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8. SITE 1069

Shipboard Scientific Party?

HOLE 1069A

grade metasediments (probably occurring as clasts in a conglomerate)
found in acoustic basement at the bottom of the hole, leads to the tentative

conclusion that the site was drilled on a continental fault block. There is
no sign of the mafic or ultramafic rocks that were encountered at Sites
897, 899, 900, 1067, or 1068.

The middle Eocene to upper Campanian 147-m-thick sedimentary
succession cored at Hole 1069A is dominated by upward-darkening se-
quences (2 to 55 cm thick) of calcareous siltstone or sandstone, overlain
by calcareous claystone or nannofossil chalk, and capped by dark hemipe-
lagic claystone. Two subunits are recognized in this interval based on an
increase in the frequency, proportion, and thickness (up to 50 cm) of sand-
stone lithologies at the base of individual turbiditic sequences from Sub-
unit 1IB to Subunit IIC. These sequences are interpreted as being
deposited by turbidites near or below the carbonate compensation depth
(CCD). A 2.3-m-thick upper Berriasian to ?lower Valanginian yellow
nannofossil chalk is defined as Unit IV. The chalk is interpreted to have

Position: 40°43.612N, 11°46.633V

Start hole: 0530 hr, 22 May 1997

End hole: 1445 hr, 31 May 1997

Timeon hole: 225.25 hr (9.4 days)

Seafloor (drill pipe measurement from rig floor, mbrf): 5086.0
Total depth (drill pipe measurement from rig floor, mbrf): 6045.3
Distance between rig floor and sea level (m): 11.2

Water depth (drill pipe measurement from sea level, m): 5074.8
Penetration (mbsf): 959.3

Coring totals:

Type: RCB; Number: 25; Cored: 240.5 m; Recovered: 96.3 m; Average
recovery: 40.0%

Type: G; Number: 1; Cored: 0 m; Recovered: 0.4 m; Average recovery:
N/A

Sedimentary sequence:

Subunit IIB: (718.8805.8 mbsf): claystone, calcareous claystone, nanno-
fossil chalk, and calcareous sandy siltstone (middle Eocene to late Pa-
leocene)

Subunit [IC: (805.8865.5 mbsf); claystone, calcareous sandstone, calcar-
eous claystone, and nannofossil chalk (early Paleocene to late Campa-
nian)

Unit IV: (865.5-867.8 mbsf); nannofossil chalk (Early Cretaceous [late
Berriasian to ?early Valanginian])

Subunit VA: (867.8873.7 mbsf); conglomerate containing clasts of
grainstone, boundstone, rudstone; minor clay (Late Jurassic [?Titho-
nian])

Subunit VB: (873.7959.3 mbsf); barren metasiltstone, meta-arkosic
wacke, and dolomitic meta-arkose

Principal results: The site is situated in the southern Iberia Abyssal Plain in

a water depth of 5075 m and lies on a north-south seismic line over the
crest of a relatively flat-topped north-south basement ridge. The east flank
of the ridge is underlain by a west-dipping reflector that bounds the west
side of the next basement high to the east, and its west flank appears to co-
incide with a similar reflector. Both reflectors have the appearance of nor-
mal faults. A few kilometers southward, the high is smaller and is
underlain by a subhorizontal reflector that seems to be the prolongation of
the normal fault bounding the next block toward the east, on top of which

are located Sites 900, 1067, and 1068. Thus, the seismic data suggest that

the basement ridge is a possible fault block tilted toward the continent.
This block is the southern extension of Vasco da Gama Seamount that dies
out southward. The site lies in a location where a variety of structural and
geophysical models for the development of the ocean/continent transition
(OCT) can be tested.

Biostratigraphic data from Site 1069 indicate that this site was at shelf
depths in the earliest Cretaceous and then subsided, reaching abyssal
depths by the late Campanian. This evidence, together with very low-
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2Shipboard Scientific Party is given in the list preceding the Table of Contents.

been deposited above the CCD as a thin pelagic drape overlying resedi-
mented chalk occupying a hollow in the underlying basement ridge. The
chalk in turn is separated from an underlying Tithonian black silt by an
erosional unconformity. A 9-cm interval of Upper Jurassic (?Tithonian)
hemipelagic/pelagic gray clay occurs above eight curated pieces of lime-
stone conglomerate containing granules of pelites and metabasic arenite.
The limestone clasts consist of grainstones and algal boundstones. The
thin clay and limestone pieces are defined as Subunit VA. The lithology
of the limestone clasts is similar to the Upper Jurassic limestones drilled
on the Galicia Margin and to clasts occurring within the conglomerates in
Unit V at Site 1065. The limestone clasts were probably transported and
resedimented from a carbonate shelf situated to the north, probably above
the present day Vasco da Gama Seamount and associated basement highs.

The calcareous nannofossil sequence at Site 1069 began in the middle
Eocene (CP12b) and then passed downhole through a more or less contin-
uous succession of zones and subzones to a barren interval within the Pa-
leocene in which zones CP5 to CP4 are not represented. Interbedded
hemipelagites barren of coccoliths indicate that most of the carbonate in
the lower Paleocene was deposited below the CCD as turbidites. The Cre-
taceous/Tertiary transition lies within a bioturbated turbidite sequence in
Core 173-1069A-12R; the boundary has been obliterated. The lithologic
succession then continues from the uppermost Maastrichtian to the upper-
most Campanian. It is interrupted in Section 173-1069A-16R-2 by an un-
conformity, below which lies the yellowish chalk described above (Unit
IV). The upper portion of the chalk is dominated by nannoconids.

Palynological analyses indicate that Subunit VA was deposited in a
marine environment with a strong terrestrial influence in mid-Kimmerid-
gian to upper Portlandian time.

Paleogene planktonic foraminifers are common and moderately well
preserved in the upper part of Subunit [IB (73887.4 mbsf), but, with
one exception, are rare to absent and generally poorly preserved below
(757.4-873.3 mbsf). Calcareous benthic foraminifers and agglutinated
foraminifers are present in most core-catcher samples above Core 173-
1069A-14R. Within the latter group, the persistent occurrence of species
such asAmmodiscus spp.,Bathysiphon spp., andGlomospira spp. sug-
gests that these Paleogene sediments were deposited in a fully marine en-
vironment, probably at abyssal depths.

Pieces of very hard rock were first encountered in Core 173-1069A-
17R (beneath the Tithonian clay and limestone clasts) and continued to the
bottom of the hole (Core 173-1069A-25R). These rocks (Subunit VB)
consist of meta-arkosic wacke, metasiltstone, and dolomitic meta-arkose.
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SITE 1069

Some of the pieces are moderately rounded and lack drilling percussion
marks, which suggeststhat they are clasts whose original surfacesare pre-
served. The rocks are weakly deformed, with ametamorphic foliation de-
fined by aligned sericite and chlorite. Relict sedimentary textures such as
detrital grainsand bedding/lamination are also preserved. In the siltstones,
many quartz fragments are elongate parallel to the foliation. Pyrite-quartz
vugs are common and, in some pyrite-rich samples, thin pyritic veins and
elongate pyrite-quartz vugs also parallel the foliation. Core recovery in

The triple combination tool was run successfully between 102 and 778
mbsf. The logs overlap the cored interval between 719 and 770 mbsf
(Cores 173-1069A-1R through 5R), which represents part of Subunit II1B,

a calcareous claystone. Preliminary analysis of the logs shows a good cor-
relation with Site 1068 between HBP0 and 616750 mbsf. Variations

of inferred sedimentation rates between sites suggest a greater rate during
the Miocene at Site 1069 and a slightly lesser rate during the Eocene, rel-

ative to Site 1068. A water overpressure encountered at 650 mbsf during

Subunit VB was extremely low yet the rate of penetration was relatively
fast (35—-80 min/core). The only materia recovered from Subunit VB
(85.6 m thick) that could have been the original intraclast matrix was
small amounts of dark sandy clayey silt in Cores 173-1069A-21R and
24R. Headspace gas from the Core 21R material contained 101.7 ppm
methane and 1.6 ppm ethane.

Metasedimentary rocks in Subunit VB contain abundant detrital
quartz and plagioclase and a metamorphic mineral assemblage that in-
cludes sericite, chlorite, and, in some cases, dolomite. Unusually largeil-
menite and leucoxene pseudomorphs (after ilmenite) appear to be
metamorphic porphyroblasts, although adetrital originin some rocks can-
not be ruled out, especially for finer grained ilmenite and leucoxene. Do-
lomite forms subhedral porphyroblasts in one sample and may be part of
the diagenetic assemblage in the second. The stable coexistence of dolo-
mite + chlorite and dolomite + muscovite indicates very low-grade meta-
morphism, probably subgreenschist. Similar rocks of Paleozoic age have
been reported from Galicia Bank, where they also underlie Tithonian sed-
iment.

Overall, the bedding in Subunits [IB and |IC is shalowly inclined.
Within Subunit I1B, a marked change occurs at 760 mbsf. Above, the true

the final pipe trip to the rig floor may be tentatively related to a 20-m-thick
interval (670-690 mbsf) where high porosity and low resistivity were re-

corded.

BACKGROUND AND OBJECTIVES

The basement cores obtained during Leg 149 (Sawyer, Whit-
marsh, Klaus, et al., 1994) revealed outcrops of serpentinized peri-
dotite at Site 897, situated on the crest of a segment of the margin-
paralel peridotite ridge, and of gabbro that had undergone synrift de-
formation at Site 900 on another basement high farther east (Figs. 1,
2). At athird site (Site 899), between the other two sites, the acoustic
basement cores consisted of serpentinite breccia, possibly of local or-
igin. However, the magnetic anomaly associated with Site 899 sug-
geststhat the basement high on which the siteislocated may be atyp-
ical of the OCT in the southern Iberia Abyssal Plain (Whitmarsh and
Sawyer, 1996). Thus, there is a gap without basement samples of
some 76 km between Sites 897 and 900 (and of at least 60 km be-
tween Sites 899 and 900). This distance represents about half the

dip is about 12°, below, only about 4°. At the base of Unit Il and in Unitwidth of the OCT in the southern Iberia Abyssal Plain. Therefore, the
IV the bedding is again more steeply inclined (about 14°). Whereas Unjprincipal objective of Site 1069 was to obtain basement cores within
Il is essentially undeformed (only some minor normal faults), Unit IV wasthis part of the OCT to better constrain models of its devel opment
pervasively affected by pre-Unit Il soft-sediment folding and normal (see below). This site was originally designated IBERIA-07A but
faulting. The deformation of the basement rocks (Subunit VB) was domwas moved 1200 m north along the crest of the basement ridge, where
inated by pressure solution. The dip of the bedding is variable in the feithe sediments are ~50 m thinner, to become IBERIA-07B (Fig. 3).
basement pieces that could not have rolled over in the core liner. The fo- A variety of structural and geophysical models for the develop-
liation is often subhorizontal. ment of the OCT in the southern Iberia Abyssal Plain has been pro-
The magnetic intensities of sediments in Subunits 1B and IIC are genposed (Beslier et al., 1995; Brun and Beslier, 1996; Krawczyk et al.,
erally weak. Characteristic peaks in NRM intensity and volume susceptil996; Pickup et a., 1996; Sawyer, 1994; Whitmarsh and Miles,
bility associated with an early Eocene brown bed, which has beed995; Whitmarsh and Sawyer, 1996). These can be divided into three
observed at four other Iberia Abyssal Plain sites, were detected in Cogroups, which are briefly discussed below. Each predicts a different
173-1069A-7R at ~777 mbsf. Cryogenic magnetometer measurements @eodynamic context, and even rock type, for the crystalline basement
whole cores and on discrete samples indicate that several polarity reverithin the gap alluded to above. The situation may be even more
sals are recorded in Cores 173-1069A-3R through 14R @410  complex; the models are all essentially two-dimensional in the sense
mbsf). In the lower part of Subunit IIC, below 854.0 mbsf, the sediment®f assuming aconstant structure parallel to the continental margin. In
are entirely normally magnetized, which is consistent with the Late Crereality, as Pickup et al. (1996) suggested, quite significant changes
taceous long normal superchron and the late Campanian age of the seiay occur parallel to the marginin the OCT, particularly between the
ments. The metasediment clasts have much higher susceptibility afwo deep multichannel seismic profiles Lusigal-12 (Bedlier, 1996;
intensity values than the overlying sedimentary sections. Magnetic incliKrawczyk et al., 1996) and IAM-9 (Pickup et al., 1996) at 4040
nations were measured on six samples from clasts that demonstrably haaad about 40°30l, respectively. The predictions of the individual
not rotated in the core barrel. Both positive and negative low-angle inclimodels concerning the nature of the crystalline basement at Site 1069
nation values were measured. In addition, the inclinations are at low a@re summarized in Table 1.
gles to the rock foliation; this is consistent with synmetamorphic ~ Sawyer (1994), Whitmarsh and Miles (1995), and Whitmarsh and
reorientation of iimenite grains along the foliation. This evidence indi-Sawyer’s (1996) Hypothesis 1, by analogy with what appears to hap-
cates that the recovered material is redeposited metasedimentary cobblpen on some slow-spreading mid-ocean ridges (Cannat, 1993; Kar-
Claystones have bulk densities from 1.94 to 2.21 $#om porosities ~ son, 1990), discuss the possibility that the OCT is a product of very
from 31% to 44%, and calcareous claystones have bulk densities froslow seafloor spreading. At a mid-ocean ridge formed by very slow
2.18 to 2.36 g/cfhand porosities from 22% to 38%. Whereas sandstoneseafloor spreading, a relatively limited amount of melt reaches the
have bulk densities from 2.16 to 2.34 gfeand porosities from 21% to  seafloor, and the uppermost lithosphere consists not only of basalt but
32% in Subunit 1B, the values of bulk density and porosity are more varialso of gabbro and mantle peridotite. Further, this basement may be
able in Subunit IIC (bulk density = ~2.2P.63 g/cn porosity = ~5% extensively tectonized and broken into fault blocks. Gabbros and
30%). Compressional-wave velocities have a reasonable correlation witperidotites have been found within the southern Iberia Abyssal Plain
porosity and bulk density. Metasediment samples of Subunit VB hav®CT and fault blocks appear on seismic profiles. The weaknesses of
high densities from 2.70 to 2.73 g/&mand high velocities from 4521 to  the hypothesis, however, are the apparent general lack of synrift ba-
5639 m/s and very low porosities (<3%). Consequently, acoustic basealt in the OCT and the inability of seafloor-spreading models to ex-
ment at this site is identified at the top of Subunit VB. plain the observed magnetic anomalies. This hypothesis predicts the
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Figure 1. Contour chart of two-way traveltime (TWT) to basement (contour interval 0.25 s TWT, ~250 m; contouring based on work by C.M. Krawczyk, L.M.
Pinheiro, S.M. Russell, and R.B. Whitmarsh) combined with bathymetry of the relief bordering the Iberia Abyssal Plain (contour interval 250 m; courtesy J-C.
Sibuet). Dashed line denotes edge of the abyssal plain. Leg 149 and Leg 173 sites are shown by solid circles and solid triangles, respectively. Fine lines are
tracks of seismic lines used to contour basement. Selected basement highs and lows are indicated by + and —, respectively.

presence of oceanic basalt, oceanic gabbro or peridotite, and the ab- upper mantle and lead to the tectonic exhumation of deep lithospheric
sence of continental crustal rocks at Site 1069. levels (lower continental or synrift underplated crust and upper man-
Whitmarsh and Miles (1994) and Whitmarsh and Sawyer'sle) in the OCT, which is a tectonic window opened in the crustal
(1996) Hypothesis 2 describe a scenario in which the OCT betwedmeakup zone (see “Introduction” chapter, this volume). This model
the peridotite ridge and the thinned continental crust, characterizetbes not exclude the possibility that isolated continental blocks lie in
by gently tilted fault blocks such as at Sites 901 and 1065, consists thfe OCT, as “klippes” in the tectonic window. (2) Krawczyk and Re-
blocks of tectonically dismembered continental crust that have beeston (Krawczyk et al., 1996) discuss the nature of the OCT in the con-
surrounded and impregnated by intrusive, and possibly extrusivéext of a model of OCT development that is strongly influenced by
magmatic material. This material is produced by the limited adiabatiithospheric simple shear (Wernicke, 1981). When discussing Leg
partial melting of the asthenosphere, which occurs during the cont-49 results, they remark on the apparently systematic exposure, from
nental rifting. This hypothesis also considers the formation of theast to west, of increasingly lower levels of the upper lithosphere.
OCT in the context of a propagating rift. They propose that fragments of the original top-to-the-west litho-
A third class of model for the OCT is one in which the OCT con-spheric detachment fault, now dissected by late stage normal faults,
sists of tectonically exposed (“unroofed”) deep lithospheric leveloccur both east, and possibly west, of Site 900. Thus, Site 1069 may
(lower crust and/or upper mantle). Boillot et al. (1988a) and then otHie on either an upper plate fault block (of continental crust?) or on
er authors (Beslier and Brun, 1991; Brun and Beslier, 1996; Restdhe lower plate to this detachment, in which case “mantle material
et al., 1996) suggested such models for the Galicia margin. Sudould be found at shallow levels” (Krawczyk et al., 1996). Even so,
models were subsequently discussed and applied to the southern IBgawczyk and Reston (Krawczyk et al., 1996) also predict exposed
ria Abyssal Plain by Beslier et al. (1995, 1996), Brun and Beslieupper mantle peridotite west of Site 1069.
(1996), Krawczyk et al. (1996), Pickup et al. (1996), and Whitmarsh Site 1069 is situated in the southern Iberia Abyssal Plain in a wa-
and Miles (1995). Some of these models take into account the modes depth of 5075 m. The site lies on the north-south seismic line
of lithospheric stretching and breakup during the rifting, and predicCAM134 over the crest of a relatively flat-topped north-south base-
the exposure of progressively deeper lithospheric levels in the OCTent ridge (Figs. 3, 4). East-west seismic profile Sonne-22, on which
(1) Beslier et al. (1995) and Brun and Beslier (1996) propose a modtie original proposed site IBERIA-07A lay, passes 1200 m south of
of necking of the whole lithosphere that is nearly symmetrical (purehe site (Figs. 3, 5). The east flank of the ridge is underlain by a west-
shear), but asymmetrical structures (simple shear) develop internallgipping reflector that bounds the west side of the next basement high
Conjugate ductile shear zones develop both in the lower crust and tteethe east, and its west flank appears to coincide with a similar re-
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Figure 2. Contoured bathymetric chart of the west Iberia margin. Contours at 500 m intervals. Leg 173 sites are shown by triangles with bold numbers; sites
drilled on earlier legs are shown by dots. PS, VS, and VdG correspond to Porto, Vigo, and Vasco da Gama seamounts, respectively. ES denotes the Estremadura
Spur. Solid sguares and crosses denote rock samples obtained by submersible and dredge, respectively. The inset is a composite of seismic tracks showing the
relative locations of Leg 173 and other drill sites.
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flector. Both reflectors have the appearance of normal faults. Exactly
thesame general features are present on the parallel profile CAM 144,
which crosses the ridge crest 6 km to the north (Fig. 3). A few kilo-
meters southward on the Lusigal-12 line, the high is underlain by a
subhorizontal reflector that seems to be the prolongation of the nor-
mal fault bounding the next block toward the east. Thus, seismic pro-
files suggest that the basement ridge is a fault block. Profiles
CAM134 (Fig. 4) and Lusigal-12 show that it dies out southward in
the OCT. The postrift sediment thickness over the acoustic basement
isabout 0.86 sTWT (~860 m) thick.

OPERATIONS

Oncethelocation for Site 1069 was reached, a positioning beacon
was deployed at 0845 hr on 22 May 1997. A brief remote TV survey
was conducted, although the closest subsea cable was estimated to be
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Figure 3. Tracks of multichannel seismic reflection profilesin the vicinity of
Site 1069, with contours of two-way traveltime to basement below sea level
(contour interval 0.25 s, ~250 m).

SITE 1069

at least 11.5 nm away. Hole 1069A was spudded at 1715 hr on 22
May at 5086.0 mbrf with the RCB center bit assembly. The center bit
was inspected twice before coring began at 0830 hr on 25 May when
adepth of 5804.9 m (718.9 mbsf) was reached (Table 2). Originally,
the plan had been to drill to a depth of 810.0 mbsf before initiating
coring; however, the steadily decreasing penetration rate (3.4 m/hr)
made coring a more attractive option at the shallower depth.

Continuous RCB coring was begun after the center bit was recov-
ered and a core barrel was deployed. Metasedimentary basement
rocks were encountered in Core 173-1069A-17R. Penetration pro-
ceeded with extremely poor recovery (0-10%) at an average rate of
penetration (ROP) of 9.7 m/hr. The ROP was too slow for coring
through loose sand and too fast for basement material. To explain the
erratic torque ranging from 200-350 amps, lack of fill between con-
nections, and coring times ranging from 35-80 minutes (16.5to 7.2
m/hr ROP), it is speculated that the unrecovered formation consisted
of loosely cemented sands interlayered with harder, more indurated
rock. Coring ended at 959.3 mbsf.

Because of theimportance of logging the basement section of the
hole, extratime was spent making wiper trips and hole conditioning.

After an abbreviated first wiper trip (902-593 mbsf), the top drive
had to be picked up and a center bit dropped at a depth of 795 mbsf.
High torque during reaming was noted from 887 mbsf to the bottom
of the hole at 902 mbsf. After coring was completed at atotal depth
of 959 mbsf, a second complete wiper trip was made to ~100 mbsf.
Then the pipe was run back to 773.0 mbsf, where the top drive was
picked up and acenter bit deployed. It took 4.0 hr to ream back to bot-
tom. A third wiper trip was made to a depth of 767.0 mbsf. On the
return trip, an obstruction was encountered at 800 mbsf. The holewas
reamed to bottom from this point using the top drive and a center bit.
Pump pressure was elevated during the last 15 m. Ason the previous
wiper trip, sepiolite mud was circul ated once total depth was reached.
Intotal, 23 hr was spent in making the three wiper trips, including the
mud sweeps. When the center bit was recovered after the last wiper
trip, 0.41 m of silty sand and a gray clay ball were found inside the
core barrel that had been intruded through the 1-cm-diameter center
bit jet. This material was curated as Core 26G, a “ghost” core, and
came from an interval extending from 767 to 959 mbsf.

Circulation was immediately lost when the bit was released and
the pipe became plugged with back-flow material. The pipe was
pulled back to a depth of 862 mbsf, which was the originally intended
pipe placement for logging. While attempting to set back the top
drive, the pipe was taking 20,000 Ib weight, forcing the driller to pull
additional pipe back to 800 mbsf. The pipe was then pulled further to
776 mbsf to enable logging of the deepest sedimentary section.

Wireline logging proceeded with the triple combination logging
suite, consisting of HNGS/APS/HLDS/DIT/TLT. This tool string
was unable to pass a point on2Im beyond the open-ended pipe.
After working the tools for a while without success, the effort was
abandoned and the tools were recovered. The drill string was ad-
vanced 11 m to a depth of 788 mbsf without giving any indication of
an obstruction in the hole, and the pipe was then pulled to a depth of

Table 1. Predictions about the nature of the crystalline basement under Site 1069.

Ocean/continent transition model Prediction References
Very slow seafloor spreading Oceanic basalt, oceanic gabbro, serpentinized peridotite Sawyer, 1994
Whitmarsh and Miles, 1995
Absence of continental crust Whitmarsh and Sawyer, 1996
Dismembered continental crust Continental crust, synrift intrusives or extrusives Whitmarsh and Miles, 1995

Tectonically exposed (“unrooféfupper mantle

Whitmarsh and Sawyer, 1996

1. Lithospheric necking Serpentinized mantle peridotite, underplated gabbros Beslier et al., 1995

Beslier et al., 1996
Krawczyk et al., 1996
Pickup et al., 1996
Whitmarsh and Miles, 1995

2. Lithospheric detachment fault Upper plate continental crust or lower plate mantle Krawczyk et al., 1996
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Figure 4. Multichannel seismic reflection profile CAM 134 across Site 1069. The profile was collected during Discovery cruise 215 in 1995 (Minshull, 1995).
Proposed site IBERIA-07A lay at the intersection of this profile and profile Sonne-22.
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Figure 5. Multichannel seismic reflection profile Sonne-22 across proposed site IBERIA-07A, 1200 m south of Site 1069 (the line was processed by S.L.B.
Pickup; courtesy of K. Hinz). Note the fault-block—like natures of the high under Site IBERIA-07A and of the next basement high to the east.
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Table 2. Site 1069 coring summary.

Length Length
Date Time Interval cored  recovered Recovery
Core  (May 1997) (GMT) (mbsf) (m) (m) (%)
Drilled from 0.0 to 718.8 mbsf
173-1069A

1R 25 1330 718.8-728.4 9.6 4.84 50.4
2R 25 1635 728.4-738.1 9.7 351 36.2
3R 25 2000 738.1-747.7 9.6 355 37.0
IR 26 0045 747.7-757.4 9.7 357 36.8
5R 26 0345 757.4-767.1 9.7 2.18 225
6R 26 0730 767.1-776.8 9.7 7.14 73.6
7R 26 1045 776.8-786.4 9.6 7.80 813
8R 26 1320 786.4-796.0 9.6 6.90 71.9
9R 26 1610 796.0-805.6 9.6 5.91 61.6
10R 26 2000 805.6-815.3 9.7 9.48 97.7
11R 27 0420 815.3-825.0 9.7 5.92 61.0
12R 27 0910 825.0-834.7 9.7 8.32 85.8
13R 27 1220 834.7-844.4 9.7 7.02 724
14R 27 1540 844.4-854.0 9.6 7.78 81.0
15R 27 1900 854.0-863.6 9.6 5.27 54.9
16R 27 2300 863.6-873.3 9.7 4.46 46.0
17R 28 0145 873.3-882.9 9.6 0.92 9.6
18R 28 0415 882.9-892.5 9.6 0.15 16
19R 28 0730 892.5-902.0 95 0.09 0.9
20R 28 1640 902.0-911.6 9.6 0.19 2.0
21R 28 1940 911.6-921.3 9.7 0.44 45
22R 28 2220 921.3-930.9 9.6 0.25 2.6
23R 29 0055 930.9-940.1 9.2 0.03 0.3
24R 29 0420 940.1-949.7 9.6 0.09 0.9
25R 29 0700 949.7-959.3 9.6 0.08 0.8
26G 29 2330 767.0-959.3 0.0 [0.41] [0.2]
Cored totals 2405 95.89 39.9

Drilled 718.8

Total 959.3

Note: Ghost Core 26G was recovered from 767.0 to 959.3 mbsf during a wiper trip.

An expanded version of thistable with individual section lengthsison CD-ROM,
back pocket, thisvolume.

102 mbsf. While pulling pipe to this position, back flow was ob-
served coming from the drill pipe at a depth of ~651 mbsf. Barite-
weighted gel mud was spotted in the pipe at adepth of ~564 mbsf and
this solved the back-flow problem. The hole wasfilled with sepiolite
mud and rig-up for logging began. The triple combination logging
suite was again run, thistime reaching a depth of 764 mbsf. Logging
was conducted up from that point. Surprisingly, the hole wasin good
shape and the caliper logs showed a hole only slightly out of gauge
(12-14in). The second logging run consisted of the NGT, SDT, and
FMS. These tools were able to reach the same depth (780 mbsf);
however, atool fault made the FMS inoperable and the tools had to
be pulled out of the hole. At 0600 hr, 31 May, rig down was compl et-
ed and wireline logging operations in the hole were concluded. The
pipe was pulled clear of the seafloor at 0615 hr and the positioning
beacon was released and recovered at 0845 hr. The pipe trip was
completed, and the ship was secured for transit to Site 1070 (pro-
posed siteIBERIA-10A). Departure from the site began at 1445 hr 31
May 1997.

LITHOSTRATIGRAPHY

A 155-m-thick sedimentary succession was cored in Hole 1069A.
Coring continued for a further 85.5 m, over which recovery was ex-
tremely poor (<3%), but the drilling rate was very rapid. Pieces of
metasedimentary rock, which may be large clasts from a sediment
possessing a soft matrix (clay or sand), were recovered over this
deeper interval.

The sedimentary succession above the pieces of metasedimentary
rock consists of amiddle Eoceneto upper Campanian turbidite-hemi-
pelagite succession, overlying upper Berriasian to Zlower Valangin-
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ian nannofossil chalk and ~10 cm of ?Tithonian clay (disturbed by
drilling). The thin clay is underlain by Upper Jurassic conglomerate
(recovered only as pieces) that contains clasts of shallow-water lime-
stones and metasedimentary rock.

A simplified summary of the lithostratigraphy cored at this site
and other Leg 173 and Leg 149 sitesisshown in Figure 6. The middle
Eocene to upper Paleocene succession drilled at this siteis lithologi-
caly very similar to that of the same age encountered at three sites
situated 15-17 km to the east (ODP Sites 1068, 900, and 1067). It is
assigned, therefore, to the lower part of Subunit 11B as defined at Site
900. The lower Paleocene to upper Campanian succession at Site
1069 is characterized by an increasein the frequency, proportion, and
thickness of sandstone lithologies within the turbidite-hemipel agite-
contourite succession and so is designated as Subunit |1C.

The Lower Cretaceous 2.4-m-thick nannofossil chalk at Site 1069
is assigned to Unit IV. Although it is lithologically dissimilar to the
Lower Cretaceous depositsin Unit |V at Sites 897 (Shipboard Scien-
tific Party 19944), 899 (Shipboard Scientific Party, 1994c), and 1068
(“Site 1068” chapter, this volume), it does show evidence of mass
wasting in its slumped and fractured lower part and so, in this respect,
is similar to Unit IV at these Leg 149 sites. The nannofossil chalk
comprising Unit IV is interpreted as a slump overlain by pelagic
drape preserved in a small depression near the summit of the acoustic
basement ridge imaged on seismic lines.

The ~10 cm interval of Upper Jurassic (?Tithonian) clay at Site
1069 is lithologically similar to sediments of the same age drilled at
Sites 901 (Shipboard Scientific Party, 1994e) and 1065 (“Site 1065”
chapter, this volume). The limestone clasts within the pieces of con-
glomerate recovered beneath the Upper Jurassic clays are composed
of lithologies similar to TithoniarBerriasian carbonates recovered
at Site 639 (Shipboard Scientific Party, 1988) and to clasts occurring
within the conglomerates in Subunit VA at Site 1065. Therefore, the
clay and limestone conglomerates are designated as Subunit VA at
Site 1069. As explained later in this section, pieces of metasediment
in Cores 173-1069A-17R to 25R may be samples of clasts from a sed-
imentary formation possessing a soft matrix that was not recovered in
the cores, and so they are designated as Subunit VB.

Rotary coring (RCB) was employed in Hole 1069A, resulting in
moderate recovery of the sediments in Units 1l (62%) and IV (46%)
and very poor recovery of Unit V (<10%). Coring began within Unit
Il at 718.8 mbsf, and terminated at 959.3 mbsf. Figure 7 summarizes
the core recovery, lithologies, and ages of the lithostratigraphic units
recognized in Hole 1069A. The ages, lithologic compositions, overall
colors, facies and depositional environments, boundary depths, and
cored intervals of Units Il, IV, and V are summarized in Table 3.

Unit |1

Interval: 173-1069A-1R-1, 0 cm, through 173-1069A-16R-2, 44 cm
Depth: 718.8—-865.54 mbsf
Age: middle Eocene to late Campanian

General Description

Recovery averaged 62% and ranged from 22.5% to 97.7% over
the 147-m-section cored. The sediment is generally firm to hard, and
core disturbance is typically limited to slight or moderate fracturing.
Slight biscuiting occurs in Core 173-1069A-3R.

The four lithologic motifs shown in Figure 8 are end-members of
a spectrum of lithologic associations and thickness variations ob-
served in Unit Il. These motifs are almost identical, with the excep-
tion of Motif 1, to those described in the “Lithostratigraphy” section
of the Site 1068 chapter, this volume. Consequently, descriptions are
only given here of features in Unit Il unique to Site 1069.
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Figure 6. Simplified summaries of stratigraphic successions cored at Leg 149 and Leg 173 sites. Unit 111 is almost barren of fossils and so its ageis very uncer-
tain. + = Unit V as shown in Site 901 was designated by Shipboard Scientific Party (1994€) as Unit I1, following the normal ODP practice of numbering units
sequentially downhole; * = a washed core recovered Miocene nannofossil ooze and a 5-mm-thick layer of gray clay of Aptian age. Solid square = nannofossil

pelagites dominant at Site 900. Solid circles = “Motifs” refers to types of upward-darkening sequences shown in Figuf&izeof @168” chapter and Figure

8 (this chapter). The cross-hatched symbols on the summary chart indicates that both thin (Motif 2) and thick (Motif Essaguerasent.
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Figure 7. Summary lithostratigraphic column for Hole 1069A. Minor lithologies are listed in italics.
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Table 3. Summary of lithostratigraphic Units |1, 1V, and V at Hole 1069A.

Lithostratigraphic Thickness Major lithology Facies and environment/setting Depth
unit Age (m) Minor lithology Color (Total meters described) (mbsf) Occurrence
11B middle Eocene to >87.0 Claystone ~40% Moderate brown Carbonate turbidites and Shallowest: 718.8 1R-1,0cm
|ate Paleocene Calcareous claystone to Greenish gray/light brown phyllosilicate clay Base: 805.8 10R-1, 20cm
nannofossil claystone ~35% hemipelagites
Calcareous sandy siltstone Light gray
~15% Above crest of basement
Calcareous sandstone, Light gray/greenish gray ridgefbase of continental
calcareous foraminiferal rise
sandstone, and conglomerate  Mottled white, brown, (45.60)
<5% black ’
Ic early Paleocene to 59.74  Claystone ~45% Moderate brown Sandy carbonate turbidites  Top: 805.8 10R-1, 20 cm
late Campanian Cal careous sandstone ~25% V. light gray/yellowish and phyllosilicate clay Base: 865.54 16R-2, 44 cm
‘brown ) hemipelagites, minor
Calcareous claystone to Light gray/greenish gray contourites
nannofossil chalk ~20% ) Onlapping crest of basement
Calcareous sandy siltstone Light gray ridgefbase of continental
<10% rise
Conglomerate <1% Gray and white (45.53)
v late Berriasian to 2.29 Nannofossil chalk 100% Mottled dusky yellow Pelagites, partly slumped Top: 865.54 16R-2, 44 cm
2early Valanginian to light olive brown Drape over basement ridge, Base: 867.83 16R-3, 123 cm
above CCD
(2.29)
VA Late Jurassic 591 Piecesof conglomerate Very light gray tovery pale  Resedimented shallow water  Top: 867.83 16R-3, 123 cm
[?Tithonian] containing clasts of orange limestones and Base: 873.74 17R-1, 44 cm
boundstone, grainstone, and phyllosilicate clay
rudstone 85% pel agites’hemipel agites
Clay 15% Medium dark gray Offshore shelf
(0.67)
VB Barren >85.56 Pieces of metasediment Dark greenish gray Possible conglomerate Top: 873.74 17R-1, 44 cm
[pelites, arenites] ~100% Deepest: 959.3 25R-1, 14 cm

One piece of limestone
conglomerate

One piece of calcite cemented
breccia

(0.26)

Motif 2 sequences at Site 1069 differ from those described at Site
1068 only in that the calcareous sandy siltstone bases are more vari-
able in thickness at Site 1069, ranging from thin laminae to 6-cm-
thick beds. In some sections of the cores from Hole 1069A, the
upward-darkening sequences are relatively thin and disturbed
throughout by burrowing.

Motif 1 at both Site 1068 and Site 1069 is characterized by thicker
(upto 55 cmlong) individual upward-darkening sequences compared
to Motif 2. However, at Site 1068 this was because of an increasein
the thickness of the light-colored cal careous claystone to nannofossil
chalk interval, whereas at Site 1069 it is the result of an increase in
thickness of the basal sandstone interval. These basal intervals some-
times show fining upward, with conglomerate at the base grading to
calcareous sandy siltstone near the contact with the overlying calcar-
eous claystone to nannofossil chalk. Parallel, wavy, and cross lami-
nations commonly occur in many of these basal lithologies.

Subunit 11B

Core recovery of Subunit [1B averaged 52%. Motif 2 upward-
darkening sequences occur throughout Subunit 11B, but dominate the
lithology from Core 173-1069A-1R through 5R. In some cases dis-
tinct claystone caps are absent from individual sequences, only oc-
curring as burrow fills near the top of the underlying calcareous clay-
stone to hannofossil claystone. Some of these sequences are also up-
ward fining, but in other cases there is no grain-size change between
the lighter colored, more carbonate-rich sediments and the overlying

ward-darkening sequences (Motif 2; Fig. 9A, B) already described
(see Fig. 8). In addition to the boundary types and internal structures
described in the general discussion of Motifd 2he following spe-

cific features occur in Subunit 1I1B. In interval 173-1069A-3R-2; 64

72 cm, a climbing ripple structure occurs in a calcareous silty sand-
stone at the base of an upward-darkening sequence. Possible flute
casts occur at the base of a very thin siltstone bed in Section 173-
1069A-6R-4, 52 cm. Thin black laminae, which are sometimes bio-
turbated, occur in claystone in Sections 173-1069A-1R-3, 30 cm and
111 cm, and in interval 7R-1, 4890 cm. The latter interval contain-

ing these laminae correlates with high magnetic susceptibility (see
Fig. 18)

Subunit 11C

The boundary between Subunits IIB and IIC is placed at 173-
1069A-10R-1, 20 cm (805.8 mbsf) at the first occurrence of a rela-
tively thick calcareous sandstone interval. Below this boundary there
is an increase in the frequency, proportion, and thickness of sand-
stone lithologies. Subunit [IC includes all four lithologic motifs, but
is characterized by an increase in the frequency, proportion, and
thickness of basal calcareous sandstone intervals in individual up-
ward-darkening sequences (Motif 1). Sandstone lithologies are vari-
able (Fig. 10) and are described below in the “Petrography” subsec-
tion. Many of the sandstone beds are normally graded. An example
of a complete upward-darkening and upward-fining sequence show-
ing typical Bouma sequence units-T, (Bouma, 1962) occurs in in-

darker claystones. Following the procedure outlined in the “Lithoterval 1069A-10R-5, 4873 cm (Fig. 10B).

stratigraphy” sections of the “Site 1067” and “Site 1068” chapters Stylolites oriented perpendicular to bedding are present in some
(this volume), the upward-fining symbol was used on the barretalcareous sandstone beds, especially in Core 173-1069A-10R (see
sheets (see Section 3) to represent all upward-darkening sequenc&iructural Geology” section, this chapter; Fig. 10C).

and it was placed at the base of individual upward-darkening se-

guences.

The remainder of Subunit 1B (interval 173-1069A-6R-1, 0 cm to

Petrography

10R-1, 20 cm), comprises thicker claystone intervals (Motif 3) and a Visual inspection of the cores and smear-slide analyses indicate
few isolated sandstone beds (Motif 4; Fig. 9C), in addition to the upthat the petrographic composition of sediments in Unit Il is broadly
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Figure 8. Lithologic motifs and their distribution in litho-
stratigraphic Unit |1 at Site 1069. The four motifs shown
on theleft side of the figure are idealized end-members of
a spectrum of lithologic associations observed in the
cores. Motifs 1 and 2 are variants of upward-darkening
sequences. Motif 1 is much thicker than the others (Fig.
10B, C), and dominated by either (1) foraminiferal sands,
(2) carbonate sands, (3) calcite-cemented siliciclastic
sandstones, or (4) lithic sandstones and conglomerates.
These lithologies may rest directly on the claystone of the
underlying motif, or be underlain by thin laminae or thin
to medium beds of calcareous sandy siltstone containing
parallel, wavy, lenticular, or cross-laminae. Motif 2
sequences are up to 15 cm thick and may contain basal
intervals of calcareous sandy siltstone up to 6 cm thick
(Figs. 9A, B, 10A). The sandy siltstonelithology is absent
in some Motif 2 sequences (Fig. 9B). Motif 3 does not
contain any fine-grained calcareous lithologies: a basal
calcareous sandy siltstone interval (<2 cm thick), contain-
ing structures similar to those occurring in the same
lithology in Motifs 1 and 2, is overlain by brown clay-
stone. Motif 4 also consists of calcareous siltstone/sand-
stone (5-30 cm thick) intervals that exhibit sharp bases
and tops (Fig. 9C, 10C, D). They contain similar struc-
tures to those occurring in the coarser basal parts of the
other motifs. The right side of the diagram shows the dis-
tribution of the four motifsin the cored interval of Unit I1.
The sandstones of Motif 4 are shown aslinesin column 4.
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Figure 9. Core photographs of Motifs 2 and 4 in Subunit 1B in Hole 1069A. A. Interval 173-1069A-4R-1, 40-61 cm, showing thin Motif 2 upward-darkening
sequences containing relatively thick basal calcareous sandy siltstone intervals. Sandy silt—filled burrows occur at 53 cm within hemipelagic claystone; the bur-
rows were probably filled with sediment when the overlying sandy silt was deposited. B. Interval 173-1069A-9R-3, 67-94 cm. Motif 2 upward-darkening
sequences lacking a basal sandy siltstone interval occur between 90.5-93 and 73-75 cm. The sharp curved contact between a sandy siltstone with horizontal to
upwardly convex laminae between ~86—89.5 cm and the overlying normally graded cal careous sandstone was probably caused by core disturbance. The coarser
base of the sandstone contains dark clasts of metasediment (pelites and arenites) and lighter colored clasts of shallow-water limestones. C. Interval 173-1069A-
8R-3, 90-134 cm. A Motif 4 coarse calcareous sandstone showing a sharp top and base and very faint parallel laminae. The clattsi sosipdar to that
described in (B).
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Figure 10. Core photographs of sandstones in Subunit [I1C. A. Interval 173-1069A-10R-3, 129-149 cm. A sharp-topped Motif 4 sandstone between 136-146.5
cm contains trough cross-lamination (seen oblique to the current flow) overlain by an interval (136—138.5 cm) showing dflaipiicae caused by either
burrowers or water escape. The sandstone is overlain by calcareous claystone to nannofossil chalk, above which occunpwavtbtibikening sequence
(129.5-135 cm)B. Interval 173-1069A-10R-5, 48-73 cm. A normally graded coarse lithic carbonate sandstone (identified in thin section asferébram
peloid grainstone) showing turbiditgT, units. Between 65—72 cm, it is massive to faintly laminatgd (), parallel laminated between 55.7-65 crg)(&nd

cross to lenticular laminated {Tbetween 51-54 cm. Lenticular bedding (possibly trough cross-lamination) showing slight bioturbation occurs at the top of the
sand bed between 51-54 cm and is also part of theiT It is overlain by bioturbated calcerous sandstone, above which occurs the base of another sandstone
bed (at 49.5 cm). (Continued next page.)
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Figure 10 (continued). C. Interval 173-1069A-10R-8, 8—-26 cm. A sandstone at the base of a Motif 1 sequence shows parallel lamination at the base (20-24.5
cm) overlain by trough cross-lamination. The boundary with the overlying calcareous claystone to nannofossil chalk is slightly gradational, and the fine-grained
lithology is burrowed down a few millimeters into the sandstone. The claystone at the top of the sequence extends beyond the photograph a further 3 cm. The
sandstone is cut by a stylolite oriented perpendicular to the bedding. D. Interval 173-1069A-11R-4, 83—-100 cm. A sharp-topped Motif 4 sandstone (86.7-98.2
cm) showing an obligue section through trough cross-lamination, overlain by a disrupted interval (caused by burrowing or water escape). On the left side of the
core avertical slightly sinuous burrow extends from 92 cm to the base of the sandstone.
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Figure 11. Photomicrographs of representative Unit |1 sand sediments. A. Foraminiferal-peloidal packstone/chalk (Sample 173-1069A-11R-1, 41-44 c¢m, plane
polarized light). Planktonic foraminifers occur in a micritic matrix, which also contains rare silt-sized quartz clasts. B. Peloidal packstone (Sample 173-1069A-
7R-5, 35-38 cm, plane polarized light). The sediment also contains planktonic foraminifers, micrite-coated skeletal fragments, and quartz clasts. C. Calcareous
siliciclastic sandstone (Sample 173-1069A-15R-4, 17-21 cm, crossed polars). Subangular fine-grained quartz clasts, plus one coarse polycrystalline quartz
clast, occur in a sparite cement; the black ovoid-shaped grains are peloids. D, E. Fine-grained conglomerate (Sample 173-1069A-13R-2, 50-54 cm). (D) From
left to right across the middle of the photograph the following types of clast occur: chalk (micrite) with calcispheres or calcitized Rhaxella sponge spicules (the
paralel lines are scratch marks on the thin section); a pelite clast shows aflat contact with the chalk clast on the left; a micrite-coated shell fragment occurs to
the left of the pelite; above the peloid grainstone clasts are several closely packed pelite clasts. To the right of the grainstone occurs another pelite clast, above
and below which are two micrite clasts showing poorly developed cryptalgal structure. At the top left thereis a hole in the slide, beneath which occurs a quartz
clast, and next to that are planktonic foraminifers. Granular calcite cement occurs in the center. (E) In between three relatively large limestone clasts (intracl ast-
skeletal grainstone at bottom left; the other two clasts are composed of cryptalgal peloidal micrite) occurs calcite cement and smaller allochems of micritized
skeletal debris, thin-shelled planktonic foraminifers and two benthic foraminifers (in the center of the photograph).
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similar to that described at Sites 898 (Shipboard Scientific Party,
1994b) and 900 (Shipboard Scientific Party, 1994d), and Sites 1067
and 1068 (this volume). Petrographic studies, therefore, focused on
23 thin sections of the sandy and conglomeratic intervals.

Four types of sandstone are recognized (Fig. 11): (1) foraminifer-
a sands, (2) carbonate sands, (3) calcite-cemented siliciclastic sand-
stones, and (4) lithic sandstones and conglomerates. These are end-
members of a spectrum of lithologies that may be mixed together in
one thin section or bed, or may be juxtaposed in aternating laminae,
or grade vertically into one another.

Foraminiferal sands are dominated by whole and/or fragmented
planktonic foraminifers 0-3 mm across. Foraminiferal tests are al-
most al intact when preserved in a micritic (chalky) matrix, but the
proportion of fragmented tests increases when peloids and quartz
clasts are also present. Light brown phyllosilicate clay-rich lenticles
(~1.0 mmwide, 0.15 mm thick) are sometimes concentrated in lami-
nae within varieties containing common quartz clasts. They are most
likely small burrows, but the possibility of them being clasts cannot
betotally ruled out. Calcite-cemented siliciclastic sandstones contain
peloids and other skeletal debris, plus trace to common amounts of
quartzose fine sand and silt. Syntaxial cement rims around presumed
echinoderm skeletal fragments are a common feature. Glauconite
grainsup to 0.15 mm were observed in only one thin section of peloi-
dal foraminiferal sandstonesin interval 173-1069A-12R-2, 124-127
cm. They appear asdark green clastsin the core and are therefore dif-
ficult to distinguish from pelite basement clasts that have the same
color, and are commonly present in medium- to coarse-grained sands
throughout Unit 11.

Carbonate sands consist of calcite-cemented peloidal and intra-
clastic packstones and grainstones, ranging in grain size from fine to
the finer end of coarse sand (<0.7 mm). They also contain trace to
common amounts of planktonic and benthic foraminifers, and other
skeletal debris (echinoderms and bivalves). Rare clasts composed of
single and polycrystalline quartz and pelites are also present.

Most beds of calcite-cemented siliciclastic sandstones contain
fine-grained, moderately to poorly sorted, angular to subangular
quartz clasts. Peloids and skeletal debrisare usually presentin rareto
common amounts. Calcite microspar forms the cement, and larger
calcite crystals commonly occur as syntaxia overgrowths around
skeletal fragments. Coarser grained sandstones show a bimodal dis-
tribution of siliciclastic clasts. Fine- to medium-grained grains dom-
inate, but coarse sand-sized single and polycrystalline quartz clasts
occur, with rare amounts of coarse feldspar clasts, peloids, and skel-
etal debris. Broken planktonic foraminifers may be present within the
coarse calcite cements.

Coarse-grained lithic sandstones and granule conglomerates con-
tain lithic clasts composed of shallow-water carbonate sediments and
metamorphic rocks. They are cemented by calcite spar, within which
may occur fine quartz sand and/or broken foraminifer tests. Carbon-
ate clastsinclude cryptalgal boundstones containing a variety of en-
crusting organisms, peloid and intraclast grainstones, bivalve debris,
echinoderm plates (almost aways overgrown by syntaxial cement
rims), and rare coated grains and oncoids. Most of the clasts com-
posed of metamorphic rock are fragments of pelite, but meta-arenites
are also present, and one clast of bictite hornfels was observed in a
thin section of Sample 173-1069A-12R-6, 130-134 cm.

Depositional Processes

Theinterpretation of the upward-darkening sequences as calcare-
ous turbidites overlain by hemipelagic clays given in the site reports
for Holes 898A and 900A (Shipboard Scientific Party, 1994d, 1994b)
and Holes 1067A and 1068A (this volume) appliesto the Unit 11 sed-
iments in Hole 1069A. However, thick intervals of carbonate mud
commonly observed within the upward-darkening sequences in Sub-
unit [1C in Hole 1068A (Motif 1; Fig. 8) are not present in the Unit 11
succession cored in Hole 1069A. Nonetheless, in the latter hole Sub-
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unit 11C does contain significantly thicker (as much as 50 cm thick)

Motif 1 sequences than the “normal” Motif 2 upward-darkening se-
quences (Motif 1 in Figs. 8, 10). This is because their basal sand in-
terval is much thicker, which indicates that some turbidity flows ar-
riving in the area around Site 1069 were carrying a greater proportion
of sand-sized material than those feeding the Site 1068 area. This dif-
ference may be explained several ways. The thicker, sandier turbid-
ites cored at Site 1069 could be more proximal than the thicker car-
bonate-mud dominated turbidites encountered in Hole 1068A. Alter-
natively, local sea-bottom topography (influenced by basement highs
and the differential compaction of sediments around and above them)
could have affected the proportions of fine and coarse sediments de-
posited by the flows. Another possibility is that the turbidity flows
transporting sediment could have originated in different areas: the
sediment supplied from one area was largely carbonate mud (Motif 1
at Site 1068), whereas that from the other area was sand (Motif 1 at
Site 1069).

The petrographic composition of the sands in Motifs 1, 2, and 4 at
Site 1069 indicates that there were three different sources of sedi-
ment: (1) planktonic foraminifers concentrated by current winnowing
subsequent to settling to the ocean floor as planktonic “rain”; (2) si-
liciclastic quartz and lithic (metasediments) sand derived from ex-
posed basement rocks; (3) exposures of lithified shallow-water lime-
stones.

The sharp tops to some of the sands within Motif 4 upward-dark-
ening sequences and the concentration of planktonic foraminifers in
the sands at the base of turbidites suggests some reworking by con-
tour currents.

Unit IV

Interval: 173-1069A-16R-2, 44 cm through 16R- 3, 123 cm.
Depth: 865.54 to 867.83 mbsf
Age: ?early Valanginian to late Berriasian

General Description

Unit IV is 2.3 m thick and occurs only in Core 16R (Fig. 12).The
boundary between Subunit IIC and Unit IV occurs at Section 173-
1069A-16R-2, 44 cm (865.54 mbsf) and is defined at the first occur-
rence of dusky yellow nannofossil chalk of Unit IV. The contact with
Unit IV is sharp, but there is no difference in dip between the two for-
mations (Fig. 13).

The upper Berriasian to ?lower Valanginian nannofossil chalk is
dusky yellow at the top and changes to mottled dusky yellow to light
olive brown below Section 173-1069A-16R-3, 45 cm. Slightly in-
clined bedding is indicated by faint irregular color bands that dip
~10°-20°. These are sometimes cross-cut by subhorizontal laminae,
which are probably products of diagenesis. Isolated shell fragments
(<1 cm long) occur in Section 173-1069A-16R-2 (Fig. 13A). Micro-
faults occur in interval 173-1069A-16R-2,-9426 cm. In interval
173-1069A-16R-3, 46 to 122 cm, the nannofossil chalk is mixed with
sand- and gravel-sized extraformational clasts similar in composition
to the pieces of limestone conglomerate and metasediment occurring
in Subunit VB. Over the same interval, the sediments are disturbed
by brecciation and slumping (see “Structural Geology” section, this
chapter, and Fig. 13B). The deformation could have been caused by
drilling disturbance but, given that the core is in several coherent
pieces (one of which is 20 cm long), it was more likely produced by
sediment slumping. The occurrence of thin deformed layers of sand
and gravel within the slumped interval supports this conclusion.

Depositional Processes
The nannofossil chalk of Unit IV at Site 1069 is a pelagic deposit

occurring on a slightly inclined slope near the summit of a ridge in
the acoustic basement (Fig. 14). The top of the acoustic basement is
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presumed to coincide with the top of Unit V. The occurrence of a
slumped interval at the base of Unit 1V suggeststhat initially the sed-
iments accumulated on a slight slope, became unstable and slumped
downslope, picking up loose clasts of limestone and metasediment
from the underlying Unit V that are now incorporated within the
slump.

But why at Site 1069 isthere only a pelagic drape of Berriasian to
Valanginian age? If, as suggested by Wilson et al. (1996, see below),

Hauterivian/possible Valanginian to Turonian sediments accumul at-
ed at lower elevations around the basement high (Fig. 14), why were
no pelagites, or any other types of sediment, preserved at this site un-
til thelate Campanian? The answer may bethat the pelagic sediments
filled a small depression that istoo small to image seismically. Once
such topographic irregularities had been smothered by pelagic sedi-
ments, no small depressions would remain, and so later sediments
would be transported basinward by gravity-driven transport process-
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Figure 13. Core photographs of Unit IV in Hole 1069A. A. Interval 173-1069A-16R-2, 37-50 cm. The boundary between Subunit IIC and Unit IV dips at ~20°
and occurs on the left side of the core at 43.7 cm. The core is broken into two pieces that fit together precisely acmdartheab shown, they are slightly
displaced. A Motif 2 upward-darkening sequence lacking a basal sandy interval occurs above the boundary. Below it aeel maturbfatssil chalks within
which occur two shell fragments at 47 cm, and color banding that is more gently inclined than the ~20° dip of theBoddtingal 173-1069A-16R-3, 93

114 cm. Brecciated nannofossil chalk, possibly deformed by slumping, containing thin layers of sand- and granule-siZdithelasis@and metasediments.

es or eroded by bottom currents. Deposition would only have re-
sumed at Site 1069 when sediments filled the deep basin to the west
of the acoustic basement ridge and onlapped its summit area (Figs. 5,
14.

The occurrence of the purely pelagic sediments of Unit IV con-
strains the age of the topography of the top of the acoustic basement
in the Site 1069 area: it must have been created before the |ate Berri-
asian. This conclusion has wider implications. Thisis because in the
Leg 149/173 area the sedimentary cover imaged on seismic sections
showsreflection convergence and onlap onto basement highsindicat-
ing that it passively onlapped a pre-existing topography that may
have been formed as early as the Valanginian (Fig. 14); thereis no
evidence of deformation (apart from differential compaction between
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basement highs and lows) until the middle Miocene (Wilson et al.

1996). The existence of upper Berriasian to Aower Valanginian nan-
nofossil chalk near the top of the basement high in the Site 1069 area

is consistent with Wilson et al.’s (1996) suggestion that the main rift-
ing episode that created the basement topography probably occurred
“early in the Valanginian and after the Tithonian”. The evidence from
Hole 1069A suggests that this was a pre-late Berriasian event.

Unit vV

Interval: 173-1069A-16R-3, 123 cm, through 25R-1, 44 cm
Depth: 867.83—-959.3 mbsf
Age: Subunit VA: Late Jurassic (?Tithonian); Subunit VVB: barren
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Figure 14. The setting and possible origin of the upper
Berriasian—lower Valanginian pelagic drape cored in

Hole 1069A. A. Interpretation of part of seismic line

CAM 134 (which isshown in Fig. 4), showing therela-
tionship between the cored interval in Hole 1069A and

the Lower Cretaceous sediments draping acoustic base-
ment. The intersection of east-west seismic linesis

shown: LG12, and SO22 (shown as Fig. 5). The seismo-
stratigraphic units and ages of the bases of those occur-

ring in the Cretaceous are from Wilson et al. (1996, fig.

3C). Note that the acoustic basement beneath Site 1069

is ~1600 m higher than that beneath the “Seismostrati-
graphic units” column on the diagram. Further discus-
sion is in the textB. Drawings illustrating how upper
Berriasiarlower Valanginian sediments might have
been preserved beneath Site 1069, whereas no further
retention of sediments occurred until upper Campanian
sediments onlapped the acoustic basement high. The
drawings show how a postulated small depression on the
flanks of the gently inclined summit area was filled with
sediment (by pelagic drape and slumping) during late
Berriasian to early Valanginian time (steps 1, 2A, 2B, 3).
This sediment fill effectively smoothed the topography
so that any later pelagic sediments were removed by
mass-wasting processes or erosion by bottom currents
(step 4) until late Campanian time when sediments
onlapped the slope (step 5).
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Figure 15. Photographs of cut and polished surfaces and a thin section of limestone pieces from Subunit VA, Hole 1069A. A. Sample 173-1069A-16R-CC
(archive half). Key to labels on the sketch of key features: 1 =heterogeneous boundstone with skeletal fragments (including some chaetitid sponges) and peloids;
2 = cavities within the boundstone filled with carbonate mud (peloidal in places); 3 = possible boring lined with encrusting organisms and filled with peloidal/
intraclastic grainstone; 4 = bivalve (possibly aborer) with a geopetal fill of carbonate mud overlain by calcite spar indicating that at the time the mud filling was
deposited, top was to the left; 5 = a chaetitid calcisponge in which the internal structure has been neomorphosed to micrite towards the lower left of the photo-
graph; 6 = cavity within (1) partialy filled with carbonate mud within which laminations are dlightly oblique to the top of the geopetal mud fill of 4; 7 = internal
carbonate mud sediment within 5 showing layering parallel to top of geopetal mud fill of 4. (Continued next page.)

Recovery of Unit V sediments was very poor (<3%). The bound-
ary between Unit IV and Unit V occurs at interval 173-1069A-16R-
3, 123 cm (867.83 mbsf), and marks the first occurrence of gray
hemipelagic/pelagic clay containing ?Tithonian-age nannofossils.
Unit V isdivided into two subunits on the basis of the lithologic com-
position of curated pieces of rock recovered in Cores 173-1069A-
17R to 25R. The boundary between Subunits VA and VB is placed at
the first occurrence of metasediment pieces in the core at Section
173-1069A-17R-1, 44 cm (between Pieces 8 and 9 at 873.74 mbsf).

Subunit VA

At the top of the subunit a 10-cm-thick interval of medium dark
gray clay occurs (interval 1069A-16R-3, 123-133 cm). A series of
very light gray to very pale orange shallow-water limestone pieces
were recovered in the basal interval of Section 173-1069A-16R-CC
and at the top of Section 17R-1 (Fig. 12). A light gray to white car-
bonate pebble occurs at the boundary with Unit IV and may either
have been emplaced during drilling, or be part of the overlying
slumped interval. A 7-cm-long piece of boundstone was recovered in
the core catcher of Core 16R. It consists of an organically built frame-
work within which cavities are filled by interna sediments, and it

The pieces of limestone in Core 173-1069A-17R consist of con-
glomerates in which occur clasts of grainstone, boundstone, and rud-
stone (Fig. 15C). The clasts are predominantly allochems and carbon-
ate lithoclasts including coated grains, oncoids, skeletal debris, crypt-
algal fragments, chaetitid calcisponges and other frame-building
organisms, and occasional clasts of peloid grainstone.

Subunit VB

The nature and origin of this subunit was the subject of much dis-
cussion and speculation among members of the shipboard scientific
party. This was because of the paradoxical situation in which only
very poor recovery (<3%) of hard metasediments was achieved, yet
each of the nine cores was drilled unusually quickly-8bminutes).

This high drilling rate suggests that a large proportion of the rock col-
umn that was drilled consisted of soft friable material.

In Core 173-1069A-17R, a small limestone piece (Piece 10), sim-
ilar to those occurring in Subunit VA above, occurs between pieces
of metasediment, as does a piece (Piece 18) containing smaller (<1.5
cm) clasts of metasediment and limestone cemented by calcite and
dolomite (Fig. 16). Several pieces of dark gray to black slightly fissile
shaley material, containing some silt- and coarse sand-sized pyrite

contains a “spirit level” structure fill within a bivalve fragment in crystals were recovered in Cores 173-1069A-21R (Pieces 8 and 10)
which the sparite/micrite boundary is vertical (Fig. 15A). This indi-and 24R (Piece 3).
cates that it is a transported clast (or part of a larger clast) and not a The metasediment pieces recovered from Subunit VB range in

sample of an in situ organic build-up.
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length from 2 to 17 cm. The surfaces of most of them are damaged by
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173-1069A-17R-1, Piece 2

Figure 15 (continued). B. Negative photograph of athin section taken from the lower
part of the working half of the limestone piecein the core catcher of Core 16R. Inthe
sketch of key features: 1 = heterogeneous boundstone with skeletal fragments; 2 =
cavitiesfilled by micritic internal sediments; 3 = calcite cement fringe (?after arago-
nite) that grew before cavity wastotally filled with internal sediment. C. Sample
173-1069A-17R-1 (Piece 2 [working half]). Grainstone to rudstone containing
darker subrounded clasts of metasediments. The two large (~1 cm) irregular lighter
colored clasts near the top of the photograph are composed of heterogeneous bound-
stone containing a variety of encrusting organisms and peloids and intraclasts. A
coated skeletal fragment occurs 2.5 cm from the bottom, and is surrounded by intra-
clasts and coated grains (a few of which have metasediment nuclei. The dlightly
darker irregular clasts towards the bottom left are fragments of chaetitids, asisthe
roughly ovoid-shaped fragment one centimeter to the right of the large coated skele-
tal fragment.
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Figure 16. Pieces from Subunit VB, Section 173-1069A-17R-1. A. Polished surface of Piece 18 (archive half). The two lighter colored clasts are limestone. The
upper one is composed of heterogeneous boundstone material, and the lower one is a poorly sorted peloidal-intraclastic grainstone. The darker clasts (which
range in size down to sand grains not visible in the photograph) are composed of metasediments (pelites and meta-arenites). B. Possible sedimentary clasts com-
posed of metasediments. The discoid shape of Piece 12 (on the right) is controlled by the foliation, and its rounded and smooth surface is only partially damaged
by drilling. The surface of Piece 13 is rounded and relatively smooth, and undamaged by the inserts of the drill bit. The scale shows 1-mm intervals.

drilling, but two of them in particular (Samples 173-1069A-17R-1, This is not consistent with the hypothesis that the missing soft mate-
[Pieces 12 and 13]; Fig. 16B) have shapes and surface textures that rial could be tectonically brecciated pelites (see “Structural Geology”
suggest that they may belarge clasts. Piece 13 iswell rounded and its section, this chapter). The occurrence of three pieces of shaley mate-
surface is relatively smooth, the only roughness being at the micro- rial supports the hypothesis that fissile shale might occur between the
scaleand rel ated to the size of its constituent crystals and itsfoliation. hard metasediments, but it seems strange that more of such material
Piece 12 isflat, its shape being controlled largely by foliation: parts ~ was not recovered. A “ghost core” (Core 173-1069A-26G) obtained
of its rounded edges show the same kind of smooth “finish” as exhitturing wiper operations prior to logging Hole 1069A contains unlith-
ited by Piece 13. ified coarse lithic sand mixed with nannofossil-rich fine-grained sed-
Does the poor recovery of pieces of metasediment indicate wideent. A high proportion of the clasts in the sand are composed of the
spacing between layers or clasts of these rocks? The rapid drillirgame kind of metasediments that occur in Subunit VB—much higher
rate suggests that it does and that the material not recovered is stfian in any of the sands present higher in the hole in the cores of Unit
either unlithified sand, fissile shale, or pelites shattered by cataclasiB. This sand sample can be used as evidence to support the case for
Experience at Site 1065 showed that plastic clay is slow to drilSubunit VB being composed dominantly of a similar sediment. But
through, so this lithology is not likely to have been present. Onlghe material in the ghost core could have been collected from any-
slight brittle deformation is present in the pieces of metasedimentvhere between 767 mbsf (within Subunit 1IB) and the bottom of the
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hole, and so could be a sample of coarser unlithified sands that were
not recovered elsewhere from Subunit I1C.

Sedimentary Processes

No precise environmental interpretations can be given for the sed-
iments of Unit V, as it was not possible to observe facies relation-
ships.

The limestone pieces in Core 173-1069A-17R show clear evi-
dence of the redeposition of debris from a slightly older or contem-
poraneous deposit of boundstones, rudstones, and grainstones.
Variscan metasedimentary basement clasts were also transported to-
gether with the carbonate debris. The association of carbonate and
basement clasts is similar to that seen in the thin turbiditic intervals
occurring in the Tithonian succession at Site 1065. The comments

SITE 1069

The pieces of metasediment (Fig. 16) recovered in Core 173-
1069A-17R to 25R exhibit features (see “Igneous and Metamorphic
Petrology” and “Structural Geology” sections, this chapter) that
match very well with descriptions of Variscan basement rocks col-
lected from a deep fault escarpment on the western side of Galicia
Bank (Mamet et al., 1991). Here, Variscan basement rocks are over-
lain by Tithonian dolomites, a comparable stratigraphic juxtaposition
to that drilled in Hole 1069A, although at this site all the material ap-
pears to have been resedimented.

If it is assumed that the pieces of metasediment in Subunit VB are
pebble- and cobble-sized sedimentary clasts and are scattered
throughout (as isolated clasts, or occasional layers of clasts) a succes-
sion of shales, then a debris flow origin is likely. But if a soft unlith-
ified sand comprises the greater proportion of the succession, then
there are probably only two possible origins for the subunit. It could

made in the “Lithostratigraphy” section, “Site 1065” chapter, thishave been deposited in (1) the distal part of a sand-rich alluvial fan,

volume, are therefore appropriate to Subunit VA at Site 1069:

or (2) it was deposited by high concentration turbidity flows (cf. Fa-
cies Al.4 disorganized pebbly sand of Pickering et al. [1989]). The

“The presence of slate and meta-arenite lithoclasts in the con- absence of any red coloration on the surfaces of both the supposed
glomerates indicates exposure and erosion of Variscan base- clasts and the sand-sized clasts in the ghost core, and the lack of any
ment rocks, presumably to the north in the Vasco da Gama pieces of well-lithified carbonate soil horizons that characterize Up-

Seamount area. The lithoclasts of shallow-water limestones per Jurassic and Lower Cretaceous fluvial sediments exposed in the

exhibiting lithologies similar to those recovered during Leg

Lusitanian Basin (Hill, 1989; Hiscott et al, 1990) suggests that a flu-

103, described by Jansa et al. (1988), suggest that limestones vial origin is unlikely. However, submarine fan and slope channel de-

slightly older than Unit V were being eroded, or that contem-

posits associated with resedimented shallow-water carbonates do oc-

poraneous carbonate buildups located on tectonic highs were cur in the Upper Jurassic of Portugal (Leinfelder and Wilson, 1989,
shedding debris into the area around Site 1065. The latter sce- in press; Ravnas et al., in press).

nario is similar to that described by Leinfelder and Wilson

(1989, in press) for Kimmeridgian sediments filling the Arru-
da Sub-basin 30 km to the north of Lisbon.”
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Figure 17. Age-depth plot for Site 1069 (see Table 4 for datums used).

BIOSTRATIGRAPHY

A variety of rocks representing strongly contrasting paleoenviron-
ments, ranging in age from Late Jurassic to middle Eocene, were
cored at Site 1069A. The transition from a Jurassic restricted, interior
clastic basin to an open marine, shelf-slope depth carbonate margin
is documented by attendant changes in the microfaunas and nanno-
floras and is consistent with the concept of continental rifting of the
West |beria margin during latest Jurassiarliest Cretaceous time.

No continuous record is provided, however, of the post-Valanginian
subsidence of the basin to abyssal depths because an ~55 m.y. hiatus
separates Valanginian shallow-water, nannoconid chalks from an
overlying uppermost Campanian deep-water turbidite/hemipelagite
sequence. Local correlations and implications of these changes in pa-
leoenvironments are briefly mentioned below.

Table 4. Calcareous nannofossil datums used to construct the age-depth
plotin Figure17.

Biostratigraphic ~ Age Core, section,  Min. depth Max. depth
Biozones datums (Ma) interval (cm) (mbsf) (mbsf)

CP12b b R inflata 485 1R-CC, 24-26 723.62 731.89
CP12a b D.sublodoensis 49.7 3R-2,119-120 740.80 751.24
CP11 t T. orthostylus 50.6 4R-CC 751.24 759.6
CP9a t T.contortus 536 6R-CC, 14-17 774.2 784.6
CP%9a b T. contortus 53.6 6R-CC, 24-26 774.2 784.6
CP8a b D.multiradiatus 56.2 7R-CC, 21-24 784.6 786.5
NP8 b H.riedelii 573 8R-1,9-11 786.5 787.3
CP6 b D. mohleri 575 8R-2,70-71 788.6 801.9
CP1b b C. tenuis 645 12R-1,120-122 826.2 821.2

t Cretaceousspp. 65 12R-3, 134-136 826.2 829.3
CC23a t B.congtricta/ 71.3 14R-4,111-113 850 852.1

Q. trifidum

b Q. trifidum 76.1 16R-2,38-41 865.5 865.5

t C. deflandrei 133 16R-2, 44-45 865.5 867

b C. oblonga 1358 16R-3,42-43 867 867.8

t U. granulosa 137 16R-3, 43-45 867.8 867.9

b Valanginian 138 16R-3, 123 867.9 867.8

t Tithonian 1466 16R-3, 129 867.9 868

b Tithonian 150 16R-CC, 13-15 868 867.9

Note: b = bottom; t = top.
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The age-depth plot for thissite (Fig. 17; Table 4) is based on less depth (CCD). In particular, the next set of samples taken downcore
well-constrained datathan for the previoustwo sitesin that only core- were all barren (Samples 173-1069A-8R-2,-11T8 cm; 8R-4, 89
catcher samples were examined for the most part, thus uncertainties 90 cm; 8R-5, 6263 cm; and 8R-CC). The top of the next core is es-
caused by the sampling interval are larger. Compared to the previous sentially barren as well; thus, at the time of writing Zones CP4 and
two sites, there are some similarities, with high sedimentation rates CP5 have not been accounted for. Sample 173-1069A-9R-CC con-
indicated for the uppermost lower Eocene to the lowermost middle tains lithologies of three different colors, of which the dark brown is
Eocene (roughly 48.5-49.5 Ma) and relatively low ratesindicated for barren and the tan and green contain abundant nannofossils. These

the lower Eocene (50-54 Ma), where carbonate dissolution was in- are assigned to Zone CP3 (NP4) based on the presence of the second-

tense because of deposition close to and below the CCD. There also ary markerFasciculithus ulii in the absence df. tympaniformis.

appear to be hiatuses in this part of the section. Preservation of placoliths is best in the tan layer because of less di-
Sedimentation ratesincreased again in the Pal eocene section (55— agenetic overgrowth.

65 Ma), where nannofossils were abundant and quite well preserved Sample 173-1069A-10R-6,-@ cm, is dated as uppermost Zone

in some intervals, but not in others. The Paleocene section is some- CP3 (NP4) based on the presencPrafisius martinii in the absence
what thicker herethan at the previous site, probably becausethereare of Fasciculithus tympaniformis, F. magnus, andPrinsims dimor pho-

more turbidites in the section (see “Lithostratigraphy” section, thisus. The core catcher of Core 10R does corfeaisti culithus magnus
chapter). There are, however, many carbonate-barren intervals afgl20 pm wide) and is assigned to the middle to lower part of the same
probably a number of minor hiatuses. zone.

A major disconformity representing over 55 m.y. of time sepa- Brown, gray, and very light gray sediments in Sample 173-
rates the uppermost Cretaceous interval from the Lower Cretaceod$)69A-11R-CC contained nannofossils, an indication that the site
Other disconformities representing short intervals of time have beemay have lain above the CCD for a brief interval during the early Pa-
identified in the Lower Cretaceous cores, as indicated elsewhere ieocene. The presence Gfuciplacolithus intermedius and 8-pum-
this section. long Coccaolithus pelagicusin the absence @. subpertusa andPrin-

sius dimorphosus indicate Zones CPHCP2 (NP23). The same as-
Calcareous Nannofossils semblage is detected in Sample 173-1069A-12R-1, 118 cm, along
with completeBraarudosphaera bigelowii and thoracosphaerid frag-

The calcareous nannofossil succession at this site was dated prients in spite of dilution by large numbers of Cretaceous coccoliths.
marily from core-catcher samples except for the Mesozoic sedimente latter two taxa can be taken as tracers of Tertiary material for the
in Core 173-1069A-16R, which were examined in greater detail. Thpurpose of trying to locate the Cretaceous/Tertiary (K/T) boundary.
sequence began exactly as at Site 1068, that is, in the middle Eocéimace numbers @raarudosphaera along with thoracosphaerid frag-
Rhabdosphaera inflata Subzone (CP12b of Okada and Bukry, 1980; ments, were detected downcore to Sample 173-1069A-12R-3, 135
upper NP14 of Martini, 1971). Also as at the previous site, the nexdm. The actual K/T boundary, however, has been obscured by the
core (173-1069A-2R) belongs to Subzone CP12a (NP14) and commplacement of numerous turbidites and could not be better defined.
tains the first appearance datum (FADPeéudotriquetrorhabdulus The uppermost Cretaceous index tddi@ula murus and Cera-
inversus. Sample 173-1069A-3R-CC was barren, but Sample 173tolithoides kamptneri were present in Samples 173-1069A-12R-1,
1069A-3R-2, 119120 cm, indicates that this core can also be as118 cm, and 12R-6, 76 cm, respectively, indicating the presence of
signed to Subzone CP12a, which spans the lower/middle Eocetige upper Maastrichtian Zone CC26. Sample 173-1069A-12R-CC
boundary. From there the nannofossil zones and subzones follomas barren and 13R-CC could not be assigned an age within the
more or less consecutively to the middle Paleocene, although thekéaastrichtian because of the apparent absenckitifaphidites
are many barren samples within the sequence. quadratus within the section. The presence@fadrumsissinghii, Q.

As with the previous cores in this hole, Cores 173-1069A-4R andrifidum, and Broinsonia parca constricta in the absence diffell-
5R are short, resulting in poor recovery; they can be assigned, hovthus eximius suggests an age of latest Campanian for Samples 173-
ever, to theDiscoaster lodoensis Zone CP11 (NP10). Sample 173- 1069A-14R-4, 112113 cm, through 173-1069A-16R-2,-38L cm.
1069A-6R-CC contains well-develop€eRribrachiatus bramlettei Normally, this assemblage should be confined to Zone CC23a. How-
along withDiscoaster diastypusand, therefore, belongs to the earliest ever, the prevalence of reworked taxa within this multicolored se-
EoceneTribrachiatus contortus Zone CP9a (NP10). As this was the quence suggests caution in that all of the boundaries for this and the
first reasonably full core recovered at this site, detailed study magdjacent subzones are based on last occurrence datums. Reworking
show that Subzone 9b is represented higher up in this core. could extend the distributions of the index taxa upsection. However,

Sample 173-1069A-7R-CC is a sandy, calcite-cemented turbiditthe assemblage can be no older than Zone CC22a, the base of which
with a reduced number of moderately preserved nannofossils, butig the first occurrence datum Qbiadrum trifidum.
does contain large (14 ur)lipsolithus macellus, Fasciculithus bo- In Section 173-1069A-16R-2, the turbidites and hemipelagites of
bii, Coccolithusrobustus, andDiscoaster multiradiatus, the latter be-  Subunit [IC are separated from the underlying yellowish Lower Cre-
ing the basal marker for the uppermost Paleocene Zone CP8 (NP#ceous chalk of Unit IV by a major hiatus (Fig. 12). The upper por-
Sample 173-1069A-8R-1,-21 cm, is characterized by Heliolithus tion of the chalk is dominated by nannoconids within a matrix of nan-
riedelii, Discoaster splendidus, Discoaster limbatus, andF. tympan- noconid/micrantholith skeletal debris. The assemblages inblaale
iformis, and is assigned to Zone CP7 (NP8). Starting within the sameoconus steinmannii, N. bermudezi, and Cyclagelosphaera
core section, Samples 173-1069A-8R-1;8Ycm, and 8R-2, H¥1 deflandrei, which together suggest an age of early Valanginian. This
cm, contairDiscoaster mohleri (basal marker for Zone CP6; = NP7 portion of the chalk is separated by an intraformational hiatus at Sec-
and lower NP8) along witRasciculithustympaniformis, Coccolithus ~ tion 173-1069A-16R-3, 44 cm, from a lower unit that has undergone
robusta, Heliolithus kleinpellii, and largeBraar udosphaera bigel ow- redeposition and/or slumping with the incorporation of older clastic
ii, a dissolution-susceptible form whose presence suggests that allgrains and occasional pebbles (Figs. 13, 14). Sample 173-1069A-
the material in this part of the section has been reworked from shal6R-3, 45 cm, yielded a few specimendlaforia granulosa, where-
lower depths by turbidites. This presumption is confirmed by theas Sample 173-1069A-16R-3, 93 cm, contained Tabediscus ju-

presence of the large Lower Cretaceous tak@mnoconus stein- rapelagicus, T. verenea, few Rhagodiscus nebulosus, Nannoconus
mannii, which was observed sporadically throughout the Cenozoisteinmannii, commonLithraphidites carniolensis, Cruciellipsis cu-
column recovered at other Leg 173 sites. villieri, and abundanAssipetra infracretacea. Together, these indi-

The large number of barren samples encountered in this portion ofite an age within the late Berriasian according to Bergen (1994).
the hole also suggests that much of the calcareous material introduddgon further analysis clasts in this lower chalk unit may yield a vari-
by turbidites has been emplaced below the carbonate compensatiety of ages within the Berriasian.
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Theyellow chak isunderlain by an Upper Jurassic black silt, dis-
turbed by coring, which marks the top of lithostratigraphic Unit V.
The nannofloraincludes Stephanolithion bigotii and Diazomatolithus
galicianus; at present, the latter species is known to date only from
the Tithonian of Site 901 (de Kaenel and Bergen, 1996). The upper-
most Jurassic index fossil present at the top of the section at Site
1065, Conusphaera mexicana minor, however, has not been ob-
served at this site; therefore, a possible Tithonian age is tentative at
thetime of writing. A light gray streak of nannofossil cozein Sample
173-1069A-16R-3, 129 cm, yielded a more diverse assemblage than
seenintheJurassic at either Site 901 or Site 1065, and included some
of the more delicate, less dissolution-resistant forms such as abun-
dant Stradnerlithus sexiramatus, Tetrapodorhabdus coptensis, and
Axopodor habdus cylindratus.

Core 173-1069A-16R represents a succession of quite different
palecenvironments, beginning with the environmentally restricted
upper Jurassic black silt that has only alimited nannofloragreatly di-
luted by fine clastics. Only the streak of nannofossil ooze mentioned
above indicates a brief incursion of more open marine conditions to
what was presumably arelatively shallow, interior continental basin.
A major change of environment iswitnessed by the deposition of the
upper Berriasian chalk. The contact between it and the underlying up-
per Jurassic is marked by large limestone clasts. The consistently
high diversity of the Berriasian nannoflorain all samples examined
indicates a more open connection to the sea than previously and is
consistent with major rifting and basin development at thistime; dep-
osition was well above the CCD. The fact that the upper Berriasian
was redeposited (as described above) shortly after its deposition indi-
cates further disturbance, perhaps from continued tectonic activity.
An examination under a binocular microscope of these chalk samples
taken for nannofossil analysisrevealsayellow stain on what was pre-
viously a grayish carbonate (the color of which is still seen in some
of the chalk pebbles). These stains might suggest subaerial weather-
ing. Exposure and weathering of this Berriasian material, however,
did not leach out the nannofossils at this site, but may have done so
at Site 1065, where a carbonate-free yellow siltstone pebble and a
piece of ironstone were recovered from the interval between the Mi-
ocene and Upper Jurassic, an interval for which possible subagerial ex-

SITE 1069

faults and a slight tilt to the bedding. The nannoflora is quite different
from the diverse flora immediately below, being dominated by nan-
noconids, an assemblage thought to be indicative of relatively shal-
low-water, outer shelf-slope, open marine environments. A similar
yellow nannoconid limestone of this age was cored on Galicia Bank
at Site 639 (Applegate and Bergen, 1988), and may have been wide-
spread throughout this region wherever water depths and environ-
ments were suitable. Significantly, this lower Valanginian nannofos-
sil assemblage is somewhat similar to the one that forms the carbon-
ate matrix of the breccia in Cores 173-1068A-15R and 16R at Site
1068. Further shore-based study will be necessary to better establish
the equivalence and correlations of this nannofacies between these
sites; however, the ValanginiaBarremian emplacement of the
breccia at Site 1068 indicates that tectonic disturbances were still tak-
ing place at that time. At Site 1069, however, no such record of brec-
cia emplacement exists; instead, the relatively thin chalk unit is over-
lain by the much younger upper Campanian turbidites, which were
deposited at abyssal depths (Fig. 12).

Planktonic Foraminifers

Paleogene planktonic foraminifers are generally recorded as com-
mon and moderately well preserved in the upper part of the sedimen-
tary sequence analyzed from Samples 173-1069A-1R-CC through
173-1069A-4R-CC (Table 5). The assemblages recovered from Sam-
ples 173-1069A-1R-CC and 173-1069A-2R-CC are characteristic of
latest early Eocene to earliest middle Eocene age, Zor€4B9The
species present in these samples incMMdeozovella aragonensis,
Acarinina broedermanni, andGlobigerinatheka senni. The co-occur-
rence of specie&carinina bullbrooki, A. soldadoensis, andMorozo-
vella aragonensis in Sample 173-1069A-3R-CC suggests that sedi-
ments recorded at this level are no younger than latest early Eocene,
Zone P9 in age. A similar assemblage is recorded in Sample 173-
1069A-4R-CC. Although Sample 173-1069A-5R-CC contains abun-
dant planktonic foraminifers, the preservation is only poor to moder-
ately good and the only determinable speciedar@zovella aequa
andAcarinina bullbrooki. The latter species makes its first evolution-
ary appearance in Zone P9, latest early Eocene. Below this horizon,

posure and weathering has also been suggested (see “Biostratigra-Samples 173-1069A-6R-CC through 173-1069A-8R-CC, plank-

phy” section, “Site 1065” chapter, this volume).

Above the disconformity at Section 173-1069A-16R-3, 44 cm,

tonic foraminifers are either absent or very poorly preserved.
In Sample 173-1069A-9R-CC, planktonic foraminifers are abun-

the chalk is relatively undisturbed, except by minor compactiordant and moderately well preserved. Species recovered from the sam-

Table 5. Distribution of planktonic foraminifersin Hole 1069A.
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pleinclude Morozovella conicotruncata indicating an early late Pale- Remanence and Susceptibility of Sedimentary Units
ocene age for deposition of these sediments. Sample 173-1069A-
10R-CC is barren of microfauna larger than 125 um. Although Ter- Hole 1069A has been divided into three lithostratigraphic Units
tiary planktonic foraminifers are abundant in Sample 173-1069A{ll, IV, and V; see “Lithostratigraphy” section, this chapter). Down-
11R-CC, they are so poorly preserved and overgrown that they ahele variations of magnetic intensity and susceptibility are analogous
barely discernible as such. Sample 173-1069A-12R-CC yielded three, and appear to reflect lithologic changes of, other Leg 173 sites.
specimens of Paleogene planktonic foraminifers, whereas in Samplénit 1, a mixture of brownish-red claystone and hemipelagic gray
173-1069A-13R-CC, Cretaceous forms are common in associatisandstone, produced roughly parallel patterns of alternating high and
with rare Paleocene specimens. low intensities and susceptibilities. The high and low peaks generally
Microfossils are extremely rare in Sample 173-1069A-14R-CCcorrelate with the turbidite layering (Fig. 18). In general, lows corre-
and only two specimens of Cretaceous planktonic foraminifers havgpond to the hemipelagic gray sandstone and conglomerate at the
been recovered despite prolonged searching through the residimase of the turbidite sequences and highs correspond to the brown
Sample 173-1069A-15R-CC is barren of microfauna and Samplelaystone overlying the turbidite sequences. However, Subunit 11B
173-1069A-16R-CC is so small that it has been retained for shoréas slightly lower magnetic intensities (%50 to 0.1 A/m) that
based palynological investigation. Samples 173-1069A-16R-%, 145show a greater variation (approximately three orders of magnitude,
149 cm, 173-1069A-16R-2, 891 cm, and 173-1069A-16R-3,26 ranging from 7 10°to 4x 10> A/m) than Subunit IIC. Conversely,

29 cm, were found to be barren of planktonic foraminifers. the magnetic susceptibility values of Subunit [IB are more closely
) o clustered than those of Subunit IIC (Fig. 18). Based on lithologic de-
Benthic Foraminifers scriptions (see “Lithostratigraphy” section, this chapter) the bound-

. o . . ary between Subunits 1IB and IIC has been placed at 805.8 mbsf
Calcareous benthic foraminifers from the size fraction5B8 ithin Core 173-1069A-10R. As shown in Figure 18, the magnetic
um, when present, are recorded as generally rare to few throughQufensity and susceptibility data suggest a change occurs slightly
the section analyzed from Samples 173-1069A-1R-CC through 178igher in the section at approximately 800 mbsf, in the bottom third
1069A-15R-CC, although they are common in Samples 173-1069A5 Core 1069A-9R. This may represent an initial subtle increase in
4R-CC, 173-1069A-6R-CC and 173-1069A-9R-CC. In the smallerye carhonate sand content that becomes more obvious downhole.
size fraction, 63125 um, common to abundant, moderately well- * The characteristic brown bed and the associated peaks in NRM in-
preserved calcareous benthic foraminifers are present in all samplessity and volume susceptibility, previously observed at Leg 173
with the exception of Samples 173-1069A-3R-CC, 173-1069A-7Ryples 1067A and 1068A, and during Leg 149 at Site 900 (Shipboard
CC, 173-1069A-12R-CC, which contain only rare specimens, andgjentific Party, 1994d), were also observed in Hole 1069A. This in-
Samples 173-1069A-8R-CC, 173-1069A-14R-CC, and 173-1069Agensity and susceptibility spike is found in Core 173-1069A-7R at a
15R-CC, which are barren. The extremely fossiliferous assemblagegth of about 776 mbst. This further suggests that this brown bed
often recovered in this small size fraction are interpreted as reworkgflay pe used as a stratigraphic marker for correlation of the lower
as the sediments are considered to be turbiditic. Eocene sediments of the Iberia Abyssal Plain. So far we have been

_ Agglutinated foraminifers are present in all samples analyzegnaple to relate the significance of this observation to the sediment
(.e., Samples 173-1069A-1R-CC through 173-1069A-15R-CC)mineralogy or regional paleoceanographic conditions.

with the exception of 173-1069A-14R-CC and 173-1069A-15R-CC,
which are barren. The persistent occurrence throughout the interval
from Core 173-1069A-1R through 15R of species sudinasodis-

cus spp.,Bathysiphon spp., andslomospira spp., which are typical ) . .
of deeper water habitats, together with the sporadic occurrencesgg Pass-through measurements of the archive halves of the cores in

Sediment Magnetostratigraphy

calcareous foraminifers and the lithologic characteristics, sugge cate several possible polarity reversals between 738 and 854 mbsf

that these sediments were deposited in a fully marine environment 'g. 19). Further measurements and progressive demagnetization re-

! - - ults from corresponding discrete samples confirm these polarity
gg’nt;g?el)sl‘ f?g?lsgégipltg;s; tgg,itécr)npgrrl]%dll(:?glffé%agzqz;f_;h?zgcéhanges. Figure 20 exhibits typical AF and thermal demagnetization

29 cm, contain assemblages of agglutinated foraminifers dominatéjﬁeha\”or of these sediments. Also illustrated in Figures 19 and 20 is

> h “the component of drilling-induced magnetization (inclinations great-
by abundan&mmodiscus spp., together with a few calcareous benth er than 70°) that is not always as effectively removed by AF demag-

ic foraminifers, common inoceramid prisms, and common moIIus% ization. Thermal demagnetization methods proved to be more ef-
fragments. These latter assemblages are characteristic of an ouft§ tive for'determinin sta%le maanetic directi P fth di "
shelf/upper bathyal, oceanic environment. L - 9 _mag I QIrections o » € sedimers.
Preliminary biostratigraphic (see “Biostratigraphy” section, this
chapter) and paleomagnetic results indicate that the sediments span
PALEOMAGNETISM Eocene through the Upper Jurassic. During this time interval there
were several magnetic polarity reversals (see the revised time scale

Magnetic measurements were taken at 5-cm intervals on the &t Berggren et al., 1995). However, because of the discontinuous
chive-halves of cores from Hole 1069A, using the pass-through crydieposition and partial core recovery, it may not be possible to con-
genic magnetometer, as described in the “Paleomagnetism” sectigiiruct a complete magnetostratigraphy. Such an evaluation will be
“Explanatory Notes” chapter (this volume). After measuring thedOne as a shore-based study.

NRMs, sections were progressively AF demagnetized using 10 mT

steps, starting at 10 mT and ending at 60 mT. Forty-one additional M agnetic Results from Unit IV

discrete samples, taken from the working halves of the core, were

progressively AF and thermally demagnetized to determine direc- Pass-through measurements of Unit IV, a Berriasian to Valangin-
tional stability and to check the reliability of the measurements fronian nannofossil chalk (see “Biostratigraphy” and “Lithostratigraphy”
the archive halves. The volume magnetic susceptibility was meaections, this chapter), show steep NRM inclinations. From 863 to
sured at 3-cm intervals on most of the cores from Hole 1069A. 865 mbsf, Unit IV inclinations become progressively less steep with
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Figure 18. Plot of (A) remanent magnetization intensity (A/m) and (B) magnetic susceptibility (107° S| units) showing downhole variations in Hole 1069A. In
general, lows correspond to the hemipelagic gray sandstone and conglomerate at the base of the turbidite sequences and highs correspond to the brown claystone
overlying the turbidite sequences.

increasing AF demagnetization. This suggests that the top of Unit IV IGNEOUS AND METAMORPHIC PETROLOGY
may be reversely magnetized. Shore-based thermal demagnetization
experiments will be conducted to further test this preliminary obser-
vation. The remainder of Unit 1V, 865 to 870 mbsf, appearsto have a
normal polarity.

Acoustic basement was first encountered in Core 173-1069A-17R
(873.7 mbsf) within lithostratigraphic Unit V (see “Lithostratigra-
phy” section, this chapter) and continued to the bottom of the hole
(959.3 mbsf). The core recovery was extremely poor (<5%), and the
total length of core recovered was about 2 m. Core 173-1069A-17R

Unit V has been divided into two subunits. The lithology of this included |.imestolne (Piecestiirough 8 and 10; see “Lithostratigra-
unit is unclear becatise of poor core recovery. Pieces of cong?l%meraﬁe phy” section, this chapter); the rest of Core 173-1069A-17R and
containing clasts of boundstone, grainstone, and rudstone comprise Cores_ 173-1069A-18R through 25R are meta-arkosic wacke and
Subunit VA; meta-arkosic wacke and metasiltstones compose Sub- ~ metasiltstone.
unit VB (see “Lithostratigraphy” section, this chapter). Pieces of ) ) o
meta-arkosic wacke from Subunit VB (Section 173-1069A-17R-1, General Lithologic Description
[Pieces 10 through 14]) have a patina and subrounded to subangular
shapes that have not been totally abraded by the roller cone drill bit, Meta-arkosic wacke and metasiltstone were recovered as hard
suggesting that Subunit VB is a conglomerate deposit. A conglomesubangular to rounded pieces, which varied in diameter from 2 to 9
ate test, on minicores drilled out of pieces from Unit V (Sections 173em. Most are grayish black (N2) to medium dark gray (N4), but some
1069A-17R-1 [Pieces 9, 15, 16, and 21], and 1069A-21R-1 [Piecesate greenish black (5GY 2/1) to dark greenish-gray (5G 4/1). The
and 5]) was performed to test the conglomerate origin for Subunineta-arkosic wacke is fine- to medium-grained, including relatively
VB. The selected pieces are sufficiently long that they demonstrablyoarse-grained (<2 mm) metasandstone (Core 173-1069A-17R-1
could not have rotated along any axis in the core barrel but Z (sgBiece 16]), and very fine-grained metasiltstone (e.g., Core 173-
“Paleomagnetism” section, “Explanatory Notes” chapter, this vol-L069A-19R-1 [Piece 2]). The metasediments consist of-10%
ume). NRMs and thermal demagnetization measurements yield stplagioclase, 30%70% quartz, 1%15% chlorite, and 5%#0%
ble magnetic directions, with both positive and negative inclinationssericite. Most samples have pale tabular crystals which, in thin sec-
representing at least 50° variation between pieces (Fig. 21). These t®n, are subhedral altered ilmenite and/or dolomite porphyroblasts.
sults indicate that the pieces were not coherently magnetized, furthBtany samples also contain accessory pyrite, which occurs as isolated
supporting the belief that Unit V is a conglomerate deposit with therystals, veins, and stylolites, and in hollow structures that may rep-
pieces having existed as isolated clasts. resent deformed burrows or fossils. A few samples also contain thin

M agnetic Results from Unit V
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Figure 19. Diagrammatic representation of NRM inclinations (A) before and (B) after 60-mT AF demagnetization from pass-through measurements on the
archive halves of the cores, indicating several possible polarity reversals. The drilling-induced magnetization component is characterized by steep inclinations
greater than 70°.

quartz veins. These are most common in Section 173-1069A-25R-1. the rocks is based, in part, on the characteristics of these original
All pieces are foliated and many show relict bedding or lamination. grains. In the metasiltstones, the rocks are composed largely of min-
The foliation intersects relict bedding at high angles in some pieces eral grains smaller than 0.05 mm. The meta-arkosic wackes are coars-
(e.g., Samples 173-1069A-21R-1 [Pieces 2 and 3]; see “Structurat grained, but particle size is still typically 0.2 mm or less. The abun-

Geology” section, this chapter). dance of plagioclase fragments relative to identifiable rock fragments
dictates the use of the term “arkosic wacke” (Pettijohn et al., 1972).
Petrography Original bedding or lamination is preserved in several samples

(e.g., Sample 173-1069A-21R-1 [Piece 216 cm], also see
Six thin sections were cut from a series of low-grade metasedfLithostratigraphy” section, this chapter). In addition, at least one

mentary rocks cored in Hole 1069A. The rocks are classified asample (Sample 173-1069A-21R-1 [Piece 21® cm]) contains
greenschist or subgreenschist facies meta-arkosic wackes and metdat appear to be pyritized fossils (first noted by Gus Gustafson; Fig.
siltstones containing varying amounts of quartz, plagioclase, musc@3).
vite, sericite, chlorite, ilmenite, tourmaline, chalcopyrite, and pyrite. Metamorphic fabrics include deformed quartz, neoblastic growth
Two of the thin sections (from intervals 173-1069A-20R-1 [Piece 2¢f fine-grained (mostly <0.01 mm) phyllosilicates (sericite and chlo-
5-10 cm], and 173-1069-23R-1 [Piece 231cm]) contain substan- rite), and a metamorphic foliation, commonly at a high angle to bed-
tial dolomite. Major textural and mineralogical features of the thinding. In all samples, the foliation is defined, in part, by preferred ori-

sections are summarized in Table 6. entation of neoblastic phyllosilicates. In most samples, some original
detrital minerals, especially quartz, are also oriented parallel to the
Textures foliation. This effect is particularly evident in the finer grained rocks

(intervals 173-1069A-19R-1 [Piece 3cm], and 173-1069-23R-

All of the samples contain some original sedimentary texturesl [Piece 2, 3 cm]). In pyrite-rich samples, the foliation is also
specifically, variably altered original detrital material (plagioclase,marked by elongate masses of pyrite and by very thin (<0.05 mm),
muscovite, quartz) in which the clastic origin of the particles (angulapyrite-rich veins or stylolites. lImenite (either porphyroblastic or de-
to subangular grain shapes) is evident (Fig. 22). The classification tftal sedimentary) is randomly oriented or very weakly aligned with
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A Sample 173-1069A-12R-1, 48-50 cm
— =5.00x103
e =Vert. Comp.

+ = Horiz. Comp.

C sample 173-1069A-16R-1, 38-40 cm
— =5.00x1073
e =Vert. Comp.
+ = Horiz. Comp.

E, Down

D sample 173-1069A-2R-2, 116-118 cm

SITE 1069

B Sample 173-1069A-12R-4, 83-85 cm W, Up

+—— =5.00x 103

. = Vert. Comp. T
+  =Horiz. Comp. +

NRM

—— =5.00x 104 T
e = Vert. Comp.
+ =Horiz. Comp.

s, s + t t

E, Down

Figure 20. Representative vector end-point diagrams showing the results of thermal and AF demagnetization of reversely magnetized discrete samples (A and
B) and normally magnetized discrete samples (C and D). Crosses and diamonds represent the projection of the magnetization vector end points on the horizontal
and vertical planes, respectively. The declinations have not been corrected in this figure (see “Paleomagnetism” seatiatpriEXotes” chapter, this vol-

ume).

foliation or bedding. In some samples (e.g., from thin section #172,
interval 173-1069A-21R-1 [Piece 2, 5-10 cm]), micagrowth appears
to have taken place preferentialy in pressure shadows associated
with ilmenite grains and/or masses of pyrite.

Mineralogy

Quartz occursin all samples as silt- to sand-sized, angular to sub-
angular, elongate to equant grains. It is the commonest mineral in
most samples, ranging in mode from 30%-70% (but see discussion
of plagioclase below). Some relicts of the detrital character of the
quartz are evident in most samples. In the coarsest rocks (e.g., inter-
val 173-1069A-17R-1 [Piece 16], 84-88 cm), large, detrital quartz
grains are largely intact. In the metasiltstones, however, most quartz
is aligned paralel to the foliation, probably reflecting pressure solu-
tion (see “Structural Geology” section, this chapter).

untwinned plagioclase is difficult to distinguish from quartz (espe-
cially in the metasiltstones), these modes must be considered minima.

A very fine-grained, highly birefringent phyllosilicate is a major
constituent (10%40%) of all samples. This material is tentatively
identified as sericite. Sericite occurs in the interstices between the fel-
sic detrital grains, in pressure shadows associated with the opaque
minerals, and as a partial replacement of plagioclase. Sericite, in
large part, defines the metamorphic foliation. Muscovite (<5%) oc-
curs in relatively large (up to 0.4 mm) grains that are probably detri-
tal. This muscovite is often kinked and/or partially replaced by chlo-
rite.

Very pale green chlorite is less abundant than sericite, rarely mak-
ing up more than 5% of the rock (15% in Sample 173-1069-23R-1
[Piece 2, £3 cm]). It is very rare to absent in Sample 173-1069A-
20R-1 (Piece 2,510 cm). It is most easily recognized by its anoma-
lous, brownish interference colors. Fine-grained chlorite has an oc-

Plagioclase occurs in all samples as silt- to sand-sized, angular¢arrence similar to sericite. Chlorite also occurs as a partial replace-
subangular, detrital grains. Itis generally recognized by albite or perment of (detrital?) muscovite. Some relatively large masses of chlo-

cline twin forms. Its apparent mode ranges from 18086. Because

rite may represent former detrital muscovite.
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1069A-17R-1 DECLINATION (°) INCLINATION (°) Table 6. Thin-section obser vations on metasediments from Subunit VB.
45 ] Core, section, piece,
50— Piece 9 226.1° -34.0° interval (cm) Rock name Comments
] 173-1069A-
55 ) 17R-1, 16,84-88 Meta-arkosic wacke —Leucoxene after ilmenite.
_1™ 17R-1,15,78-81 Meta-arkosic wacke Leucoxene after ilmenite.
60 - 19R-1, 1, 1-3 Metasiltstone Sericite-rich (40%).
—] 20R-1, 2, 5-10 Meta-arkosic wacke  Pyrite-rich, 20%-30% dolomite, 10%-
65 _] O 20% carbonaceous matter in sericite-
70— poor, dark bed. Chlorite rare to absent
— 1 throughout.
£ 75 21R-1,2,5-10 Meta-arkosic wacke ~ Pyrite-rich fossils.
) — Piece 15 294.0° 27.3° 23R-1, 1, 1-3 Metasiltstone Leucoxene after ilmenite, 5% dolomite,
2 80— ) ’ 25% sericite, 15% chlorite-rich.
8 1
S 85 _ _ _ _ ,
3 — . 262 4° 13.1° Note: Unless noted, the mineral assemblage is quartz-plagioclase-muscovite-tourma
c 90 Piece 16 . : line-ilmenite (detrital) and sericite-chlorite-ilmenite(?) (metamorphic).
<
*g 95
810073
105_] D
110
_O Piece 21 170.5° 20.5°
115_]
1069A-21R-1
15
2 OtQ Piece 4 106.9° 5.1°
2 SiQ Piece 5 76.9° -10.9°
301

Figure 21. Results of a conglomerate test, on minicores drilled out of pieces
from Subunit VB (Samples 173-1069A-17R-1 [Pieces 9, 15, 16, and 21];
173-1069A-21R-1 [Pieces 4 and 5]) Diagram shows genera outline shapes
of the clasts. The scatter in the inclinations indicates that the pieces are not
coherently magnetized, supporting the belief that Unit V is a conglomerate
deposit; declination and inclination were measured in the core reference
frame (see “Paleomagnetism” section, “Explanatory Notes” chapter, this vol-
ume). The declinations have been corrected to account for an error in "
cryogenic magnetometer software (see “Paleomagnetism” section, “Explar
tory Notes” chapter, this volume).

1 mm

Figure 22. Photomicrograph of detrital quartz and feldspar grains, Sample
173-1069A-17R-1 (Piece 16, 84-88 cm). Largest grains ~0.4 mm.

Dolomite occurs in Samples 173-1069A-20R-1 (Piece 2, 5-10
cm), and 173-1069A-23R-1 (Piece 1, 1-3 cm). In the former, it
makes up alarge part of the rock (20%—-30%) and may have been part
of the origina diagenetic mineral assemblage. In this sample, the do-
lomite is often aligned with the plane of foliation. In Sample 173-
1069A-23R-1 (Piece 1, 1-3 cm), dolomite occurs as subhedral to eu-
hedral crystals that appear to be porphyroblasts.

Pyrite occurs as irregular masses, thin stylolites or veins, and in
vugs (hollow structures which sometimes contain quartz). Pyrite is
common in two of the samples (about 2%-5% in Samples 173-
1069A-20R-1 [Piece 2, 5-10 cm], and 173-1069A-21R-1 [Piece 2,
5-10 cm]) and occurs as atrace phase (<<1%, very small [<0.01 mm]
crystals) in the other thin sections. It is also abundant in many hand
samples from Cores 173-1069A-17R to 25R. Several of the vugs are
divided by pyritic “bridges” into two or more compartments. In one _ i . . .
case (Fig. 23) this compartmentalized, hollow structure appears to i gurf 23. Photomicrograph (.Jf pyritized fossil gaStr.(l’POd(?) (reﬂlemed light),

a deformed, pyritized fossil gastropod or foraminifer. More commor. SXTPI€ 173-1069A-21R-1 (Piece 2, 5-10 cm). Fossi is 1.5 mm long.

ly, however, the pyrite vugs are deformed to the point where their

original structure cannot be ascertained. Given the well-developed limenite constitutes up to 5% of the thin section mode and is most
metamorphic foliation seen in these rocks (often defined by alignabundant in the pyrite-free thin sections. The ilmenite is variably,
ment of the pyrite vugs), it is likely that the open space in the pyritsometimes pervasively, replaced by a fine-grained, highly birefrin-
vugs is a secondary feature and reflects the dissolution of the phagent mineral interpreted as “leucoxene” (a poorly defined mixture of
(carbonate?) that originally occupied the cores of the structures. cryptocrystalline Fe- and Ti-oxides). In hand sample, the heavily re-

1mm
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placed ilmenites present the aspect of large (up to 1 mm) tabular,
whitish masses that superficially resemble plagioclase laths. In thin
section, the ilmenite/leucoxene occurs as subhedral, tabular grains
containing inclusions of detrital minerals. Some of the ilmenite in
Samples 173-1069A-17R-1 (Piece 16, 84-88 cm), and 173-1069A-
20R-1 (Piece 2, 5-10 cm), may be detrital.

A dark region (bed?) in Sample 173-1069A-20R-1 (Piece 2, 5-10
cm), contains a substantial amount (10%-20%) of an unidentified
opague substance that may be carbonaceous material.

Accessory phases include tourmaline and chalcopyrite. Tourma-
line occurs as small (<0.1 mm), pleochroic greenish-brown crystals
that are probably detrital. Small amounts of chalcopyrite are associ-
ated with pyrite.

Discussion

The apparently stable coexistence of dolomite + sericite + quartz
indicates that metamorphic grade in these rocks is lower greenschist
to subgreenschist (Powell and Holland, 1989). Thisis consistent with
the fine grain size and apparent sericitic nature of the metamorphic
white mica and the overall preservation of sedimentary textures in
these rocks.

In situ rocks closely resembling the Hole 1069A metasediments
have been reported from the northwest margin of Galicia Bank, ~300
km north of Site 1069. There, the rocks are described asweakly meta-
morphosed, sericite- and chlorite-cemented sandstones intercalated
with dolomitic rocks and siliciclastic volcanic rocks (Mamet et a.,
1991). These rocks are locally fossiliferous, yielding Devonian to
Carboniferous ages, and, like the rocks at Site 1069, are overlain by
unmetamorphosed Tithonian sediment. If Hole 1069A was drilled
through the same formation as exists northwest of GaliciaBank, then
the basement high drilled at Site 1069 is composed, at least in part, of
continental crust. On the other hand, strong paleomagnetic and other
arguments can be made that the metasediments in Hole 1069A are
clasts of continental material in a sedimentary breccia or conglomer-

SITE 1069

mbsf), faults are more common and were found in nine intervals. The
faults indicate a slight extensional deformation of Units Il and IV.
Stylolites were observed only in Core 173-1069A-10R of Subunit 11B
(see Fig. 10, “Lithostratigraphy” section, this chapter). The orienta-
tion of the stylolites indicates subhorizontal compression. They may
have formed during a post-Paleocene compressional tectonic event
(e.g., middle Miocene Betic compression). Folds, most likely formed
as slump folds in soft sediments, were observed only at the base of
the sediments (intervals 173-1069A-14R-1-&® cm, and 173-
1069A-14R-2, 1268125 cm). Slumping and microfaulting are perva-
sive in the lower part of Unit IV (interval 173-1069A-16R-3-823
cm; see Fig. 13B, “Lithostratigraphy” section, this chapter).

Overall, deformation structures are rare in the upper part of Unit
Il, more common in the lower part of Subunit IIC and even more
common in Unit IV. In Subunit VA no deformation structures are vis-
ible because of the types of recovered rock (clay disturbed by drilling
and limestone pieces).

Structural Observationsin M etasediments of Subunit VB

Hole 1069A penetrated 85.6 m into acoustic basement from
which foliated meta-arkosic wackes, metasiltstones, and dolomitic
meta-arkose were recovered. The nature of this basement, whether in
place or redeposited as a conglomerate or breccia, is problematic.

Bedding and foliation (cleavage) can be recognized on the cores
and in thin sections (Fig. 26). Sedimentary bedding is outlined by
variations in composition and by the orientation of large (up to 0.4
mm), often kinked, detrital muscovite grains (partly replaced by chlo-
rite) and by some of the large opaque grains. The orientation of the
bedding is variable in the few oriented pieces that were recovered.
Under the microscope, the foliation is defined by the orientation of
small grains and aggregates of white mica (sericite) and chlorite
(<0.05 mm), elongate quartz grains, some dolomite crystals and elon-
gate ilmenite grains, and anastomosing seams of fine-grained, altered
pyrite (Fig. 26). In five pieces, the orientation of the foliation could

ate that are derived from local(?) continental outcrops (see “Lithobe measured. It dips between 0° and 40° (average 19.4°). The folia-
stratigraphy” and “Structural Geology” sections, this chapter), irtion is typically oriented at 45° to 70° to the bedding, but can also be
which case the petrological arguments for continental basement uperpendicular or subparallel to the bedding. In Sample 173-1069A-
der the site are weaker. 23R-1, £3 cm, the foliation is at a high angle (70° to 90°) to the bed-
ding and the latter outlines an open fold, with the foliation parallel to
the axial plane of this fold. In Sample 173-1069A-17R-+6&1cm,
the angle between foliation and bedding is only about 10° (Fig. 27).
Figure 28 shows the relations of opaque minerals with bedding and
Hole 1069A passed through 155 m of weakly deformed middldoliation in a thin section from interval 173-1069A-21R-£18 cm.
Eocene to Upper Jurassic sediments (lithostratigraphic Units Il an@ihe foliation is at an apparent angle of 70° to the bedding. The three
IV, and Subunit VA) and then penetrated 85.6 m into the acousticollow objects consisting of pyrite probably represent pyritized fos-
basement from which pieces of folded and foliated low-gradesils, the shape of one of them suggesting a gastropod or foraminifer.
metasediments were recovered. These are interpreted as a clastic Tieese objects were apparently rotated to become parallel with the fo-
posit, Subunit VB (see “Lithostratigraphy” section, this chapter). liation. Thin, anastomosing stringers of partly altered pyrite also lie
parallel to the foliation. These may represent either pyrite that was
relatively enriched along the foliation by dissolution of the other con-
stituents of the rock, or pyrite veins. A third type of opaque object is
represented by poikiloblastic, euhedral, 1- to 2-mm-long ilmenite
A significant change in the true dip of bedding occurs within Subporphyroblasts partly replaced by leucoxene. During metamorphism
[unit TIB at about 760 mbsf (Fig. 24; Table 7 on CD-ROM, back fjockthese grew in part parallel to the foliation, and in part parallel to the
et, this volume). Above 760 mbsf, the dip is more variable and steefppedding of the arkosic wacke.
er (between 5° and 28°; Fig. 25); below, it is less variable and signif- Some larger quartz grains, feldspar grains, and rock fragments
icantly shallower (between 0° and 18°; Fig. 25). In the lower part ohave pressure shadows parallel to the foliation that are filled by seric-
Subunit IIC steeper values were again measured. The change in dfig, chlorite, and fine-grained quartz (0-0305 mm), and have often
at 760 mbsf appears to be abrupt. It is probably related to tectonic dgcown in optical continuity with the larger quartz grain. Many quartz
formation. grains show undulatory extinction, some also show subgrain forma-
Deformation structures observed in the core include faults, styldion at their boundaries. Higher-temperature deformation structures,
lites, and slump folds. The fault planes dip between 11° and 72®.9., polygonal quartz with triple junctions, are only observed in de-
slickenside lineation is mostly parallel to the dip, and the slip sens#jtal rock fragments and are therefore older than the metasediments.
where it can be observed, is normal. Faults are rare in Cores 173- Structures indicative of brittle deformation, such as fractures, cat-
1069A-1R through 13R (71844 mbsf) and were observed in only aclastic zones, or veins, are very rare in the metasediments of Subunit
seven intervals. In Cores 173-1069A-14R, 15R, and 16R-@®  VB. Only minor veins of calcite were observed in thin section and in

STRUCTURAL GEOLOGY

Structural Observationsin Unit I, Unit IV,
and Subunit VA
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Figure 25. Histograms showing the true dip of bedding measured: (A) above

Sample 173-1069A-21R-1 (Piece 9). Thisisin marked contrast to the 760 mbsf, and (B) below 760 mbsf.
basement rocks recovered in Holes 1067A and 1068A, and to the
basement clastsfound in the breccias (Unit 1V) of Hole 1068A, where the metasediments do not represent a breccia deposit, because in this
brittle structures are ubiquitous. case, the inclination of the different pieces should be randomly dis-

The overall observations and mainly the occurrence of anasto- tributed, or alternatively, if the magnetization postdated the deposi-
mosing stringers of opaque minerals parallel to thefoliation, indicate tion, should be uniform and, if Cretaceous or Jurassic in age, steeper
that the deformation of the basement rocks was dominated by pres- than observed. The relatively uniform and shallow foliations and in-
sure solution. Crystal plastic deformation played only a minor role clinations can be explained in two ways: (1) the metasediments are
(undulatory extinction in quartz), indicating a maximum temperature pre-Jurassic in age and are in place; or, (2) the metasediments were
of ~300°C (see also “Igneous and Metamorphic Petrology” sectiorredeposited in such a way that the foliations and inclinations became
this chapter). The foliation represents an axial planar slaty cleavaghallowly oriented.
or schistosity related to folding. This type of deformation is typical of Several of the metasedimentary pieces are moderately to well-
low-grade metamorphic slate belts, such as those which occur in partsunded pebbles or cobbles (see “Lithostratigraphy” section, this
of the Variscan orogen. chapter), which favors the second explanation. The presence of both

) ) o o i positive and negative magnetic inclinations argues against the first
Orientations of Foliation and Magnetization in the Metasediments  explanation. Subunit VB probably represents a conglomerate with

. ebbles and cobbles from a source area exposing low-grade meta-
Most of the metasediments recovered from Hole 1069A are SrnalE‘w‘orphic rocks. The low angle between foliation and magnetization

unoriented pieces (‘rollers”). However, five pieces are long enough,,y e explained by synkinematic reorientation or growth of the

insport the pebbles were rounded to ellipsoidal shapes as in, for ex-

. - X ample, Sample 173-1069A-17R-1 (Pieces 12 and 13; see Fig. 16B,
whether the metasediments are in place or resedimented. In add't'oﬂithostratigraphy” section, this chapter; Fig. 27), with the plane
foliation and magnetization of one “roller” were measured in an arbi- ' ! . '

i ¢ ‘ Th its displaved in Table 8 > ~"containing the longest and intermediate axes of the ellipsoid (x-y
rary reterence frame. 1he results displayed in fable o are equwoc&ane) oriented parallel to the foliation, as is often observed in river
but allow some inferences to be drawn.

; SC . deposits in slate belts. The pebbles and cobbles were then deposited
_As mentioned above, the foI|a°t|on hacs a generally shallow d'o ith the x-y plane in a preferentially shallow orientation (e.g., imbri-

(five measurements range fr_om _0 to 40° with an average of 19.4 ate structure in fluvial conglomerates).
The same applies to the inclination of the stable component of mag-
netization (5.1° to 34.0°, average 18.1°). Both negative and positive Conclusions
inclinations occur. The angle between the foliation plane and the
magnetization vector is variable but is generally low to intermediate The absence of a pervasive brittle overprint in the recovered
(between 4° and 34°, average 18.7°). These observations suggest tmetasediments is not compatible with these rocks forming a strongly

netism” section, this chapter), in an attempt to answer the questi
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0.5mm

Figure 26. A. Thin-section photomicrograph showing bedding (horizontal) and foliation (dipping steeply to the right) in meta-arkosic wacke from Sample 173-
1069A-21R-1, 5-10 cm. Opagque objects are ilmenite porphyroblasts and stringers of altered pyrite parallel to the foliation. B. Photomicrograph showing the
character of the foliation in the same sample as (A). Thefoliation is defined by elongate quartz crystals deformed by pressure solution, by the alignment of small

micaand chlorite grains, and by anastomosing pyrite stringers.

0 2cm

Figure 27. Sketch of foliation (dashed) and bedding (dotted) in a pebble of
metasediment from Subunit VB. Foliationis at alow angle to the bedding. The
pebble is well-rounded and has an ellipsoidal shape with the shortest axis of
the ellipsoid normal to the foliation, asistypically observed in conglomerates
formed from foliated rocks. Sample 173-1069A-17R-1, 61-63 cm.

tectonized continental basement. Therefore, theserocks arevery like-
ly redeposited. As discussed above, they may represent a fluvia or
deltaic deposit. The homogeneous character of the piecesindicates a
restricted source area. Similar, weakly metamorphosed rocks of Pa-
leozoic age occur in the area of Galicia Bank further north, directly
overlain by rocks of Tithonian age (Mamet et al., 1991), which indi-
cates that these rocks were exposed at the surface in pre-Tithonian
time. Thus, a likely assumption is that the meta-arkosic wackes are
reworked basement clasts derived from the southern margin of Gali-
ciaBank and deposited as a conglomerate in pre-latest Jurassic time,
before the deposition of the pre-rift, Tithonian(?) Subunit VA. The
presence of the prerift sedimentary Subunits VA and VB on the base-
ment high at Site 1069A indicates that the basement high represents
ablock of continental crust.
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Figure 28. Sketch of relations between bedding, foliation, and opague objects
observed in thin section (interval 173-1069A-23R-1, 1-3 ¢cm). 1 = bedding, 2
=foliation, 3 = pyritized fossil (gastropod or foraminifer), 4 = poikiloblastic,
euhedral, 1- to 2-mm-long ilmenite porphyroblasts partly replaced by leu-
coxene, and 5 = thin, anastomosing stringers of partly altered pyrite.

ORGANIC AND INORGANIC GEOCHEMISTRY

Concentrations of carbonate, organic carbon, and total nitrogen in
sediments from Hole 1069A were measured on one to three samples
per core throughout the cored interval (718.8-959.3 mbsf). Routine
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Table 8. M easurements of foliation and stable component of magnetization in the meta-arkosic wackes, metasiltstones, and dolomitic meta-arkose.

Stable component of Angle between

Depth in Foliation magnetization foliation and
Core, section, section azimuth/dip (declination/inclination) stable component
piece (cm) © © ©)
173-1069A-

17R-1 (Piece 9) 51 000/00 226.1/-34.0 34
17R-1 (Piece 15) 80 090/15 294.0/-27.3 13
17R-1 (Piece 16) 90 090/40 262.4/-13.1 26
21R-1 (Piece 4) 20 196/11 106.1/5.1 4
21R-1 (Piece 5) 26 130/31 76.9/-10.9 28
17R-1 (Piece 21, roller) 113 090/85 170.5/20.5 7

Note: The declinations used here were corrected to account for an error in the cryogenic magnetometer software (see tRalésectipre “Explanatory Notes” chapter, this vol-

ume.)

measurements were also made of headspace gas compositions as part
of the drilling safety program. Four interstitial water samples were
sgueezed from the sediments in the interval from 729.2 to 829.4
mbsf. Sediments from below this depth were too lithified to makein-
terstitial water sampling possible.

Inorganic and Organic Carbon

Concentrations of carbonate carbon in sedimentsat Site 1069 vary
from 0.1% to 11.4%, equivalent to CaCO, concentrations (assuming
that all the carbonateis present as pure calcite) of 0.7% to 95% (Table
9). The cored sedimentary sequence at Site 1069 consists of upward-
darkening units of basal siltstone/sandstone overlain by calcareous

PHYSICAL PROPERTIES

At Site 1069, magnetic susceptibility and natural gamma radiation
were measured at 3 and 10 cm intervals, respectively, on all sedimen-
tary cores. No multisensor track (MST) measurements were made on
the nine hard rock cores of Subunit VB (173-1069A-17R through
25R) that exhibited limited recovery (<3%) and had no continuous
sections. All measurements of velocity used the Hamilton Frame Ve-
locimeter, and results indicate that the Subunit VB cores are within
acoustic basement at this site. Index properties of all samples from
Hole 1069A included wet and dry mass, bulk density, grain density,
porosity, water content, and void ratio. Thermal conductivity experi-
ments were not conducted at this site given the softness or disconti-

claystone and capped by claystone (see “Lithostratigraphy” sectioRuity of all cores.

this chapter). The CaG@ontents of sediments from these three dif-
ferent lithologic types within individual upward-darkening sequenc-

Multisensor Track

es are shown in Figure 29. In general, there is considerable overlap in
carbonate contents of the basal siltstones and sandstones and therhe magnetic susceptibility and natural gamma radiation of the

overlying calcareous claystones. In contrast, the dark claystones frEgdiment cores are displayed in Figure 31 and listed in Tables |12 and
typically form the caps of the upward-darkening sequences haves on the CD-ROM (back pocket, this volume). Generally, above 800
much lower CaC@contents, varying from 1.5 to nearly 20%. This'mpsf, in most of Subunit 1B, values of magnetic susceptibility are
pattern is consistent with the interpretation that the basal siltstone ar@o x 10 S| units, with local maxima at about 719 and 777 mbsf.
sandstone and overlying calcareous claystone were deposited neat@mparison of individual section susceptibility records with the split
below the CCD by turbidity currents carrying carbonate-rich materiatore shows that these peaks coincide with very dark brown sediment
from shallower depths, whereas the dark claystones represent hemgiyers that are on the order of a few centimeters thick. Below 800

pelagic sediments.

mbsf, in the lowest part of Subunit [IB, magnetic susceptibility in-

Concentrations of organic carbon are mostly below detection igreases sharply to ~160L05 S| units, and values are more variable
sediments from Site 1069. However, a single sample from Unit \intil 830 mbsf is reached. Between 835 and 841 mbsf, the values are
(Sample 173-1069A-21R-1, 488 cm) contains 0.33% organic C again <50x 10° S| units. Below 844 mbsf magnetic susceptibility
and has a C/N value (4.1) that indicates a predominantly maringhibits increasing variability with peaks often >2600° S| units.
source for the organic matter. This sample is a dark gray clay thag 864 mbsf, one very dark brown clay layer correlates with a peak
may represent the matrix of a breccia that was very poorly recovergfat reaches over 900107 S| units. In Core 173-1069A-16R (Unit
from the lowermost part of Hole 1069A (see “Lithostratigraphy” secqV), below 866 mbsf, values of susceptibility decrease tox-2075

tion, this chapter).

Headspace Gas M easurements

Sl units.

Natural gamma counts decrease with depth from values of ~70 to
~60 counts per second (cps) in Subunit [IB above 775 mbsf. Activity
is more variable between 775 and 830 mbsf, in the lower part of Sub-

In Hole 1069A, methane concentrations in headspace gases wereit 1B and the upper part of Subunit IIC. A local maximum of nat-
very low in the interval from 723.4 to 836.2 mbsf and then increaseral gamma activity lies at around 848 mbsf in the lower part of Sub-
to as much as 102 ppm near the bottom of the hole (see Table 10; Rignit IIC and peaks reach greater than 70 cps.

30). The sample with the highest methane is the dark gray clay de-

scribed above as a possible breccia matrix in Unit V. Given the very

Index Properties

low organic carbon concentrations in the sediments overlying Unit V,
the downward increase in methane concentration in sediments start- The sediment lithology of Subunits 11B and 1IC can generally be

ing at ~850 mbsf is probably a result of upward diffusion of methangescribed as a series of repeating sequences of calcareous sandstone

from Unit V (Fig. 30).

Interstitial Water

overlain by calcareous claystone (sometimes chalk), and ultimately
topped by a low-carbonate claystone. Unit IV consists of nannofossil

chalk, whereas samples recovered from basement are mainly hard
metasiltstone, meta-arkosic wacke, and dolomitic meta-arkose (see

The compositions of four interstitial water samples collected fronfLithostratigraphy” section, this chapter). Accordingly, we have di-

Hole 1069A are reported in Table 11.
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Table9. Carbonate, carbon, and nitrogen in sedimentsfrom Hole 1069A.

Core, section, Depth Inorganic C CaCQ, Organic C N Organic

interval (cm) (mbsf) (Wt%) (Wt%) (Wt%) (Wt%) C/N
173-1069A-

1R-3, 74-76 722.54 1.01 8.4 — 0.06

1R-3, 78-80 722.58 3.76 31.3 — —

2R-3, 36-38 731.14 0.48 4.0 — 0.06

2R-3, 40-42 731.18 2.56 21.3 0.04 0.04 0.9
2R-3, 47-49 731.25 4.43 36.9 — —

3R-2, 73-74 740.33 2.53 21.0 0.04 0.06 0.7
3R-2, 82-83 740.42 4.16 34.7 — —

4R-2, 40-42 749.6 1.44 12.0 — 0.05

4R-2, 53-55 749.73 5.14 42.8 — 0.04

5R-1, 49-51 757.89 2.89 24.1 — 0.04

5R-1, 62-65 758.02 4.57 38.1 — —

6R-1, 5-8 767.15 7.33 61.1 — —

6R-4, 60-61 772.2 1.58 13.2 — 0.06

6R-4, 76-77 772.36 0.26 2.2 — 0.06

7R-2, 86-88 779.16 0.83 6.9 0.02 0.10 0.2
7R-4,105-108 782.35 0.48 4.0 — 0.06
7R-4,113-115 782.43 3.02 25.2 0.01 —

8R-2, 32-34 788.22 0.31 2.6 0.02 0.05 0.5
8R-2, 103-105 788.93 0.35 2.9 — 0.06

8R-3, 97-99 790.37 10.27 85.5 — —

9R-4, 61-62 801.11 0.38 3.2 — 0.06

9R-4, 65-66 801.15 3.00 25.0 0.10 —

10R-4, 98-99 811.08 7.93 66.1 — —

10R-4, 111-112 811.21 1.86 15.5 — 0.05

11R-3, 84-86 819.14 0.49 4.1 — —

11R-3, 104-106  819.34 7.60 63.3 — —
11R-CC, 8-10 821.03 10.35 86.2 — —

12R-4, 67-69 830.17 5.44 45.3 — 0.03

12R-4, 83-85 830.33 0.17 1.4 — 0.06

13R-3, 82-83 838.52 0.29 2.4 — 0.05

13R-3, 91-93 838.61 6.68 55.7 — —

14R-2, 54-56 846.44 0.24 2.0 — 0.05

14R-2, 67-69 846.57 0.61 5.0 — 0.03

15R-3, 60-62 857.6 9.14 76.1 0.12 —

15R-3, 64-66 857.64 2.19 18.2 — 0.05

15R-4, 0-2 858.5 0.35 2.9 — 0.07

16R-1, 90-92 864.5 3.07 25.6 — —

16R-2, 0-2 865.1 0.19 1.6 0.03 0.55 0.1
16R-2, 72-74 865.82 9.02 75.2 — —

16R-3, 71-73 867.31 2.24 18.6 — 0.06

17R-1, 0-2 873.3 11.43 95.2 — —

21R-1, 46-48 912.06 0.09 0.7 0.33 0.08 4.1

Note: — = concentration was below detection limit.

sion. In general, the boundary between some of the sediment typesis
gradational.

Sample wet bulk density and porosity are plotted vs. depth below
seafloor in Figure 32 and arelisted in Table 14. In Subunit |1B (above
806 mbsf), claystone porosity appearsto increase dightly with depth,
from around 35% at the top of the drilled interval to 44% at 790 mbsf.
Density of the claystones correspondingly decreases, from 2.10 to
1.95 g/cm? in thisinterval. Below 800 mbsf, claystones have porosi-
ties around 35% and bulk densities from 2.05 to 2.2 g/cm?. Calcare-
ous claystone and chalk porosities generally vary between 22% and
38% and densities range from 2.15 to 2.35 g/cm®. Sandstones have
porosities from 21% to 32% and densities from 2.15 to 2.35 g/cm3in
Subunit I1B. In Subunit 11C, below 806 mbsf, porosities of sandstones
(excluding two samples) decrease to <20%. Their bulk densities
range from 2.4 to 2.65 g/cmq. The two samples that have higher po-
rosities and lower densities are soft sandstones in the middle part of
Subunit I1C. These soft sandstones are poorly cemented by a calcite
matrix. Meta-arkosic wackes have very low porosities (<3%) and
bulk ensities around 2.7 g/cm?®. Grain densities of all samples are
clustered around 2.7 g/cm? (Table 14).

Acoustic Velocities

Velocities of the three sedimentary lithol ogies (claystones, calcar-
eous claystones, and sandstones) and the one basement lithology
(meta-arkosic wackes) form distinct sets of measurements (Table
15). With the exception of the sandstones, velocity shows no correla-
tion with sedimentary unit boundaries or depth (Fig. 33); velocity
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Figure 29. Downhole plot of CaCO; in sediments from Hole 1069A. Basal
siltstone and sandstone layers from individual upward-darkening sequences
are shown as solid circles, overlying calcareous claystones as open circles,
and hemipelagic claystone as solid triangles. Unit 1V sediments are shown as
open sguares, clast from Unit VA as an open inverted triangle, and the brec-
ciamatrix from Unit VB as an open diamond.

Table 10. Methane and ethane concentrations in headspace gas samples
from Hole 1069A.

Core, section, Depth Methane Ethane
interval (cm) (mbsf) (ppm) (ppm)
173-1069A-

1R-4, 37-38 723.37 2.3 —
2R-2,1-2 729.29 2.8 —
3R-1, 149-150 739.59 2.7 —
4R-2, 0-5 749.2 2.2 —
5R-1, 0-5 757.4 2.2 —
6R-3, 149-150 771.59 25 —
7R-6, 52-57 784.32 2.8 —
8R-3, 148-150 790.88 3.2 —
9R-2, 148-150 798.98 3.4 —
10R-2, 0-2 807.1 2.2 —
11R-1, 0-5 815.3 2.6 —
12R-5, 145-150 832.45 2.8 —
13R-1, 149-150 836.19 2.8 —
14R-5, 0-5 850.4 5.2 —
15R-4, 0-4 858.5 19.7 —
16R-2, 0-2 865.1 62.3 —
17R-1, 0-2 873.3 13.8 —
21R-1, 46-49 912.06 101.7 1.6

Note: No heavier hydrocarbons were found in any of the gas samples.

varies generally according to porosity and density (Fig. 34). The
sandstone units, which were sampled from Cores 173-1069A-2R
through 15R, have velocities that increase with depth from 2600 m/s
to 5000 m/s, with the exception of several poorly cemented sand-rich
samples (notably a coarse-grained foraminifer sandstone at 848
mbsf). Claystone velocities remain constant with depth at approxi-
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Figure 30. Methane concentrations in headspace gas samples from Hole
1069A.

Table 11. Interstitial water chemistry data for Hole 1069A.

Core, section,  Depth  SOZ K* cl- ca?* Mg?* Nat

interval (cm) (mbsf)  (mM) (MmM) (MM) (MM) (mM) (mM)
173-1069A-

2R-1, 78-88 72918 87 1.75 522 35.9 26.9 412

6R-3, 0-15 770.10 7.2 11 528 37.2 264 418

9R-1,137-150  797.37 51 1.44 517 35.8 233 419

12R-3,135-150 829.35 0.75 133 450 328 139 393

mately 2300 m/s, whereas calcareous claystone velocities are more
variable with an average of 2500 m/s. Variationsin velocities proba-
bly reflect varying degrees of cementation and consolidation within
the simplified units above. However, velocity differences between
lithologies are best explained by porosity variations.

Because of an increasein velocity and density coincident with the
appearance of clasts of metasedimentary rocks, the top of acoustic
basement is assigned to 874 mbsf within Core 173-1069A-17R. The
velocity gradient at this interface, which is poorly constrained given
less than 3% recovery in Cores 17R through 25R, is characterized by
an increase from ~2500 m/s to ~5000 /s (Fig. 33). Velocitieswithin
Subunit VB show very little deviation from an average of 5300 m/s;
although one measurement (Sample 1069A-17R-1, 90 cm) yields a
velocity of 4521 m/s. This uncharacteristically low velocity is coin-
cident with a porosity of 3%; all other basement samples have a po-
rosity of ~1%.

DOWNHOLE MEASUREMENTS

After drilling and RCB coring Hole 1069A to atotal depth (TD)
of 6045 mbrf (959 mbsf), two complete wiper trips were begun at
0700 hr, 29 May 1997, to condition the hole for logging. Additional
cuttings were removed from the borehole by circulating sepiolite
mud (see “Operations” section, this chapter).
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Figure 31. Magnetic susceptibility and natural gamma-ray activity vs. depth
in Hole 1069A.
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Figure 32. Bulk density and porosity vs. depth in Hole 1069A.

Wireline logging operations began in Hole 1069A at 0500 hr on
30 May 1997. All logging operations were completed 24.5 hours lat-
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Table 14. Index propertiesfrom Hole 1069A.

Core, section, Depth Bulk density ~ Grain density Porosity Water content
interval (cm) (mbsf) (g/cmd) (g/cmd) (%) (% dry mass) Lithology
173-1069A-
1R-3, 74-76 722.54 2.1 2.69 36 17 Claystone
1R-3, 78-80 72258 2.27 2.67 24 11 Sandstone
2R-3, 36-38 731.14 2.08 2.7 37 18 Claystone
2R-3, 40-42 731.18 2.21 2.73 30 14 Calcareous claystone
2R-3, 47-49 731.25 2.26 2.68 25 1 Sandstone
3R-2,73-75 740.33 2.18 2.7 31 14 Chalk
3R-2, 78-80 740.38 2.26 2.69 26 12 Sandstone
4R-2, 40-42 749.6 2.08 2.7 37 18 Claystone
4R-2,53-55 749.73 2.34 2.69 21 9 Siltstone
5R-1, 49-51 757.89 2.23 2.69 28 13 Claystone
5R-1, 62-64 758.02 2.29 2.68 23 10 Sandstone
6R-10, 5-8 767.15 2.34 271 22 9 Chalk
6R-4, 61-63 77221 2,01 2.59 37 19 Claystone
6R-4, 76-78 772.36 2.02 2.62 38 19 Claystone
7R-2, 86-88 779.16 2.05 2.68 38 19 Claystone
7R-4, 105-108 782.35 2 2.67 41 21 Claystone
7R-4,113-115 782.43 2.16 2.69 32 15 Sandstone
8R-2,32-34 788.22 1.94 2.65 44 23 Claystone
8R-2, 103-105 788.93 1.97 2,67 42 22 Claystone
8R-3, 97-99 790.37 2.31 271 24 11 Sandstone
9R-4, 59-61 801.09 211 2.71 36 17 Claystone
9R-4, 63-65 801.13 2.23 2.67 27 12 Sandstone
10R-4, 102-104 811.12 2.46 2.69 13 6 Sandstone
10R-4, 110-112 811.2 2,07 2.65 35 17 Claystone
11R-3, 86-88 819.16 2.05 2.68 38 19 Claystone
11R-3, 104-106 819.34 2.46 271 15 6 Claystone
11R-CC, 8-10 821.03 2.63 271 5 2 Sandstone
12R-40, 67-69 830.17 2.38 2.71 19 8 Sandstone
12R-4, 83-85 830.33 2.17 2.77 34 16 Claystone
13R-3, 81-83 838,51 2.21 2.74 31 14 Claystone
13R-3, 91-93 838.61 2.56 2.71 9 3 Sandstone
14R-2, 55-57 846.45 2.1 2.74 37 18 Claystone
14R-2, 65-67 846.55 22 2.69 30 14 Sandstone
15R-3, 60-62 857.6 2.59 2.71 7 3 Sandstone
15R-3, 64-66 857.64 2.18 277 34 16 Calcareous claystone
16R-1, 90-92 864.5 2.27 2.67 24 11 Sandstone
16R-2, 72-74 865.82 2.36 2.74 22 10 Chalk
16R-3, 71-73 867.31 2.13 2.81 38 18 Chalk
17R-1, 51-53 873.81 2.7 271 1 0.3 Meta-arkosic wacke
17R-1, 90-92 874.2 2.65 2.7 3 1 Meta-arkosic wacke
21R-1, 20-22 911.8 2.72 273 1 0.3 Meta-arkosic wacke
21R-1, 26-28 911.86 2.73 2.74 1 0.3 Meta-arkosic wacke
er. Two logging tool strings were run at Site 1069, the triple combi- from the FMS-sonic tool string. An overview of the logging opera-

nation and FMS-sonic (see “Downhole Measurements” section, “Extions can be seen in Tables 16 and 17.

planatory Notes” chapter, this volume). The primary objective at Site The triple combination tool string included, from top to bottom,
1069 was to recover logs in the prerift sediments identified as acouthe telemetry cartridge, HNGS, APS, HLDS, DITE, and TLT. The
tic basement from seismic lines. To achieve this goal the pipe was inilata collected by the triple combination is of good quality. All log-
tially pulled to a depth of 5863 mbrf (777 mbsf); however, from theging data were shifted, from meters below rig floor to meters below
drilling operations we already believed that the hole had filled teseafloor using the driller's water depth, for preliminary shipboard
5949 mbrf (863 mbsf). The first run with the triple combination toolanalysis.

string was unsuccessful as the tool encountered an impassible bridge

at 5864 mbrf (778 mbsf), just one meter below the bottom of the pipe. Geophysical Logging Data

At this point it was decided to spend the remaining time logging the

drilled sediment sequence with both triple combination and FMS- Downhole measurements from Hole 1069A provide geophysical
sonic tool strings. The pipe was pulled up to 5188 m (102 mbsf) anaind geochemical (U, Th, K) data in the interval 4028 mbsf (Figs.

the triple combination tool string was run into the hole. At 5864 m35, 36). The overlap between logging data and cores is restricted to
(778 mbsf) the previously encountered bridge prevented further patie interval 719770 mbsf (Cores 1R through 6R). The correlation of
sage downhole, so a successful uplog was made at a speed of ~@ifitbstratigraphic units and logging data made between Holes 900A
m/h. The FMS-sonic tool string was then prepared and lowered intand 1068A (see “Site 1068” chapter, this volume) can be extended to
the hole. As the tools were run downhole, telemetry errors developeite 1069, which is 16 km west of Site 1068.

at approximately 200 m below the drill pipe. As the tools were low- Between 100 and 145 mbsf, logging data show increasing values
ered downhole, the Schlumberger engineer attempted to determidewnhole for total natural gamma ray (60 to 110 API) and resistivity
what was causing the problems by reconfiguring surface equipme(®.9 to 1.4Qm), and decreasing photo-electric factor (PEF) from 3 to
but achieved no improvement. When 778 mbsf was reached, an uplag barn/e (Figs. 35, 36). Between 145 and 170 mbsf, the logging
was started and the FMS calipers were opened. At this point the todata show natural gamma-ray values around 80 API, increasing resis-
head voltage became erratic and voltage had to be increased drastity downhole from 1.2 to 1.8m, and PEF, from 2.2 to 3.4 barn/
cally to compensate. When measurement current (EMEX) was pres. This interval correlates well with lithostratigraphic Subunit IC as
vided for the FMS, the telemetry system stopped operating altogetldefined from Hole 1068A logging data (Fig. 37). From 170 to 250
er. As the tools continued to be pulled to the surface, several attempitbsf, total gamma-ray values initially decrease downhole from 100
were made to close the FMS calipers; none was successful. Finaltg, 60 API, and then increase to 100 API, while resistivity, density,
the tool was carefully pulled into the pipe with the calipers still operand PEF measurements all display high valuesQing 1.9 g/crg,

and brought to the surface. Unfortunately, no data were recoveremhd 3.4 barnfe respectively (Figs. 35, 36). This interval correlates
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Table 15. Compressional wave velocity data from Hole 1069A.

Core, section, Depth Velocity

interval (cm) (mbsf) (m/s) Lithology
173-1069A-

2R-3, 36 731.14 2277.43 Claystone

2R-3, 40 731.18 2494.16 Calcareous claystone

2R-3, 47 731.25 3010.41 Sandstone

3R-2,73 740.33 2471.77 Calcareous claystone

3R-2,78 740.38 2602.62 Sandstone

4R-2, 40 749.60 2325.32 Claystone

4R-2,53 749.73 2885.74 Siltstone

5R-2, 49 759.39 2449.02 Claystone

5R-2, 62 759.52 3264.01 Sandstone

6R-1,5 767.15 2737.39 Calcareous claystone

6R-4, 61 772.21 2374.92 Claystone

6R-4, 76 772.36 2379.55 Claystone

7R-2, 86 779.16 2404.15 Claystone

7R-4, 105 782.35 2176.41 Claystone

7R-4,113 782.43 2728.10 Sandstone

8R-2, 32 788.22 2270.90 Claystone

8R-2, 103 788.93 2291.48 Claystone

8R-3,97 790.37 3466.12 Sandstone

9R-4, 59 801.09 2305.59 Claystone

9R-4, 63 801.13 2724.23 Sandstone

10R-4, 102 811.12 3697.20 Sandstone

10R-4, 110 811.20 2256.72 Claystone

11R-3, 86 819.16 2364.91 Claystone

11R-CC, 8 821.03 5204.00 Sandstone

12R-4, 67 830.17 3016.96 Sandstone

12R-4, 83 830.33 2205.33 Claystone

13R-3, 81 838.51 2133.94 Claystone

13R-3, 91 838.61 4531.97 Sandstone

14R-2, 55 846.45 2292.15 Claystone

14R-2, 65 846.55 2284.79 Sandstone

15R-3, 60 857.60 5030.96 Sandstone

15R-3, 64 857.64 2377.32 Calcareous claystone

16R-1, 90 864.50 2644.23 Calcareous sandstone

16R-2, 72 865.82 2813.21 Calcareous claystone

16R-3, 71 867.31 2039.55 Calcareous claystone

17R-1, 48 873.78 5609.09 Meta-arkosic wacke

17R-1, 51 873.81 5601.45 Meta-arkosic wacke

17R-1, 79 874.09 5176.91 Meta-arkosic wacke

17R-1, 89 874.19 4521.70 Meta-arkosic wacke

17R-1, 90 874.20 4526.49 Meta-arkosic wacke

21R-1, 20 911.80 5369.43 Meta-arkosic wacke

21R-1, 20 911.80 5638.52 Meta-arkosic wacke

21R-1,21 911.81 5548.09 Meta-arkosic wacke

21R-1, 26 911.86 5554.14 Meta-arkosic wacke

with lithostratigraphic Subunit 1A, described as nannofossil clay-
stone and nannofossil chalk at Site 900 (Shipboard Scientific Party,
1994d; Fig. 37).

The transition from Subunit [1A to Subunit 1B, inferred at 240
mbsf at Site 1068, occurs at 250 mbsf at Site 1069 (Fig. 37). Between
250 and 375 mbsf, all logging data correlate well between the two
sites, but the correlated features lie at a greater depth at Site 1069. In
thisinterval, most values are fairly constant, with the exception of a
slight decrease in the total gammaray from 100to 90 APl and anin-
creaseinresistivity from 1.7 to 2 Qm. Between 375 and 430 mbsf, no
correlation can be found between the two sites, as total gamma-ray
valuesincrease at Site 1069, whereas they decrease at Site 1068 over
theinterval (Fig. 37), indicating adifferencein lithology between the
two sites.

The high gamma-ray values encountered at ~480 mbsf at Site
1068 may be tentatively correlated with the high values reached be-
tween 500 and 550 mbsf at Site 1069. Again, a good correlation be-
tween Holes 1068A and 1069A appears below 600 mbsf, with almost
no differencesin depth. As at Hole 1068A, it is quite difficult to de-
fine lithostratigraphic units from logging datain the lower part of the
hole, mainly because the data display continuous variations (with a
wavelength of about 100 m) rather than sudden changes. From core
observations, the transition between lithostratigraphic Subunit 11B
and Subunit I1C was defined at 730 and 805 mbsf at Sites 1068 and
1069, respectively. However, the logging data features described at
740 mbsf at Site 1068 correlate well with data at 735 mbsf at Site
1069. The lithology of the cores is homogeneous, whereas the log-
ging data exhibit some variations. Such a discrepancy in the depth of
the lithostratigraphic subunits described from core and log data may
be aresult of limited and probably preferential core recovery.

256

O Claystone
O® ® |® sandstone
® ® Calc claystone
A Meta-arkosic wacke

750F O ® ]
(@] ®
[ ]
o
e
o ®
5800- 0O ® -
o
£ o ®
< O
Q
3 o ®
(@] ®
gsol @ 4
[ ] ®
o %
A A A
900 | i
A

2000 3000 4000 5000 6000
Velocity (m/s)

Figure 33. Compressional-wave velocity vs. depth in Hole 1069A.

Variations in the sedimentation rates between Sites 1068 and
1069 inferred from log data, suggest a greater rate during the Mi-
ocene at Site 1069, aslightly lesser rate during the upper Eocene, and
a similar rate during the middle to lower Eocene, relative to Site
1068.

Finally, awater overpressure encountered at 650 mbsf during the
wiper trip may be tentatively related to a20-m-thick washout interval
(670-690 mbsf), where high porosity and low resistivity wererecord-
ed.

Borehole Temperature

Figure 38 shows the temperature vs. depth profile for the run of
the triple combination tool string from 778 mbsf to the seafloor. The
temperature data are unlikely to represent thermal equilibrium be-
tween the borehol e and the surrounding formation because of the dis-
turbance created during drilling operations associated with fluid cir-
culation. Thetemperature gradient isrel atively constant from the sea-
floor to about 620 mbsf (up-log); however, these data indicate alow
geothermal gradient (17°C/km), which may be because the hole had
not reached thermal equilibrium.

SUMMARY AND CONCLUSIONS
Summary

All the cores recovered at this site contain sediments. The cores
reveal a long history of deposition, in a great variety of environments,
that provides important clues about the development of rifting on the
West Iberia margin.

The history of the site began with the deposition of lithostrati-
graphic Subunit VB. Recovery of this subunit was very poor (<3%),
yet the mean rate of penetration of the drill bit while cutting each core
was always in the range #16.3 m/hr (or more precisely, using drill-
ing records, in the range-B7 min/m). Further, during coring, the bit
experienced rapid fluctuations of torque over periods of several sec-
onds. Except for three pieces of dark gray to black, slightly fissile,
shaley material recovered from Cores 21R and 24R, the recovered
pieces of rock were all pieces of very hard metasediment 2 to 17 cm
long. Some pieces exhibit a moderately rounded shape that is evi-
dently influenced by the direction of foliation in the rock. In spite of
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Figure 34. Compressional-wave velocity vs. porosity and density in Hole
1069A.

the abrasion caused by drilling, the original surfaces of the pieces are
visible in several cases and this unequivocally suggests that at least
these pieces are origina clasts that must have existed in a softer ma-
trix that was not recovered in the cores. The clasts are likely to have
been about the size of the drill bit in diameter (~10.5 inches) or less
because otherwise the rate of penetration would have been signifi-
cantly slower as larger clasts were drilled through; this was not ob-
served. It seemslikely that the torquing was caused by clasts accumu-
lating in the bottom of the hole and temporarily obstructing the bit be-
fore being broken up or entering the core barrel.

The clasts themselves are composed of meta-arkosic wackes and
metasiltstones with a metamorphic foliation and minerals typical of
lower greenschist to subgreenschist facies. Deformation of the
metasediments indicates a probable maximum temperature of

SITE 1069

Table 16. Depth parameters at Site 1069 from log and drilling opera-
tions.

Depth

Tool run Operation depth (mbrf)
1 Driller’s depth 6045
Depth reached by tool 5863

Driller's pipe 5863

Logger's pipe 5863

Driller's seafloor 5086
Logger’s seafl oor 5087

2 Driller's depth 6045
Depth reached by tool 5864

Driller's pipe 5186

Logger’s pipe 5188

ment that occurs in lithostratigraphic Subunit VB, but this could have
come from an unsampled interval of sand in Subunit IIC.

Thus, it appears that we cored a formation with pebble- to cobble-
sized clasts of metasediment scattered randomly, or in layers,
throughout a soft sand or shale matrix. The most favored explana-
tions are that the formation was the distal part of a sand-rich alluvial
fan or a high-concentration turbidity flow. Pebbly submarine fan and
slope channel deposits occur within the Upper Jurassic of Portugal.
Further evidence of the maturity, if not the antiquity, of the deposit is
provided by the discovery of 102 ppm methane and 1.6 ppm ethane
in headspace gases from the shaley 0.33% organic carbon material in
Core 173-1069-21R. This may imply burial in the past under a greater
lithostatic overburden than the current 910 m.

In the top few meters of Subunit VB, two occurrences of small
pieces of limestone herald the deposition of Subunit VA, which con-
sists of pieces of shallow-water limestone containing clasts of shal-
low-water carbonate material. So far these rocks are undated, except
for one spot sample analyzed for palynology in a subsequent shore-
based study which suggests an Upper Jurassic (mid-Kimmeridgian
upper Portlandian) age sediment deposited in a marine environment
under a strong terrestrial influence (see “Appendix,” this chapter).
They are overlain by only 10 cm of medium dark gray clay in which
the Upper Jurassic (?Tithonian) nannoflora has been greatly diluted
by fine clastics suggesting deposition in a restricted interior continen-
tal basin perhaps in outer shelf depths. A streak of nannofossil ooze
within the clay, with a more diverse floral assemblage, indicates that
open-water marine conditions were not far away.

The (?)Tithonian clay is possibly overlain by an unconformity,
marked by limestone clasts, which separate it from 2.3 m of upper
Berriasian to lower Valanginian chalk. The chalk was deposited well
above the CCD and possesses a diverse nannoflora indicating a more
open connection to the ocean. The lower part of the chalk shows per-
vasive evidence of slumping and microfaulting and, in places, it is
mixed with sand- and gravel-sized extraformational clasts similar in
composition to the pieces of limestone conglomerate and metasedi-
ment of lithostratigraphic Unit V. The chalk also possesses a slightly
inclined bedding that is sometimes crosscut by subhorizontal lami-

~300°C. In thin section, all samples exhibit original sedimentary texnae, probably of diagenetic origin. It is unclear whether the instability
tures and some preserve their original bedding or lamination. Vuga the chalk was simply the result of deposition on a slope or whether
exist, one of which may represent a deformed pyritized fossil gastrdt was deposited at a time of tectonic instability and differential ver-
pod or foraminifer. Rocks closely resembling the Site 1069 metasedical movements that included the onset of the subsidence that accom-
iments, and which have yielded Devonian to Carboniferous fossilqanied the rifting of Iberia from North America at this latitude. If the
have been reported from the northwestern edge of Galicia Barlnit IV chalk is pelagic drape, then it can be argued that the tectoni-

(Boillot et al., 1988a; Mamet et al., 1991).

cally generated basement topography had already formed, at least

The matrix clearly is a friable material. Candidates include poorlypartly, in pre-late Berriasian time, probably in the short hiatus be-
cemented sands (loose sands would have caused the hole to collapsegen the Tithonian and late Berriasian.

fissile shale, and pelites shattered by cataclasis. A cataclastic origin At this site there was a long ~55 m.y hiatus in deposition between
is ruled out by the very rare evidence of cataclasis in the clasts. Tliee early Valanginian and the late Campanian representing most of
three pieces of shaley material support the second hypothesis. Hothe Cretaceous. The boundary is sharp but without any angular un-
ever, a 40-cm-long ghost core obtained from the interval betweetonformity. It is likely that, because the site is located near the top of
767-959 mbsf during a wiper trip contained unlithified coarse lithica basement high, it was not inundated by abyssal plain turbidites for
sand with a high proportion of clasts of the same kind of metaseda long time. Further, the absence of post-early Valanginian pelagic
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Table 17. Logging operations at Site 1069.

Time
Date (GMT) Activity
5/30/97 5:00 Rig up wireline and triple combination tool string

7:30 Run in hole with triple combination (TLT/DIT/HLDS/APS/HNGS)
10:00 Pipe depth (PD; 5863 mbrf) reached; no possible progress out of pipe
10:35 Tool run back to the seafloor; no data recorded
13:00 Tool out of drill string and rig down finished
15:00 Pipe lowered to below bridge (5863 mbrf) and pulled back up to 100 mbsf
15:00 Rig up triple combination for the second run (TLT/DIT/HLDS/APS/HNGS)
16:20 Run in hole to total depth (TD; bridge encountered at 5864 mbrf)
19:05 Log up to PD
20:20 Tool enters pipe
23:00 Rig down finished
23:30 Rig up of the FM S-sonic toolstring (FMS/SDT/NGT)

5/31/97 1:45 TD reached (5864 mbrf); telemetry problems, tool pulled to the surface
5:30 Rig down finished; end of logging operations
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Figure 37. Comparison between total natural gamma-ray logs from Holes
1069A and 1068A at the same vertical scale.
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APPENDIX 1. PALYNOLOGY? The occurrence dElassopallis echinatus indicates that this sample is no
older than mid-Kimmeridgian.

Five samples from Site 1069 were analyzed for palynology. In Sample The presence oficatricosisporites sp. provides further evidence of a
173-1069-16R-3, 127-131 cm, the presence of the dinocyst Dichadogonyaul- post-Oxfordian age. This spore genus does not occur until the lowermost
ax (?)pannea indicates a Kimmeridgian—upper Portlandian age. This is supKimmeridgian in Spain (Van Erve et al., 1988) and Portugal (Van Erve and
ported by the remainder of the assemblage. Mohr, 1988; Mohre and Schmidt, 1988).

A marine environment with strong terrestrial influence is suggested by the  The fern spore (3riatella scanica ranges from Anisian—lower Callov-
presence of a restricted dinocyst assemblage in an otherwise strongly migh, to (?)Portlandian (Batten and Koppelhaus, 1996).

spore dominated palynoflora. Overall, therefore, a mid-Kimmeridgian—upper Portlandian age is indicat-
Samples 173-1069-16R-1, 145-149 c¢m, 16R-2, 87-91 cm, 16R-3, 26-28d.
cm, and 17R-CC were all barren of in situ palynomorphs. Paleoenvironment
Results The presence of rare marine dinocysts that compose approximately 5% of

. the total assemblage indicates deposition in a marine environment. Strong ter-
Sample 173-1069-16R-3, 127-131 cm, contains a moderately abundapdstrial influences are suggested by the overwhelming dominance of mio-

assemblage of miospores dominated by the gymnosp@iassopollis toro- spores.
sus andClassopollis echinatus with common bisaccate polleWitreisporites The overall nature of the miospore assemblage is typical of that found in
pallidus, andAlisporitesspp. Also present at@erebropollenites macroverru- the Tethyan Realm with a strongBtassopollis-dominated palynoflora and

cosus and (?Rriatella scanica. Other miospores recorded are minor constit- sypordinate bisaccate pollen (Thusu and Vigran, 1g88¥sopallis is a co-
uents and comprise mainly long-ranging Jurassic-Cretaceous forms (e.giferous pollen characteristic of Lower Jurassic to mid-Cretaceous palynoflo-

Araucariacites australis, Concavisporites sp., Deltoidospora sp.,Exesipolle- ras. Its occurrence is widespread, particularly in lower latitudes, where it can
nites tumulus, Ischyosporites variegatus, andSpheripollenites psilatus). occur in abundance, often comprising over 90% of the assemblage. It is con-

Dinocysts are present in very restricted numbers and are generally pootdygered to have been produced mainly by a variety of warmth-loving shrubs,
preserved. Species recorded incliéghéeodinium sp., Cribroperidinium glo- particularly byHirmeriella and other cheirolepidiaceous conifers that grew in
batum, Dichadogonyaulax (?)pannea, (?)Senoniasphaera sp., andsentusidin- masses on low-lying mudflats close to water, although some were able to
ium brevispinosum. . . ) withstand semi-arid conditions (Francis, 1983, 1984) and others grew on

Chitinous microforaminiferal test linings and the freshwater afgdias- higher ground (Srivastova, 1976). Fern spores subeisidospora sp.,Cic-
trumare also present. ) ) atricosisporites sp., Concavisporites sp., Ischyosporites variegatus, and

See Table 18 (Appendix) for full assemblage details. (?)Sriatella scanica were also probably derived from low-lying, possibly

swampy areas whereas the source of conifer faacariacites australis,

Age Significance and bisaccate pollen was most likely a higher, more continental environment.

The presence of the dinocyBtchadogonyaulax (?)pannea indicates a All samples analyzed were processed in the palynological laboratory at
Kimmeridgian—upper Portlandian age, the occurrenc€rdfroperidinium University College London using standard palynological processing tech-
globatum also suggests an age no younger than upper Portlandian. niques.

1Susan L.Matthews, Dept. of Geological Sciences, University College, London,
U.K.

Table 18. Palynology abundance chart for Hole 1069A.
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Age range interval (cm) mbs) 2 o Szc8ax8ca3388||686 Eg 25 s &
173-1069A-
16R-1, 145-149 865.1 B
16R-2, 87-91 866.0 B
16R-3, 26-29 866.9 B
mid-Kimmeridgian—Portlandian ~ 16R-3, 127-131 867.9 A ACCORRRRRRRR R R R R R R R R
17R-CC 874.4 B

Note: R = rare (<4 specimens), O = occasional (5-9 specimens), C = common (10-19 specimens), A = abundant (>20 specimens).
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