4. SITE 608!

Shipboard Scientific Party?

HOLE 608

Date occupied: 13 July 1983 (0730 hr.)

Date departed: 17 July 1983 (1230 hr.)

Time on hole: 4 days, 5 hr.

Position: 42°50.205'N; 23°05.252'W

Water depth (sea level; corrected m, echo sounding): 3526
Water depth (rig floor; corrected m, echo sounding): 3541.8
Bottom felt (m, drill pipe): 3533.6

Penetration (m): 530.9

Number of cores: 59

Total length of cored section (m): 530.9

Total core recovered (m): 428.03

Core recovery (%): 80.6

Oldest sediment cored:
Sub-bottom depth (m): 515.4
Nature: dolomite-bearing calcareous mudstone
Age: upper middle Eocene, NP16, ~ 42 Ma
Measured velocity (km/s): 2.26

Basement:
Sub-bottom depth (m): 515.4 (top); 530.9 (bottom)
Nature: basalt
Velocity range (km/s): 4.27

HOLE 608A

Date occupied: 17 July 1983 (1419 hr.)
Date departed: 18 July 1983 (1600 hr.)
Time on hole: 1 day 1 hr.

Position: 42°50,205'N; 23°05.252'W
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Water depth (sea level; corrected m, echo sounding): 3526
Water depth (rig floor; corrected m, echo sounding): 3541.8
Bottom felt (m, drill pipe): 3533.6

Penetration (m): 146.4

Number of cores: 16

Total length of cored section (m): 146.4

Total core recovered (m): 144.04

Core recovery (%): 98.4

Oldest sediment cored:
Sub-bottom depth (m): 146.4
Nature: foraminiferal-nannofossil ooze
Age: uppermost Miocene
Measured velocity (km/s): 1.536

Basement: not reached

Principal results: Site 608 is on the southern flank of the King’s Trough
tectonic complex. Hole 608 was continuously cored with the varia-
ble-length hydraulic piston corer (VLHPC) and extended core bar-
rel (XCB) to basement at 530.9 m sub-bottom. Hole 608A was
continuously cored with the VLHPC, providing overlap to refusal
at 146.4 m sub-bottom. Core recovery was generally over 90%, but
very low recoveries in isolated cores within 100 m of basement place
the average recovery for Hole 608 at 81%, versus 98% for Hole
60BA.

A stratigraphically continuous sequence of Quaternary (NN21)
through mid-upper Oligocene sediments was recovered to 455 m
sub-bottom (NP24). At this level a major hiatus occurs, represent-
ing a time period of up to 9.7 m.y. No other major hiatuses have
been detected. Between about 465 and 455 m sub-bottom, the sedi-
ments contain mixed middle to lower Oligocene and Eocene (re-
worked) faunas. Below about 465 m sub-bottom a mid-upper Eo-
cene (NP17) to upper middle Eocene (NP16) sediment sequence
lies upon basalt at 515.4 m sub-bottom. Two cores were taken in
this basaltic basement to a terminal depth of 530.9 m. Paleomag-
netic and lithologic tie-lines in the overlapping VLHPC part of the
section indicate that a complete composite section appears to have
been recovered through the Quaternary and lower Pliocene to at
least 120 m sub-bottom (NN12).

Dolomite-bearing calcareous mudstone above basement and do-
lomitic marlstone through the middle Eocene give way upsection to
marly nannofossil chalk containing graded volcaniclastic beds and
volcanic ash layers in the upper Eocene. Eocene accumulation
rates averaged 11.8 m/m.y. Immediately above the Eocene-Oligo-
cene hiatus is an interval of marly nannofossil chalk with flaser
structures and a chalk conglomerate, displaying soft-sediment de-
formation structures, that is interpreted as consisting of debris
flows. The hiatus is interpreted to be of tectonic origin, because it
is recorded as an angular unconformity in seismic profiles and may
be correlated with a regional volcanic event.

The remaining upper Oligocene, all of the Miocene, and most
of the Pliocene make up a sequence of chalks to oozes that are
marly up to the middle Miocene and almost pure calcium carbon-
ate above. Within this thick pelagic sequence, another tectonic
event is recognized. The marly chalks of the lower Miocene (NN3/
NN2) at around 320 to 406 m sub-bottom display flaser structures
and microfaulting with slickensides. Maximum sediment instabili-
ty is recognized at 369 to 375 m, where another chalk conglomer-
ate occurs. This is again considered a debris-flow deposit. Sedi-
mentation rates during the late Oligocene and early Miocene aver-
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aged 10 m/m.y. Rates dropped slightly in the uppermost part of
the lower Miocene to 8.6 m/m.y. They double through the middle
Miocene and upper Miocene to Pliocene, averaging 19 m/m.y.

Glacial-interglacial carbonate cycles begin at around 76 m sub-
bottom in the lower Pliocene and continue to the top of the hole.
Ice rafting, characterized by dispersed glacial erratic dropstones, is
first detected at about this depth. These observations suggest that
the date at which initiation of glaciation was recorded at this loca-
tion was about 2.47 Ma (top of the Gauss). Average sedimentation
rates through the glacial-interglacial cycles increased to about 34
m;m.y., presumably because of increased sediment input from ice
rafting.

BACKGROUND AND OBJECTIVES

Introduction

Within the original series of sites planned as the North
Atlantic paleoenvironmental transect, Site 3 (Site 608)
was located at the site of Vema Piston Core V29-179,
near the axis of the Mid-Atlantic Ridge at latitude 44°N.
The prime objective of drilling at this site on Leg 94 was
to examine fluctuations of the Polar Front and sea-sur-
face temperature history through the Neogene. A later
proposal to the Ocean Paleoenvironment Panel (OPP)
recommended that a site be drilled somewhat farther south
and east, on the flanks of King’s Trough (42°50'N;
23°05'W). Here the aim was to determine the geologic
history of the intraplate King’s Trough tectonic complex.
A continuous stratigraphic record was required through
the Paleogene to basement on a flank of the complex for
comparison with rock-core and dredge-haul data from
within the complex itself (Kidd, et al., 1982; Stebbins
and Thompson, 1978; Cann, 1971; Ramsay, 1970). Sedi-

55°N

ment cores taken around the proposed location had re-
covered a record of continuous deposition during the
late Pleistocene and showed that the site had been just
astride the southernmost penetration of polar water dur-
ing glacial periods (Weaver, 1983). OPP considered that
an eastward shift of the site to the King’s Trough area
would compromise slightly some of the paleoenviron-
mental objectives of the third site of the latitudinal tran-
sect, but that it would have the advantages of both meet-
ing the tectonic objectives and providing a deep hole in
which to extend the time scale of the transect through
the Paleogene. The shift of site also created one new pa-
leoenvironmental opportunity: to test for east-west dif-
ferences in polar-front movement and sea-surface tem-
perature change along an otherwise largely north-south
portion of the transect.

Regional and Tectonic Setting

King’s Trough is a complex of roughly parallel basins
and ridges situated 700 km northeast of the Azores (Fig.
1). The complex extends at an angle to the Mid-Atlantic
Ridge in a west-northwest/east-southeast direction, from
19° to 25°W (Laughton 1965; Searle and Whitmarsh,
1978). The summits of the main flanking ridges are above
2000 m water depth, but the major intervening trough is
anomalously deep for this part of the North Atlantic, at
greater than 4400 m (Fig. 2). All basins are bounded by
inward-facing faults striking at about 120° (Kidd et al.,
1982).

The origin of this intraplate tectonic complex has been
in dispute for over 15 years, despite the relatively abun-
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Figure 1. Location of the King's Trough complex and Site 608. Bathymetry in meters (after Kidd et al., 1982).
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SITE 608

dant geophysical and geological data available for the
area (Fig. 3). Matthews et al. (1969) thought that King’s
Trough had formed by north-northeast/south-southwest
compression, and Le Pichon and Sibuet (1971) suggest-
ed that this process occurred in the late Eocene with some
subsequent, mainly vertical motion. Cann (1971), after
dating a metamorphic event at Palmer Ridge from dredge
hauls at the eastern end of the complex, suggested that
the formation of King’s Trough began much later, in the
late Oligocene, as a short-lived plate boundary. Williams
and McKenzie (1971) thought King’s Trough resulted from
the elimination of a bend in the Mid-Atlantic Ridge in
the late Paleocene to early Eocene, whereas Vogt and
Avery (1974) suggested that increased mantle plume dis-
charge in the late Oligocene caused formation of a new
plate boundary.

Searle and Whitmarsh (1978) showed from seismic re-
fraction and gravity data that the flanks of King’s Trough
have a somewhat thicker than average crust that causes
a shallowing of the seafloor in the region. They also
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Figure 3. Site survey data for Leg 94, Site 608. S.R.P. = seismic re-
flection profile.
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noted a mirror image of this shallowing on the western
side of the Mid-Atlantic Ridge. They suggested that the
regional shallowing resulted from a hot spot situated at
the Ridge between the times of magnetic Anomalies 24
and 6a (21 to 56 Ma; Berggren, Kent, and Flynn, in press).
Magnetic isochrons showed that the maximum lateral
displacement allowable within the complex would have
been 30 to 50 km (dextral) at Anomalies 24 and 25, but
that there was no strike-slip movement over approximately
the last 56 m.y. (see Miles and Kidd, this volume). Searle
and Whitmarsh (1978) proposed that the deep trough it-
self was formed primarily by extension; from ‘“back-
tracking curves” they concluded that the flanking ridges
were probably subaerial at some time in their history.

Kidd et al. (1982) used a long-range sidescan sonar
survey of the region as control for new bathymetric and
geologic maps of the area and for transponder-navigated
dredging and rock-coring operations on the fault-bound
inner flanks of the main trough (see back-pocket Figs. 3
and 4, Kidd and Ramsey, this volume). The sampling
showed that basaltic volcanism, dated at 52 + 6 Ma,
was responsible for formation of the acoustic basement
recognized as magnetic Anomaly 21. During a period of
volcanic activity, ashes and tuffs were deposited near sea
level in the late Oligocene and early Miocene. Upper
Eocene and middle Miocene chalks make up the remain-
der of the in situ material dredged from the trough
walls. Kidd et al. (1982) proposed a hypothesis involving
uplift of a “hot-spot”-generated aseismic ridge by about
2 km during the early Oligocene. They suggested that
intraplate rifting occurred during the early Miocene and
resulted in the formation of the deep internal troughs,
after deposition of the ashes and tuffs.

A site survey run in March 1982 over the proposed
Site 3A by the Institute of Oceanographic Sciences (Worm-
ley, U.K.) showed that sediment thicknesses around the
site vary from 0.2 to 0.9 s (two-way traveltime), although
they generally are about 0.5 to 0.6 s (see also Jacobs,
this volume). The site chosen was over a small knoll in
the basement, where the sediment thickness could be ex-
pected to be just over 500 m (0.5 s). A new magnetic
anomaly map of this southern flank of King’s Trough,
completed just before the cruise, included data from
this 1982 Farnella survey. These data put the chosen
knoll just east of magnetic Anomaly 18, so we could ex-
pect a basement age in the older part of the range 41.29
to 42,73 Ma (see Miles and Kidd, this volume).

Site Objectives

1. Tectonic history. The primary objective of drilling
at Site 608 was to recover a continuous stratigraphic sec-
tion, to basement, on the southern (outer) flank of King’s
Trough, to be related to the sampling from the fault scarps
within the complex. In addition, we hoped to date a re-
gional mid-sediment reflector that might correlate with
the hypothesized tectonic uplift of the complex. Evidence
of volcanic activity during the Neogene would provide
further constraints on hypotheses about formation of
this intraplate feature.

2. Neogene paleoenvironments. Site 608 represents the
third site in the latitudinal paleoenvironment transect,



and thus, within the VLHPC part of the hole, would
provide a record of the 23,000-, 41,000-, and 100,000-yr.
cycles of thermal response to glaciation. Again, recover-
ing a section to study high-resolution paleontologic, iso-
topic, and paleomagnetic stratigraphy was a major goal
at the site.

3. Paleogene stratigraphy. Site 608 was the only site
scheduled to terminate in oceanic basement. Thus other
important biostratigraphic objectives depended upon re-
covery of its projected Eocene and Oligocene record.

4. Other objectives. The site was to be drilled on the
northern edge of an area selected as a pelagic carbonate
environment suitable for international studies of the fea-
sibility of subseabed radioactive waste disposal. An an-
cillary objective at Site 608 was to provide samples for
studies of the sedimentary sequence below levels accessi-
ble to scientists through conventional piston coring. Spe-
cific studies examined sediment permeability, shear
strength, and pore-water chemistry (see Wilson and Miles,
this volume).

OPERATIONS

Site Approach

Glomar Challenger left the area of Site 607 at about
0500 hr.? on Monday, 11 July. A course of 068° was set
to cross the Mid-Atlantic Ridge toward Site 608, 560 km
north of the Azores. The vessel arrived at a way point in
the general vicinity of the site at 0415 hr. on Wednesday,
13 July and slowed to 8 knots while altering course to
090°. The west-to-east course was planned to follow an
air-gun profile that had been run during the Farnella site
survey in March 1982 (Fig. 4). Features on this earlier
seismic record were clearly identifiable on the Challeng-
er’s records, and a satellite navigation fix at 0510 hr. put
us on target (Fig. 5). The 13-kHz beacon was therefore
dropped on the first pass over the proposed site at
0555 hr., and the ship was immediately slowed for re-
trieval of the seismic gear. Soon after returning to lock
on to the beacon, a second satellite fix confirmed the lo-
cation of the site as correct (42°50.2'N; 23°05.2'W).
The site sits above a small knoll in the basement, over
which the sediment thins from about 0.6 s (two-way trav-
eltime) to about 0.45 s (500 m) on both the Farnella and
the Challenger profiles.

Positioning over the beacon was completed by 0730
hr. on 13 July, and we were running in the hole until
1330 hr. A quarter of an hour was assigned to rigging
the VLHPC, and we felt for bottom between 1345 hr.
and 1500 hr. One water core was recovered; the next bar-
rel was damaged when it was set down too hard. Even-
tually a good mudline core was recovered, arriving on
deck at 1615 hr. and containing 6.97 m of nannofossil
marl and ooze. We cored continuously with the VLHPC
until Core 608-16 (Table 1).

Core 608-3 (16.6-26.2 m sub-bottom) was shot twice
because the first time this interval was shot the flapper
core catcher stuck open and there was no recovery. The

3 Al times are local (ship's time); difference from GMT, 2 hr.
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second attempt recovered 9.43 m. Over-pulls of 5000 Ibf.
were experienced on Cores 608-3 and 608-6, and
10,000 Ibf. on Cores 608-10, 608-14, and 608-15, in sticky
nannofossil oozes. Eventually a 40,000-1bf. over-pull on
Core 608-16 resulted in our having to wash over for re-
trieval. No shattering of liners was experienced at Site
608.

The XCB coring extended into basement to 530.9 m
sub-bottom (Cores 608-17 through 608-57). The sediment
became increasingly lithified; cores were split using the
saw beginning with Core 608-26 (233.3-242.9 m sub-
bottom). Nevertheless, recovery averaged over 90% to at
least 380 m sub-bottom. One exception occurred when
we tried a “Geoset” cutting shoe in the rapidly harden-
ing chalks at about 300 m. Core 608-33 recovered only
3.66 m of chalk when its catcher jammed. We immedi-
ately switched back to the soft-formation cutting shoe.

Continued XCB coring on 16 July resulted in varia-
ble recovery through hard chalk. Sometimes cored inter-
vals were washed away; sometimes the cutting shoe would
jam. Again, the Geoset shoe was tried, this time with a
slip-ring core catcher. Core 608-47, however, resulted in
no recovery; the core had slipped out entirely. Core 608-
51 recovered only the core-catcher sample, and the sub-
sequent (Eocene) Cores 608-52 and 608-53 were found
to have single large glacial-erratic pebbles set within a
disturbed zone at their tops. Erratic pebbles dropping
downhole past the drill bit may have caused recovery
problems.

A number of minor excursions from the 13-kHz bea-
con throughout the day may also have impeded core re-
covery somewhat. The weather and sea conditions did
not appear adverse, but ship positioning was erratic. At
2200 hr., a 16-kHz beacon was dropped; after placing in
offsets of 270 ft. north and 610 ft. east, we began oper-
ating on this beacon at 2315 hr (16 July). Positioning
improved considerably thereafter. Cores 608-55 and 608-
56 had recovered only core-catcher samples from the in-
terval 502.1 to 511.7 m prior to the beacon change. The
next core, 608-57, recovered 4.5 m and entered basaltic
basement.

Despite the use of a soft cutting tool for Core 608-57,
we recovered 70 cm of fairly fresh vesicular basalt with
calcite veins. Two further cores were taken using a dia-
mond bit, but both recovered less than a meter of ba-
salt. Total basalt recovery was 2.2 m out of 16.2 m cored.
Total penetration at Site 608 was 530.9 m.

The weather remained fairly good, with overcast skies
and relatively calm sea conditions, during operations on
the hole, apart from a period in the early hours of 14
July when winds from the north were gusting to 30 knots.
The ship remained remarkably stable, however, through-
out this interval.

The last core from Hole 608 arrived on deck at 1102 hr.
on 17 July, and we began pulling out of the hole. The
mudline was cleared at 1230 hr. and the offsets on the
16-kHz beacon were reduced, making Hole 608A 670 ft.
and 247° true from Hole 608. The spud-in at Hole 608 A
came at 1419 hr., and a 2.35-m-long first core arrived on
deck at 1455 hr. A direct correlation could be made be-
tween the base of the Holocene at Holes 608 and 608A,
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Figure 4. Glomar Challenger approach and departure, Site 608. Tracks of part of Figure 2 as well as of Figures

5A and 5B are indicated.

and we were content that we would have the offset re-
quired to achieve overlapping cored intervals for the two
holes (see Ruddiman et al., this volume).

Continuous VLHPC coring extended to 146.4 m sub-
bottom in Hole 608A (Table 1). A 40,000-Ibf. over-pull
was experienced on Core 608A-16 (136.8-146.4 m sub-bot-
tom), and this was washed over to effect retrieval. This
core arrived on deck at 0923 hr. on 18 July, and we began
pulling out of the hole. The mudline was cleared at 1010
hr. and the bit was on deck at 1505 hr. Weather condi-
tions were good throughout operations on Hole 608A.

By 1540 hr. we were underway and streaming the seis-
mic gear. A short southeasterly run was made so that we
could record first a seismic profile over the beacon, and
then a long south-to-north profile across the western end
of the King’s Trough complex before setting course for
Site 609.

SEDIMENT LITHOLOGY

Description of Units

Two holes were cored at Site 608. Hole 608 was con-
tinuously cored with the VLHPC to 151 m with about
95% recovery and about 2% of the section disturbed by
coring. Below 151 m in Hole 608, the XCB continuously
cored to basement (at 515.4 m), where two cores were
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cut in basalt (T.D. = 530.9 m). The upper 275 m of
XCB coring gave 86% recovery with about 1% distur-
bance, whereas below 425 m recovery fell to 45% with
6% disturbance. Overall recovery was 81% at Hole 608.
Hole 608A provided HPC overlap to 146 m depth, with
98% recovery and 1% coring disturbance.

Sediments at Site 608 vary from nearly pure pelagic
oozes and chalks to dominantly terrigenous sediments.
Seven sedimentary lithologic units and a basalt unit were
recognized (Table 2, Fig. 6).

Lithologic Unit I consists of 76 m of alternating cal-
careous oozes and marls, which correspond to glacial-
interglacial changes in climate during the late Pliocene
and Quaternary. Sediments are dominantly white to very
light gray nannofossil ooze and foraminiferal-nannofos-
sil ooze, with very light brown marly foraminiferal-nan-
nofossil ooze. The lightest sediments (white) in the up-
per part of Unit I are nearly pure nannofossil oozes fre-
quently bounded by sharp contacts. All other contacts
are usually blurred by bioturbation. The distortion of
sharp lithologic contacts, flowed layers, and inclined bed-
ding, which occurs in Cores 608-8, -7, -6, and 608A-6,
may not be drilling-related (see Takayama and Sato, this
volume). Throughout Site 608, bioturbation is most evi-
dent in the darker sediments and across contacts be-
tween contrasting colors, whereas white sediments are
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Figure 5. Comparison of seismic records from (A) the Farnella and (B) the Glomar Challenger in the vicinity of Site 608.
Figure 4 indicates the position of the Glomar Challenger and Farnella profiles.

uniform. Unit I has the most variable carbonate con-
tent, with a range of 45 to 95%.

Thin gray, pale green, and pale blue laminae are com-
mon throughout Unit I. It is not known whether these
are primary or post-depositional (diagenetic) features,
but smear-slide analyses indicate more pyrite in these in-
tervals. Pyrite is also evident within and around burrows
(as halos) and as pieces up to 1 ¢cm in diameter and sev-
eral centimeters in length. Such pieces are clearly bur-
row casts. There are occasional foraminiferal sands and
intervals rich in volcanic ash and glass. These features
are commonly a few centimeters thick, and are dispersed

by bioturbation. A noteworthy exception is a foraminif-
eral sand almost 1 m thick at about 57 m depth in Hole
608 (Section 608-7-2). This is interpreted as a pelagic
turbidite because it fines upward. It was not found in
Hole 608A. Where volcanic ash is abundant, the sedi-
ment is dark green to olive (Section 608A-2-4). Pieces of
pumice occur rarely in Unit I, and glacial dropstones are
common in the darker-colored intervals. The dropstones
are basaltic, metamorphic, and acid igneous clasts.
Unit II is white to very light gray calcareous ooze and
chalk of Miocene-Pliocene age with high carbonate con-
tent (90-95%). It is distinguished from the overlying unit
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Table 1. Coring summary, Site 608.

Depth from Depth below

Date dnl:;‘ljm m:gc;or Length Length
(July, Time cored i Recovery
Core 1983) (hr) Top Bottom Top Bottom (m) (m) (o)
Hole 608
1 13 1615  3533.6-3540.6 0.0-7.0 7.0 6.97 99.6
2 13 1810 3540.6-3550.2 7.0-16.6 9.6 9.15 95.3
3 13 2040  3550.2-3559.8 16.6-26.2 9.6 9.43 98.5
4 13 213 3559.8-3569.4 26.2-35.8 9.6 9.62 100.0
5 13 2334 3569.4-3579.0 158-454 9.6 £.82 91.2
6 14 D055 3579.0-358B.6 45.4-55.0 9.6 9.31 9.1
T 14 0206  3588.6-3598.2 55.0-64.6 9.6 9.26 96.5
8 14 0315 3598.2-3607.8 64.6-74.2 9.6 8.36 87.1
9 14 0450  3607.8-3617.4 74.2-83.8 9.6 7.92 B2.5
10 14 0550  3617.4-3627.0 83.8-93.4 9.6 9.35 97.4
1 14 0704 3627.0-3636.6 93.4-103.0 9.6 9.02 94.0
12 14 0821 31636.6-1646.2 103.0-112.6 9.6 9.02 94.0
13 14 0931 3646.2-3655.8  112.6-122.2 9.6 B.8] 91.8
14 14 1120  3655.8-36654  122.2-131.8 9.6 8.35 87.0
i_'rh 14 1227 3665.4-3675.0 131.8-141.4 9.6 .11 94.9
16 14 1400 3675.0-3684.6 141.4-151.0 9.6 9.52 99.2
17 14 1511 31684.6-3690.1 151.0-156.5 5.5 5.52 100.4
18 14 1630 3690.1-3699.7  156.5-166.1 9.6 £.41 87.6
19 14 Ti46  3699.7-3709.3  166.1-175.7 9.6 B2 B5.6
20 14 1905  3709.3-3718.9  175.7-185.3 9.6 9.33 9.2
21 14 2020  3718.9-3728.5  185.3-194.9 9.6 7.20 75.0
2 14 2137 3728.5-3738.1 194.9-204.5 9.6 822 85.6
23 14 2255 3738.1-3747.7  204.5-214.1 9.6 9.77 101.8%
24 15 0005 3747.7-3757.3 214.1-223.7 9.6 9.59 99.9
25 15 0140  3757.3-3766.9  223.7-231.3 9.6 9.72 101.3*
26 15 0300 3766.9-3776.5  233.3-2429 9.6 .04 837
by 15 425 3776.5-3786.1 242.9-252.5 9.6 9.63 1060.3
28 15 0540  3786.1-3795.7 252.5-262.1 9.6 B.82 9.9
29 15 0650  3795.7-3805.3  262.1-271.7 9.6 9.10 94.8
30 15 0816  3805.3-3814.9  271.7-281.3 9.6 7.62 79.4
31 15 0926  3814.9-3824.5 281.3-290.9 9.6 9.16 95.4
2 15 1048 3824.5-3834.1  290.5-300.5 9.6 819 85.3
ki 15 1212 3834.1-38437  300.5-310.1 9.6 166 380
4 15 1337 3843.7-3853.3  310.1-319.7 9.6 £.89 92.6
35 15 1447 3853.3-3862.9 319.7-329.3 9.6 9.01 93.9
36 15 1610 1862,9-3872.5  1329.3-338.9 9.6 812 86.7
37 15 1726 3872.5-3882.1 138.9-348.5 9.6 9.27 96.6
k1 15 1840 3882,1-3891.7 348.5-358.1 9.6 9.02 98.8
39 15 2020 3891.7-3901.3 358.1-367.7 9.6 6.24 65.0
40 15 155 3901.3-39109  367.7-377.3 9.6 £.52 B8.7
41 15 2315 1910.9-3920.5 377.3-386.9 9.6 9.94 103.5%
42 16 0035 1920.5-3930.1 386.9-396.5 9.6 7.34 76.5
43 16 0202 3930.1-3939.7  1396.5-406.1 9.6 7.48 7.9
44 16 0323 3939.7-3949.3  406.1-415.7 9.6 5.52 57.5
45 16 455 3949.3-3958.9  415.7-425.3 9.6 9.45 98.4
46 16 0610  3958.9-3968.5  425.3-434.9 9.6 5.75 60.0
47 16 0737 1968.5-3978.1 4349-444.5 9.6 0.0 0.0
48 16 0902 3978.1-3987.7  444.5-454.1 9.6 9.64 100.4
49 16 1027 3987.7-3995.3 454,1-461.7 7.6 5.82 T6.6
50 16 1224 3995.3-4000.9  461.7-467.3 5.6 4.82 B6.1
51 16 1348 4000.9-4006.9  467.3-473.3 6.0 0.25 4.2
32 16 1541 4006.9-4016.5 473.3-482.9 9.6 5.32 55.4
53 16 1735 4016.5-4026.1 482.9-492.5 9.6 2.52 26.2
54 16 1910 4026.1-4035.7 492,5-502.1 9.6 6.55 68.2
55 16 2128 4035.7-4041.3 502.1-507.7 5.6 0.08 1.4
56 16 2326 4041.3-4045.3 507.7-511.7 4.0 0.05 1.2
57 17 0145 4045.3-4048.3 511.7-514.7 30 4.50 150.0%
58 17 0642 404E.3-4054.9 514.7-521.3 6.6 0.67 10.1
59 17 1102 4054.9-4063.9  521.3-530.9 9.0 0.84 8.8
530.9 428.03 80.6%
Haole 60BA
1 17 1455 1533.0-3535.4 0.0-2.4 24 2.5 97.9
2 17 1612 3535.4-3545.0 24-12.0 9.6 9.67 100.0
3 17 1714 3545.0-3554.6 12.0-21.6 9.6 9.80 100.0
4 17 116  3554.6-3564.2 21.6-31.2 9.6 9.83 100.0
5 17 1928 3564.2-3573.8 31.2-40.8 9.6 9.31 97.0
6 17 2033 3573.8-3583.4 40.8-50.4 9.6 9.68 100.0
7 17 2150 3583.4-3593.0 50.4-60.0 9.6 9.28 96.7
L] 17 2320 3593.0-3602.6 60.0-69.6 9.6 9.39 97.8
9 18 0045 3602.6-3612.2 69.6-79.2 9.6 9.49 98.8
10 18 0145 3612.2-3621.8 79.2-88.8 9.6 9.80 100.0
11 18 0315 3621.8-3631.4 B8.8-98.4 9.6 .27 96.6
i2 18 0435 3631.4-3641.0 98.4-108.0 9.6 8.81 91.8
13 18 0545 3641.0-3650.6 108.0-117.6 9.6 9.47 98.6
14 18 0647 3650.6-3660.2 117.6-127.2 9.6 9.54 994
15 18 0756  3660.2-3669.8 127.2-136.8 9.6 9.17 95.5
162 18 0921 3669.8-3679.4 136.8-146.4 9.6 9.18 95.6

146.4 144.04 98.4%

2 More recovery than drilled, because there were problems with excursions from hole. Lost posi-
tion in hole after Core 608-55.
40,000-1bf. over-pull on Cores 608-16 and 60BA-16; see text for explanation.

by the reduced frequency of color changes. Two sub-
units are recognized on the basis of a gradual change
from ooze to chalk. Subunit ITA (76-220 m) is forami-
niferal-nannofossil ooze to 122 m and nannofossil ooze
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Table 2. Lithologic units at Site 608.

Sub-bottom
interval
Unit  Subunit Lithology (m)
1 Alternating nannofossil oozes and marls 0-76
1l A White nannofossil ooze and foraminiferal
nannofossil coze 76-220
B White nannofossil chalk 220-257
41 White nannofossil chalk with green and 257-320
gray laminae
v Mannofossil chalk with flaser chalk, chalk
conglomerate, and microfaults
A Foraminiferal-nannofossil chalk, gray and 320-339
green
B Foraminiferal-nannofossil chalk, pale 339-377
brown
C Marly nannofossil chalk 377-406
v Marly nannofossil chalk
A No faulting or flaser chalk 406-444.5
B Tannish white to very pale brown, with 444.5-454
flattened burrows
L& Flaser chalk 454-462
Vi Marly nannofossil chalk with graded 462-514
volcaniclastic beds and disseminated
ash intervals
Vil Dolomitic marlstone 514-515.4
1 Vesicular basalt 515.4-530.9

below. The only significant colors other than the basic
white to very light gray occur in occasional light green,
gray, and greenish gray laminae. A graded foraminiferal
sand (30 cm thick) occurs at about 115 m in Hole 608. A
similar (50-cm) sand bed occurs in Hole 608A about 5 m
deeper, and these appear to be the same turbidite. Unit
1I sediments are virtually featureless below 140 m depth.

Chalk beds first appear at 170 m in Unit IIA, and
with increasing frequency at around 195 m. By 220 m,
Unit II is dominantly chalk; Subunit IIB begins at this
level and ends at 257 m. Section 608-26-4 was the first
section to be split with the saw (depth 237.8 m), result-
ing in less distortion of sedimentary features. Sediment
fracturing was first apparent in Subunit IIB. It is un-
clear how much sediment fracturing resulted from the
drilling process, but some must be natural, because Sec-
tion 608-26-4 has traces of pyrite along fracture faces.

Unit I1I is white nannofossil chalk of Miocene age,
and extends to 320 m. It is recognized by the abrupt ap-
pearance of frequent green and gray laminae. The chalk
is commonly brecciated by drilling into “biscuits” large
enough to retain their stratigraphic order and to be sam-
pled, so that drilling disturbance is considered minimal.
Carbonate content (85-95%) appears to be a little lower
than in Unit II, but there are too few data to confirm
this. Zoophycos burrows first occur in Unit III chalks
some 20 m below the level at which cores were first split
with the saw. They are frequent throughout Unit III, so
their appearance is probably not due to a change in the
method of core splitting.

Unit IV is an 86-m sequence (320-406 m) of Miocene
nannofossil chalk with microfaults and sediment flow
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Figure 6. Recovery and lithologic units recognized at Site 608.

structures. It has slightly less carbonate (80-85%) than
Unit III, and is divisible into three subunits. Subunit IVA
is a foraminiferal nannofossil chalk that reaches 339 m.
It is white to yellowish gray, light greenish gray, and light
gray. Intervals throughout this subunit are rich in vol-
canic ash and glass, probably accounting for the gray
and greenish color. Faulting first becomes evident with-
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in this subunit at 322 m; slickensides sometimes accom-
pany the microfaults. Other evidence of sediment move-
ment is subhorizontal streaming of burrows, which in one
instance (333 m) are crosscut by an undistorted Zoophy-
cos burrow.

Subunit IVB (339-377 m) is also a foraminiferal-nan-
nofossil chalk; it differs from Subunit IVA in color
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(white and pale brown). Dolomite first becomes a signif-
icant component in Subunit IVB, and flaser chalks, slick-
ensides, and microfaulting become more common. Near
the base of this subunit (370 m) is a thick (2.5-m) chalk
conglomerate, along with three thin beds of similar li-
thology. Clasts in the conglomerate are subangular to
rounded marly chalk, rich in volcanic material.

Subunit IVC (377-406 m) is a marly nannofossil chalk
with continued evidence of sediment flow. It changes
from white and very faint tan to white and light greenish
gray.

Unit V is 56 m of upper Oligocene marly nannofossil
chalk, from 406 to 462 m. Subunit VA is similar in li-
thology to Subunit IVC, but without microfaulting or
evidence of sediment flow. It begins light greenish gray,
changes to pinkish and yellowish gray at 418 m, and
gradually changes to tannish white and very pale brown.
Subunit VB is a tannish white to very pale brown inter-
val (Core 608-48), within which burrow mottles become
progressively flattened. By 453.6 m, they show the first
signs of ‘“smearing,” which is followed downsection by
filamentous, wavy bedding (see Hill, this volume).

Flaser chalk structures become pronounced in Subunit
VC, a yellow white to very pale brown marly nannofos-
sil chalk. This chalk has numerous sand- to fine gravel-
sized clasts of dispersed volcanic ash and an ash-bearing
marly chalk conglomerate. X-ray diffraction (XRD) re-
vealed phillipsite in this subunit, possibly reflecting nearby
volcanism or erosion of preexisting volcanic material.

Unit VI (462-514 m) is a marly nannofossil chalk with
graded layers and disseminated ash intervals. The top of
this unit approximates the Eocene/Oligocene boundary.
It is reduced in carbonate content (50-80%) compared
with overlying units, and is easily distinguished by fre-
quent layers of very dark gray and dark green. These
dark layers are commonly graded and made up of volca-
niclastic material: volcanic glass, feldspars, tuff clasts,
pyroxene, olivine, and so on. Smectite was detected by
X-ray diffraction, indicating the alteration of tuff and
glass. Blocks of chalk are commonly broken by micro-
faulting, with slickensides evident (476 and 478 m).

Unit VII is 1.4 m of dolomitic mudstone overlying
basalt. Its color is pale brown to dark grayish brown,
and it has very low percentages of carbonate (20%). Do-
lomite rhombs are present in smear slides, as well as in
the sand-sized fraction, where they occasionally have
grown on the tests of foraminifers. Smear slides also re-
veal the presence of manganese micronodules, corrobo-
rated by the presence of the manganese carbonate min-
eral rhodochrosite (detected by XRD). X-ray diffraction
also shows the presence of mixed-layer clays (smectites)
resulting from the alteration of volcanic ash and basalts.

Basalt (Unit 1) was recovered in Cores 608-57 through
-59 (515.4-530.9 m*). The basalt is fine-grained with small
(3-mm) phenocrysts of altered olivine and plagioclase.
Alteration to a depth of 1 cm, with a thin rind of glass
(1-2 mm), is evident on the uppermost piece recovered.
Vesicles throughout are mostly 1 mm in diameter, al-

4 See Table 1; Core 608-57 recavery was 150%.
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though occasionally they are as large as 3 mm. Cutting
through the basalts are veins of cream-colored carbon-
ate with conchoidal fractures. This may indicate incipi-
ent replacement by chert. The uppermost carbonate vein
contains identifiable nannofossils, showing that it re-
sults from alteration of sediment caught within the
basalt.

Volcaniclastic Lithologies

Two types of volcaniclastic sediments are recognized
in Hole 608: disseminated ash layers and graded volca-
niclastic layers; numerous beds are heavily bioturbated,
however, so that two types cannot always be clearly
distinguished.

Disseminated Ash Beds

These beds occur frequently in the top 454 m of the
section but cannot be distinguished except by the identi-
fication of small amounts of volcanic glass in smear slides.
Below 454 m, the concentration of volcanic debris in-
creases dramatically. Distinct, several-centimeters-thick
beds of chalk, with ash concentrations, can be identi-
fied (Fig. 7). The volcanic content of these beds consists
predominantly of fine, sand-sized, clear, vesicular glass
and subordinate amounts of tuff clasts. Large feldspar
laths and occasional mafic minerals such as olivine and
pyroxene are also present as single clasts.
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Figure 7. Disseminated ash in chalk (Sample 608-50-1, 65-75 cm).



These ash layers are interpreted as having been de-
posited directly from subaerial eruptions in the vicinity
of the drill site. The beds may represent a period of sev-
eral thousand years over which a particular volcanic cen-
ter was active, or single eruptions that have been dissem-
inated within the chalk by bioturbation.

Graded Ash Beds

Associated with the disseminated ash beds in Unit VI,
sharp-based, graded beds of volcaniclastic material are
common (Fig. 8). These beds may be up to 5 cm thick,
and grade from medium sand to clayey silt. The upper
part of the graded bed is usually strongly bioturbated,
and the characteristically green volcaniclastic beds grade
gradually into the lighter chalk.

The sandy lower parts of the graded beds consist main-
ly of tuff clasts with relatively few large grains of feld-
spar, usually welded to tuff fragments. The clasts are
moderately rounded to well rounded, indicating substan-
tial current transport.

These graded beds are interpreted as turbidite deposits
transported from an upslope location. The sands con-
tain no indicators of the water depth from which they
were derived.
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Figure 8. Graded ash bed in chalk sequence (Sample 608-50-2, 80-
92 c¢m). Note bioturbated top.
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Other volcaniclastic turbidite beds within Unit VI, al-
though so bioturbated that the sharp base has been de-
stroyed, can be identified by their distinctive green color
and their composition and size grading.

Redeposited Carbonate Beds

Within the background chalk lithology, several inter-
vals can be identified where remobilization and redepo-
sition of the chalk has taken place. On the basis of clast
composition, two major groups of such beds can be dis-
tinguished: foraminiferal sands and allochthonous and
flaser chalks.

Foraminiferal Sands

These occur in Units I and II. They consist almost
entirely of foraminiferal tests within sharp-based graded
beds up to 82 cm thick (Section 608-7-2). Beds of this
thickness are uncommon; more typically, the beds are
only a few centimeters thick or are merely partings. The
foraminifers are dominantly planktonic, but the benthic
assemblage is very similar (diverse, deep-water) to that
in the surrounding ooze. Pyrite is often associated with
the foraminiferal sands and commonly concentrated in
the basal, coarsest parts of the beds, although in one
bed (Fig. 9) the pyrite is also concentrated in laminae
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Figure 9. Graded foraminiferal sand bed (Sample 608A-14-2, 117-129
cm). Note pyrite concentrations (darker laminae).
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above the base. It is not clear whether the pyrite formed
before the foraminiferal tests were transported, and was
concentrated by dynamic sorting, or formed after depo-
sition, as a result of increased porosity in the coarser
layers of the bed.

The sorting and graded nature of the beds suggests
deposition from a waning current. A turbidite origin is
most likely for the thick beds, but it is possible that the
thin beds and partings may have resulted from winnow-
ing by bottom-current activity.

Allochthonous and Flaser Chalks

Units IV and VC contain several intervals of redepos-
ited chalk. Chalk clast conglomerates containing clasts
up to 3 cm wide (width of core prohibits identification
of larger clasts with near-horizontal long axes) are found
in beds up to 70 cm thick in Cores 608-40 and 608-49.
Upper and lower boundaries are generally difficult to
define, owing to the similarity of the surrounding beds
and conglomerate matrix. Most of the conglomerates are
matrix-supported, and are interpreted as debris-flow de-
posits. A single clast-supported conglomerate overlies a
possible debris flow at 457 m (Fig. 10) and shows crude
fining upward to a thin ash-rich sand interval, which is
in turn overlain by a burrowed chalk with a few sandy
laminae. The thin (8-cm) overlying bed is interpreted as
a turbidite, which may have been directly related to the
underlying debris flow. A possibly deformed bed, show-
ing very irregular lithologic contacts, is seen in Unit IV,
Core 608-36 (Fig. 11). It is not clear whether these con-
tacts represent large-scale bioturbation or fold deforma-
tion of previously bioturbated sediment. A Zoophycos
burrow that crosscuts the irregular contacts indicates that
deformation must have occurred while the sediment was
relatively soft (see Hill, this volume).

Chalk units where the burrowed chalk lithology has a
distinctive flaser appearance are common in Units IV
and V. Burrows become elongated in the horizontal plane
until they resemble discontinuous laminae or lenses (Fig.
12). The intervening chalk matrix is smeared out into
stringerlike partings between the lensoid burrows. Flaser
chalks from other areas have been described (Garrison
and Kennedy, 1977), and have been variously interpreted.
However, they are related to post-depositional compac-
tion and solution (Garrison and Kennedy, 1977). It is
possible that the distribution of flaser chalks may be re-
lated to gravitational or tectonic deformation (Mimran,
1975; see also Hill, this volume).

PHYSICAL PROPERTIES

The physical properties measured on samples from
Site 608 are shown in Figures 13A through 13H. The mea-
sured values of dry water content, wet water content,
porosity, and void ratio (Fig. 13A-13H) decrease with
depth. The uppermost values probably were 100% in
the surface sediments and decreased to 53% at 50 m.
Values of measured water content stay constant at about
47% for sediments below 100 m. Two lithologic changes
in the sediment at depths of around 80 m (glacial cycles
to preglacial ooze) and 220 m (ooze to chalk) are recog-
nizable by concurrent increases in water content. Wet
water contents show the same trend.
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Figure 10. Crudely graded, clast-supported chalk conglomerate with
bioturbated, ash-rich top (Sample 608-49-2, 55-65 cm).

The measured porosity and void-ratio values obtained
from Hole 608 samples (Figs. 13C and 13D) decrease
from 60 to 70% porosity and a void ratio of 2 to 2.5 at
the surface to 59% porosity and a void ratio of 1.5 at a
depth of 50 m. Deeper sediments have a constant poros-
ity value of 56% and a void ratio of 1.3.

Grain densities of Site 608 samples fall between 2.5
and 2.7 g/cm? (Fig. 13E).

Measured values of wet-bulk density increase irregu-
larly from 1.5 g/cm? at the surface to 1.7 g/cm? at 50 m.
Deeper sediments have a wet bulk density of about 1.76 g/
cm? (Fig. 13F).

Values of sonic velocity in the sediment begin at
1.5 km/s over the first 250 m and increase linearly from
1.5 km/s at 250 m to 2.2 km/s at 500 m. The sonic ve-
locity of the basalt is 4.2 km/s at sub-bottom depths
greater than 500 m (Fig. 13G).

Shear-strength values (Fig. 13H) increase with depth,
from 70 g/cm? at the surface to over 350 g/cm? at 50 m
sub-bottom depth. Measured values of shear strength
show a major shift toward lower values at about 60 m.

The specific gravity of basalt was determined, by weigh-
ing in air and in water, as 2.57 g/cm?, which approxi-
mates other values for the specific gravity of basalt.

SEISMIC STRATIGRAPHY

On departure from Site 608, we ran an air-gun pro-
file across the beacon in a south-to-north direction and
obtained an improved record of the seismic reflectors at
the site. The original north-south Discovery 54 profile
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Figure 11. A possibly deformed bed (Sample 608-36-6, 0-25 cm),
showing crosscutting Zoophycos burrow (see text for discussion).

(Fig. 2) used for the site proposal showed clear reflectors
within the sediment section that have since been traced
extensively over the south flank of King’s Trough (Kidd
and Ramsay, this volume). East-west profiles invariably
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Figure 12. Well-developed flaser chalk (Sample 608-38-2, 80-90 cm).
Note possibly flattened Zoophycos burrows (broken Spreiten?).

show the deeper of these regional reflectors less clearly
(Fig. 5).

The total thickness of sediment on acoustic basement
is measured at between 0.45 and 0.6 s (two-way travel-
time) in the vicinity of the site (see Jacobs, this volume).
This later profile over the beacon puts it at 0.5 s (Fig.
14).

The seismic section in Figure 14 can be divided into
six acoustic units. The upper unit (A) consists, as at our
first two sites, of acoustically reverberant reflectors that
are wavy in form and blend together because they are
closely spaced. This reflective unit extends from the sur-
face to 0.07 s sub-bottom. Units B, C, and D make up
most of the section and are relatively transparent com-
pared with the other acoustic units. The interval is di-
vided into three parts because the middle Unit C gives a
slightly more coherent return than the two more trans-
parent units, B and D. Acoustic Unit B extends from
0.07 to 0.12 s sub-bottom, Unit C from 0.12 to 0.28 s,
and D from there to 0.37 s sub-bottom. Immediately
above acoustic basement is a distinctive stratified unit
(E: 0.37-0.50 s).

Hole 608 penetrated to basalt at 515.4 m sub-bottom
and terminated at 530.9 m. Using the seismic velocity of
1.9 km s~ ! measured for the lower parts of the sediment
sequence, basement could have been expected at 526 m,
and this was confirmed by our recovery of pillow basalts
there.

Making similar calculations for the other acoustic unit
boundaries, again employing measured seismic velocities

161



SITE 608

Water content,

Water content,

Porosity (%)

Void ratio

dry (%) wet (%)
020 25 30 35 40 45 50 55 60 65 15 20 25 30 35 40 45 35 40 45 50 55 60 65 70 75 00 05 10 15 20 25 30
 H I ] e Y R (I R T T T T T 3 T T T T T Lo 1 T T T |
. 4. < T L] 5
A ® g B e . c . . . D . -
. o . . ] ? ]
c..' .“ }. :.
50— . ., *n L *y -
L] .. .‘ l‘ ..‘
.. .. .I. I.
. H . -
Pe o . o
. - -, . =
100 4 ’ }'. s,
£ '.. e " "
% o, * . ® . ;'
g ' .' }-
£ 150 L o A 2 =
£ of 7 i
2 : : s s
o % 1 ] L]
fg . ® " e -®
200 — % % ‘e % —
*. L) s s
s % *s %
a® L]
- b { {
. Ll - L]
250 [~ o 2 L * n
. . - .
- L] - L
qoob—L—L L 1 1 1% | | e 4§ Y [ S . N [ 1
Grain density Wet-bulk density Sonic velocity Shear strength
{grem®) {g/cm?) (km/s) {g/em?)
02'0 25 3.0 1.2 14 16 1.8 20 0.0 1.0 20 30 4.0 50 0 200 400 600 800 1000
%, 1 T TsT, T T 1 O Tr T T T T T 1 0..Erlllllll
.y . - : ]
L]
E ". F . .: 50 G :- I . H
3 b :
% L]
50 o : - 100l : - 50 . -
\ & $
i) . ‘e .
N . 150 i - .
- L
! K1 .
100} &y s - 2001 . - 100 e -
- -
: ¥ 2 5 :
g { e 250~ 1 = .
L ]
8 % .o
€ 150} § I ‘. + 1s0}° -
: - ' ;
2 "‘ " as0f- - =
[5] ‘ 0. -
200 S e - 4001 s, - 200~ °® =
. -
! : '
5 *e 450 L 7
- .
4 el e
250 - ., . — 500 e -1 2s0 -
L] L)
] . L]
L4 550 -
300 | 1 A N (O N Y (O | gool—L—L 1 1 1 1 1 1 | spgb—L L L 1 111 1|

Figure 13. A-H. Physical properties at Site 608.

for the sediments, a direct correlation with the lithologic
units is not forthcoming (Fig. 14). It would appear rea-
sonable, however, to assume that acoustic Unit A repre-
sents the interval of glacial/interglacial cycles (lithologic
Unit I). Acoustic Unit E probably represents the Eocene
volcaniclastic sequence recovered below a major hiatus,
because this unit is clearly unconformable with the over-
lying sequence on the records.
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The generally transparent nature of the other three
units probably reflects the ooze and chalk sequences of
the Pliocene and Miocene. The more coherent nature of
acoustic Unit C may in some way reflect the soft sedi-
ment deformation and microfaulting that characterizes
lithologic Unit IV. The top of acoustic Unit C, at about
0.12 s, is at the same level as an acoustic change in the
Farnella east-west profile (Fig. 5). In places, the bound-
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Figure 14. Seismic stratigraphy and comparison with lithologic units at Site 608.

ary can be seen to have an unconformable relationship
with acoustic Units B and A above; see the eastern (i.e.,
the right-hand) side of Figure 5A.

BIOSTRATIGRAPHY

Hole 608 was continuously cored to basement at
530.9 m sub-bottom depth. Hole 608A was continuously
piston-cored to 146.4 m sub-bottom. A stratigraphically
continuous sequence of Quaternary through mid-upper
Oligocene sediments was recovered, below which there
was a long hiatus, and below that, mid-upper Eocene to
upper middle Eocene sediments overlying basalt. Between
about 455 and 465 m sub-bottom (spanning the hiatus),
the nannofossil and planktonic foraminiferal biostrati-
graphic data are conflicting. Nannofossils and planktonic
foraminifers are generally abundant throughout, and are
well preserved in the Quaternary and Pliocene and mod-
erately to poorly preserved in the Miocene, Oligocene,
and Eocene. Benthic foraminifers are rare throughout,
but generally diverse, with good preservation in the up-
per 200 m and variable preservation below. Diatoms oc-
cur only in the Quaternary, upper Pliocene, and middle
Miocene.

Figure 15 shows a breakdown of the stratigraphy, based
on paleontological and paleomagnetic data (see Baldauf
et al., this volume, for an updated version). The Quater-
nary/Pliocene boundary is placed at 50 m in Hole 608
and 54 m in Hole 608A by derivation from the sedimen-
tation rate curve. The lower Pliocene/upper Pliocene

boundary is placed at 109 m in Hole 608 and 104 m in
Hole 608A, on the basis of paleomagnetics and nanno-
fossils. The best fit on the sedimentation rate curve is
obtained using paleomagnetic data; the poor fit of some
paleontological dates may be due to reworking or to in-
accurate dating of the datum levels.

The following boundaries were determined using bio-
stratigraphic and paleomagnetic criteria (see Baldauf et
al., this volume):

Sub-bottom
depth
Boundary (m)
Pliocene/Miocene 142
late/middle Miocene 247
middle/early Miocene 328
Miocene/Oligocene 404

The hiatus between the mid-upper Oligocene and mid-
upper Eocene sediments occurs between Sample 608-
49,CC and Section 608-50-2, on the basis of nannofossil
ages. Sample 608-49,CC contains a mixed assemblage of
Eocene and Oligocene calcareous nannofossils. Benthic
foraminifers suggest a boundary between Samples 608-
48,CC and 608-50-2, 100-102 cm. Samples 608-49,CC
and 608-50-1, 100-102 cm contain a mixed Eocene-Oli-
gocene assemblage. The planktonic foraminifers suggest
a boundary between 608-48,CC and 608-49,CC.
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Figure 15. Biostratigraphic summary, Site 608 (for updated version,
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Calcareous Nannofossils

At Site 608, Quaternary, Pliocene, Miocene, upper to
middle Oligocene, and upper Eocene sediments were rec-
ognized by using calcareous nannofossils. All samples
examined, except one from the lowest part of Hole 608,
contain abundant calcareous nannoplankton assemblages.

Quaternary

The youngest coccolith assemblage at this site belongs
to NN21, the Emiliania huxleyi Zone, which occurs in
Sample 608-1,CC, where abundant Emiliania huxleyi and
Gephyrocapsa oceanica occur together. The uppermost
sample from Hole 608A, Sample 608A-1,CC, was as-
signed to the NN20 Gephyrocapsa oceanica Zone on the
basis of the coccolith assemblage without E. huxleyi and
Pseudoemiliania lacunosa. The presence of abundant P
lacunosa and the absence of discoasters place Samples
608-2,CC to 608-4,CC and 608A-2,CC to 608A-5,CC in
the NN19 Pseudoemiliania lacunosa Zone. Among these
samples, Sample 608-4,CC has no Gephyrocapsa ocean-
ica and Sample 608A-5,CC contains no gephyrocapsid
specimens. Therefore the former belongs to Bukry’s (1973)
Gephyrocapsa caribbeanica Subzone (CN13b) and the
latter to the Emiliania annula Subzone (CN13a). These
two samples are assigned to the lowermost Pleistocene.
In this zone, LADs (last-appearance datums) of Helico-
sphaera sellii and Calcidiscus macintyrei are recognized.

Pliocene-Miocene

The Pliocene/Pleistocene boundary is clearly recog-
nized in Hole 608A between Samples 608A-5,CC and
608A-6,CC, below which Discoaster brouweri occurs con-
tinuously. Sample 608A-6,CC contains abundant Crena-
lithus doronicoides, Coccolithus pelagicus, and Helico-
sphaera carteri, together with a few Discoaster brouweri
and D. triradiatus, and therefore is assigned to the up-
permost Pliocene NN18 Discoaster brouweri Zone. Be-
low this sample, the assemblage is characterized by the
occurrences of various discoasters such as D. brouweri,
D. pentaradiatus, D. surculus, D. asymmetricus, and D.
tamalis. On the basis of the absence of Reticulofenestra
pseudoumbilica, Samples 608A-7,CC to 608A-12,CC are
all placed in the upper Pliocene NN16 Discoaster surcu-
lus Zone, as are Samples 608-5,CC and 608-7,CC, which
contain the same assemblage. The lack of discoasters
and gephyrocapsid specimens in Sample 608-7,CC seems
to place it in the lowest NN19. The interval in lower
Core 608-5 and upper Core 608-6 is characterized by
mixed floras; this interval is probably slumped (see Tak-
ayama and Sato, this volume). The presence of D. brou-
weri, D. pentaradiatus, and D. surculus places Samples
608-8,CC through 608-11,CC in the NN16 Discoaster
surculus Zone. Although small Reticulofenestra show-
ing strong affinities with R. pseudoumbilica were ob-
served in the overlying zone, typical R. pseudoumbilica
first occurs in Samples 608-12,CC and 608A-13,CC. Thus
Samples 608-12,CC, 608A-13,CC, and 608A-14,CC are
assigned to the lower Pliocene NN15 Reticulofenestra
pseudoumbilica Zone. Sphenolithus abies occurs in
Samples 608-13,CC and 608A-14,CC, somewhat below
the extinction level of R. pseudoumbilica. The assem-



blage in Sample 608-14,CC is characterized by the com-
mon occurrence of Amaurolithus tricorniculatus, A. pri-
mus, and A. delicatus, together with various discoasters
such as Discoaster brouweri, D. pentaradiatus, D. sur-
culus, D. variabilis, and D. asymmetricus; this places
this sample in the lower Pliocene NN14 Discoaster asym-
metricus Zone. The same assemblage is found in Sam-
ples 608A-14,CC and 608A-15,CC. The underlying
NNI13 Ceratolithus rugosus Zone, characterized by the
presence of Ceratolithus rugosus and absence of Disco-
aster asymmetricus, could not be recognized, because
Ceratolithus is very rare or absent in both holes. Thus
Samples 608-15,CC, 608-16,CC, and 608A-16,CC are
tentatively placed in the NN12 Amaurolithus tricornicu-
latus Zone. Among them, Sample 608A-16,CC contains
fairly abundant Discoaster challengeri. On the basis of
the occurrences of Discoaster quinqueramus, the Disco-
aster quinqueramus Zone (NN11) is represented from
Sample 608-17,CC on down to Sample 608-22,CC. The
first-appearance datums (FAD) of Discoaster pentaradi-
atus and D. surculus are recognized in the upper and the
middle part of this zone. Although the number of speci-
mens is limited, the occurrence of Discoaster hamatus
seems to place Samples 608-23,CC and 608-24,CC in
the upper Miocene NN9 Discoaster hamatus Zone. The
NNI10 Discoaster calcaris Zone is therefore missing at
this site. On the basis of the occurrence of a few speci-
mens of Discoaster kugleri in Samples 608-25,CC
through 608-27,CC, these samples are assigned to the
middle Miocene NN7 Discoaster kugleri Zone. This as-
signment is supported by the existence of the LAD of
Coccolithus miopelagicus within this zone. Because
Catinaster coalitus, one of the important marker species
for the middle Miocene, is not recognized, the NN8
Catinaster coalitus Zone could not be clearly delineated
at this site. Cyclicargolithus floridanus occurs continu-
ously below Sample 608-28,CC. According to Bukry’s
(1973) zonation, the LAD of Cyclicargolithus florida-
nus coincides with the FAD of Discoaster kugleri, which
designates the boundary between NN7/NN6. Therefore,
Samples 608-28,CC through 608-32,CC are all placed in
the NN6 Discoaster exilis Zone. Samples 608-33,CC to
608-37,CC contain nannofloras characterized by the
comparatively abundant occurrence of Sphenolithus
heteromorphus together with Sphenolithus abies, Cycli-
cargolithus floridanus, Coccolithus pelagicus, C. mio-
pelagicus, Helicosphaera granulata, Discoaster exilis,
and D. variabilis, and are referred to the middle to low-
er Miocene NN5 Sphenolithus heteromorphus Zone,
Sphenolithus belemnos first occurs in Sample 608-
38,CC. Thus Samples 608-38,CC through 608-42,CC
are assigned to the lower Miocene NN3 Sphenolithus
belemnos Zone. An additional six samples (608-38-2,
83-84 cm; 608-38-3, 38-40 cm; 608-38-3, 97-98 cm;
608-38-3, 102-103 c¢m; and 608-38-3, 104-105 cm) are
all placed in the NNS5 Sphenolithus heteromorphus
Zone on the basis of the occurrence of Sphenolithus
heteromorphus and the absence of Helicosphaera am-
pliaperta. Therefore, between Samples 608-38-3, 104-
105 cm and 608-38,CC, the NN4 Helicosphaera amplia-
perta Zone (16.3-18.2 Ma) is missing (see Takayama
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and Sato; and Baldauf et al., this volume, for an update
and placement of Zone NN4). The overlap of Triguetro-
rhabdulus carinatus and Discoaster druggii indicates the
presence of the lower Miocene NN2 Discoaster druggii
Zone in Samples 608-43,CC and 608-44,CC.

Oligocene

A remarkable change in species composition of calcar-
eous nannofossils occurs between Samples 608-44,CC and
608-45,CC. In contrast to the overlying samples, Sam-
ples 608-45,CC and 608-46,CC contain abundant Dicty-
ococcites bisectus, D. hesslandii, and Cyclicargolithus
abisectus, together with Cyclicargolithus floridanus, Coc-
colithus pelagicus, C. miopelagicus, Sphenolithus ciper-
oensis, and S. moriformis. A single specimen of Helico-
sphaera recta also occurs in Sample 608-45,CC. These
two samples therefore belong to the uppermost Oligo-
cene NP25 Sphenolithus ciperoensis Zone. The underly-
ing Sample 608-48,CC contains a similar assemblage,
but the overlap of common Sphenolithus ciperoensis with
rare S. distentus in this sample assigns to it a late to mid-
dle Oligocene age (NP24 Sphenolithus distentus Zone).
The fairly abundant occurrences of Chiasmolithus grand-
is, Discoaster tani nodifer, and Reticulofenestra umbilica
in Sample 608-49,CC are interpreted as reworked.

Eocene

Calcareous nannofossils in Samples 608-50,CC through
608-52,CC are represented by abundant Eocene assem-
blages with relatively low species diversity. The assem-
blage consists mainly of Coccolithus pelagicus, C. eope-
lagicus, Cyclicargolithus floridanus, Reticulofenestra um-
bilica, R. dictyoda, Calcidiscus formosus, Discoaster
tani nodifer, D. barbadiensis, and D. saipanensis, and is
assigned to the Isthmolithus recurvus Zone (NP19). On
the basis of the absence of Isthmolithus recurvus and
the presence of Chiasmolithus oamaruensis, Sample 608-
53,CC is assigned to the upper Eocene NP18 Chiasmo-
lithus oamaruensis Zone. On the basis of the occurrence
of Chiasmolithus solitus in Sample 608-57-3, 69-70 cm,
the boundary between Zones NP17 and NP16 may be
placed in Core 608-57. Therefore, the absolute age of
the bottom sediments of Hole 608 approximates 42 Ma.

A middle Oligocene to upper Eocene hiatus occurs at
this site. Between Samples 608-49,CC and 608-50,CC,
Zones NP23 through part of NP19 are missing. One of
the most reliable age indicators for the late Eocene, Isth-
molithus recurvus, has previously been considered to oc-
cur only in sediments deposited in cold water. Bukry
(1975) outlined the geographic distribution of I. recur-
vus at DSDP sites in the Pacific, Indian, and Atlantic
oceans, and indicated that this species is typically ab-
sent at tropical sites. At the present site, which is located
at about 42°N, abundant specimens of I. recurvus were
found. This finding therefore supports Bukry’s assertion
about cold-water deposition.

A single specimen of Braarudosphaera bigelowii oc-
curs in Sample 608-46-2, 64-65 cm. The geographic dis-
tribution of this species was discussed by Martini (1967)
and Takayama (1972). Braarudosphaera can tolerate rel-
atively high as well as relatively low salinities; they are
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most common in water less than 100 m deep, but rare in
water 150 to 200 m keep (Takayama, 1972). The signifi-
cance of the presence of Braarudosphaeraceae in deep-
sea sediments has been discussed by Roth (1974). The
specimen from Hole 608, considered to be a typical shal-
low-water species, is deemed to be reworked, but it may
suggest the presence of turbidite sediments or the distri-
bution of the Braarudosphaera chalk somewhere near
Site 608.

Planktonic Foraminifers

All Quaternary and Pliocene samples from this site
contain abundant, well-preserved planktonic foramini-
fers. Many upper Miocene samples, however, contain less
abundant faunas with specimens of small average size
and, in some cases, with moderate preservation. The po-
sition of this site, just south of the polar front during
glacial maxima, has produced significant variations in
the fauna between glacial and interglacial samples, but
true polar faunas have not been recorded. The northerly
position of this site is reflected in the absence of some
subtropical species such as Globorotalia miocenica, and
in the restrictions of others such as Dentoglobigerina al-
tispira. Cooler-water forms such as Neogloboquadrina
pachyderma (sinistral) and N. atlantica can, however, be
found here in increased numbers. Because of this, not
all the zones in Berggren’s subtropical-temperature zo-
nation (1973, 1977) can be identified (see Weaver, this
volume).

The Globorotalia truncatulinoides Zone can be rec-
ognized with the first occurrence of G. truncatulinoides
in Cores 608-5 and 608A-5. Within this zone pink Glo-
bigerinoides ruber was found in Sample 608-1,CC, and
Globorotalia hirsuta occurs in Sample 608A-1,CC, indi-
cating uppermost Quaternary in both cases. The faunas
of this zone include large numbers of Globigerina bul-
loides and N. pachyderma (dextral), with increases in G.
truncatulinoides during warm intervals and N. pachy-
derma (sinistral) and Globigerina quinqueloba during cold
intervals. Other common species are Globorotalia scitu-
la, G. crassaformis, Globigerina glutinata, Globigerinoi-
des ruber, Globigerina falconensis, and Orbulina uni-
versda.

Zones PL4, PL5, and PL6 have proven difficult to
recognize because of the absence of Globorotalia mio-
cenica and the very rare occurrence of D. altispira. By
comparison with Site 607, however, the transition from
Globorotalia puncticulata to G. inflata should occur near
the PL5/PL6 boundary. By this reasoning, the base of
Zone PL6 should be in Cores 608-7 and 608A-8. D. alti-
spira has been recorded in Samples 608-1,CC and 608-
11,CC but not in samples from Hole 608A. Thus the
base of Zone PL5 may lie in Core 608-10, but this da-
tum cannot be recognized in Hole 608 A and may be un-
reliable even in Hole 608, because D. altispira is near the
limit of its geographic range at Site 608. The fauna of
Zones PL4 through PL6 is more diverse than in the
overlying Quaternary; Globigerinoides sacculifer, G. tri-
lobus, Globigerina decoraperta, and G. aperatura are
frequently present, and perhaps indicate a warmer-wa-
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ter regime than the warm intervals of the glacial period.
G. bulloides, Globorotalia crassaformis, and G. punc-
ticulata are commonly occurring species; N. atlantica
(sinistral) is present below Zone PL6. The base of Zone
PL4 is marked by the last occurrence of Sphaeroidinel-
lopsis seminulina in Cores 608-11 and 608A-12.

Zone PL3 is easily recognized by the common occur-
rence of S. seminulina above the extinction of G. mar-
garitae, which occurs in Cores 608-14 and 608A-14. The
fauna of this zone is similar to that in Zones PL4 and
PL6, but with the addition of S. seminulina and Globo-
rotalia cf. G. pliozea.

Zone PL2 is absent in Hole 608, or at least restricted
to Core 608-14, whereas, in Hole 608A, Core 608A-16
contains this zone. This strongly suggests the presence
of a local hiatus in Hole 608, within Core 608-14. Zone
PL2 continues to the base of Hole 608A, and contains a
fauna similar to that in Zone PL3, with the addition of
G. margaritae. As at the two previous sites, 606 and 607,
G. puncticulata and G. crassaformis first appear near
the base of Zone PL2, and not in PL1 as in the South
Atlantic (Berggren, 1977).

Zone PL1, the overlap of Globigerina nepenthes with
Globorotalia margaritae, is represented in only one sam-
ple in Hole 608 (608-14,CC) and within Core 608A-16.
Sample 608-14,CC also contains Globorotalia cibaoen-
sis, which suggests a position near the base of this zone.
Thus the hiatus may also include the upper part of Zone
PL1.

Samples 608-15,CC through 608-17,CC contain Glo-
borotalia cf. conomiozea, and are thus assigned to the
G. conomiozea/G. mediterranea Zone of Berggren (1977).
Globorotalia plesiotumida is also present in this zone,
and N. acostaensis and N. continuosa are dominantly
sinistrally coiled. No specimens of N. atlantica were found
at this level.

Below Core 608-17, Globorotalia conoidea occurs spo-
radically, together with Neogloboquadrina pachyderma,
N. continuosa, and N. acostaensis, suggesting the N.
humerosa Zone. Berggren (1977) did not define the base
of this zone, but he suggested that it should approxi-
mate the first occurrence of the Neogloboquadrina plex-
us; neogloboquadrinids can be found at least down to
Core 608-26. In this zone, specimens attributable to the
G. plesiotumida/G. merotumida group are very common;
the interval was not studied in detail.

The middle Miocene Globorotalia mayeri Zone was
determined between Samples 608-27,CC and -32,CC:
age-diagnostic species include the overlap of the zone
fossil with N. continuosa, G. menardii, and G. miotu-
mida. The base of the zone is defined by the first ap-
pearance of G. mayeri (see Table 3 for foraminiferal zo-
nation of Eocene to late Miocene; see also Jenkins, this
volume).

Samples 608-32,CC to 608-33,CC were determined to
be from the middle Miocene Orbulina suturalis Zone,
with the base of the zone defined by the first occurrence
of the zone fossil, which is rare.

The Praeorbulina glomerosa curva Zone of the early
Miocene is a very short interval of time, and is marked



Table 3. Planktonic foraminiferal zones, late Eocene-late Miocene,
Hole 608.

Cores Zones Zonal markers

15-16  Neogloboguadrina humerosa N. humerosa F.A.

17-26  Reworked lower Miocene

27-31  Globorotalia mayeri G. mayeri F.A.

32-33  Orbulina suturalis O. suturalis F.A.

4 Praeorbulina glomerosa curva P glomerosa curva F.A.

39-35  Globigerinoides trilobus G. trilobus F.A.

40-45  Globorotalia kugleri G. kugleri FA.

46-48  Globigerina angulisuturalis G. angulisuturalis F.A.,

49 Globorotalia cerroazulensis Globorotalia ampliapertura F.A.
53-50  Globigerina linaperta Truncorotaloides topilensis L.A.
54-57  Truncorotaloides rohri

Note: F.A. = first appearance; L.A. = last appearance.

at this site by the extinction of G. praescitula within the
zone. The base of the zone is marked by the appearance
of the zone fossil.

Samples 608-3€,CC to 608-39,CC have been assigned
to the early Miocene Globigerinoides trilobus Zone; in
the zone, Catapsydrax dissimilis, Globorotalia nana, and
Globigerinoides primordius become extinct, and the first
appearances include Globorotalia bella, G. incognita, and
Globorotalia praescitula. The base of the zone is defined
by the first appearance of Globigerinoides trilobus.

The late Oligocene Globorotalia kugleri Zone was rec-
ognized between Samples 608-45,CC and 608-40,CC; G.
euapertura and Globoquadrina tripartita become extinct
in the zone, whose base is marked by the appearance of
Globorotalia kugleri. The late Oligocene Globigerina an-
gulisuturalis Zone was recognized between Samples 608-
48,CC and 608-46,CC; the zone fossil is common, but
the base is not seen, because below Sample 608-48,CC
there is an unconformity.

The fauna in Sample 608-49,CC has been tentatively
assigned to the late Eocene Globorotalia cerroazulensis
Zone, because of the presence of the zone fossil and
Globigerinatheka index, Globorotalia ampliapertura, and
G. gemma; there is no evidence of reworking.

The late Eocene Globigerina linaperta Zone has been
recognized in Samples 608-53,CC to 608-50,CC; the base
of the zone is defined by the extinction of Truncatinu-
loides topilensis and related taxa such as 7. pseudotopi-
lensis and T. collacteus.

Samples 608-57,CC and 608-54,CC have been assigned
to the T. rohri Zone of the middle Eocene; the base of
the zone is not defined at this site.

Benthic Foraminifers

Benthic foraminifers constitute less than 1% of the
total foraminiferal fauna in the > 63-um fraction of the
samples studied (all core-catcher samples and some ad-
ditional samples), except in Sample 608-40-4, 47-49 cm,
from a chalky conglomerate. All samples contained suf-
ficient specimens for counts of 200 specimens.

All samples below 608-31,CC were dried at about
110°C for at least one hour, and then soaked in kero-
sene. Subsequently the kerosene was poured off, water
added, and the samples were heated for 10 to 30 min.
This treatment generally cleaned the fauna well. The pres-
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ervation is good to moderate: good in the upper 200 m,
and variable below. The aragonitic species Hoeglundina
elegans is preserved in the mudline sample.

Relative abundances of the most common species and
species groups are discussed in detail by Thomas (this
volume). The diversity is between 40 and 50 species from
Sample 608-29,CC upward; below that it is generally
greater (between 45 and 60 species), except for samples in
Cores 608-37 and 608-38. The fauna throughout the cored
interval is indicative of oceanic depths, that is, more than
about 2000 m (Douglas and Woodruff, 1981).The chalky
conglomerate sample (608-40-4, 47-49 cm) as well as
Samples 608-5,CC; 608-16,CC; 608-23,CC; 608-33,CC;
608-40,CC; 608-42,CC; and 608-49,CC contain numer-
ous large, thick-walled, broken or corroded specimens.
All these samples probably contain reworked material.
The reworked fauna is not indicative of much shallower
water. Generally, the transported specimens are large,
robust specimens of species ordinarily present in the
samples (e.g., Stilostomella abyssorum, Stilostomella sub-
spinosa, Oridorsalis umbonatus, Gyroidinoides soldanii,
Globocassidulina subglobosa).

The largest changes in the benthic foraminiferal fau-
na occur between Samples 608-32,CC and 608-38,CC.
The faunal composition above this interval is essentially
modern. This modern fauna contains Nuttallides umbo-
nifera, Epistominella exigua, Melonis pompilioides, and
Cibicidoides wuellerstorfi, together with long-ranging spe-
cies. The fauna does not contain the “Oligocene survi-
vors,” a group of Cibicidoides species present from the
middle to late Eocene through the Oligocene (C. lauri-
sae, C. havanensis, C. trinitatensis, C. grimsdalei, C.
perlucidus) and some agglutinant species commonly
found in the same range (Bolivinopsis cubensis, Vulvu-
lina spinosa).

Within the range of the modern fauna, the relative
abundances of the common species show considerable
fluctuations. There is no obvious correlation between
fluctuations in abundance of benthic species and lithol-
ogy in glacial cycles. N. umbonifera is present from Sam-
ple 608-5,CC through Sample 608-23,CC; it is common
in Samples 608-5,CC, 608-13,CC, and 608-23,CC. E.
exigua is abundant in the mudline sample, and fairly
common (though variable) in samples down to 608-29,CC.
The relative abundance of Uvigerina peregrina is highly
variable.

From Sample 608-33,CC through Sample 608-38,CC,
the benthic fauna shows great variability. Sample 608-
33,CC contains a mixture of the modern fauna (with C.
wuellerstorfi and the “Oligocene survivors”). The plank-
tonic foraminifers are corroded and radiolarians are nu-
merous. The sample may represent a time of carbonate
dissolution and reworking. From Sample 608-37-2, 38—
40 cm through Sample 608-38-4, 32-40 cm, the diversity
drops dramatically to about 25 species, and up to 92%
of the total benthic foraminiferal fauna consists of the
single species Bolivina spathulata. In Sample 608-38,CC,
B. spathulata, together with other bolivinid species, makes
up 41% of the benthic fauna. Similar faunas have been
described from restricted, oxygen-starved basins only
(e.g., the eastern Mediterranean in the late Miocene: Van
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der Zwaan, 1982). The bolivinid species have delicate,
thin-walled tests; it is not likely that they would survive
transport and be well preserved, and the aberrant faunas
do not resemble the transported fauna in the chalky con-
glomerate sample in Core 608-40. The abnormal condi-
tions built up gradually, but they ended abruptly between
Samples 608-37, 38-40 cm and 608-37-2, 38-40 cm. Lo-
cal tectonic activity may have created small sub-basins
that could have become stagnant during periods of gen-
erally sluggish bottom-water movements (see Thomas,
this volume, for a detailed discussion).

With the exception of Cores 608-37 and 608-38, the
faunas below Sample 608-33,CC are typical deep-sea fau-
nas from the lower Miocene through middle to upper
Eocene. Stilostomella and Pleurostomella species are com-
mon, as are the “Oligocene survivor” Cibicidoides spe-
cies. The difference between the Oligocene and the up-
per Eocene is minor. The common species are present in
the upper Eocene and continue in the Oligocene, as de-
scribed by Corliss (1981). Several relatively rare species
become extinct by the end of the Eocene; their last ap-
pearance cannot be accurately given, because they are
rare (Gavelinella micra, G. beccariiformis, Resigia west-
cotti, Alabamina dissonata). Nuttallides truempyi is gen-
erally considered to be a reliable marker species for the
Eocene/Oligocene boundary (Tjalsma and Lohmann,
1983). It has its last appearance in Sample 608-50-2, 100-
102 cm. The co-occurrence of N. truempyi and N. um-
bonifera in all the Eocene samples suggests that the maxi-
mum age of the oldest sediments is latest middle Eo-
cene.

Several benthic foraminiferal events recognized at Site
608 are also found in the equatorial Pacific (Thomas,
1985), but most events appear not to be coeval. An ex-
ception is the first appearance of Cibicidoides wueller-
storfi at about 15 Ma (see Thomas, this volume).

Diatoms

Middle Miocene, upper Pliocene, and Quaternary dia-
toms were observed in the sediments recovered from Site
608. Samples examined from other intervals were barren
of diatoms. Generally, within the Pleistocene, rare to com-
mon, moderately preserved diatoms occur. The base of
the Pseudoeunotia doliolus Zone (Burckle, 1977) is placed
between Samples 608-2-2, 43-45 ¢cm and 608-2-4, 48-
50 cm on the basis of the last occurrence of Nitzschia
reinholdii in Sample 608-2-4, 48-50 cm. The first occur-
rence of Pseudoeunotia doliolus in Sample 608-6,CC al-
lows placement of the interval from Sample 608-2-4, 48-
50 cm through Sample 608-6,CC in the Nitzschia rein-
holdii Zone of Burckle (1977).

Sample 608-5,CC contains reworked specimens of Tha-
lassiosira convexa var. convexa, Nitzschia jouseae, and
Rhizosolenia praebergonii. The Nitzschia marina Zone
of Baldauf (1984) is recognized in the interval from Sam-
ple 608-7-2, 43-45 cm to Sample 608-8,CC. Samples ex-
amined from 608-11,CC through 608-28,CC are barren
of biogenic silica. Common fragments of volcanic glass
occur in Sample 608-9,CC.

Moderately preserved to well-preserved diatoms oc-
cur in Samples 608-29-5, 43-45 cm through 608-32,CC.
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The species present are indicative of warm to warm-tem-
perate conditions. Samples 608-29-5, 43-45 cm through
608-30,CC are assigned to the middle Miocene Coscino-
discus gigas var. diorama Zone of Barron (1985) on the
basis of the occurrence of Denticulopsis hustedtii, Den-
ticulopsis punctata var. hustedtii, Craspedodiscus cos-
cinoduscus, Annellus californicus, and Actinocyclus el-
lipticus stratigraphically above the last occurrence of Cos-
cinodiscus lewisianus. This zonal assignment is supported
by the first occurrences of Coscinodiscus nodulifer in
Sample 608-30-5, 43-45 cm. This sample interval corre-
lates with the Denticulopsis nicobarica Zone of Baldauf
(1984).

Coscinodiscus lewisianus occurs in Samples 608-31-3,
43-45 cm through 608-32,CC, and allows placement of
these samples in the middle Miocene Coscinodiscus le-
wisianus Zone of Schrader (1976). Samples 608-33,CC
and 608-34,CC contain rare, poorly preserved diatoms
not diagnostic of age. Samples examined from below
Core 608-34 are barren of diatoms.

The uppermost six cores of Hole 608A contain, in
general, few moderately preserved diatoms. Samples 608A-
1,CC and 608A-2,CC are assigned to the Pseudoeunotia
doliolus Zone of Burckle (1977). Samples 608A-3,CC
through 608A-6,CC are assigned to the Nirzschia rein-
holdii Zone of Burckle (1977). Samples examined below
608A-10,CC are barren of diatoms.

Radiolarians

Samples from Miocene, upper Pliocene, and Pleisto-
cene sediments of Hole 608 contain radiolarian assem-
blages. Only samples from Hole 608 have been exam-
ined (Table 4). In the Pliocene and Pleistocene cores, in-
tervals with well-preserved, diverse assemblages alternate
with intervals in which there are only robust, deep-living
radiolarians, or in which all siliceous fossils are dissolved.
The only radiolarian event observed in these cores is the
last occurrence of Stylatractus universus, between Sam-
ples 608-2,CC and 608-1,CC.

Except for a few forms in Sample 608-11,CC, radio-
larians are absent from Section 608-9-3 down through
Core 608-28. Sample 608-29-2, 40-42 cm contains a few
poorly preserved species from Didymocyrtis antepenul-
tima Zone of the late Miocene. Seven samples between
Sample 608-29,CC and Section 608-32-5 contain species
confined to the middle Miocene zones Diartus petters-
soni or Dorcadospyris alata. Below Core 608-33, all sam-
ples examined are barren of siliceous fossils.

PALEOMAGNETICS

Hole 608

Hydraulic piston coring and extended-core-barrel cor-
ing in Hole 608 provided over 510 m of sediment suit-
able for paleomagnetic study. Samples were taken at an
interval of one sample per core section (one per
1.5 m), using 7-cm? plastic boxes in the upper portion of
the sediment section. Below Core 608-33 (310 m) the
sediment became too stiff to use the plastic boxes, and
samples were taken by using a drill press with a diamond
drill bit to cut oriented cores from the core sections.



Table 4. Abundance and preservation of Hole 608 ra-
diolarians.

Sample
(core-section,

interval in cm) b

Abundance®  Preservation

1-4, 40-42
1,CC

2-3, 40-42
2,CC

3-3, 40-42
3jCccC

4-3, 40-42
4,CC

5-2, 40-42
5.CC

6-2, 40-42
6,CC

7-2, 20-22
7,CC

8-2, 40-42
8,CcC

9-3, 40-42
9,CC

10-3, 40-42
10,CC
11,CC

All CC between 12 and 28
29-2, 40-42
29-6, 40-42
29,CC
30-2, 40-42
30,CC
31-2, 40-42
31,CC
32-2, 40-42
32-5, 20-22
All CC below 33
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a4 C = 5000-10,000 specimens/slide; F = 1000-5000 speci-
mens/slide; R = <1000 specimens/slide; B = barren.
G = good; M = moderate; P = poor.

Progressive alternating-field demagnetization studies
on pilot samples taken through the recovered section in-
dicated that some reversed specimens initially exhibited
a normal magnetization, but that such overprint second-
ary magnetizations were easily removed by treatment at
10 mT, leaving stable, univectorial magnetizations. On
the basis of results of these demagnetization curves, the
remaining samples were demagnetized at 10 mT.

The Custer orientation device was not used routinely
at this site, so the declinations between cores are not
consistent. For this reason, the inclination record alone
was used to determine a polarity log. The polarity log is
given elsewhere in this volume (Clements and Robinson).
The depths of reversal boundaries are given in Table 5.

This hole is unique in that it contains a nearly com-
plete record of the polarity-reversal sequence from the
present back to the base of Chron C8 at 28.5 Ma. Litho-
stratigraphic and biostratigraphic evidence indicates that
a major hiatus occurs at approximately 460 m sub-bot-
tom. Unfortunately, the polarity record below 460 m is
poor because of disturbed cores and poor recovery, and
does not allow confident correlation with the time scale
in this interval.

Two basalt samples were taken from Core 608-57. On-
ly natural remanent magnetization (NRM) was measured,
so as to allow magnetic viscosity and detailed thermal
demagnetization to be studied on shore. Both samples
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gave NRM directions that were shallow and normal
(+29°).

Hole 608A

Hydraulic piston coring in this hole yielded 146.4 m
of sediment. The same paleomagnetic methods were em-
ployed as for Hole 608. The depths of the reversal bound-
aries are given in Table 5. The polarity correlations are
straightforward down to a depth of 110 m. Below this,
poorer magnetic data and complications with the bio-
stratigraphic data make the correlations less certain.

It should be noted that an offset of up to 8 m exists
between Holes 608 and 608A, as indicated by the rela-
tive depths of polarity reversals.

SEDIMENTATION RATES

The sedimentation rates at Site 608 were calculated
on the basis of calcareous nannofossil, foraminiferal,
and diatom zones, along with paleomagnetic stratigra-
phy (Table 6; see Baldauf et al., this volume, for an up-
dated version). Figure 16 shows a time-depth curve to
the middle Eocene for Hole 608, along with a separate
plot for Hole 608A to the early Pliocene. A major hia-
tus is placed between Core 608-48 and Section 608-50-2,
between upper Oligocene (NP24) and upper Eocene
(NP10) sediments. It represents a time interval of up to
9.7 m.y., based on the nannofossil zonation. A short hi-
atus also exists in Core 608-14, with uppermost lower
Pliocene above and lowermost lower Pliocene below.
This hiatus was not seen in Hole 608A.

The upper part of the section (0-100 m sub-bottom),
through the Quaternary and upper Pliocene, indicates
that sedimentation rates in both holes were about 34 m/
m.y. Much of this period, to 2.47 Ma, is represented by
the alternating nannofossil oozes and marls of the gla-
cial cycles. The rate is close to 30 m/m.y., as calculated
from upper Quaternary conventional piston cores taken
on the south flank of King’s Trough (Weaver, 1983).

A sedimentation rate of 19.0 m/m.y. is calculated for
the generally homogeneous nannofossil oozes and chalks
of the middle and upper Miocene and lower Pliocene
down to about 350 m (~ 15 Ma).

Between Cores 608-35 and 608-37 (~330-350 m), the
time-depth curve levels out so that the gray green upper
to lower Miocene chalks record sedimentation rates of
8.5 m/m.y.

The curve steepens slightly passing downward to the
base of Core 608-48, at 454 m sub-bottom. Sedimenta-
tion rates over this upper Oligocene through lower Mio-
cene interval average 10.0 m/m.y. Below the Eocene-
Oligocene hiatus, sedimentation rates are slightly high-
er, so that, between the hiatus at 455 to 465 m and the
basaltic basement at 515.4 m, rates for the middle and
upper Eocene marly chalk sequence, with its volcani-
clastic component, are calculated at 11.8 m/m.y.

GEOCHEMISTRY

Carbonate Bomb

Carbonate bomb samples were taken from lithologic
Units I through VII, and the analytical results are plot-

169



SITE 608

Table 5. Reversal boundaries, Site 608.

Sub-bottom
Age Core-section, depth
Reversal (Ma) em level (m)?
Hole 608
Brunhes 0.73 2-6, 98/3-1, 98 15.49/17.59
Jaramillo (top) 0.91 3-1, 98/3-2, 98 17.59/19.09
(bottom) 0.98 3-3, 98/3-4, 88 20.59/21.99
Cobb Mtn. (top) —_ 3-4, 88/3-5, 98 21.99/23.59
(bottom) _ 3-5, 98/3-6, 98 23.59/25.09
(top) — 5-4, 98/5-5, 98 41,29/42,79
(bottom) — 5-6, 130/6-1, 98 44,60/46.39
Olduvai (top) 1.66 6-4, 98/6-5, 98 50.89/52.39
(bottom) 1.88 6-6, 98/7-1, 98 53.89/55.99
Matuyama/Gauss 247 10-1, 98/10-2, 98 84.79/86.29
Kaena (top) 2.92 10-6, 98/11-6, 98 92.29/94.39
(bottom) 2.99 11-5, 99/11-6, 98 100.39/101.89
Mammoth (top) 3.08  12-1,65/12-1,98  103.66/103.99
(bottom) 3.18 12-3, 98/12-4, 98 106.99/108.49
Gauss/Gilbert 3.40 12-5, 30/12-5, 98 109.31/109.99
Chron 6/Chron 7 6.70 19-3, 98/19-4, 25 170.09/170.96
Chron 7/Chron 8 7.41 20-5, 25/20-5, 98 181.96/182.69
Chron 8/Chron 9 7.90 21-3, 25/21-3, 87 188.56/189.18
Chron 9/Chron 10 8.50 22-4, 75/22-4, 98 199.66/200.39
Chron 10/Chron C5 8.92 23-2, 98/23-3, 98 206.99/208.49
Chron C5/Chron C5A 11.55 29-1, 98/29-2, 30 263.09/263.91
Chron C5A/Chron C5AA 12.83 31-3, 90/31-4, 24 285.21/286.05
Chron C5AA/Chron CSAB  13.20  32-5, 106/33-1, 50 297.97/301.01
Chron C5AD/Chron C5B 14.87 34-5, 88/34-6, 94 316.99/318.56
Chron C5B/Chron C5C 16.22  36-2, 128/36-3, 6 332.09/332.37
Chron C5C/Chron C5D 17.57 37-4, 96/37-5, 10 344.37/345.01
Chron C5D/Chron CSE 18.56 38-4, 25/38-4, 40 353.26/353.41
Chron C5E/Chron Cé 19.35 39-3, 59/39-4, 126  361.61/363.87
Chron C6/Chron C6A 20.88 42-2, 32/42-3, 33 388.73/390.24
Chron C6A/Chron C6AA 21.90 42-4, 16/43-1, 34 391.57/396.85
Chron C6AA/Chron C6B 22.57 44-2, 24/44-2, 102 407.85/408.61
Chron C6B/Chron C6C 23.27  45-6, 123/46-1, 6 424.44/425.37
Chron C8/Chron C9 28.15  48-3, 138/48-4, 33 448.89/450.39
Hole 608A
Brunhes 0.73 3-4, 120/3-5, 94 17.71/18.95
Jaramillo (top) 0.91 3-6, 114/4-1, 98 20.65/22.59
(bottom) 0.98 4-1, 98/4-2, 98 22.59/24.09
Olduvai (top) 1.66 7-4, 98/7-6, 98 55,89/57.39
{bottom) 1.88 7-5, 98/7-6, 98 57.39/58.89
{top) 9-2, 98/9-3, 98 72.09/73.59
(bottom) 9-4, 98/9-5, 98 75.09/76.59
Matuyama/Gauss 2.47 11-3, 98/11-4, 35 92.79/93.66
Gauss/Gilbert 3.40 12-4, 35/12-4, 98 103.26/103.89

Note: — indicates no age estimate available.
A Midpoint depths of samples in third column,

ted in Figure 17. The glacial cycles of Unit 1 show fluc-
tuations in carbonate content from as low as 45% to up
to 96%. Values remain above 90% in most of the nan-
nofossil ooze of Unit II, but show greater variation in
Units III through V, ranging from 70 to 95%. The few
values from Units VI and VII indicate a marked drop in
the CaCO; content. However, the 4% value from Unit
VII is thought to be anomalously low in the light of X-

ray diffraction results.

Interstitial Water

At this site, analyses of chlorinity, Ca2*, and Mg2+
were carried out on board, in addition to the pH, alka-
linity, and salinity analyses (Fig. 18). All curves show
predictable trends similar to those at other sites. The
Ca?* and Mg2* values are linearly correlated (Fig. 19).
The only feature of interest is the slight fluctuation in
the curves within Unit IVB (Fig. 18), where the calcium
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Table 6. Site 608, datum levels used to construct Figure

16.
Number Datum level Age (Ma)
Hole 608
1 Top of Emiliania huxleyi 0.28
2 Top of Pseudoemiliania lacunosa 0.47
3 Top of Nitzschia reinholdii 0.65
4 Matuyama/Brunhes 0.73
5 Top of Jaramillo 0.91
6 Bottom of Jaramillo 0.98
7 Top of Helicosphaera sellii 1.37
8 Top of Calcidiscus macintyrei 1.45
9 Top of Olduvai 1.66
10 Bottom of Glob lia tr linoid, 1.78
11 Bottom of Pseudoeunotia doliolus 1.80
12 Bottom of Olduvai 1.88
13 Top of discoasters 1.90
14 Bottom of Globorotalia inflata (PLE) 2.20
15 Top of Discoaster pentaradiatus 2.40
16 Top of Gauss 2.47
17 Top of Dentoglobigerina altispira 2.90
18 Bottom of Kaena 2.99
19 Top of Mammoth 3.08
20 Top of Sphaeroidinellopsi 110
21 Bottom of Mammoth 3.18
22 Gauss/Gilbert 3.40
23 Top of Globorotalia margaritae 3.40
24 Top of Reticulofe pseuds 3.50
25 Top of A lithus tricorni .70
26 Bottom of Globorotalia margaritae 5.30
27 Top of Discoaster quingueramus 5.6
28 Bottom of Globorotalia conomiozea 6.5
29 Chron 6/7 6.70
30 Chron 7/8 7.41
31 Chron 8/9 7.90
32 Chron 9/10 8.50
33 Bottom of Discoaster quingueramus 8.20
34 Top of Discoaster hamatus 8.85
35 Chron 10/C5 8.92
36 Bottom of Discoaster hamatus 10.00
7 Chron C5/CSA 11.55
38 Top of Cyclicargolithus floridanus 11.60
39 Chron C5A/CSAA 12.83
40 Top of Coscinodiscus lewisianus 12.90
41 Chron C5AA/C5AB 13.20
42 Top of Sphenolithus heteromorphus 14.40
43 Chron C5AD/CSB 14.87
44 Bottom of Orbulina suturalis 15.20
45 Bottom of Cibicidoides wuellerstorfi 15.4-15.6
46 Bottom of Praeorbuling glomerosa curva  16.1
47 Chron C5B/C5C 16.22
48 Top of Sphenolithus belemnos 17.40
49 Chron C5C/CSD 17.57
50 Chron C5D/CSE 18.56
51 Chron CSE/C6 19.35
52 Chron C6/C6A 20.88
53 Bottom of Globigerinoides trilobus 21.80
54 Chron C6A/C6AA 21.90
55 Chron C6AA/C6B 22.57
56 Chron C6B/CHC 23.27
57 Bottom of Globorotalia kugleri 24.60
58 Chron C8/C9 28.15
59 Top of Sphenolithus distentus 28.10
60 Bottom of Sphenalithus ciperoensis 325
61 Bottom of [sthmolithus recurvus 7.8
62 Bottom of Globorotalia cerroazulensis 373
63 Bottom of Chiasmolithus oamaruensis 40.0
64 Bottom of Globorotalia linaperta 41.3
Hole 608A
1 Top of Emiliania huxleyi 0.28
2 Top of Pseudoemiliania lacunosa 0.47
3 Matuyama/Brunhes 0.73
4 Top of Jaramillo 0.91
5 Bottom of Jaramillo 0.98
6 Top of Helicosphaera sellii 1.37
7 Top of Calcidiscus macintyrei 1.45
8 Top of Olduvai 1.66
9 Bottom of Globorotalia truncatulinoides 1,78
10 Bottom of Olduvai 1.88
11 Top of discoasters 1.90
12 Bottom of Globorotalia inflata (PL6) 2.20
13 Top of Discoaster pentaradiatus 2.40
14 Gauss/Matuyama 2.47
15 Top of Sph idinelle 3.10
16 Gilbert/Gauss 3.40
17 Top of Globorotalia margaritae 3.40
18 Top of Reticulofe y: | bilica 3.50
19 Top of Globigerina nepenthes 190
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Figure 16. Time-versus-depth plot for cores taken at Hole 608. Cores taken at Hole 608A are plotted in the inset figure. The datum levels used to construct the curves are given in Table 6.
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Figure 17. Carbonate bomb analyses, Site 608.

concentration remains constant and magnesium increases
slightly. This may have been caused by the presence of
reworked dolomite in this subunit (see Sediment Lithol-
ogy section).

SUMMARY AND CONCLUSIONS

Site 608 sampled almost completely the sedimentary
section to basement on the southern flank of the King’s
Trough complex (42°50.2'N; 23°05.2' W). From the sea-
floor (at 3526 m) to about 150 m sub-bottom, a com-
plete stratigraphic section apparently was recovered
through overlapping double VLHPC coring in two holes
(608 and 608A). Beyond that depth, Hole 608 was con-
tinuously XCB-cored to basement at 515.4 m sub-bot-
tom (Fig. 6). Two cores were then taken in the basaltic
basement, to a terminal depth of 530.9 m. Overall re-
covery averaged 81% in Hole 608 and 98% in Hole 608A.
Very low recoveries in isolated cores in the deepest 100 m
of Hole 608 are responsible for the decreased recovery in
that hole. In general, core recovery with the XCB was
greater than 90%, and for the most part the cores are
free of drilling disturbance.

The sedimentary section extends in age from the late
Quaternary (NN21) to the late middle Eocene (NP16).
The paleomagnetic stratigraphy obtained from this site
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can be considered unique for the North Atlantic, in that
a complete record of polarity reversals was obtained back
to Chron C8 (28.5 Ma). As many as 64 datum levels are
available for the combined biostratigraphy and paleo-
magnetic stratigraphy of Hole 608 (Table 6, Fig. 16).

The sediment immediately above the relatively fresh
pillow lava basalt of basement is a dolomite-bearing cal-
careous mudstone passing upward into dolomitic marl-
stone of lithologic Unit VII, and is dated as NP16 on
nannofossil evidence. Isolated nannofossils preserved in
partly recrystallized sediment within the basalt suggest
the same age. The apparent absolute age of about 42 Ma
agrees well with the age of magnetic Chron C18, upon
which the site is located; estimates of the age of this Chron
range from 41.29 to 43.6 Ma (Berggren, Kent, and Van
Couvering, in press).

Only one major hiatus has been detected from ship-
board biostratigraphic and paleomagnetic studies, at a
sub-bottom depth of about 460 m. Nannofossil evidence
suggests that the hiatus separates nannofossil Zone NP24
(late Oligocene), in Sample 608-48,CC, from Zone NP19
(late Eocene), in Sample 608-50,CC. Sample 608-49,CC,
between the two, contains a mixed Eocene and Oligo-
cene assemblage, and is considered reworked. Benthic fo-
raminiferal evidence is in agreement with the nannofos-
sil evidence. Planktonic foraminiferal evidence indicates
that the hiatus separates sediments of the late Eocene
Globorotalia cerroazulensis Zone in Sample 608-49,CC
from the G. linaperta Zone in Sample 608-50,CC. These
two lines of evidence suggest that the hiatus may span up
to 9.7 m.y. (28.1-37.8 Ma, nannofossils), but, on the oth-
er hand, may span no more than 8.1 m.y. (28.1-36.6 Ma,
planktonic foraminifers). The placing here of the con-
tact above Sample 608-50,CC is in keeping with the li-
thologies as described in what follows, and it most prob-
ably occurs in the upper part of Core 608-50.

The upper Eocene sediments below the hiatus are
green, marly nannofossil chalks (lithologic Unit VI) con-
taining volcaniclastic turbidites and volcanic ash layers.
The topmost core of the unit, 608-50, shows no evidence
of sediment deformation. Above the hiatus, on the oth-
er hand, in Core 608-49 (454.1-461.7 m sub-bottom) the
upper Oligocene sediments are chalk conglomerates (sug-
gestive of debris-flow processes) and pinkish marly nan-
nofossil flaser chalks. These chalks are interpreted as
evidence of regional tectonic activity. The remaining up-
per Oligocene marly nannofossil chalks of lithologic Unit
V (to about 406 m sub-bottom, the Oligocene/Miocene
boundary), are typically pelagic with no microfaulting
or flaser chalk development.

A further interval, similarly interpreted as resulting
from some regional tectonic event, occurs within the lower
Miocene chalk sequence (lithologic Unit IV). Again, fla-
ser chalks and chalk conglomerates occur, along with
conspicuous microfaulting that displays clear slickenside
surfaces. The chalks of the base and top of this litholog-
ic unit (Subunits IVC and IVA) are gray green, whereas
the intervening Subunit IVB is tan to brown, which may
reflect its content of dolomite, as detected by X-ray dif-
fraction. Benthic foraminiferal evidence suggests slug-
gish, restricted bottom-water conditions in the early Mi-
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ocene (Subunit IVB). Flaser chalks become less com-
mon uphole and downhole from the center of Subunit
IVB, where chalk conglomerate, interpreted as debris-
flow material, is present at 369 to 375 m sub-bottom.
Sedimentation rates over this early Miocene period were
probably erratic, but they averaged 10 m/m.y., except
for a slowing in lithologic Unit IVA to 8.5 m/m.y.

The sediments of the middle Miocene are white nan-
nofossil chalks with green intervals (lithologic Unit III,
257 to 320 m sub-bottom). These grade upsection into a
thick upper Miocene and lower Pliocene sequence of
homogeneous white nannofossil chalks (softening to ooz-
es), which is interrupted only by pyritized fractures and
burrows or isolated pelagic turbidites (lithologic Unit II,
76-257 m sub-bottom). Throughout the middle Miocene,
the site was clearly a location of generally more stable
tectonic conditions than during deposition of lithologic
Unit I'V. Sediments accumulated at average rates of about
19.0 m/m.y., almost twice the rates in the lower parts of
the sequence. This appears to be accounted for by evi-
dence of local reworking and signs of slope sedimenta-
tion (pelagic turbidites, a hiatus occurring in one hole
only, major reworking of foraminifers in Cores 608-17
through 608-26). Vertical transport distances for dis-
placed material must not have been great, because no
major bathymetric displacement of benthic foraminifers
has been found in the drilled sequence.

The first indications of glacial-interglacial carbonate
cycles and of ice rafting occur at about 76 m sub-bottom,
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correlating with the end of the Gauss Chron (2.47 Ma).
Nannofossil ooze to marl alternations develop upsection
into nannofossil marl to calcareous mud cycles, Car-
bonate concentrations reach values as low as 45% in
some of the mud intervals, reflecting their content of
ice-rafted terrigenous material in these intervals. Glacial
erratics, some almost as large as the diameter of the
core liner (6.5 cm), are disseminated throughout the up-
per Pliocene and Quaternary section. Most are basaltic,
metamorphic (gneiss, schist), or igneous (mostly gran-
ite), but shales and mudstones are also present. Sedi-
mentation rates increased considerably through this gla-
cial-interglacial period, to about 34 m/m.y., a reflec-
tion, presumably, of ice-rafted sediment input.

Holes 608 and 608A appeared well-correlated through
paleomagnetic, biostratigraphic, and lithologic tie-lines
(Ruddiman et al., this volume). At the time of drilling,
however, we suspected that either sediment slumping oc-
curred at the site during the Quaternary, as at deeper
levels, or downhole drilling contamination had caused
some of the observed perturbations. We concluded that
a complete Quaternary to upper Pliocene section was re-
covered. Some suspicion remained, though, that addi-
tional sediment was added by drilling contamination to
the section cored with the VLHPC (see Ruddiman et
al.; Takayama and Sato, this volume).

The major events in the geologic history of this site
appear traceable in a regional sense through the seismic
records. The primary reflectors are as follows:

The basement to sediment reflector, which represents
the first sedimentation (dolomitic mudstone and marl-
stone) on 42-Ma pillow lava basalts.

An acoustically stratified to transparent sediment re-
flector representing the Eocene/Oligocene hiatus. The
acoustic change reflects the passage upward from the
marly nannofossil chalks of lithologic Unit VI, with their
volcaniclastic interbeds, to the marly nannofossil chalks
of Unit V, through the flaser chalks and chalk conglom-
erate of Core 608-49. The reflector is disconformable
with basement, and is clearly tectonic in character.

The top of an acoustically more coherent seismic unit
within a thick transparent acoustic interval. This proba-
bly represents a contact of undeformed, unfractured,
untectonized middle Miocene and lower Pliocene chalks
with lower Miocene chalks that have suffered soft-sedi-
ment deformation and microfaulting. This reflector is
disconformable with overlying seismic units.

The base of the uppermost acoustically stratified unit,
which appears to represent the initiation of cyclic glacial
sedimentation in the region.

The tectonic events interpreted from the drilled sedi-
mentary section correlate reasonably well, as to age, with
those previously proposed by Kidd et al. (1982) for the
region from geophysical studies and from dredge and
rock-core sampling within the King’s Trough complex.
Two major tectonic events had been proposed by these
authors:

1. After initial formation of the main hot-spot-ridge
edifice between 56 and 34 Ma, a regional intraplate vol-
canic event was thought to have uplifted the crest of the
ridge to subaerial depths, so that tuffs and ashes were
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deposited near sea level. This event was thought to have
been brought about by major intrusion of trachytic rocks
along fault planes, and the trachytes were dated at 32 to
34 Ma. The ridge-flank location of Site 608 appears to
have recorded these events, but only partially. Because
of its young crustal age (magnetic Chron C18), the low-
ermost sediments record only part of the Eocene histo-
ry, but do confirm the existence of a nearby source of
volcaniclastic material, presumably the ridge, between
42 and 38 Ma. The Eocene/Oligocene hiatus is primari-
ly tectonic in character, and spans the period of trachyte
intrusion.

Sediments deposited during the period between about
28 and 23 Ma, the late Oligocene, are predominantly pe-
lagic, and represent a period of relatively stable tectonic
conditions. Isolated occurrences of reworked Braarudo-
sphaera (calcareous nannofossil) indicate the existence
of a very shallow region (less than 200 m water depth)
near the site. The lack of obviously displaced benthic
foraminifers presumably reflects the relative stability of
the slopes during that period.

2. An intraplate rifting event at about Chron C6A
(21 Ma) was the second tectonic interval proposed by
Kidd et al. (1982) and earlier authors (Searle and Whit-
marsh, 1978). This was believed to have brought about
the formation of the internal, anomalously deep, troughs,
by rifting and subsidence along fault scarps. The Site
608 sequence shows evidence of tectonic instability in
the form of flaser chalks and microfaulting in lithologic
Unit IV. Flaser chalks and microfaulting become most
abundant, giving an impression of maximum disturbance
of the sediments, in Core 608-40. This core is dated at
about 20 Ma (NN3), and contains a chalk conglomer-
ate, interpreted as a debris flow. Detailed consideration
of the regional implications of the events dated at Site
608 is left to the synthesis chapters (Kidd and Ramsay,
this volume), where the results of shore-based studies on
geophysical and dredge-haul data are also presented.
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SITE 608 HOLE CORE 11 CORED INTERVAL _ 93.4-103.0m SITE 608 HOLE CORE 12 CORED INTERVAL  103.0-1126m
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CORE_ 13 CORED INTERWVA 112.6-1222 m SITE 608 HOLE CORE 14 CORED INTERVAL 1222-1318m
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141.4-161.0m

LITHOLDGIC DESCRIPTION

NANNOFOSSIL DOZE. white (NS} with muitiple very

light gray [MB) laminse 141.92-142.05 m. Burrow mot
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LITHOLOGIC DESCRIFTION

layeis of very light gray (NBJ. Decasional Lamines ol light
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SITE 608

LITHOLOGIC DESCRIPTION
FORAMINIFERAL NANNOFOSSIL O0ZE, white (INSI 10

wery light gray INB}, Sediment firm, becoming chalky,

194.9-2045m
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LITHOLOGIC DESCRIPTION

FORAMINIFERAL NANNOFOSSIL DDZE, whie [NS),
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214.1-223.7 m

LITHOLOGIC DESCRIPTION

ehanges from ~20% chalk ot the top to mostly chalk by

7200 m
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204.65-214.1m

LITHOLOGIC DESCRIPTION

HNANNOFOSSIL DOZE. white [NS] with occassonal ehalky
Sedumunt stiffnes increases noticesbly below 212 m,

ntervals

note: this core recovered >100%
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233.3-2429m

SITE 608

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK, white (NS]

Mote: beginning at 2378 m corm spiit with saw, Sediment

M

3,143

froquently fractured but fractures appear natural bacauss frac-
a5
™

ture faces darkened with pyrite,
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LITHOLOGIC DESCRIPTION

MANNOFDSSIL CHALK, white (N8].

Note: this core recomened 100%,
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SITE 608 HOLE CORE 27 CORED INTERVAL 242.9-2625 SITE HOLE CORE 28 CORED INTERVAL  2625-262.1m
] u
i I:H:ﬁ#!ﬂ S ARALT
§ ] w |§ | _CHARACTER
z.lalale Ele g |=z.lz]2 z| &
e EE R E gl = GHRAPHIC I CEIH g gL GRAPHIC
TE *é glg|z ElE LITHOLOGY E LITHOLOGIC DESCRIPTION Se|EE| 2 « |EIE iy i LITHOLOGIC DESCRIPTION
w3 HE1E | i 1 8 ug <h|z s g lo I s i
E ERHEEH RS 4 R PR & FE
F 18 5|2 HE S E § £ |5 HEIHE E
= =| = & = 14 |5 B
o + + , +——+
g ' NANNOFOSSIL CHALK. white INS) E : NANNOFOSSIL CHALK, white [NB) with gray INS 1o N8J
~ e Raminae below 256.9 m
n
1 4 . -
r SMEAR SLIDE SUMMARY (%] ! + SMEAR SLIDE SUMMARY (%)
: In F—+ 4,42
T L
.3 I} Camposition = Composition:
- Ly [+ T8 2 = ¥ Quartz 20
2 g S5 Faldipsr ] i Lry Huavy minaral TR
Lo Carbonate unspec. 1 Ao Volcanic glass ™
1-1== Foraminiters 4 ———+— Pyrito 1
Ak + Cale. nanmsdons b a5 LS, AP Carhonate unspee, 1
= —t Foramanifen 5
o y T Cale. nannotessils 73
2 +—t 2 ez T
L X + Sparge splcules TR
+—+ ORGANIC CARBON AND CARRONATE (%] 0t
n 2,65 i
i bt Organic carbian - T
- il b Carbonate 0 - : :
g 3= & ot
] 4 7
— —+
-+ L o
3 - H 3
+ T N
= H
- + mateh of NG &
5 —t— E 2 HE
& —+ i 8
n
Q
5 . 1E NEB to 5G 5/1
3 4 : ; = 4
g a0 noduin ]
'; . 1 ~2mm diamme) E
{ ’ ;
3 - 3 g @
= & + é B HE
alZ
ZzZ|Z =1 NE
N 3
] g
5 t z 5
- #
¢ g g
T N g
- L n 3 &l || PP sampie
g = HRRE ;
r r g = -=1 N7
+ i +
n = +
o T H &
e +— N7
EE==o= A =N
a + cm|am| & | B IR cc et
2
THEES
cMlam| 8|8 FEE = m 0% i
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SITE 608 HOLE CORE 29 COREDINTERVAL 262.1-271.7m
H FOSSIL
« |& |_cuamacTen
-REMBRE z| e
se 35 HELE 2 I tf&"g&;&, LITHOLOGIC DESCRIPTION
HEHEHAREE LS
R EHEE i5)%| * EiEH Y
= E £z 8|5 = 5
EHHEEE EamE
E’l N NAMNOFOSSIL CHALK, white (NO) with seversd luyers
of gray (N5-8), Interval 262.7 1o 2635 m marked by alter-
nating laminss of vary Hght gray (NBI. light geay INT),
1 no Je SERA and greenish gray. [5G 871), Pale green (5G 72 laminas
5G 81 at 283610 2643 m,
alternating
e SMEAR SLIDE SUMMARY %)
@ 1,88
g 56772 o
Composition.
Chusriz 30
Felipes TR
Be - i e |5G772 Carbonate unipec. '
L Faraminifors 4
2 L. Cale. nannotossiln B
+
- ORGANIC CARBON AND CARBONATE (%1
+ 1, 116
= + Organic carbon
2r : Carboruate %
: Pt |ns
3
——
T
: s
s =+ Frl | we
i & = B
N =
i =
5 2
= H 4
= ré %
e
]
HEEE
E § -
E g p E
14
o |FM
=| £
-4 =
=
g w
FG
+
& —
=t N7 patches
- bt
R ranAr
= =
CM| am n?.aun-_lcl: LT

SITE 608 HOLE CORE 30 CORED INTERVAL 271.7-281.3m
2 FOSSIL
x |5 CHARACTER
R IMAE z| @
s EHE g g | SRAmC LITHOLOGIC DESCRIPTION
wS|2n|z @ | 3 "
£ HHITEE S
£ |5 HHE H i
s |2|2)|2[5)3 E
—T—F
£ —— MANNOFOSSIL CHALK, 271.7 10 273.2 m, white (N9I
N t Dominantly greenish white (5GY 81} at 274.2 1o 27845
frimrif=——g m
L —— N
PRLENY Lamvinge of gray INB-B] end iight green gray (BGY B/1) a1
rm.i 27132102757 m.
¥
H
N ™~
2|l = SMEAR SLIDE SUMMARY (%)
k|l s nNa
-] 1,108
= Compesition:
5 LU Duartr 21
FM Feldspar TR
§ Fosaminilers a
: 2 56 Catc. nannofosin 6a
? SGY 81
5 *|ne
Ll )
s
N
NI/NE
'E AG N7MNE
i 3 NINE
H HiNE
r
E
o lé E
2|3
2l
&
£ Fi -
> oy
= ana
H oo
o
~ bR T
5 +—4
=1 4=
5
o n
o T+
g o > e 06
el amlamfen(® Jee| T 3]
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608 HOLE CORE 31 CORED INTERVAL  281.3-290.9 m SITE 608  HOLE CORE 32 CORED INTERVAL 290.9-3005m
o =
g FOSSIL ] = =1
z
5 S CHANNCTER « |E CHARACTER
MARE z| 2 g | 3 2
ex [EE|S = 2|8 GRAPHIC EMEIELE 5| 2
V= =§ E & e |5 E LITHOLOGY. g LITHOLOGIC DESCRIFTION T; £z|e ﬁ X ElE Lﬁ_‘:‘%"t’gg' LITHOLOGIC DESCRIPTION
PRl s§5§13= EEE Y §="!5535§g
Fl2 HEHS =% g 2 i £ % g 43|
8 g |25 3 § zl=|B i
-
S 4 - White [M9) NANNOFOSSIL CHALK. Pale grosn (5GY B71)
- White [N@ NANNOFOSSIL CHALK. Occasional laminas E Nl ntarvals common below 2948 m. Sequence _u‘ light gray.
¥ ol gray (NG—8) ane light greerish gray (5GY 8/1 and 56 IN7), white (NB), and very light gray (NB) laminias betwesn
1 + BI1}, Greenah whito (5GY 911} halaw 2003 m 1 201.3 and 2020'm
= N prr
= Sedimunt finguently Brsesinied . White (NG} NANNOFOSSIL DOZE, 203.95 to 364.77 m
- T
EAR SLI MARY %) 2
% s | soven . HIOE S |_{360’e i él + SMEAR SLIDE SUMMARY (%]
s L ~ - o 1,78 1,79 4,80 4,133
ry N NE/NT Comparition: E - M L D o
— Ouartz 5 3 —Hp 4| Compasition
7G| AG! L Focuminiters 5 3 M + .:‘. :JI:.\;" 5w 1713‘ s
g : . Cale. nannotasils 0 e 2 s Pyrire =, = . TR
H Nr E Forsminifirs 5 5 &5 5
el ORGANIC CARBON AND CARBONATE (%1 Calc, nannolassils %0 8 B0 60
+ Rndiolarians = T -
= z Spange spiculss - - TR -
+ Organic carbon
b : Carbonats 02 S =
] = 2 g L v
AG ] Lo H i
= =] s
n Bt = matthes
3 + + - = 3 } N1
; == g -H
[ - £ e SGY &1
ﬁ + + + £ lﬁ 9
=t b
——+ v “;,‘ BGY Bl
v o . L3 | soven
¥ 4 g 4 1
3 = + ] = o 3
A&l |2 s ]|
EIR |+ -4
O 2 5
HHE o HE
3l g il n 2 = s - .
e =2 R
i +——t
] | g E Re
18 — s sGY 811
=2 :
E 5 2
£ H 5 sGY 81
3 5GY 811
= 2 -
g ~—t ol = g I [ —
@ N2
-_.% 6 5GY B/
& cajamicm| & F CC
¥ e 66 B/1
t
=
el |
cM| am|co |Fe Jcc ="l = ”-- sGY 91
o
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608  HOLE CORE 33 CORED INTERVAL 300.5-310.1 m SITE 08 HOLE CORE 34 CORED INTERVA 310.1-318.7 m
g FOSSIL g FOSSIL
§ % /| _cHABACTER « |E CHARACTER
ANEE z| 2 CREMEE HIF
o 2 = g
‘f% 55 g E_ HE Pt 423 LITHOLOGIC DESCRIPTION ee EE H i g 2 ‘f_.u L?r:mgv = gl LITHOLOGIC DESCRIPTION
wa g™ 2 L =|u| ¥ E g w3 gﬂ H AR ER
I 2 Eepll 2 §3 =" (8| 8|2 is -] Bl
=12 (223 £ 5 a E |z |2 g E(EI1AE £
= |g|2|2|& g s |3 1 é 5
T ¥ o L)
+ rs n
g — H White (NS) NANNOFOSSIL CHALK. Seversl luyars of very = 1,"' 5GY 7/1 NANNOFOSSIL CHALK, dominantiy white (N8| st 310.1
—r | bght green (BGY 8711 n o e to 153 m, with occasioral light gresnish gray (SGY B/1)
- n . inteevals. Dominanily light greenish gray (BGY B/1) with
1 H ! ; Ly " |56y acestional white (NG balow 315.3 m
T - L3
+ Zoophycas burraws frequent throughaout cone
% bl | NB
A B} ! 2
-] + SMEAR SLIDE SUMMARY %) ; SMEAR SLIDE SUMMARY (%) ©
é = + 1143 bud 154
L - - -
== 5GY 8/1 o = e o
i o = Compoution: ” % ::I_ ?:g‘:: Campasition .
+—+ Cuartz 0 1 Ouarz L}
i £ —= N e Clay " o Volcanic glass 2
] 3 b Valeanic glas [ S| i i Carbanate unspee TH
s 2 == Fd  kaven Carbonate unspec. a0 2 of ! o Foramiriters ¥
7|5 + ~ Foraminifers 2 4 Cale. nannatosily 78
; g — Cale, nannalossily 33 o,l L)
z ~ r "
o g + ki ORGANIC CARBON AND CARBONATE [%):
P ] ¥ 2 ol 1,53
Z 2 Tﬁ%__,._-—-— Vol o o e Organic zarban &
== 4 n Cartiona
NEIEE . b=d  lsovan ol -
2 I e = jsGY &1 el 5GY 81
anf s fre| 8| - - ol N3
3 5GY B
9
o 5GY 811
. o
l 3 < + a ;r
i § = - 3. ; N4 mottting
Na
i ol
HE ¥ |
3 4 ol [gsven
§ g p BGY 71
a n NS
i == %t |soren
i3 T + ° _r 9
2 = e o L
- o + 3
= P =y 5GY 81
z m N e Ly 2 ‘l} pick
B = s I
. ron s ) SGY &1
7 n * N
— ——+ $ 1 SGYE/
5 ] 0[] [sevmn
=1 L SR SGY B/
- = - —
-4 5GY 71
T
] s ol
2 — = T OG semply
b 15 1 N 1o BGY 8/1
T [ [w
B el e :
B 5 e e B ]
il e o B
[} [}
=
e e N
'_|_|_| | SGY 811
F= |
e i = I
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SITE 608 HOLE CORE 35 CORED INTERVA 319.7-3203 m SITE 608  HOLE _CORE 36 CORED INTERVA 320.3-3389m
H FOSSIL H FOSSIL
§ Z w |& | _cwanacren
A RE 5 z| = g |= q H
== 2% ol = GRAPHIC EMEE g| 2
i :E g g E E E | Limocoey N LITHOLOGIC DESCAIPTION & EE E g é . B & lﬁi‘grgv LITHOLOGIC DESCRIPTION
S < 2 w
R HHEH THE 3 FE R ERHHEH PR $FE
@ M F1H A HHHEHL £1H
& |2 a |8 = |2 a 1 3
' R
~ I 14 4
g it FORAMINIEERAL NANNOFOSSIL CHALK. mestly g s A FORAMINIFERAL NANNOFOSSIL CHALK, white (N9)
W ; white (NG} 10 vellowish gray (BY BI1), light gresnish : t 1o warious shades of gray (N8, 5Y 8/1, BGY 8/1)
+ " LA gy (5GY B/1), and light gray INB. 5Y 7711 Occasionsd H !
1 +—+ Zoophycos burrows, especaally in Seetion 1 1 - Micrafault st =-336.8 and 336.8 m. Twa interals where
—— 1 R burrows show subhorizontal stresming (~332.8and ~337.0
I : = SC¥ 71 Vel ath o gl common ~307 and~.3240 m. 4 NE : m). AL::P:. intarval Joophycos burrows crosscat subhod
_— canic zanati rrows.
_ﬁ\ 5GY &) Migrataulty and shickangides svidnnt, 3216 10 3222 m. Noli ; i s
E - i = n falcanic ash present ~331.5 an m
" + SMEAR SLIDE SUMMARY (%) & g 3
2 3, 140 S SMEAR 5LIDE SUMMARY {%)2
T Fnalt " 388 270
+ Compatition: - D ™
4 Quarkz 15 Compasition
2 t Cly TR 2 Pk Ol Ash Ouartz 10 8
¥ Valcariic glas 18 T Folspar TH -
Faults Foramirifers 1 y Clay TR
Dt Cale. nannotomids L] 4 Woleanic glass TR 12
&Y 81 = : Carborats unipes (3 6
pec o o + ‘r Foraminitess 17 B
§ ORGANIC CARBON AND CARBONATE (%] o ¥l A Cale. nannotouis &7 60
3,130 L |4l |sven
O ganie carbon = -
Carbonate (] pdl _m_ N3 to NB
= Ll [sven
é 3 1 3 i
‘E 1 » NE e ND
4 o 3 - [NE, ashy
E E 5] L KL
2 e LU | NS wh nch 9 :
i ﬁ =1 NG 1o 5 811 g E - + i
=l < 5 1=t
=2 F=1 |ne % " o o
£ % N i § = HH  [sevan
= 4 L 4 P
£ I '
2 IR =1
= heil H = ;
i , o =
* it BGY /1 "
§ [ g o pis
= [ ; ] +
: z P ":- Fautt
! Ng = th
w T T
5 | e 5 1] Iseven
! i
L i i
N i BGY 711 & ——PP
8 =PI samale b1 1‘1’
il [ne bt - N pron
: BY 81 = ;
! 2ale| —H |-
Lad M@ - =+ P
& a:l na cMlam| & |5 Fg | - o I
Fg ll e
E 8 ! 5Y 81
lamjam| 8 | B [~ {CG 1771
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608 HOLE CORE 37 CORED INTERVAL 338.9-3485m SITE 608 HOLE CORE 38 CORED INTERVAL  348.6-358.1m
2 FOSSIL 2 FOSSIL
« |% CHARACTER " § R
8 MABE zZ| 2 g |z 2 2
- 6l = GRAPHIC w|El 2% g g
TE ,&‘E .; H E E E LITHOLOGY LITHOLOGIC DESCRIPTION T; EE 13 £ ElE LIUT'L‘;"L"::'E* LITHOLOGIC DESCRIPTION
A Qgiﬂi £ FH £= (275 gg!mz T+
= 1g |3 slcid B § G E R iﬂ ES
i z|s|dfA i Bt ] & |2|2|2|5 3
w] {
§ L FORAMINIFERAL NANNOFOSSIL CHALK, white (N2 o i White [NB) 1o very fsinr tan (10YH 81, 8/2) FORAMIN
. anet 10¥R 81, 10YR B/2), bght gray (10¥R 7/1-10YR & 10YR B/1 IFERAL NAHNGFOSSIL CHALK.
1£'| VAT 7/2) unet paln beown [10YR 63)
! | lm:";l mn 1 Fault with stickirmides a1 356.7 m
1 -
| Ng SMEAR SLIDE SUMMARY (%1} H oY 82
! TOYR 81 ?;:!5‘ - SMEAR SLIDE SUMMARY (%)
-
= L} YA B ; § o 1,85
3 " 1oYRea Composition g NO 1o 10VR 872 o
H 1OYREN uartz 20 E L Compoiition:
e Feidspar ™ § Quartz 15
| Vleanic glas ™" 5 Feldsaar 1
(7] * |ovaea Carbonate unspes 3 3 " Volcani glaes ™
2 X Fareminiless 13 £ 2 Carbonate uripi 2
3% I . Cafc. nanatamil 64 SV Foraminifers 12
i § 10¥R 742 Cale. nannafosasils o
| ORGANIC CAREON AND CARBONATE (%1 ‘:3,, 82
ba R
> - B L sl | |4
3 RG] Cutunie » #
H
H
(=" e
3 3
10YR 81 hove a2
H 10YR B2 ™
- - 10YR B ol
b i Na 2 EI |1
1 | ovean = i
. .L| o N
’3 %
2 ovR 812
* Ng 3 4
. £ NG
: - 3
N - b £ YR BN
é s .l =] 1OYR B &
£ : H Na b Na
£ S |- 1OYR B3 2 3
& g 1 |ne z 10V 812
% 3] |1ovRem
= -
z|. ]
2 5 . no
= ~ Mg 5
=8 |wvaen
N 10YR 811
= W wmple g e
En Ne ) 2 n
{4 |wyRez g R | ~10G sampie
- -
- “ = [ 10YR 8/2
T @ g ta
L] - & + j./ 10YRA 82
- =3 § L Fauilt
+ NE @ - = i 10YR 81
—t 2 ) + ;
—— |- # == L
=8 TS culam| 8 |8 B8 e e 171 i I A
=4 e cc| e
bed o e 1
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SITE 608 HOLE CORE 38 CORED INTERVA 358,1-367.7 m SITE 608 HOLE CORE 40 CORED INTERVAL 387.7-377.3m
—y
=) o
= FOSSIL = FOSSIL
x |& CHARACTER 5 E | cHaracten
= = le]= Zl® = [e]4 Z| =
2 g
= gz|= i g 2|8 L:?r':ig.’::lgv LITHDLOGIC DESCRIPTION L 35 = g E 2 g lﬁiﬁ"éév z LITHOLOGIC DESCRIPTION
45|27z < gl & ] o ML E HMEA IR 2 -
- HEIRIH HEE ESEE 2 g 12" (55|35 |2e]B| 2 Eefl 2
AR R FEH F |z HE = ;
= 4 g 2|a & & § e 3
2 e o 10YR 81 10
& + 10¥A &1 FORAMINIFERAL NANNOFOSSIL CHALK. mastly white 10YR 772 FORAMINIFERAL NANNOFOSSIL CHALK, mostiy white
& NS} 1o very faind tan (10YR 8/1, 10YR 8/2), n :‘:;: - (N} to very faint 130 (IDYA B/1 to 10YR 8/2)
s
; . - j“‘l WwYRER Seciment faulted: 358.5 m, 3616 10 3624 m, 363.2 0 n CHALKY CONGLOMERATE, mixet (ayers of very ight
- I " 10YR B2 Brown (10YA 8/1) and brawn (7,5YR /2], Matrix is gen
t H i NS 1o erally darker and clasts sve lighter. Conglomerats intervaly
3 , W IR appear 369,91 to 37001 m, 370.02 to 372.83 m, 37360
10YR 81 SMEAR SLIDE SUMMARY (%} _JlE 16 373,74 m, and 376,06 to 37520 m, Clasts ane sib-sngular
& 3,49 458 1OYRBA 0 NB 15 rounded chalk, volcanicrich chalk and marty chalk. Same
@ o L] clats have truncated burrows and are timiar 1o overfying
B Compoition: NE 1o lithology.
Ouartz a2 5
Feldupa 1 - 10YR 8/1
Y1 Voleanic ghass = 2 SMEAR SLIDE SUMMARY (%)
svan Carbanane unipee 1 = 3147
Faraminiters -] 10 L. o
Cale. nennofonils 65 83 e Compenitian
10YR &1 L~ Quartz 27
£ = Fldspue ™
g CORGANIC CARBON AND CARBONATE (%) L "B Carbonate unipec 1
M o 3,49 = | TOYH N [—— 2
§ = Organic carbon - b
10¥R Carbarate L] ol
5 8z iy 10YA 412
; g
§ 3 ]
10YR &1 }mm. ™
g i
I~
- ]
=
Z g oW1 sampla 2 A
5 [
3 - L
2 H I~
£ o ey
© 4 % 4 ™ N3
= L-J: 10YR B2
2 0V a1 _é N
< = £ 10YR 811
'.; NE g ~ L VOV B/1 to
g 3 o — £ 10YR 472
cm|am| 5 |8 m &
cc| — - 4 |wovean o
2 e
% w
B 5 ¥R 81
3
g
&
= o - 0YR BZ8/1
i EI [ PP sample
& Ne
10VA 8/1
cm|am| B | B A 1o
10YR B2
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SITE 608 HOLE CORE 41 CORED INTERVAL 377.3-3868m SITE 608 HOLE CORE 42  CORED INTERVAL _386.9-3965m
2 FOSSIL ] —
§ g SHRAL A o ; | CHARACTER
= . Bl 2 3 |=.lels z| w
. |52|8|2|% 8l = GRAPHIC oL :% 2l & GRAPHIC g
TE 2§ E E H E E LITHOLOGY s - LITHOLOGIC DESCRIFTION fg Es H S e |E I LITHOLOGY Eg LITHOLOGIC DESCRIPTION
MAHEHH PR £FH R HHE AR £ HE
R H A FEF ORI =
FEHEIEE 3 & il2|a 3
NB/NT B -2 1 1 At
2 Na/NE MARLY NANNOFOSSIL CHALK. mestly alternating g - ' MARLY NANNOFOSSIL GHALK, mestly white IN9)
B 5Y 81 white (N8} and very faint tan (10YR 8/1) _ light graenish gray I5GY B/1, SGY 9/1),
05 NE
Sharp, angular contact st 3BT m. ' = SMEAR SLIDE SUMMARY (%)
] H 1,140 4,40
5 4 b
Lo N Companitian:
MNote: this corn  100% recoviry, = 3:;:: - ;: g
- i
g kv a1 % 7 *| svan Carbonate unipec. 3 ™
" - 1
SMEAR SLIDE SUMMARY (%) = ::I':"r"::";:mh .; P
318 5106 . e
) 3
5 Componition: =]
Quartz L] 53 . -
Feldspar ™ TR 2 o o - == 5GY T/
1OYR &1 Waleanic glass TR - -
Carbrnats umipec 1 ™
Focaminifers - 2 SGY 81
o Ng Calc. rannofouily -] 47 a
i 10YR B 2
* YR ORGANIC CARBON AND CARBONATE (%] ; *
10YA B/ Al Ao "g, 16 EIM:
Organe carbon =
Carbonats 8
3
NE
Ne
10¥YR BN £
2 ~ - -
= no r
R 10YA B g 3 0 S6Y 81
,é Ng
z 10YR 81
* | sGvan
£ i ]
] : g
3 YR A i b= no
; no Nl
-_ oy § z @ .______DG
10YR &N
2 3 ' A 1 | seren
2 == & - 5GY 01
_ H 5GY 81
i -H
= SGY 81
no 5 |
h SGY 81
. & BOY sr\}
FMjaM| 8 |8 | o | BGY /1
W
H |
r 10YR 81
g o
E N
S 'i%
= LU fovean
=
Ny
| SR
[ ] |ovea
w0 Li-| N an
femfamf & |8 |z o




ST S08 HOLE CORE 43 CORED INTERVAL 3865-406.1m SITE 608 HOLE CORE 44 CORED INTERVAL 406.1-415.7 m
FOSSIL FOSSIL
H] CHARACTHR « |E | _cuanacten
w|E| 2 gle GRAPHIC wl2] 2 gl 2
5E é E g 2 ElE Ririoppas N LITHOLOGIC DESCRIFTION %; HE g § HE ngr LITHOLOGIC DESCRIPTION
R HEH L R g HENHHEH THE F3E
F HEHE E = H | =
-BHEHE 3 HEEHE 3
" + Graenish white (BGY 1) and light greenish gray [SGY
E + BGY 8/1 /1] MARLY NANNOFOSSIL CHALK MARLY NANNGFOSSIL CHALK, mostly light greenish
05 H [ gray (GY &/1)
1 = - Stickersides along fracture at 367.0 16 3071 m
10— = 5GY 91 ¥ SMEAR SLIDE SUMMARY (%)
3 + ORGANIC CARBON AND CARBONATE (%1 2,130
A 2 =) 312 2
B - — L Drganic carbon - Campasition:
E 3 n Carbionate 82 - Quarez 2
1 u Carbonate 4
- —+ '5 n Foraminifers 2
= + sGY an £ ! Calc. nannofossits 66
2 3 + +
3 21 3 E 1 5GY 8/
H ] r : -
i 5GY 91 ] t
a 4
il . ; .
2 g sGY an s
£ - | g *
+
g +
i) n
] 3 5GY W1 E
g +
N 4+ L F i
a § =+ L op
g H
- I L 5G 81
[0 |seven ¥ saan
| z 1
a | SGY 91
$ Sl = BGY 9/1 AM| B | B ¥ BoY B
] E w = Wi
i -
e E E 5GY 8/
2 -
2 s| ] SGY 81
= . o BGY 71
td =t
=g - BGY 81
om|am] 8 |8 [7% T ] fsevn
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SITE 608 HOLE CORE 45  CORED INTERVAL 415.7-4263m SITE 608 HOLE CORE 46  CORED INTERVAI 425.3-4349 m
g FOSSIL g FOSSIL
, g CHARACTER « |E CHARACTER
N EMAEE z|g g |E.eT=l2 z|
HAER ol % GRAPHIC £ |08 1k gl z GRAPHIC
A E | le |El E | umiowoey |, LITHGLOAE BESCRIFTEON 225|288l |e |E| & | wmoiesy LITHOLOGIC DESCRIFTION
TR P EEEE S £ (€72 813]8|el¥| 2 255 =
E HHE § E 5 = H £ xi = i
8 2 & 3
| |5 [Bfs[2]4 3 g [8|33]5p 3
- 5Y 71
‘;" :3;3‘“ E 10¥R 81 MARLY NANNOFOSSIL CHALK, tanaish white [10YR 871,
MARLY NANNOFOSSIL CHALK, dominantly light grayish B o . 10¥R 8721 and light gray (10YR 7/2) 10 very pale brown
i grean (5GY 8/1), pinkish gray (5YR 871, light tannish gray o |rovein 10YR 773)
[HOYR 7/2, light gray [BY 7/2) and yellawisth gray (5Y 8/1]
5GY B/1
5 1 H
&
SMEAR SLIDE SUMMARY (%] & SMEAR SLIDE SUMMARY (%)
) 4,68 477 : 10YR 8/ 3 64
o Ll o W « "
= Co Itican: 3 - Compaiition:
b uu:::“‘ o 45 30 % E Ouartz 5
Lok Faidupar 1 1 8 10YR 872 Feldspar TR
E SGY B/ e ROL. . 3 £ Carbonate urmipee. 5
2 Foraminiters "OTR Foeaminifers 1
| SGY W Calc. nannalossils 4 B2 g |=-1 * | saten Cale. nannotossit 50
“: sR A/ *
BGY 711 "
ORGANIC CARBON AND CARBONATE (%) :
E 4,54 g 10YR 82 ORGANIC CARBON AND CARBONATE (%
a2 & EGY A1 g'.wm": carban T Qegatiec catbon -
- ate -
= = 127 1OVR 773 Carbonate 8
z
5Y 12 lavR a2
] VOYR 13
s8812
i) 10V R 8/2
— LE]
SY B/ -
BY 772 ) JOYR &2
~N
e -
g H o6
s sy 8 H & S
&Y 172 é R A
Y &) é
* | sy P 10YR 82
= | svan = = 10¥R 772
58 872 z b 10YA 82
SY &1 -
SY 712 am| B |8 |37 L_| 10YRA 712
B H
3 5Y &1
By SITE 608 HOLE CORE 47 CORED INTERVA 434.9-4445m
[*]
2 FOSSIL
3 ” ; CHARACTER
svan g |zulela]z 1R
H : EEHE E : £l E Fiseplid E LITHOLOGIC DESCRIPTION
5 i Slam]z ] w
HEE w A HHHHEEE G EE
= o o8 £ % g 1 EaiEE 2
LEn SYR B = | = B Xkl
+ ]
2 . k- 10YR 772 -
é | E e SYR 81 ] Towl recovery: 1 em MARLY NANNOFOSSIL CHALK
= 3 & = b =
5 = [t 05
s| t y
L ¥ VOYR 22
| [E] |8 |
g ¥
Za? !
Aol ule g : |
1 I




661

SITE 608 HOLE CORE 48 CORED INTERVAL 444.5-454.1m
g FOSSIL
< |Z CHARACTER
- EMHEE e
e |22 16] 3 2 GRAPHIC
: E Eg £ ; £ E LITHOLOGY b " LITHOLOGIC DESCRIPTION
§ £ g = g 8= = :
Ll HH: FEH
FRHEIEIE B
10YR &3
un MARLY NANNOFOSSIL CHALK, mosty wanaih white
i [10YR 872) alternatiog with layers of very pale brown
10¥YR 773 [OYR 7/3). Below 450.6 m siternating layors are lighter
NaYRram)
Busrow mottles become progrevively Mattened o tha
cor. By 4536 m they show fint signs of “smaaring”
Filamentaus, wavy bedifing structuns at~453.8 m.
2 SMEAR SLIDE SUMMARY [%]:
3 2,30
10YR 773 :J
Compoution:
Ouarts 28
10YR 7/3 Feidspar TR
Carbonate unspec. 2
Foraminiters 1
. Cate. nannafossits a9
10¥R 743
& ORGANIC CARBON AND CARBONATE (%):
- OYA 712 V.66
s Organic carbon =
Carbooste B3
l W0YR 7
10¥R 713
¥
'\5. 10¥R7/3
a
1 Z
- 10¥R 73
§ 10¥YR 713
&
E 10YR 773
[ ol
g 10¥R 773
10YR B2
10YR B3
10YR B3
10¥R 773
b=
E LR
g 10¥R 7/3
N 10YR 7/3
2
8
g
2 10¥A B3
t EEs ax
: ] - L, [1ovRaea
(] @ . b’ Fi
= 3 -1 —
5 =
£ ol 7 1 :!: 10YR 7/3
= |
AM| B | B wlec) : : = NE

SITE 608 HOLE CORE 49 CORED INTERVAL  454.1-461.7 m
o
= FOSSIL
- g | CHAHACTER
- EMTAE a
TE ':E H g & Lﬁ:‘:m:sv LITHOLOGIC DESCRIPTION
w3 | £ S 3 -
g = 2 = -
F a E Q ;
= H 3 E
!
= - { MARLY MANNOFOSSIL CHALK, white (10YR 8/1—
- 10YR B/2) snd vary pale brown [10YA B/3—10YR Br4)
e From 4556 10 456.15 m chalk has numerous wand to lne
1 - ; gravel sized clists of dispersed valcanic ash.
1.0 ! VOLCANIC ASH-BEARING MARALY CHALK CON
= ] g J0vABA GLOMERATE, 456,15 1o 456.94 m and 457,58 1o 457 78
. é . R 10YR 872 m, Ieterval 456,15 to 45625 m wquence fines upwand
g = -1 X Upper eonglomerate bounded by sharp contacts. Gl
L] 9 - T e chalk, up to 3 cm scrots, subangulor to (predominantly)
g - toupnded
g 2] :r SMEAR SLIDE SUMMARY (%]
= ﬁl‘ 2,13 3.0 3,50 4,3 485
2 . 1] o M D
o - ] Compasition:
b~ 1z 10 2 15 7 1
. bt Faldspas 5 TR = -
i [~ Clay 20 - = =
o - B I Volcanic glais - - 1w 72
5 ~ 10YR 813 Casbunate unspec 5 2 W 315
i1ls o Foraminilers - 2 5 2 -
| 10¥A 84 e, nannatossit 50 74 60 58 S0
e
ey 10YA B/
§ B ORGANIC CARBON AND CARBONATE (%) ¢
10¥R B3
H o Organie carbaon -
| 10YA B4 Carbonate a0
53 10YR 83
" T
2 + F * |
+
10YA B2
10YR 83
4
3 - | BYaz
@
3 patches ol 5Y &/1
aml el e@¥l Y B2
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608 HOLE CORE 50 CORED INTERVAL  461.7-467.3m SITE 608 HOLE CORE 52 CORED INTERVAL 47334828 m
] FOSSIL g FOSSIL
§ 5 |_cuaracren « | CHARACTER
MABEBE - EMFE gl 2
T% gﬁ i z| & LITHOLOGIC DESCRIPTION gL 53 £ ; 2 = E Rt o LITHOLOGIC DESCRIPTION
N Nz
££§ H: £ 127|383 (8 g™ H
(= -
- AHHH i AHHHE FEH
I 1= MARLY CHALK, d Iy light
n NANH I ; :
E — 5‘::“7 Yellowish white (5Y 8/1) MAALY NANNOFOSSIL & 1t 5GY &/ groenish oray (EGY B11), Soft sed of miced ithelogy
L < 5Y 81 CHALK with heck of very dark gray (N2} end dark graen extensively Nawed-in around blocks of chalk. Blocks
3 (5¥ /1) VOLCAMICLASTIC NANNDFOSSIL CHALK 1] SGY 81 commanty broken by Taulting: well.developed stickensides
g g N2 A AR YUPE 1 oecur at 475.8 and 478.1 1o 4782 m,
BGY 81
g 2 L SMEAR SLIDE SUMMARY (%1] ]. Dark gray (5Y S/1) and dark gresn [5G 5/1) layers are
i - iz 1,72 1,10 2,10 2,87 2,89 frouent, At least Two appesr graded [476.4 and 478.7 m).
= D D OM M M Uppermost is volcanic glass bearing,
x S fwen : AR SLIDE SUMMARY (%1
- < 5Y 5/t Quartz 013 1B 10 = Tl |saven SNEAR SLIDE B
's o Feidupar 5 2 5 - 5 s *
Hravy minwrals e o
5Y /1 Clay 5 18 2 3B 3 H mnnm PR
Valeaniz glass % 2 1] kL] 5 N Hlsvsn Fabds iB =
Carbarat unpec. - I8 5 W w0 '5 E 2 o P:"mm 2 i
BY 6/1 Focwminifers 5 - - - - =g ——t =5 Cry 0 0
Cakc. nannofensils 8 s 15 5 & — \
'a 5 Shell hragements - - TR TR § g e %._;1: Volcanic glass 5 5
» ki . FCE HL (O Y Carbonats unspec. 15 15
s < @ Cale, nanmalossils 30 20
= g = E £ + K SGY 871
L 5Y 51 = ¥ K 56 5/1 ORGANIC CARBON AND CARBONATE %)
H dle Wl | soven 4,70
=3 Y . . Organic carbon -
L g 1 Carbonate 1
' al 3
el -
L] —
& Nz .
- = Voigd
- —
| 5 &1 = -
5Y /1 > ] SGY 8/1
AG BB BGY 4/1 o 5G5/1
) SGY 8/
808 HOLE CORE 51  CORED INTERVAL _467.3-4733m iy 5651
H FOSSIL = | SN
§ CHARACTER 'ﬂ'_‘ SGY 711, N2
E.— Su 2|5 5| g GRAPHIC ‘ sevan
12|55 E H £ E LITHOLOGY & LITHOLOGIC DESCRIPTION |t
S HHHH T EE B ’
Z e ;a(ii = am| 8 | B |5 = |seven
H HEEB = E 3 P |secanwn
B F] =T
aleq oo [I——!— M ﬂ'l MARLY MANNOFOSSIL CHALK. paln green/gray [5GY SITE 608 HOLE RE CORED INTERVAL 482.9-4925m
H B 8/11, Fragments of chalk bedded in aoze. ] e _|
1B~ x |2 CHARACTER
N = CMEOE z| 2
E - Eg u g 218 ARArAC K LITHOLOGIC DESCRIPTION
N EHE H 55| & LITHOLOGY o
g £ |F |3 3 g al = +
ol § @ AHHEH: :
E
=| & -+. B 10VA 61
4 g § Lvoid VOLCANIC GLASS BEARING MARLY NANNOFOSSIL
ile Led Y % 5GY 81 CHALK, mostly light greensh gray (5GY B/1) with occa.
2 sl E b NE sional layers of darker gray (N5, N7, 10YR 6/1. 5GY 7/1)
i 5GY 111 Section fragmented by drilling.
é 1 T SGY 81
a 3 o by N7
: oy pry SMEAR SLIDE SUMMARY [%):
E =+ N7, 5GY 81 1.8 1,82
£ + = D
o = = P -t = Composition
HEINE N Gusrtz 0 s
7 = i Heawy mineraly - TR
3 z + Clay B 6
& 2 . - sGv 81 Valcanic glass 10
e o R Carbonate unipec 20 L)
z !‘;‘.g;1 ] Foraminitars - TR
= - =1 BGY 81 Cale. nannotosiil 3/ 65
AM| BB e T= + ]
q= + !
ORGANIC CARBON AND CARBONATE [%J:
1,83
Organic carbon -
Carbonate 54
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SITE 608 HOLE CORE 54 CORED INTERVA 4925-502.1m SITE 608 HOLE CORE 56 CORED INTERVA 507.7-511.7m
g FOSSIL 2 FOSSIL
- 5 CHARACTER - 5 | CHARACTER
8 |zulels Zl 2 8 |zulelule zl e
‘f% gg HE % El 8 | oty LITHOLOGIC DESCRIPTION 'f§ HEEE E|E | (Hooey LITHOLOGIC DESCAIPTION
N < w - N|Z
HENHHEH THE +TH A HHEHBEE
= § E 3 g H = i - |g § z|5|5
] z -] 5 H HEB
e sl fog] Pt
w 28Y N2 VOLCANIC GLASSBEARING MARLY FﬁNNﬂFDESII. -| B Tatal recovery: 15-20 cmd of Hght gray (WOYR /1)
g CHALK, yery light greenish gray {5GY 8/1) 10 ~498 m. =& VOLCANIC GLASS-BEARING MARLY NANNOFOSSIL
Yellowish white (10YR 82 ta ~ 4885 m, follawsd by CHALK in Core Catcher
YT wary light greenish gray (5GY B/1) 1o very light gray (NS é
1 10 499.05 m. Throughout are layers of gray 1o dark brown @ .
[SYR 4/1). Layass at 4983 snd 4085 m are graded, fining 5 SMEAR SLIDE SUMMARY ()2
S¥R AN upveard. H cc
L = Composition;
SMEAR 5LIDE SUMMARY (% Qusrte ]
= 1,120 3100 Feldspar 1
§ 5GY 81 D D Clay L]
Compasitian = Voleanic glass 1
TOYR 511 stz 10 ] & Carbonate unspes. 11
SY 1 Feldupr 20 F = Cale. nannalouily 65
Heavy Minetals T’ ™
2 Vaolcanic glass 20 20
&Y 711 Zeotite ™ -
Foraminiters 5 5
sY N Calc. nanotossily 45 45
SITE 508 HOLE CORE 57 CORED INTERVAL 511.7-5147m
= > 2 FOSSIL
5 S &Y 71 « [E CHARACTER
= g =, l2]% z| ®
z ex |02(5]| 2 | a & GRAPHIC
i .‘.(.E £ g 2 £ E LITHOLOGY " LITHOLOGIC DESCRIPTION
; N HEH 3 ‘g_ E: g% £ EE
5Y 4/ t3 = 1 o]
g 3 B 4/1 s |8 s = |& &
£ & w 10YR 6/2
2 = 10¥R 872 WOLCANIC GLASS BEARING MARLY NANNOFOSSIL
é L 10YR 872 CHALK, daminanmly bght browrith geay [10YR 672)
g 2 0G 1o light yeliowish brown (10YR 8/4) 10 5143 m,
- o
z @ 10¥ A 672
- 1 A1 5143 o 51544 m DOLOMITIC MARLSTONE, dark
& 10VR 872 wayish brown (10YR 4/2] to pele brown (10¥R 6/3}
10YR &2 ArB143 10 B147 m lant layers of very pale iown (10YR
10¥A 672 7/3-10¥YR 8/4) acd yollow {1DYR B/GL At 5149 to
L o 10VA 82 SIS0 m two layers of dark roddish brown (SYR 3/4)
H 2 10YR 82 sanshwiched try ayars of fight gray (10YR 7/2)
& ks 10¥R 872
- kel g E 1ova &z Mate: recovery hers 150% {1e operations section)
E EYR AN ] 10¥R 812 Y b o)
5Y 61 E|B 2 T0YR B2
arl e8] ol s seen NlE 10YR 872 SMEAR SLIDE SUMMARY (%)
. £ g OYR 673, N3 123 2,10 212
§ SYR 4/1 E 2 E:-D:; ﬂI:\'k A " D D
(5 !
= 1Y 512 and 10¥H B2 m::ﬁw'”‘ s 3 -
-~ > 4 - el
SITE 608 HOLE CORE 55  COREDINTERVAL §021-607.7m H = JOYR 773 TovR aja  Fridses = ¥
[T} FOSSIL N|= and 10YR &8 Heavy M aly - - TR
£ ARACTER £ 10¥ R 672 snd Clay L S
= |3 = 3 10¥A 82 Voicanic glass - 3
FEMAE £ Z|l e - . =1 A Carbionats unspes e &8
sEIS § H g B | e, LITHOLOGIC DESCRIPTION H 3 10YR & Cale nannatossils |\ 1
wi |38z 3 § AN g3 -1 5 Basal Opaque oxides = - 4
E ‘g E 2 H C‘E E § é P Caan boiate vein * L 20% dolomite
& |2 Z|a 3 El 3 5 ORGANIC CAREON AND CARBONATE (%)
e L e N amle |s| 2 Basatt m
£ @ Oeganic casbon =
& 7 em ol wery pale eown (10YR B/21 MARLY NANNOFOSSIL E Carbionata 1
CHALK =
-
a
g
rla
- %
amM| B | B
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Shipboard Studies

Alteration

Shiphaard Studies
] Alteration
Shiphoard Studies
Shipboard Studies
Alteration

|

Shipboard Studies
| Aneration

Alteration

Shipboard Studies

Alteration

Piece Number

Graphic
Representation
Orientation
Panca Number
Graphic
Representation
Orientation

Orientation

Reprasantation

Pieca Number

Fisce Number
Aeprasentation
Origntation

| Graphic

Graphic

Pieca Number
Graphic
Reprasentation
Oriantation
Pieca Numbar
Shiphoard Studies
Aleration
Piece Numbar
U m D D D] g:;::nmlm

]

Origntation
|

Ori
|

BE

(2 B0 D D% dd RS w2 2= DY et

0,

e I 1O

g

B4.603-67-3 Depth: 516 4-516.3 m

Pieces 1-3; DOMINANT LITHOLOGY: BASALT.

Macroicopie description: Al fragments ere fine-grained and relatively frash with frash clinopyToxens phanocrysts
fup to 3 mm)] and 1 mm vesictes, The uppermost portion of Plecs 1A hes & 1-2 mem glass rind. Calelte weing are
cammaon with a large vein in Piece 18 containing nannatossil

TS5 85 em [Paeca 1A} Fine- to msdium-grained basalt, daleritie in textsrs, lnlau ug of plagiociae and clinopyroxens

laths. Phenccryats are fresh, Tivich, augitic . and cal after pligioclng. Vessclos

and some fractures arn filled with green, microcrystaliine dl.u. calcite, and chiorite, Approximate composition:

37% plagiochse Inm AT% clinopyroxane laths, 10% calcite, 7% aheration minerals hematite). 5% opegue oxides
ite) and 5% ¥

94-808.581 Depth B14.7-521.3m

Pieess 1-12. DOMINANT LITHOLOGY: BASALT. Macroscopic descraption: The majosity of the fragments ame
fin-gracned, relatively fresh bassle with wnall westhered olwing phanocryits (up ta 3 mm) snd 1 mm vesicles.
Largar busalt fragments (1-4, 11} hawe thick calcite vains fup to 4 am), Soemo fragments are eslcite {2, 3C, 5,8, 11)
mast likely from fractured waine. 1=2 mm alterstion rind igreen) i presant on Pisce TA. Fragmenits in Piece 12 are
voleanse 1w with non fossifilerous ealuite. Pioces in this section are swipected downhobs contaminemis

TS 104 cm (Piece §): Fine-grained hasalt, daleritic in ade up af and pl, lase, Ph

are sugitic clinopyroxenss, calcite pseudomcephs after plogiclase. Common vevicles lined with o green, microcrystal.
tina siflea and aecassianally filod with sacondary eatcite. Large (1 cm) phanoeryst composed of several calcite
erystals surrgunded by many small vesicles and alieration mingeals
6% pyrowens, 16% caleite, 10% reddish-brown alteration minerals, B% interstitial opague oxidel, 5% olivine nd
2% microcrystalline sifica,

TS 45-47 em: Cl chiarine, with pl wim of alivine.

64608531 Depih: B21.3-530.8 m

Piecet 1-11: DOMINANT LITHOLOGY: BASALT

Macroscopec description: Most fragments are fine-gramed, relatovely fresh wesicular bmsall, Some vesscies (up 1o
2 mm) we hed with 3 blue/green microsrystatiing  Glica?) coating Calcite veing in Piscss 2, 4 and 8 show a
reddith-brown alteration zone along the sdges and ofien contsin lrsgments af baialt. Pieces in Sectiond 9—11 appear
highly altered and are probably mixed with wash matesial

TS 13 cm [Peece 2): Fine-grained basalt. Fair thin section. Dolevitic in wx\ulr made up of plagroclase, with inle
stitial pyroxene and opague oxides. are fresh cl aluer plag

: AT% taths, 35% tinisl . 10% opaque oxides, 5% calcite, -
Fadiah.brows aftsration minstals, and 2% microcoyiadling sliica.
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SITE 608 HOLE A CORE 1 CORED INTERVAL _ 0.0-2.4m
S FOSSIL ]
% |E l_mna: TER
= - z “
g, |8s[2]2]3 1B GRAPHIC
'E £8 gz E £ | umHolooy s ) LITHOLOGIC DESCRIPTION
-
A HHHIHE B s
A HEHHHE T EH
Tt |
3 £ g % R P ¥R MAALY NANNOFOSSIL OOZE, aiernating layers of
5] N -r-'-‘l:_ [i1 = [1oYRE rawn [10YR 6/4. 10YR 844} and light 10 very light
£ | ¢ = Fif [|ovRia brawn (10YR 6/4 1o 10YR 8/2).
5 o1 Ll [wovasa
1 - o
HIE ek B Wikie (NSI FORAMINIFERAL NANNOFOSSIL ODZE
% H 1 »'_' st | fovaea 17310178 m
[ —v_=  Eyd . [rovRs2 SMEAR SLIDE SUMMARY (%)
""_'_."'. 10VR 64 1,42 1,14 2,28 2,58
5 =y g o o o D
z -4 [ 10¥R 73 i
z = oy L Compotition
] 1:":-'-' == = [we Quartz 30 25 15 b2
= 2 - h Faldspar - — =
T+ |- oYRE3 Hoawy mingral TR = ™
AG|AG (aid iy e ool M Clay 5 5 TR &
. - 10YR 812 Volcanic glass n 5 ] B
Foraminifars T 15 0 8
Colc. nannofossds 48 45 85 56
Diatormi TR - - TR
Riediolasiars TR - TR TR
1%

£0T

SITE 608 HOLE A CORE 2 CORED INTERVAL 24-120m
2 FOSSIL
- ; CHARACTER
§ [F.eT2 z| 2
L EH ol & GRAPHIC
iz :é i 2 S| B | uithotoay s ; LITHOLOGIC DESCRIPTION
= 5 P $| = =
A § B
o2 |8 g s E
o - = =)
g 10VR 773
o) 10YR 82 Dominantly thades of white IND) and tan (10YR B71-
10YR 7/3 10¥R 8/7) FORAMINIFERAL NANNOFOSSIL DOZE,
10YRA B2 alternming with pals brown (10¥R 2/1), dark gresniolive
1 05 6/11, and neown (10YR 8/3-10Y R G/4) tayers.
10YR 73
MAR
iV LY FORAMINIFERAL NANNOFDSSIL OOZE at
390w B90 m.
N8 mottles
g ASHBEARING FORAMINIFERAL NANNDFOSSIL
B 10YR 63 OOZE. dark geeen olive (25Y 8/2) a1 8.14 10 838 m.
VWO¥R 712
b 10¥R 6/2 Nota: == 100% recavery.
p ey ol
= 10VR 81
2 T
'I'_'_'l-_ 10¥YR8/3
= T SMEAR SLIDE SUMMARY (%)
iy g L0 4110 4,138 520
& P g ptty T0YR 8/1 4] o o ]
= T =T, with Campasition:
'l':_',':"l' 10¥R 8/2 Chuarer el 0 L] 0 30
i S SR Fuldupa ™ 2 1 5 5
£ ——— 10VA 614 Mica - - - - T
& - 1ovR & Heavy maneral TH 1 - 1 =
T 2 Clay 5 5 a 5 3
£ E 3 e TOVR 84 Voscanie glmss 5B = 5 =
E Y : 10YA 7:2 Foraminifers PO 10 0 E]
g 10¥R &/1 Calc. nannatossils % 8 a0 54 a0
g E 10¥R 72 Radiolarians TH - - -
3 1OYR 5/4
2 £ 10¥R 81
HRER N,
@ 10YR 771
ule N
2l=z 10YR 771
=
z 4 NO
10YR 7/1
NE
25 672
g
- 5¥ 11
NT
Y 21
5Y 611 10
25Y 62
5 25Y 777
10¥R 811
Ng
& P
b=
-~ ]
e gl
i i Ne
& b A
T -
ey
=T
T -
7 'T: 5 61
== T ]
~8l 7 T
aclac|Arl e ~Jec oy ity 5Y 71
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SITE Sos HMOLE A CORE__3  CORED INTERVAL 12.0-216m SITE 608 HOLE A CORE 4 CORED INTERVAL 21.6-312m
2 FOSSIL E]
H g FOSSIL
5 H _c;m;c're_«__ . » |E | _cuaracter
- 2 =
e [E2]| 8 S| = GRAPHIC M ETE gz
=4 2 LITHOLOGIC DESCRIFTION el2 g GRAPHI
..'.5 Eé E g 5 g E E g LITHOLOGY 3 9 |§ :E % § H e |B B ._m,mmg,. LITHOLOGIC DESCRIFTION
S HEHH £ FH HEHEHH THE
8 HEIEIE & g r |E HELE
E z|a|a|a o & § HEE
= T [ |ovrae [ = = o
&1 iy FORAMINIFERAL NANNOFOSSIL OOZE and NANNO- H 2 £ 7] o
g g gy Na FOSSIL QOZE, mostly whvte (NB| to geay (1OYR B71) 7] T | e il Tep 8 cm brown (2.5Y 6/2) MARLY FORAMINIFERAL
- 10 dternating with MARLY FORAMINIFERAL NANNO 0.5 == ! ; Sl
ikl ol « |tovREN FOSSIL OOZE, aray (1OYR 6/1, NG-Ng] ra ight beowish Fr Tt bt NANNOFOSSIL. ODZE. sitarnating yarioun shadas of 1an
1 1 B -l T 10YR TN and gray with white.
S A ol aray (10YR 612, 26Y 621, 2 vt By il o
"":E N8 2l S i, el 31 .
e — T 10¥R 81
- 5| | donstone W= == = Na
- Laibin I I i
, e
. | || [wvaen . 44T T 10YR B/
= P = (2 :
o T 2 r = v Note:>100% recovery
. T . i ."“_'_ 10YR 711
v [§] |w e iy ne
T - Nate:=>100% reeovary. = SMEAR SLIDE SUMMARY [%):
ST ~T-
2 1 =2 = 2 _]_-rﬂ_-F Ng 246 2,85 2,75
Id="=1 B =~ Wit gkl
Jod T ] A4 SMEAR SLIDE SUMMARY [%1: 5 -l_-r.'-r Camassitian
=] s T 1 L0 2,148 3, B4 5,47 650 £ Cuartr 16 26 15
= =—1 |- M b b B D 7 .,.“"_r_“u"' Tl |loven Fatipar - - T
o - | i Composition a = -= = |ill 10YR 81 Clay - TR TR
n y el = v NS Quarte & w0 15 5 5 z - - #_'_— = 4 lwovran Wolcanic ghess - ™ -
8 7 1_"'_‘ | Felduoar 1 TR 5 1 TR H a T 4 'Y Carbanate umipee, - TH -
7] 2 Heavy mingrals ™ - s TR - d=F—= = HY Foraminiters 12 10 12
3 L] Clay - 5 s TR - o T ¥ 10¥T 612 Cate. naninofomils 73 66 73
" Na Valcanic glare - 5 2 2 2 = 1;::_—-—"" ‘ o Diatom. TR TR -
3 H Lt Foraminitars 5 0 20 2% 30 £ T [l [oves Hadishuung W = =
3 3 W] hossian Cale. nannatassils 9 e 438 67 63 i 3 === 1
gl s R Diat = - T £ o g o ¥
' w i = o= 8 o e
E W 10YR 741 1 43T Tl
H Pumica 3T T Ng
i £l - 3 7 iy o
ME | i Al AT T * drapstane
El g El ) = - —
E 10YR 771 3 ey s o ;
] z 1 T | 10YA 81
& L' g iy ity
Fl NG "i"TT.'-' '
82z 4 NE E1ES o] A 10¥R 771
z|2 4 [TrT| 1
1 [if] 2 Ry i Vi
.'.I_r i z T _!_‘ K 10YA B/1
H OYRE to - "
a =T nl| |revees o [T T| P [lovem
= ? T # ) @ T 10V R &1
T 4 § T T 1 1 |[m
=] T T f
- . L - |NawnB T ] |revRen
—-_ = &5 sl i ;
5 T T | 10YR 6/2 5 'F'_'_'T_'_" 5Y 772
== - I e '-':.1- -H- 7
= T e 10YR &1 I =il [1ovRen
rhE ' =T b
— Lt NE B & i o !
i R ;I_I_'r'_r-'r_ l
: LV _ T L
- = 1 " ] ;
" "_"i“q-";. L i o R eveen
H g iy ! Néto n T,,. T == |10YRA BN
o kil pedly * |ovn 2z 3 T—7 [—] |[withN?
= Tr i IT. o F |ervinae
3 & 7l oy B sy i E T T !
5 o ity o I I 3 - T | 3
g ‘|:|: - ] [dropsone 2 IT. - TUVE 21
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L 50.4—60.0 m
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LITHOLOGIC DESCRIPTION
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SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)
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—0cmgl02 103 104 105 106 107 41 112 113 114 115 116
g
—
—25 >
-
—50
10,CC
—75
—1
—125
—150 - : -

216

8




SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)

—0 cm S0:.CC . 31-6 31,CC

! |||| |I||

227

T

T

T

T

T




SITE 608 (HOLE 608)
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SITE 608 (HOLE 608)
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SITE 608 (HOLE 608A)
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SITE 608 (HOLE 608A)
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SITE 608 (HOLE 608A)
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SITE 608 (HOLE 608A)
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SITE 608 (HOLE 608A)
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SITE 608 (HOLE 608A)
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