properties for
Holes 499, 499A, and 499B.

GEOPHYSICS

Site 499 is located on the floor of the Middle America
Trench along seismic lines GUA-13 and 18. At Site 499
the trench fill and underlying ocean basin section were
penetrated (Fig. 7). The seismic reflections of the trench
fill are obscured by diffractions in the low-frequency
multichannel records (Fig. 8). Figure 9 is a seismic rec-
ord obtained by the Challenger; in it two reflective se-
quences can be seen, a shallower sequence with a gentle
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Figure 5. Compressional-wave velocity profile at Hole 499B.

landward dip and a deeper sequence with a steeper land-
ward dip. Because of the 0.17-s bubble pulse, it is dif-
ficult to define precisely the interface between the two
sequences. But an interface at 0.15 s sub-bottom would
correlate well with the base of the turbidites recovered at
113 meters if a velocity of 1500 m/s is used to convert
time to depth.

Figures 10 and 11 are 3.5-kHz records recorded by
the Challenger that show details of the upper 50 meters
of section cored at Site 499. Figure 10 shows the relative
positions of the four holes drilled at the site. Three of
them were drilled on the seaward side of the trench floor
where the surficial layers dip gently landward. Hole
499A was drilled ir an apparent channel in the axis of
the trench. Figure 10 suggests thinning of the trench fill
seaward and gentle deformation with depth. The latter
is evidenced by gentle folding of a reflection just below
the base of Hole 499A. This reflection rises seaward
through a series of monoclinal steps. The turbidite sands
recovered at Site 499 came from depths below the reflec-
tions seen on the 3.5-kHz records.

On Figure 11 the surficial sediments appear to cover
and terminate against some deeper mounds that have no
internal reflections. This record was made when the bea-
con was dropped for Site 499. The contrast between the
well-bedded reflectors in the upper 20 to 50 meters and
the deeper reflectorless zone would suggest a lithic con-
trast. However, no pronounced change in lithology was
observed at that level.

On Figure 11 there are local regions where reflections
pass laterally into zones in which reflection amplitudes
are reduced (e.g., at 0920Z, Point A). In shallow water
on the shelf in the Gulf of Mexico such white-out zones
are associated with gas pockets. Possibly a similar ex-
planation is valid here.

BIOSTRATIGRAPHY

Deposits from the Quaternary to the lower Miocene
were recovered in Holes 499, 499A, and 499B (Fig. 12).
Cores from Holes 499C and 499D contain only weath-
ered basalt.
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The section begins with Holocene-upper Pleistocene
turbidites about 120-meters thick. (Cores 1-13 of Hole
499, Cores 1-5 of Hole 499B). Benthic foraminifers
found in these cores consist of three different bathymet-
ric range groups: (1) shelf, (2) upper bathyal, and (3)
lower bathyal. Reworked Miocene nannofossils and ra-
diolarians are present in this interval. Microfossils indi-
cate transport to the trench axis.

Below turbidites at Hole 499, nannofossils of the Dis-
coaster brouweri Zone (Core 22) and radiolarians (Cores
21 and 22) date the sediment as late Pliocene. Accumu-
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Table 2. Physical properties, Site 499,

GRAPE
Sample Wet-Bulk  P-Wave Acoustic Shear Water
(core-section , Densi!; Velocity Imy nce Strength Content Porosity
interval in cm) (Mg/m3)  (km/$) (% 10° giem2.s)  (kPa) (%o dry wi)  (vol. %)
Hole 459
1-1, 138-140 — — — 29 69.90 63.92
214, BO-82 1.24 — — 21.48 128.04 76.39
3-1, 133-136 1.35 — — 10.43 115.90 74.62
5.1, 90-92 1.50 - — 9.76 97.94 71.23
5-5, 130-132 - - — 11.68 9098 69.58
6-4, 28-30 1.63 - — 8.61 93.08 70.12
7-2, 70-12 — — — 9.76 B5.05 69.15
9.1, 12-14 1,70 — — 10.53 BL.64 67.72
10-2, 128-130 1.52 — — 16.85 B1.23 67.22
11-3, 108-110 1.58 - — 17.23 81.42 67.22
12-3, 130-132 — — — 45.96 93.93 70.34
13-4, 95-97 — — — 21.07 B0.33 66.91
137, 38-40 - — — 28.73 — —
14-3, 18-20 — - — 34.47 83.60 67.84
15-2, 140-142 — - — 18.38 102.60 72.33
154, 60-62 - - — §5.54 -_ -_—
17-1, 100-101 1.51 - - 28.72 - -
17-3, 63-65 1.44 — — 12.45 110.66 73.69
17-5, 29-31 — = = 64.15 - -
18-2, 60-62 .48 — — 4.78 - -
184, 60-62 — — — 9.57 128.60 76.50
18-6, 50-52 — - — 50.75 - -
19-2, 27-29 1.50 -_ - 10.53 — —
19-4, 70-72 1.50 - — 44,04 102.80 72.30
19-6, 50-52 - - - 55.54 - -
22-1, 134-136 - _ - 35.43 112.60 74.00
22-3, 134-136 — — - 3447 — —
22.5, 134-136 1.45 - - 34.47 135.10 77.30
23-1, 58-60 — - - 22.98 131.00 76.70
23-1, 100-102 — — - 23.94 72.40 64.60
23-1, 140-142 — - - 19.15 131.00 76.70
23-2, 140-142 1.76 — - 5L 65.20 62.20
23-3, 138-140 1.65 - - 47.88 74.80 65.30
24-1, 148-150 1.62 - - — 59.90 60.30
Hole 499A
1-1, 50-52 — - — 6.70 160.1 80.2
1-3, 110-112 - — — 7.85 — -
2-1, 100-102 — — —_ 6.12 —_ —_
2-2, 58-60 - - - 1.66 121.7 75.4
1.1, 60-62 - - - 11.68 — -
34, 70-72 - _ - 11.87 1111 737
5-1, 110-112 - _ —_ 1.27 93.6 70.2
Hole 498
2-1, 97-100 1.62 1.584 2.56 - 80.7 67.1
-1, 53-55 — 1.765 — - - -
1.3, 58-62 1.66 1.596 2.65 - 75.1 65.5
4-1, 125-127 1.76 1.677 2.95 - 54.0 57.7
6-1, 20-22 1.68 1.627 2713 - 80.3 67.0
8-3, 63-65 1.86 1.865 3.47 — 19.2 9.9
9CC, 20-22 — — — _ 29.7 42.8

lation rates for this and subsequent intervals are indi-
cated in Fig. 13.

A sharp contact between green mud and white chalk
occurs in 499-23-1, 83 cm and in Core 1 of Hole 499B.
Upper Miocene radiolarians co-occur with foraminifers
representative of lower bathyal depth range.

The chalk part of Cores 499-23 and 499B-1 flank the
lower to middle Miocene boundary. Below this level a
continuous sequence of the lower Miocene chalk depos-
its with nannofossils, foraminifers, and radiolarians are
recorded in Cores 499-24 and -25 and in Cores 499B-2
through -9. The formation of this deposit took place at a
depth below the lysocline, because assemblages of fora-
minifers and nannofossils contain only dissolution-re-
sistant species.

Foraminifers

Four lithofacies with distinctive suites of foramini-
fers were recovered from DSDP Site 499: a Quaternary
turbidite trench fill derived from the continental slope,
an upper Pliocene to lower Quaternary hemipelagic se-
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quence, a carbonate-poor siliceous interval ranging from
middle Miocene to lower Pliocene, and a carbonate-rich
sequence of lower Miocene chalks resting on basalt.

The upper Quaternary turbidites (Hole 499, Cores
1-13; Hole 499A, Cores 1-5) contain foraminiferal as-
semblages varying in abundance from barren to very nu-
merous and in preservation from highly dissolved to
very fresh; often these turbidites include reworked older
tests. Size sorting, and possibly shape sorting, are ap-
parent. Typical age-diagnostic plankton taxa include
Neogloboquadrina eggeri, Globorotalia fimbriata, and
right-coiling Pulleniatina. Benthic taxa Elphidium, Crib-
roelphidium, Textularia, and Ammonia indicate down-
slope transport from depths less than 200 meters, Angu-
logerina, Miliolina, Bolivina, and Spiroloculina from
upper bathyal depths less than 1500 meters, and Pul-
lenia, Uvigerina senticosa, and Melonis from lower ba-
thyal depths greater than 1500 meters.

No Pliocene, upper Miocene, or middle Miocene
planktonic foraminifers were noted, except in reworked
clasts, where they are stained by limonite(?). Lower ba-
thyal or abyssal benthic foraminifers including Mar-
tinottiella and Cyclammina were found in the carbon-
ate-poor interval in Samples 499-23-1, 75 cm and
499B-1-1, 9-11 cm. Those mottled siliceous units are
possibly correlative to the brown clay at Site 495, Cores
16 through 19.

The lower Miocene chalks in Samples 499-23-1, 90 cm
through 499-25,CC and in Hole 499B, Cores 2 through
9,CC are divided into two subgroups on the basis of
carbonate preservation: The amber-colored chalks con-
tain a large number of foraminiferal test fragments, few
small individuals, and great quantities of dissolution-
resistant materials such as radiolarians, echinoid spines,
and fish teeth; the gray green to gray blue chalks, in
contrast, have much higher species diversity, small-sized
taxa, and fewer dissolution-resistant objects. Forami-
niferal Zones N7 through N4 are present. The N7/N6
boundary is placed between Cores 3 and 4 in Hole 499B
on the basis of the extinction of Catapsydrax dissimilis.
The N6/N5 boundary based on the first appearance of
Globigerinatella insueta and the N5/N4 boundary based
on the extinction of Globorotalia kugleri could not be
accurately located because of dissolution, Cores 8 and 9
in Hole 499B are in the upper part of Zone N4,

Radiolarians

Radiolarians from the lower Miocene to the Quater-
nary were recovered in cores from Site 499. Generally
assemblages are diverse and moderately well preserved,
but in the upper part, Cores 499-1 through -13 and
499A-1 through -5, they are diluted with terrigenous
mud.

The usual Quaternary assemblage, found in all the
sites of Leg 67, dominates the first 19 cores of Hole 499
and Cores | through 5 of Hole 499A. Substantial num-
bers of Miocene species were reworked in the samples
examined from Hole 499—Cores 2, 3, 5, 6, 10, 12, 14,
and 17. Axoprunum angelinum, first noted in Sample



SITE 499

12°48'N -

12739'N

90°51'W

Figure 7. Bathymetry of the Middle America Trench axis off Guatemala.

499-15-3, 102-103 cm, indicates an age greater than 0.4
m.y. Anthocyrtidium angulare was found in very small
numbers in samples from Cores 499-18 and -19, indicat-
ing the lowermost Quaternary.

The Pliocene/Pleistocene boundary cannot be deter-
mined with confidence on the basis of radiolarian evi-
dence because of the absence of the marker species Pte-
rocanium prismatium and the low numbers of Lampro-
cyrtis heteroporos, L. neoheteroporos, Theocorythium
vetulum, and T. trachelium. However, Anthocyrtidium
angulare occurs in Cores 18 and 19, and the lower
boundary of that zone is therefore tentatively drawn
between Samples 499-19-3, 110-112 cm and 499-19-6,
10-12 cm.

Core 499-23 shows a sharp contact between siliceous
biogenic mud and nannofossil ooze at 83 c¢cm. Three
samples above the contact, at 20 to 22 cm, 40 to 42 cm,
and 69 to 71 cm, are all from the upper Miocene Didy-
mocyrtis antepenultima Zone. These samples span a pe-
riod from about 10 to 8 Ma. The evolution of D. lati-
conus to D. antepenultima to D. penultima is easily seen
in the relative abundances of those species. The extinc-
tion of Diartus pettersoni and increasing numbers of
Stichocorys peregrina are also evident in this interval.

Below the contact, at Sample 499-23-1, 102-104 ¢cm and
Sample 499-23,CC (10-12 cm), radiolarians are from
the middle Miocene Dorcadospyris alata Zone of about
15 m.y. in age.

Sample 499-24-1, 16-18 cm contains a typical assem-
blage from the lower Miocene Calocycletta costata Zone.
Smaller numbers of C. costata and L. stauropora in the
next sample, 499-24-3, 84-86 cm, indicate the lowest
part of that zone at about 17 Ma.

The deepest sample examined from Hole 499, Sample
499-25-4, 102-104 cm, is considered to be from the S.
wolffii Zone (~ 19 m.y. old) because of the absence of
C. costata and presence of Lychnocanoma elongata.

Hole 499B was washed to 201 meters, the level of
Core 499-23. The core catcher of the first core showed
three lithologies. A light colored, coarse layer contains a
mixed assemblage of about 25% upper Miocene D. ante-
penultima Zone, and about 75% middle Miocene D.
alata Zone. A sample from the dark green gray mud at 9
to 11 meters contained a good assemblage from D. ante-
penultima Zone, with a very small number of middle or
lower Miocene species. The light nannofossil ooze at the
bottom contains an assemblage from the D. alata Zone.

Sections 499B-2-1 and 499B-3-1 are assigned to the C.
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Figure 8. Low-frequency seismic-reflection profile GUA-13 recorded

costata Zone (16-17 m.y. old) because of the presence
of Dorcadospyris dentata, Eucyrtidium diaphanes, and
greater numbers of Liriospyris stauropora than its de-
scendent, L. parkerae,

In Section 499B-3-4, the absence of C. costata, D.
dentata, and L. stauropora, the presence of L. elongata,
and the abundance of S. wolffii indicate the lower Mio-
cene S. wolffii Zone (~ 19 m.y. old).

Hole 499B, Core 4, is evidently below the first ap-
pearance of S. wolffii, and contains greater numbers of
D. tubarius than D. violina, indicating S. delmontensis
Zone (about 19.5-21.5 m.y. old). Core 6 also contains
an assemblage from this lower Miocene zone. No sam-
ples from Cores 5 or 7 were examined, and Cores 8 and
9 were barren of radiolarians. This termination of ra-
diolarian assemblages in the S. delmontensis Zone, fol-
lowed by a barren interval and then basalt, corresponds
to the oceanic reference Site 495,

Nannoplankton

Turbidites of Cores 499-1 to 499-13 contain nanno-
plankton assemblages of Emiliania huxleyi/Gephyro-
capsa oceanica Zones. Nannoplankton are rare to com-
mon, and their preservation is good. Core 9 includes a
sandy layer, consisting of fragments of white chalk with
a rich assemblage of the middle Miocene Sphenolithus
heteromorphus Zone. Nannoplankton are rare in the
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muddy members of the section from Core 499-10 to
Sample 499-22-2, 60-62 cm, and they are of the lower
Pleistocene Crenalithus doronicoides Zone.

Core 499-22 mud corresponds with the upper Pliocene
Discoaster brouweri Zone. Nannoplankton are rare to
few.

The contact between siliceous biogenic muds and
chalks is in Core 23. Nannoplankton were not found in
muds of this core. Chalk of Cores 499-23 to 499-24 and
of Cores 499B-1 to 499B-2 contain the lower Miocene
Sphenolithus heteromorphus Zone assemblage with in-
dex species D. exilis, D. deflandrei, D. signus, and some
others.

Cores 499-24 and 499-25 and Core 499B-3 corre-
spond to the lower Miocene Helicopontosphaera ampli-
aperta Zone. Nannoplankton assemblages of D. druggii
and D. deflandrei Subzones and Triguetrorhabdulus ca-
rinatus Zone were found in Core 499B-4 to Sample
499B-9,CC. The assemblage of this zone is distinguished
from the subzones just mentioned by the presence of T.
carinatus. The presence of D. druggii is characteristic of
the upper subzone of the zone.

GEOCHEMISTRY

Organic Geochemistry
The hydrocarbon-monitoring program used at pre-




SITE 499

4

=%
“. kS
%"s 1%

)

A
{i‘

R
.

8.0

PR Y )
SRR
N
aq‘i:

Two-way Travel Time (s)

B.5—|-'_ :

9.0

Pt~
Shallower 499 Deeper

[2egs
SO

-

Site

N

e il

¥
3

i385
el

dref,

q

Figure 9. Seismic-reflection profile showing two reflective sequences (a shallower one and a deeper one) within the Middle

America Trench axis.

vious Leg 67 sites was continued at Site 499, The meth-
ane/ethane ratios for Site 499 samples are shown in Fig-
ure 14. Ratio values for the upper one-half of the cores
are greater than 100,000. In the lower portion of the
penetrated section, there were three values less than
100,000 (38,900 at 100 m, 93,00 at 117 m, and 99,000 at
118 m). Below 150 meters, methane was less than 107
of the total gas sampled, and there were no indications
of higher molecular-weight components. Thus detailed
analyses on the Hewlett-Packard gas chromatograph
were not made regularly. Figure 15 shows details of the
methane and ethane distribution in Site 499 samples.
Methane averaged about 65% to 75% (of total gas sam-

pled and analyzed), except where poor core recovery re-
sulted in unreliable sampling. Ethane was present only
in trace quantities (maximum of 21 ppm) throughout
the penetrated section.

The uppermost sediments at Site 499 are turbidites.
The gaseous components present represent the original
quantities minus that portion lost while the turbidite
was emplaced. If the turbidite moved down the conti-
nental slope to the present trench site as a highly agi-
tated and fluidized mass of water and sediment, it might
be expected that a considerable portion of the initial gas
content would have been lost in transit. By comparison,
if sediment from the continental slope was transported
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Figure 10. Details of the uppermost 50 meters of section cored at Site 499 are shown in this 3.5-kHz seismic-reflection profile.

as a relatively intact body, then a major portion of the
original gas content might well have been preserved (ex-
cept near the surface that underwent movement). The
ethane content of previous Leg 67 slope sites was as
much as several hundred ppm; thus the sediment trans-
ported downslope to Site 499 either must have had con-
siderably lower initial ethane concentrations than Sites
496 or 497 or it must have lost most of the ethane and
heavier components during transport. Methane content
at Site 499 was about the same as that encountered at
Sites 496 and 497. If the gas concentrations are similar
everywhere on the Guatemalan slope, perhaps mecha-
nism loss during transport is responsible for the low gas
content of Site 499. The processes that resulted in signif-
icantly lower ethane concentrations at Site 499 would
have affected methane in the same manner. Under these
conditions, the methane found at Site 499 must be at-
tributed to microbial processes and must have been gen-
erated after emplacement of the turbidite deposits.
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Inorganic Geochemistry

Data from the shipboard interstitial water program
are presented in Figure 16. Chlorinity and pH are fairly
constant throughout the penetrated interval. Salinity,
alkalinity, and magnesium have similar patterns; all
three parameters have two maxima (at 9 and 120 m) and
two minima at (46 and 223 m). These patterns are un-
usual and are undoubtedly affected by turbidite sedimen-
tation. Calcium concentrations appear to be inversely re-
lated to those of magnesium. The calcium maximum oc-
curs at about 55 meters, and this same point marks the
minimum value for magnesium.

SUMMARY AND CONCLUSIONS

The five holes drilled at Site 499 on the Middle Amer-
ica Trench floor are at water depths between 6126.5 and
6132 meters. Seismic-reflection records across the trench
in this location register a sequence of horizontal reflec-
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Figure 11. A 3.5-kHz seismic-reflection profile showing details of the uppermost 50 meters of section cored at Site 499.
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Figure 12. Stratigraphic series at Holes 499, 499A, 499B.

SITE 499

tions underlain by a sequence of gently landward-dip-
ping reflections. The location of Hole 499 was selected
to avoid sampling the thickest parts of both acoustic se-
quences and to avoid sampling sand that might fill an
axial channel. After drilling a muddy upper section, the
axial channel was drilled at 499A, without recovering
sand. Hole 499 was paralleled and drilled to basement at

Hole 499B. The rubbly nature of the basalt recovered
impeded drilling, and Hole 499C, offset 1000 ft. along
strike, was washed to rubbly, basaltic basement. Hole
499D was drilled for logging.

The lithologies at Site 499 are a repeat of those at Site
495, the oceanic reference site, but with the addition of
a cover of trench-fill turbidite. These turbidites, 117 me-
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SITE 499
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Figure 13. Sedimentation rate curve for Site 499.
. Methane (%) Ethane (ppm)
C,/C, Ratios 25 50 75 5 10 15 20
" 4 5 6 7 8 9 100,000 2 3 4 5 86789 0 T T T T T T T
2 E
= 50} g 507
..5 @
& a
g :
: :
E 100} _g 100+
B @
3
w
150 I N TN T T N n 1 PRI W N T T | 150 | [l i -} 1 1

Figure 14. Methane/ethane ratios for Site 499,
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Figure 15. Methane and ethane concentrations at Site 499.



SITE 499
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Figure 16. Interstitial water studies at Site 499,

ters thick, are predominantly muddy, although prefer-
ential recovery of mud versus sand is suspected. The
same turbidite units appear in the channel, about 1 km
away, at Hole 499A without any apparent lateral change.
In Hole 499, turbidites end abruptly, and burrow mot-
tled, hemipelagic muds, calcareous ooze and chalk, and
basalt rubble follow in that order. Although the se-
quence resembles that cored at Site 495, the calcareous
section at Site 499 is about one-third as thick.

Microfossils occur in the same succession as at Site
495, with the addition of the sequence in the Quaternary
trench fill. The trench fill has abundant reworked and
transported calcareous microfossils, and the 400,000-yr.
radiolarian zonal marker becomes abundant below the
trench fill. Within the calcareous section there is more
dissolution of foraminifers than at 495, indicating depo-
sition nearer the CCD, The oldest sediment was depos-
ited in the earliest Miocene, as at Site 495.

The trench is filled with a uniform upper Quaternary
sequence (slightly less than 400,000 yr. old) of alternat-
ing muddy and sandy turbidites, transported from shal-

L I
30 40 50 60 70 80 90

A Alkalinity (%)

lower areas landward and deposited rapidly. The youth
of these deposits implies rapid subduction, but the age is
not known with enough precision to test more than gross
rates of plate convergence. The basalt rubble encoun-
tered at various depths above seismic basement may be
depositional rather than oceanic crust. Beneath the tur-
bidite fill, there is an abbreviated but complete oceanic
section, therefore the sequence of sediment corresponds
to the two units suggested by the seismic reflectors. The
cause of the abbreviated oceanic section is undetermined,
but it may result from irregularities in basement relief
perhaps inherited from conditions at the spreading cen-
ter. Alternatively, the section at Site 495 may be anoma-
lously thick.
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SITE 499 HOLE CORE_ 1 CORED INTERVAL 0.0-1.0m SITE 498 HOLE CORE_ 2 CORED INTERVAL 1.0-10.6 m

66 LIS
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SITE 499 HOLE CORE 3 CORED INTERVAL 10.5-20.0 m SITE ﬁ HOLE CORE 5 CORED INTERVAL 29.5-39.0
a FOSSIL 2 FOSSIL
§ ; CHARACTER - E CHARACTER
M & w|B] 2 Z| &
st E HE g % & oot LITHOLOGIC DESCRIPTION % EHE z g i | e, LITHOLOGIC DESCRIPTION
HEHHHREE Lt S HHHAREE :
= I8 [3]4]5); $1H a BHHHE :
m | £ a 3 = a
7 l DIATOMACEQUS MUD $ITE 499, CORE 4, 20.0-29.5 m: NO RECOVERY.
-4 Dark olive gray (8 3/2). Towards base of core
0.5 | biogenic siliceous mud, olive.
1 ~ | BIOGENIC MUD AND SANDY MUD
= Diatomacegus, greenish olive gray (BGY 4/1)
10} o] Sv3z SMEAR SLIDE SUMMARY Rare sanchy patches. In Saction 4 dark clive gray
o 280 49 [SGY 4/1-6Y 3/2) and gray (B 5/1), sandy perts:
] . TEXTURE: muddy parts = 1:8. Section 5: black (5Y 2/2}, ratio
5 - | Swirled 5Y 2.5/2 Sand 7 0B sandy parts:muddy parts = 1:8.
= = tayer — dark patch Site w3 (3
= Clay 85 60 Y SMEAR SLIDE SUMMARY
- COMPOSITION: 288 516 6122
. Ouartz 3 FM TEXTURE:
= Feldspar 1B : Sand 8 B3 4
o 2| o Pyrita 2 x . BGY 411 st 4 7 8
> - White patch Other haavy ~ Clay L
E = taponge spicules] minessis TR TR by COMPOSITION:
= =] Clay minerals 58 | . Cuartz 8 48 4
o - Drill larrérations Voleanic glass LI -} - - Feldspar 2 5 1
& a Glauconite ™m o z . Mica 11 T
£ B Cale -Dolo.-Arsg.  — 4 - Pyrite T & 3
Q| = 7 Foraminifen 2 1 I Other heavy
L3 . Cole, nannotossils 8 30 4 minerals TR 15 TR
= Distoms 6 a - Clay mineraks B4 ] 76
E £] Fadiolarians TR 1 [ R u Vokcanic glas 3 3 3
34 Spangs spicules 1. 3 5 - Glauconite TR 1 TR
= 2 Plant debris ™2 = 3 Calc.Dolo. Arsg.  — 3 TR
pu Pallets 2 - g = Foraminifers THR 2 TA
7 Sillcoflagallates TR — &z . Calc.nannofossis 5 1 3
= [ 3 Distoms "8 w0
CARBON-CARBONATE (%) < Radiolarian - TR -
T 5¥ 32 3,57-62 3 B Spange spicubes i 2 2
B Organic Carbon 353 - Silicotiageltstes - - 1
Il Total Carbanats 5 Ay BGY 411 with 5 372
i = ol | and B B/1 CARBON-CARBONATE (%)
Zl lea al 7 = 1,16-19
8 3 5Y 4/2-5 E v Organic Carban 77
§ ca mJ 3 muddy turbidite? ] Total Carbonats 55
3
L3 b Swirked 5Y 252 b i
-4 - dark teh
sY 212
e
Sandt 5Y 2/2 + BY 203
§Y 32 mud
AG| 5 a2
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66% ALIS

499  HOLE CORE 7  COREDINTERVAL  48.5-58.0m
SITE 489 HOLE CORE 6 CORED INTERVAL 39,0-48.5 m SITE 4 e
[ FOSSIL z CHARACTER
. |E CHARACTER SE AHEE gl 2
2 = pRIE] = ol = GRAPHIC ITHOLOGIC DESCRIPTION
§ M 32 gl GRAPHIE LITHOLOGIC DESCHIFTION TEIEE|E g : 5| & | urHorogy v
1z |EG| & § & 5l E LITHOLOGY wElER|z < 7 2 @
W5 |38)2 51318 4 B g 4 ER g # E
A g g M HHHE 3
H
ERHEHE s 15 - -
: 7] TURBIDITES
= DIATOMACEOUS MUD AND SAND WITH L : Black (5 2/2) mud and sand (5Y 4/2 + 5Y 272},
. HEAVY MINERALS o 0.5 Sectian 3: 6-7 graded beds recognized, ratio sandy
0.5 Altrnate. 5Y 2/2-5Y 3/2 and parily 5Y 4 1 Iaver cmuddy layer = 1:2. In Section 4 2—10 turbidite
1 ] in color. Turbidits sequence in beosd ”":‘- 1 3 bests. Type of drill disturbance begen to change
= B 1n Section 3 sndy part:moddy part = 1.4, 4 shightly In Fower portion of Section 4. Section B:
£ - voip Sandy layer 5Y 2/2 snd 5Y &/3), In Section &, 1.0 ':.:M' gartzmusdy part = 1:100, Core-Catcher
£ ratio sandy part:muddy part = 2:1. ] one graded bod, ratio sand:mud = 3.7,
E. SMEAR SLIDE SUMMARY B
- 428 498 B SMEAR SLIDE SUMMARY
TEXTURE: =3 273 &1
Sand 12 80 B TEXTURE:
Ad Silt 1B 5 . Sana 5 13
Clay 75 o 2l 3 . st 0 18
3 2 COMPOSITION: B Clay "on
Ouartz LA 3 COMPOSITION:
% Feldspar } 2 = - Cuart 810
Mica TR 1 i 2 Feldspar 1 2
§ Pyrite 2 5 g =) Mica 1 TR
] Other heavy Z i 2 2
9 minerals TR 35 i mmw
AG Clay manerals w. & < -3 minerals TR TR
X Voleanic glass 2 - i Clay minerals 68 66
3 Glsuzonite 5 i - Vakcanic glass 3 3
g Calc.-Dolo.-Arig. 1 2 | 3 = Glauconitn - TR
= 3 Foraminiten 1 ! £ - Calc-Dalo.-Arag. 2 1
= Calc. nenncfonils 2 TR = Fosaminitars 1 1
< Distoms 10 2 3 Cale. nannofomils 1 3
g AM Radialarians TR TH ; — Diatoms 121
Sponge spicules 2 ! <| 5 | Racliolarians TR TR
Ll Siicotiagailates 1 TR HE B | Spongespiculss 2 2
[ Plant debieis 1 TR w Es 3 Plant deba s - 1
o 7 c|BE {
E CARBON-GARBONATE (%) 333 | CARBON.CARBONATE (%)
2.10-14 al=e ad | 3,58-82
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67.5-77.0 m

SITE 499 HOLE CORE 2 CORED INTERVAL SITE 499 HOLE CORE 10 CORED INTERVAL 77.0-865 m
g FOSSIL 2 FOSSIL
§ ; CHARACTER = § CHARACTER
MEBE zl e -MEAAEE z| 2
= |22 18| 5 ol 5 GRAPHIC o I e - 8 I GRAPHIC
12 E§ 3 H E|E LITHOLOGY A E " LITHOLOGIC DESCRIPTION HEE gz £l e LITHOLOGY L ) LITHOLOGIC DESCRIPTION
FEEE P A HHHIEEE ;
ol (8 g EHIE 3 § F ol |5|5[3(= 3 !
@ |8 3| c FEHEIEAE &
SITE 499, CORE 8, 58.0-67.5: NO RECOVERY. . l » BIOGENIC SANDY MUD
-1 5Y 32 Dark alive gray (5 3/2) and gassy. Soma very
Sy 0.5 wall presarved benthic foraminiters. No grading
AGICA | M ' | | TURBIDITES 5 NiE obulous over bength of entirs core, Ssetion 2:
| L4 Sancly intorval containg abundant shallow-water ] color grading, disturbed by drilling, sandy layers
. Indicators: banthic foraminifers, echinoid spines, 10 somewhal darker [5Y 2/1) than muddy layers
I and wood fragmanta. White grains are micritlc _ voip 18Y 3120
| ! limastone with reasonably good preservation of ] A
M nannafossits (Shikil. Green grains — middia ] SMEAR SLIDE SUMMARY
] 1 and lower Miocene lreworked) nannalossili. ] 130
- TEXTURE:
-] J SMEAR SLIDE SUMMARY Sand
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1 TEXTURE: = Clay
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.-E = COMPOSITION 3 Pryrite 2
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'; g H - Silicoflagellates 1 TR = . 3,26-3
=1 il -1 Plant delbeis - 1 g 7l Organic Carbon 213
o= . =} ‘E g = Total Carbanate 0
% 4| 7 g " Nat rapresentative of cearser grained sediment 3 4| 7
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§ B E ¥ GhZ100 [} 4 vew
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SITE 499 HOLE CORE_ 11 CORED INTERVAL  BG5-96.0m SITE 499 HOLE CORE 13 CORED INTERVAL 105.5-116.0 m
2 FOSSIL FOSSIL
- s CHARACTER " CHARACTER
FREMAE 2 g AEE
e |22 5 ; 5 = GRAPHIC - 2% z| = 5 g GRAPHIC d
¥ =§ : S HE LITHOLOGY 5 . LITHOLOGIC DESCRIPTION T£(E8 g g H £ E LITHOLOGY g LITHOLOGIC DESCRIPTION
A HHHHE R 0 SHHHHREE 230
= g z g 5 ; (= HE a £
z =
a |2 a8 HEIEH F
[ iy g, 2y -
o TURBIDITES Ty TURBIDITES
x Sy 32 5 32 mud and 5Y 2/1 sand. Only the Seetion 1: muddy ash. Sandy patches and misddy patchay
F remiants of what might once have baen in dark olive gray 6 3/2) matrix. Section 2: muddy ash
= 1 grading. Section 1 graim of gray white limestone 1 = marix. Sandy kayers: rich in heavy minerals/volcanic
é whvell fragments. plazs. Muddy patches: distomateous mud, Section 3:
™ 104 Ash — medium groy (5Y /1), misd — 6 2/1 and
Gl SMEAR SLIDE SUMMARY 4 voio sandy mud — BY 3/2, Section 5, 110 cm-Section 6
387 5Y 4/2 muddy vitrc ash.
< Ssndstane pebivie TEXTURE: = =
= Send = SMEAR ELIDE SUMMARY
= St a8 ,§ 110" 2148
8 Glay 2 & |emlme TEXTURE:
COMPOSITION: > Sard 1 @0
Cuarte =< Sile 3% 10
E e 2 -&— Limestone pebbls Feldspar [ 2 ] Clay T -
= Pyrite 2 ] COMPOSITION:
E Ohar heavy — Quartz 2
w mineraty 2 n Feldspar - 8
E Clay minavals 16 ] Pyrito & 2
2| Voleanic glass w0 7 Other heavy
ol £ Glaucanite 2 m voip mineraly - L]
= L Cale.-Dolo, Areg. 10 . Clay manedsls a0 -
% Forsminiters 5 . Violearic ghats P
s Small fraciures Cale. nannotowsih 15 — Glauconite 1 —
= scattered Duatoms L] ol Calc.-Dola.Arsg. 8 -
3 throughout Radinlarians a 3 - Foraminiten 3 1
- Sponge spleules 1 = Cale. nennofossils 8 -
Fecal pellets 20 Distams 0 -
- Radialarians 2 -
CARBON-CARBONATE (%) = . Sponge spicules 1 -
3,51-56 g Planit debris 8 -
= Organic Carban 254 ;
Total Carbonate 35 g T hlack, fine-grained clast|
@ ™ CARBON-CARBONATE (%)
4 4,84-80
SITE 499 HoOLE CORE 12 CORED INTERVAL 96,0-1055 m % Ovganic Carbon 161
[
2 SSIL = Total Carbonate 4
; CHARACTER g
EE[ETETAT T 13l 2 | cnme £
(g '35 i E H Bl B LITHOLOGY LITHOLOGIC DESCRIPTION =
g3 |2 % 2 g al g E - =]
F g iz g £ = ; v
s |81%F 8 &
= 5
= TURBIDITES =
Z lcm Biogenisc mud with pyritic, heavy minoral sands. E
g svaz ¥
2 SMEAR SLIDE SUMMARY
s anz
< ISandy layers)
TEXTURE:
ol Sand 93
£ Sitt 1
n Clay 8 L= L
’ COMPOSITION
E [T 2
Feldspur B
> | @ Pyrite
4 Other heavy
- mineralt 42
[ Volcanic glass B B
e CaleDaloArag TR
g Focaminitars 1
| = Cale. nannofossi TR
= Distoms 1 7
"E Pyritic peilaty %
4 id fo CARBON CARBONATE (%)
x 5Y 2/2 sandy layers 3,83
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SITE 488 HOLE CORE M CORED INTERVAL 116.0-1245 m SITE 499 HOLE CORE 15 CORED INTERVAL 124.5-134.0 m
g FOSSIL g FOSSIL
« |E CHARACTEN < |E CHARACTER
M EMOEE HE REANEE 8l ¢
£r é! “lzl= = GRAPHIC I HE -] GRAPHIC
[ gle z E E LITHOLOGY 5 g LITHOLOGIC DESCRIPTION 1 g 53 E E E = E LITHOLOGY § . LITHOLOGIC DESCRIPTION
H E HEHE ! H Sk g2 27§53 g g% E%E
F |8 H 8|35 e a F 18 |3 HELE 7
B =z |8 F£E - HEIEE 3
MUDDY ASH ARG, { PELAGIC BIOGENIC SILICEOUS MUD
=0 Section 1-Section 2, 42 cm: muddy ash, -3 Meddium peay (BGY 4/1), firm, with very sfight
5Y 32 and 8Y 2/1 mixad by driliing. 0.5 mattiing with darker gray. Basalt pebbles at top
z §Y /2 and 5Y 2/1 1 . i of Section 1: 7.0x5.5x2.0 cm — dark gray,
= DIATOMACEOUS MUD 5l medium grained with 5% phenocryst folivine]
Section 7, 42 em — base of core: color change Y 1.0 nan-altered to orange-brown clay; snd 6.0x
5Y /1. Core-Catchee : sggregates of mud, but = —~ 6.0k 1.5 em — dark gray and finer-grained than
mostly void paces. 3 above piece. Top of core mixed mud (BGY 4/1) and
7 1 toose fine sand (5Y 2/2).
[4] oG
> SMEAR SLIDE SUMMARY i
23 296 = - 1‘ EMEAR SLIDE SUMMARY
5 . TEXTURE: o Pl 7 2128
T — Sand *® TEXTURE:
@ ] Intarmittent Sity w56 k 9 Sand N
< B okt Clay a0 . 2 . Vngo syl st L
3 3 COMPOSITION: ] of mud, 5¥ 4/3 Clay
E -] sy an Cuartz 10 2 > ] COMPOSITION:
P = Faldspar P - i ] _o—ite patch 2x2 mm Quartz .
é o . Pyrite 1 1 z| 9! B . sponge Tpicubes Feldipar 2
[l Other heavy & Pyrite a
ES 3 Intermitoent rmimarats 2 TR e A Other haavy
- "u‘m Clay minerali [ ] g 3 i hits patch 3x2 mm mineraks TR
3 — Volcanie glas 0 18 =] a sponge spiculas Clay minerals 30
3 oM = Glaueorite 1T =+ Volcanic glass 1
= CaleDolo-Areg. 1 TR 3 - Glaueonin 2
_5 RG Foaminitan 1 - g B Cale-Dolo.-Areg. 1
g Cale. nannotossin TR — = oM Cale. nannofowslls 1
Diatams 2 50 = Diatoms 35
< Radiolariars - TR 1 Radiolarians 5
Silieafisgeiintes 1 TR = ~ Sponge wpicules 1
DOwgarsic matte: 1 TR = =} Siliceous fragments 15
CARBON-CARBONATE %) = E CARBON-CARBONATE 1%}
3,48-54 fru 4 -3 ; 43238
Organic Carbon 2.19 5 E Organic Carbon 147
Total Carbonate 0 ‘E‘ 7 Tatal Carboniate 25
= =
<|% cc|
SITE 499 HOLE CORE 16 CORED INTERVAL 134.0-1345m
E FOSSIL
E H CHARACTER
= s - S “
oy = &
i § £8 % g =B L., A LITHOLOGIC DESCRIPTION
g 3 g g3 EEER 8
= HE e g
= |32 g
e o]
o ki 1 [a] PELAGIC BIDGENIC SILICEQUS MUD
= o Finar grained than Core 15, SGY 4/1. Highly
5 k| disturbed by drilling
E CARBON-CARBONATE %)
< 1,13-17
Owganic Carbon 200
Totsl Carbonate 2
-
»| =
[ p)
o | %
2z
£}
% (<Y
%=
o
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SITE 489 HOLE CORE 17 CORED INTERVAL 134.5-153.0 m SITE 499 HoLE CORE__ 18 - cORED INTERVAL 153.0-1626'm
2 FOSSIL 2 FOSSIL
i § CHARACTER ; 5 CHARACTER
- EMAE 2| e R EMAE E
a 2 -3 . =
i EHE g g g || e, LITHOLOGIC BESCRIPTION = §§ Y 2 - LITHOLOGIC DESCRIPTION
g S|gN ; 5 ; wl g B -1 wS (2R 2 2 ; ! g o
AAHHE £ EH R HEHLE g
LHEHE FEH AHHHE
; Granule mud (probably “hale fall™]
BIOGENIC MUD
Section 1: 5 372 biogenic mud Small patch ! Witric sah CALCAREOUS PELAGIC MUD
195 emnl of BY 4/3 lsghter olive green, N_“"Dﬂ'llt Daminant, dark gray (5 4/1] with carbonate clods
1 carbonate-tich misd. Sections 2-5: dominantly 1 i many) BY 6/2-5/2 ol authigenic carbonates and
_ BGY 4/1 silicsaus mud with dods {1-10 emj of dark color (5 3/2) clods irare, normal siliceous
[ 0 darker 5Y 32 mud mixed throwghout. Indistinet oM pelagic mud), baoturbated and maottled. Vitrie ath
5 - eolor swirling and streaking throughout. Seetson 3, in variaus parts especiaily in the lower porticn
3 ] 15-30 cm: Patch of olive [5Y 4/3) authiganic | odirizy
é 3 carhonnte mid. Rare white patches of sponge
< - spicules, 1-3 mm, i Secthons 4 and B, Care: i SMEAR SLIDE SUMMARY
. Catcher: EGY 4/1 biogenic mus. 280
7 H] TEXTURE:
- u Sand 5
= SMEAR SLIDE SUMMARY Sih 55
~ 2 = a: 2 nE Clay a0
= ~ sl"l‘_"xdTURE: 4 COMPOSITION
=1 : Quartz TR
E = St 38 ” Fuldapan 1
] Clay a0 Pyrita 2
- H COMPOSITION It Cloy minurshs 35
= 8 E Quartz 1 = Voleanic glass 1
< Feldipar 1 g | “'I';:‘" Cale.Dolo-Arsg. 35 {5 — carbonate unsgee. and
= M A & Po\":: = ! L 30— suthigenic)
B ] minerats TR > E L e ':‘
£ 3 . A E a Cale. nannafossils
3| -~ - Clay minaraly 57 5 " ] Diatoms 9
[ = Glaueonite 1 S| | |mm Radiolarians 3
s = Cale-DoloAmsg. TR = t Sponge spicules TR
E ] k. nnootosis 1 E z Siliceous fragment 13
» - el atoms % S !
= . Radiolarians 3 o| & CARBON-CARBONATE (%)
b= Siliceous fragments 8§ = a 3,20-75
- Fish remain ™R H § Organic Carbon 1.04
Planit debieis 1 g | Total Carbanate 12
Silicoflagellates 1 s
I ‘ G ‘ (
- CARBON-CARBONATE 1%}
-5 3, 133138 —
7 Deganic Carbon 235 *
-4 0G Total Carbonate ] g I
13 2
1A
5 pE I
RP 3
B =1
CC| 1 s ! Ash in
saveral
places
!
i E a— Aah layen
FG L]
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SITE 499 HOLE CORE 19 CORED INTERVAL 162.5-172.0 m SITE 499 HOLE CORE 21 CORED INTERVAL 181.5-191.0m
2 FOSSIL FOSSIL T
- § CHARACTER i@ CHARACTER
M OE F 8 0 “
cx |2F|E] & ; g GRAPHIC S |BulEf2)% gl g GRAPHIC
H §§ £ iz £ E LITHOLBGY . LITHOLOGIC DESCRIPTION e § E Ak £ E LITHOLOGY pt LITHOLOGIC DESCRIPTION
£2(E%1 5| 2|2 [8] (2|2 d g7 (e 5 8(3(F| (%% E
Flg |z 3|5 E F FiB: £ ,
a |2 HEB 3 HE E
o SITE 499, CORE 20, 172.0-1815 m: NO RECOVERY.
= 1 BIOGENIC SILICEOUS MUD o
3 o : i 1 BIDGENIC SILICEOUS MUD
‘& Transitionsd. More motiled in lower two-thirds of tMRa a . Olive gray (BY 412) nant} to dark
§ i bt olive gray (5 372, mottled throughout.
SMEAR SLIDE SUMMARY
L4 3106 . SMEAR SLIDE SUMMARY
TEXTURE: & 140
5Y 372, highty Sard 8 > TEXTURE:
disturbad by siit 26 i Sand 5
saw, stick: g L = S %
5 ¥ =
% COMPOSITION: < Clay -]
Quartz 3 3 COMPOSITION;
1 Fakiipar TR el = Quartz 4
Mica ™ ] = Feidspat "R
2| Pyrite 2 G| £ Mica TR
—. ! Clay minerais 63 e - Pyrite 2
- olcenic ghss 2 é Other haavy
3 Glaueanite ™" minerals ™
=1 Cale.Dolo. Arag. 1 § Clay minerals a8
= " Faraminer TR o Volcanic glass 2
- 3 Calc. nannofomils 3 Glasconite TR
s Ll = 1 el 2 Cae. Dol Arag. 1
‘g j [ Radialatian 2 Cale. nannofomsis 1
z|3 - 1 SY 32047 Soongedpicutes 3 iatoms 17
= S E] ~ Silicaflagellates 1 Radiclariam 3
= = Plant debieis TR Sponge spicules 2
= = ; Silicatlagellates TR
= RM. [ CARBON-CARBONATE (%)
Sle 3,87-100
= Organic Carban 170
- . Tatal Carbanate 2
= | 4
HE :
Al
2 ]
= 4
]
il
Y 4/2 mortled
5 H
g
E
3 el . |
5 4
§ ]
By 6| — ! BY 4210 372
o . mottied
cH 4 || [ asnome
—
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667 LIS

SITE 499 HOLE CORE 22 CORED INTERVAL 181.0-200.5 m SITE 499 HOLE CORE 23 CORED INTERVAL 200.5-210.0 m
F] FOSSIL g FOSSIL
2 § CHARACTER 2 g CHARACTER
g" 5;‘ H 3 g £ GRAPHIC §.— SulE| 2 g 5 2 GRAPHIC
(£ |58 g 5 £ £ LITHOLOGY LITHOLOGIC DESCRIPTION TE E% H g i £ & | uiHotoay LITHOLOGIC DESCRIPTION
5|2 HEIHBEE HEE e 1EN 5| 5213 (2|2 g
RHHHT s @ BHHHE i
= Zlz]E 5 it b z |8 5 a
o [ =
1 MoGENITsILIELUS Mo u A .= | SILICEOUS BIOGENIC MUD
AP Sanirbetad, dak offve griy BV 3/3) coior i e sv a2 Sectian 1, 083 em: dark alive gray (5Y 372,
i e “ 8 1 L ] | . mottled with black (5Y 2/2) and dark reddish
1 intereals. sl = e ' - ‘J\Q_;‘I Hitl aray (10R 371). Major contaect recovered at
.| ZlrM & n ) — B3 em.
SMEAR SLIDE SUMMARY - = adlos lew s T T |.
360 B e n I . NANNOFOSSIL OOZE
JEXTINE § T | Section 1, 83 cm—base of core! whita (5Y B/1),
- : = g [ Sarm clasts of overlying section rwarked dawnward
i % B 5 L L sy e/ — good Indication of extent of drifling deformation
sy o ik _= TS i Green patches with holos scaticrod throughout are
COMPOSITION: © 3_‘_.1__._.1.“_ aphates of tocafized foraminifara 8sts sse below,
2o OF 3 e el | Bioturbation (tubes dirarted by drilling.
Feldspar TR - wlz LT |
2 o 1R I 5 ; 2 "l'_|_"'_|_"'_ Green patches are spherical concentrations of
Pyrite 2 g = e, faraminifera tests.
Othas heawy Sz T |
1 minerals M - - ?!- o R SR
Clay minarats B - o e el |
Volcanic gloss 3 @ al8 -".l_J_.l__l_.l..
. Glnuconite ™mo- gl= EESE oS
Cale.DoloAng. TR 3 = é "'.J_"'_l_'l'_L‘ ]
1 Cale, nannotossils 2 — & 2 :._I__l__l_.l__L
e - Diatoems = % - o . —+ == 4 4 ]
Radiclariars i - g gﬂ_f AG -1 _l__‘__l__l_.]_
3 Soonge ipicules 2 - a di 3 _1.,_‘__1,, .L_.J_' |
w i ] i .L_‘_J_J_..I_
w cannoucanw;r:;ﬁ;] o '-I-_‘_-I-_L_L' 1 ”
§ Crganic Carbon 1.2 :__I.J:I_A_L I i — Subile color changs
a Total Carbonats s E B Elpl Shapel 1
= = D e e Ty i SMEAR SLIDE SUMMARY
w w = A e s [<l— Dirilling laminatinng 160 1110
§ e H TEXTURE:
A e Sand 1 s
N Al gaa 1| sit w20
£ 4 Tl Giry <
% T o e | COMPOSITION:
e ooyl o | Quartz 5 TR
AGIAG CM °q L, L, ' Feidspar " -
Mica TR -
S ™ Pyrie TR -
™ | minerats TR -
i | Clay minersls 80 -
o Veleanic glass 3 -
s zlj - Pumice pelisle Cale. Dolo.-Arsg,  — e
= I Farsminiters - 2
..t Cale nannofossils TR 60
] Diatams 13 -
::J [ Radinlarians w3
] Spongeipicules 3 1
+1 CARBON-CARBONATE (%)
AP I I 3,102-106
- Organic Carbon 0.04
N Tatal Carhonate 81
& ) J
T~
AM 4 |
- .
o & Glaucanite patches
3 | .
F&
7 :.,_1, |
L= -
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66% LIS

489 HOLE A CORE 1 CORED INTERVAL 0.0-5.0 m SITE 498 HOLE A CORE 3 CORED INTERVAL 14.5-24.0 m
2 FOSSIL e OSSIL
b § el . ; CHARACTER
-NEMABEE |2 - EMAE B
e = | = 8| = GRAPHIC £ [OF B 2 gl = GRAPHIC
T ,_E HEE E ] niocoay LITHOLOGIC DESCRIFTION a1 = HEE E| £ | umnorooy LITHOLOGIC DESCRIFTION
wS|ZRIZ[C] k2 a Sla~|z| 2| < & 2 g
R HEIEL & = 317 53|28 |®| % SEfEG
Fo|E ilg]: E 5 F |z HEEE =
BHHEE 3 A HEHEE FEH
CG[FG i
BRIOGENIC MUD By an BIOGENIC SILICEOUS MUD
Predominantly (BO%) dark olive gray (5Y 312, i Section 1, 100 em: Dlive gray (5Y 4/2) clavey
o™ contain foesminiters, nannofossils, snd e | —— Stightly dack tint sand with lamination. 110=125 cm| Muddy ashy
1 dlutoms, Black (5Y 2/1] biogen't siliceous mud : sand 5Y 5/15, Section 2, 5Y 4/2 and 5Y 2.6/2
126%), swirled and streaked throughaut by i sriped mud; 50 cm: white #h spot [1 cml; snd
= drifling. Patches (3 mm) sponge spicules noted = S0-83 om; white andd black aih glod, Section 4:
z 817578 mm in Section 1. CoreCacher: 12 em . y Cltiva (5 4/4], probably highly disturbed
L =Bk it manetonaus 1ithalogy sxcept in |ower part,
B SMEAR SLIDE SUMMARY Sundly luyer-mudy tayer » 1:20, Section
> x 11231 265 Carnplotely disturbed.
z| = TEXTURE:
g4 Sand 218 SMEAR 5LIDE SUMMARY
z Silt 2 20 1108
e . Clay % 6 TEXTURE:
£ 2 COMPOSITION: 2 By AZ Sandt a
Bz Quartz a3 % Sie 13
& Fuldspar 2 4 2 Clay 45
Pyrit 1 3 ] COMPOSITION:
. DOther heavy § Quarts
g “ minerals 1 TR > & Felduar 3
= . Clay minerals [ -3 e BY 25/2 (predoepinantiy}  Mica TH
4 vop Volcanic glass 1 3 =@ Pyrite 3
= Glauconitn TRt = Other heavy
=] Cale-DoloArag. 4 7 IE minerals ™
1 Foraminifars 5 2 L Clay minesals 43
Cale, nannofosiis 4 3 a T 3 1 o) Valcanic glas 3
Diatamy w oo t 5Y 32 (dominantly) Glsucanite ™
Radiclorisne TR 3 i Caic.Dolo.-Arag, 3
Sponge wpicubes 1 - = T Voo Foraminiten L
Plant debris 2 - VOID Cale. nannofostils 3
CGIFG Fecal pellets 2 - ) Diatams 8
Sillcatiagelates  TH 1 ] Sponge spicules 1
i Silicoflageliates TR
SITE 499 WOLE A CORE 2 COREDINTERVAL  50-145m | el by
L FOESIL 4 1
s g CHARACTER |
R EMEAE z| 2 H
o =H z 5 ol = GRAPHIC ' B
HEEE g ] £| & | urHowogy LITHOLOGIC DESCRIPTION
;3 E | -] 5 § g x E =
= 5 3 HIER = g
B H EH
ERHE g H 3 a 3 5Y 32
BIOGENIC SILICEQUS MUD
Dominant: dark ollve gray—very dask ofive gray.
Intensely disturbed (swirled) by drifling. Many
Daerina BY 4/2.8 fractures dnd cracks by cutting.
= Minor 5Y 2.6/2
F
3 voID
z E
|9
% CM|RG
E AM
=y . =3
T
CARS FG Dominsntly 5Y 4/2
§‘ Voo
= |— 5v 372 tayer
| 2svamwasyasn
CM FG 57312




SITE 489 HOLE A CORE 5 RED INTERVAL 33.5-43.0m

FOSSIL
CHARACTER

UITHOLOGIC DESCRIFTION

GRAPHIC
LITHOLDGY

UMt
BIOSTRATIGRAPHIC
ZONE
| FosamINIFERS
SECTION
METERS

TIME — ROCK

NANNOFOSSILE
AADIOLARIANS
DrATOMS

S6¢

Siw 4994, Core 4: 24.0-335 m: No recovery.

BIDGENIC SILICEOUS MUD
Dk alive blus gray (SGY 4/1). Black scatterad
patches throughout base of Section 1.

= =———Wery dark ashy lxyar

SMEAR SLIDE SUMMARY
183

QUATERNARY
W, eggeri (F)
G. oceanica [N}
=

FG cc

TEXTURE:
Sand

i 7
Clay
COMPOSITION:
Cuarte

Fridupar

Mica

Pyrite

Mag. hematite
Clwy mineraly
Voleanic glass
Glauconite
Cale.-Dolo. Arag.
Foraminifers
Cale. nannofossity
Distoms

Sponge spicules
Silicofiageliates Tl

-

Fmunmwm-Foaciel

66 1.LIS
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667 A.LIS

SITE 498 HOLE B coré 1  CORED INTERVAL 201.0-210.6 m SITE 499 yoe B coi_gg 3 CORED INTERVAL 220.0-229.5 m
L, FOSSIL i g FOSSIL
z CHARACTER i E CHARACTER
E % s T u N EADEE z| @
= (g GRAPHIC & (82 I 8 GRAPHIC
e :5 H 5 H B LITHOLDGY LITHOLOGIC DESCAIFTION 12 |E8 § F H R LITHOLOGY LITHOLOGIC DESCRIPTION
3 N|lZ < - g " w3 |g = o g -]
ER A I ETELE # ¢ 7127 5 52|8] |®
EI ] ; HELE E F e HERE !
@ HEEH ; E = =z aﬁ!n
ca| [om|3E £ o e P i | Wl A
= DIATOMACEQUS MUD J0% 10YR B2 DRILL BRECCIA: Section 1, 075 em.
[} 0-13cm, 5Y 372 cp NANNOFOSSIL CHALK
Ag| il Section 3; 0—85 cm: Mixed chalk, 10YR 8/2 and
NANNOFOSSIL O0ZE 1 : 65100 ¢ = nannofossil oaze [apgroximately
iy 13-16.5 em, 10YR B/ ] ¢ | 10%1, 10¥R 773, Section 5: Ramolded by drilling,
i 10 gt 10YR 674,
= E SMEAR SLIDE SUMMARY ——1e SMEAR SLIDE SUMMARY
= |_u cC8 CC6 ] e 2107
o == TEXTURE: sty TEXTURE:
=l Saend 3 Sand 1]
al st B 12 e B Silt »
B EE Clay s AGH b == ) Clay 5
e COMPOSITION: = o i e o s Y s COMPOSITION
ui | ® Quartz a r— | Clay minerals 5
z Faldspar ™ o- 2 " |o Cale-Dolo -Arag. 20
3| = Mica TR - - e — Foraminiters 0
g Pyrite 1 - w =] b o e S ' I b . Cale. nannofossits 60
W ey g [z === . L
minetal - ‘. =1 iolaians.
Clay minerals m - 5 g% 1 o4 - Sponge spicules 1
Volanicglas 2 TR 2 8y e
g Glavconita TR TR i %Q AG = | CARBON CARBONATE (%)
: Calc.DoloAmg. — 16 = = e v | 238
a A
Foraminifers - 1 g (=8 [ e o S T :g:;m*"" Organie Carbon 0.03
Cale, nannalosil - 82 EE 3 e w Total Carbonate 615
Diiatoins 2 - - [ I PSS w——
Y AT G
Faciolurisrm 3 2 Z Oy o T |
Spongespicules 2 TR e e w—— |=——10YR 7/2 dark patch
Silicafiagellates TR - I O | YRR
1 L N . A k L —
- o w1
% {o
SITE 499 HOLE B CORE 2 CORED INTERVAL 2105-2200m el | e re e
= FOSSIL o P ol
o CHARACTER 9 Lo oo e e
§ E 2| w 4 maey e B 10YR 614
2, |8x|8) 3|2 gl = GRAPHIC e v e e
TE Sé i g 2 c| £ | umoteey |, LITHOLOGIC DESCRIFTION B e o
w3 o
E 15|32 ! 4 =+
= E FHE1E o g ~—— 0¥ A 774 drilling distuirbanca
s (8 3 3|3 3 W
2 ez e
AP 1 T TRy
DRILL BRECCIA: Section 1, 0-70 em 5 T
NANNOFOSSIL CHALK o S ——
BO% brownish white (10YR 7/3-8/4} R Lt
5 | and 165 light gresnish geay (56 891). e e e i
2 =Zg™ o ks ey e e | 5% 10YR 7/3- 84, Section 2, M—44 cm: dark lee] ro——
e = 1 L 10YR 7/4 affunt velmn in drill biscust dnilling deformed),
1 =
- E._; s o wvwr = f | i SMEAR SLIDE SUMMARY
w — 1
§ = _|le TEXTURE:
T |ag] n a Sand 5
o 2 — o = Sl =
* 14 10YR &3 Clay &
AGIAM T COMPOSITION:
Clay munerals {0
Glaucanite "
Cafe.Dolo.-Arsg, 85
Foraminfers. 15
Cale, nannofosils 30
Fadiotarlans 1
CARBON.CARBONATE (%)
2,51-58
Organic Carbon 004
Totsl Cartsorate B1s
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SITE 499 HOLE B _CORE 4 COREDINTERVAL  2205-230.0m SITE 499 HOLE B cORE B CORED INTERVAL 248.5-258.0 m
g2 FOSSIL o FOSSIL
- g CHARACTER § ; CHARACTER
& = le]a]s z|l = = ] z| @
- zl= gl = GRAPHIC Bul2[3]2 gl = GRAPHIC
12 :é g g i E| & | umvoLsey LITHOLOGIC DESCRIFTION f’g Eé ¢ H HER R LITHOLDGIC DESCRIPTION
i’ £ ! gl g § H el - 3 s 4 g B
F lg |z E 3 3 = E HEIELE =
& |8]3 &} 2 [E]3]5]3 E
o — Dvill Induead fracturos:
A MNANNOFOSSIL CHALK e -y
A am| -1 I 1 i | Layer of octahadral pyrite at 68 cm in Section 1. il s i I n - S—, NANNOFOSSIL CHALK
— 2 1o 2 Ty e Calor: Very light biulsh white (58 8/1). Section 2, z| = = 05 p—iis | o 4050, 1300 Bluish white (58 /1), Biscuits fracturnd, obligue
= 1 o e e | 2025 cm: tan patches, axides and hiack g :gmm 3 T ——— . fracturing throughout. Lowsrmaost 16 em drill
P TR | 5881 ipots throughout, = | 55 Pt e, 1A breccia, Burrowing snd bioturbation weak but
§ 1o & e [E9H P e o throughout.
o SMEAR SLIDE SUMMARY gr B e T W
‘E S —— ] 1100 333 8 i CARBON-CARBONATE %)
s —‘Mll TEXTURE: s 1, 86-89
Z| ram Sand B 3| Organic Cartion 008
8 = e = sitt 1 Total Carbonate 85,0
= I — 1 Clay 62 §
5| _ oy e ey COMPOSITION: e
[ Z|AM e o Clay maneraly - 3 1
g = 2 y—— o Velesic gl TR 2
_i —— Calc.Dolo.-Arsg, 23 68
ll 5 o 1ie Faraminifers EL
g9 12— Cale, nsnalouils 49 25 SITE 499 HOLE B CORE 7  CORED INTERVAL 258.0-267.5 m
i s T o | Distorms 55 ] FOSSIL
e ], Radiolaciant 2 TR £ | cuanacren
3 S —— Ma-oxides 1o § E EE 2] w
o T W R— . Silioofiagatl - w s -4
gm T li] - s T A EHHEE BB | Shaee, LITHOLOGIC DESCRIPTION
| 3 e i CARBON-CARBONATE (%] g 23 ; 3% gl g Hl
AG I, 3,343 F g HE
. B [ I — Oirganie Cartson 003 = § 2l
e ' | Total Carbuoniate B85 5 T
o E— |
AG cc| e . DRILL BRECCIA
] I Several fragments of white [5Y 871) nannofosil
chalk.
SITE 499 HOLE B CcORE 5 CORED INTERVAL 230.0-2485m - SMEAR SLIDE SUMMARY
FOSSIL £
" CHARACTER = TEXTURE:
g «[2] 2] z| @ 5 Sand 30
£ =% I GRAPHIC 30
TE § HEIE E| B | umioloey LITHOLOGIC DESCRIPTION % Sllﬂ b
wd HEE gl e FEN IS Clay
FH 3 2 g E ] COMPOSITION:
P 5|3 g -} E % = Cole-DoloArsg. 50
Z & B = Foraminifers 20
cd 1 2 Cale. nannofomils 25
AG N DRILL BRECCIA 2 Distoms ™
Fragmants from uphote, 4 mm and less, Light ﬁ Radiolarians 6
arange (10¥R B/2) nannotossil chalk and ollve gray =
(5Y 3/2] soft biogenic mud.
Core-Catches: 4 em drill brecein s above, but
inchudes 3 fragments of semi-hard sifty sandstone,
medium-grained, subangular; containg coaly wood
fragments.
B
M
1k
[
3|a
=
[ 4
w
g

T. carinatus (N)
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SITE 499 HOLE B cORE 8 CORED INTERVAL 267.5-277.0m .. . SITE 499 HOLE B. CORE 9 CORED INTERVAL  277.0-2855m

66¥ ALIS

g FOSSIL 2 FOSSIL
52 g CHARACTER - g CHARACTER
8 |z.l2]2 -4 I R EMEIEE "
e 2215 2 ? S| = GRAPHIC e |24 - gl ¢ GRAPHIC
TE :§ H E i E E oLy = LITHOLOGIC DESCRIPTION e :E 5 F E E CpLoe LITHOLOGIC DESCRIFTION
A HHEH NG £ TH e HHHHREE £ EH
A HHHE T EH al BHEHHE 1 EH
a3 -] 1
1 ] Soft, partly light gray = 1 I o o 10YR 7/2-672
B 1 (5 7/2) bloturbated NANNOFOSSIL CHALK A ” NANNDFOSSIL CHALK
aft Mottting moderate. Section 1, 50 cm--Section 3, APl AG od 7 a Base of Core-Catches: Basalt (dolerite],
AG| | 100 em: 6Y B/3-2.8Y B/2. Manganese peoches, ] o }!
¥ it scartered throughout. Section 2, 100 cm-Core- 3 SMEAR SLIDE SUMMARY
| i Catchar; 10¥R B/1.6 with 10YR 5/2 dusty pattern il cc1e
| z TEXTURE:
| 8 snd
= | ile J Fractire 55° SMEAR SLIDE SUMMARY =] Sit 20
£ ) 1130 =|a Clay
§ i ;E-:TURE: c = COMPOSITION
- Mangarese 1
3 It Sih 7 |2 Volcave glas TR
ML I J Fracture 60° Clay L 218 Cale.-Dola.-Arg. 33
z|d 8 i i COMPOSITION: g Foraminiters 1
g 2 34 Clay minerals TR Cale. nannofonila 88
=] 3 al Fracturs 60° Glauconite TR 5
5| = JH Calc, Dolo.Arsg, 69 CARBON-CARBONATE (%)
« i o Foraminifers L] T CC, 13-18
g E o Cale, nannalomlly. 36 3 Organic Carbon~ 0.02
S| 5 o Ii Total Carbanats  B5.0
. CARBON-CARBONATE (%)
i ofll 4,20-34
- ] Drganic Carbon 0.0
L T ] ey Touwl Carbonate  §2.5
- AG : 1 * I 4 n
= 3 e o e 411
ol
i o1}
o
ki an
4 o
L
i L L
AG CC) P —— 2
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67-4988-10

SECTION 1
Macroscopic Description
Predominantly dark gray. basalt, Groundmass is erystalline and micro-
litic and contains plagioclase microphenocrysts {laths up 1o 2 mm in
Pieca 2) and olivine microphenocrysts (size <2 mm) in Piece 4, altarsd
in oronge-brown material. All the pieces, axcept Piece 1 (color pale
yellow), fresh dark gray basalt.

Note: In Pieces 4 and € probably pyroxene (size <2 mm). Rare calcite
waring in Pieces 3 and 7,

Depth: 28552865 m

67-499C-1

SECTION 1
Macroscopic Description
PHYRIC BASALT
Pieces 1-6: Dack gray, medium-grained phyric basalr; 5% 1-3 mm
olivine phenocrysts, now completely altered to soft brown clay, 20%;
clusters of plagioctase phenocrysts up 1o 5 mm dismeter, In Pisces
3.5, and B, ion of viruds devel on parts of the
pieces. Glomerophanocrysts of plagiociase are lighter and more svident
than they are in fresher cores.

APHYRIC WEATHERED BASALT

Poocirs 7 and 8 are smoother end subrounded and have pale yellowish-
oray exterion, ing rirds are well ding darkar
gray cores. These pheces are aphyric and aphanitic; tiny pyrite grains
are abundant and di d through

Dapth: 260.0-263.0 m

67-499D1

SECTION 1
Macroscopic Description
‘Weathered basalt [no detailed description available),

Depth: 2125-216.0 m

66 H.LIS
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Hole 499
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SITE 499

Hole 499

—0 cm

—150 755% 2 233 237 242 243
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SITE 499

Hole 499A
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SITE 499
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5-1
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SITE 499
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