6. SITE 386: FRACTURE VALLEY SEDIMENTATION ON THE CENTRAL BERMUDA RISE

The Shipboard Scientific Party'

SITE DATA

Position: 31°11.21'N, 64°14.94'W

Water Depth (PDR, sea level): 4782 meters
Water Depth (PDR, rig floor): 4792 meters
Bottom Felt at (rig floor): 4793 meters
Penetration: 973.8 meters

Number of Holes: 1

Number of Cores: 66

Total Length Cored: 626.70 meters

Total Core Recovered: 438.15 meters

Core Recovery: 69.9 per cent

Oldest Sediment Cored: Black claystone
Bottoms at: 964.2 meters
Age: Early Albian
Velocity: 1.94-2.46 km/sec

Nature of Basement: Basalt
Encountered at: 964.2 meters
Velocity: 3.90-4.45 km/sec

Date Occupied: 2202Z hours, 24 July 1975
Date Departed: 2010Z hours, 31 July 1975
Time on Site: 6 days, 22 hours, 8 minutes

Principal Results: Site 386 was drilled to a depth of 973.8
meters on the central Bermuda Rise, 140 km south-
southeast of Bermuda. Sixty-six cores were taken, of which
the lowest recovered 1.90 meters of altered basalt. Base-
ment age was established as early Albian on the basis of
nannoplankton in the overlying green/black claystones.
The section consists of discontinuously cored lower Pleisto-
cene marly nannofossil ooze and brown clay (0 to ~62 m)

'Brian E. Tucholke (Co-Chief Scientist), Lamont-Doherty Geolog-
ical Observatory, Palisades, New York; Peter R. Vogt (Co-Chief
Scientist), Naval Research Laboratory, Washington, D. C.; Kenneth
R. Demars, University of Rhode Island, Kingston, Rhode Island (now
at: University of Delaware, Newark, Delaware); Jon S. Galehouse,
San Francisco State University, San Francisco, California; Robert L.
Houghton, Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts (now at: University of Alberta, Edmonton, Alberta,
Canada); Ansis Kaneps, Deep Sea Drilling Project, Scripps Institution
of Oceanography, La Jolla, California; John W. Kendrick, Shell
Development Company, Houston, Texas; I. N. McCave, University
of East Anglia, Norwich, England; Charles L. McNulty, University of
Texas, Arlington, Texas; Ivar O. Murdmaa, P. P. Shirshov Institute
of Oceanology, Moscow, USSR; Hisatake Okada, Lamont-Doherty
Geological Observatory, Palisades, New York (now at: Yamagata
University, Yamagata, Japan); and Peter Rothe, Mineralogisch
Petrografisches Institut der Universitat Heidelberg, Heidelberg,
Federal Republic of Germany (now at: Geographisches Institut der
Universitat Mannheim, Mannheim, Federal Republic of Germany).

overlying upper to middle Miocene quartzose clays and
nannofossil ooze (62-148 m); continuously cored lower
Miocene calcareous turbidites grading downward into
Oligocene and upper Eocene volcaniclastic turbidites
(148-328 m); middle Eocene siliceous (328-408m) and
calcareous (408-490 m) cyclicly deposited turbidites, overly-
ing middle to lower Eocene cherty and radiolarian
mudstones (490-613 m); upper Maestrichtian to upper
Cenomanian multicolored claystone with subsidiary marly
limestone (613-724 m) above upper Cenomanian to lower
Albian black and green claystones (724-964 m); and basalt
(cored from about 966-974 m).

Deposition was predominately continuous although
highly variable in rate. High rates characterize the
sapropelic claystones(~16m/m.y.), middle Eocene cal-
careous-siliceous turbidites (20-40 m/m.y.), late Paleo-
cene to early Eocene radiolarian mudstones (~20 m/m.y.),
and volcaniclastic turbidites (9 m/m.y.).

Volcaniclastic turbidites with shallow water detritus
indicate the Bermuda volcanoes were emergent by middle
to late Eocene time (~43 m.y.) and had been leveled by
erosion by late Oligocene time. The upward transition from
calcareous/siliceous turbidites, possibly derived from as far
away as the continental margin of North America, to vol-
caniclastic turbidites is attributed to formation of the Ber-
muda Rise by epeirogenic uplift, coincident with or imme-
diately followed by volcanic activity at Bermuda in the
center of the rise. A 28-meter section of upper Cenomanian
zeolitic multicolored claystone containing glass shards sug-
gests earlier volcanic activity at 92-96 m.y. If Bermuda
already existed at 90-110 m.y.B.P. as proposed by Rey-
nolds and Aumento, these volcanogenic components also
may have a Bermudan origin.

Organic carbon analyses in the sapropelic claystones
show carbon maxima in the mid-late Cenomanian (up to
11.5%) and early Albian (4%); this double-peaked charac-
ter possibly correlates with similar carbon distribution in
the black clays of Site 105. Organic carbon content varies
independently of sediment blackness (reducing conditions),
suggesting independent cycles of productivity and bottom
water oxygenation.

Horizon AV correlates with the top of the upper Eocene-
upper Oligocene volcaniclastic turbidites, and is seismically
continuous with the Bermuda Pedestal. The next deeper
reflector (Horizon A€)correlates with the top of an
82-meter-thick sequence of middle Eocene calcareous tur-
bidites, which overlie and seismically mask the lower to
middle Eocene cherty sediments. Horizon A* corresponds
to a middle to upper Maestrichtian limestone/chalk facies
near the top of the Upper Cretaceous multicolored clays.

The early Albian age of sediments immediately above
basement suggests that crust forming the east flank of the
Bermuda Rise was generated at the relatively rapid rate of
about 2.4 cm/yr. Several brief intervals of reversed polarity
were found in Albian sediments, post-dating the Keathley
(M) sequence.
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SITE 386

BACKGROUND AND OBJECTIVES

General Review

Shortly after the advent of continuous seismic profil-
ing in the deep sea (Ewing and Tirey, 1961), profiler
records obtained in the western North Atlantic allowed
definition of certain distinctive acoustic reflectors which
appeared to be widespread within the basin. These
reflectors represent interfaces between media of
dissimilar acoustic impedance and therefore are
presumably of dissimilar lithofacies. The most distinc-
tive and easily observed of these reflectors was called
Horizon A, and in the early records it appeared as a
reflector or series of reflectors bounded above and
below by acoustically non-laminated to weakly lam-
inated sediments.

As more profiler data were accumulated, Horizon A4
was traced to an outcrop area north of San Salvador in
the deep western North Atlantic basin. Piston cores
taken there recovered Maestrichtian turbidites, which
were thought to date Horizon 4 as Upper Cretaceous
and confirm an earlier hypothesis that Horizon A4
represents a buried abyssal plain (Ewing et al., 1966).

In the early phase of the Deep Sea Drilling Project
(Legs 1, 2, 4, and 11), the Horizon A4 reflector sequence
was targeted at several drill sites. Porcelanitic chert
dated as lower to middle Eocene was encountered near
the level of Horizon A4 at Sites 6 through 10, locally in
association with fine-grained turbidites. These findings
led Ewing et al. (1970) to speculate that Horizon 4 was
both a chronostratigraphic and a lithostratigraphic unit
composed of ‘‘middle Eocene’’ cherts. However, later
drilling results (Leg 11) clouded this simplistic picture
when a 60-90 m.y. hiatus (Cretaceous to Neogene) was
encountered at Sites 101 and 105 at the level of Horizon
A (Hollister, Ewing, et al., 1972). A further complica-
tion is apparent north of Puerto Rico at Site 28, where
Horizon A represents silicified sediments at the top of a
series of Eocene turbidites underlying upper Paleogene
to Neogene current-deposited clays (Bader et al., 1970;
Tucholke and Ewing, 1974).

These departures from the general assumption that
Horizon A represents Eocene cherts pointed out the
need for detailed study of the acoustic character,
chronostratigraphic relationships, and lithostratigraphy
of the horizon, especially because Horizon A4 is a promi-
nent marker in sediments of the North American basin
and is widely used for geologic interpretations of
various aspects of North Atlantic sedimentation history.

Recent detailed study of the acoustic character and
distribution of Horizon A has shown that what has been
simplistically called ‘‘Horizon A’ is actually a complex
and laterally variable series of reflectors, each of which
may define a specific set of paleoceanographic and
paleosedimentation conditions (Tucholke, this volume).
Over much of the central and western Bermuda Rise,
‘““Horizon A’ appears as a pair of reflectors or some-
times as a complex series of reflectors. Where ‘‘Horizon
A is dual, the reflectors are 0.1 to 0.2 seconds apart,
and the deeper reflector is usually much stronger. It is
this deeper reflector that previously was correlated with
‘““Horizon A”’ chert.
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This pair of reflectors commonly merges into a single
reflector west of the Bermuda Rise, and in the locations
where this single ‘‘Horizon A”’ was drilled (Sites 101,
105), the reflector correlates with a major unconformity
(Ewing and Hollister, 1972).

On the central Bermuda Rise, the reflector pair com-
prising ‘‘Horizon A’ is masked by an overlying, highly
reflective horizon which merges with the acoustically
opaque Bermuda Pedestal; this reflector was thought to
be intimately linked with the volcanic development of
Bermuda. None of the reflectors immediately above
‘““Horizon A chert”” had been cored in earlier drilling,
and continuous sampling of these reflectors was an im-
portant objective of Leg 43.

Another major acoustic reflector in the basin that
was identified in early profiler records is Horizon 3 (Ew-
ing et al., 1966; Windisch et al., 1968). Horizon 3 is the
top of a zone of acoustically laminated sediments norm-
ally underlying a non-laminated interval beneath
‘““Horizon 4”’. Piston cores taken where this reflector
crops out north of San Salvador contained shallow-
water Aptian-Albian sediments and deep-water Ceno-
manian sediments (Saito et al., 1966; Windisch et al.,
1968). Another core taken near the outcrop of a slightly
deeper horizon (B) in the same area was found to con-
tain shallow-water Neocomian sediments. Horizon (3
was cored in the outcrop area by the Deep Sea Drilling
Project at Sites 4, 5, 99, and 100, yielding Lower Creta-
ceous limestones, chalks, and cherts. Although these
sites succeeded in recovering early Atlantic sediments,
they did little to date Horizon 3 because of intermittent
coring and poor seismic definition of Horizon 3 as a
reflector in the outcrop area. Two DSDP Leg 11 drill
sites were more successful; at Site 101, 3 was cored and
correlated with the top of a sequence of lower Hauteri-
vian or younger limestones that underlie black clays. In
seismic records across the site, Horizon 3 is sharp and
distinct, capping a well-laminated interval above
acoustic basement. At Site 105, Horizon 3 is very poorly
defined in seismic records, being represented only by a
single, weak and irregular reflector barely discernible
above acoustic basement. Here (8 is thought to represent
a gradational contact between Hauterivian/Barremian
limestones and overlying black clays. It seemed likely
that differing lithologic contacts at the two sites could
account for the dissimilar acoustic character of 3, but it
was critical to test this concept by further drilling in
places where 3 exhibits differing acoustic character. If it
could be shown that the reflector is essentially a litho-
stratigraphic and chronostratigraphic horizon and that
its acoustic character represents actual variations in
lithofacies-boundary character, then seismic records
would take on added importance for mapping paleo-
sedimentation patterns and lithofacies for the Early
Cretaceous Atlantic.

Another reflecting horizon of major interest for Leg
43 drilling was Horizon A*, which lies between ‘‘Hori-
zon A’’ and Horizon 3 and is easily detected in profiles
over most of the western and central Bermuda Rise.
West of the western edge of the Bermuda Rise, however,
it lies within 0.1 sec below ‘‘Horizon A’ and can seldom
be detected in seismic records. East of about 67 °W on



the western Bermuda Rise, Horizon A* diverges below
““Horizon A”’, and the A4-A4* interval reaches a maxi-
mum thickness of about 500-600 meters near Bermuda;
Horizon A* also becomes a much stronger reflector
close to Bermuda. Because of the thicker 4-A4 * interval
and the more reflective Horizon A * near Bermuda, and
because of the tentative correlation of the A-A4 * interval
with multicolored (presumably volcanogenic) clays at
Site 105, it was thought that Bermuda might represent a
source area for volcanogenic material comprising the
A-A* interval. However, this working hypothesis was
subsequently disproved by drilling at both Sites 386 and
387 (see Summary and Conclusions).

Four primary sites were originally planned to study
the spatial and temporal variations in lithofacies com-
prising Horizons 3, A*, and the reflectors of ‘“Horizon
A’’. Time constraints and mechanical difficulties
limited the number of sites which could be drilled to
two; thus, major questions such as position of the west-
ward transformation of ‘‘Horizon A4’’ from chert to
hiatus remain unresolved by direct sampling. However,
because the two sites drilled encompass a wide spectrum
of acoustic facies normally associated with the reflectors
in the western North Atlantic, they provide a sound
basis for the interpretation of acoustic stratigraphy in
the basin. We attempted to core the reflectors as contin-
uously as possible within the time available in order to
avoid missing important lithologic and biostratigraphic
boundaries.

In addition to resolving the general lithostratigraphic
and acoustic stratigraphic objectives outlined above,
drill sites on the Bermuda Rise were located to deter-
mine more precisely crustal ages within the Keathley
magnetic lineations (M-series) and the Cretaceous
‘‘quiet zone,”’ and thereby to improve the calibration of
North Atlantic spreading history. This calibration is
essential to evaluate such hypotheses as the Cretaceous
fast-spreading episode which Hays and Pitman (1973)
have used to explain the Upper Cretaceous marine
transgression and subsequent Cenozoic regression. Both
drill sites are located in a part of the western Atlantic
that has been systematically surveyed (magnetics,
bathymetry), and they are at a latitude where the Keath-
ley magnetic anomalies are well-defined (Vogt et al.,
1971).

Specific Objectives

Site 386 lies about 140 km southeast of Bermuda
(Figure 1) on a portion of the rise where relatively thick
(up to 1 km) sediments unconformably blanket the
irregular basement topography. This region has been
extensively surveyed on recent cruises of USNS Wilkes
and USNS Kane, and its acoustic structure is relatively
well known. Three distinct reflectors are commonly
observed. The upper reflector is the strongest and it lies
0.1 to 0.5 sec below the sea floor (Figure 2); a pair of
reflectors 0.1 to 0.2 sec deeper are usually about 0.1 sec
apart, but they are sometimes indistinguishable because
of the bubble pulse. The uppermost reflector merges
with the acoustically opaque Bermuda Pedestal and
fades out westward on the Bermuda Rise, but the deeper
reflector pair can be traced seismically into the western
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part of the basin. All three of these reflectors classically
have been grouped into ‘‘Horizon A.”’

Within deep depressions in the basement topography,
a fourth, deeper reflector is observed (presumably
Horizon A4*), and it is usually much weaker than the
shallower reflectors. At the time Site 386 was drilled,
there was some question whether the deepest reflector
was Horizon A* because earlier studies suggested that
Horizon 3 might extend this far east (Schneider, 1969).
However, if 8 is at least roughly chronostratigraphic,
the sea floor at Site 386 is about 20 m.y. too young for 8
limestones to be present. The Challenger seismic profile
between Sites 386 and 387 subsequently showed that this
deep reflector correlates with Horizon A* on the
western Bermuda Rise.

Site 386 was drilled near the eastern limit of the
region where the major acoustic horizons could be more
or less continuously traced in seismic profiler records.
Establishing the nature of the horizons was an impor-
tant step in determining the regional lithostratigraphic
and chronostratigraphic relationships of the reflectors.
Specific drilling objectives at Site 386 were to answer the
following questions:

1) What is the age and lithofacies of the shallow
reflector that merges with the Bermuda Pedestal? Does
its seismic relationship to the Bermuda Pedestal reflect
all or part of the volcanic and/or denudational history
of Bermuda?

2) What are the ages and lithofacies of the underly-
ing pair of reflectors? Does either correspond to the
lower to middle Eocene cherts previously encountered on
the Bermuda Rise?

3) Does the deepest intrasediment reflector (Horizon
A*) correlate with multicolored clay, black clay, or
limestone facies? What is the nature of the sediments
above basalt? Were Cretaceous black clays deposited at
the ridge crest? Is there any indication of Bermudan vol-
canism in these older sediments?

4) Site 386 lies about 90 km east of the youngest
anomaly (M-0) in the Atlantic Keathley Sequence. What
is the age of the oldest sediment and the basaltic base-
ment? Does this age confirm the Larson-Pitman age-
dating scheme for the Keathley magnetic-anomaly se-
quence (M-series)?

OPERATIONS

*Upon completion of emergency bow thruster repairs
we departed Bermuda at 0530 hr (0930Z) 24 July 1975
enroute to Site 386. Because of two detailed geophysical
surveys conducted southeast of Bermuda by USNS
Kane and USNS Wilkes, the bathymetry and acoustic
stratigraphy in the area of Site 386 are exceptionally well
known (see Bowles, this volume). Upon departing Ber-
muda Challenger crossed this survey area on a course of
166 ° PGC (Figure 3).

The drill site is located near the southern edge of the
survey area, close to the intersection of two Kane
seismic reflection profiles that clearly show the acoustic
horizons discussed earlier (Figure 3). Site 386 lies near
the southern edge of a northwest-trending fracture
valley, probably formed as a transform fault at the crest
of the Cretaceous Mid-Atlantic Ridge.
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Figure 1. Bathymetric map of the central Bermuda Rise showing the position of Sites 386 and 387. Earlier DSDP boreholes

are indicated. Depths in uncorrected meters.

Crossing the valley on a course of 155° PGC, we
could identify all acoustic horizons seen in the reference
profiles. At 21227 on 24 July 1975 we slowed to 6 knots
to improve the seismic record, and at 2135Z we reached
the base of a -3857 meter peak south of Site 386; a
Williamson turn brought us back across the site on
course 335° PGC. A pre-soaked beacon was dropped at
22027, and all towed sensors were retrieved as we
turned to track the beacon to the bottom.
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Satellite fixes 678 through 705 yielded an average
position of 31°11.21 'N, 64°14.94'W for Site 386. Early
on 29 July the teletype unit of the satellite-navigation
system failed and no further satellite fixes were received
on Leg 43. Thus, the Challenger track leaving Site 386
could not be as precisely located as the approach. When
departing Site 386, the first LORAN C fix was obtained
at 2040Z, 31 July 1975, but this fix was of marginal
quality.
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PDR water depth at Site 386 was 4782 meters (Mat-
thews Area 13), which agreed closely with the 4783
meter drill-pipe value accepted as true water depih.

The site plan was to core as continuously as possible
through the major acoustic horizons, and to core less
continuously in the intervals between. Core 1 (52.6-62.1
m) was brought on board at 0512 hours on 25 July 1975
(Table 1, Figure 4). Continuous coring beginning with
Core 3 (138.0-147.2 m) established that the shallowest

reflector results from volcaniclastic, sandy turbidites
originating from Bermuda.

Very slow drilling was encountered between Cores 19
and 26 (413.6-489.8 m; see Figure 4). Drilling times
through cemented calcareous turbidites in this interval
averaged about 9 min/meter and in Core 19 were as high
as 14 min/meter. The top of this formation correlates
with Horizon A°€.

Drilling times between about 550 and 880 meters re-
mained below 6 min/meter. Very slow drilling (10
min/m average; maximum 17 min/m) was encountered
late on 29 July well down into the black claystone unit.
This abrupt doubling of drilling time began in Core 57
(878.9-888.3 m) and did not coincide with any apparent
lithologic change or acoustic reflector. For this reason,
and because segments of small-gage core several 10’s of
cm long were recovered, it was feared that the bit was
partially plugged, or that the rollercone bearings were
failing. Basalt was recovered in Core 66, which arrived
on deck at 0605Z hours, 31 July, after S hours 22
minutes drilling time. The core recovered 1.9 meters of
weathered basalt from the 9.6 meters cored. The plastic
liner was jammed, perhaps accounting for the slow drill-
ing into basalt. When the bit was recovered it appeared
undamaged and relatively unworn; the slow drilling in
the cores above the basalt thus remains unexplained.

Operationally Site 386 was successful and problems
few. For a brief period, winds gusting to 35 mph com-
bined with currents resulted in maximum load on the
main propulsion system and loss of acoustics. The
acoustics problem was alleviated by selecting an alter-
nate hydrophone, a slight course change, and
30-minutes of precautionary manual positioning.

After the drill string was retrieved well clear of the
mud line, the ship was allowed to drift off the beacon to
reduce current drag on the pipe and speed retrieval.
After drifting from 1415Z, 31 July, Challenger came up
to a speed of 5 knots at 2010Z on course 153° PGC,
made a Williamson turn at 2025-2038Z, and recrossed
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TABLE 1
Coring Summary, Site 386

Sub-Bottom Recov-
Time Total Depth? Depth Cored Recovered ered
Core  (Day-Hour) (m) (m) (m) (m) (%) Lithology AgeP

1 25-0512 4845.6 4855.1 52.6 62.1 9.5 8.15 86 Marly nanno ooze Pleist.

2 25-0719 4893.1 4902.6 100.1 109.6 9.5 1.10 12 Grn.-gray clay U. Mio.

3 25-0900 4931.0 4940.2 138.0 147.2 9.2 0.73 8 Grn.-gray clay ?

4 25-1025 4940.2 4949.8 147.2 156.8 9.6 8.40 88 Clay, nanno ooze L. Mio.

5 25-1120 4949.8 4959.3 156.8 166.3 9.5 6.05 64  Calc. turbidites U. Olig.

6 25-1315 4959.3 4968.8 166.3 175.8 9.5 5:10 53 Volcanogenic sand turbidites M. Olig.

7 25-1442 4968.8 4978.3 1758 185.3 9.5 4.30 45  Volcanogenic sand turbidites M. Olig.

8 25-1600 4978.3 4987.7 185.3 194.7 9.4 5.80 62  Volcanogenic sand turbidites M. Olig.

9 25-1745 4997.3 5006.8 204.3 213.8 9.5 3.70 39  Volcanogenic sand turbidites M. Olig.
10 25-1925 5016.3 5025.9 2233 2329 9.5 0.07 1 Volcanogenic sand turbidites M. Olig.
11 25-2100 50449 5054.4 2519 261.4 955 3.75 39 Volcanogenic sand turbidites L. Olig.
12 25-2238 5073.4 5083.0 280.4 290.0 9.6 5.90 61 Volcanogenic sand turbidites L. Olig.
13 26-0027 5102.0 S111.5 309.0 318.5 9.5 3.25 34  Volcanogenic sand turbidites M./U. Eoc.
14 26-0216 5121.0 51304 328.0 337.4 9.4 9.65 103 Silic. turbidites M. Eoc.
15 26-0406 51399 51494 3469 356.4 9.5 9.40 99  Silic. turbidites M. Eoc.
16 26-0537 5159.0 51685 366.0 375.5 9.5 6.40 67  Silic. turbidites M. Eoc.
17 26-0715 5178.0 5187.5 385.0 394.5 9.5 9.70 102  Silic. turbidites M. Eoc.
18 26-1020 5197.0 5206.6 404.0 413.6 9.6 9.50 99  Silic. and calc. turbidites M. Eoc.
19 26-1350 5206.6 5216.1 413.6 423.1 9.5 3.85 41  Calc. turbidites M. Eoc.
20 26-1645 5216.1  5225.7 423.1 432.7 9.6 5.55 58  Calc. turbidites M. Eoc.
21 26-1920 5225.7 5235.1 432.7 442.1 9.5 6.75 71  Calc. turbidites M. Eoc.
22 26-2150 5235.1 52447 442.1 451.7 9.6 6.88 72 Calc. turbidites M. Eoc.
23 27-0010 52447 52542 451.7 461.2 9.6 7.65 80 Calc. turbidites M. Eoc.
24 27-0303 52542 5263.8 461.2 470.8 9.6 6.46 67 Calc. turbidites M. Eoc.
25 27-0540 5263.8 5273.3 470.8 480.3 9.5 9.70 102  Calc. turbidites M. Eoc.
26 27-0851 5273.3 5282.8 480.3 489.8 9.5 6.25 66  Grn.-gray clayst. L. Eoc.
27 27-1050 5282.8 5292.3 489.8 499 4 9.5 5.48 57 Cherty clayst. L. Eoc.
28 27-1240 5292.3 53019 4994 508.9 9.6 4.85 50 Cherty clayst. L. Eoc.
29 27-1430 5301.9 5311.4 508.9 518.4 9.5 4.90 50 Cherty clayst. L. Eoc.
30 27-1700 5311.4 53209 5184 528.0 95 8.20 86 Cherty clayst. L. Eoc.
31 27-1940 5330.4 5340.0 5374 547.0 9.6 9.71 101  Claystone and rad mudstone L. Eoc.
32 27-2200 5349.2 5358.8 556.2 565.8 9.6 9.60 100 Rad mudstone L. Eoc.
33 27-2359 5368.2 5377.7 5752 584.7 9.5 4.35 46 Rad mudstone L. Eoc.
34 28-0215 5396.7 54059 603.7 612.9 9.2 9.55 104 Rad mudstone L. Eoc.-U. Paleo.
35 28-0445 5425.0 5434.5 632.0 641.5 9.5 8.61 91 Red claystone M. Paleo.-M. Maestr.
36 28-0630 5434.5 54438 641.5 650.8 9.3 7.12 77 Red claystone U. Cretac.
37 28-0905 54629 54724 6699 679.4 9.5 Trace <1l - U. Cretac.
38 28-1100 54819 5491.5 688.9 698.5 9.6 9.60 100 Banded zeol. claystone U. Cretac.
39 28-1300 5491.5 5501.0 698.5 708.0 9.5 9.85 103  Banded zeol. claystone U. Cenom.
40 28-1450 5501.0 5510.5 708.0 717.5 9.5 4.30 45  Banded zeol. claystone U. Cenom.
41 28-1620 5510.5 5520.0 717.5 727.0 9.5 8.60 91 Banded zeol. claystone U. Cenom.
42 28-1755 5520.0 5529.3 727.0 7363 9.3 7.25 77  Grn.-gray and blk. claystone U. Cenom.
43 28-1930 5529.3 5538.8 736.3 745.8 9.5 5.74 63 Grn.-gray and blk. claystone U. Cenom.
44 28-2115 5538.8 5548.3 745.8 1533 9.5 6.35 67 Grn.-gray and blk. claystone U. Cenom.
45 28-2315 5557.8 55674 764.8 774 .4 9.5 9.95 105 Grn.-gray and blk. claystone U. Cenom.
46 29-0055 5567.4 5576.8 774.4 783.8 9.4 8.18 82 Grn.-gray and blk. claystone U. Cenom.
47 29-0303 5576.8 5586.3 783.8 793.3 9.5 8.80 93  Grn.-gray and blk. claystone L. Cenom.
48 29-0507 5586.3 5595.8 7933 802.8 9.5 3.50 37  Grn.-gray and blk. claystone L. Cenom.
49 29-0707 5595.8 5605.3 802.8 812.3 9.5 5.65 59  Grn.-gray and blk. claystone L. Cenom.
50 29-0905 5605.3 56149 812.3 821.9 9.5 7.00 74  Grn.-gray and blk. claystone L. Cenom.
51 29-1105 5614.9 5624.4 821.9 831.4 9.5 9.70 102  Grn.-gray and blk. claystone L. Cenom.
52 29-1303 5624.4 56339 831.4 840.9 9.5 8.45 89 Grn.-gray and blk. claystone U. Alb.
53 29-1440 5633.9 5643.5 840.9 850.4 9.5 5.65 59  Grn.-gray and blk. claystone U. Alb.
54 29-1645 5643.5 56529 850.4 859.9 9.5 9.25 97  Grn.-gray and blk. claystone U. Alb.
55 29-1845 5652.9 5662.3 859.9 869.3 9.4 8.20 87 Grn.-gray and blk. claystone U. Alb.
56 29-2010 5662.3 5671.9 869.3 878.9 9.5 6.47 68  Grn.-gray and blk. claystone U. Alb.
57 29-2305 5671.9 5681.3 878.9 888.3 9.4 8.00 85 Grn.-gray and blk. claystone U. Alb.
58 30-0235 5681.3 5690.7 888.3 897.7 9.5 9.50 100 Grn.-gray and blk. claystone M. Alb.
59 30-0450 5690.7 5700.2 897.7 907.2 9.5 7.10 75  Grn.-gray and blk. claystone M./L. Alb.
60 30-0733 5700.2 5709.8 907.2 916.8 9.6 9.07 94  Grn.-gray and blk. claystone L. Alb.
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TABLE 1 — Continued

Sub-Bottom Recov-
Time Total Deptha Depth Cored Recovered ered

Core  (Day-Hour) (m) (m) (m) (m) (%) Lithology Ageb
61 30-1005 5709.8 5719.3 916.8 926.3 9.5 7.65 81 Grn.gray and blk. claystone L.Alb.
62 30-1225 5719.3 5728.8 926.3 9358 9.5 8.35 88 Grn.-gray and blk. claystone L. Alb.
63 30-1530 5728.8 5738.3 935.8 945.3 9.5 5.00 53 Grn.-gray and blk. claystone L. Alb.
64 30-1907 5738.3 5747.8 945.3 954.8 9.5 7.95 84 Grn.-gray and blk. claystone L. Alb.
65 30-2308 5747.8 5757.2 954.8 964.2 9.4 4.73 50 Grn.-gray and blk. claystone L.Alb.
66 30-0605 5757.2 5766.8 964.2 973.8 9.6 1.90 20 Basalt

Total Total cored 626.7

Total recovered 438.15
% recovery in intervals cored =69.9%
% recovery of depth drilled =45.0%

% of depth drilled which was cored = 64.4%

4From rig floor, 10 meters above sea level,
by = upper, L = lower.

the beacon at 2053Z. We attempted an unsuccessful
sonobuoy recording when recrossing Site 386. At
2134Z, 31 July we increased speed to full and changed
course to 290 ° PGC enroute to Site 387.

LITHOLOGY
Introduction

The main objectives of Site 386 were to determine the
age and lithology of the seismic reflectors in the area, to
gather information about the timing of Bermudan vol-
canism, and to determine the age of the crust.

The hole contains a variety of lithologic units ranging
from late Pleistocene marly nannofossil ooze at the top,
through thick Tertiary sediments of turbidite origin, to
red pelagic claystones, and finally green and black
claystones of Middle to Lower Cretaceous age overlying
basalt. Except for the upper 62 meters of Quaternary
marly nannofossil ooze and clay, the sediments at Site
386 were nearly continuously cored. Sedimentation was
predominantly continuous but at highly variable rates;
thus the section provides important information about
the sedimentary history of the Bermuda Rise. Seven
main lithologic units were defined in the hole (Table 2).
The seventh unit is basalt, and it is discussed at the end
of this section.

Sediments

The six sedimentary units were established on the
basis of macroscopic observations and microscopic
determinations on smear slides of representative
samples. Both dominant and minor lithologies were
studied. Unit composition was also studied by X-ray
diffraction analysis of samples in order to define more
precisely the mineral composition, especially in the fine
(<2 pm) fraction. A graphic summary of the Site 386
smear-slide determinations of composition is presented
in Foldout V in the cover pocket.

Unit 1 — Marly Nannofossil Ooze and Brown Clay
0->62.1m)

The upper boundary of Unit 1 is at the sea floor, and
its lower boundary falls in the uncored interval between
Cores 1 and 2 (62.1 to 100.0 m). Core 1 recovered 8.15
meters of lower Pleistocene yellowish brown silty clays

with both pelagic and terrigenous components. A
smear-slide summary based on 12 samples averages 34
per cent total clay, and 64 per cent biogenic carbonate
(34% nannofossils, 19% foraminifers, and 11% unspec-
ified carbonate which probably represents broken fora-
minifer tests). The total carbonate content is highly vari-
able, ranging between 0 and 78 per cent; this clearly
reflects the episodic influence of terrigenous sedimenta-
tion and the variable depth of the CCD during the
Pleistocene.

X-ray data show three samples to contain about 15
per cent quartz and 5 per cent feldspar. The clay miner-
als (summed up to 100% of the <2 um fraction) include
mica/illite (48% average), montmorillonite (34%),
chlorite (>9%), and kaolinite (9%) (Koch and Rothe,
this volume). Comparison of the smear-slide and X-ray
data show that quartz generally was not detected in the
smear slides because of its fine grain size, whereas the
X-ray data locally indicate up to 20 per cent quartz.

Grain-size data identify the sediments as clay and
silty clay (two samples). Organic carbon content ranges
from 0.1 to 0.2 per cent.

Unit 2 — Quartzose Green-Gray Clay (62.1-100.0 to 148.1 m)

Unit 2 is represented by Core 2 through Core 4, Sec.
1, Sample 4-1, 86 cm, but the overall recovery was ex-
tremely poor. Most of the sediments obtained are dis-
turbed, stiff clays and quartose clays of greenish gray
color and of middle to late Miocene age. The clays and
silty clays have low carbonate contents (0-6%, 4
samples). According to X-ray data, Unit 2 contains
about 80 per cent clay minerals, 15 per cent quartz, and
4 per cent feldspar, but only three samples were exam-
ined. Clay minerals include montmorillonite (51%),
mica/illite (30%), kaolinite (12%), and chlorite (7%)
(Koch and Rothe, this volume). The organic carbon
content is 0.2 per cent in two samples analyzed. Near the
bottom of Unit 2 there is a change of color from
greenish gray to olive-gray and dark olive-gray, and the
sediments become siltier.

Unit 3 — Calcareous and Volcaniclastic Turbidites
(148.1 to 318.5-328.0 m)

Lithologic Unit 3 is a sequence of turbidites of
volcaniclastic composition in the lower part, grading
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Figure 4. Graphic hole summary, Site 386.
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TABLE 2
Lithologic Units, Site 386

Sub-Bottom Depth

Thickness at Bottom of Unit
Unit Lithology Age (m) (m) Core
1 Marly nanno ooze and Quaternary and older 62.1-100.1 62.1-100.1 1
brown clay
2 Quartzose green-gray clay ~ Upper to middle 48.0-86.0 148.1 2 to 4-1:86 cm
Miocene
3A Calcareous turbidites Lower Miocene 8.7 156.8 4-1:86 cm to 4, CC
to Upper Oligocene (gradational)
3B Volcaniclastic turbidites Upper Oligocene to 161.7-171.2 318.5-328.0 Stol3
middle Eocene
4A Siliceous turbidites Middle Eocene 80.5-90.0 408.5 14 through 18-3
4B Calcareous turbidites M. to L. Eocene 81.3 489.8 18-4 to 26
4C Cherty claystones Lower Eocene 48.6 538.4 27 to 31-1:100 cm
4D Radiolarian mudstones Lower Eocene to 74.5-93.6 612.9-632.0 31-1:100 cm to 34, CC
upper Paleocene
5 Multicolored claystones Upper Maestrichtian- 92.3-111.4 724.3 35 to 41-5:80 cm
upper Cenomanian
6 Dark greenish gray and Upper Cenomanian- 239.9 964.2 41-5:80 cm to 65, CC
black claystones with lower Albian
radiolarian sand layers
7 Basalt Lower Albian - >973.8 66

upward into calcareous turbidites at the top. The com-
positional change is gradational between Core 4, Sec-
tion 5, and Core 5, Section 2. Unit 3 is divided into two
sub-units on the basis of compositional differences, and
the boundary between units is placed at 156.8 meters
sub-bottom, between sub-units is Cores 4 and 5.

Sub-Unit 34 — Calcareous Turbidites

The upper boundary of Sub-unit 3A was placed in
Core 4, Section 1, at 86 cm, because of a marked change
in both color and composition. The lower boundary is
transitional and is picked between Cores 4 and 5. Sub-
unit 3A sediments are upper Oligocene to lower Mio-
cene dark brown and yellowish brown clays and silty
clays. Subsidiary layers a few cm in thickness contain
fine and very fine sand of white and pale yellow colors.

The sandy layers grade upward into yellowish gray
nannofossil ooze. An erosional contact was observed at
the base of a sandy layer in Section 5 of Core 4 at 116
cm. The clays are moderately mottled and also contain
dark brown and black small silty patches in the upper
part of the sub-unit (filled burrow-mottles?).

Carbonate contents are variable, ranging from high
values (27-34%) where nannofossils are present to nil
within the clays.

The only difference between Sub-unit 3A and the
underlying Sub-unit 3B is in the composition of the
sandy layers. Carbonate of the sandy layers in 3A is pri-
marily foraminifers; both planktonic and benthic
species, and rare mollusk fragments were found. Thus,
a shallow-water origin of at least part of this material is
suggested.

Smear slides of nine samples indicate an average
composition of 48 per cent clay (range 15-95%), 27 per
cent nannofossils (range 0-77%), 4 per cent foraminifers
and 4 per cent unspecified carbonate (most probably
foraminiferal debris). Among the noncalcareous detrital
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components, quartz and feldspar locally are common
according to X-ray data. One sample contained about
50 per cent detrital apatite. The sediment represents an
apatite placer (Core 4, Section 2, 4 cm; Figure 5), but its
origin is uncertain.

Clay minerals comprise an average of 60 per cent
(range 34-80%, 4 samples) consisting of mica-illite,
24-72 per cent (smear slides suggest muscovite), 42 per
cent montmorillonite (range 28-54%), and small
amounts of chlorite and kaolinite (0-14%) (Koch and
Rothe, this volume).

Grain-size data indicate clay, silty clay, and also
equal amounts of sand, silt, and clay within the coarse
intercalations of 3A. Organic carbon averages 0.1 per
cent in 3 samples.

A dominantly turbidite origin of Sub-unit 3A is sug-
gested by megascopic grading of sand layers and by
grading determined by Coulter-counter analyses in fine-
grained sediments (McCave, this volume), as well as by
the presence of occasional shallow-water debris.

Sub-Unit 3B — Volcaniclastic Turbidites

Transitional calcareous/volcaniclastic turbidites
are present in the bottom of Core 4 and down to Core 5,
Section 2, 100 cm, where the first dominantly vol-
caniclastic turbidite occurs. Sub-unit 3B is repre-
sented by more than 162 meters of gray and brown
clays, silts, and sands in Cores 5 through 13 (156.8
to >318.5 m). Beds range in age from late middle
Eocene (Core 13) to late Oligocene (Cores 4, 5).
These sediments are clearly defined as turbidites
by common sharp basal contact of sand beds and by
size grading (see Figure 11). The basal sands are usually
dark in color, ranging between gray and olive, and the
upward grading to silt and clay is accompanied by a
change to shades of brown. Basal scour at the bottom of
the sand beds locally is observed, and abundant green
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0.1 mm

Figure 5. Apatite “placer” from a silty layer within calcareous turbidites of Sub-unit 3A. Sample 4-2, 4 cm; smear slide.

and black, rounded to lenticular mud clasts 0.4-3.0 mm
long are incorporated in the beds (Figure 6). The sand
beds are poorly sorted, lithified, and locally laminated.
The silty members of the turbidite beds are laminated
more commonly, and burrows are observed only in the
clayey, upper members (Chondrites burrows occur
within Core 6).

Angular mineral grains dominate in the sand beds,
and they comprise an excellent heavy mineral suite (see
Galehouse, this volume). Clinopyroxene is most com-
mon, with auxiliary hornblende, apatite, epidote, and
rare garnet. Other components include vesicular glass,
palagonite, opaques (mostly magnetite), phillipsite, and
analcime. Foraminifers and shallow-water skeletal frag-
ments including red algae (Figure 7), echinoderms,
mollusks, and scarce bryozoa are minor components.

Mineralogy of the fine-grained sediments (siltstones,
silty claystones, and claystones) was determined from
smear slides and by X-ray analysis (Koch and Rothe,
this volume). Clinopyroxene is present in amounts rang-
ing from 2 to 4 per cent, and feldspar (0-10%), phillip-
site (2-5%), and analcime (2-4%) are present. The X-ray
data show that zeolites were overestimated in smear-

slide descriptions. Quartz was detected by X-ray only,
and it is present (2-5%) only near the boundaries of the
sub-unit, where the assemblage is not dominated by vol-
caniclastic debris.

Clay minerals are considerably more abundant
according to the X-ray results than was estimated in
smear slides. An average of 15 X-ray analyses gives 79
per cent clay (range 62-95%) whereas the average in 28
smear slides is 47 per cent (range 10-85%). This
discrepancy is partly due to selection of samples,
because smear slides were concentrated on study of
coarser materials. For this reason, the initial smear-slide
descriptions were not adjusted to the X-ray results.

The clay mineral assemblage is dominated by mont-
morillonite (average of 14 samples is 63%; range
0-100%). Mica (13-50%) occurs only at the base (Sec-
tions 12-3 and 13-3) and in the upper half of the sub-
unit. Kaolinite and chlorite are also present only within
the upper part of Sub-unit 3B (8 samples in Cores 5
through 8: kaolinite <10%; range 6-13%; chlorite
<10%, range 7-30%). Organic carbon content is low
(0.0-0.1%, 10 samples). Carbonate contents are variable
but low (< 15%, 32 samples, range 0-40%).
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Figure 6. Photomicrograph of a thin section (Sample 8-3, 119-120 cm) of a volcaniclastic turbidite in Sub-unit 3B. Note

rounded and lenticular mud clasts.

The thickest and coarsest turbidites are developed in
the central part of Sub-unit 3B (middle Oligocene), and
they probably record intense weathering of the Bermuda
Pedestal, and possibly increased volcanism, at a time
when turbidity currents had developed clear dispersal
paths toward Site 386. Nonetheless, the net accumula-
tion rate for the turbidites of Sub-unit 3B was fairly slow
(~ 9m/m.y.; see Figure 19). The finer turbidites in the
upper part of the sub-unit and the gradation to the
calcareous turbidites of Sub-unit 3A suggest that denu-
dation of Burmuda was essentially complete by late
Oligocene time.

The lower boundary of Sub-unit 3B lies in the un-
cored interval between Cores 13 and 14 (381.5-328.0 m).

Unit 4 — Siliceous and Calcareous Mudstones
(318.5-328.0 to 612.9-632.0 m)

Sediments of Unit 4 are represented in Core 14 to
Core 34, CC. Texturally, they are claystones and silt-
stones, with rare intercalated sandstone layers. Because
greenish gray colors prevail, the sediments are grouped
into one unit, although considerable textural and com-
positional variations are observed within the unit. Unit
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4 is subdivided into four sub-units on the basis of these
parameters.

The upper part, Cores 14 to 26, contains turbidites
that have characteristic primary sedimentary structures
and appear in a rhythmic sequence. In this section, two
kinds of turbidites are distinguished by the composition
of the coarser, basal layers. The uppermost sub-unit
(4A) contains abundant siliceous ooze and is termed
“‘siliceous turbidites.’’ Sub-unit 4B has abundant calcar-
eous debris in basal layers and is termed ‘‘calcareous
turbidites.”” Further downhole the sedimentary struc-
tures typical of turbidites are no longer megascopically
perceptible and claystones containing porcelanitic chert
prevail (cherty claystones, Sub-unit 4C). Radiolarian
mudstones (Sub-unit 4D) comprise the lowermost part
of Unit 4.

Sub-Unit 4A — Siliceous Turbidites

Cores 14 through 18-3 (328.0-408.5 m) contain
more than 80 meters of greenish gray clays and silts
of middle Eocene age. The sediments exhibit several
tens of rhythmic layers with a coarser-grained base
of either medium sand or silt. According to texture
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Figure 7. Red algae fragment within heavy-mineral graded sandstone bed of Sub-unit 3B volcaniclastic turbidites. Sample 8-6,
140-142 cm;, thin section.

and primary sedimentary structures, the rhythmic
layers can be subdivided ideally into five sublayers,
termed o, B, vy, 6, €, from bottom to top (Figures
8, 11). The lowermost « sublayer invariably has
coarser components and it is usually a medium-grained
sandstone. Sorting is poor, and grading is evident in
most sublayers. The overlying 3-sublayer is character-
ized by parallel, faint laminations. This grades upward
into homogeneous claystone (y), and mottled claystone
(6), topped by a darker, and usually much thinner sub-
layer in which mottling continues and is often more in-
tense (). One or more of these sublayers may be miss-
ing, but in most cases, at least o and 6 and a sublayer
between (3 or v, or both) can be recognized. Thickness
of an entire rhythmic layer ranges from 30 cm to about 3
meters. Average thickness of a-sublayers is about 10
cm. Colors within the a-¢ sublayers are various shades
of greenish gray and green. Usually the v and & sub-
layers are light green, and e sublayers are dark green in
color. The color difference is caused by varying car-
bonate content; the lightest colors correspond to the
highest carbonate values.

The a-sublayers contain mostly opaline silica, with a
preponderance of either radiolarians or sponge spicules,
but including diatoms (Figure 9); some a-sublayers are
spicule sands. Average composition of the various sub-
layers is given in Table 3; composition is based on exam-
ination of 41 smear slides equally distributed among
sublayers, except for sublayer € (2 slides).

Carbonate content varies within and between sub-
layers; data are from both shipboard and shore:lab
work. In most cases, no sharp boundaries exist between
the sublayers, so that carbonate values cannot always be
attributed to one particular sublayer; detailed analyses
were conducted on Core 15 with sampling at 10-cm in-
tervals, and certain trends are obvious. The o-sublayers
of Sub-unit 4A have low carbonate content (14-17%, 2
samples), as do the 3-sublayers with clearly recognizable
parallel lamination (7-17%, average 12%, 5 samples)
and vy-sublayers (13-21%, average 17%, 20 samples).
Much higher carbonate content occurs in the é-sublayers
than in any of the other sublayers (26-56%, average
42%, 5 samples); e-sublayers were not analyzed for car-
bonate content within Sub-unit 4A, but smear slides
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€ Darker green than § and also mostly
mottled claystone, low carbonate,

5 Mottled claystone, rich in carbonate

')’ Homogeneous claystone

6 Laminated and/or faintly
laminated silty claystone,

Coarser than [ -€, very often sandstone,
either siliceous (detrital rads and spics) or
calcareous (detrital), mostly horizontally
laminated to massive and graded,

Figure 8. Idealized sequence of sublayers in turbidites
of lithologic Sub-units 44 and 4B.

indicate very little carbonate. The high carbonate con-
tent of the § sublayers corresponds to the lightest colors
in the graded unit. The carbonate is entirely low mag-
nesian calcite and consists of nannofossils and
foraminifers.

Quartz content of Sub-unit 4A is about 4 per cent
and feldspar is rare. Clay minerals comprise the bulk of
the non-carbonate fraction and consist of montmoril-
lonite (average 78%, range 52-88%, 10 samples) and
less illite (average 20%, range 12-34%).

Detailed grain-size analyses were carried out by both
DSDP shore lab (Cameron, this volume) and Coulter-
counter methods (McCave, this volume). Standard
methods show that « sublayers contain sand (range
0.8-27%, 4 samples) and silt (range 64-74%). (-sub-
layers contain up to about 40 per cent silt, and the y and
6 sublayers are predominantly clay (78%). This suggests
grading within the a-e sequence but is not definitive
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because the samples were not taken from a single se-
quence. Although a sequence beginning with a sandy
a-sublayer usually has a silty 8-sublayer, it is not un-
common for a silty a-sublayer to be followed by a
B-sublayer consisting mostly of clay. Coulter-counter
analyses conducted on discrete sequences in Sub-unit 4A
show clear grading in the a-e sublayers (McCave, this
volume).

Organic carbon content of Sub-unit 4A is slightly
higher than in the overlying Sub-unit 3B; nine analyses
average >0.3 per cent (range 0.1-0.7%) in (3, v, 6, and €
sublayers. No correlation with sublayers is apparent
except that the lowest values are in 6 sublayers (2
analyses only).

The siliceous turbidites of Sub-unit 4A have the
highest sediment accumulation rates of all units cored at
Site 386, the average rate is 42 m/m.y. which strongly
favors a turbidite origin.

In summary, Sub-unit 4A represents a rather unusual
sequence of turbidites. The basal part of each turbidite
(a-v) is dominated by siliceous fossils, the §-sublayers
contain more carbonate, and the e-sublayers are mostly
clay. Reworking of pelagic sediments into the turbidites
appears to be the source of these components. The high
carbonate content of the 6 sublayers and low carbonate
in the e (pelagic) sublayers favors a mechanism of
redeposition of carbonate rather than pelagic deposition
from the overlying surface water.

Sub-Unit 4B — Calcareous Turbidites

Cores 18-4 down through 26 contain more than
80 meters of rhythmically deposited sediments of similar
aspect to Sub-unit 4A. Texture and colors are essentially
the same as in Sub-unit 4A. The major difference is in
the composition. Silica is virtually absent in Sub-unit 4B
and is replaced by clay minerals. Thus, the carbonate
contents of Sub-units 4A and 4B are generally similar.
Sublayer composition calculated from 19 smear slides in
4B is given in Table 4. The upper boundary of Sub-unit
4B is placed at Section 18-4 where the first calcareous
o sublayer was observed.

Based on shipboard and shore-lab carbonate anal-
yses, the a sublayers of Sub-unit 4B have an average
carbonate content of 42 per cent (11, 49, and 66%, 3
samples), 3 sublayers 17 per cent (0-25%, 5 samples), v
sublayers 25 per cent (23-27%, 6 samples), §-sublayers
33 percent (1 sample only), and e sublayers 5 per cent
(0-9%). Carbonate is entirely low magnesian calcite,
mostly nannofossils with some foraminifers.

In contrast to overlying Sub-unit 4A and underlying
Sub-unit 4C, quartz is common in 4B (average 6%,
range 1-10%, 14 samples) and feldspar is present in
most samples (average 2%, range 0-6%). Sub-unit 4B
also contains disordered cristobalite (average 7%, range
trace-19%) derived from alteration of biogenic opal.
The clay mineral assemblage is dominated by montmo-
rillonite (average 77%, range 60-84%) and illite (aver-
age 22%, range 16-40%). Organic carbon is about the
same as in Sub-unit 4A (average 0.4%, range 0.1-1.0%).

Accumulation rates of the calcareous turbidites are
about the same as calculated for the siliceous turbidites
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Figure 9. Sponge spicules, radiolarian fragments, and diatoms partly pyritized in the siliceous turbidites of Sub-unit 44.

of Sub-unit 4A (42 m/m.y.), and similar transport and
depositional mechanisms are inferred, with only a slight
difference in source material. Both 4A and 4B turbidites
were deposited during the middle Eocene, and both se-
quences are about 80 meters thick.

Sub-Unit 4C — Cherty Claystones

The upper boundary of Sub-unit 4C is placed at
the level where the a-¢ sublayers are no longer
readily apparent. Sub-unit 4C is contained in Core

27 through Core 31, Section 1, 100 c¢cm, and is
comprised of lower Eocene greenish gray claystones
in various shades; some claystones are calcareous
and some contain porcelanitic chert. Porcelanite
mostly is restricted to mottled layers. Texture of the
claystones is homogeneous, laminated, or mottled. Sub-
unit 4C is partly distinguished from 4A and 4B by an
absence of sand-sized sediments. Grain-size analysis
shows about 80 per cent clay and 20 per cent silt (2
samples only; Cameron, this volume).

TABLE 3
Smear-Slide Composition of Turbidite Sublayers in Lithologic Sub-unit 4A
Clay Carbonate Silica
Sponge
Unspec. Forams Nannos Radiolaria Diatoms Spicules
Sublayer | Average Range | av. Ige. av. rge. av. rge. | av. rge. av.  r1ge. av. rge.
€ >95 95-99 - - - - - - - - - - - —
5 37 10-85 40 2-85 — - 6 2-10 | 11 315 - - 3 0-9
Y 41 29-88 6 1-20 2 0-13 11 0-15| 33 0-51 - - 6 1-20
g 39 20-80 8 520 - - 10 320 30 15-42 - - 13 3-40
a 20 10-35 10 2-30 8 220 4 2-8 | 21 6-50 1 29 15-45
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TABLE 4
Smear-Slide Composition of Turbidite Sublayers in Lithologic Sub-unit 4B
Clay Carbonate Silica
Sponge
Unspec. Forams Nannos Radiolaria =~ Diatoms Spicules
Sublayer | Average Range | av. rge. av. rge. av. rge. | av. rge. av. rge. av. rge.
€ 97 95-99 2 0-5 - - - - - = - - =
5 37 10-89 43 5-85 — 1 0-5 — - - = — —
Y 82 77-88 10 1-20 - 5 0-10| — - — - 1 0-3
g 76 72-80 15 1020 - 4 3-5 = - - - - —
« 72 63-80 23 15-30 - - - - = - - — -

Carbonate content generally is low (range 0-7%, 13
samples) except in scattered calcareous layers that con-
tain about 30 per cent carbonate (3 samples). Nannofos-
sils and unspecified carbonate comprise the calcareous
fraction.

Quartz is present throughout, in about the same quan-
tity as in Sub-unit 4B, but feldspar is restricted to the
upper cores (27 and 28). Disordered cristobalite also is
present throughout (average 13%, 7 samples) and is
abundant in some cores (up to 24%). Radiolarians
(< 5%) are mostly recrystallized and are the most likely
source for the disordered cristobalite in this sub-unit
(see Riech and von Rad, this volume). Clinoptilolite
(1-6%) was found within about half of the samples in-
vestigated; this mineral is absent within overlying Sub-
unit 4B. The clay mineral assemblage is essentially the
same as in 4B, consisting of 66 per cent montmorillonite
(54-72%) and 33 per cent illite (range 22-46%) (Koch
and Rothe, this volume). Organic carbon averages
about 0.3 to 0.4 per cent (range 0.1-0.7%, 6 samples).

Calculated accumulation rates for the cherty clay-
stones (20 m/m.y.) are somewhat lower than those for
the overlying calcareous and siliceous turbidites, but
Sub-unit 4C thus may have a similar origin, that is,
pelagic sediments redeposited by turbidity currents.
Because of disaggregation problems in these cherty sedi-
ments, it is not possible to document suspected size
grading (McCave, this volume).

Sub-Unit 4D — Radiolarian Mudstones

Core 31, Section 1, 100 cm through Core 34, CC
contain 74.5 meters of dark olive-gray radiolarian
mudstone of early Eocene to late Paleocene age. The
upper boundary in Core 31 is marked by a possible ero-
sional contact that dips at 20° between Sub-unit 4D
radiolarian mudstones and the overlying cherty clay-
stones. Sub-unit 4D is characterized by slightly mottled,
dark olive-gray radiolarian mudstones in the upper part
(about 8 m) and by homogeneous to faintly laminated,
thinly laminated, and mottled claystones and slightly
silicified claystones (porcelanite) in the lower part.
Colors within the lower part are dark greenish gray and
greenish black, and dark gray within some minor very
fine sandstone and siltstone laminae. Some short inter-
vals are mottled with moderate brown colors. In the
upper part of the sub-unit radiolarians are recognizable,
but in the lower part (Core 34) these are mostly re-
crystallized.
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Smear-slide estimates of the composition of the sedi-
ments are clay (average 77% range 37-90%, 20 samples)
and recrystallized radiolarians (about 5-11%). In X-ray
data, quartz is common (6-15%, average 10%), and
feldspar is present (2-3% on the average). Samples
down through Core 33 also contain disordered cristoba-
lite (3-13%, average 9%, 4 samples), and some clinop-
tilolite (trace-3%) was found within Core 34. In con-
trast to the X-ray data, only small amounts of quartz
were noted in the smear slides. Some of the quartz thus
may be diagenetic (chalcedony), representing altered
cristobalite.

The clay mineral assemblage consists of montmoril-
lonite and illite; up to about 80 per cent of the clay frac-
tion is montmorillonite. Average carbonate content is
14 per cent (0-27%). Carbonate is entirely low magne-
sian calcite (nannofossils).

Coulter-counter analyses of the Sub-unit 4D radio-
larian mudstones indicate subtle size grading which may
reflect deposition of these sediments from turbidity cur-
rents (McCave, this volume).

Unit 5 — Multicolored (Red) Claystones and Minor Limestone
(612.9-632.0 to 724.3 m)

Core 35 through Core 41, Section 5, 80 cm, contain
upper Maestrichtian to upper Cenomanian multicolored
claystones of dominantly reddish hue, and subsidiary
calcareous beds (see Figure 11). These are treated as a
single unit although colors and composition suggest sev-
eral lithologic variants. The Unit 5 claystones generally
are rather homogeneous, but faint elongate mottles are
present throughout. The contact against the overlying
radiolarian mudstones of Sub-unit 4D lies in the un-
cored interval between Cores 34 and 35. There is,
however, a marked color change between the two units,
from dark greenish gray (Sub-unit 4D) to dusky dark
red and grayish red (Unit 5). The upper part (Cores 35
and 36) of Unit 5 has two distinct lithofacies, the prin-
cipal one being red claystone, sensu stricto. In smear
slides, quartz was observed only in trace quantities, but
in X-ray data (3 samples) it constitutes 14 per cent of the
sediment; this ‘‘quartz’’ may include chalcedony altered
from biogenic opal. Feldspar is about 4 per cent. The
clay minerals include mica/illite (average 52%, range
50-57%), montmorillonite (average 31%, range
28-35%), kaolinite (average 11%, range 10-12%), and
chlorite (average 6%, range 4-10%). Virtually no
kaolinite or chlorite are present immediately below and



above this uppermost member of Unit 5. The illite
within this upper member is well crystallized and is con-
sidered a detrital component. Further downhole, well-
crystallized illite was not found (see below). While the
montmorillonite within the overlying Sub-unit 4D has a
well-developed 17 A reflection, in this upper member of
Unit 5 it has a broad reflection at about 14 A that repre-
sents mixed-layer montmorillonite/illite. Smear slides
always showed at least trace amounts of Fe/Mn-oxides,
and at the top of the unit some micronodules 1-3 mm in
diameter were found. The organic carbon content is 0.1
per cent or less (3 samples). Carbonate content is nil ex-
cept for the bed noted below.

A 2.3-meter-thick bed of limestone and marly lime-
stone of light greenish gray, light bluish gray, and white
color is present in Core 35 (Section 4, 16 cm, to Section
5, 95 cm) (see Figure 11). It is partly laminated to cross-
laminated and is of late and middle Maestrichtian age.
Carbonate content is 57 and 63 per cent in two samples;
most of this is recrystallized calcite with minor nan-
nofossils. An X-ray sample in a marly interbed (35-5,
0-3 cm) contains 11 per cent carbonate and the same
proportions of mineral components as the surrounding
claystones; about half of the carbonate is dolomite and
this is the shallowest occurrence of dolomite in the hole.

The middle part of Unit 5 (Cores 38 through 40) con-
sists of 28.6 meters of claystones which are easily distin-
guished from the over- and underlying sediments by
their color (dusky yellowish brown banded with
moderate brown). The claystones are thinly and irregu-
larly laminated throughout (see Figure 11). They grade
downward into mostly red claystones (Core 39) with a
few light greenish gray ‘‘bleached’’ horizons usually 1
cm or less in thickness. Sediments of this middle
member contain no fossils and are undated. Mineralogy
of these claystones is markedly different from those im-
mediately above. Quartz, feldspar, and total clay
minerals are present in about the same proportions, but
abundant clinoptilolite (6-18%, average 11%, 6
samples) and 1-2 per cent of phillipsite justifies the term
‘‘zeolitic claystones’> for this middle member. Dis-
ordered cristobalite (2-10%), average 5%, 6 samples)
within Unit 5 is also restricted to this member. The clay
mineral assemblage is dominated by montmorillonite
(average 56%, range 39-83%) and illite (average 41%,
range 17-61%), with only rare kaolinite and chlorite.
The montmorillonite is not well crystallized but has a
clear 17A peak. The peak is very broad and suggests
authigenic formation from volcanic glass which smear
slides indicate is abundant. This is also indicated in the
diffractograms by a background bulge caused by abun-
dant amorphous material. Illite also has broad reflec-
tions and may be diagenetically altered from montmo-
rillonite. The total carbonate content within the middle
member is near zero (< 1%).

Of six organic carbon samples from this unit, only
one sample contained detectable carbon (0.1%).

The lower part of Unit 5 (Core 41, top, to 41-5, 80 cm)
consists of dark reddish brown claystone with local
bands of dark greenish gray. One X-ray sample in-
dicates high quartz (28%, not noted in smear slides) 70
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per cent clay minerals, and absence of zeolites and cris-
tobalite. Total carbonate is zero. Clay minerals are 73
per cent montmorillonite, 19 per cent illite, and minor
kaolinite and chlorite. Organic carbon is 0.0-0.1 per
cent (2 samples).

The red clays of Unit 5 clearly were deposited below
the CCD, except for the middle and upper Maestrich-
tian marly limestone bed in Core 35. A sharp middle-
late Maestrichtian depression and rise of the CCD is al-
most certain (see Figure 11); wherever sediments of this
age have been cored in the deeper basin of the western
North Atlantic (Sites 10, 384, 385, 386, 387), they are
highly calcareous (see Tucholke and Vogt, this volume).
The red claystones in Unit 5 accumulated at slow,
typically pelagic rates of about 2 m/m.y.

Unit 6 — Dark Greenish Gray and Black Claystone With
Radiolarian Sand Beds (724.3 to 964.2 m)

This lowermost sedimentary unit at Site 386 is 239.9
meters thick and is contained within Cores 41, Section 5,
80 cm to 65, CC. Core 66 recovered basalt (see below). In
terms of thickness, Unit 6 is the most important of the
site. Bedding planes in the sediment dip 5°-10°, locally
15°, and towards the bottom of the hole 15°-20°. This
dip may not be hole deviation, but rather true dip caused
by differential compaction beside the steep basalt scarp
near the site (see Figure 21). The sediments are essen-
tially claystones and mudstones, some of which are rich
in organic matter; marly chalk and radiolarian sand
layers are scattered throughout (see Figure 11).

Colors are predominantly dark greenish gray and
black, indicating a dominantly reducing depositional
environment. Within Core 46 and at the bottom of Core
45, however, red shades reappear. Some minor reducing
pulses were also observed within the overlying Unit 5, in
Core 41. Thus the colors indicate a transitional contact
between Units 5 and 6. The upper boundary of Unit 6
was picked at Core 41, Section 5, 80 cm, because fur-
ther downhole, red colors indicative of an oxygenated
depositional environment are very scarce, and
radiolarian sand layers become abundant.

The age of Unit 6 is upper Cenomanian to lower Al-
bian, based on often poorly preserved nannoplankton
and foraminifers (see Biostratigraphy).

Black colors prevail from Core 43 to uppermost Core
44, they become less important between Cores 44 and
49, and they again are abundant in Core 49 and the top
of Core 50 and from the base of Core 54 to Core 65.
Black beds generally contain abundant radiolarian sand
layers (Cores 43-45, 58-65), and most are at least faintly
laminated, whereas the interbedded greenish gray
claystones usually are mottled.

Carbonate content varies considerably within Unit 6.
Shipboard carbonate-bomb determinations gave an
average of 37 per cent (0-75%), 42 samples) but this is a
biased sample of intervals where smear slides already
had suggested high carbonate. Random sampling for
shore-lab processing gives an average of 18% (0-66%,
48 samples) which is a more realistic average. Random
X-ray-mineralogy samples also were tested and gave an
average of 22 per cent (0-80%, 55 samples). The high
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carbonate contents are concentrated within layers of
marly chalk and calcareous claystones. Some thin marly
chalk layers with nannofossils and radiolarians are pres-
ent within Core 45, but calcareous sediments (both
marly chalk and calcareous claystones) become an im-
portant part of the sediments only below Core 47. They
are light gray, yellowish gray, and greenish gray down
to Core 51 but change to various shades of gray and
olive-gray from Core 52 downward. Thin whitish lam-
inae of nannofossil chalk are intercalated near the base
of Unit 6.

Most of the carbonate is low magnesian calcite from
nannofossils, but below Core 50, calcite with higher
amounts of magnesium (8-10 mole % MgCO,, high-
magnesian calcite), Ca-dolomite (rare), dolomite,
mangano-calcite, siderite (Figure 10), and rhodochrosite
were found. Both siderite and rhodochrosite are locally
concentrated in layers up to a few cm thick, and they
also form concretions in Cores 62, 63, and 64.

Quartz is abundant in X-ray diffraction samples
(0-80%, average 30%, SS samples) and high silica per-
centages (75%, 71.5%) also were found locally by XRF
(see Murdmaa et al., this volume). However, almost no

detrital quartz was detected in smear slides. It seems
probable that most of the ‘‘quartz’’ is chalcedony that
has been diagenetically transformed from original bio-
genic opal via an intermediate stage of disordered
cristobalite. This inference agrees with studies by Berger
and von Rad (1972), who found that with increasing
depth and age, opal and lussatite (disordered cristoba-
lite) are finally transformed into quartzitic rock (see also
Riech and von Rad, this volume).

Feldspar is present in minor amounts in about half of
the cores (average less than 1%, range 0-4%). The clay
mineral assemblage is dominated by montmorillonite in
the upper part and by illite in the lower part of Unit 6
with a transitional zone where both clay minerals are
present in about equal amounts. The upper part (Cores
41 through 51) has an average of 71 per cent montmoril-
lonite (range 53-80%), 18 samples) and 29 per cent illite
(range 20-47%). The transitional zone (Cores 52
through 54) has 49 per cent montmorillonite (range 38
to 65%, 6 samples) and 51 per cent illite (range
35-62%). The lower part (below Core 54) contains an
average of 10 per cent montmorillonite (range 0-41%,
22 samples) and 88 per cent illite (range 59-100%).

Figure 10. Siderite within claystones of lithologic Unit 6. Sample 46-2, 77 cm, smear slide.

212



Below Core 57 montmorillonite is scarce and occurs
only in a few samples. The ratio of montmorillonite to
illite within Unit 6 thus decreases almost continuously
from about 4 at the top of the unit to near 0 within
Cores 58 through 65 (Koch and Rothe, this volume).
Transformation of montmorillonite into illite by uptake
of potassium and possibly compaction may account for
this change.

Pyrite is present in most cores of Unit 6 and is con-
centrated in black layers of both clay and radiolarian
sand. Traces to a few percent of disseminated pyrite
dust indicated in smear slides probably are responsible
for the prevailing dark to black colors. Some thin layers
and lenses are rich in pyrite (up to 40% in X-ray data);
locally large concretions also occur and a single concre-
tion 4.5 X 6.5 cm in size was recovered in Core 44, Sec-
tion 1, 82-86 cm (Figure 11).

Barite was found within a few samples only. In Core
64, Section 5, 113-115 cm, abundant barite (30%) oc-
curs together with siderite and rhodochrosite. Some
phosphatic material was suggested from smear slides; it
occurs within carbonate-rich sediments forming yellow-
ish gray to very light gray layers of less than one to
several cm thick. Apatite (about 3%) was found by
X-ray analysis within Core 63, Section 3, 146-147 cm.

Organic carbon is locally enriched in the sediments of
Unit 6, in strong contrast to samples from Units 1
through 5, which average about 0.1 per cent, and rarely
reach 1.0 per cent. In Unit 6, the average is higher
(1.4%, 48 samples), and a maximum value of 11.5 per
cent was determined in Core 43, Section 2, 135 cm. The
organic carbon consists of both detrital carbon recycled
from continental areas and marine carbon (Kendrick,
this volume). The intra-unit distribution shows that the
highest values occur near the top and the base of Unit 6.
This is similar to the distribution of the amount of black
coloration in the unit, and it also corresponds to fre-
quency of radiolarian sand layers (McCave, this
volume). However, there is no direct correlation be-
tween the blackness of a given sedimentary layer and its
organic carbon content (Kendrick, this volume).

Sedimentation rates of ~ 16 m/m.y. were calculated
for Unit 6 on the basis of paleontological data. This is a
mean, and within the 240-meter-thick unit several fluc-
tuations in sediment input are likely to have occurred
(see also McCave, this volume).

The primary sedimentary structures of Unit 6 include
parallel and irregular lamination, and homogeneous to
burrow-mottled claystones are common. Laminations
are most common within the darker grayish black and
black beds, and irregular laminations and burrow mot-
tles appear in beds of grayish blue-green to greenish col-
or. Size grading determined by Coulter-counter analysis
exists in Sections 44-4 and 62-4 (McCave, this volume),
and it suggests that turbidites with cryptic grading may
be common in the unit. From Core 60 downhole, small
graded beds can be visually observed; some have flat,
mostly green mud clasts at the base. The frequent radio-
larian sand layers (0.5 to >3 cm thick) intercalated in
the claystones of Unit 6 are not graded and generally
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have sharp upper and lower boundaries parallel to the
bedding (Figure 11). Some of them, however, have ir-
regular upper boundaries (Cores 64 and 65) and some
also contain very small mud clasts which makes rework-
ing of pelagic sediments and redeposition by turbidity
currents a likely source. McCave (this volume) also has
suggested that deposition of the radiolarian sand beds
may have occurred during ‘‘long blooms.”’

The contact of sedimentary Unit 6 with basaltic base-
ment was probably lost in Core 66, Section 1, which
recovered 1.9 meters of basalt. The lowermost sedi-
ments recovered are greenish black and grayish black
mottled claystones (65, CC) overlying dark gray and
black claystones with sandstone layers consisting mostly
of recrystallized radiolarians. The lowermost sandy
layers contain poorly sorted mud clasts with lesser un-
specified carbonate and pyrite. The deepest layer also
contained grains of green chlorite.

Discussion

Nannofossils recovered in Core 65, Section 1, in-
dicate the sedimentary history at Site 386 began during
early Albian time. The site was drilled within a fracture
valley between adjacent topographic highs and about
100 km southeast of the Bermuda Pedestal. The site
consequently exhibits a sedimentary record dominated
by locally derived turbidites. The lowermost sedimen-
tary unit (6) is characterized by gray-green and black
colors and by fairly high sedimentation rates (16
m/m.y.). Abundance of pyrite, siderite, rhodochrosite,
and preservation of rather high amounts of organic
matter within this unit clearly reflect a reducing deposi-
tional environment.

There are two possible explanations of such condi-
tions: (1) the ‘‘stagnant basin model’”” wherein anoxic
bottom water is assumed, and (2) the ‘‘reducing-
sediment model”’ wherein high productivity supplies
organic carbon to the sediments faster than it can be ox-
idized, thus creating reducing conditions within the sedi-
ment column even though the bottom water may be oxy-
genated.

Kendrick (this volume) presents geochemical evi-
dence that bottom waters must have been at least spo-
radically anoxic; total sulfur content in the sediment
commonly exceeds that which could have been derived
from sulfate in the interstitial water, and reduction of
sulfate from the overlying bottom water thus seems to
be required. On the other hand, some sediments indicate
oxygenated bottom water because they are burrow mot-
tled; most of these burrowed sediments are the inter-
bedded gray-green clays, although rare black layers are
also burrowed. These latter sediments must have experi-
enced internal microreducing conditions because they
contain abundant pyrite.

Rapid sediment emplacement which might have aided
in development of internal microreducing conditions is
demonstrated by the relatively high sedimentation rates
and by beds of apparent turbidite origin. Local turbidity
currents originating on adjacent basement highs prob-
ably account for the pelagic detritus in these turbidites;
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386-17-1, 110-148 cm
b

386-52-6, 60-100 cm

f

By

386-5-2, 23-123 cm 386-17-3, 73-98 cm 38-35-3, 98 cm to 386-38-1, 23-123 cm 386-58-3, 85-125 cm
386-35-4, 48 cm
a c d e g

Figure 11. Examples of lithofacies at Site 386. (a) Volcaniclastic turbidites in lithologic Sub-unit 3B. (b)Sublayers in sili-
ceous turbidites (Sub-unit 44); from bottom; v (light, carbonate-rich), 8 (light, mottled), € (thin, darker, mottled), with
overlying a, B (coarser, graded, laminated). (c) Sublayers in siliceous turbidites (Sub-unit 44 ); from bottom; vy (light,
carbonate-rich), & (light, mottled), € (darker, low carbonate), with overlying B (dark, faintly laminated). (d) Reddish
carbonate-free claystones overlying marly limestones in lithologic Unit 5; note sharpness of contact. (e) Zeolitic multi-
colored claystones of Unit 5. (f) Gray-green and black claystones and marly chalk in Unit 6; note marly clasts at 64 cm
and radiolarian sand at 88 ecm. (g) Black claystones in Unit 6, note radiolarian sand beds at 87, 105, and 119 cm.
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just 6 km southwest of Site 386, a basement peak rises
more than 1800 meters above the level of basement at
the site.

The Unit 6 sediments clearly are the lateral equivalent
of the black clays previously drilled at Sites 5, 101, and
105. Site 386 exhibits a double peak of organic carbon
richness at the top and the base of Unit 6. This was also
reported from Site 105. However, this organic carbon
distribution is not so clearly demonstrated in the com-
pressed section at Site 387 (see Site 387 Report). The
oldest sediments cored at Site 386 have mineralogy
striking similarly to that at Sites 101 and 105. The pres-
ence of siderite, pyrite, and rhodochrosite at these sites
is characteristic of formation within a reducing
environment.

The carbonate-rich cycles with Unit 6 are best ex-
plained by deposition of calcareous turbidites derived
from the adjacent basement highs. The sea floor at Site
386 was probably below the contemporary CCD, but
the adjacent peaks were above the CCD (Tucholke and
Vogt, this volume).

The bottom water became predominantly oxygenated
in the late Cenomanian, as indicated by the termination
of black clay deposition. However, minor black clay
beds continued to be deposited into the base of Unit 3,
and they suggest continuing minor anoxic episodes.

After an interval of pelagic red clay deposition below
the CCD, a remarkable section of volcanogenic banded
clays was deposited. The sharp upper contact of the
banded clays against sediments which contain almost no
zeolites suggests that a period of volcanic activity was
centered in the late Cenomanian. A possible source of
the volcanic components is early Bermudan volcanism;
Reynolds and Aumento (1974) obtained a 91 m.y.B.P.
radiometric date on pillow lavas drilled beneath Ber-
muda in Deep Drill 1972. There seems to be little doubt
that the abundant zeolites (mostly clinoptilolite), mont-
morillonite, and poorly crystallized illite within these
clays were derived from the alteration of volcanic ash.
The igneous record on Bermuda, however, is one essen-
tially of basaltic volcanism whereas formation of
clinoptilolite requires higher amounts of silica (Hay,
1966). The additional silica may have been provided by
biogenic opal; some chalcedony spherules and dis-
ordered cristobalite within the banded clays suggest that
biogenic opal was once present.

The thin bed of limestone in Unit 5 indicates a sharp
but temporary depression of the CCD during the middle
and late Maestrichtian. This observation is substan-
tiated by similar occurrences of calcareous beds at Sites
385 and 387.

During the early Tertiary (late Paleocene through
early Eocene) accumulation of low-carbonate radio-
larian mudstones indicates that Site 386 was again
below the CCD. Mean sedimentation rates increased
rapidly during this period to a maximum of about 42
m/m.y. in the early and middle Eocene. Although the
upper Paleocene through lower Eocene sediments
visually appear to be fine grained, Coulter-counter
analyses of the sediments (McCave, this volume) in-
dicate graded intervals are common and the sediments
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are probably turbidites. The sediments contain mostly
siliceous pelagic components and may be ‘‘pelagic tur-
bidites”” derived from adjacent bathymetric highs
(Lancelot et al., 1972).

During the middle Eocene, sedimentation was dom-
inated by somewhat coarser turbidites which can be
megascopically recognized. The coarser grained basal
layers of the turbidites often contain calcareous material
probably of shallow water origin. The highest carbonate
contents are found in the fine-grained upper (homo-
geneous) parts of the turbidites and the carbonate is
mostly reworked nannoplankton. Siliceous debris in-
cluding sponge spicules, radiolarians, and diatoms,
dominate the basal layers of turbidites higher in the se-
quence, and flattened mudclasts are abundant in some
of these layers. The topmost layers of these turbidites
are nearly carbonate-free, and they are burrow mottled,
indicating that the bottom water was oxygenated. The
low carbonate contents of the pelagic (burrowed) mem-
bers of the Eocene turbidites and higher carbonate in
lower members (graded to laminated) indicates that
most carbonate was reworked from shallower areas and
redeposited below the CCD at Site 386.

Similar middle Eocene biogenic turbidites were re-
ported from Sites 6, 7, and 8 (Ewing et al., 1969; Beall
and Fischer, 1969; Peterson et al., 1970). These tur-
bidites and those of Site 386 contain recrystallized silica
forming porcelanitic cherts in the upper lower to lower
middle Eocene section (Riech and von Rad, this
volume). Unfortunately, recovery of the Eocene tur-
bidites and cherts at Sites 6, 7, and 8 was very poor and
probably sediments corresponding only to the upper-
most turbidites at Site 386 were recovered. Similar turbi-
dites also are observed at Site 387 on the western Ber-
muda Rise, and these are thought to be derived from the
continental margin of North America; whether these
turbidites reached as far as Site 386 on the central Ber-
muda Rise is uncertain.

The upper Eocene through upper Oligocene section
at Site 386 contains turbidites with abundant volcan-
ogenic material concentrated mostly in the basal sand
layers. These sediments contain a rich suite of heavy
minerals and detrital zeolites derived from weathering
of the Bermuda Pedestal. The continuity of this volcan-
iclastic unit (Horizon A") with the Bermuda Pedestal in
seismic profiles clearly demonstrates the Bermudan prov-
enance (Tucholke, this volume), as does analysis of the
heavy-mineral composition (Galehouse, this volume).
The absence of polymineralic clasts in the turbidites in-
dicates strong weathering of the source rocks at or
above sea level before discharge into the deep sea. The
age of these turbidites agrees with independent evidence
from ‘“‘Deep Drill 1972’ on Bermuda (Reynolds and
Aumento, 1974) in establishing the most recent Ber-
mudan volcanism as late Eocene to Oligocene.

At the beginning of the early Miocene a gradational
change of lithology towards turbidites with basal layers
rich in carbonate (including shallow-water skeletals) is
observed. This is interpreted to be the result of erosion
of the Bermudan volcanics to wave base and establish-
ment of carbonate accretion on the pedestal. Although
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the shallow-water debris in some turbidites indicates
Bermudan provenance, other carbonate turbidites were
probably derived from local bathymetric highs. Relative
carbonate abundance in the lower Miocene sediments,
as compared with the underlying Oligocene section, can
be attributed to the diminution of the rapidly deposited
volcaniclastic turbidites which previously had diluted
the carbonate.

The upper Miocene to Recent sedimentary record is
dominated by hemipelagic clays deposited mostly below
the CCD. Occasional carbonate-rich layers are probably
derived from adjacent topographic highs. Quaternary
nannofossil ooze indicates recent depression of the CCD
below 4700 meters.

Basalt

Based on an examination of drilling rates, it appears
that basaltic basement at Site 386 was reached at a sub-
bottom depth of 966.2 meters. The drill penetrated
about 9.6 meters of igneous basement, of which 1.9
meters of basalt were recovered (Sections 66-1, 66-2, 66,
CC). The sediment in immediate contact with the basalt
and possibly more weathered, surface basalt were not
recovered.

Megascopic and Petrographic Description

The deepest sediment recovered (Core 65; 964.2 m
sub-bottom) consists of a greenish black claystone dated
on the basis of nannofossils as early Albian (105-108
m.y.). Within the claystone are two 5-cm-thick beds of
coarse, unsorted, blue-green silty claystone containing
small clasts of highly altered basalt. The upper bed at
963.8 meters (Sample 65-3, 135-140 cm) contains sub-
rounded to angular elongate clasts of carbonate, clay-
stone, and altered basalt up to 2 mm in mean diameter.
A second bed at 963.9 meters (Sample 65-3, 145-150 cm)
is of similar composition; however, clasts tend to be
sand sized. Basaltic clasts in both layers are extensively
chloritized. One extremely altered plagioclase lath with
a composition similar to that in the underlying basalt
(An 65) was found in the upper bed. The similarity
between these beds and the blue-green silty claystone
recovered immediately above basalt at Site 384 suggests
that both may have been formed by weathering of
basalt.

Basement rock (Unit 7) recovered in this hole is a
hypocrystalline, fine-grained, amygdaloidal phyric
basalt characterized by a groundmass of randomly
oriented plagioclase microlites with intergranular pyrox-
ene. Phenocryst phases consist of common subhedral
prismatic plagioclase (0.097-0.87 mm; An 65 to 70) and
rare, corroded, subangular pyroxene crystals (0.54-1.4
mm.). Plagioclase phenocrysts are usually turbid from
the effects of minor alteration and may show the
development of sericite, montmorillonite, and/or other
clay minerals. Pyroxene phenocrysts display variable
optic angle but always less than 30° and positive, sug-
gesting compositions between pigeonite and sub-calcic
augite. Phenocrysts all show optical strain and incom-
plete extinction; rarely these combine to suggest an
hour-glass pattern. Signs of resorption of early pyrox-
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ene phenocrysts, suggested by their corroded nature, are
masked by extensive alteration to montmorillonite and
chlorite.

The groundmass consists mainly of a complex net-
work of plagioclase laths (An 67) with interstitial
granular pyroxene and lesser relict glass, locally sub-
ophitic in fabric. Alteration has preferentially affected
the glass and fine groundmass and left the phenocrysts
relatively fresh. All glass grains tend to be partially to
wholly devitrified, and most are extensively altered to
chlorite. Angular interstitial areas and small rounded
pools of green montmorillonite and chlorite mark the
sites of former glass and pyroxene. Remnant pyroxene
grains appear to be compositionally similar to the phe-
nocryst phase. Occasional disseminated magnetite also
appears as skeletal crystals in the groundmass. The
freshest samples display a feathery texture in the
groundmass, reminiscent of a feather duster, in which
small microlites of plagioclase radiate from one end of a
slightly larger plagioclase lath. True feather and
plumose groundmass textures, as described by Bryan
(1972) from Site 105, were not found. Amygdules of
calcite and/or montmorillonite account for less than 1
to 3 per cent of the cross-sectional area. Calcite stringers
up to 0.04 mm wide are common. Average mineralog-
ical composition for this basalt is given in Table 5.

Between 966.3 and 967.0 meters sub-bottom depth,
the basalt is intersected by a segregation of calcite inter-
preted as a hydrothermal vein (Figure 12). The calcite is
lightly to extensively speckled by enclosures of green
chlorite and very altered clasts of basalt. Orientation of
clasts suggests flow lineation within the vein pipe. Ex-
cept for rare instances, even the phenocrysts in these
clasts are altered beyond recognition, making the en-
closures appear totally structureless. Although the cen-
ter of the vein is almost pure calcite, chlorite is the
dominant constituent of its upper and lower margin.
The vein is variously bounded by dense, slickensided,
lamellar coatings of chlorite and rarely serpentine, and
by sharp irregular contacts with the basalt (Figure 13).
The latter, along with the large quantity of chlorite and
basalt clasts in the vein, suggests some assimilation of
wallrock material by the hydrothermal fluids as they
were intruded along a fault or joint. The ease with
which chlorite slickensides may be formed suggests that
little relative movement of the fault blocks was in-
volved. A few enclosures of devitrified selvege, iden-
tified by their shape, attest to an original pillow struc-

TABLE 5
Average Mineralogical Composition of
Basalts Recovered at Site 386

Mineral Range (%)  Average (%)
Plagioclase 50-60 57
Pyroxene 25-35 ¢ 30
Glass 1-2 1
Magnetite 2-5 3
Chlorite 5-15 8
Calcite 1* 1
Serpentine 0-1 trace
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Figure 12. Basement stratigraphy at Site 386; calcite vein
shown in black.
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Figure 13. Typical margins of the hydrothermal calcite seg-
regation in contact with the basalt wall rock. (A) Sharp,
irregular contact showing selvage in a halo of chlorite
associated with partial assimilation of the wallrock by
the vein. (B) Culcite vein bounded by dense, slicken-
sided, lamellar coating of chlorite with rare serpentine.
a=basalt; b = calcite segregation with dense inclusions of
chlorite from the alteration of the wallrock; c = selvage
clast torn from the wallrock and preferentially aligned
along the flow direction of the hydrothermal fluids with-
in the vein; d = calcite vein with minor chlorite and ba-
saltic clasts; e = slickensided, lamellar coatings of chlorite
with minor serpentine.

ture in the basalt. Basalt immediately adjacent to the
vein displays an ordered alteration halo based upon the
intensity of chloritization. Up to 1 cm away from the
hydrothermal vein, almost all of the basalt groundmass
is chloritized. For another 2 cm, all vesicles are filled
with chlorite instead of calcite. Beyond 3 ¢cm from the
vein, only the matrix pyroxene and glass show extensive
alteration.

Basalt recovered beneath the vein bore bright yellow
native sulfur stains. This sulfur could have originated
during the hydrothermal event, but no sulfide minerals
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were found associated with the vein. Reduction of sea-
water sulfate, possibly at elevated temperatures in the
hydrothermal vein, is a plausible alternate mode of
origin.

The freshest basalt was recovered from the lowest
part of the core, nominally at 973.8 meters depth.

Discussion

Basement rocks of Site 386 are moderately chloritized
basalts. The absence of olivine, the presence of pigeon-
itic augite, and enrichment in groundmass iron as in-
dicated by late crystallized magnetite suggest a nearly
saturated or oversaturated subalkaline basalt. A hydro-
thermal vein 7 cm thick cuts the cored interval. The
basalt is comparable to that found at Site 100 and
typifies present-day ridge basalt.

GEOCHEMICAL MEASUREMENTS

Carbon, Nitrogen

The results of the shipboard organic carbon and
nitrogen analyses are summarized in Table 6, and the
carbon values together with additional shore-lab
analyses are shown in Figure 14. The organic carbon
contents of the sediments in the upper 720 meters of Site
386 (lithologic Units 1-5) are generally less than 0.5%.

TABLE 6
Shipboard Organic Carbon, Nitrogen Measurements,?
Site 386

Sample Depth Below e
(Interval in cm) Sea Floor (m) % Corg % N N
1-5,130 59.9 <0.1 0.01 -
4-5,130 154.5 0.1 0.03 3
11-2, 150 254.9 <0.1 <0.01 -
13-2,150 312.0 0.1 0.03 3
15-4,130 352.7 0.3 0.04 8
17-3, 32-33 389.8 0.2 0.03 7
17-3, 60-61 390.1 0.7 0.06 12
18-5,130 411.3 0.2 0.02 10
224,130 447.9 0.3 0.03 10
27-1, 150 491.3 0.3 0.03 10
31-3, 150 541.9 0.3 0.03 10
33-1, 150 576.7 0.1 0.01 10
36-3, 150 646.0 0.1 0.03 3
384,150 694.9 <0.1 0.02 -
41-5,14 723.6 4.6 0.23 20
42-3,130 731.3 0.3 0.01 30
43-3,130 740.6 7.7 0.31 25
44-3, 150 750.1 1.9 0.10 19
45-0, 20 765.0 0.5 0.02 25
47-6, 0 781.9 0.5 0.02 25
48-3, 130 797.6 0.4 0.02 20
51-1, 130 823.2 0.4 0.02 20
54-5,150 857.9 0.4 0.01 40
56-3, 150 873.9 0.9 0.04 23
57-3,150 883.4 0.6 0.02 30
60-5, 130 914.5 2.4 0.12 20
63-1, 130 937.1 4.0 0.23 20

aAdditional shore-lab data are given by Kendrick (this vol-
ume) and Cameron (this volume).
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Figure 14. Copg and CaCO3 at Site 386. Based on data from shipboard analyses (Tables 6 and 7), and from Kendrick, Koch

and Rothe; and Cameron (all in this volume).

In contrast, the organic carbon contents of the underly-
ing black and greenish gray claystones (Unit 6) are often
much higher, reaching values as high as 14.3%.

The apparent distribution of organic matter within
Unit 6 is interesting. Although the sequence of black
and greenish gray clays is 240 meters thick, high organic
carbon values are confined to the upper 40 meters and
lower 60 meters of the interval. The intervening sedi-
ments have comparatively low organic carbon contents.

Pyrolysis fluorescence (PF) measurements support
the trends in organic carbon content observed in con-
ventional analyses (Figure 15). Both PF and conven-
tional analyses indicate that the black clays between 720
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and 760 meters are very rich in organic matter. The
organic carbon contents of the underlying sediments are
lower, averaging about 0.6% around 800 meters and
increasing gradually with depth to average values of
1.7% near the base of Unit 6. Similarly, PF values at
intermediate depths in the black claystone sequence
(760-900 m) are frequently zero, whereas the sediments
below 900 meters commonly have PF values of several
hundred units.

It is difficult to determine whether the variations in
the abundance of organic matter at Site 386 are signifi-
cant on a regional scale. The black clay sequences at
other sites in the northwestern Atlantic (e.g., Sites 105
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Figure 15. Pyrolysis fluorescence (PF) measurements of organic richness in sediments at Site 386. PF is a method for esti-
mating the amount of organic matter by measuring (in arbitrary PF units) the amount of fluorescing bitumen generated by

heating the sample.

and 387) are not as thick or as well dated as at Site 386,
making comparison difficult. At each site, however,
high organic carbon values are found near the top of the
black clay sequence, suggesting that differences in the
concentration of organic matter may be correlative.

While the shallow sediments (Units 1 to 5) at Site 386
display C/N ratios of 12 or less, the black and greenish
gray clays have values of 20 to 30. As noted in previous
site summary chapters (Sites 382 and 385), a significant
fraction of the nitrogen in sediments containing small
amounts of organic matter may be inorganic nitrogen,
associated with clay minerals (Stevenson and Cheng,
1972). The fact that several samples in the black clay in-
terval display high C/N ratios while containing moder-
ately low amounts of organic matter (0.3-0.5%) implies
that such values more accurately reflect the carbon
and nitrogen composition of organic matter in the
sediments. Indeed, the C/N ratios of kerogens isolated
from black claystones range from 25 to 35 (Kendrick,
this volume). It is not readily apparent, however, that
C/N ratios can be related to other compositional
parameters of the organic matter.

Calcium Carbonate

The shipboard values of CaCO; obtained using the
carbonate bomb (Miiller and Gastner, 1972) are tabu-
lated in Table 7 and are summarized together with
shore lab data in Figure 14. The carbonate content of
the sediments at Site 386 is quite variable, ranging from
zero in the red claystones (Unit 5) to 90 per cent in por-
tions of the black and greenish gray clays (Unit 6). Most
of the sediments at Site 386, however, contain between
10 and 40 per cent CaCO,.

The high calcium carbonate contents in Unit 6 prob-
ably reflect episodic deposition by turbidites of pelagic

carbonates that accumulated on adjacent bathymetric
highs. A similar origin of clearly turbiditic carbonates is
probable in lithologic Units 1 through 4.

Interstitial Water Chemistry

Interstitial water samples were taken at Site 386 to a
depth of 715 meters; below this depth water could no
longer be squeezed from the sediments. The results of
the chemical analyses are summarized in Table 8 and
Figure 16.

The concentration of dissolved magnesium decreases
substantially in the upper 350 meters of Site 386 while
the concentration of dissolved calcium increases over
the same depth range. Below 350 meters the trends in
calcium and magnesium concentration reverse slightly
before stabilizing below 475 meters.

The anomalously low salinities and chlorinities at 480
and 613 meters probably reflect fresh-water contamina-
tion during squeezing (Miller and Gieskes, this volume).
There is a general decrease in salinity with depth, how-
ever, which is real and probably reflects removal of sul-
fate from the interstitial water (Miller and Gieskes, this
volume).

PHYSICAL PROPERTIES

Undrained shear strength, thermal conductivity,
compressional wave velocity, wet bulk density, and
water content measurements were made on sediment and
rock samples recovered at Site 386. These data are pre-
sented in Table 9, and the test methods are listed in the
Physical Properties section of the Site 382 Report. Sedi-
ment test specimens typically are taken from the lower,
least-disturbed sections of each core. As a check on the
variation of properties within a core, two water content
and two shear strength measurements were made in each
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TABLE 7

Shipboard CaCO 3 Measurements,?

Site 386

TABLE 7 — Continued

Sample Depth Below
(Intervalin cm)  Sea Floor (m) % CaCO3
1-2,75-76 54.9 1]
1-3,110-111 56.7 78
1-5,90-91 59.5 75
1-6, 75-76 60.9 1
2-5,100-101 107.1 0
3-1,115-116 139.2 ]
4-2,75-76 1495 4
4-4,75-76 152.5 9
4-5,93-94 154.1 48
4-6, 4-5 154.7 8
4-6, 35-36 155.1 59
4-6,73-74 1554 48
5-3,75-76 160.6 217.
5-4, 6-8 161.4 34
6-2,90-91 168.7 13
6-3,75-76 170.1 20
7-1, 42-43 176.2 18
8-1,142-143 186.7 15
8-2, 88-89 187.7 3
9-2,108-109 206.9 15
11-1, 93-94 252.8 18
12-2,102-103 282.9 22
12-4,117-118 286.1 20
13-3, 70-71 312.7 0
13-3,137-138 313.4 40
13-3, 148-149 313.5 24
14-2, 24-25 329.7 15
14-4, 99-100 333.5 31
14-4,100-101 3335 0
14-6, 106-107 336.6 24
15-1, 5-6 347.0 47
15-5, 35-36 353.3 20
16-3, 38-39 369.4 21
16-5, 81-82 372.8 23
17-2, 80-81 387.3 27
17-5,53-54 391.5 12
18-1, 75-76 404.8 23
18-4, 80-82 409.3 63
18-6, 34-35 411.8 17
19-2, 89-90 416.0 10
20-1, 64-66 423.8 65
20-2, 67-68 425.3 15
20-3, 5-6 426.2 37
21-2,106-108 435.3 0
21-5,10-12 438.8 28
22-4, 36-40 447.0 18
23-2, 44-48 453.7 21
23-4,16-17 456.4 8
24-2, 22-25 462.9 22
24-4,133-136 467.0 22
25-1, 51-55 471.3 0
25-5,140-142 478.2 15
26-2,133-135 483.1 18
26-5, 88-89 487.2 0
27-2,105-106 4924 0
27-4, 94-95 495.2 17
28-2, 79-80 501.7 23
29-2, 60-61 511.0 21
29-5, 70-71 515.6 24
29-5,124-125 516.1 37

Sample Depth Below
(Interval in cm)  Sea Floor (m) % CaCOj3
30-2, 90-91 520.8 0
30-3, 74-75 521.1 23
30-6, 54-55 526.4 21
31-1, 30-31 537.7 0
31-6,100-102 545.9 12
31-6, 146-147 546.4 12
32-2,106-107 558.8 15
33-2, 67-68 577.4 23
34-2, 89-90 606.1 8
34-6,75-76 612.0 7
35-4, 46-47 637.0 57
36-3,75-76 645.3 0
36-5, 83-84 648.3 0
36-5,136-137 648.9 0
38-2,61-62 691.0 0
38-6, 63-65 697.0 0
39-1, 33-34 698.8 0
40-3, 105-106 712.1 0
41-1,119-121 718.7 0
41-4,0-1 722.0 0
42-4,53-54 732.0 0
44-2,77-78 748.1 6
44-4,61-66 750.9 8
45-2,44-45 766.7 0
45-3, 64-65 768.4 57
45-5,147-148 772.3 64
46-2, 42-44 776.3 0
46-5,53-57 781.0 0
47-3,72-73 787.5 26
47-5,51-52 790.3 54
47-6,91-92 7922 40
48-2,116-117 796.0 60
49-3,141-142 807.2 67
49-4, 31-32 807.6 38
50-5,73-74 819.0 34
50-5,103-105 819.3 68
51-1, 34-36 822.3 53
51-1,75-77 822.7 68
51-3,142-143 826.3 46
52-2,77-79 833.7 63
52-6,72-73 839.6 73
53-1, 80-81 841.7 27
53-2,114-115 843.5 67
53-4,11-12 845.5 37
54-1,97-98 851.4 50
54-2,40-41 852.3 18
54-2,140-141 853.3 8
54-3,122-123 854.6 59
54-4,52-53 855.4 76
54-6 99-100 858.9 6
55-2,15-16 861.6 0
55-3,70-71 863.6 61
55-5,114-115 867.0 10
56-4,78-79 874.6 50
56-5,114-115 876.4 40
57-6, 31-32 886.7 49
57-6,107-108 887.5 12
57-6,114-115 887.5 38
58-1,101-102 889.3 29
58-2,116-117 891.0 28
59-1,50-51 898.2 69
59-3, 65-66 901.4 28




TABLE 7 — Continued

Sample Depth Below
(Intervalin cm)  Sea Floor (m) % CaCO3
59-5,122-123 904.9 13
60-2, 47-49 909.2 0
60-3, 119-120 911.4 49
60-5, 93-95 914.1 0
60-6, 68-70 915.4 27
61-4, 81-82 922.1 0
61-5,78-79 923.6 10
62-4, 140-141 932.2 4
62-6, 22-23 934.0 5
63-2,10-12 937.4 25
63-4,10-11 940.4 0
64-2, 31-32 947.1 0
64-3,1-2 948.3 69
65-1, 28-29 955.1 0
65-1,114-115 955.9 90

2Carbonate bomb method. Additional shore-
lab data are given by Koch and Rothe (this
volume).

of the five sections recovered in Core 1 and specimens
from upper sections of other cores were tested periodi-
cally. Since chalk and rock specimens are generally
intact and undisturbed, they were selected randomly
from core sections.

Shear Strength

Coring was intermittent in the upper 170 meters of
sediment and there is limited strength data (Figure 17).
These data also are erratic because of sample disturbance
and the variable sediment types encountered. As an ex-
ample, the top four sections of Core 1 contain a nanno-
fossil ooze whereas the fifth and final section contains
stiffer brown clay. The nannofossil ooze exhibits an
anomalously low shear strength that increases with
depth in core. The low shear strengths imply extreme
disturbance and/or addition of water during the coring
process. The brown clays sampled in Cores 1, 4, and 5
were visibly sound, with little distortion, and they ex-
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hibit the expected increase in strength with sub-bottom
depth. However, some specimens below about 150
meters fractured upon vane insertion, thus preventing
testing, and other specimens appeared to fracture pre-
maturely along bedding planes with rotation of the
vane; this may explain the data scatter at about 150
meters. Shear strength tests were therefore terminated at
165 meters.

Water Content

Figure 18 graphically summarizes the water content
data for Site 386. Most of the low water content values
correspond to layers of cemented sandstone, siltstone,
and limestone. There appear to be three basic sequences
characterized by similar physical characteristics above
basement at 964 meters. The upper sequence includes
the sediments of lithologic Units 1 through 4A. Water
content values are scattered in these variable lithofacies,
especially in the volcaniclastic sandstones in Sub-unit
3B. Generally, water content decreases only slightly
with sub-bottom depth as a result of compaction, and it
averages about 40 per cent by wet weight exclusive of
the sandstone beds. The second sequence contains
calcareous turbidites, cherty claystones, radiolarian
mudstones, and multicolored claystones down to about
724 meters sub-bottom (Units 4B through 5). The water
contents again are scattered, but they are much lower
than in overlying sediments, averaging about 25 per
cent. The basal sequence is composed predominantly of
black and gray layered claystone from 724 meters to 964
meters (Unit 6). The water contents are about 19 per
cent, and they exhibit little variation. The water content
differences between these sequences can be explained by
varying degrees of consolidation, by mineralogical/
compositional differences, and by diagenetic effects due
to aging and burial.

Water content data in the nannofossil oozes of Core
1 show, as at Site 384, that 10 per cent or more water is
being added to the upper core sections compared to
lower core sections during the coring process. For
clays and claystone in the upper 200 meters, water

TABLE 8
Interstitial Water Chemistry, Site 386
Sample Depth Below Alkalinity  Salinity Chlorinity catt Mg++
(Interval in cm) Sea Floor (m) pH (meq/1) %/ 00) Cles) (m mole/l)  (m mole/l)
Surface seawater - 8.72 2.46 36.3 20.2 10.8 54.9
1-4, 144-150 58.6 8.02 2.70 34.9 19.3 10.8 51.1
4-4,144-150 153.2 7.86 1.19 35:2 19.4 32.6 28.4
7-2,140-150 178.8 8.45 0.54 35.2 19.9 33.5 24.9
11-1, 140-150 253.4 8.48 0.49 35.2 20.0 40.1 18.6
14-5, 144-150 335.5 7.78 0.59 349 19.7 48.4 12.3
15-5,140-150 354.4 7.82 1.14 34.6 19.7 46.0 13.5
17-5,140-150 392.5 7.87 2.28 34.6 19.6 46.6 15.0
25-1, 140-150 472.3 - 1.70 31.1 18.2 35.1 21.0
29-3, 140-150 5134 - 1.00 33.0 19.0 31.2 27.0
31-4, 140-150 543.4 - 1.10 333 19.5 36.0 23.6
34-5,140-150 611.2 - - 31.1 18.2 32.4 22.2
36-4, 140-150 647.5 - 2.10 33.0 19.5 36.4 28.3
40-2, 140-150 711.0 - 1.40 33.0 19.3 359 25.6
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Figure 16. Interstitial water chemistry versus depth, Site 386.

cor tents from adjacent core sections suggest a similar
t .. less marked relationship, although the data are few.
Because the water contents typically are only 2 to 4 per
cent apart, they approach the limits of accuracy for
shipboard measurement and also reflect the deviations
expected in a typical lithologic unit.

Density and Acoustic Velocity

Wet bulk density, acoustic velocity, and impedance
(density times velocity) also are presented graphically in
Figure 18. The three physical/lithologic sequences
that are defined by the water content and porosity
data also are apparent in the wet bulk density data. Wet
bulk densities in the upper 408 meters average about
1.60 g/cc and exhibit considerable scatter. From about
408 to 724 meters, the densities of the siliceous and
calcite-cemented claystones increase somewhat errat-
ically to about 2.05 g/cc and remain approximately
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constant at 2.05 g/cc in the black claystones below 724
m. The limestone and sandstone layers that were tested
had densities which typically ranged from 2.05 to 2.40
g/cc; however, a thin dolostone layer at 858 meters and
sideritic limestones at 951 meters had densities of 2.91
and 3.57 g/cc, respectively. For the basalt specimens,
measured densities ranged from 2.50 to 2.57 g/cc.
Measured acoustic velocity increases systematically
from 1.50 km/sec at 55 meters to about 1.95 km/sec at
960 meters. Many claystone layers exhibited velocities
up to 2.50 km/sec, probably because they are cemented
by calcite and/or recrystallized silica. Sandstone and
limestone beds have velocities ranging from 2.75 to 4.80
km/sec, and acoustic velocities for the basalt vary from
3.90 to 4.45 km/sec. Based on contrasts in acoustic im-
pedance, the major acoustic reflectors appear to be (a)
sandstone near 170 meters, (b) calcareous turbidites and
cemented claystone near 408 meters, and (c) basalt at



TABLE 9
Physical Properties Data, Site 386

SITE 386

GRAPE
Special
2-minute
Count® GRAPE
Velocity W. B. Den. Routine:b gherdmal thearth Syringe or Rock Chunk
(km/sec) (g/cm3) W. B oncues Leng
. B. tivity© Undist./ | Water | Wet Bulk Impedance
Sample Sub-Bottom | Para. Perp.| Para. Perp. Den. Por. (mcal/ Rem. Cont. Den. Por. (g/ cm?2-
(Interval in cm) | Depth (m) Beds Beds | Beds Beds | (g/cm3) | (%) | cm-sec-°C) | (g/cm2) (%) (g/cm3) (%) | sec) X 105 Lithology
1-2,63 54.7 1.47 73 19/ 45 1.54 69 Nanno ooze
1-2,128 55.4 1.47 73 30/ 44 1.55 68 Nanno ooze
1-3,29 55.9 1.55 | 68 17/ 44 1.57 66 Nanno ooze
1-3,130 56.9 1.55 68 41/ 44 1.53 68 Nanno ooze
14, 45 57.5 1.54 69 33/ 41 1.59 66 Nanno ooze
14,120 58.3 1.54 69 33/ 41 1.59 65 Nanno ooze
1-5,22 58.8 1.59 65 29/ 41 1.63 67 Nanno ooze
1-5,95-110 59.6 1.54 1.59 65 62/ 34 1.70 57 2.62 Nanno ooze
1-6, 27 60.4 1.59 66 505/ 41 1.64 68 Stiff brown clay
1-6, 126-134 61.4 1.60 1.50 1.59 66 538/ 40 1.61 64 2.41 Stiff brown clay
2-5,136-142 107.5 1.50 1.51 371/ 45 1.52 68 2.30 Green-blue clay
3-1, 140-145 139.4 1.56 40 1.65 66 2.57 Gray silty clay
4-4, 89 152.6 1.66 | 61 710/ Brown clay
44,104-112 152.8 1.59 1.58 1.66 61 1330/ 30 1.74 53 2.75 Brown clay
4-5, 20, 45, 153.4- 1.70 58 X Brown clay
75,105 154.2
4-6, 30 155.0 1.72 57 770/ 29 1.81 53 Brown clay
4-6,45-50 155:2 1.58 1.58 1.72 57 740/ 2.88d Brown clay
5-2,25,55, 158.6- 1.80 52 X Silty clay, calc. clay
90,120 159:5
5-3,26-36 160.1 1.57 1.56 1.75 56 1204/ 32 1.73 56 2.70 Brown silty clay
5-3,46 160.3 1.75 56 994/ Silty clay
54,11-19 161.5 1.59 1.56 1.80 52 1077/ 32 1.87 60 2.92 Brown silty clay
6-3,5 169.4 1.53 1.58 66 X 42 1.59 67 243 Brown calc. claystone
6-4,42 171.2 1.90 1.84 50 37 1.72 63 3.27 Gray fine siltstone
6-4, 80 171.6 2.72 272 1.84 50 21 2.11 44 5.74 Dark gray sandstone
64,110 171.9 2.82 1.84 50 20 2.12 43 5.98 Dark gray sandstone
7-2,41 177.7 2.06 2.02 1.92 45 31 1.87 57 3.78 Gray sandstone
7-3,110 179.9 3.19 2.06 36 16 2.34 36 7.46 Gray sandstone
7-3, 145 180.2 1.89 2.06 36 44 1.60 70 3.02 Gray-brown claystone
8-1,130 186.6 1.61 43 1.60 69 2.58 Gray-brown claystone
8-2,40,72 187.2- 1.37 79 X Yellow green clay
187.5
8-3,115 189.4 1.85 1.52 69 33 1.81 59 3.35 Gray sandstone
8-5,145 192.8 2.37 26 1.98 52 4.69 Gray sandstone
9-2,50 206.3 2.10  1.99 40 1.65 66 3.28 Gray-brown siltstone
9-3,108 208.4 224 228 1.66 61 27 1.94 53 4.42 Gray sandstone
11-2,45 253.8 1.75 1.63 1.56 67 41 1.62 67 2.64 Gray claystone
11-2,128 254.7 1.73  1.69 1.56 67 2.64d Gray-green siltstone
12-3, 50 283.9 1.78 1.89 1.56 67 40 1.62 66 3.06 Gray silty claystone
12-3,96 284.4 1.67 1.64 1.56 67 31 1.83 57 3.00 Olive silty claystone
13-2, 36 310.9 3.03  2.90 1.71 58 15 2.24 33 6.50 Gray-green sandstone
13-2, 120 311.7 1.80 1.71 1.71 58 30 1.81 55 3.10 Gray-green siltstone
14-5,98 3354 1.76 1.64 1.56 67 38 1.60 60 2.62 Siliceous claystone
14-5,134 335:8 1.79  1.65 1.56 67 39 1.67 66 2.76 Olive siliceous claystone
15-5,44 353.7 1.77  1.66 1.52 70 39 1.53 59 2.54 Olive siliceous claystone
16-3, 32 369.3 1.75 1.64 1.48 72 42 1.53 64 2.51 Olive siliceous claystone
16-3, 107 370.1 1.73  1.65 1.48 72 40 1.54 61 2.54 Olive siliceous claystone
174, 68 390.7 1.70 1.65 1.53 69 36 1.59 57 2.62 Green siliceous siltstone
17-4,75 390.8 1.80 1.66 1.53 69 39 1.58 62 2.62 Green siliceous siltstone
184,68 409.3 -3.13- 1.64 62 7 2.07 15 6.48 Olive clayey limestone
184, 147 410.1 2.06 1.90 1.64 62 25 1.82 24 3.46 Calcareous silty claystone
18-6, 36 412.0 4.13- 1.72 57 3 2.24 6 9.25 Olive limestone
18-6, 50 412.2 2.34 216 1.72 57 22 1.86 41 4.02 Silty claystone
19-2,11 415.2 -3.48- 1.55 68 8 2.14 17 7.45 Olive marly limestone
19-2, 116 416.3 3.00 2.40 1.55 68 16 2.06 33 4.94 Green calcareous claystone
20-2, 48 425.1 2.23  2.05 1.57 66 13 1.84 25 3.717 Olive calcareous claystone
21-6, 23 440.4 2.09 1.93 1.60 65 26 1.79 46 3.45 Olive calcareous claystone
22-1,124 443.3 265 243 23 1.85 42 4.50 Green calcareous claystone
22-1,138 443.5 2.36 1.99 24 1.82 44 3.62 Olive calcareous claystone
23-6, 88 460.1 2.27  2.08 1.64 62 28 1.74 49 3.62 Olive calcareous claystone
23-6,96 460.2 2.26 2.10 1.64 62 17 2.05 36 4.31 Green calcareous claystone
24-4, 55 466.2 212 198 1.66 61 26 1.78 47 3.52 Olive calcareous claystone
244,102 466.7 236 2.24 1.66 61 18 2.03 35 4.55 Green calcareous claystone
26-2, 40 482.2 2.14  1.96 1.54 68 27 1.76 48 345 Olive claystone
26-2, 53 482.3 1.94 1.80 1.54 68 7 2.39 17 4.30 Pale green claystone
27-1, 64 490.4 245 219 23 1.83 41 4.01 Cherty claystone
27-2,37 491.7 1.90 1.73 1.57 67 32 1.71 56 2.96 Gray-green claystone
27-2,44 491.7 1.90 1.72 1.57 67 31 1.73 53 2.98 Gray-green claystone
284,105 505.0 240 239 1.59 65 28 1.83 51 4.39 Gray-green chert
284,138 505.3 1.97 1.79 1.59 65 25 1.68 42 3.01 Pale green claystone
29-2,74 511.1 212 2.04 1.61 64 27 1.70 45 3.47 Gray-green chert
29-2,94 511.3 -2.58- 1.61 64 24 1.78 42 4.59 Pale green chert
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SITE 386

TABLE 9 — Continued

GRAPE ]

Special

2-minutbe

Count

GRAPE
Velocity | W.B. Den. Routinea,b Ehe’dm“l thea‘th Syringe or Rock Chunk
(km/sec) (gfcm3) ahe | R 3
W. B. tivity© Undist./ | Water | Wet Bulk Impedance
Sample Sub-Bottom | Para. Perp. | Para. Perp. Den. Por. (mcal/ Rem. Cont. Den. Por. (g/cmz—

(Interval in cm) | Depth (m) | Beds Beds | Beds Beds | (g/cm3) | (%) | cm-sec-°C) | (g/fcm?2) | (%) (g/em3) | (%) | sec) x 105 Lithology
30-4,122 524.1 2.20  1.99 1.68 60 23 1.87 43 3.72 Green cherty claystone
31-6,47 545.8 1.94 1.80 1.73 57 29 1.89 54 3.40 Olive radiolarian mudstone
31-6, 140 546.7 2.05 2.02 1.73 57 23 1.86 43 3.76 Gray-green silty claystone
32-5,39 563.0 1.99 1.79 1.76 55 26 1.84 48 3.29 Gray-green claystone
32-5, 64 563.2 2.14  1.90 1.76 55 21 1.93 41 3.67 Gray-green claystone
33-2,8 576.8 2.58 2.53 1,73 57 22 1.89 41 4.78 Gray-green siliceous claystone
33-2, 80 571.5 2.10 1.97 1.73 57 23 1.92 44 3.78 Pale green claystone
34-2,63 606.3 1.91 1.77 1.78 54 26 1.92 49 3.40 Gray-green silty claystone
35-5,92 638.9 313 3.22 1.93 44 10 2.36 23 7.60 Pale green limestone
35-5,124 639.2 1.84  1.69 1.93 44 22 2.01 43 3.40 Red claystone
364, 135 647.4 2.05 1.80 2.00 40 21 2.04 43 3.67 Red claystone
38-2,22 691.1 2.04 1.85 1.62 64 27 1.97 53 3.64 Dark brown zeolitic claystone
38-2,29 691.2 1.95 1.84 1.62 64 28 1.88 54 3.46 Brown zeolitic claystone
39-4,58 704.0 2.07 1.90 1.70 58 23 1.92 45 3.65 Red-brown zeolitic claystone
39-4, 64 704.1 1.87 1.83 1.70 58 27 1.78 47 3.26 Pale green zeolitic claystone
41-5, 34 723.8 2.24 194 1.81 52 20 2.06 41 4.00 Red-brown claystone
41-5,97 724.5 2.37  2.07 1.81 52 17 2.17 37 4.49 Gray-green claystone
42-5,95 734.0 1.85 1.81 1.84 50 24 1.81 43 3.28 Black claystone
42-5, 144 734.4 2.36 2.11 1.84 50 19 2.06 40 4.35 Gray-green silty claystone
43-3,88 740.2 1.98 1.99 1.54 68 18 1.89 34 3.76 Black claystone
44-3, 60 749.4 2,14 1.97 1.79 53 20 2.02 39 3.98 Pale green claystone
44-3, 87 749.7 2.58 224 1.79 53 18 2.07 36 4.64 Black radiolarian mudstone
45-5,120 772.4 210 1.92 1.91 46 19 2.05 39 3.94 Pale green claystone
46-5,128 781.7 2.04 1.88 1.87 48 20 2.03 40 3.82 Red-brown claystone
46-5, 147 781.9 2.02 1.85 1.87 48 21 2.04 43 3.77 Gray-green claystone
47-5, 39 790.2 1.99 1.79 1.86 48 28 1.95 57 3.49 Light gray claystone
47-5, 148 791.3 1.98 1.83 1.86 48 19 2.03 39 3.72 Dark gray claystone
49-4, 86 808.2 2.04 1.87 1.87 48 19 2.06 39 3.85 Gray-green claystone
50-5, 102 819.3 1.99 1.84 1.84 50 19 2.06 39 3.79 Gray-green calcareous claystone
50-5,138 819.7 2.00 1.82 20 2.01 40 3.66 Olive claystone
51-5, 31 828.6 2.10 1.93 1.81 52 20 2.03 41 3.92 Crystallized marly chalk
52-6, 30 839.2 230 2.08 1.69 59 19 2.05 40 4.26 Gray claystone
534,104 846.4 2.02 1.85 1.77 54 20 2.02 40 3.74 Gray-blue claystone
54-6,42 858.6 4.78- 1.94 43 6 2.91 18 13.91 Olive-gray limestone
54-6,83 859.0 2.08 1.85 1.94 43 12 2.07 40 3.83 Black claystone
55-5,68 866.6 2.08 1.81 1.74 56 20 2.04 41 3.69 Black claystone
55-5, 82 866.7 1.95 1.82 1.74 56 22 1.96 44 3.59 Olive claystone
56-4, 10 873.9 1.98 1.86 1.77 54 11 1.80 19 3.35 Gray calcareous claystone
584,52 893.5 2.00 1.84 1.84 50 20 2.03 41 3.74 Black calcareous claystone
59-5, 34 904.0 1.97 1.83 1.81 52 19 2.08 39 3.81 Gray-black claystone
61-4, 80 922.1 2.33  2.22 1.85 49 17 2,12 36 4.71 Black-green claystone
624,114 931.9 2.01 1.86 1.81 52 20 2.02 40 3.76 Black claystone
63-4, 74 941.0 1.90 1.77 1.73 58 19 2.09 39 3.70 Black-green claystone
64-4, 79 950.6 3.92 3.53 1.78 56 1 3.57 5 12.60 Olive-gray sandstone
64-4, 85 950.7 2.16 1.93 1.78 56 19 2.06 40 3.98 Black radiolarian mudstone
65-3,103 958.8 235 1.94 1.77 54 19 2:12 40 4.11 Black claystone
66-1, 110 965.3 4.17 4.03 -2.57- 2.00 40 10.36 Dark gray basalt
66-2,12 965.8 4.29 -2.51- 1.89 47 10.77 Dark gray basalt
66-2, 62 966.3 -2.45- -2.18- 1.89 47 5.36 Chlorite vein
66-2, 90 966.6 -3.92- -2.50- 1.89 47 9.80 Dark gray basalt
66-2, 106 966.8 4.45- -2.53- 1.89 47 11.26 Chlorite vein

dRoutine GRAPE values are averages for entire core section, normally based on eight measurements between 10 and 140 cm in section. A complete listing of routine GRAPE

data is given in the Appendix.
bAssumed grain density = 2.65 g/cm3.
CConductivity data not processed. Location of measurement indicated by X.
Determined using GRAPE wet-bulk density.

964 meters. Correlation with the seismic profiler record
is discussed later in this chapter.

BIOSTRATIGRAPHY

Sediments cored at Site 386 encompass the strati-
graphic interval from Albian to Pleistocene. As is usual-
ly the case, calcareous nannofossils constitute the best-
represented fossil group, occurring in 53 of the 66 cores
taken at this site; foraminifers and radiolarians are of
much spottier occurrence, especially in the Cenozoic. In
the case of the foraminifers, this is probably related to
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the depth of the site and possibly to a low pH environ-
ment within the predominantly greenish and grayish
sediments. For the radiolarians, changes in the level of
productivity as well as presently little known factors of
the sedimentary and diagenetic environments contribute
to their poor representation in the stratigraphic record.

In the Cenozoic part of the sequence, foraminifers
are essentially restricted to redeposited sediments whose
sources were above the lysocline. Exceptions may be the
upper Miocene and Pleistocene occurrences which are
not clearly within turbidite sands, and occasional sparse



0 T T T T T T
SITE 386
-l 52020 40 60 80 |
54k -
o)
40 NANNOFOSSIL sl o ©
00ZE = o)
58»— O -
i3 ¢
60 foYo) 60 1 s o) _
_ STIFF BROWN
E CLAY
T LITHOLOGIC UNIT 1
& gof——————
By B e e e e e e e e s g )
(=]
s
o
e
S 100} GREEN-GRAY |
3 CLAY
3 IS}
2
120} “
LITHOLOGIC UNIT 2
140} .
BROWN CLAY ©_o  LITHOLOGICUNIT3A ©
160 |- o o o _
LITHOLOGIC UNIT 38

180

1 L 1 1 1 1
200 400 600 800 1000 1200
UNDRAINED SHEAR STRENGTH (g/cm?)

Figure 17. Shear strength, Site 386.

““‘dwarfed”” faunas of small globigerinids. The latter
may represent selective dissolution or some unusual en-
vironmental conditions in the surface waters.

Well-preserved radiolarians occur only in a short se-
quence in the middle Eocene; they disappear downward
as chert is approached. Poorly preserved (corroded)
radiolarians were again encountered in the lower
Eocene, below the chert. Cretaceous radiolarians are
also poorly preserved as a result of replacement and
overgrowth, but proved to be useful in dating the lower
part of the otherwise unfossiliferous, varicolored (dom-
inantly red) clay unit. Recrystallized as well as pyritized
radiolarians are a sporadic but consistent component of
the Cretaceous black shales, but their degree of preser-
vation markedly decreases downhole.

One of the outstanding paleontological results at this
site was the recovery of a well-preserved record of Al-
bian and Cenomanian planktonic foraminifers from an
open-ocean (pelagic) rather than a shelf (neritic) se-
quence. They are generally sparse and show no consis-
tent relationship to lithological type within the black
shales, but are well preserved and diverse.

Cenozoic Foraminifers

Foraminifers are of very limited occurrence in the
Cenozoic sediments cored at Site 386. They are limited
to the upper 12 cores (?upper Eocene to lower Quater-
nary). Except for the pelagic sediment of Cores 1 and 2,
substantial numbers of foraminifers were found only in

SITE 386

the sands of thin turbidites whose source apparently was
above the local CCD. Bathymetric peaks up to 1800
meters high are found 10 km south and 30 km north of
Site 386, and these are likely sources for the turbidites.
The remainder of the sediment (Sample 4, CC and
Cores 9 to 12) contains unusual, dwarfed assemblages
that could not be specifically determined.

A lower Pleistocene fauna was recovered in Sections
5 and 6 and the core-catcher sample of Core 1. Present
are such typical Pleistocene markers as Globorotalia
menardii, Pulleniatina obliquiloculata, and Globoro-
talia truncatulinoides. The lower Pleistocene date for
these assemblages is based on the presence of Globoro-
talia sp. 1 of Phleger et al. (1953), a form whose upper
limit in Atlantic sediments occurs just above the Old-
uvai normal paleomagnetic event (Ericson and Wollin,
1968) and has an interpolated age of about 1.55 m.y.

Core 2, Section 1, 137-139 cm, contains solution im-
poverished fauna of upper Miocene aspect (probably
equivalent to Zone N.17 of Blow, 1969). Included are
solution-resistant forms such as Globoquadrina
dehiscens, Globogerina nepenthes, and Sphaeroidinella
subdehiscens.

Core 3 is barren of foraminifers.

Section 1 of Core 4 contains a dwarfed, apparently
lower Miocene assemblage that includes Globigerinita
Jjuvenilis and Cassigerinella chipolensis, while a tur-
bidite sand in Section 6 (87-88 cm) contains a normal
uppermost Oligocene or lowermost Miocene assemblage
with Globigerina ciperoensis, G. praebulloides, G.
angulisuturalis, Globigerinoides primordius, and
Globoquadrina sellii. The core-catcher sample of this
core contains an assemblage of tiny, indeterminate
globigerinids.

A turbidite sand in Core S (core catcher) has a mid-
Oligocene fauna with Catapsydrax unicavus, Globo-
quadrina sellii, G. venezuelana, and Globorotalia cf. G.
opima.

The presence in Core 6 (core catcher) of Globigerina
prasaepis probably indicates Oligocene, as this species
also occurs in a lower Oligocene fauna in Core 8 (core
catcher) together with Globoquadrina tapurierisis,
Catapsydrax dissimilis, C. unicavus, and Globigerina
pseudoampliapertura.

Cores 9 through 12 all contain dwarfed assemblages
of small globigerinids. The only date that can be assigned
with confidence is Paleogene on the basis of the occur-
rence in these assemblages of Chiloguembelina spp.
A single specimen of Subbotina yeguaensis (?Eocene)
was found in Core 12.

Mesozoic Foraminifers

Cores 35 through 46 are composed of reddish, red-
gray, and dark gray pelagic clays. The red-gray clays
yield primitive agglutinated forms and the dark gray
clays are barren. This is essentially the same situation as
at Site 385.

Many samples from Cores 47 through 57 contain
common to abundant foraminifers. They occur in light
gray laminae and thin dark interbeds of the green-gray
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Figure 18. Physical properties data, Site 386.
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and black claystone sequence. Their abundance fluctu-
ates without apparent reason from one such layer to
another, as illustrated by the fact that only 42 of 62
samples collected from these layers provided foramin-
ifers (see distribution chart, McNulty, this volume). The
specimens are calcite filled and, typically, somewhat
overgrown, but many are moderately well preserved and
some very well preserved. The diversity appears rather
low, and the dominant forms are Hedbergella
trochoides (Gandolfi), Praeglobotruncana stephani
(Gandolfi), Planomalina buxtorfi (Gandolfi), Rotal-
ipora apenninica (Gandolfi), R. evoluta Sigal?, Thai-
manninella subticinensis (Gandolfi), T. ticinensis (Gan-
dolfi), Ticinella breggiensis (Gandolfi), and T. roberti
(Gandolfi). This is a well-known assemblage of the
Albian-Cenomanian, but its pattern of first appearances
does not agree well with those most recently reported
(van Hinte, 1976). Perhaps this is due to gaps in the
record that result from samples that yielded few or no
specimens. Perhaps the pattern remains to be accurately
established (Hermes, 1969, p. 37, table 2). In any event,
it appears that the basal part of Core 57 may be middle
Albian; Sections 57-2 to 54-3 are upper Albian; Section
54-3 (appearance of P. buxtorfi and P. apenninica) to
Section 51-4 Vraconian; and Sections 51-4 to 47-1 are
lower Cenomanian.

Below Core 57 foraminifers decrease drastically in
numbers. Occasional, unidentifiable hedbergellids oc-
cur in samples from Cores 57 through 60 but they were
not found below Core 60.

The occurrence of species above their apparent ex-
tinction horizon (see distribution chart, McNulty, this
volume) suggests some reworking, which in turn pro-
vides some support for explaining the fossiliferous and
calcareous bands of the black claystones as turbiditic
concentrations rather than interruptions of reducing
conditions (see Summary and Conclusions, this
chapter).

Nannofossils

Most cores (53 out of 66) at this site contain generally
abundant nannofossils. Species assemblages of Quater-
nary to Albian age are observed. Well-preserved nanno-
fossils of the Pleistocene and Holocene epochs occur
abundantly in Core 1. Reworked Cretaceous forms are
common in some of these samples. Little sediment was
recovered in Cores 2 and 3, and no diagnostic nanno-
liths were observed. Sample 2-1, 135 cm contains a poor
late Miocene assemblage (Discoaster quinqueramus
Zone). The upper half of Core 4 is barren of nannofos-
sils except for one thin layer (in Section 1, at 100 cm)
where abundant, moderately well preserved nannofos-
sils of early Miocene age occur (Sphenolithus hetero-
morphus Zone).

A presumably continuous sequence of earliest Mio-
cene to latest Paleocene is represented in Cores 4, Sec-
tion 4 through Core 34. Preservation of nannofossils
and recovery were so poor in the younger part of this se-
quence that age assignments by means of nannofossils
remain tentative for the upper Eocene and Oligocene
epochs. The lower portion of Core 4 yields assemblages
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of the Triquetrorhabdulus carinatus Zone at the Oligo-
cene/Miocene boundary. The late Oligocene Sphenoli-
thus ciperoensis Zone is recognized in Core 5. Middle
Oligocene assemblages (Sphenolithus predistentus and
Sphenolithus distentus zones) occur in Cores 6 through
10. Core 11 and the upper three sections of Core 12 yield
assemblages of early Oligocene (Helicosphaera retic-
ulata Zone) age. Severely overgrown Isthmolithus recur-
vus occur in the lower three sections of Core 12
establishing a latest Eocene age for these sediments.
Core 13 contains very poorly preserved nannofossils
suggesting an age close to the middle late Eocene bound-
ary (Discoaster saipanensis or Chiasmolithus oamaruen-
sis sub-zones).

The lithologic change from volcaniclastic turbidites
(Core 13) to siliceous turbidites (Core 14) is clearly
reflected in the preservation of the nannofossils; the
severe overgrowth observed in Cores 6 to 13 becomes
moderate below. Assemblages of middle Eocene
(Nannotetrina fulgens Zone and Discoaster bifax Sub-
zone) are recognized in Cores 14 through 25. All six
zones or sub-zones of the early Eocene are recognizable
within Cores 26 through 34. The effects of overgrowth
decrease steadily downward within these sediments, and
disappear in Core 34.

Moderately etched assemblages of the latest Pale-
ocene (Campylosphaera eodela Sub-zone) occur in the
lower half of Core 34. The very top of Core 35 yields
assemblages of late middle Paleocene age (Discoaster
mohleri Zone), but the rest of Section 1 as well as Sec-
tions 2 and 3 are barren.

Micula mura characterizing the latest Maestrichtian
occur in Section 4 of Core 35. Section 35-5 is of middle
Maestrichtian age. Preservation of these assemblages is
poor. Cores 36 through 44 are barren except for a mod-
erately etched pre-Turonian assemblage in Section 4 of
Core 44. Well preserved Cenomanian nannoliths (in-
cluding Lithraphidites alatus) alternate with moderately
preserved assemblages in Cores 45 through 49.

Late Albian nannofossils of varying preservation are
present in Cores 50 through 57. Cores 58 through 60 are
of middle Albian age (Prediscosphaera cretacea Zone),
Cores 61 through 64 are barren, but one sample (65-1,
130 cm, contains a moderately well-preserved nannofos-
sil assemblage of the Prediscosphaera cretacea Zone.
This assemblage dates the sediments only 3 meters
above the underlying basalts as early Albian.

Palynomorphs

Forty-five samples from Cores 44 to 65 in the green-
gray and black clays were processed and examined for
palynomorphs. Surprisingly, and in dramatic contrast
to the black clays at Site 387 on the western Bermuda
Rise, these samples failed to yield dinoflagellates or spor-
omorphs (D. Habib, personal communication, 1976).

Radiolarians

Radiolarians are consistently abundant and well
preserved in the middle Eocene siliceous turbidites of
Cores 14 through the upper part of Core 17. In the inter-
val from Section 3 of Core 17 through Section 5 of Core
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18 their occurrence becomes sporadic and the interval of
Core 19 through Core 30 is generally barren of siliceous
microfossils. Where present, the radiolarians are ac-
companied by diatoms and siliceous sponge spicules. In
the lower Eocene radiolarian mudstones of Cores 31
through 34, radiolarians are again present, but their
preservation is poor owing to recrystallization, making
zonal assignments very tentative.

Radiolarians are also present in the Cretaceous red
claystones and continue into the underlying green and
black claystones of the Cenomanian and Albian; they
are, however, replaced by and overgrown with chalced-
ony and cristobalite and fine morphological features are
obliterated. The presence of a sufficient number of
forms with unique test morphology nonetheless allows
recognition of the characteristic radiolarian associations
described by Moore (1973) from DSDP Leg 17
materials.

Cenozoic

The radiolarian assemblages of the middle Eocene
siliceous turbidites (Cores 14 through 18) are all as-
signed to the Thyrsocyrtis triacantha Zone (determina-
tions by R. Goll). On the basis of shipboard determina-
tions, the poorly preserved assemblage of Core 31 was
assigned to the lower middle Eocene Theocampe mon-
golfieri Zone. This was primarily based on the occur-
rence of Thyrsocyrtis sp. of Foreman (1973), which is
recorded as occurring in the early part of the Thyrso-
cyrtis triacantha lineage (Foreman, 1973). Cores 33 and
34 are assigned to the lower Eocene Buryella clinata
Zone (and possibly the Bekoma bidarfensii Zone for
Core 34) mainly on the presence of common Bekoma
sp. and Buryella spp., as well as forms such as Lamp-
tomium fabaeforme chaunothorax, Phormocyrtis cf. P.
cubensis, Theocotyle cf. T. fimbria, T. cf. T. alpha, T.
cf. T. cryptocephala nigriniae, Phormocyrtis striata,
and others.

Mesozoic

On the basis of shipboard determinations, Cores 38
through 45, which span the interval from the lower vari-
colored clay unit into the upper part of the black clays,
are assigned to the Cenomanian. These poorly preserved
assemblages contain numerous spumellarians, but also
such recognizable forms as Dictyomitra formosa,
?Eusyringium typicum, Eucyrtidium grandis, ?Hemi-
cryptocapsa tuberosa, and Crucella sp. A (of Moore,
1973). In addition, Dictyomitra macrocephala, an easily
recognizable form in badly altered assemblages, occurs
in Cores 47, 51, and 62. According to Moore the range
of this species is limited to upper Albian and lower
Cenomanian. In the present section, it has a well-
defined range from Core 62 up to Core 47 in the lower
part of the black clays, but it does not occur with the
typically lower Cenomanian assemblages of Cores 39
through 45. Owing to the somewhat equivocal identifi-
cation of these assemblages, however, the upper limit of
D. macrocephala is here used provisionally to separate
lower from upper Cenomanian. No radiolarians were
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found in Cores 63 to 65 which immediately overlie
basalt (Core 66).

SEDIMENT ACCUMULATION RATES

The age versus depth plot for Site 386 is given in
Figure 19. Sedimentation at Site 386 commenced with
the deposition of a 240-meter-thick unit of greenish gray
and dark gray and black claystones, which accumulated
at a rate of about 16 m/m.y. This is about an order of
magnitude faster than purely pelagic accumulation rates
for non-biogenic material, and as this unit is less than
one-third composed of biogenic material, it suggests
some introduction of material by other than pelagic
mechanisms alone.

These claystones are succeeded by a short transition
zone (Core 41) and then by zeolitic and multicolored
(red) claystones. The zeolitic claystones accumulated at
about the same rate as the underlying reduced clay-
stones and may be linked with them in terms of deposi-
tional process. However, if the zeolites represent altered
volcanic ash, they could indicate a component derived
from an early phase of volcanism on Bermuda. A pro-
nounced decrease in accumulation comes with the over-
lying red claystones, which accumulated at a pelagic rate
of about 2.5 m/m.y. These represent deposition from the
?Turonian to the late Paleocene, although their incep-
tion is unknown (within the unfossiliferous interval be-
tween Cores 36 and 39). Whether these red claystones
represent continuous accumulation is also unknown ow-
ing to the poor biostratigraphic data within this interval.

Another sharp break in sedimentation signals the
beginning of accumulation of the 300-meter-thick lower
and middle Eocene radiolarian mudstone, claystone,
and turbidite sequence, which shows uniformly high
accumulation rates of 20-40 m/m.y. These high rates ac-
cord well with the indication of high biological produc-
tivity during the deposition of this sequence as well as
with its (in part) turbiditic origin.

Accumulation of the succeeding calcareous and vol-
canic turbidite sequence is marked by a reduction of
accumulation rate to an average of about 9.5 m/m.y.,
with a sharp decrease to about 2 m/m.y. in the late mid-
dle Oligocene. This change in rate may mark the cessa-
tion of volcanic contribution from the Bermuda pedes-
tal and a late Oligocene to early Miocene phase of slow
pelagic and minor turbidite accumulation.

The few data points for the remaining Miocene and
Pliocene suggest slow accumulation (~6 m/m.y.) of the
clays and oozes that typify this part of the section. At
some time, possibly close to the beginning of the Pleisto-
cene, deposition of marly nannofossil ooze began. Piston
cores from this area contain similar material, indicating
that this depositional regime has continued to the pres-
ent, with accumulation at rates of about 35 m/m.y.

CORRELATION OF SEISMIC PROFILE
WITH DRILLING RESULTS

Detailed seismic surveys were conducted aboard
USNS Kane and Wilkes in the vicinity of Site 386 during
1974. These data show that sediment thickness in the
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area is controlled in large part by the basement topog-
raphy, which exhibits general west-northwest and north-
northeast trends (see Bowles, this volume). Most of the
reflectors known in this region are observed in the thick
sediment pockets filling basement depressions (Figure
20).

Four prominent reflectors are observed in profiler
data; the upper reflector is single and overlies a deeper
pair of reflectors. These three reflectors have previously
been grouped under the heading ‘‘Horizon A.’’ The
shallowest reflector merges with the acoustically opaque
apron of the Bermuda Pedestal; thus it appears to be
closely linked with the volcanic/denudation history of
Bermuda.

The fourth, deeper reflector is Horizon A*. This
acoustic horizon was tentatively correlated with the
transition from multicolored clays into underlying Cre-
taceous black clays at Site 105 (Ewing and Hollister,
1972). Horizon A * is observed in this part of the Bermu-
da Rise only in the deepest basement depressions, where
it lies about 0.6-0.8 sec sub-bottom (Figures 2, 21, 23).

The results of drilling at Site 386 and the inferred cor-
relations with the seismic section in the Challenger
records are shown in Figures 21 and 22. The lateral
depth variability of the reflectors near Site 386 unfor-
tunately is quite pronounced, thus making precise lith-
ologic/seismic correlations difficult. It is also difficult
to pick reflector depths in the Challenger records
because the ringing pulse in the low-frequency recording
(required for acoustic penetration to basement) masks
and confuses reflectors (Figure 23). The best profiler

record across Site 386 is that taken when Challenger
departed from the site, and an interpretative tracing of
this record is shown in Figure 21.

Reflector 1 (Figure 21) clearly corresponds to the first
downhole occurrence of coarse, high-velocity sands re-
covered about 170 meters sub-bottom near the top of
the sequence of Oligocene volcaniclastic turbidites
(Figure 22). This reflector can be traced north to where
it merges with the acoustically opaque Bermuda Pedes-
tal. It is so strongly reflective that it mostly masks the
underlying ‘‘Horizon A’’ reflectors at Site 386;
however, the profiler record between Sites 386 and 387
shows that the reflector diminishes in intensity to the
west and ultimately fades out, leaving the underlying
reflectors easily detectable. The acoustic degeneration
of the reflector away from Bermuda is consistent with
the expected diminution of coarse, reflective, volcan-
iclastic debris in areas distant from the island. Because
of its association with the ‘‘Horizon-4 complex’’ and
because of its genesis, this reflector is termed Horizon
AV for the volcaniclastic turbidites it represents
(Tucholke, this volume). The calculated interval veloci-
ty between the sea floor and Horizon A" is 1.74 km/sec,
about 12 per cent higher than the average of shipboard
measurements for this interval (Figure 22). This dif-
ference is comparable to that commonly determined for
the upper few hundred meters of unconsolidated sedi-
ments in DSDP holes (Houtz, 1975).

Reflector 2, which is the upper of the reflector pair
commonly observed on the Bermuda Rise, appears to
correlate with the velocity inversion where upper-middle
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Figure 21. Correlation of Challenger seismic profile and lithology at Site 386.

Eocene volcaniclastic turbidites overlie middle Eocene
siliceous turbidites (Figure 22). The contact lies in the
uncored interval between Cores 13 and 14 (348.5-
328.0 m) and is assumed to occur at 325 meters. This
reflector is termed Horizon A7 for its association with the
top of fine-grained siliceous turbidites in the ‘‘Horizon-4
complex”’ (Tucholke, this volume). Although it is wide-
spread on the Bermuda Rise, Horizon A7 is usually
much less reflective than the paired reflector beneath it,
and because of its proximity to the deeper reflector
(about 0.1-0.2 sec), Horizon AT often cannot be differ-
entiated in low-frequency profiler records which have a
complex signal pulse. The calculated interval velocity
between Horizons 4¥ and A7 is 1.94 km/sec which, like
the shipboard measurements, reflects the sharply in-
creased compressional wave velocity in the volcani-
clastic sands.

Reflector 3 can be traced seismically to DSDP Sites 6,
7, and 387, where it correlates with upper-lower to
lower-middle Eocene chert (Ewing, et al., 1970; Site 387
Report). This reflector is called Horizon A€ for its
typical association with Eocene chert (Tucholke, this
volume). However, it is apparent that at Site 386, Hori-
zon A€ correlates with the top of middle Eocene calcar-
eous turbidites about 408 meters sub-bottom which
overlie and mask the lower to middle Eocene cherts
about 82 meters deeper (Figure 22). It appears that the
rapid emplacement of calcareous detritus from the adja-
cent topographic highs into the fracture valley where
Site 386 was drilled accounts for the presence of the

calcareous turbidites, but Horizon A€ shows no varia-
tions which would indicate their atypical occurrence.
Thus Site 386 provides a good example of the limita-
tions of profiler data in predicting local lithofacies. The
calculated interval velocity between Horizons A7 and A€
is 1.75 km/sec and is 6 per cent higher than the average
of shipboard measurements.

Reflector 4 is not well defined at Site 386, but it can
be traced to the western Bermuda Rise where it cor-
relates with Horizon 4 * (Tucholke, this volume). The
only marked velocity/impedance contrast measured on
samples from this general level in the hole occurs in
Core 35 near 636 meters sub-bottom at the top of Mae-
strichtian marly limestones (Figures 21, 22). Correlation
of this impedance contrast with Horizon 4 * provides an
interval velocity of 1.91 km/sec between Horizons A€
and A*. This compares favorably with measured veloc-
ities (Figure 22). Similarly, the calculated interval veloc-
ity of 1.92 km/sec between Horizon 4 * and basement
(964.2 m sub-bottom) also agrees with shipboard mea-
surements on core samples.

The correlation of Horizon A * to the surface of mar-
ly limestones that occur near the top of the multicolored
claystones suggests that most of the Horizon A€ to 4 *
interval consists of pelagic, siliceous, and calcareous
sediment of Paleocene and Eocene age. The apparent
discrepancy in lithologic correlation between this inter-
pretation and the Leg 11 correlation of Horizon A * with
the multicolored clay/black clay transition at Site 105
(Ewing and Hollister, 1972) can be resolved by closer ex-
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Figure 22. Velocities of samples measured directly with the
Hamilton-frame velocimeter (dots) and calculated inter-
val velocities (dashed lines) at Site 386.

amination of the Site 105 drilling results and seismic
record. No cores were taken at Site 105 between 193
meters (upper Miocene clay) and 241 meters (undated
multicolored clay, probably Upper Cretaceous). This
unsampled 48-meter interval could well contain Mae-
strichtian chalks such as those correlative to Horizon A *
at Site 386, as well as younger, Paleocene and possibly
Eocene sediments; the thickness of the ‘“Horizon 4’ to
A *interval at Site 105 is less than 0.05 sec (i.e., less than
45 m at 1.8 km/sec). One additional piece of evidence
suggests that Horizon 4 * may represent the top (rather
than the bottom) of the multicolored clays; at Site 7
(Leg 1) a sparsely sampled section encountered the
multicolored clays immediately below (~42 m) Horizon
A€. Close examination of unpublished profiler data
taken by Lamont-Doherty in a subsequent detailed sur-
vey around Sites 6 and 7 shows that Horizon A * shoals
and merges with Horizon A€ at the location of Site 7, so
that drilling there penetrated both horizons.

Reflector 5, between Horizon A* and basement, is
poorly defined in the Challenger profile, and is only of
local extent. It lies near the depth of the multicolored
clay/black clay transition, about 725 meters sub-bottom,
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but shipboard velocity/impedance measurements on
samples from this depth do not show a clear-cut contrast
which can be correlated to the reflector (Figure 22).

SUMMARY AND CONCLUSIONS

Site 386 was drilled in 4783 meters of water to a sub-
bottom depth of 973.8 meters, penetrating 964.2 meters
of sediments and about 9.6 meters of underlying base-
ment basalt (Figure 4). The site was located 140 km
south-southeast of Bermuda on the southern edge of a
fracture valley, in the ¢‘Cretaceous quiet zone.”’
Magnetic anomaly M-0 of the Keathley Sequence lies
about 90 km west-northwest of Site 386. The upper 62
meters were discontinuously cored, but from there to
basement a fairly continuous record was obtained.
Sixty-six cores were taken, more than at any previous
drill site in the western North Atlantic. Principal objec-
tives included the dating and lithologic identification
of the major acoustic reflectors in the ‘“Horizon-A
complex’’ (see Tucholke, this volume) and Horizon A*,
and the relation between these and the prominent ‘‘Ber-
muda reflector’’ that merges into the acoustically
opaque Bermuda apron. Other objectives included
determining the age and extent of the red clay and black
clay facies previously cored in the western Atlantic, and
establishing the age of basement.

Of the total of 66 cores attempted, representing 64
per cent of the depth drilled, 438.2 meters of core were
recovered. All the major objectives of this site were met.

The Record of Bermuda Volcanism at Site 386

The age of the volcanic pedestal beneath Bermuda
has long been in doubt and recent drilling on Bermuda
has provided new constraints (Reynolds and Aumento,
1974; Aumento and Gunn, in press). In this discussion
we include Challenger and Plantagenet banks southwest
of the main Bermuda edifice, and Bowditch Seamount
to the northeast, when we speak of ‘‘Bermudan volcan-
ism.”” We assume without definite proof that all four
features were produced during the same episode and do
not differ greatly in age.

Although Site 386 was considerably farther (140 km)
from Bermuda than Sites 382 and 385 were from the
nearest New England seamounts, the site was expected
to yield a record of Bermudan volcanism because a re-
flector (Horizon AY) merging with the Bermuda vol-
canic apron can be traced to the site. The topography of
the present sea floor seems ideally suited to channel
turbidity currents from Bermuda to the fracture valley
in which Site 386 is located, and the sea-floor topog-
raphy at the time Horizon AY was deposited probably
was not much different (Bowles, unpublished data).
Volcaniclastic turbidites (lithologic Sub-unit 3B) were
cored at the level of Horizon 4V, and overlying cal-
careous turbidites (Sub-unit 3A) have volcaniclastic
components decreasing upward in significance. Because
Site 386 is near Bermuda and because similar volcani-
clastic turbidites do not occur at substantially greater
distances from Bermuda, we infer that the turbidites are
of Bermudan origin.
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Figure 23. Challenger seismic profile recorded when departing Site 386. Location in Figure 3.

Except for upper Cenomanian zeolitic claystones in
lithologic Unit 5 that possibly are of volcanogenic origin
(discussed below), the earliest record of Bermudan vol-
canism occurs in the late middle to early late Eocene
(46-42 m.y.B.P.) in Core 13 at the base of lithologic
Sub-unit 3B. The Sub-unit 3B volcaniclastic turbidites
extend up through Core 5 (318.5 to 157 m sub-bottom),
and they consist primarily of heavy minerals, opaques,
and mica, with relatively little ash, pumice, or basalt
fragments. Thus the turbidity flows were not generated
directly as a result of volcanism; rather they incor-
porated detrital (phenocryst) residues from ‘‘subtrop-
ical’’ erosion of volcanic source rocks. However, the
relatively fresh appearance of the mineral grains sug-
gests that they were quickly discharged into the Atlantic
with little residence time on the islands. We have no in-
formation on the time it took the Bermuda volcanoes to
reach sea level, but it is unlikely that the period exceeds
a few million years (Vogt and Tucholke, this volume);
once having reached wave base, the volcanoes probably
began to erode almost immediately, and little time
would have elapsed before the first turbidites entered
nearby submarine valleys. Thus the age at the base of
the lithologic Sub-unit 3B probably provides a close ap-

proximation of the time the volcanic edifice first
emerged above sea level. The youngest core in which
heavy mineral turbidites abound is Core 6, dated as
middle Oligocene. Therefore, the emergent phase of
Bermuda volcanism and erosion had ended by late Oli-
gocene time.

The time span involved in the emergent phase could
be as much as 20 m.y. (46 to 26 m.y.B.P.) or as little as
10 m.y. (42-32 m.y.B.P.). Assuming smoothly varying
sediment accumulation rates in the volcaniclastic turbi-
dites at Site 386, the most likely duration is 15 m.y. (42
to 27 m.y.B.P.).

The thickest and coarsest volcaniclastic turbidites at
Site 386 were emplaced during the middle Oligocene (34
to 29 m.y.B.P.). Their introduction to Site 386 may
reflect either increased volcanism/erosion at Bermuda
or simply maximum development of turbidite dispersal
paths to the drill site. Thus it is not possible to clearly
document whether the pre-middle Oligocene volcanism
at Bermuda was episodic, but it is evident that volcan-
ism and subsequent erosion to wave base were essen-
tially complete at the end of the middle Oligocene. The
erosion time probably was of the order 5 to 10 m.y.
(Vogt, 1974).
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The uppermost Oligocene/lower Miocene turbidites
at Site 386 (lithologic Sub-unit 3A; Core 4) are primarily
carbonate but still contain appreciable altered ash,
heavy minerals, opaques, and zeolites. These sediments
apparently record the erosion of remaining volcanic
outcrops and perhaps shallow-water limestones exposed
by minor sea-level fluctuations. The altered ash may
suggest minor, primarily explosive reactivation of Ber-
mudan volcanism, but more detailed study is required to
document the reality of such an episode. In Cores 1 to 3
(Pleistocene to [?]middle Miocene) no significant vol-
canogenic components are observed.

On Bermuda, igneous drill-hole chips were radiomet-
rically dated by Gees (1969) at 34 and 52 m.y.B.P. Rey-
nolds and Aumento (1974) determined an age of 33.5
+2 m.y. for lamprophyric sheets which intruded older
tholeiitic submarine lavas in the Deep Drill 1972 bore-
hole; the lavas yielded questionable 48 and 91 m.y. ages.
These data, together with the drilling results at Site 386,
suggest that the Tertiary volcanism at Bermuda included
(a) early(?) to middle Eocene submarine volcanism con-
structing the pedestal, (b) subaerial exposure and ero-
sion near the end of the middle Eocene, perhaps with re-
duced volcanism or cessation of volcanism, (c) renewed
volcanism and uplift/erosion early in the middle Oligo-
cene, with intrusion of lamprophyre sheets, and (d) sub-
sequent erosion to wave base. If Bermuda was like
Hawaii, later eruptions of more alkalic or nephelenitic
suites may have occurred without contributing substan-
tially to the volume of the pedestal or to erosional debris
displaced to Site 386.

A possible analogy between Bermuda and Hawaii has
two other facets. First, the relatively small percentage of
ash and the absence of discrete ash layers at both Sites
386 and 387 suggest primarily passive basalt flows on
Bermuda rather than pyroclastic eruptions. Similarly,
little ash is found in young sediments around Hawaii.
Second, there is a morphologic resemblance between the
main Bermuda edifice and known shield volcanoes; in
this respect Bermuda is more similar to the Hawaiian
Islands than the steep-sided volcanoes common else-
where in the Atlantic, for example, the Azores and the
New England seamounts. The shield shape again sup-
ports the model of primarily passive basalt flows
(although archipelagic/volcaniclastic aprons may mask
an initially steeper profile). Of course, Bermuda is not
part of a volcanic chain like Hawaii, but the bearing of
this difference on volcano morphology is unknown.

A major mineralogical problem is the substantial
concentration of apparently muscovite mica found in
the calcareous and volcaniclastic turbidites at Site 386.
This material generally is not found in volcanic rocks of
oceanic islands. The presence of muscovite could argue
for a continental origin, but in that case quartz grains
would be expected and quartz is rare in these sediments.
The mica observed in smear slides may be phlogopite
weathered out of lamprophyre sheets such as those en-
countered in the Deep Drill 1972 borehole on Bermuda.
The occurrence of mica only in the latest turbidites of
obvious Bermudan origin (beginning in the late middle
Oligocene) suggests that the lamprophyre sheets either
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had not been intruded until late in the volcanic cycle or
were not exposed by erosion of surrounding extrusives
until late in the emergence history of the volcanic rocks.
The former alternative is favored by the 33.5 +2 m.y.
age of lamprophyre sheets radiometrically dated by
Reynolds and Aumento (1974).

There is some evidence for much earlier volcanism in the
vicinity of Bermuda. A primarily upper Cenomanian
bed of zeolitic claystones, 28.6 meters thick (Cores 38 to
40), probably includes the alteration products of volcan-
ic ash. Glass shards suggest that this volcanism was pri-
marily pyroclastic. Reynolds and Aumento (1974) and
Aumento and Gunn (in press) have suggested that the
tholeiitic, shield-building stage of Bermuda, represent-
ed by numerous pillow and subaerial lava flows en-
countered in their 1972 borehole on Bermuda, actually
occurred 90-110 m.y.B.P. at the crest of the Cretaceous
Mid-Atlantic Ridge. Two pillow lava samples gave
rather uncertain ages of 48 and 91 m.y.B.P. Reynolds
and Aumento (1974) suggest that the former date may
represent alteration during dike intrusion and that the
true age of these lavas is at least 90 m.y.B.P. If Bermu-
dan volcanism was initiated this early, the upper Ceno-
manian (92-95 m.y.B.P.) zeolitic claystones recovered at
Site 386 may correlate with the tholeiitic lava episode.
There are two problems with this correlation: (1) the
zeolitic claystones contain glass shards of high silica
content, suggesting pyroclastic volcanism rather than
low-viscosity, submarine tholeiite flows like those
drilled on Bermuda; and (2) the great elevation of Ber-
muda above the surrounding oceanic basement would
require an unreasonably great paleodepth of 4-5 km for
the crest of the Mid-Atlantic Ridge if Bermuda formed
near the spreading axis; of course, Bermuda may have
been only partly constructed at and near the ridge crest
during the Cretaceous (say between M-0 [108 m.y.] and
the latest Cenomanian [92 m.y.]), but this leaves un-
explained the mechanism by which the Cretaceous
basalt flows subsequently were elevated some 2 km to
near present sea level. Because many postassium-argon
ages on pillow basalts are anomalously high, the 91
m.y.B.P. age reported by Reynolds and Aumento
(1974) may be spurious, and the 48 m.y.B.P. more
reasonable. The latter age then would date the initial
construction of Bermuda as a tholeiite shield, not the
alteration of 90-110 m.y. lavas by lamprophyre dikes.

Calcareous and Siliceous Turbidites

At Site 386, as at Sites 6, 7, and 387, the lower and
middle Eocene section is characterized by rapidly
deposited cyclic sedimentary sequences, occurring
directly below the volcaniclastic turbidites discussed
above. Sediments containing these cyclic sequences at
Site 386 are at least 161.8 meters thick; they are sub-
divided on the basis of composition into two sub-units
of about equal thickness, termed siliceous turbidites
(lithologic Sub-unit 4A) and calcareous turbidites (4B).
The cyclic sequences are of the order of 0.3 to 3 meters
thick, and they ideally can be divided into five
sublayers: o, 3, v, §, and ¢, from bottom to top. These
sublayers correspond roughly to intervals of the classic



Bouma sequence (Bouma, 1962); their composition and
characteristics are given in the Lithology section and by
McCave (this volume). Based on the cyclic variation in
sedimentary structures, the megascopic texture, and on
subtle size-grading within the cycles, it is apparent that
these cycles represent fine-grained turbidites of domi-
nantly pelagic composition. Similar cycles are much
more poorly defined in the immediately underlying
lithologic sub-units (4C, cherty claystones; and 4D,
radiolarian mudstones), but these sub-units probably
also are of dominantly turbiditic origin. The entire Unit
4 sequence accumulated at very rapid rates averaging 20
to 40 m/m.y.

It is uncertain whether these turbidites are of purely
local origin or whether they may include detritus from
distant sources. The location of Site 386 in a fracture
valley surrounded by steep scarps strongly suggests that
much of the material is locally derived. On the other
hand, similar turbidites accumulated at similar rates at
Sites 387, 6, and 7 on the western Bermuda Rise where
the adjacent sea floor morphology was smooth enough
to preclude local derivation of such thick turbidites. The
turbidites at these sites are thought to have been derived
from the North American continental margin, and they
may have reached as far as Site 386. In modern analogs,
turbidity currents probably originating on the Amazon
Cone along the South American continental margin
have reached comparable distances (~1000 km) and
entered the Vema Fracture Zone in the Mid-Atlantic
Ridge (Bader et al., 1970), and sediments transported at
least 1600 km from the North American continental
margin have been deposited as distal, mostly clayey tur-
bidites in fracture zones at the eastern end of the Nares
Abyssal Plain. The top of the Eocene siliceous turbidites
(Horizon A7) can be traced in seismic profiles across the
western Bermuda Rise to Site 386, and the reflector is
thought to represent the latest turbidites deposited
before regional uplift formed the Bermuda Rise in the
middle to late Eocene (Tucholke, this volume). Com-
parison of the present elevations of Horizon A7 at Site
386 and above presumably normally subsided crust
beneath the Hatteras Abyssal Plain suggests the central
Bermuda Rise has been uplifted about 700 meters
(Tucholke and Vogt, this volume). This uplift was
coeval with or immediately followed by volcanism at
Bermuda and presumably is related to that volcanism.

The paucity of obviously continental material such as
detrital quartz in these turbidites would seem to argue
against a provenance along the North American con-
tinental margin. However, because Site 386 represents
such a distal facies, it is likely that the continental
material was strongly diluted by pelagic debris entrained
along the path of the turbidity currents. Despite the
often significant carbonate in these turbidites, it is clear
they were deposited below the contemporary CCD. The
v and § sublayers, which probably were deposited as
part of the turbidites, are rich in carbonate, but the
overlying, presumably pelagic e sublayers are virtually
carbonate free.

The cherty claystones (Sub-unit 4C) are widespread
in North Atlantic drill sites. However, the localiza-
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tion of the porcelanitic chert within a much thicker
siliceous/calcareous section is puzzling. It appears likely
that productivity of siliceous organisms in surface
waters increased markedly during the late early and ear-
ly middle Eocene, or that increased silica in the bottom
water enhanced preservation at the sea floor, or both.

Multicolored Claystones

The composition, textural uniformity, and low ac-
cumulation rates of the “‘red’’ claystones indicates that
they are essentially pelagic deposits that accumulated
well below the CCD. Locally abundant volcanogenic
components that would be strongly diluted or masked in
more rapidly accumulated sediments are strikingly evi-
dent in this facies. Middle to late Maestrichtian depres-
sion of the CCD is indicated by a marly limestone bed
within the claystones, and this event is confirmed by
recovery of similar calcareous beds at Sites 385 and 387
(Tucholke and Vogt, this volume).

Black and Green-Gray Claystones

The ““black clays’’ at Site 386 extend from 724 meters
to the top of basalt at 964 meters sub-bottom. Their
primary characteristics are (1) alternation of green-gray
burrowed and black non-burrowed sediments, (2) local
calcareous beds, most of which appear to be turbidites,
(3) radiolarian sand beds, 0.5 to 3 cm thick, that com-
monly occur within the black beds, and (4) locally high
values of organic carbon (up to 14.3%).

The black beds appear to owe their color to the
presence of finely disseminated pyrite. Three factors
suggest that these beds represent deposition beneath
anoxic bottom water rather than purely intrasediment
reducing conditions: (1) the black beds are not
burrowed, (2) there is no correlation between sediment
blackness and organic carbon content, and (3) there is
more sulfur in the sediment than can be accounted for
by reduction of sulfate in interstitial pore waters, and
reduction of sulfate in overlying stagnant bottom water
seems to be required (see Kendrick, this volume).

The green-gray and dark gray interbeds commonly
are burrowed and probably were deposited beneath
relatively oxygenated bottom water, although intrasedi-
ment reducing conditions may have prevailed. The
cyclic alternation of these sediments and the black layers
may record variations in surface-water productivity
(organic carbon influx) and bottom water oxygenation
(McCave, this volume), possibly acting independently
of one another (Tucholke and Vogt, this volume). The
frequency of these cycles in Core 44 suggests
periodicities of the order 2 x 10* years, perhaps con-
trolled in some way by 1.9 x 10*and 4.1 x 10* obliqui-
ty periodicities in global insolation (McCave, this
volume). The radiolarian sand layers tend to be more
common in the black layers and most do not appear to
be graded; they may represent peak productivity cycles
extending over many years.

The calcareous beds that interrupt the black clay se-
quence are most common in Cores 48 to 59, and at least
below Core 50 they commonly are graded and probably
are turbidites comprised of pelagic detritus that slumped
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from adjacent peaks. From this interpretation we infer
that deposition at Site 386 was below the CCD and
beneath intermittently anoxic bottom water, while the
surrounding peaks, rising 1600 meters and more above
the contemporary Site 386 sea floor, were accumulating
carbonate above the CCD. If the top of basement at Site
386 is ‘‘backtracked’’ along the normal crustal subsi-
dence curve, and an isostatic correction for sediment
loading and a 700-meter correction for uplift of the Ber-
muda Rise are applied, an original crustal depth of
about 3200 meters is indicated. Thus euxinic conditions
within the water column extended up to at least 3200
meters, and the CCD probably was between 1600 and
3200 meters (see Tucholke and Vogt, this volume).
Thiede and van Andel (1977) suggested that at least
some of the black clay deposition in the South Atlantic
was beneath an oxygen-minimum layer. However, in the
western North Atlantic, black clays were deposited on
much older, deeper crust (Sites 387, 101, 105) coevally
with the black clays at Site 386, and anaerobic condi-
tions below 3200 meters throughout the entire basin are
indicated.

Further discussions about the conditions of black
clay deposition, the cyclicity of deposition, and the
events that may have triggered the basinwide stagnation
are given by Kendrick; McCave; and Tucholke and Vogt
(all this volume).

The Basaltic Basement

Drilling rates suggest that igneous basement was
reached at a sub-bottom depth of 966.2 meters, 2 meters
into Core 66; penetration to 973.8 meters resulted in
recovery of 1.9 meters of basalt. The contact with the
overlying sediments was not recovered, nor were any
baked sediments observed. The basalt, although
somewhat altered, is typical of basalts found on the
present-day mid-oceanic ridge. Sediments in Section 1
of Core 65 immediately overlying the basalt are of early
Albian age (105-108 m.y.B.P.). Because Site 386 was
drilled near the axis of a deep fracture valley, it is
unlikely that substantially older sediments occur near-
by, and the early Albian age probably accurately dates
the formation of the crust.

The basement age appears to confirm the mid-
Cretaceous fast-spreading episode first postulated by
Larson and Pitman (1972). Along the flow line passing
through Site 386, the average spreading half-rate
between anomaly 25 and the youngest anomalies of the
Keathley Sequence was about 2.4 cm/yr (Vogt et al., this
volume). The principal remaining uncertainty in this
estimate of average spreading rate is the absolute dating
of the mid-Cretaceous stages. If these stages are actually
10 per cent older, say 110 versus 100 m.y.B.P., much of
the “‘fast spreading’’ episode would disappear. It seems
unlikely, however, that the stratigraphic time scales
recently published (van Hinte, 1976) are this far in
error.

Intervals of Reversed Magnetization in the Albian

Remanent magnetization of the sediments at Site 386
(Keating and Helsley, this volume) indicates that several
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reversed intervals occurred during the Albian. Because
Site 386 is located on crust younger than anomaly M-0,
these reversed intervals occurred during the ‘‘long
Cretaceous normal’’ or ‘“‘Mercanton’’ period. These or
similar reversed intervals, although short (~ 10* to 10°
years), have been found at other DSDP sites and must
be part of the geomagnetic polarity history. At the mid-
Cretaceous spreading half-rates inferred for this region,
the corresponding reversely magnetized crustal strips
would be as much as 1 or 2 km wide, enough to con-
tribute to the relatively high amplitude magnetic
anomalies found in the ‘“Mercanton’’ period (Vogt and
Johnson, 1971; Vogt and Einwich, this volume).
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27% Nannos (range 0-77%)
8% Altered ash? (range 0-40%)
- 4% Forams (0-38%)
10YR 4/3 4% Unspec. carb. (0-10%)
4% Zeolites (0-10%)
1- 2% Heavy min., Mica & Opaques
3 75 Minor Tlithology (8 slides)
45% Clay (10-90%)
" 96 20% Zeolites (0-75%)
= 8% Unspec. carb. (0-40%)
S 7% Altered ash? (0-45%)
2la 7% Forams (0-35%)
== 6% Nannos (0-20%)
o <1- 2% Opaques, Heavy min., Mica
S
4 9 .
L 5Y 7/2 NANNO O00ZE, yellowish gray
AG | AM 101 32 grading into
VERY FINE SAND, underlain by
5Y 4.5/2  CLAY, light yellowish brown and brown
2.5Y 6/4 TOYR 4.5/3).
o
ES
36 2.5Y 6.5/4 NANNO 00ZE, pale yellow and Tight yelTow
brown.
58| L SY6/2  FINEVERY FINE SAND, Taminated, clayey,
5 63 mostly white and pale yellow (2.5Y 8/2).
-— ™ 9048 | 10VR 5/3 CLAY, 61-65 cm brown, below all is pale
116 10YR 6/3  brown.
5Y 6/2 VERY FINE SAND, laminated, clayey, light
06 10YR 6/3 olive gray, erosional irregular contact
8 T0YR 4.5/2 with underlying clay.
- CLAY, pale brown and grayish brown-dark
=z 59 grayish brown, diffusely mottled with pale
AM 4 10YR 7/3  brown clay.
48 NANNO O0ZE, very pale brown
6 grading into
83 5Y 5/2 NANNO FORAM 0O0ZE, olive gray.
o
=1 © |
5] & | RP|CM et 2.5Y 4/2  SILTY FINE SANDS
= eepaaama e
= 10YR 6/3  CLAY
CC =11 cm
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Hole 386 Core 5 Cored Interval: 156.8-166.3 m Hole 386 Core 6 Cored Interval: 166.3-175.8 m
FOSSIL > o) o FOSSIL 1 d 1=
< =9
. CHARACTER § 9 E %% = g E . CHARACTER § 2 E gz g é E
sl & |£18 5| & | LiTHowosy [EE[S S|an & LITHOLOGIC DESCRIPTION sl 8 |28 5l 2 | Limholosy [E5[S S|an & LITHOLOGIC DESCRIPTION
= ~ E A A B = SIS El e < =< ~ |zl 8] & = SoElze] <
HEHEIE BEEASHS HHEIEIR SRl
el = 3 5 H|S 5| SH| =0 il == =3 5 DS 5| 55 v
0 . CLAY, upper 53 cm intensely disturbed by 0 -
10VR 4/3 drilling, otherwise stiff: brown, yellowish ]
2.5Y 6/4 brown, and dark brown. Some patches of 5
. dark brown-black specks (*123). =
I SILTY CALCAREQUS CLAY (=top of graded bed) 0:54  vom
1 very stiff, olive on top. Average color is 1
M | ZASY %/2 very dark grayisi; brown. COARSE ]
| SAND (=base of graded bed), containing 1.0 Y 3/2 VERY FINE SAND, dark oli
| 110 — skeletal carbonate, upper l,ayers muscovite. = o (1131 & ://g‘{ 253 I“ , dark olive gray
| has 53 Snear Slide Summary (6 slides): ' sY4/3  SITY CLAY
Dominant 1itholo: | CLAYEY SILT with Chondrites
5Y 5/3 Y Fondrites, .
. | 40% Clay (10-69%? 1116 VERY FINE SAND, thinly laminated, moderately
it 14% Nannos (0-48%) | 2.5Y 3/0 indurated (HEAVY MIN. SAND).
3 13% Altered ash? (0-27%) 34 : SILTY CLAY, CALCAREOUS
=] il 8% Unspec. carb. (0-20%) I \2.5Y 5.5/2 VERY FINE SAND (HEAVY MIN. SAND).
2 3 | 7% Mica (mostly muscovite) 2 | - 2.5y 472 Y_AND STCTY CLAY with SAND Tayers,
s ke é 78 7% Heavy min. | 83 7'5YR 5/2 brownish gray, olive brown and brown.
w iy . | 4% Opaques & 90|13 ° Sand is very dark grayish brown and mostly
i RM ] &1 6% Zeolites E 2 o | \Jaminated, heavy minerals abundant.
g8 - 1 36} © < 2% Forams g = AE 10VR 4/3  CALCAREQUS CLAY, brown.
S S Minor lithology (1 slide 1:123) = .
2 ® E | o e Ty ||
u E 259 Zeolites é :D%Eagé:: i 10YR 5/3  CALCAREQUS QOZE AND CALCAREOUS SILTY CLAY.
] | 3:120-150 cm-burrows, filled with very fine = B AF=ioreEs CLAYEY VERY FINE SANDSTONE, the more clayey
wil 2 5 | M : . 3 S oo ox | 19 upper part semilithified, olive gray. From 4:
z| & 75 {27 SAND and SILT containing muscovite, olive B 5120 20-50 cm thinly laminated with several
S | (5Y 4/3). Jpoeoo [ laminae 0.5->2 mm thick of r_ust;(J
S A | Sect. 4: Alternating SILTY CLAY, CLAYEY SILT and ep Jo o | appearance, 10YR 6/8 yellowish brown.
= boos! FINE SAND, pale olive and olive gray. Upper B ATy At 50 cm VERY FINE-FINE SANDSTONE,
- [omed | 50 cm slightly burrowed, burrows filled OO0 O l medium dark gray, a few cm cross laminated.
& | with s1ightly coarser material. EEEY | At 60 cm Tayer (or lens) of several cm and
5 and | 34 5Y 5/3 Below 4:95-FINE-MEDIUM SAND, olive, with darker containing very coarse granules, angular,
stringers and burrows. l 5Y 4/1 subround and round in sandstone matrix. No
| 5Y 6/3 [ N4, 5B 5/1 sharp boundary against surrounding sandstone.
| 5Y 472 | Similar layer immediately above 1 cm thick.
4 | 3y 3 4 = At 90 cn rock fragment, 1.5 x 0.5 cm.
83| o s | 2 COARSE-MEDIUM SANDSTONE 60 cm-150 cm, dark
| — | \}'?s gray-medium bluish gray; poorly sorted and
[N K] 5Y 5/3 g | [} Smear Summary greenish-black in CC.
| g | Dominant lithology (4 slides)
R T CLAYEY SAND with muscovite, olive gray, in cC. =] el ep o 56 2/1 57% Clay (20-80%)
rel cp cc 5Y 4/2 2 cC 10% Unspec. carb.
- CC =8 cm 9% Nannos
-3 9% Altered ash?
Explanatory notes in Chapter 1 gzg ﬁioawt?nﬁ“‘
3% Opaques
Minor Tithology (4 slides)
14% Clay
37% Heavy min.
20% Opaques
10% Unspec. carb.
6% Zeolites
3% Mica
< 2% Nannos
cc = 14cm
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Hole 386 Core 7 Cored Interval: 175.8-185.3 m Hole 386 Core 8 Cored Interval: 185.3-194.7 m
FOSSIL [ = FOSSIL =2 (=
CHARACTER | = é“rﬁl‘_,, 5 |2 CHARACTER | = = P =
w S| e =533 |5 w S| 2 =SEHS 1S
8] 8 |€|8 5| & | LiTHooey ¥ G5 Slas] & LITHOLOGIC DESCRIPTION gl 8 [£|8 5| # | LitHoLosy [£5|5 Sl & LITHOLOGIC DESCRIPTION
2 5] HE B = So A2 < 2 = HEIR R = SIS 0|28 <
2182 & = e = ) |28z ¥ o 2= 0=l S
ol=z|=< I —foc | — = ol=z|< o o ===
w | = | X% [=¥=' BV R u | = | N O O] Jnf =2
0 . CLAY, stiff, dark reddish brown, mottled 0 Smear Summary (5 slides)
= with minor amounts of bluish gray, under- = 44% Clay (20-85%)
- VoID lain by CLAYSTONE, weakly indurated, olive o 19% Heavy min. (5-40%)
ry gray in upper part and medium dark gray in . 12% Zeolites (5-30%)
Fp o (45118 5YR 3/4 Tower. 0.5 VOID 10% Altered ash? (0-22%)
1 i 5Y 5/2 SANDSTONE,very fine to fine, thinly 1aminated, 1 ] g;é 3332325 ?755%)(0-15%)
i N4 dark gray-medium dark gray. .
| VERY COARSE-COARSF_SANDSTONE, poorly sorted 1.0
= at base of section 1. - ° 15
| i Section 2 contains MEDIUM-VER 3
) = SANDSTONE, mostly broken pieces but in good 5YR 4/3 . .
) order, very dark gray-dark gray with greenish 136} 15 CLAYSTONE, calcareous, silty, reddish brown
) hue, containing dark reddish gray claystone with color mottling of Tight bluish gray
| pebbles, 5YR 4/2, partly flat pebbles, partly \ (5B 7/1), patchy.
) = : angular; in Tower part also granules
ol ) and pebbles dark greenish gray (5G 4/1). AM
gle 2 $ = ° 5Y 5/1
S |e & 2 ? = 2
als = ° 2 i 87| 3| ey 5/2  CLAY, dusky yellow green.
M ' &
“Si= [ ° <
alz 1 =
21° ° 2 ¥
— <
= o ° == -
! Section 3: :\rs g
) SANDSTONE,VERY COARSE-GRANULE at base of ] =
H section, grading towards coarse-medium at w - 2 . . E
3 | i top, very dark gray-dark gray with greenish s | 3 70 PR CALCAREQUS SILTSTONE with heavy min. S
| = tinge. gl= s e grading into FINE AND VERY FINE SANDSTONE %
| 2 S |w 9 o into CLAYEY SANDSTONE, coarse-very coarse £
| 3|y 3 o5 between 3:80 and 132 cm. >
; At 3:143 - g & P 2E -
- | /5YR 4/1  CLAYSTONE, 2 pebbles (drilling breccia) als = §3 8
el -} 5Y 4/1 brownish gray and olive gray. E S = - =5 i
cc J 5YR 4/1 Smear at Section 1: 45 cm 7 =
e 51% Clay . 8
= 20% Unspec. carb. 3 CLAYEY SANDSTONE, COARSE-MEDIUM very dark §
15% Heavy min. 4 gray-dark gray with greenish hue. Layer ©
10% Zeolites with pebbles and granules 4:106-108 cm. £
3% Nannos = b
1% Opaques o
136
Core Catcher - CLAYSIUNE, brownish gray. CC = 9 cm .
; 1 o
Explanatory notes in Chapter 1 B
5
<
c T MEDIUM SANDSTONE, dark gray-medium dark
2 gray.
VoID
6 Q
<
T
130 2 SANDSTONE, graded, calcareous-and with
heavy minerals. Dark gray-medium dark gray.
RM| CM
e =
T
3 2 CC=9%cm

98¢ H.LIS
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Hole 386 Core 9 Cored Interval: 204.3-213.8 m Hole 386 Core 10 Cored Interval: 223.3-232.9 m
FOSSIL = [ FOSSIL R 3]
CHARACTER | = <Ll 2ls [ = CHARACTER | = =il e 13
w =] 2 =5=2S. | 8 w S Q2 =SS, & .
g1 & [£]8 5 | LITHoLogY [£ 5= a2y & LITHOLOGIC DESCRIPTION a8l & |28 5| @ | LITHoLoGY (£G5S Se] & LITHOLOGIC DESCRIPTION
= I =4 = P B 5 = S E =5 < = N | =l o (=g it e =4
zlz|18|2| ¥ EE e HEEIER o G = R
M EE R = s HEIE R = i
0 ‘ 0 = 5YR 4/1 CLAYSTONE, brownish gray, with diffuse
= color mottling of greenish gray. Sharp
] 3 FP | CP c | burrow mottling in lower 5 cm.
& 3
3 o SANDSTONE, MEDIUM-COARSE, grains are mostly 3 & 9 C =17 cn Basal 1mm is mediun SANDSTONE.
0.5 greenish claystone clasts. Dark greenish = a —
] gray, calcareous and zeolitic. Slightly a ==
1 . cross-bedded at 35 cm of Section 2, olive 5
] gray. =
' 56Y 4/1
X . Hole 386 Core 11 Cored Interval: 251.9-261.4 m
5Y 2/1 At 2:45-50 cm is a 5 mm thick white layer of
zeolitic carbonate SANDSTONE overlain by a FOSSIL r =
w small pebble Tayer (mud clasts), greenish CHARACTER | = [ = E
& w S = 5
g gray {56 6/1). gl g [¢|8 El & | rvoosy [ZEFE S € LITHOLOGIC DESCRIPTION
3 2 CLAYSTONE AND SILTY CLAYSTONE, olive gray = N~ [Z|2(8|z] & = i = I
3 2 sy 41 with color mottling of medium gray (N5). * HEE S H 255
w g §SGY 41 Intercalation of very fine SANDSTONE, thinly
= = 3 horizontally laminated, at 2:75. Section 0 -
2 AP = 2:90 to 3:70 is_brown-dark brown CLAYSTONE
= - - with color mottling of gray (Nb). -
3:70-150 cm SANDSTONE, MEDIUM-COARSE, grains ]
mostly green mudclasts, carbonate mostly 0.5 voID
i~ in lower part, 110-150 cm. Pebble layers 1 ]
= 3 105-110 and 118-130 cm. Thin, horizontally
w S laminated, very fine SANDSTONE at 3:70-90 cm. cp 1. 18| 7.5YR 4/2 with color mottling of gray (N5).
o = Average color dark greenish gray. 5B 5/1 burrow mottled with olive gray (5Y 5/2.
3 ] Smear Summary (2 slides dominant, 1 minor) . : ;
5 = 4 i ~ SANDSTONE, very fine, thinly laminated
= Dominant Tithology: Minor lithology: < e g 3 5 ti 1.
= 40% Clay 35% Unspec. carb. ; horizontally at x139 cm m'Sec ion
& CP{CM 56Y 4/1 15% Zeolites 20% Clay > Dominant Tithology in Sections 2 and 3:
5 S 13% Heavy min. 20% Zeolites o CLAYSTONE AND_SILTY CLAYSTONE, calcareous
= . CC = 18 cm 10% Altered ash? 15% Heavy min. ™~ (nannos) and/or heavy mineral rich core is
9% Unspec. carb. 5% Altered ash? w 2 mostly broken pieces and drilling breccia.
>10% Nannos 5% Opaques ] 2 19|® Prevailing dark greenish gray and gray
< 3% Opaques § 2 colors.
s i = L Minor Tithology:
2 41T SHBSIONE inerieds, mostly thinly and
— . I 106 SAMPLE 0G horizontally laminated; very fine cross
Explanatory notes in Chapter 1 § Taminated (»5 cm) at 125-130 cm in Section 2.
pac 3 present at 30 cm, 95 cm.
a Smear Summary (2 slides)
g _ 53% Clay
~ 17% Heavy min.
N 3 i : >10% Zeolites
< 9% Nannos
29 8% Unspec. carb.
5 3 1% Opaques
=
— o
RP| CP cc - .
. =9 cm SILTY CLAYSTONE, dark greenish gray.




Hole 386 Core 12 Cored Interval: 280.4-290.0 m Hole 386 Core 13 Cored Interval: 309.0-318.5 m

€ve

T0SSIL - = = FOSSIL = on) § u E
o b
CHARACTER | = | =825 |2 L [HRACTER) 5| Egegs |2
ES2HS | S L = = i )
sl 2 |glg] |E] & | comowosr [2E5EEY 8 LITHOLOGIC DESCRIPTION gl & |£€|8|.,|5| & | imoey [£5552H & LITHOLOSEC DESCRIPTION
=< N Z|Z2|lel g i S SlDEl Il < M EA I ¢ o Z|—= v|F=| S
M EIRT o = It sl=z|g|” L SIS S| 58] v
22|12 R == e = = = 5 E
E L -
- voip 7
0.5
o E
1 S i 1 H vom
13 < E
s il 1.0
cP = ]
135 5y 572  SILIY CLAYSTONE mostly with heavy . 10YR 4/2  CLAYSTONE, dark grayish brown, color
) minerals but also with zeolites P mottling with 5B 5/1.
o and nannos; partly mottled, mostly R —
o olive gray. Some SANDSTONE inter-
o 58 5/1 + beds, very fine, and thinTy hori- SANDSTONE, several graded units, partly
o N3 zontally laminated, heavy minerals 2 cross-laminated, coarse-very coarse, medium
i 2 1 abundant. 73 to fine. Larger grains are mostly greenish
il t') 100 5B 6/1- mudclasts and heavy minerals. Upper part of
8 M 1 [102] 22 o = 56 6/1 unit is CLAYSTONE, medium-bluish-greenish
= ! 22 o ~ RP - gray, calcareous and/or zeolitic.
3 < I 56 6/1
e ! w ] ;i
- o= with N3
F 56 5/1 Intensely burrowed at 3:30-34 cm, medium & 28 Tlayers X
g g gtsenysh gnays s P SILTSTONE and CLAYSTONE interbedded.
o Medium-Tight bTuish gray, partly
= . mottled, homogeneous, and faintly
3 65 =) 3 741 1 |~ laminated.
IS 75 = &
[y AM @
o SANDSTONE, fine to medium, larger grains and
120 RP 137| 40 mud clasts concentrated in fore-sets, cross-
148| 24 laminated. Zeolites, heavy minerals, and
1 = _ 5Y 4/1 carbonate included.
10YR 4/2 £6 56 5/1 Smear Summary (4 slides dominant, 3 minor
= 5GY 5/1 - 20 Tithology)
] -2 ) ) €C =20 em poninant 1ithology: Minor lithology:
S s 4 | N4 Very fine SILTY SAND at 4:70 cm, medium- 43% Clay (19-75%) 35% Clay
o r dark gray, ~T cm thick, both top and 24% Unspec. carb. (2-40%) 37% Zeolites
E léottom cg_)nt]acfs sha[p (Erxsmgaw). 20% Zeolites (10-35%) 16% Heavy min.
S 10VR 5/3 urrows in Tower SILTY CLAYSTONE. 5% Heavy min. 5% Vol. glass
nz Smear Summary (Dominant 4, Minor 2 slides) 5% Altered ash? 4% Unspec. carb.
M ) Dominant T1ithology: Minor Tithology: 3% Opaques 1% Opaques
o 48% Clay 62% Clay
RPICPL lec| 1 7.5YR 4/2 15% Nannos 20% Heavy min.
=) 15% Heavy min. 6% Zeolites
= CC =12 e 07 zeolites 6% Nannos
4% Unspec. carb. 3% Opaques Core Catcher: SANDSTONE, medium-coarse, dark
< 3% Altered ash? 2% Carb. unspec. gray, SILTY CLAYSTONE, medium greenish gray.
2% Opaques 1% Mica S e
<1% Vol. glass
SILTY CLAYSTONE, brown, in core catcher.

Explanatory notes in Chapter 1
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Hole 386 Core 14 Cored Interval: 328.0-337.4 m Core 15 Cored Interval: 346.9-356.4 m
FOSSIL 2 ==t FOSSIL > o =)
CHARACTER | = | g = P = CHARACTER | = 205 |2
wl 2 [elg] 121 & | Livvonosy EEFRE S 8 LITHOLOGLC DESCRIPTION wl £ [ela] [B] & o R LITHOLOGIC DESCRIPTION
2| R |z|2|2|8] & B = 2| 8 |z|2|e| & & [LTHOOE EoE B '
SlZ|2|~| = s ehd (S g SlZ|(g|~| = = o = g
rog i - | o O J] == (v B =4 2] bﬁ O o] Jun] 3=
0 1 42 cm of 56 6/1-5GY 6/1 CLAYSTONE, greenish 0 ! - 56 5/1 CLAYSTONE includes 'y homogeneous,
I = gray, homogeneous in O section. Iy a7 ¢ AN mottled, and e subunits, usually siliceous.
' e NOTE § =56 7/1
25 NOTE: . o
o |1 3 This and the following core I 0:om 3 Oi section
* 14 descriptions contain several 0.5 [
L] 65 = tens of units of rhythmic di .
1 1175 © appearance; they ideally 1 l Other sediments are: .
| ] consist of & subunits. here 85 = MARLY SILICEQUS O0ZE (rads and spicules),
[ol} 2 | [ termed « = & which are o™ Loy, SILICEOUS 00ZE (rads and spicules),
| <>\r characterized as follows: B mgﬂ Ag gg%:: aid
e Top: e = darker green than § 56 5/1 MANNO RAD MUD
| and mostly burrow / X . .
| 15 mottled. 165 56 4/1 Greenish gray and dark greenish gray with
15 5G 6/1 detrital RAD and SPICULE SANDSTONE interca-
o ! _ § = mottled, and cal- 5GY 5/1 lations.
2 ; | P careous 2 ggvs‘}is” Smear Summary (8 slides, including
o 76 @ y = thomogeneous |75 subunits «-6)
g = laminated-faintly 4 | 36% Clay
| laminated 3 27 33% Rads (3-50%)
| . | 10% Nannos (0-20%)
. Base: a = coarser thang-¢, " 3 7% Sponge spicules (0-24%)
H B very often sandstone*, -~ | 8% Unspec. carb. (0-40%)
o |13 mqst]y horuont{ﬂly . | 2% Forams
35 laminated to massive =+ 1% Diatoms
| and graded. = 150 _ 1% Zeolites
- i 5 Boundaries between subunits, 1 o 1% Quartz
= 3 | . especially between g and v 3 - I ) 1% Feldspar
= _ © are gradational and thus w A | e
E ™M el these subunits are sometimes & = -
] o ° }gé 56 4/1 difficult to define. 8 = ! =
o w 1
&= . Units are between solid " 8 . | ]
s ol ! lines, subunits = dashed = =
2 ° Tines. =] = 1|10
a | X i1s : =
2 = *either siliceous (=detri- =
| > tal rads and spics) or cal- ! —
4 17 @ careous (detrital). 4 | S
o Sediments are mostly MARLY RAD 00ZE, | |80 8
° 99| 31 SILICEQUS CALCAREQUS 00ZE and MUDDY
| 0 STLICEOUS 00ZE (rads and sponge |
| spicuTes), greenish gray and dark 56 4/1
w+— greenish gray with detrital RAD [
10T and SPICULE SANDSTONE intercalations. |
I [30 _ Average Smear Summary (17 slides, all units I 35]20 5
~ - :
! i 37% Rads (10-67%) ! 2
5 I s 33% Clay (10-60%) 5 | =
| 12% Sponge spicules (1-40%) - | 26|z
7% Nannos (0-20%) I -
o ! 7% Unspec. carb. (0-30%) 3
& I 1% Forams !
@ _ 1% Misc. T
s ! < Tr Diatoms | —
N 1 w =
g | o | v
B . % | 2
§ o |1 b <
° 6 14 6 |
29 | —
& o - | =
» T | > ¥
2 o [106] 24 |- I 1100] |
i 1 5 | =i
3 I
® 25 CC = empty
S —
a|— RG <
5 “|cc i
v-g i >
. S CC =20 cm

Explanatory notes in Chapter 1



S¥C

Hole 386 Core 16 Cored Interval: 366.0-375.5 m Hole 386 Core 17 Cored Interval: 385.0-394.5m
FOSSIL > o = FOSSIL = = B
CHARACTER | = | <90.9% |= CHARACTER | = | 0.5 [ =
wl 2 [2la2 = 2 = =t = wl ¢ [2]=2 = 2 AEEEERE
< S = 5 =] LITHOLOGY [= Sf= Slo-| = LITHOLOGIC DESCRIPTION S S = (0 et LITHOLOGY |= o]— 3o = LITHOLOGIC DESCRIPTION
< N Z|lzle|8| & = Slo e el < < N Zlzlslgl & = SIo =g <
slz|g|~| = s e = g SlZ|g(~| = i e 2 g
I+ E2 5 IS B 55 s 2122 > S S| 5F) =2
B st =] 53 cm
L - g —=47 | 56Y 6/1
3 |
3 |
053] | <
i - VOID 1 0 ©
- I8 % SILICEQUS 00ZE (rads and spicules),
1.04 AM | Iy MARLY STLICEQUS Q0ZE (rads and spicules),
4 and SILICEOUS MUD with RAD and SPICULE
T | s6Y 4/1 SAN TONE intercalations, (detrital),
= _%Lé | 56 6/1 i 56Y 7/1 greenish gray and dark greenish gray.
:;‘2:_5;:{57 | 56Y 5.5/1 | 56Y 6/1 Smear Summary (6 slides)
~ 2 42% Clay (20~60%)
: 50 5G 5/1-5G 7/1-5GY 4/1 | %g;lg gpgng?ssgézgles (5-45%)
- ads (6-20%
AM 2 a0 56 51 2 RIS 9% Nannos (2-15%)
RAD 00ZE, I - 3% Forams (0-15%)
5G 5/1 MARLY RAD 00ZE, 0 1% Quartz (0-2%)
MUDDY RAD Q0ZE, and | 56Y 5/1
MARLY SILICEOUS 00ZE (rads and spicules).
144 56 4/1 Greenish gray and dark greenish gray with |
detrital RAD and SPICULE-SANDSTONE inter- |
8 56 3/1 calations.
21 |
25 Smear Summary (6 slides) ] 56 4/1
3 48% Rads (30-70%) 3 | sy an
85 56 4/1 2% Clay (10-40%) ca |
11 8 11% Sponge spicules (1-25%) w 56 6/1
= = 6% Nannos & - AM |
= = 5% Unspec. carb. (2-13%) a 8 | 125
2 56 7/1 = &
w i = | =
& & ! -
= = 5
:\' I
= 4 sl |5 4 1|8 56 4/1
o a |
S AM =
< | 5
5 >
3 | ©
s 56 4/1
3 56 6/1 |
S
:
@ —_
-3
& 5 ol 2|2 5 : w| | s
> w
g . I 56 7.5/1
& wn -
2 o | 5GY 5.5/1
; cC =21 cm © s —
- Ci 56Y 6/1 S |
= 1CE o N | -
S 56Y 8/1 8 | 5
Expl t t i hapter 1 g ! 3
xplanatory notes in Chapter é 6 1|75 i NANNO RAD MUDSTONE
] w
" >
3 | I
| |
g |
5 — | M Il
g cc 3 | CC =18 cm
— 1
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Hole 386 Core 18 Cored Interval: 404.0-413.6 m Hole 386 Core 19 Cored Interval: 413.6-423.1m
FOSSIL = =] FOSSIL > 1
CHARACTER | = §§w§5 = CHARACTER | = S
L e BTaTHE| 2 ESeds |5 g - wl 2 Tela] 18] & | umnowe EoR&S 8 LITHOLOGLC DESCRIPTION
< IS] zl12|x S| & LITHOLOGY Egjé%: 4 THOLOGIC DESCRIPTION () S B =1 PN sl 5 LITHOLOGY = o= 22| &
sz~ = e e [t slz|2(~| = S Bl 2= ©
HEE 5 DI S 53 = 2l2|2 5 HlE 5[ 55| =2
0 = 0 section = 15 cm 0 ] Dominant Tithology is CLAYSTONE and
| 5Y 5/2 CALCAREQUS CLAYSTONE, dark greenish gray.
g 3 % 5GY 3/1 Minor lithology is MARLY LIMESTONE layers,
o = 56 4/1 0.5 VOID medium gray to medium Tight gray.
E 0.5 | 56Y 6/1-56 6/1 - Smear Summary (3 slides)
g 1 3 = 1 81% Clay (72-94%)
=S . o 6% Carb. unspec.
§ cP 1.0 . . ) . 1. I 100 < 4% Nannos
K 7 & Dominant Tithology is SILTY CLAYSTONE, | o 4% Rads
g —F CALCAREQUS in parts and in other parts . | § 2% Quartz
- - SILICEQUS, greenish gray and dark greenish | 1% Feldspar
3 - 5 gray. @ is MARLY and/or SILICEQUS LIMESTONE. B8
3 o N Note: Lithology changes within core | 56 4/1
é’ ] from siliceous to calcareous. o< I 56 4.5/1
£ Smear Summary (6 slides) oo | .
& 2 587 Clay (20-88%) 2 e ; 23| 56 a0
B '] o5 26% Unspec. carb. (15-60%) - SESas=cs | 10
= | 56 7/1 9% Rads (0, some layers ~15%) z by | 102
. 0 4% Nannos (2-6%) S B 56 7/1
7 < 2% Sponge spicules (0-5%) w 8 t 130} |
1 > w = D —
[ > a = cp ] 56 7/1-
= 3 2 | 58 7/1
— l = ]
e 1
3 ! 5 I
3 . 75| |9 3 75 =
2l ! < l S
= 1
- 3 | § 1 &
= - . 8
o] . | !
gl . = . | -
- I3 - o1 - lep ° 5 CC=2cm
z| & ] <l “l A 5
g 7 N ‘ 3
= — ol ! =
4 = of |
Reaays 80| 56 7.5/1
cp boood | I _
Fooo | ey
Fo oo
POy | >
o000 I}
oo 3
Joooo |
B
e | —
b0 <
e | w
—poTeg =
—“ooao |
5 TFoooo 1 2
by 80
RO 1
— OO
mSaeavas
—oaoo]
—— - 06 saMpLE 06
= | 5GY 4.5/1
] | 17| 56 8/1
— {
6 3] ! -
= 1 S
— 1 100 -
" =< 8 | b
= |
Bl | !
cc 87 S 364 5/
€C = ~40 om

Explanatory notes in Chapter 1

98¢ d1IS



Lye

Hole 386 Core 20

423.1-432.7 m

Core 21

432.7-442.1 m

FOSSIL
CHARACTER

AGE
Z0ONE
FORAMS
NANNOS
RADS
SECTION

METERS
SEDIMENTARY
STRUCTURES
DRILLING
DISTURBANCE.
LITHOLOGY

SAMPLE

% CARBONATE

LITHOLOGIC DESCRIPTION

FOSSIL
CHARACTER

AGE
ZONE

FORAMS

SECTION

METERS
DISTURBANCE
LITHOLOGY

SEDIMENTARY
SAMPLE

NANNOS
RADS
STRUCTURES
DRILLING

% CARBONATE

LITHOLOGIC DESCRIPTION

o

o
o

NN R

L1

65

EERERNEN

] 111

FM

MIDDLE EOCENE
NP15a

[AEEEN

Ll

B T e S, QA (OO A S S ST,

Pl il

L1

37

56Y 5/1

5GY 5/1

5Y 4/1-56Y 4/1

= |'FP cc

5Y 4/2

56 8/1

5GY 4/1

5YR 2/1
56 7/1

CC = 25 ¢

CLAYSTONE and CALCAREQUS CLAYSTONE,
some &-subunits are MARLY LIMESTONE.

Average color is greenish gray and dark
greenish gray.

Smear Summary (5 slides)
85% Clay
14% Unspec. carb.
1% Nannos
Tr Pyrite

CLAYSTONE, silty, olive gray.
m

L

o

MIDDLE EOCENE
NP15a

Explanatory notes in Chapter

M

FP

1l

1

95

75

5GY 4/1

5GY 4.5/1

1

1l

=

b i)

|

|

§

75

5GY 4.5/1

Pl

NN

Ll

107

75

5Y 4/1-5GY 4/1

g(Y;VZ%]_SGY = A11 broken pieces; contains
5G 4/1-5G 5.5/1 e and § subunits.

Dominant Tithology is CALCAREQUS CLAYSTONE
average color is dark greenish gray,
greenish gray and olive gray.
Minor Tithology (mostly o - subunits) is
MARLY LIMESTONE, or very fine detrital and
mostly CALCAREOUS SAND-SILTSTONE, and
SILICEQUS LIMESTONE (probably radiolarian-
. Silica, recrystallized).
§ Smear Summary (3 slides)
Dominant 1ithology:
80% Clay
17% Unspec. carb.
1% Nannos
Tr Pyrite

Minor Tithology:

60% Unspec. carb.

20% Clay

20% Silica of rad origin?

56 4/1
56 8/1

won

Section 6
*75 cm

5GY 5/1 very fine SANDSTONE (o?) drilling
5G 7/1 CLAYSTONE, CALCAREQUS (s?) [ breccia

SILICEOUS LIMESTONE

130-133 cm MARLY LIMESTONE, sandy.
pty

CC = em

98¢ LIS
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Hole 386 Core 22 Cored Interval: 442.1-451.7 m Hole 386 Core 23 Cored Interval: 451.7-461.2m
FOSSIL > = FOSSIL [ I u
CHARACTER | = = Q]o 5|2 CHARACTER | = =855 | =
wl 2 2zl |2 8 ZREES. 8 w| g [2al2l |2] & ZoESS 8
< =] =| e = =] LITHOLOGY |= Ofo S| & LITHOLOGIC DESCRIPTION [} S =| 2 5] & LITHOLOGY [£ G|S Slas| < LITHOLOGIC DESCRIPTION
= N z|l=zle|2] & | = R e < N HEI BT = o= Ee S
SlZ|g|~| = i o I Slz|2|~| = g e
el = = o Hla a| 5H| 22 == > B|a a| DA s
0 m CLAYSTONE AND CALCAREQUS CLAYSTONE ; 0 m
— 6 - subunits rich in carbonate, sometimes ]
- IMESTONE; average color dark greenish 3
- voIp gray and greenish gray. .
= Smear Summary (5 slides) 0.5
1 Dominant lithology: 1 . VoID
82 56 5/1 85% Clay ]
102 5Y 2/1 12% Unspec. carb. 1.0
! 12| 5G 4/1 3% Nannos - E
| ggﬁél] Minor 1ithology: - drilling breccia: 2 pieces: upper: §? - 5G 4/1
I / ~85% Unspec. carb. Limestone at - Tower: 56 6/1-5B 7/1
[ ~15% Clay Section 4:53 cm B | 5Y 3/1 olive gray
| ‘I’ 20 5Y 2/1 olive black
[ _ i 1 |40 e =5mm 56 4/1
\ S E | 5 =56 7/1
2 st |2 3 R~ | = )
| 3 o Dominant Tithology: CLAYSTONE AND CALCAREOUS
ST : - : - CLAYSTONE. -
| ] o Minor 1ithology: LIMESTONE AND MARLY LIME-
: I ! 26 STONE (in s-subunits).
Ecasasers | Smear STide Summary (9 slides)
l Tosoor o 72% Clay (25-90%)
: _—m | = Zg; ﬁ:ﬁﬁgg carb. (8-subunits 15-75% )
- Bt &
= 3 FJomaa 175 > 3 oo 8 ! < Tr Biogenic opal in clay fraction (Section
o :mﬁ . w :ﬂﬁ% ! 75 o 2 :40 cm)
e ! % Pt Frr oy | 3
@ TJoooco | o 3 - oo -
= g J | 8 S| fom '
2 =t ~ w 5 |
2 S — AMPLE — agd =
= = 0G SAMPL 06 = g : i
3 1 |30 5Y 3/1
™M 53 5G 8/1-5B 9/1 1 o 56 7/1
4 4 |
- | —-
EZAESS LU
> ©
8 ! @
| 3
|
[
- ! -
5 75 $ 5 | &
i M ess=c Tx Flod]| |7
a 3 p I 56 6/1
> |
§ [ 5Y 4/1-56Y 4/1
-] [ 5Y 5/2 I 5
] 5GY 4/1 ¢ =17 cm = 8 | =
= g | |46 )
Explanatory notes in Chapter 1 6 o ! i
of & 1| -
b I
5 | hoe
______ I 5G 8/1-58 9/1
|
_ o 5] ! S CC=som
>~
3
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Hole 386 Core 24 Cored Interval: 461.2-470.8 m Hole 386 Core 25 Cored Interval: 470.8-480.3 m
FOSSIL = = FOSSIL > =]
CHARACTER | = 3 = P = CHARACTER | = E3 = P
w S| g =5=9S.138 w S| ¢ = = ) =]
sl § |£|8 S| © | LiThoosy 250 g sl & LITHOLOGIC DESCRIPTION wl 2 [2]g Sl 8 | Lrmvorosy [ZEE 2 2 LITHOLOGIC. DESCRIPTION
< IR I~ B <l e =22 0EE S = ~MHEIZEI8)l e & =22 b S
Slg|E|~]| = D e = == S|z = o e = |
bl = = 5 G|S 5| 55| »e il = =3 & | o S 52
0 . 0 0 Sect. = 45 cm ;3 includes e, &, and B subunits
] | 5Y 5/2, 5Y 3/1, 5GY 4/1, 56 7/1
. — | 5G 4/1
. | a3 56Y 4/1
0.5 VoID D35 -1 56 4/1-5B 5/1
56 5/1
1 1 \ /
- ; . . | 56Y 5/1
1.0 e = ;\' gﬁ’:;ggﬁ;““ﬂf’gy is CALCAREOUS 1.0 7] | 103 - Slightly cherty, due to recrystallized rads.
TJoooo ! g |
ms=tete ° Minor 1lithology: é-subunits = LIMESTONE | v 56 4/1 Dominant 1ithology is CLAYSTONE and some
ECCH ko o' 56 4/1 a-subunits "SANDSTONE" W CALCAREOUS‘CLAVSTONE, greenish gray and
= | 22| 56 6/1 with carbonate grains 9. I dark greenish gray. In upper part (Sections
o o0 I |32 5 1, 2) NANNO CLAYSTONE.
aEs=s | w ! 3
O | i & ° Smear Summary (10 slides)
2 oo g = § 2 | 81 v 88% Clay
| 0 - Smear Summary (4 slides) i 3 | o 6% Unspec. carb. (0-15%)
3 67% Clay (20-87%) = — | N 5% Nannos (1-15%)
oo | 27 31% Unspec. carb. (8-80%, 80% 8 . | el Tr Rads, altered and Opaques
| corresponds to - §-subunit) =3 - o [123 ]
| 2% Nannos - i
! 6
! |
. = | |44
w | r ! 56 4/1
= -
g 3 s s - 3 ! 56 6/1
5] = ! o °
w = [ 3 ° -
= = ™ 1 - o L
[=] © - o e
= 1 = = — | w
Tk ° o -
- . ] G : l
5 ] L4 by 37 3 :
#] ! 49
5 o |80 856 7.5/1 4 3 |
- 1 5 — ! 56 4/1
o | 56Y 4/1
' 22| ~lo "™ | sven
! °
- ° | 8| 56 3/1
] ° 56 5/1 : 5y 251
. ° 5Y 2/1 T
. [ 56 4/1 =
=1 ] 56Y 4/1 — |
5 F d € = 5G 4/1 75 -
¥ : T6 = 56 7/1 51 l &
o 1 |90 ) — | s
Tecerro8? | i . | 8
oo g | 5 5Y 2/1 a1 |
Oy g | | w§ =56 5.5/1 s 15
c = 56 4/1 - I
1 7 = 5Y 4/1-5GY 4/1 CC = empty o) | S
- ] ) >
Explanatory notes in Chapter 1 j \ 3.
6| 1 | =
= 1|90 N
| o
|
I
_ = | — CC=23cm
cc ] =
. >
E o

98¢ HLIS



0S¢

Hole 386 Core 26 Cored Interval: 480.3-489.8 m Hole 386 Core 27 Cored Interval: 489.8-499.4 m
FOSSIL = w FOSSIL PERE
CHARACTER | = =dl.2% | = CHARACTER | = =ul. =5 |2
w S| g oS | 5 w S| ¢ EEEENE
8l & |g]¢8 5| & | LimHoLosy (55 H2S & LITHOLOGIC DESCRIPTION 8l & [£]8 5| & | LiTHoLosy 2515 Sa & LITHOLOGIC DESCRIPTION
2 R EZ|Z2lel2] B =S12 P2 < 2 R |Z|2|e]|g| & =S=22g] =
zlzlald] & B X% = K= zlzlaly] £ = &= vl == ©
Sl=l|= o o —— <] ol=|<= o o —|—==]
w | = | b o o] 2| == w| =] PR (SE= BV R
0 - NOTE: Bedding inclination =5°, 0 ] NOTE: Bedding inclination ~5°.
— locally 5-10°. il
7 4 vom
AM 0.5 ; 56Y 4.5/1
1} o Y 1 o 56 4/1
] |
] - 5Y 2/1
107 = % CLAYSTONE
7 > 7 Varfous shades of greenish gray, partly
3 ] 0G SAMPLE homogeneous; faintly, moderately and
! A 5GY 4/1 intensely mottled, and partly laminated.
| 5 5GY 4/1 Some black spots, patches and fine streaks.
! ” Iy 35 The mottled zones locally contain
1|55 5GY 6/1-5G 6/1 7| 5Y 21 PORCELANITIC CHERT (A a).
2 \ RP 2
56 4/1 " . d 1
; = Dominant lithology is CLAYSTONE and W 01 5y 211 Smear Slides (2): ggﬂan:ﬁ Llay
< ONE. &
I 24 : some CALCAREOUS CLAYSTORE- § § 56 4/1 Tr Rads and Unspec. carb.
| 18/ Minor Tithology is_RAD MUDSTONE (3:75) o = S66/1 " Minor Tithology : 2:35 = 100% Porcelanite
, v and CALCAREQUS SILTY SANDSTONE o 56 7/1
| S 2:46, a-subunit). S
| & Colors are dark greenish gray, greenish 56 6/1-5G 4/1
o gray and olive gray.
3 o175 Smear Summary (9 slides) 3 85 5Y g/% an
i ' 84% Clay on
. | 7% Unspec. carb. /
. ° 3% Nannos 56 5/1
] : 1% Rads
= ! 2% Altered ash? 5G 5/1
. 2 Tr Quartz, Feldspar, Mica, Heavy min., 5| 566/1
w . . i L 56 3/1 leolite 28 gg gﬂ
] = 1
S 4 7 ) T 5641 4 56 6/1
= 2 ] oleof [& 6N 5Y 5/1
g = = > 56 4/1 17
3 S . : 5Y 4/1-56Y 4/1 AP
= | 5G 6/1
] !
] I 56 4/1 _
7 I 24 56 5.5/1 Rl oo
] 1 5GY 4/1 m
|
1|68 56 4/1
5 i |g0] 2
I |{go] O] 5Y 21
H 56 4/1
i 5Y 2/1
1 56 4/1
— |com ) 56 6/1 CC = 15 cm
cC 7 5GY 7/1-5G6 7/1

Explanatory notes in Chapter 1
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Hole 386 Core 28 : 499.4-508.9 m Core 29 Cored Interval: 508.9-518.4 m
FOSSIL > uJ w FOSSIL > e s
CHARACTER | = = P = CHARACTER | = 0,9 |2
w S| g =SIZ o | © w =3 - =5=gS.| 8
] s |g|g sl e I = [ = LITHOLOGIC DESCRIPTION sl & |¢|& Sl oW L oY ay] = LITHOLOGIC DESCRIPTION
| N [E|2)|glg] & ez =| ~ [£]|2|8|Z]| & EEEEEE
HEHEIM AEEE et HEEIN o =t
0 ] 0 =
0.5 —
1 n ]
1.0 =
3 56 7/1 3 1 CLAYSTONE, CALCAREQUS CLAYSTONE and
gtﬁvgmiés]Egal}lﬁriyALﬁgzge?if,w;’agc]zf;"\ﬁﬁz, { s Various shades z_)f light Fo dark greenish gray.
< concentrated in several horizons of Sections | Nl Homogeneous , faintly laminated, mottled and
= 3, 4, and core catcher. Usually concentrated gi = Tocally some black streaks and spots.
3 in mottled M 1|60 56 5/1
3 zones. | .
- 2 o Smear Summary (4 slides)
1 57 4/1 79% Clay
o 9% Unspec. carb.
56 6/1-5G 5/1 1 56 7/1 8% Nannos
i 56 6/1
56 4/1 o
s 5GY {l/'l s s F 5G 5/1
= Color is various shades of greenish gray. w {; 7 56 4/1
= Claystone is homogeneous, laminated. Locally z 5G 5/1
fine black spots and streaks. = ?
w < o
= Smears (3 slides) o = i
w 3 = 90% Clay o & P 556 5/1
e el 5% Rads, altered (=recrystallized) 35 ° 56Y 4/1
s 56 5/1- 4% Unspec. carb. , 1
e 56 4/1 Tr Nannos and Opaques . | 5G 4/1
] — s | 56Y 4/1
= ]
3 W]
= - ] T
e - I 56 7/1
: cM - o 56 4/1
3 (] 5G 6/1
' -
4 5 n
3 -
& _
= 56 7/1 =
a
= 56Y 6/1 CLAYSTONE with PORCELANITE in 56 8/1
- | A cc 56 8/1-56 7/1 core catcher. 56 7/1
sy L=Bam 5GY 5/1
Explanatory notes in Chapter 1 75
170 SGtBH MARLY LIMESTONE
37| 5581 CC = empty

98¢ J1IS
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Hole 386 Core 30 Cored Interval: 518.4-527.9 m Hole 386 Core 31 Cored Interval: 537.4-547.0m
FOSSIL = ) w FOSSIL > o
CHARACTER | = =L, 25 |2 CHARACTER | = 3 = Pl
gl 2 [2]g El & EoE &Sy 2 | £ [2]s El 8 SEEES 2 LITHOLOGIC DESCRIPTION
=] S 1IN 5 = LITHOLOGY 4% S == LITHOLOGIC DESCRIPTION & S zl2lw = LITHOLOGY = o= 012 £ DI
slz|g|%]| = cEE ey C glzlg|~| = SEEA5E O
= 5 S 5 5] v il = = R == b (RN
3 AM 0 Sect.
0] 7 0 ; 935t Homogeneous CLAYSTONE 56 4.5/1 and
- 1 56 5/1 PgRgE%ANITE-CLAVSTONE in mottled zone
<} | A
B 30| 0| saY 511
= CLAYSTONE, CALCAREQUS CLAYSTONE and some ] .
0.5 VoID PORCELANITE: minor RAD MUDSTONE, light to | ¢ LLAYSTONE, homogeneous , mottled and faintly
il dark greenish gray colors, also olive | laminated medium greenish gray and greenish
1 - grays. Homogeneous, faintly laminated, 1 | 75 gray.
AM 1.0 ) 56 7/1 and mottled; locally some silty layers. Erosional(?) contact at ~20°.
A ' / Mottled zones are slightly silicified in ! cuts underlying bedding-faintly laminated
| upper part of core and porcellanites are I with 5GY 5/1 diffuse laminae.
5GY 5/1 concentrated there. i S
U
o 5G 4/2 ; 5Y 3/1 Below contact is:
! 3 RADIOLARIAN MUDSTONE, dark olive gray and
1 5Y 3/1 I sTightly mottled throughout.
1|49 56 7/1 Smear Summary (7 slides) 1
2 | 77% Clay (61-86%) 2 1 i Smear Summary (7 slides)
' 6% Nannos (0-15%) cM | 75 & 78% Clay (62-90%)
o 101 5G 4/1 3% Unspec. carb. (0-5%) = 11% Rads, recrystallized
' 56 5/1 % Rads, partly recrystallized | 3% Nannos
| 5% Altered ash? | 3% Altered ash?
2% Vol. glass 1% Forams
| 5G 4/1 Tr Quartz, Feldspar, Zeolites, Opaques, - | 1% Quartz
56 3/1 Forams - | 1% Feldspar
w | 56 7/1 = Tr Heavy min., Zeolite
3 x 56 5/1 i :
I=1 5G 4/2 = =
- 3 , | 75]23| 56 5 3 7 1 |7s B
frl [ 56 7/1 A4 - >
3 = | 56 4/1 ga |
- 5G 6/1 — |
1 56 7/1 w = 1o
| 5GY 6/1 Sl & ]
56 4/1 ol = 3 |
! 5G 8/1 with 5G 5/1 mottles w = |
" 56 7/1 3 - =
4 63 56 5/1 = 4 3 ! &
\ 56 4/1 a R
AM 56 7/1 . |
\ 56 4/1 M B
| 56 6/1 . |
W]
l 56 4/1 ] |
\ 56 8/1 - |
56 5/1 = 1
| 56 7/1 = 1 =
5 ° 5 - 1 |75 >
o 56 6/1 =] | o
| }?g Foram-rich layer -5:116 cm A . |
1 = ] |
| - 3
@ = 1
| 56 6/1 E M 1
: 21 B A I ! 5
6 175 5} 6 = g 16 I3
! S g 12 SILTY CLAYSTONE, color grading from 5Y 3/1
\ 3 1 at top to dark greenish gray. Thinly strati-
56 5/1 & ] 5Y 3/1 fied, to very thinly laminated and cross
I / IS ° laminated, with minor scoured surfaces.
_ | g \ [140f12 Burrow mottled at about 140 cm.
cc 1 5671 C=13cm N mierlce . o 5G 4/1
. 5 - CC =28 cm

Explanatory notes in Chapter 1
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Hole 386 Core 32 Cored Interval: 556.2-565.8 m Hole 386 Core 33 Cored Interval: 575.2-584.7 m

FOSSIL > = [} FOSSIL > =
CHARACTER | = 9.2 | = CHARACTER | = R ol
2 a] 12| 8 EEEES. 8 wl 2 [2Ts] 18] 8 ESEES 8
8| 3 |£18|,|E| & ( ey EEESSS £ LITHOLOGIC DESCRIPTION g1 & (218|.|5| & [ Limooer ZEE S5 & LITHOLOGIC DESCRIPTION
zlzlalyl| ¢ o == v|EE| © z|Zlaly] ¥ Gl o =
2l2|2 5 DS o SF =< M EIE s G| o S5 v
A 0 boaq | 0 Sect. 56 7/1 and 56 6/1 mottled CLAYSTONE with 0| J
| incipient PORCELANITE in mottTed zones.
! = 7 56 6
| /1
os | = M e
: | o | 5G 4/1 (mottled)
1 1 a1 56 4/1 1 | 56 6/1 darker, mottled zones
[ossd CLAYSTONE and RAD MUDSTONE | 56 5/1 contain PORCELANITE
1.0 | 56 5/1 various shades of Tight to dark greenish gray, | 56 4/1
lssoq | 56 4/1 homogeneous, mottled, faintly laminated o
with very few horizons containing PORCEL-
! S8 7/1 ANITE in mottled zones. 06
i St I ¢ 56 6/1
iy e | 56 4/1 |
T | | 6 6/1 wlz & e
2 I 75 S = 2 | 27| 56 8/1 very thin parallel
2 I |89 56 6/1 laminae
=~ I 15( 56 7/1 Smear Summary (4 slides) = { 56 4/1
oM S eeed | 19 83% Clay E | <
7% Rads recrystallized 3 | s
| 56 6/1 3% Nannos | "
: 56 4/1 3% Unspec.. icary, I 56 5/1, 3:14-19 cm mottled with
I 56 6/1 %é C1$ere? ash? < | sy 51 5YR 3/4 moderate brown
ol. glass =
| 56 4/1 Tr Zeolites and Opaques @ M ! 56 3.5/1
3 | L 3 a 3 I 5GY 6/1-5G 6/1
|
L | 90 £ | 5GY 4/1 mottled with 5YR 3/4 moderate brown
. 56 4/1 3 !z SGY 5/1 " CLAYSTONE, CALCAREQUS CLAYSTONE, CLAYEY
S | 56 7/1 o | 5GY 4.5/1 SILTSTONE AND SILTY C T
o | 56 6/1 3 : Homogeneous, mottled and laminated in
gl = | 56 4/1 s | = | Amfcp ¢ ] SGY 6/1-  parts, various shades of greenish gray,
H 56 6/1 o 2 C 56 6/1 some zones with mottling of moderate brown.
= | = & 15 cm Few occurrences of siliceous claystone and
M z &= porcelanite. Silty parts have often "grain
| molds" (dissolved or mechanically scraped
4 75 56 6/1
| crystals/grains?).
| Smear Summary (3 slides)
82% Clay
] 7% Nannos
o 5% Rads, recrystallized
| 1% Vol. glass
| 56 5/1 Tr Zeolite, Quartz, Feldspar, Mica,Heavy min.
1%(2) Glauconite
M | 0| 56 4/1
5 | CC =15 cm
| 88 55 5/1 CLAYSTONE, homogeneous, in CC.
|
o
1|13 2| sB5/1-56 41
|
!
6 | 56 6/1
AM |
|
I
— | AM |
cc 1 CC =41 cm

Explanatory notes in Chapter 1
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Hole 386 Core 34 Cored Interval: 603.7-612.9 m Hole 386 Core 35 Cored Interval: 632.0-641.5m
FOSSIL N w FOSSIL Znl I =
CHARACTER | = | S0.2% | = L leHARACTER| = | ez | 2
258 | S = (- =
wl 2 218 El & | Lrvoosy [EEE S 2 LITHOLOGIC DESCRIPTION s & |28 5| @ | LITHoLosy [£ 5[5 S E LITHOLOGIC DESCRIPTION
< N zl=|lwl 3 5 = SIoH|Ta) < < 3l =2lz18|w W EEERES B
SHEIEE EZEACH S glz|g|%| = SEER RS
- =Z | [ e O - 3R 'S = | L O o] Ju)| B2
0 [ e | 0 Section contains 45 cm of 0 n
M 1 o | 5G 2/1 greenish black CLAYSTONE. L .
+- { S ~
1 1|20 N3 o s 7 voId RED_CLAYSTONE of dusky to dark red
I N4.5 = M — to grayish red color. Faint elongate mottles
| 56 4/1 0.5+ 50 present throughout, and manganese micro-
1 | 1 nodules (1-3 mm diameter) are at 1:50-70;
M | - { 2:50-60, 72, 82, 93, and 3:70.
| 1.0 | Subsidiary MARLY LIMESTONE of 1ight greenish
w | ( gray, light bTuish gray, bluish white color in
oo the intervals 4:16-140 and 5:4-95, in parts
(=) | SILTY CLAYSTONE, partly PORCELANITIC - " s .
2|2 . CLAYSTONE AND CALCAREQUS PORCELANITIC CLAY- | laninated or icrosslaninated (47131-133) %o
o |2 i say 41  STONE, very minor very fine SANDSTONE AND S N :
= ! SILTSTONE. Various shades of greenish gray, . I Smear Slide Summary :
= ! dark gray and a few brown patchy admixtures. — | Unspec. Altered
™M ! Homogeneous, faintly laminated and mottled. Clay Carb. Nannos Zeol. ash?
2 1] 75) 55] 56 4.5/1  "Cherty" (=porcelanite) claystones found 2 I {75 CLAYSTONE 88% 1% - 5%
| | 8 with mottled zones and some coarser layers. | LIMESTONE 40%  55% a% - =
! - | o The claystones also contain traces of
| 56 3/1 Smear Summary (6 slides) 2 - > siderite, quartz, Fe/Mn oxides.
) 65% Clay (37-87%) g B | e
1 17% "Opal," porcellanite = = | — Middle Paleocene age is on green-gray
A | 8% Nannos = | lumps at top of Section 1: possibly
130 56 4/1 3% Unspec. carb. S = - downhole reworking.
. 7% Chalcedony? & = =1 |
o =
= |
! 56 5/1 s| S
A 3 | 4 = 3 ({76
| 56 4/1 g |
I 56 5/1 o«
1 § 1 | -
1 = | ~
i - cM —— | 10 ’;
| - ™ | |30 ‘;; [
[ 56 3/1 Z | i
| = 1 .
< [~
AM 4 | =} 4 i 2
w | N5.5 z | <
4] e 56 4/1 = )
3 | 5GY 4/1 = ™ 120 e
w @« I ~
a | 56 4/1 2 =
= | 5GY 4/1 = _ I {137]  |w5YR 4/3
& I — o I -
& 1 3 3 I |30 ®
8 AM : B = FM | S
s 3
5 el L 5 i 3
o =,
Al i > TR
, 3 I 130j 9 fe
- 56Y 4/1 ‘ o
— 4 CC =10 cm
o
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Hole 386 Core 36 Cored Interval: 641.5-650.8 m Hole 386 Core 38 Cored Interval: 688.9-698.5 m
FOSSIL = q Z FOSSIL %o Y =
L feueacrer| 2 | 20,35 |2 o PHARACTERY = f Ealozls | 2
gl & | S|, |5] & [ LimHoLosy %QE%?‘:; § LITHOLOGIC DESCRIPTION 8| S 2 gl S| i | LiTHoLoGY =52 32 g LITHOLOGIC DESCRIPTION
HHEIE R i = I HHEIE RS ceEAEE ©
2= 5 DS o) S5 »e 212z 5 Gl 5| 55 e
. 1
0 =1 0 = = ] 0 Section = 52 cm
i
1 vow 2 |
T RED CLAYSTONE, dusky red to dark z2 2222 |
0.5 | reddish brown. Small crystals of an 0.5— !
1 | unidentified mineral which are 1 [ 72
) often ripped out in the core- o )
1.0 cutting process leaving a pock- 1.0 —
. ! marked surface. : !
L e [ (L
I STear SH;Je Summary (5 slides): ! Dominant lithology is ZEOLITIC CLAYSTONE.
ay = 91% —1 e
! A]tgred ash? = 8% Z ! Colors are irregularly banded dusky
! Fri/i;’:les odeiderite?, Quartz and Chalcedony, ] : zingWEZCRbZ%Y)‘ é}g:kmgﬁz)oinshzogg:zzi
e/Mn oxides. 222
4 | z | color (70%) in Section 1 grading down to
2 2 i 17 2 0 40% in Section 5. The clay shows thin
— Z 1|77 irregular laminations.
ES ! < Smear Slides average 49% Clay and 50%
\ ! 3 Zeolites for the core, but the distribution
= | . | ™ is not even between the colors; the Tighter,
\ — ' ol& moderate brown layers have 60/40 zeolite/
clay and lighter dusky layers have a
! — 30/70 ratio.
22 |
9 I 2 =
g R ) A~ 3 3 '
= 3 1|75 o = 3 . — 55 2
5 ? | S o 5 1
S | B S ) = 11
& =———mu & = !
s —oesampre s . ) S
- ' = = ' =
\ " ‘ g
1 ) =
: : ==
4 1|75 4 7] |
L3 1|80
| z
| - 1
\ = Z 1116
“T=IW SAMPLE — 0G SAMPLE 0G
| 1 1
|
: E: )
! 1
I -
5 [ 1 75 8 Hole 386, Core 37, 669.9-679.4: NO RECOVERY. 5 == = : e
i = _—
=3 |
3 = ! = |
! © — |
: S e =8 cn — '
- cc 3 = = !
3 = i
- = ! 0
Explanatory notes in Chapter 1 6 — !
1|70
7 |
|
i
'
i CC =13 cm
- - 3 '
cc =]
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Hole 386 Core 39 Cored Interval: 698.5-708.0 m Hole 386 Core 40 Cored Interval: 708.0-717.5m

FOSSIL > ., u FOSSIL = w
CHARACTER | = | =l 5 | 2 CHARACTER | = | E-Hs | 2
w S 2 =S=olc | 2 W = 2 =5=9S.| g
sl & |€]|8 S| @ [ cimorosy [ZEES Y 2 LITHOLOGIC DESCRIPTION 8l 8 |28 5| @ | LiTHoLosy [ E5IS Slal] & LITHOLOGIC DESCRIPTION
< ~ Zlzle| 2] & =SSt e S =< ~ HEIEI BT e e e )
S|z~ = g P [ SlZ|2|~| = s e [
wl|=]ea Y =X= =0y B wl|l=|x |h N O] ) 3=
0 . I 0 Section = 46 cm 0 7 Bedding dips = 5°.
———— 1! 5YR 4/4 and 701D
ZELEL ! 10YR 2/2 = T
o Z
I 0 < |
0.5—== == | 0.5
- —— | o : = = | Dominant Tithology is ZEOLITIC CLAYSTONE
1 - I 1 | |75 colored red to moderate brown with bleached(?)
A ! e WS Dpatches and layers of light greenish gray
= o O e Rl CEEEE || B i e et b e
1 =3 mary shades of red and brawn fncluding 5 - < (where crystals have been rémoved by the
e = moderate brown, dusky yellow brown, reddish F— | = core=splited ) Found, 4 21 0F
I = brown, red, and some bleached(?) horizons = th PAILENNG, S3W) iave ToUnd; ‘i (IosK
Z | of 1light greenish gray (5G 8/1). ==== 0 - e core.
e e e oG . . .
1 L 5 : _ %) — | Smear Slides show the composition is
= ZsmeaT Slide Sumary: Clay - 52% and 3 3 quite uniform with Clay-78%, Zeolite-18%
= 1|69 I~ eolite 48%. A minor Tithology of fine & e | = and Fe/Mn oxides 3%
2 TR 170 iy sand at 2:70 is 60%(?) Siderite. = 2 R ——— | 70 2 g
o o =
I E = I g
=mmy < g [ -
] o i =
= e [ = 5 TW SAMPLE =
= z | 3 VOID ]
« ©
= ! = - = =
@ = mi 2 £ e Heo| |
=1 3 3 1 | o » 3 . = | o
- 5 o
=] — s 3 . =
5 { B 3 T 0
S 1 o« =
&£ ] 1
o e ] 5 & z
&
I 1 = o () CC =10 cm
3 & CPlce 7
T | s ] 5YR 4/4
}
4 P 1
80
v e o s !
— '
|
Z |
i !
S | -
5 170 >
e —— | &«
o
1 S
Zzri | =
| 012
- 1 i
e | «
I “
& Z IHef ¥
6 I
=
= 1
= =]
£ |
-
e |
o
< ! CC =27 cm
& cp I -
g o 5YR 4/4
S E
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Hole 386 Core 41 Cored Interval: 717.5-727.0 m Hole 386 Core 42 Cored Interval: 727.0-736.3 m
FOSSIL w FOSSIL > ) =
CHARACTER | = | So,3z |2 W JCHARACTER] =] ez |2
w S =Slzgc | S w =4 - =
sl 8 [£]8 2| S | Livorosy [2EG S 2 LITHOLOGIC DESCRIPTION gl & |£€|8(.,|5]| & | imower 25552 E LITHOLOGIC DESCRIPTION
< N =4 = K% v = = Slo T < =218 w w = 2= v|i—=| S
HEEIFER = = = Slz|E -] = S Bl =
I EIE T = b el = = > K| o TG ==
7 0 7 Bedding dips up to 10°.
0 = VOID VOID ing dips up
Dominant lithology is CLAYSTONE. The main ° N1 (43-45)
0.5 color is dark reddish brown with bands of 1 1 1o
1 - 70 = dark greenish gray at 1:0-15 cm, 3:83-94 cm, 1 |
. a I 4: scattered in lower half of section, and ' N1 (80-85)
1.0— 0 = at 5:0-10 cm and 5:80-135 cm. The color i} 5G 3/1 (85-108)
i ﬁ:ﬂgg ?;riyiigrzz;kinzhzlggi g]fabwsigf‘lzg)w | Dominant 1ithology is CLAYSTONE. Principal
and the base of Unit 5 (reddish claystones). | = iﬂ;g;,ﬁngﬁ;z:«zho%rz)a’rksgrgf,l a‘;’,:f;‘,ﬂcks
?ﬁg?i?a?{ow?a;};ﬁ:gnis ;r; faintly, 11 @ (shown'on lithologic column). Sidgrjte is
6 gu h Y 4 0 homogeneous . ) X found in some sandy layers, especially
‘reem? ?ray chay§tones in Section 5 are LA > scattered in 1:50-70. Many of the sand
<+ irregularly to horizontally Taminated. | - layers indicated are of recrystailized
2 & " 2 F— | & rads. Layers 1-3 cm thick. Claystones are
9 75 = 2 85 laminated, mainly parallel but some irregu-
2 o Smear Slides of dominant 1ithology average o] ! N2 larly with indication of mottling.
2 92% Clay and 7% Fe+Mn oxides. = | (105-108) ) o )
"] L Smear Slides of main lithology give 95%
& 1.5 S ! Clay, 5%(?) Siderite. Minor lithologies
o - . i = include sideritic sand, altered rad sand,
e - 3.5 e = pyrite micronodules, organic rich claystone.
5 < = = |
o Bedding dip in Section 5 is 5°. = BES 5YR 2/1 (51-57)
3 & 31 3 e
86 q |
& | <
&
3
. 0 5YR 2/1 (26-30)
0
< o | 5YR 2/1 (57-60)
4 75 & 4 Rad sand layers 71-81
& <
& &
5 3
& N1 (138-146)
3
3 + N2 (32-35)
E 5G 5/1
5 = 5
. 0 |& N2 (77-80)
= 93 56 4/1 to 5Y 2/1 (86-98)
= 56 2/1 with
:: 126_ N1 black bed at 5:126-128.
0G
B =
= . E CC = empty cc c=22am
- — 56 5/1
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Hole 386 Core 43 Cored Interval: 736.3-745.8 m Hole 386 Core 44 Cored Interval: 745.8-755.3 m
FOSSIL = 2 FOSSIL s (s =]
CHARACTER | = = E3 = CHARACTER | = E3 = P =
" w S S| & =5E 35S, 8 w S| g = =2 HS 3
< S p=l = 5| & | LiTHoLogy [£ 5SSl & LITHOLOGIC DESCRIPTION & E 218 51 & | LitHoosy |[25E SN & LITHOLOGIC DESCRIPTION
ME AR = 2= 5= S =< = HEII R B = SoElTel s
SlZ|g|~]| = g e HHEHEIE R ol A =
Cl=|x o »|o | S| == M EIE R = s Y
0 ] 0 =
4 vom
- <, Dominant lithologies are CLAYSTONE and RAD
— N MUDSTONE. The upper part of Section 1 is
5YR 2/1 (44-62) « mainly brownish black with a 4x7 cm pyrite
= : 5 o © nodule at 1:82-86, and some interbeds of
1 o Bedding: dips upi‘td 10° 1 medium bluish gray. From 1:140 to the bottom
- | of the core there are rough color cycles.
o [ These are repetitive units with a more or
o Tess sharp base at the top of black clay-
5YR 2/1 (120-140) o stone. The basal part of a cycle is blue-
5 green to greenish gray claystone or rad
E © Dominant Tithology is CLAYSTONE with = mudstone (15-20% rads) bearing dark streaks
2 o abundant interbeds of clayey SANDSTONE i and patches of probably burrow mottle
= — composed of recrystallized rads. The main o origin. This grades upward by darkening,
5 color is brownish black (5YR 2/1) especially © loss of mottles and development of Tamina-
S _ between 2:57 and 4:107. Above and below that 6 |S tion into the black zone. Twenty such units
& 55 the color is medium greenish gray. Black 1% are recognized in this core.
~ = zones shown on lithologic column. The — .
= = principal structure is thin parallel lamin- » 5 Smear Slide Summary:
ation. Pyrite micronodules are found in 3 © Clay 80%
some of the black claystones, which are S © Carbonate 3%
also locally carbon rich =3 3 Nannos 1%
. 2] s Recrytallized rads 12%
Smear Slides show samples have 5% Pyrite, © ey Opaques 2%
15% Altered rads and 78% Clay in main [+ o Glass 1%
3 [ Titholegy. The sands are mainly altered & 3 =
o~ rads. =
o
s
= - 12
=
= — 0G SAMPLE 06
= ]
= I
— =
= = !
o = i
o« -] o
4 = = 4 1 les] e
'
| I
S '
< < I
o !
B o H
-~ 8 €C = 24 cm CC = 36 cm
= —ce 58 4/1 with
3 6 4N 56 5/1
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Hole 386 Core 45 Cored Interval: 764.8-774.4 m Hole 386 Core 46 Cored Interval: 774.4-783.8 m
FOSSIL = = FOSSIL > = [
CHARACTER | = =45z | = CHARACTER | = 0.5 |2
w S Q2 =S=glc | o w - S 2 =5=2S.| 2
8| & [€]|8 5| & | LitHoLoay [£55Eay] & LITHOLOGIC DESCRIPTION s8] 8 |g|8 5| & | LITHoLogy (2SS S35 2 LITHOLOGIC DESCRIPTION
=< N 218z & = = e = ™ ZlE|8|lz| & N = s ]
HEIE] R == b HEIE 5 H|S 5| 55 ==
= Pl Jeoom = 1 0 Section = 54 cm (0G Samples = 1-12 cm and 14-20 cm). 0 ]
= 1
=z -
= — i i 10y
E e Dominant Tithology is CLAYSTONE in shades 3 Bedding dips. up to
5 of greenish gray, brownish black — voID : : ie :
S o . 2 3 0.5— Dominant lithology is CLAYSTONE, Mainly
g RM ; 1 g:g)i/l:zegl:rc‘kh:ag]glacléogll‘i;;l; CS]OESI B grayish red with zones of medium blue-
o 1 478 Tarinated o thiaéll\ 1am'ina’t dar avers 1 . gray to grgem’shAgray and medjum to dark
g | The cyc‘les observed 1njcore 44 aeré not drays Section 6 is davk. gresnishi gray
= <een here, The bottom 'of the core (6:70- with grayish black burrow(?) mottles and
I 150) is a color transition zone from dark ?:rﬁzt:a ?:T{h:niegltg:idoFagh:azgrlayer
| 137, greenish gray, through dark grayish purple i ’
to grayish red claystone. Minor lithologies i =
I are recrystallized RAD SAND Tayers and some siteaps Sliicesy
(o] MARLY CHALK, especially at 3:56-67 and 0 98% Clay,and traces of quartz and feldspar.
441 0 4:78-82. The five sand zones in Section 4 are 0
| RAD-NANNO_CHALK.
2 Smear Slides of the main lithology give 2
| Clay 87% 2
52 Carbonate 3% 3
| Nannos 1% =
Altered rads 3% .
| Opaques 4% 5
N
ol ~ | i 2
3| = CM o = 5
8| 2 | |6a] 57|23 3 =
El 3 4 N al 3| 4 S
=| Z . N 3| = = <
=zl B =3 o gl = 3 o
Wl o . I = = . =
s - & = ]
5 - s I E .
2 S
. £l &
5 5| °
3
130
0
0
5 5
cP 98
14764 L
o~
6 80 - 6 %
0
M o -
{\“ <
¥ ek 2
gCC=34cm (o
cc 5P 3/2 cc 7]
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Hole 386 Core 47 Cored Interval: 783.8-793.3 m Hole 386 Core 48 Cored Interval: 793.3-802.8 m
FOSSIL 1 w FOSSIL Z . 8 =
CHARACTER | = o %gwg = '<z_( CHARACTER | = % = ggg g ‘oz"
w S =S25S | 5 w =] = Si=
& ] 218 5 = | LiTHoLosy [£5]5 5|84 2 LITHOLOGIC DESCRIPTION ] S 218 5| = | LITHOLOGY Ebjgéﬁ g LITHOLOGIC DESCRIPTION
< N z|=zlwl|Q) & = = e I < N =4 =S K2 B = 2= Oles] S
zlzloly) w I (5% fa— K] SIZ|2|o| = s 1Sl fa—
2(2|g 5 G|ES 5[ 5] = HEIE 7 4= b S
0 ] 0 ]
Beds dip mainly 5°. = Beds dip 5-10°.
Dominant Tithology is CLAYSTONE with minor ] Dominant Tithology is CLAYSTONE but there
AM recrystallized RAD SANDSTONE Tayers and 0.5  voIp is an important component of MARLY CHALK
=== some thin MARLY NANNO CHALK stringers. 1 and some CALCAREQUS CLAYSTONE. Colors
1 Colors are principally medium to dark 1 7 are shades of greenish gray, from very
92 = greenish gray, with darker zones of shades . Tight to greenish black, together with
< of black (N1, N2, 56 2/1) indicated in the 1.0 all shades of gray. The lighter shades of
g Tithologic column. In Section 2 there ‘? gray and greenish gray are calcareous.
is a pale grayish red-purple zone. ;
s ™ AM Sm Slides have clay content rangin
- Darker zones tend to be laminated to thinly = ! frﬁra"rw to 40% and un{pec‘ carb. F?-omgs to
I~ laminated while medium greenish gray zones - l 60% with nannos 0-15%,
~ are mottled (burrow?) with greenish black 23 8 = | i
|1 = patches and streaks. Qs = 50 o
@ 3|58 | e
g 3 Smear Slides of dominant 1ithology show 98% Sle s 2 ! S
85 clay and traces of opaques, siderite, pyrite. 518 =3 AM ! 60 |=
— 5 @ | =
Bomb CaCO; results, all on thin layers of § éu I S
minor 1lithology. g B | 45|z
FM Section 3, 72 cm = 26% 3 | -
Section 5, 51 cm = 54% S | <
~ Section 6, 91 cm = 40% = 2
S =3 | -
@ o Most of the darker gray and black zones |
S = 3 73|26 + indicated on the Tithologic column have 3 |7
o g o = gradational color boundaries. AM 1190
o ==
Sles= = - I
Sliz 2 ES 3 i
E S Z RM s p
g|.28 = 06 savpLE 06 empty
|55 H &
2183 o 3
B AM 3
3 2 47 -
& A1 e
4 &
o
3
50 | 54
M 5
0G
AM 6
9140
cc 7
- CC=9cm
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Hole 386 Core 49 Cored Interval: 802.8-812.3 m Hole 386 Core 50 Cored Interval: 812.3-821.9 m

19¢

FOSSIL =1 o FOSSIL = [
CHARACTER | = I P = CHARACTER | = | =25 |2
w S| =233 | S wl 8 [ale 28 = = =
s8] 3 |£2(8 5| @ | LiTHorosy (2 50 Sl 2 LITHOLOGIC DESCRIPTION &l 3 ] S| g | LiTHoLoGY [ S5 Sl = LITHOLOGIC DESCRIPTION
=l Y |g|z|8|8]| & EEEEE R Z|z18|8] ¢ SEEoE o
ell2|” 5 GfS S S5 e 222 5 Gl S 55 e
0 ] Beds dip 5°, locally 10°. 0
Dominant lithology is CLAYSTONE, but VoID
with important CHALK and MARLY CHALK
beds. Color of claystones is greemgh Domw‘paqt lithology is CLAYSTONE with
gray to greenish black. Carbonate-rich subsidiary CALCAREOUS CLAYSTONE and
1 ° mc;s Ekaedwm agdbgwtt?r shades of MARLY CHALK. Some thin laminae are of
gray. gray an ack layers are chalk composition. The main colors are
: shown in the 1ithology cu]umr]. Three thin dark grgeﬁ‘ish gray claystone with dark
cp ) o carbonate sand layers occur in the core. - gray to greenish black mottles. Also present
| L . L are zones of dark gray to greenish black
) ~ Smear Slides of main lithology average : (as shown on 1ithologic column) and lighter
| & Clay 90% shades of gray and yellowish gray which are
= i fr} Unspec. carb. 3% calcareous.
- 7 | Nannos 3%
v ] | Smear Slides of greenish gray claystone give
© 2 - | = AG 2 98% Clay while the calcareous claystone
" = M — < layers average 66% Clay, 18% Nannos, 8%
2 Nz s | @ Unspec. carb. and 5% Siderite.
8|Z ] l
215z — | N2 Darker rocks (56 2/1 and N2) tend to be .
] S = =] | laminated and lighter greenish gray rocks L=
Slag are mottled. Light gray calcareous S
xls (= | i material is laminated and occurs as 2 §
a& Lr’%g I 3 thin layers. ” S B oM
5|3 , > FIEE
] - iy o |33
H e | 23a 3
x5 3 — =leQ
AM ] | wlsd
I o P =
E ; qiE i
a |-
J I 67 513 g N
7 | B s 3
7 | 38 |o S
= | = S
4 e 4 S
AM [+ o
| — 3
| <
IL < M
= T
= = CC =35 cm
€| 4 t ! 56 4/1
3 | +N2
Explanatory notes in Chapter 1 5
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Hole 386 Core 51 Cored Interval: 821.9-831.4m Hole 386 Core 52 Cored Interval: 831.4-840.9 m
oSS IL S Y FOSSIL PERE
CHARACTER | = =855 |= CHARACTER | = | 0.5 | 2
wl £ [2]g 2| g = =t = b wl| 2 [2]g = = =
[} S =|c ] = LITHOLOGY [£ 5|= a5 & LITHOLOGIC DESCRIPTION (=] S 4 R=} =l = LITHOLOGY |= o|— S| = LITHOLOGIC DESCRIPTION
2l R [z]|8]l«|2| & =SR2l = 2l R |Z|El=l2| & = S-S =
HEIEIEIRE EE R glz|2|6]| = e e (= I
R EIE 5 S o] 5 se 2|2 TR == bl
0 7 bsodd | 0 Section Main 1ithologies are CLAYSTONE and MARLY 0 —
| =44 cm CHALK with thin layers of CHALK. Claystones
| are medium greenish gray (5G 3/1 to 5G 5/1)
M 37453 with greenish black and dark gray mottles. VoID
0 | Marly layers are shades of medium to light The dominant lithologies are CLAYSTONE and
° | gray. Some calcareous layers are graded AP CALCAREQUS CLAYSTONE to MARLY CHALK.
1 | 68 and of medium to dark olive gray color. 1 T Claystones are greenish gray to black and
I greenish black. Calcareous claystones and
1. | 20 Smear Slides show that claystone layers | marly chalks are shades of gray (N5-N8)
| contain 99% clay. and olive gray (5Y 3/1 to 5Y 4/1). Many of
Marly layers average: | 1127, the olive gray units are graded with coarser
—{ 0G SAMPLE 06 Clay 549 | (up to medium sand-size) carbonate clasts
- Unspec. carb. 6% | in the basal layers. Black layers are
| Nannos 36% indicated in the Tithologic column. Altered
| Siderite? 1% | 135 rad sand layers are found, particularly in
Phosphate? 1% Sections 3 to 6
I']68 AM ) . | 63
2 I | 29 Smear Slides give, for claystones, 97% clay,
cp | | for black claystones, 84% clay and 10%
| opaques, and calcareous layers have 75% clay
I | 13% Nannos and 8% unspec. carb. :
! 2 = |
| = -
- [ = $ = | S
2= I = g i &
@15 | s S = -
Zig el |3 | E o|EE 3 | S
[l = 2ls 2 =
x |8 < = S|l s —1 98 o
= | < glEH . |
ol =] 18 o~ [N ™ ] -
=l L] | @ E|§E = (LI
2 o =) =1
s |2 Ak e = ' %
gl.= = g8 . | 2
EREE |35 |8 3% & 5 I s
3 |g= 218 a -1 >
S 80 AM | ] 55 = D o
S e & %
32 4 v 4| A | g
o I | @
1 ol , =
pesd | =
pas] | ~
| |! I S
. 1! I z
Joa= ! | T
i T —— Jesed | | :
AM . = 1| 73]% | z
5 JE== | 5 ! 7 £
- — | L
' 0 =
1 | M |
I
= boss| | :
= - | [
= 6 I e 6 !
g — | [N EA N
% — | 105 AM | |100} 33
B AP = !
S —5 ] 1
8 —~ ° : =8
2 AP = ™M =8 cm
CC =31 c
5 cc . ° '“ cc 5Y 3/1 +
S . 5Y 6/1
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Hole 386 Core 53 Cored Interval: 840.9-850.4 m Hole 386 Core 54 Cored Interval: 850.4-859.9m
FOSSIL > L et FOSSIL > = =
CHARACTER | = 5‘c§],_,,§g = CHARACTER | = 8.9 |2
w gl e =5233.18 wl ¢ [2]2 2| g Z2EgS. 8
] S 218 5| @ | LiTHoLogy (£ 5[5 Slad 2 LITHOLOGIC DESCRIPTION & g £lg S| | LITHoLoGY [2Gf5 S|S5f = LITHOLOGIC DESCRIPTION
Il R =0 = = ) S 2= 5Eg S = MEIE IR S 2= 55 S
HEEN 5 G| 5| 55 = HEE caR7 3= [
e 0 bosd |
0 | ﬁg 51 0 Section = 23 cm
-} o
= - [
= R e |
i ° CcM O.E:M |
f 5 ]
1 I'] 80 & 1 . |
'] 54 fain Tithologfes arel CLAVSTONE and o 1 : 98| 50 Dominant Tithologies are CLAYSTONE and
Q : s
| CALCAREOUS CLAYSTONE to MARLY NANNO § I Shades of greenish oray with dark. aray
| CHALK. Claystones are mainly shades of 3 ey b gray gray,
; 4 . Y Son & i = and greenish black burrow(?) mottles.
| s greenish gray with dark gray and greenish g | Calcareous claystones and marly nanno
| > black burrow(?) mottles. Calcareous clay- S | e chalk are shades of gray from N3 to N7
- . — = ;§°EESN;“‘1 gha}lgs ane shadgs of gsa,‘é f'{‘?m 3 — 1 1812 and shades of olive gray. In Sections 5 and
™ = | 5 2 grayounita?s ;rézsn%raﬁgi;uczsrgzaaﬁe olive 2 = |9 = 6 there is a darkening of the section and
M ey o ol fae’ d blacks dominate; much of
o 2 1 | 61 : mottling in greenish gray rocks, lamination & 2 : - 'iﬂ?'é r?uggg‘i:q is ?gmznamé to i;omogeneous.
o IS e | > mn b‘agkﬁ?d graydcalcgreous umts.tA_few CcM A few recrystallized rad sand layers are
= S — | = gEC?.'S d lued ga sands are present. 1n CITH By found in the lower half of the core.
8l 2 3 i 14 ? ections 1 and 3. | Structures ar§ mottling, lamination (in
=ls = -1 ~ . " —, darker layers) and grading (in olive-gray
D8 = — = Smear Slides of claystones give | {142 calcareous layers).
gl — | s Clay |
x|y @ - Opaques 2% 3 i
[l ] . | = 25 Smear Slides give
= ;z 7 | z' C;\]careous c'laygtgm/nes have cP — [ Claystone Marly chalk
SlE s . x sy b e ! L Clay 89% 5
L& | N nspec. carb. 14% — 3 [ = Unspec. carb. 2% 22%
855 3 | Nannos 23% %] = ha N 4% 20%
N @ 4nnos -] 2 4o annos
A cp | Siderite 7% 2 = © Opaques 1% 1%
- 2 2l = ! = Siderite r 1%
] - I =1 2123 59| Forams - 3%
| [135 & I =z =] | )
AREAE & & [ 1
| &l S ! =
| >
I 2 IR
4 | AM 4 <
el | o~
A | >
| &
M — |
1 1 l N
H =
cC =19 cm | S
cc == 5Y 3/1 | 2
56 4/1 | 5
. o M 55 =
Explanatory notes in Chapter 1 = l -
o 5 .
S | o
S
S W] 5
o =
e ! H
&
S o
-3 3
8
o
) S
N
3 =
3 6 ~
k] 99 -
& =
& cp CC = empty
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Hole 386 Core 55 Cored Interval: 859.

98¢ 41IS

9-869.3 m Hole 386 Core 56 Cored Interval: 869.3-878.9 m
FOSSIL > (= FOSSIL > =t
CHARACTER| = | Z0.5 |2 CHARACTER | = =925 |2
wl| 2 [2la] |2] 8 EoE 22 8 e o] 12| & H=EEER
21 8 |22 5| | LITHoLoGY [E o5 Siadl = LITHOLOGIC DESCRIPTION g1 & 128 5| | LiThoLosy [ E[S EHad = LITHOLOGIC DESCRIPTION
HHEIEIR CEEmE S = N [E|2lg|8| & SEEEEE
[l = =2 5 5|S S| 55 =2 2128 I SIS o 53] v
0 7 0 =
- Beds dip 5°-10°. =
=l 7 Beds dip %10°.
. VOID The dominant Tithology is CLAYSTONE with —
0.5 subsidiary CALCAREOUS CLAYSTONE. Colors 0.5 voID
1 - are mainly dark grays an acks with a 1 e
n few olive gray layers. There are scattered 1 i i i i
sand layers some of which are recrystallized . The dor}:\1?intf11ﬁ{|ology is CLAYSTONE in the
1. 1 9 rads and others are flattened, ellipsoidal, 1.0 upper_half of this core an
CP | green mud clasts. The olive gray layers B CLAYSTONE to MARLY CHALK in the lower half.
| contain some carbonate grains. T Dominant colors are darker grays for the
| claystones and medium grays and olive grays
! Smear Slide compositions are: i for the ca'lcareol{s deposits. Darker shades
115 0 Claystone Calc. Claystone | are more common in the upper half of the
| Clay 93% : 72% core. The principal structure is lamination.
— Unspec. carb. 2% 9% ! Burrowed horizons are rare. Some color
[ Nannos 1% 14% ! graded units are present with more light
2 | Pyrite 1% 1% ™ 2 1|75 el carbonate clasts in the lower part of the
M 1] 99 ?gggﬁolg%:g at 3:86 and 5:123 contain : & units.
| . i Smear Slide determinations give:
Calcareous Marly
! ! Claystone Claystone Chalk
£ 1 Clay 90% 81% 67%
= ' - M | Nannos 5% 15% 23%
@ | 3 \ Unspec. Carb. 3% 3% 10%
s © 55 4% o
N ™ 3 " | eo § 3 :
nEe I'| 86 e
ER A wla = |
(3= | 3l — '
EARE 3 R !
N = —
e : L Els = I
EF: : 5 5i= 2 : &
g[8 ! g gl ¢ |
S|:= | zle 8 i
8 S £ AM
g 4 | 55 5 a S 3 i
5 3 § 1| 79| 50|e
K] FM | 2 S I <
N [ 2 g i =
| = = ey | 122] 16
2 Tboood [ |
| ° foooo || I
3 I |14 - Ffoooo [
~ —FOTIT | -
3 [ = mazesesas [~
e Fororro | -
3 | pesaziis l B
“ ] 3 | dE— 1
E sl o = 0!
] | 122 s :
| == : N3, N4
cc — = CC =9 cm
| M 3 l
AM 56 o}
6 !
|
|
120
|
3 |
cc = CC =13 cm

Explanatory notes in Chapter 1
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Hole 386 Core 57 Cored Interval: 878.9-888.3 m Hole 386 Core 58 Cored Interval: 888.3-897.7 m
FOSSIL 1 4 [ FOSSIL = Y =
CHARACTER | = | .2z | 2 W [HARACTER} = | o5 |2
w = &S 2 =
sl 3 [€]8 21 & | LrmvoLoey REEER LITHOLOGIC DESCRIPTION gl & |2|8|.,]|5] & | Lmowey 25552 £ LITHOLOGIC DESCRIPTION
i I =3 =1 3 e = 22 5l e S HBEEIER S & o=E] ©
g|=|g|” FE 1= < I HEE 5 s o 5] o
0 - 0 ’ 0 Section = 22 am
- Beds dip 5-10°.
. VoID : n g 3 ( Main lithology is CLAYSTONE with subsidiary
0.5 The main Tithology 1s LLAYSIONE with CALCAREQUS CLAYSTONE and thin laminae of
1 = 5”.51.”“]” ]J—Lﬁhl'ﬁmgi e oM 1 | hard CHALK. The colors are almost entirely
: pr;nc'{pa colors a.:ﬁ S ; esdo kgray - gg dark - shades of gray and blacks. Much of
Sl B ine gr’ay,tmf tﬁ = ﬁreems 100 the dark material and the calcareous
M 9“{ areai-d 03 10 fe gore }Sd omogeneous l material is laminated to thinly laminated.
o anntna ed, only a Tew mottled zones are Some dark zones are homogeneous. A few dark
present. | greenish gray to greenish black areas are
- . i o ; mottled. Recrystallized rad sand layers are
= Smear Slide determinations give the : :
< following average compositions. | :E:ngzg:, particularly in the lower half of
& Claystone Calc. Claystone 43 .
e Clay 92% 70% : -
s 38 Smear Slide determinations:
2 = K:iﬁs: carb. gz 22; 2 | Claystone Calc. Claystone
o~ Pyrite 22 | Clay 98% 68%
0 A : - 28 Unspec. carb. - 5%
M & Siderite 1% 1% \ Nannos - 17%
| Organic matter rich
|
|
I
= cP - |
EE 3 e | |3 = EE
o g 2 == s |
[l g g oleg cp - e -
= FH g Ql5s I ~
=122 s l8a H N
= =< B & 2= I3
S W S . | =
o1 a8 ® © O o
=18% — el =] I °
z == N 3 |e2 | s
p Sl-= _ L.
3 o - 1 s
— <
4 4 3 "0 >
RP — I in
- | e
| &
= I @
— e | +
3 o
- | -
g = = i :
o s | =
5 a 51 3 :
£ 1= I
= | [108]
=== |
cM : 1 06 SA : o6 1T—1
= 1 - 1
- | 49 |
—ass P [
1
1
6 | g. 6 = |
AN 1%
™ 3 I 3] 35 |
] | |
5G 2/1 CC=9cm
+— = 1 ! -
= cc 7 ce cc o cC =31 cm

Explanatory notes in Chapter 1
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Hole 386 Core 59 Cored Interval: 897.7-907.2 m Hole 386 Core 60 Cored Interval: 907.2-916.8 m
FOSSIL RN E FOSSIL %o =
cuaRACTER | = | E34I= P . lewmeacrer] = | P
w =Sl= e | 2 . w = 14 = S|=
s8] & [€]8 Sl & | LitHoLoey Sef gy 2 LITHOLOGIC DESCRIPTION Sl & [2|8|.,|5]| & | Limowoey 2555 as] & LITHOLOGIC DESCRIPTION
il B = = - e S22 0E S HE R EEEEE R
HEIEIRS 2 e 5| 53] e HEIE 7 S3= a1
0 = 0
= voip ! 23 Beds 10° (13° in Section 3).
: FP |
T 1
E M | 1 1 Dominant 1ithology is CLAYSTONE with
= 1 ! 53 Dominant lithology is CLAYSTONE with sub- | subordinate and very
= M +
® o ordinate CALCAREQUS CLAYSTONE and thin | thin laminae of CHALK, Rad sand layers are
5 ! Taminae of MARLY CHALK and CHALK. The core | abundant. Colors are either dark greenish
= ! 68 |= is dominantly dark colored, dark grays g grays or blacks. Lamination is the most
= ! P and blacks, with some Tighter olive gray | = common structure in the darker beds whereas
- } = (carbonate rich) or greenish gray (burrow | s the greenish gray beds are irregularly
wes | N mottled). The dark rocks are either lamin- | 2 laminated and burrow mottled. A number of
s ated or homogeneous. Some of the homogeneous | beds contain flat green mud clasts in the
! = layers have a graded lower portion contain- | basal layer and may be graded.
[ o ing mud clasts. These are either yellowish 471 o .
2 | i carbonate clasts or ellipsoidal to flat 2 ! Smear Slide averages are:
™ = green mud clasts. | Claystone Calc. Claystone
! | Clay 7% 66,
= | 113 Examples of compositional variation from Carb. - 2026
| Smear Slides | B Opaques % %
| Calcareous 1 Siderite - 5%
Claystone Claystone Chalk | —
I Clay 85% 58% 24% ol = =
Ny Carb. 2% 224 60% 21 1 B
e 1 Nannos 8% 2% 5% = | =t
s | |66 Phosphate? 14% 10% == 3 1
EN = 3 - Opaques 2% 2% 1% 2|z
= I = ol N !
o |ce RM 44 il I |
5|z ) z|2 a9
g 2 | :\t g3 o | [120
[ 6 |
o | = @
2|8 I- = ! 5
2|3 ] : ol 3
eP ! 2 | 2
=3 1 < cp | =
4 i | = 4 | =
. | - ) o
= & | o
. el [0 sl |8
3 1 [eel |® | 2
I — ! ~
3 I < PP I =
1 i [ @
= | 32 | &
= | = B !
5 ! s o3l o
@ |
cp ! 3 |
I 21 CC = empty }
\ — 0G SAMPLE 0G
Explanatory notes in Chapter 1 7 I
1 l
E* I
6 = el
= 1
I
|
|
No/N e < 7 em
cc 3
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Hole 386 Core 61 Cored Interval: 916.8-926.3 m Hole 386 Core 62 Cored Interval: 926.3-935.8 m

FOSSIL >~ = e} FOSSIL = = e
o ) = - %] = L=
R LT Y .25 |2 o PRURACTER] = | Exlozls | 2
8] 8 |28 5| = | LiTHoLosy £ 50 Sk 2 LITHOLOGIC DESCRIPTION gl & [g]8 51 @ | ithorosy [EECE2Y 2 LITHOLOGIC DESCRIPTION
< N 4 P B = S Pl T < =< N z|Z2lwlQ] & = S0 T <
z|lz|8|l2| & = 2= 0l S z|Zl18|2| ¥ S 2= vl=] S
ol=s|< |0 —jog — <] ol Lo —joc —f —<T]
el = 3 5 5|5 5| SH| =2 == 5 G|S S| 5F| =2
0 o 0 m Beds dip: 5-15°.
! ot
| -
A 3 vom
11! |59 Dominant 1ithology is CLAYSTONE with 0.5
1 | a few thin beds of CALCAREQUS CLAYSTONE 1 = 3 2rubble, downhole contamaination
| and at least two thin beds of SIDERITIC v e
| CLAYSTONE with >60% siderite. Through 1. | o The dominant Tithology is CLAYSTONE.
much of the core there are alternations p {109 = Essentially dark gray and black, with
| of grayish black (1aminated or homogeneous) 1 — some minor dark bluish green and
| with grayish l?1ue green to greenish gray I BNZ aiid greenish black intercalations. The
| (mottled and irregularly laminated) clay- | @5y 471 black claystones are mostly homogeneous
| stone. Recrystallized rad sands are abuqdant. i and faintly Taminated and laminated,
i Some layers have flat green mud clasts in | i~ the greenish varieties are mottled.
: 0 the bottom and may be graded. | . : RAD-SAND layers, ranging in thickness
. . 6 b from<1 cm to a few cm, are abundant
2 | Smear Slide composition: 2 ' & (as indicated). Fine mL’Ad clasts occur
I 02 3 g;% 9“(1;2 ! T in several laminae, and also whitish
- 0 I 2 1€N2- and yellowish specks of carbonate
1 1105 e Nannos 1% | =he-564/1 clasts. .
| w0 Opaques 2% o PYRITE is abundant throughout, forming
2 ° I i Targe concretions in the lower part of
| © | = Section 2 and Section 4 (there they
| Q i are developed at a clay/sand boundary,
| = vlz | =56 4/1-5B 5/1  entering both the Tower clay and upper
53 2 =8 1|56 sand layer). . o
3 |z 3 1 | w Sls 3 N2-N1 Other concretions are found in Sections
31= 7 | 8 = | 56 4/1-5B 5/1 3 (0-25 cm in claystone, at 95 cm) and
2 |e = | - g = 4 (at 35 cm) and are possibly
Els 3 o o | 56 4/1-5B 5/1  siderite or barite.
@ |2 @
e | 8 ER ! gg_ﬁ{x Smears :
M | I 3|3 -] | Dominant Tithology (4 slides)
3|2 = | S = R N 83% Clay
=23 — kS 7% Pyrite
. | o | 3% Miscellaneous
- o N2 and 5G 4/1- % Carb. unspec.
4 ' 4
— 0 5B 5/1 and N5 4% Organic matter
ng I g2 | N2-N3 >1% Recryst. silica
— | 1 5G 4/1-5B 5/1
| ) i Minor lithology (2 slides)
. = T 64% Clay
— | | = 9% Altered rads
_ | = | N1 6% Pyrite
— | ( 8% Miscellaneous
B 7% Organic matter
—- | ! 56 2/1 3% Regr_ystA silica
5 ] | 5 1|62 1% Quartz
|
= : 78 | 56 2/1 The dip changes within Section 2 from
- 10° (in upper half) to horizontal (at
1 | | 75 cm) to ~5° (in Tower half). Within
- { ( the core, some curved bedding was
N4 and 5Y 4/1 observed in sandy layers. The dip
cc | ¢ = 2 | changes within the entire core several
| 2% ;/] ce = cm =1 | . times in the range of 5-15°.
| 1
Explanatory notes in Chapter 1 n 6 |
& |
= : ¢
=
= |
\ 56 6/1-N5  CC = 11cm
5 | |ec 3 586 4/2
o
= 4
= m
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Hole 386 Core 63 Cored Interval: 935.8-945.3 m Hole 386 Core 64 Cored Interval: 945.3-954.8 m
FOSSIL > = FOSSIL > &
CHARACTER | = 29,25 |2 CHARACTER | = S P B
wl g Teola]l |2]| 8 FREEREE wl| 2 2] |12] & FEEEERE
g1 8 |2 51 & | LimHowosy [E5[5 S| & LITHOLOGIC DESCRIPTION 8] & | £ 5| & | LimHolosy (£G5S 2 LITHOLOGIC DESCRIPTION
< ~ Z|l=|w = S A =] < < ~ Z|=|w = S A = <
zl=lala]| ¥ = 2= Hl==| © zl=zlaly]| ¥ c === ©
M EIE] 5 D[& 5| 53] »e 2122 7 = b
E 0] A
] Dip is >15°, B
. approaching 20°. B Dominant 1ithology is reddish, greenish
0 5—] VOoID 0'5__11 VOID and grayish CLAYSTONE with many grayish
1 — 1 B black to black Tayers.
. m Abundant but usually thin RAD
1. 1.0 SAND Tayers. Within the reddish
I 103-110 cm rubble, downhole . 56 4/1-58 5/1 claystone, these rad sand layers
o | contamination 7 56 2/1 are mostly of grayish green
0G_SAUPLE [ " The dominant 1ithology is CLAYSTONE | e g‘;‘"gﬂfgri/glé gﬁ‘gosi”e'jd:‘;f\
of mostly very dark colors with pre- 1|14 56 5/2 : Y H
5Y 4/1-N2 YATTihe dark deagehlask and I3 like the surrounding claystones.
g gray nd some 1|30 io In the coarse rad sand layers mud
small dark bluish green horizons and ! o 56 5/2 clasts also are found locally
some olive gray layers. The black 56 5/2 .
) layers are mostly homogeneous, lamin- 2 | N3 The) glays canies. are hcmogepeous,‘parﬂly
72 ated and faintly laminated T?;e bluish- | : faintly 1aminated and laminated; lamin-
B green layers are minor and are faintly | 10R 2/2 ation most}y nestyicted o the gark gray
: mottled and mottled with mostly darker | 0 |-5G 5/2 gind, plack layers,
= calors Y | N3 '([wo horizons in tl;e deeper part
: Sections 4 and 5) contain siderite.
. Ni-N2 Elﬁwfxin_T*—RA’;;S?agii:s{"—_znw—;yﬁﬁé%gizre ll SZ'SYR 5/2 Concretions of similar aspect occur in
56 2/1 column) to abundant. Some of the rad- [} = ??;ELOQ]?VStgigycm; they are olive gray-
— 56 4/1-58 5/1 sand layers have irregular upper ] K:SG 5/2 .
Q2= N2-N3 boundaries. | NIOR 2.5/1 Smear Summary
g |= 56 471-58 5/1 A few laminae are whitish, almost w|= 1% 108 3/1 Dominant lithology (2 slides)
= 1S 3 N entirely carbonate, CHALK, with both 3|= 3 \ = 56 5/2 96% Clay
el ] 56 2/1 nannos and unspecified carbonate. = | ENZ-NI& 1% Unspec. carb.
= N2 Some of the rad sand layers contain = IS | N 56 572 3% Miscellaneous, (altered ash?)
« |8 0 also very small green mud clasts, as do o 15 | I~ . .
213 gg 2h some carbonate-rich layers. Concretions &= \ = 2;2%011?0;2% g
318 s ; E o n 4, cm (1 slide):
S 56 3/1 of siderite occur at 30 cm in Section 2, il ] ~ 70% Si H 4
A 7 R | % % Siderite & Rhodochrosite
N2 50and 65 cm in Section 3, and at 80 cm 313 B 12% Carbonat
21 inSection 4 e | I~ arbanate
5Y 4/1-58 5/1 ! ' H & 15% Barite
N1-N2 N 3% Feldspar
N2 . . | N2-N3 :
4 g The olive gray layers possibly also 4 | 1 Other (3 slides):
78 SY /188 57T contain siderite. N R 637 Clay
5Y 6/1 Smear slides not averaged. : Ny 2% é};g:?gerads
N1-N3 Section 2:72 = 85% Clay, 2% Carb. | ” o 3% Miscellaneous
unspec., 1% Nannos, 5% Opaques ] | 5 o 1% Barite
94 cc=12em (Pyrite) + Quartz + Organic matter 2
o Section 3:7 = 59% Carb. unspec., 20% B | T
— Nannos, 20% Clay, 1% Pyrite — | | N1-N2
1 Section 4:21 = 80% Siderite?, 10% Clay, = | >
10% Unspec. carb. = 5
Section 4:78 = 30% Siderite?, 20% Clay, 5 — [ S
30% Unspec. carb. ] 1175 10R 2.5/1
] N2
Explanatory notes in Chapter 1 . : I~=5Y 4/1-5Y 6/1
7 ! N2
! N
|
[
|
6 |
|
I o4
[
|
pu |
cc 3 ! cC = 25 cm
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Hole 386 Core 65 Cored Interval: 954.8-964.2 m Hole 386 Core 66 Cored Interval: 964.2-973.8 m
FOSSIL >~ o [ FOSSIL = =}
CHARACTER | = 3 P CHIRACTER | = | 0.9 | =
S| ¢ w S =52 5SS | S
s £ |2|s £l & | LrmvoLosy Rk LITHOLOGIC DESCRIPTION gl & |2|8|.,|E5]| & | Limooey E55S o] 2 LITHOLOGIC DESCRIPTION
2 R JE(Z2]|el]| B = S=oEl=g] < (2182 & = 2= 6= S
HMEEIEIRS R slz|g|~| = e e
222 3 S S| S »e [ = =3 R = i Y
= . 0 =1 BASALT
0 = - - Dark grayish black hypocrystalline, fine-
f o — grained, amygdaloidal phyric basalt with
I I . groundmass of randomly oriented plagioclase
! =] 5 5 ; 5 - microlites with intergranular pyroxene.
[N NT, N2 Jhe: doninant: Tithology is CLAVSTONE, with 0.5 Common subhedral, prismatic plagioclase
MARLY CHALK in the upper part and some .
| Coarse and mediun grained SANDSTONE in the 1 ] VoID (0.097-0.87 mm/ An 65 to 70). Rare, corroded,
1 ! 1 Tower part. . subangular pyroxene crystals (0.54-1.4 mm)
! _ Colors are reddish black in upper part of 1.0 a]soﬁas ghesqgryfsts- FTagwﬂ@lsetPhengCWSE
| |07 > Section 1 and olive gray in the thinly ] “5“§”Y .:r 11t ’0?,"”"0; sericl Eha” '“O"t
i )y 174 - laminated parts of Sections 1 and 2 and — ’S?:Iaon.lva:i:birg ;?Q‘ang'{gxﬁzi 51320?3{252
| in uppermost 3. Olive gray colors correspond Jtnaseaed | N2 to thaﬁ 3(y)o and ositgve suggestin comyosi-
) - to high carbonate content. Most is, how- = \ | 5y 2/1 L PO €, su99 g_gcomp
[ S ever.dark gray-black. S i | tions between pigeonite and sub-calcic
& |20 ga f gray-black. Scattered sandy layers - augite. Pyroxene phenocrysts all show optical
by bt are mostly altered rads, but also contain . | strain and incomplete extinction. Rarely
» it o | N mud clasts. The three thicker sandy layers ] ++-|—-F- 5 these combine to suggest an hour-glass
v |z < in Section 3 contain abundant bonat =1 i i v
2 1|1= ant carbonate |
2 2 | < 3 A & 2 pattern. Signs of resorption of pyroxene
3| o 5. ?ra”‘is EY:1te, (?150 chllomte:‘the Towermost g ) | phenocrysts masked by montmorillonite and
== . e “sey 471 Ryerys Akiost Tayers 1n Section .3 contain - | chlorite alteration. Groundmass is a net-
B2 - T mud clasts, elongate in the upper part of ] work of plagioclase (An 67) laths with inter-
g |< = ? Tayers (subrounded and angular), poorly - P f--d-4— 128 stitial granular pyroxene and lesser relict
el 9 . Q N2 sorted. Pyrite is abundant throughout. The . | 1 iti
=18 i 3 " n glass. Locally, subophitic. Glass almost
gl ) thinly laminated part of Section 1 contains = 1 i s
Z13 = ) rite concreti f ‘b1 : . | completely altered to chlorite and mont.
17 = ) = Eﬁrrow fﬂh’ngsons and possibly pyrite- cc . | morillonite. Occasional skeletal magnetite
=& : . in groundmass. Amygdules of calcite and
—] = ! 56 2/1 Smear Summary . montmorillonite and/or chlorite <1-3%.
3 ] | = gg?g]ﬂ"t Tithology (2 slides): Calcite stringers common.
— - ay CALCITE SEGREGATION (2:59-128)
] — |1 |82 5G 4/1 4% Pyrite ]
—_ ! 39 Uﬁspec. carb. Hydrothermal vein--a segregation of calcite
— I — . . ) Tightly to extensively speckled by enclosures
= ) = Minor Tlithology (4 slides) of green chlorite and very altered basalt.
] ol 128— 18% Clay Clast orientation suggests a flow lineation
B 54% Unspec. carb. within the pipe. Center of vein nearly pure
cc 1 1% Nannos calcite. Chlorite dominant at upper and
. < 1% Rads, a1§er(;d Tower margins. Vein is variously bounded by
= 1% Phosphorite? dense, slickensided, lamallar coatings of

5% Pyrite

12% Siderite?

< 1% Heavies

6% Altered ash?
1% Chlorite

CC = Mixed greenish black (5GY 2/1) and
grayish black (N2) mottled CLAYSTONE.
CC = 24 cm

Explanatory notes in Chapter 1

cc:

chlorite and rare serpentine and by sharp,
irregular contacts with the basalt. A few
enclosures of selvege. Basalt immediately
adjacent to the vein displays an ordered
alteration halo of chloritization intensity.
Basalt beneath vein stained yellow by native
sulfur.

BASALT (42 cm).

The freshest material recovered is con-
tained in the core catcher.
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SITE 386

Ocm

75

386-1-6

386-1-5

4

386-1

1-3

386-

386-1-2

-1

1

386-

270



SITE 386

—Q0cm

9

386-2-5 386-3-1 386-4-1 386-4-2 386-4-3

271



SITE 386

A e 4

3

Gt ot & fwa

0k

O

W W

150

386-5-2 386-5-3

386-5-1

5 386-4-6

4~

386-

386-4-4
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SITE 386

o
o

[N

386-6-1 386-6-2 386-6-3 386-6-4 386-7-1

386-5-4
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SITE 386

25

%—

50

o
o

386-7-3 386-8-1 386-8-2 386-8-3 386-8-4

2

386-7-
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SITE 386

6 386~9-1 386-9-2 386-9-3 386-11-1

386-8-

386-8-5

275



SITE 386

=] 50

386-12-4

386-12-3

12-2

386-11-3 386-12-1 386-

-2

386-11
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SITE 386

—Ocm

—50

=125

386-14-3

386-14-2

1

386-14

2 386-13-3

386-13-

1

386-13-

277



SITE 386

R

386-15-3

-2

386-~14-5 386-14-6 386-15-1 386-15

-4

386-14

278



SITE 386

386-16-3

386-16-2

1

386-15-5 386-15-6 386-16-

4

386-15-

279



SITE 386

386-17-4

-17-3

386

1 386-17-2

=17~

386

-16-5

386

16-4

386-
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SITE 386

—125

150

386-18-4

3

386-18-

386-18-1 386-18-2

-6

386-17

5

386-17-

281



SITE 386

386-20-1

-3

2 386-19

19-

386-

386-19-1

386-18-6

-18-5

386

o
vs}

=50
75

282



SITE 386

Ocm

386-20-3 386-20-4 386-21-1 386-21-2 386-21-3

386-20-2
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SITE 386

386-22-3

386-22-2

386-22-1

386-21-6

F18YTIVAY HdVY90L0Hd ON

386-21-5

-21-4

386
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SITE 386

=150

386-23-1 386-23-2 386-23-3 386-23-4

386-22-5

-22-4

386
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SITE 386

386-24-4

-3

386-24-2 386-24

6 386-24-1

386-23-

386-23-5
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SITE 386

386-25-4
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