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North Atlantic contourites: an overview

D.A.V. Stow and J.A. Holbrook

SUMMARY: We present a brief overview of known bottom circulation and Tertiary to
Recent sediment drifts in the North Atlantic Ocean, and outline the distinctive features of
contourite sediments recovered from these drifts. There is a gradation of structural and
textural characteristics between the finer-grained clayey and muddy contourites and the
coarser-grained silty and fine-sandy contourites. There is also a gradation between the three
compositional types identified: biogenic, mixed biogenic/terrigenous, and volcanogenic.
Other features such as microfabric, or facies sequences are less well documented but

potentially diagnostic.

Bottom circulation

Our knowledge of deep-water circulation in the
North Atlantic is perhaps better than for any
other large ocean basin (e.g. Berggren & Hollister
1974, 1977; Shor & Poore 1978; Schnitker 1980).
At the present day, several different water masses
are involved in this circulation. The deepest,
coldest water mass is the Antarctic Bottom Water
(AABW), formed in the Weddell and Ross Seas
bordering Antarctica and flowing north into both
the western and eastern North Atlantic basins.
Dense, cold water is similarly formed in the
Greenland and Norwegian Seas and flows south
through the Denmark Strait, the Faeroes Bank
Channel and across several sills on the Iceland-
Faeroes Ridge. This Norwegian Sea Overflow
Water (NSOW) mixes partially with Labrador
Sea Water (LSW) formed south of Greenland and
with AABW to form the North Atlantic Deep
Water (NADW). Warmer saline Mediterranean
Sea Water (MSW) flows out of the Straits of
Gibraltar and spreads out at intermediate levels
to both north and south. The possibility that
MSW contributes to a relatively strong Eastern
Boundary Undercurrent (EBUC) in the NE
Atlantic as far north as the Rockall Trough has
been noted by several authors (Swallow et al.
1977, Ellett et al. 1979).

Bottom currents associated with the movement
of these water masses have now been measured in
many parts of the ocean (see Table | in Stow &
Lovell 1979) mainly with short-duration current
meters, and the complex circulation shown in Fig.
1 has been demonstrated. Velocities across the
Greenland-Iceland-Faeroes Ridge are up to 30
cm/s. In the Hatton Rockall and Rockall Basins
velocities average 5-15 cm/s, being consistently
higher (20-30 cm/s) in the core of the current and
lower (0-10 cm/s) at the margins and over
depositional ridges. Low velocity eddies spill over
the ridge crests and flow perpendicular to the
contours. A cyclonic loop of NADW in the

Rockall Basin results in a narrow (10-20 km)
current of up to 20 cm/s flowing northwards
along the eastern margin of the Basin. Measure-
ments over 9 months show that the NSOW flows
predominantly westwards through the Charlie-
Gibbs Fracture Zone with mean seasonal veloci-
ties of 0-8 cm/s and maximum of 20 cm/s. Similar
velocities have been recorded from an anticyc-
lonic loop of NSOW and LSW in the Labrador
Sea.

Numerous measurements in the western North
Atlantic have shown persistent westerly and
southwesterly currents of 5-20 cm/s associated
with the Western Boundary Undercurrent
(WBUC) (e.g. Shor et al. this volume). Over an 8
month period on the continental rise south of
Cape Cod, Luyten (1977) demonstrated a mean
westward flow of 5 cm/s and velocity pulses of up
to 40 cm/s to both east and west. Both long-term
and short-term measurements have confirmed
bottom velocities beneath the Gulf Stream of
5-15 cm/s at depths of 3600-5000 m, with current
eddies of up to 30 cm/s. Generally sluggish
currents have been reported from the east central
North Atlantic. However, bottom current veloci-
ties associated with the MSW are up to 300 cm/s
in the Straits of Gibraltar and from 10-80 cm/s
along various parts of the south Iberian margin in
the Gulf of Cadiz (e.g. Faugéres et al. 1984;
Gonthier et al. this volume).

Although the movement of water masses can
be generalized in terms of a bottom current
system and short-duration current, measure-
ments have yielded the sorts of values outlined
above. It is important to note the great variability
in time and space of such currents as well as the
overall complexities of the circulation pattern.
The currents vary from a few kilometres to tens of
kilometres in width and flow at different levels
within the water column. They flow downslope as
well as along-slope, and large competent eddies
peel off to move at right angles to the main flow.
Insufficient measurements have been made to
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FiG. 1. North Atlantic present-day deep-water circulation (arrows, see text) and the major sediment drifts (close
stipple). FAD = Faro Drift, FD = Feni Drift, HD = Hatton Drift, GD = Gadar Drift, BD = Bjorn Drift,

SD = Snorri Drift, ED = Eirik Drift, GRD = Gloria Drift, NOR = Newfoundland Outer Ridge, CR =Corner
Rise, BR = Bermuda Rise, GSOR = Gulf Stream Outer Ridge, BBOR = Blake Bahama Outer Ridge,
GAOR = Greater Antilles Outer Ridge, COR = Caicos Outer Ridge. Areas of bottom water formation shown

by wide stipple.

determine any characteristic periodicity in flow
velocity, but both seasonal (Shor et al. 1980) and
tidal (McCave et al. 1980) fluctuations have been
noted. Velocities decrease from the core to the
margin of the current, and reverse flows are
commonly measured. It appears that a variable
period and variable diameter eddy-like advance is

more typical of deep bottom currents than simple
uniform unidirectional flow.

Sediment drifts

We also show in Fig. 1 the sediment drifts in the
North Atlantic that owe their origin largely to the
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system of bottom currents that has been develop-
ing since the early Tertiary. Most of these drifts
have been at least sparsely sampled with piston
and gravity cores or Deep Sea Drilling Project
drill cores. We summarize below brief descrip-
tions of the sediments recovered, together with
the supporting evidence that allows their interpre-
tation as contourites. In some of these examples
there are intervals of interbedded slumps, debrites
and turbidites. This list is based on that compiled
by Stow (1982) with certain recent additions.

Feni Drift (Pujol e al. 1974; Faugeéres et al. 1979,
1981; Dingle et al. 1981)

Sediments: calcareous silts, clays and oozes;
gradational contacts between beds, homo-
geneous; fine-grained; mixed biogenic and terri-
genous; sedimentation rate 6-12 cm/1000 yrs.
Other evidence: inferred bottom currents, drift
morphology, sediment waves, seismic character-
1stics.

Hatton Drift (Laughton er al. 1972; Shor & Poore
1978; Roberts & Montadert 1979; Montadert et
al. 1979; McCave et al. 1980)

Sediments: calcareous muds, oozes and chalk,
diatomaceous chalk; mainly homogeneous and
bioturbated, also wavy and contorted lamination
(paper-thin lamination and other microstructures
in diatomaceous chalk?); fine-grained with foram
sand fraction; mixed biogenic and terrigenous;
sedimentation rate 2-5 ¢cm/1000 yrs. One sandy
contourite identified, with 35-70%, foram sand.
Other evidence: measured bottom currents and
nepheloid-layer, drift and small-scale morpho-
logy. seismic characteristics, hiatuses.

Gardar Drift (Shor 1980: Faugéres e al. 1979;
McCave et al. 1980)

Sediments: calcareous muds; homogeneous;
mixed biogenic and terrigenous; sedimentation
rates 25-40 cm/1000 yrs. Sandy contourites iden-
tified, muddy sands 1-10 c¢m thick; bioturbated
and burrowed, no primary structures; fine sand-
sized, poorly sorted, positively skewed; mixed
biogenic and terrigenous, broken and iron-
stained foram tests; sedimentation rate 2 cm/1000
yIS.

Other evidence: measured bottom currents and
nepheloid-layer, drift and small-scale morpho-
logy. seismic characteristics, hiatuses.
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Bjorn Drift (Laughton er al. 1972; McCave et al.
1980)

Sediments: muds and calcareous muds; homo-
geneous, bioturbated, rare thin laminae; fine-
grained; biogenic and terrigenous, foram sand
fraction; sedimentation rate 12 cm/1000 yrs.
Other evidence: inferred bottom currents, drift
morphology, seismic characteristics.

West Reykjames Ridge (Luydendyk er al. 1978;
Shor & Poore 1978)

Sediments: calcareous ooze and chalk, siliceous
chalk; homogeneous, bioturbated, rare thin ir-
regular coarse laminae; dominantly biogenic,
some terrigenous.

Other evidence: inferred bottom currents, drift
morphology, seismic characteristics.

Eirik Drift (Chough 1978; Latouche & Parra
1979; Chough & Hesse, in press)

Sediments: calcareous muds; intensely biotur-
bated and mottled, rare wavy parallel lamination,
rare laminated coarse layers; fine-grained. poor-
ly-sorted; biogenic and terrigenous.
Other evidence: measured bottom currents, drift
morphology, seismic characteristics.

Gloria Drift (Laughton ez al. 1972)

Sediments: calcareous muds; homogeneous, bio-
turbated; fine-grained; biogenic and terrigenous.
Other evidence: measured bottom currents, drift
morphology, seismic characteristics.

Newfoundland Ridge (Auzende et al. 1970; Pas-
touret e al. 1975; Latouche & Parra 1979)

Sediments: calcareous mud; mainly homo-
geneous, some more sandy and silty intervals;
fine-grained; biogenic and terrigenous.

Other evidence: measured bottom currents and
nepheloid-layer, drift morphology, seismic
characteristics.

Bermuda Rise and Corner Rise (Peterson & Edgar
1968; McGregor et al. 1973; Silva er al. 1976;
Laine & Hollister 1981)

Sediments: calcareous muds; homogeneous and
bioturbated; fine-grained with coarse biogenic
debris; biogenic and terrigenous.

Other evidence: measured bottom currents and
nepheloid-layer, non-uniform drift morphology.
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Blake-Bahama Outer Ridge (Heezen er al. 1966;
Hollister et al. 1972; Klasik & Pilkey 1975; Fiood
1981; Flood & Hollister 1980; Gradstein et al.
1981)

Sediments: calcareous clays and muds and marls;
homogeneous, bioturbated, mottled, rare thin
ungraded coarse layers, no other primary struc-
tures; mainly fine-grained, some with up to 209
foram sand, moderately poorly sorted; biogenic
and terrigenous, carbonaceous in parts, cyclic
vertical variations in composition in parts,
alongslope compositional variation in parts.
Other evidence: measured bottom currents and
nepheloid-layer, large-scale drift and wide range
small-scale morphological features, seismic
characteristics, hiatuses.

Greater Antilles Outer Ridge (Bader er al. 1970;
Tucholke 1973, 1975; Tucholke & Ewing 1974)

Sediments: calcareous muds and silty clays;
homogeneous, mottled, rare concentrations of
biogenic material in irregular layers; fine-grained,
minor biogenic sand; biogenic and terrigenous,
cyclic variations in carbonate content, carbona-
ceous in parts.

Other evidence: measured bottom currents and
nepheloid-layer, drift and small-scale morpho-
logy, seismic characteristics.

Gilliss Seamount (Taylor er al. 1975)

Sediments: calcareous muds and marls; homo-
geneous, structureless; fine-grained with foram
sand fraction; biogenic and terrigenous,
numerous broken foram tests; sedimentation rate
1 cm/1000 yrs.

Other evidence: inferred bottom currents, drift
morphology on flanks of seamount, seismic
characteristics.

Great Meteor Seamount (Von Stackelberg et al.
1979)

Sediments: calcareous oozes; bioturbated, rare
lamination; fine-grained with nannofossil silt and
foram sands; mainly biogenic, minor terrigenous.
Other evidence: inferred bottom currents, drift
morphology on flanks of seamount.

Gibbs Fracture Zone (Faugéres et al. 1979; Shor et
al. 1980)

Sediments: foram sands.
Other evidence: measured bottom currents, drift
and erosional morphology.

D.A.V. Stow and J.A. Holbrook

Faro Drift (Mougenot & Vanney 1982; Faugeres
et al. 1984; Gonthier et al. this volume).

Sediments: calcareous muds, silty muds, silts and
very fine sands; homogeneous, mottled, and
remnants of primary structures; mostly intensely
bioturbated; fine clay to fine sand-size, poor to
moderately sorted; mixed planktonic/benthonic
biogenic and terrigenous composition; regular
horizontal variations and irregular vertical
‘sequence’ of facies noted.

Other evidence: measured bottom currents and
nepheloid-layer, drift morphology, bottom
photographs of current-induced structures, seis-
mic characteristics.

Continental rise contourites

Along much of the western North Atlantic con-
tinental margin, as well as along parts of the
eastern margin, it appears that contourites are
closely interbedded with resedimented and hemi-
pelagic facies on the continental rise. The con-
tourites described by Pastouret et al. (1978), Stow
(1979) and Stanley ez al. (1981) from these settings
are closely comparable with those of the sediment
drifts outlined above. However, other authors
have interpreted a facies comprising silt and
fine-sand laminae and thin cross-laminated beds
interlayered with mud as being of contourite
origin (e.g. Heezen et al. 1966; Hollister & Heezen
1972; Bouma & Hollister 1973; Barrusseau &
Vanney 1978).

The distinction of facies types on the continen-
tal rise is still a matter of some controversy and is
the subject of detailed study in an area of the
Nova Scotian continental rise (HEBBLE study
area, Shor et al., this volume). Until this problem
is resolved we base our sedimentary character-
istics of contourites on the less equivocal sedi-
ment drift examples.

Sedimentary characteristics

The following is a synthesis of the sedimentary
characteristics of contourites based on numerous
descriptions of sediment drift samples (references
as for individual drifts), and on previous syn-
theses by Stow & Lovell (1979), Lovell & Stow
(1981) and Stow (1982). It does not apply to the
gravel-lag contourites of narrow passages and
straits which have only rarely been sampled.

Contourite facies (Fig. 2)

Muddy contourites (silt and clay grade), sandy
contourites (mainly fine sand grade) and gravel-
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FI1G. 2. Photographs of typical contourite facies: (a) muddy contourite, (b) mottled silty-muddy contourite, (¢)
sandy contourite (lower part). All from Faro Drift, Gulf of Cadiz. Core width approximately 10 cm.

lag contourites (coarse sand and gravel grade) can
be distinguished. These form a continuum from
purely depositional fine-grained facies to purely
erosional coarse lag deposits. Other facies divi-
sions that have been used are mottled silts and
muds and silty contourites.

Bedding style and thickness (Figs 2 & 3)

Muddy contourites commonly occur in thick
monotonous sections (from a few centimetres to
tens of metres) with poor or absent bedding.
Where silty or sandy contourites occur, they form
thin irregular distinct to gradational layers (com-
monly <3 cm thick), or thicker often distinct
beds (commonly 10-30 cm).

Facies ‘sequences’ (Fig. 3).

A characteristic succession of muddy, silty and
fine sandy facies in positive and negative grada-
tional sequences has been observed. These
sequences are highly variable in thickness (<10
cm to >100 cm) and often incomplete in the
range of facies and structures present. A typical
coupled negative-positive sequences is shown in
Fig. 3 (from Gonthier et al., this volume).

Primary sedimentary structures (Figs 2 & 3)

Irregular coarser (often shelly) concentrations,
silty lenses and laminae occur in all facies types.

Wavy or wispy lamination is commonly noted in
parts of the muddy and silty-mud facies; regular
horizontal lamination is rare. Silt and fine-sand
facies are commonly massive (bioturbated), or
more rarely with internal horizontal and cross-
lamination. Layer contacts between facies can be
entirely gradational, sharp and flat, irregular or
erosive. Both tops and bottom of layers show
these contact types with equal regularity; the
same contact can vary in nature across the width
of a core.

Bioturbation (Figs 2 & 3)

One of the most characteristic features of con-
tourites is their extensive bioturbation through-
out. This bioturbation was clearly a continuous
process, in many cases with several superimposed
episodes, that has modified or destroyed much of
the primary sedimentary structure, partially or
completely altered the nature of the contacts, and
is probably responsible in large part for the
melange of silt, sand and mud that is commonly
observed. Bioturbational mottling occurs at a
um, mm and cm scale together with iron sulphide
mottles and filaments (mycelia). Distinct burrow
types are also recognized, including Chondrites,
Planolites, Scolicia, Teichichnus and Zoophycos.
There appears to be a relationship between
burrow and mottle size and type and the grain-
size of the sediment (Faugeéres et al. 1984).
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F1G. 3. Typical vertical succession or ‘sequence’ of
contourite facies over 50 cm of section (from
Faugéres et al., 1984, Faro Drift). Muddy, mottled
silt and mud, and silty/free sandy contourite facies
shown. Note variations in grain-size, sedimentary and
bioturbational structures through the section.

D.A.V. Stow and J.A. Holbrook

Texture (Fig. 4)

In nearly all the samples studied to date there is a
spectrum of grain-sizes from fine silt and clay
grade (mean 8 um) to coarse silt/fine sand-size
(mean 40-70 gum). They are mostly poorly sorted;
some silts and fine sands are moderately well
sorted. The shape of the cumulative frequency
grain-size curves (following the terminology of
Riviere 1977) are commonly parabolic-hyperbo-
lic (coarse and fine tails) for the silts and sands,
more or less hyperbolic (fine tail) for mixed
silty-muddy facies, and close to logarithmic (un-
iform size distribution) for the finer muddy
contourites. Progressive increase or decrease in
grain-size (i.e. both positive and negative grad-
ing) is common in all facies on a small-scale, over
a few centimetres, as well as over 50-100 cm of
section.

Composition (Fig. 5)

Composition depends very much on the material
available to the bottom current for transport and
deposition. In the North Atlantic contourite
drifts, there appear to be three end-member
compositions: biogenic, terrigenous and volcano-
genic. The pure end-member types are relatively
rare, although pure foraminiferal sands and
volcanogenic silty muds have both been de-
scribed. Most commonly, there is a mixture of
benthonic and planktonic biogenic tests with
terrigenous and/or volcanogenic material. Part of
the material may be far travelled (over 1000 km)
and part may be derived locally, either in situ
benthonic or overlying planktonic organisms.
Current transport and long residence times on or
near the bottom, causes fragmentation of bio-
genic tests and iron staining of grains. Organic
carbon contents are commonly low (about 0.5%))
Diagenetic minerals, especially iron sulphides
and clays, are commonly present in small
amounts.

Fabric

There have been few systematic fabric studies to
date. Preliminary results suggest that elongate silt
or fine sand grains and the anisotropy of magnetic
susceptibility both probably parallel the bottom
current direction. However, it is not clear what
overall orientation pattern is attained by grains
deposited from a bottom current that shows large
eddies and reversals of direction. Limited scan-
ning electron microscope studies indicate that the
contourite mud fabric may be characterized by
small particle clusters and individual clay plates
relatively well aligned, parallel to bedding. How-
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FI1G. 4. Cumulative frequency
grain-size distribution curves for

® . North Atlantic contourites;
semi-logarithmic plots. Examples
from: (a) Faro Drift, (b)
Blake-Bahama Outer Ridge and (c)
NE Atlantic Drifts and Seamounts.
(sources: Gonthier et al., this
volume; Stow & Holbrook,
unpublished data; Chough & Hesse,
100 50 o 4 [ m in press).

(c) Feni,Hatton, Snorri Drifts
(biogenic-rich, solid lines)
Vogel and Nashville Seamount Drifts
(volcanogenic-rich, dashed lines)
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FiG. 5. Composition of North Atlantic contourites. Generalized triangular plot of three main components:

biogenic debris, terrigenous material and volcanogenic material (including smectite clays). Based on smear slide
estimates, and sand-fraction grain mounts and X-ray diffraction data (Stow & Holbrook, unpublished data).

ever, this may depend to some extent on the
pre-flocculated nature of suspended materials
introduced to the bottom current from different
sources. Both silt and mud fabrics will clearly be
disturbed by subsequent bioturbation.

Sedimentation rate

The rates of accumulation of many North Atlan-
tic contourite drifts have been determined from
either carbon 14 or micropalacontological dating
of cored sections (Davies & Laughton 1972;
Hollister et al. 1972; Klasik & Pilkey 1975;
Sheridan, Gradstein er al. 1981). These rates,
mainly for Pliocene to Recent sections, mainly lie
between about 5 cm and 10 cm/1000 yrs, ranging
from as little as 1 ¢m/1000 yrs to around 15
cm/1000 yrs. Similar values are obtained from
estimates of seismic thickness and stratigraphic
age for certain drifts, and for contourites of the
continental rise (e.g. Stow & Lovell 1979).

Discussion
Processes

Bottom currents have an important effect on the
nature and distribution of sediments in the North

Atlantic Ocean at the present day. Bottom circu-
lation is complex, involving several different
water masses, large areas of the ocean where flow
is negligible, and other areas where flow velocity
can reach over 100 cm/s for short periods of time.
Long-term current measurements show that bot-
tom currents vary greatly in time and space,
having tidal, seasonal and irregular periodicities,
current reversals and an eddy-like flow advance.

Many bottom currents are capable of eroding,
transporting and depositing fine-grained sedi-
ments (up to about fine or medium sand-size), of
reworking medium and coarse-grained sands,
and of winnowing finer material away from
coarser-grained sandy and gravelly sediments.
Bottom currents transport fine suspended mater-
ial (average size about 12 ym) in thin to thick (110
m to over 1500 m?), very low concentration (0.01
to 0.3 mg/l), bottom nepheloid-layers, in some
cases transporting the finest material over thou-
sands of kilometres. Suspended sediment enters
the nepheloid-layer from bottom current erosion,
from sediment resuspension due to burrowing
organisms, internal tides, etc. from the fine tails of
turbidity currents, and from the vertical settling
of hemipelagic and pelagic material through the
water column. A relatively weak bottom current
will only slightly effect this material during its
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passage to the sea floor, and so in many cases the
depositional process must be considered interme-
diate between bottom current and pelagic, hemi-
pelagic or turbiditic, depending on the main mode
of sediment supply. Stronger bottom currents will
have a more marked effect on the sediment during
its deposition.

Facies

Given the complexity of bottom current flow and
the common interaction of several different
depositional processes in the deep sea, it is hardly
surprising that there is a gradation of contourite
facies as well as gradations between contourite
and pelagic, hemipelagic or turbidite facies.
Two main contourite facies can be identified as
resulting from deposition by bottom currents:
muddy contourites and sandy contourites (Figs 6
& 7). Muddy contourites are fine-grained, mainly
homogeneous or structureless and thoroughly
bioturbated, more rarely having irregular layer-
ing, lamination and lensing. They range from
finer-grained homogeneous muds to siltier mot-
tled silts and muds. Their composition varies with
the primary source material, but is most com-
monly mixed biogenic and terrigenous. They
most closely resemble hemipelagites. Sandy con-
tourites occur as thin irregular layers (< 1 to 5¢cm)
or thicker beds (5-25 cm), that are either struc-
tureless and thoroughly bioturbated or with some
primary horizontal and cross-lamination pre-
served. They can show both negative and positive
grading, or both, and have sharp or gradational
bed contacts. Grain-size is commonly fine sand.
more rarely medium sand, with poor to moderate
sorting. In many cases the mean grain-size is the
coarse silt grade and the facies may be more
accurately termed “silty to fine sandy’ contourites.
The composition is variable, commonly mixed
terrigenous and biogenic. The facies may some-
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times be confused with fine-grained turbidites.
Muddy and sandy contourites commonly occur
together in sediment drifts in irregular vertical
‘sequences’.

The effects of winnowing and reworking by
bottom currents can result in contourite facies
with rather different characteristics. Thin, irregu-
lar, poorly-sorted, structureless, mixed-composi-
tion, iron-manganese coated, coarse-sandy and
gravel-lag contourites are formed by the winnow-
ing and removal of all fines from a coarse-grained
sediment by powerful bottom currents. The more
or less in situ reworking of sandy turbidites can
result in a bottom current modified turbidite
sand. These are believed to be common on
continental slopes and rises.

Ancient contourites

We now have a relatively well-documented suite
of sedimentary characteristics for contourites.
based mainly on data from present-day sediment
drifts but which we believe is applicable to
contourites from other depositional settings. In
theory, therefore, we should be able to recognize
contourites with some degree of confidence from
ancient rocks on land or in drill-cores from the
oceans. In practice, however, these sedimentary
criteria are not always definitive and may be
partially lost during burial and diagenesis. The
cautious triple-scale approach proposed by
Lovell & Stow (1981) should still be followed in
any identification of ancient contourites.
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