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ABSTRACT

Data from piston cores, DSDP drill sites, and seismic profiles in the Lesser Antilles intraoceanic island arc define
eight lithofacies units: (I) a pelagic clay facies on the abyssal plain below the CCD (carbonate compensation depth); (II)
a marly calcareous ooze facies on the forearc slope; (III) a calcareous ooze facies on isolated oceanic rises; (IV) a vol-
canic calcareous ooze facies on the broad, shallow arc platform; (V) a calcareous shell hash facies restricted to arc plat-
form reefs; (VI) a calcareous volcanic silt facies with abundant pyroclastic turbidites in the backarc basin; (VII) a silty
calcareous mud facies in backarc and forearc regions adjacent to continental sediment sources; and (VIII) a calcareous
mud facies with terrigenous turbidites and contourites on the abyssal plain adjacent to continental sediment sources.
The primary sources of sediment in the Lesser Antilles region include calcareous pelagic material, volcanogenic sedi-
ment from the island arc, and terrigenous sediment from South America. Factors governing the distribution of this sed-
iment include: the level of the CCD, prevailing wind and ocean current patterns, bathymetry, distance from volcano-
genic and terrigenous sediment sources, and fluctuations in sea level. A depositional model developed for the Lesser
Antilles region serves as a type model for intraoceanic island arcs with large lateral terrigenous sediment influxes.

INTRODUCTION

Modern subduction zones are defined by deep, linear
ocean trenches, with or without sediments, which can
be studied only by geophysical profiling, bottom sedi-
ment sampling, or submersible observations. Such stud-
ies have been used to develop facies models for active
margin trench and trench slope settings. These models
are useful in identifying similar environments in ancient
convergent margin sequences.

A number of localized studies have been completed
that describe the sediment distribution and depositional
processes operating at specific continental convergent mar-
gins (Middle America Trench: Ross, 1971; Heezen and
Rawson, 1977; Underwood and Karig, 1980; von Huene,
Aubouin, et al., 1980; and Moore, Watkins, et al., 1982.
Eastern Aleutians: Piper et al., 1973. Oregon-Washing-
ton: Carlson and Nelson, 1969; Barnard, 1978; and
Kulm and Scheidegger, 1979. Peru-Chile Trench: Scholl
et al., 1970; Hayes, 1974; Krissek et al., 1980; Kulm et
al., 1981; and Rosato and Kulm, 1981). Studies synthe-
sizing lithofacies distributions and modeling general
depositional processes at continental convergent mar-
gins are also available (Schweller and Kulm, 1978; Un-
derwood and Bachman, 1982; and Underwood et al.,
1980). These studies indicate that there is substantial
variability in both the depositional geometries and the
resultant sedimentary deposits found at these conver-
gent margins.

Few studies of the sedimentary facies or depositional
processes of intraoceanic convergent margins yet exist
(Central Aleutians: Scholl et al., 1982. Marianas: Hus-
song, Uyeda, et al., 1982; and Lundberg, 1983). The Less-
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er Antilles provides an example of an intraoceanic is-
land arc in which there is a significant lateral source of
terrigenous detritus. Abundant piston core, DSDP drill
site, and seismic and bathymetric data allow very com-
prehensive analysis of the sediment distribution and
depositional geometries in the Lesser Antilles (Fig. 1,
back pocket). The piston cores detail modern areal sedi-
ment distributions and recent depositional processes,
whereas the DSDP cores allow evaluation of temporal
variations. Accordingly, I herein describe the sediment
facies distribution and model the depositional processes
of the Lesser Antilles.

REGIONAL BACKGROUND

Physiographic and Tectonic Setting
Late Cretaceous Atlantic oceanic crust currently is be-

ing underthrust beneath the Caribbean Plate at conver-
gence rates of about 2 cm/y, along the Lesser Antilles
arc (Fig. 2; Minster and Jordan, 1978). The volcanically
active arc is 800 km long, extending from Saba in the
north to Grenada in the south (Fig. 1). The southern
part of the arc forms a narrow ridge that splits north of
Dominica to form a broad platform. The Limestone
Caribbee islands bounding the east side of this platform
consist of Eocene-lower Miocene volcanic and intrusive
rocks capped with Miocene limestones (Tomblin, 1975).
Pliocene-Pleistocene volcanoes composing the Volcanic
Caribbees, the currently active trace of island arc vol-
canism, occur along the west side of the platform (Mar-
tin-Kaye, 1969). The Limestone Caribbees probably rep-
resent an ancient trace of the Lesser Antilles volcanic
arc.

The west side of the Lesser Antilles island arc is bound-
ed by Grenada Basin, a backarc basin approximately
150 km wide with up to 7 km of sediment fill (Fig. 2;
Biju-Duval et al., 1978). To the north the basin merges
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Figure 2. General location map of the Lesser Antilles intraoceanic island arc modified from Moore, Biju-
Duval, et al. (1982). (Bathymetric contours are in kilometers. Schematic cross section A-A' showing
Leg 78A drill sites extends from the Atlantic abyssal plain into the deformed accretionary prism and
was compiled from seismic lines A1C and AID [see site reports, this volume]. Ocean surface currents
are shown in solid arrows; bottom currents are shown in dashed arrows.)

with the volcanic arc and Aves Ridge to form a single
plateau.

The forearc region east of the Lesser Antilles is ap-
proximately 450 km wide in the south, narrowing to less
than 150 km in the north (Westbrook, 1975). The wide
forearc region south of 15°N is underlain by a large ac-
cretionary prism constructed of sediment derived from
nearby South American sources (Westbrook, 1982). The
seaward boundary of the forearc region is marked by a

folded and thrust-faulted deformation front (Marlow et
al., 1974; Westbrook, 1975; Biju-Duval et al., 1978;
Moore, Biju-Duval et al., 1982). A topographic trench
marks the deformation front north of 16°N.

The Barbados Ridge complex (Westbrook, 1982), a
north-south trending pile of sediments up to 20 km thick
near Barbados (Westbrook, 1975), is separated from the
active arc by Tobago Trough forearc basin (Fig. 2). To-
bago Trough contains more than 4 km of sediment fill
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that dips very gently toward the basin center and be-
comes progressively more deformed in the eastern por-
tion of the basin (Keller et al., 1972; Mascle et al.,
1979). These easternmost sediments are being overthrust
by and tectonically incorporated into the Barbados Ridge
complex (Biju-Duval et al., 1978).

Geologic mapping suggests that the Lesser Antilles
has been active as an island arc at least since Eocene,
and perhaps since Late Cretaceous (Tomblin, 1975; Lewis
and Robinson, 1976; Westercamp, 1977; Biju-Duval et
al, 1978). Aves Ridge, a largely submerged, inactive vol-
canic ridge located west of the modern island arc, is
probably a remnant arc (Fig. 2; Fox et al., 1971; Nagle,
1972; Fox and Heezen, 1975; Biju-Duval et al., 1978;
Nagle et al., 1978).

Geologic History
Our present understanding of the geologic history of

the Lesser Antilles arc is based principally on onshore
studies of the Lesser Antilles volcanic islands (R. C.
Speed et al., "Lesser Antilles arc system and adjacent
terranes," unpublished final report to JOI, Inc., June
30, 1982: fig. 15) and Barbados (Speed, 1981; Pudsey
and Reading, 1982), supplemented by dredge and core
data where available. Sigurdsson et al. (1980) describe
the two main types of volcanic products derived from
eruptions along the arc: (1) principally silicic volcanics
from the islands of Guadeloupe, Martinique, Domini-
ca, and St. Lucia producing andesitic to rhyodacitic pum-
ice fall deposits and ignimbrites; and (2) subordinate
amounts of basic volcanics from the islands of St. Vin-
cent and St. Lucia producing lava flows and airfall ash
deposits of basaltic to basaltic-andesite composition.

The Upper Jurassic Basal Volcanic Complex (spilites
and keratophyres) exposed on Désirade Island are the
oldest rocks found in the Lesser Antilles; it is uncertain
how they fit into the regional history of the area (Fink,
1972). The roughly north-south ridge represented by Gre-
nada-Guadeloupe- Anguilla (Fig. 1) developed by the
middle to late Eocene, as shown by the large amounts of
volcanic rocks of that age exposed on those islands to-
day (Christman, 1953; Martin-Kaye, 1959; Grunevald,
1965; Robinson and Jung, 1972). An early Miocene sub-
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mergence of the Lesser Antilles is documented by the
growth of reefal limestone in many areas along the arc.
Uplift and emergence of the arc ridge ended this period
of Miocene limestone deposition and caused a shift in
volcanic activity in the Lesser Antilles north of Domini-
ca from the east to the west side of the broad platform
(Tomblin, 1975). Volcanic activity has continued along
that trace of the Lesser Antilles to the present day.

Sediment Sources
There are three major sources of sediment in the Lesser

Antilles intraoceanic island arc region: (1) volcanogenic
sediment in the form of pyroclastic debris flows or air-
fall ash layers derived from the volcanic island chain; (2)
terrigenous material from South American river sources
(Damuth, 1977); and (3) pelagic calcareous biogenic
material. The sediment distribution observed in the Lesser
Antilles intraoceanic island arc is controlled by factors
such as the position of sea level, wind and ocean current
patterns, bathymetry, location of the CCD, and dis-
tance from terrigenous and volcanogenic sediment sup-
plies. The latter factor is particularly important, as the
thickness of sediments found on the Atlantic abyssal
plain varies from a maximum of about 4 km in the
south near South America (Mascle et al., 1979) to about
700 m in DSDP Leg 78A drilling area (Moore, Biju-
Duval, et al., 1982).

Stratigraphic-Sedimentologic Framework from DSDP
Drill Sites

In the Lesser Antilles region drilling has been done at
a total of six DSDP sites (Table 1; Fig. 3, back pocket).
Drilling results from DSDP Leg 78A (see site reports,
this volume) provide information about the nature of
the sedimentary section entering the subduction zone and
the nature of the offscraped sedimentary section incor-
porated in the accretionary prism in the northern Lesser
Antilles. Oceanic reference Site 543 recovered 409 m of
pelagic and hemipelagic sediments overlying ocean crust
(Fig. 3). The Holocene noncalcareous mud recovered at
the top of Hole 543A (Core 543A-1) indicates that the
seafloor at Site 543 is below the modern CCD. Sites 541
and 542, both located near the toe of the accretionary

Table 1. Lesser Antilles core data used in this study.

Source of
sediment data

Lamont-Doherty
Geological Observatory
(LDGO)

Woods Hole
Oceanographic Institu-
tion
(WHOI)

University of Rhode
Island School of
Oceanography
(URI)

Deep Sea Drilling Project

Type of data

92 piston and gravity
cores

30 piston and gravity
cores

100 piston and
gravity cores

6 rotary-cored
DSDP drill sites

Location of cores

Lesser Antilles backarc
and forearc regions
(Fig. 1)

Lesser Antilles backarc
and forearc regions
(Fig. 1)

Lesser Antilles backarc
and forearc regions
(Fig. 1)

Sites 27 and 543: Atlantic
abyssal plain

Sites 541 and 542: toe of
accretionary prism in
northern Lesser
Antilles

Sites 30 and 148: Aves
Ridge (Fig. 1)

Reference material

Damuth, 1977
LDGO unpublished core descriptions
A. Wright (unpublished data)

Johnson and Driscoll, 1975
A. Wright (unpublished data)

Sigurdsson et al., 1980
Williams, 1977
URI unpublished core descriptions
A. Wright (unpublished data)

Bader, Gerard, et al., 1970a
Edgar, Saunders, et al., 1973a
Sites 541, 542, and 543 reports, this
volume

303



A. WRIGHT

prism, recovered Quaternary to Miocene hemipelagic
sediments with interbedded volcanic ashes (Fig. 3). These
sediments are lithologically and paleontologically simi-
lar to hemipelagic sediments of the same age recovered at
Site 543, and are presumably off scraped ocean sediments
(Moore, Biju-Duval, et al., 1982). The calcareous muds
and marly calcareous oozes recovered at the top of Sites
541 and 542 indicate that the seafloor at those sites is
above the modern CCD. No terrigenous turbidites were
recovered at any of the Leg 78A sites.

DSDP Site 27 sediments are dominantly hemipelagic
and pelagic clays with several graded, quartz-rich terrig-
enous turbidite beds (Fig. 3; Bader et al., 1970b). The
presence of these rare turbidite beds indicates that ter-
rigenous sediments from South America are occasional-
ly deposited as far north as the Barracuda Rise on the
Atlantic abyssal plain.

DSDP Sites 30 and 148, both located on Aves Ridge,
recovered calcareous silty clays and marly calcareous oozes
interbedded with volcanic ash layers and volcanic sands
(Fig. 3; Bader et al., 1970c; Edgar, Saunders, et al.,
1973b). Calculated sediment accumulation rates, higher
than those at Site 27, reflect the greater yield of volcanic
material at these sites (see Wright, this volume).

METHODS

Macroscopic and Microscopic Core Description

In order to standardize the data base (see Table 1 for sources of da-
ta), I have visually redescribed all the piston cores recovered from the
Lesser Antilles region (Fig. 1). However, due to drying and shrinkage
of some of the core material, downcore colors and measured intervals
reported for individual volcanic and terrigenous layers were taken ver-
batim from the available core descriptions.

Smear slides of the sediment at the top of each piston core were
classified according to the standard DSDP sediment classification scheme
(Supko et al., 1978). These data were used to construct a surface sedi-
ment lithofacies map (Fig. 4). Coarse-grained (dominantly silt-size)
volcanogenic and terrigenous layers were described in detail both mac-
roscopically and microscopically.

Surface Sediment Carbonate Content

To classify the surface sediment smear slides more accurately, the
carbonate content of the surface sediment in each piston core was de-
termined with a "Karbonate Bombe" (Muller and Gastner, 1971; Ta-
ble 2; Fig. 5). Pure calcium carbonate standards were run every 20
samples. Carbonate determinations on duplicate samples were gener-
ally reproducible to within 2%.

Clay X-Ray Diffraction Analyses

X-ray diffraction analyses of the surface sediment clays were made
on a selected subset of the piston cores to determine the modern clay
mineral distribution in the Lesser Antilles arc. Additional clay results
are published in Biscaye (1965), Griffin et al. (1968), and Griffin and
Goldberg (1969); DSDP Leg 78A clay data are presented by Pudsey
(this volume).

Samples for clay X-ray diffraction analysis were prepared and ana-
lyzed according to the procedure outlined by Hein et al. (1976). The
X-ray patterns were run on a Norelco X-ray diffractometer with nick-
el-filtered CuKoe radiation and machine settings of 35 kV and 20 mA.
Clay minerals were identified by their characteristic basal X-ray dif-
fraction maxima, or "peaks!' Clay percentages were determined on
the glycolated X-ray analog records by the peak area method (Milli-
man and Bornhold, 1973), multiplied by Biscaye's (1965) weighting
factors, and normalized to 100% (Table 3).

Table 3 lists both unweighted and weighted peak areas, for ease in
later recalculation of the data to compare with other clay data gener-
ated with different weighting factors. The total area under the sum of
the clay peak areas serves as an estimate of the quality of the percent-

ages determined. Percentages were not calculated for profiles with very
poorly defined peaks or very small peak areas. Reproducibility of
results is ±5%.

LITHOFACIES UNITS OF THE LESSER
ANTILLES

The lithofacies units discussed next are named both
for their characteristic surface sediment lithologies and
their depositional environments. The units are defined
by their lithologies, macroscopic sedimentary structures,
carbonate content, clay mineralogy, and calculated sedi-
ment accumulation rates. Table 4 summarizes the essen-
tial characteristics of each lithofacies unit, and Figure 4
shows the mapped distribution of these lithofacies units.

(I) Pelagic Clay Fades: Deep Ocean
Basin Environment

This lithofacies unit is found on the Atlantic abyssal
plain, below the CCD, and distant from South Ameri-
can terrigenous sediment sources (Fig. 4). The brown to
dark yellowish brown bioturbated clays contain trace
amounts of dispersed terrigenous silt, volcanic ash, and
calcareous shell fragments; the percentages of these trace
components are greatest along the deformation front

Table 2. Carbonate data from surface sediment piston-core samples.

Piston-core
samplea

GS-1
GS-2
GS-3
GS-4
GS-5
GS-6
GS-7
GS-8
GS-9
GS-10
GS-11
GS-12
GS-13
GS-14
GS-15
GS-16
GS-17
GS-18
GS-21
GS-22
GS-23
GS-24
GS-25
GS-26
GS-27
GS-28
GS-29
GS-31
GS-39
GS-40
GS-41
GS-42
GS-46
GS-47
GS-48
GS-49
GS-50
GS-51
GS-52
GS-53
GS-54
GS-55
GS-56
GS-57
GS-58
GS-59
GS-60
GS-61
GS-62
GS-63
GS-64
GS-65
GS-66

CaCO3

(%)

11
12
5

38
42
15
51
24
50
38
53
48
35
32
32
30
16
26

0
0
9
8

12
11
16
18
0
0

13
10
10
7
6
6
6
7
9
9
8

28
36

8
22
21

6
30
11
10
7
0
0
0

44

Piston-core
samplea

EN-1
EN-2
EN-3
EN-4
EN-5
EN-6
EN-7
EN-8
EN-9
EN-10
EN-11
EN-12
EN-13
EN-14
EN-15
EN-16
EN-18
EN-19
EN-22
EN-23
EN-25
EN-26
EN-27
EN-28
EN-29
EN-30
EN-31
EN-32
EN-33
EN-34
EN-35
EN-36
EN-37
EN-38
EN-39
EN-40
EN-41
EN-42
EN-43
EN-44
EN-45
EN-46
EN-47
EN-48
EN-49
EN-50
EN-51
EN-54
EN-55
CHN36-3
CHN36-4
CHN36-5
CHN36-6

CaCO3

(%)

84
77
71
45
44
41
44
57
61
66
61
61
65
68
76
73
67
31
67
63
69

0
0

55
51
60
30

9
9
5

21
12
21
19
25
26
20
21
17
13
0
0

15
4

12
16
13
9
7
0
0
0
0

Piston-core
sample8

CHN36-7
CHN36-8
CHN36-9
CHN36-10
CHN36-11
CHN44-1
CHN44-3
CHN44-4
CHN44-6
CHN75-3
CHN75-4
CHN75-5
CHN75-6
CHN75-7
CHN75-3O
CHN75-31
CHN75-32
CHN75-33
CHN75-34
CHN75-35
CHN75-36
CHN75-37
AII31-18
TR55-34
TR55-38
RC8-131
RC8-133
RC8-134
RC8-135
RC9-46
RC9-47
RC9-5O
RC13-171
RC13-172
RC13-173
RC13-174
RC13-175
RC13-176
RC15-179
RC15-181
RC16-33
RC16-34
RC16-35
RC16-36
RC16-37
RC16-38
RC 16-39
RC 16-40
RC 16-41
RC16-42
RC16-43
KM1-104
KM1-105

CaCO3

(%)

55
39

0
0

61
60

0
0
0

26
56
56

6
6

16
18
61
24

0
0
0
0
0
0
0

61
15
90
44
28
42

8
13
16
6
6

30
17
26
45

2
0
0
0
0
0

11
43
45
48
35
50
36

Piston-core
samplea

KM1-106
KM1-107
KM1-108
KM1-109
KM1-110
KM1-112
KM1-113
KM1-114
KM1-115
KM1-U6
KM1-118
KM1-119
KMM20
A160-7
A160-8
A160-9
A181-7
A181-8
V12-91
V12-92
VI2-93
V15-175
V15-176
V16-18
V16-19
V18-12
V18-13
V18-14
V20-3
V20-4
V20-5
V20-6
V20-7
V20-8
V22-20
V23-127
V23-128
V23-129
V23-130
V24-260
V25-38
V25-39
V26-111
V26-112
V26-113
V26-114
V26-115
V30-14
V3O-15
V31-143
V31-147
V31-148
V31-149
V31-15O

CaCO3

30
32
21
19
37
21
18
21
24
54
48
60
84

0
0

29
17
0
30
29
26
33
30

2
42
50
33
32

0
71
50
16
15
12
0
1
0

41
9

53
21
31

0
7

22
30
48
32

0
26
51
28

8
0

a Cruise identifiers: GS = Gilliss; EN = Endeavor; CHN = Chain; All and A = Atlantis II; TR
= TYident; RC = Robert Conrad; KM = Kevin Moran; V = Vema.
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Figure 4. Map of lithofades unit distribution for the Lesser Antilles intraoceanic island arc region.
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Figure 5. Calcium carbonate percentage in surface sediments from piston cores in the Lesser Antilles intraoceanic island arc region. (Calcium carbonate percentages were determined
with the "Karbonate Bombe" [Muller and Gastner, 1971]. Calcium carbonate data are listed in Table 2.)
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Table 3. Clay mineralogy data from surface sediment piston-core samples.

Piston-corc
sample

(interval in cm)

GS-2, 0-2
GS-3, 0-2
GS-4, 0-2
GS-5, 0-2
GS-7, 0-2
GS-21, 0-2
GS-22, 0-2
GS-25, 0-2
GS-26, 0-2
GS-27, 0-2
GS-28, 0-2
GS-40, 0-2
GS-53, 0-2
GS-54, 0-2
GS-55, 0-2
GS-57, 0-2
GS-58, 0-2
GS-59, 0-2
GS-60, 0-2
GS-61, 0-2
GS-62, 0-2
GS-63, 0-2
GS-64, 0-2
GS-65, 0-2
GS-66, 0-2

EN-4, 0-2
EN-5, 0-2
EN-6, 0-2
EN-7, 0-2
EN-8, 0-2
EN-9, 0-2
EN-10, 0-2
EN-11,0-2
EN-18, 0-2
EN-19, 0-2
EN-22, 0-2
EN-23, 0-2
EN-25, 0-2
EN-26, 0-2
EN-27, 0-2
EN-28, 0-2
EN-29, 0-2
EN-30, 0-2
EN-31, 0-2
EN-32, 0-2
EN-33, 0-2
EN-34, 0-2
EN-35, 0-2
EN-48, 0-2

CHN36-8, 0-2
CHN36-10, 0-2
CHN75-37, 0-2

RC13-172, 0-2
RC13-174, 0-2
RC16-40, 0-2
RC16-44, 0-2

V2O-3, 0-2
V25-39, 0-2
V31-150, 0-2

TR55-34, 0-2
TR55-38, 0-2

Unweighted
peak area

K + C

11.8
7.2
19.6
22.2
25.6
8.2
9.6
28.4
17.7
29.4
24.8
17.4
17.6
16.9
13.3
15.2
14.1
14.8
19.1
13.6
15.8
15.0
24.2
18.7
9.2

7.7
7.3
10.8
9.8
9.6
7.4
8.9
3.0
15.2
16.0
12.9
22.0
24.5
20.8
30.4
21.6
13.1
7.6
6.4
5.0
3.2
2.9
5.6
12.0

24.9
25.8
11.3

19.2
16.8
23.9
18.6

15.3
18.6
23.3

14.5
23.0

I

5.0
1.4
7.6
7.4
8.4
2.5
3.4
10.8
5.3
11.9
9.4
5.8
8.9
6.3
5.8
6.6
6.6
5.4
8.7
6.7
5.8
6.6
10.6
8.4
4.1

2.6
2.8
2.9
3.4
2.6
2.7
3.7
0.8
3.9
6.4
5.6
8.0
11.6
8.8
13.8
9.2
4.2
2.6
2.6
2.6
1.2
0.9
0.4
4.7

11.2
11.0
6.6

8.6
7.0
14.2
6.8

7.2
9.2
9.9

7.4
9.4

M

8.5
7.9
10.6
9.5
13.1
10.2
9.8
20.6
8.3
14.3
13.8
8.5
6.6
6.4
6.0
7.8
6.6
5.9
9.1
9.1
6.9
6.3
7.9
6.8
3.6

5.1
4.3
6.6
6.7
6.1
4.5
6.7
4.2
8.7
7.1
5.3
8.2
15.7
10.9
15.5
11.2
6.3
4.4
3.2
2.2
2.7
4.6
2.6
5.0

9.4
11.6
3.7

8.4
8.7
8.7
10.1

7.4
6.9
12.2

5.9
8.7

K + (

23.5
14.4
39.1
44.4
51.3
16.4
19.1
56.9
35.4
58.7
49.6
34.8
35.3
33.8
26.6
30.3
28.1
29.5
38.2
27.1
31.6
30.1
48.3
37.4
18.3

15.4
14.6
21.7
19.7
19.1
14.8
17.8
6.1

30.4
32.1
25.8
44.1
49.0
41.5
60.7
43.2
26.2
15.2
12.8
10.1
6.4
5.8
11.3
24.0

49.8
51.7
22.6

38.5
33.6
47.8
37.2

30.6
37.3
46.6

29.0
46.0

Weighted
peak area

: i

19.8
8.9

30.3
29.8
33.3
10.0
13.4
43.2
21.3
47.6
37.4
23.1
35.6
25.3
23.4
26.2
26.6
21.6
34.8
26.9
23.1
26.6
42.6
33.5
16.5

10.5
11.2
11.7
13.5
10.1
10.9
14.9
3.2
15.7
25.5
22.4
32.2
46.2
35.4
55.4
36.7
17.0
10.6
10.2
10.5
4.6
3.7
1.5

18.8

45.0
43.9
26.2

34.2
28.2
56.8
27.0

28.9
36.6
39.6

29.4
37.4

M

8.5
7.9
10.6
9.5
13.1
10.2
9.8
20.6
8.3
14.3
13.8
8.5
6.6
6.4
6.0
7.8
6.6
5.9
9.1
9.1
6.9
6.3
7.9
6.8
3.6

5.1
4.3
6.6
6.7
6.1
4.5
6.7
4.2
8.7
7.1
5.3
8.2
15.7
10.9
15.5
11.2
6.3
4.4
3.2
2.2
2.7
4.6
2.6
2.6

9.4
11.6
3.7

8.4
8.7
8.7
10.1

7.4
6.9
12.2

5.9
8.7

Total
weighted
peak area

51.8
31.2
80.0
83.7
97.7
28.0
42.3
120.7
65.0

120.6
100.8
66.4
77.5
65.5
56.0
64.3
61.3
57.0
82.1
63.1
61.6
63.0
98.8
77.7
38.4

31.0
30.1
40.0
39.9
35.3
30.2
39.4
13.4
54.8
64.7
53.5
84.5
110.9
87.8
131.6
91.1
49.5
30.2
26.2
22.8
13.7
14.1
15.4
47.8

104.2
107.2
52.5

81.1
70.5
113.3
74.3

66.9
80.8
98.4

64.3
92.1

Clay
mineral

percentage

K +

45
46
49
53
53
45
45
47
54
49
49
52
46
52
47
47
46
52
47
43
51
48
49
48
48

50
49
54
49
54
49
45
45
55
50
48
52
44
47
46
47
53
50
49
44
47
41
74
50

48
48
43

47
48
42
50

46
46
47

45
50

C I

38
28
38
36
34
27
32
36
34
39
37
35
46
39
42
41
43
38
42
43
38
42
43
43
43

34
37
29
34
29
36
38
24
29
39
42
38
42
40
42
40
34
35
39
46
33
26
9
39

43
41
50

42
40
50
36

43
45
40

46
41

M

17
25
13
11
13
28
23
17
13
12
14
13
8
9
11
12
11
10
11
14
11
10
8
9
9

16
14
17
17
17
15
17
31
16
11
10
10
14
13
12
13
13
15
12
10
20
33
17
11

9
11
7

11
12
8
14

11
9
13

9
9

Peak
height

K

9.7
6.0
15.1
15.8
18.4
7.4
7.8
?

14.0
7
?

14.5
13.3
12.9
10.1
10.6
9.5
10.2
14.0
9.7
12.1
11.8
16.7
13.3
7.6

6.6
7.0
9.6
9.2
10.4
6.5
10.9
2.7
9.7
11.2
11.5
18.8
14.9
16.7
?

12.1
11.4
6.8
5.6
3.7
3.4
?
4.4
9.0

16.2
17.2
7.7

13.6
11.8
16.5
14.2

10.0
11.3
19.4

11.2
14.2

C

5.2
3.0
10.1
10.4
9.3
3.8
3.7
7
6.6
?
?

7.5
7.1
6.9
6.3
5.2
4.9
5.4
8.2
5.5
6.5
6.2
9.4
8.4
4.6

2.3
3.6
4.6
4.7
4.9
3.1
5.4
1.7
9.6
10.8
6.5
10.9
6.9
10.1
?
8.2
6.2
4.0
3.2
2.6
2.4
7
2.3
4.8

9.8
10.2
5.6

7.1
5.7
10.2
7.1

5.4
7.0
10.3

6.3
6.7

Clay
mineral

percentage

K

29
31
29
32
35
30
31
7
37
7
?
34
30
34
29
31
30
34
30
28
33
32
31
29
30

37
32
37
32
37
33
30
27
28
26
31
33
30
29
7
28
34
32
31
26
28
7
49
32

30
30
25

31
32
26
34

30
28
30

29
34

C

16
15
20
21
18
15
14
9

17
7
7
18
16
18
18
16
13
18
17
15
18
16
18
19
18

13
15
17
17
17
16
15
18
27
24
17
19
14
18
7
19
19
18
18
18
19
?
25
18

18
18
18

16
16
16
16

16
18
17

16
16

Note: K = kaolinite; C = chlorite; M = montmorillonite; I = illlite. See Table 2 for cruise identifiers.

and immediately north and south of the Barracuda Rise.
This fact is presumably the result of ocean current trans-
port of South American terrigenous detritus north along
the deformation front, eolian transport of volcanogenic
detritus eastward (Sigurdsson et al., 1980), and down-
slope movement of biogenous material from the Barra-
cuda Rise and Barbados Ridge, respectively. Sediment
accumulation rates for this facies range from 0.8 to
1.7 g/(cm2 103 y.); these values are typical for oceanic
pelagic sediments (see Wright, this volume; Worsley and
Davies, 1979; Sigurdsson et al., 1980; Shephard and
McMillen, 1982).

White to light gray, moderately to well-sorted ash lay-
ers compose up to 10% of the cored material, with ash
content decreasing to the east (Fig. 3). These layers are
between 1 and 15 cm thick and are composed of abun-

dant glass shards with varying amounts of crystals, clay,
and carbonate; they show sharp bases and either sharp
or bioturbated tops (Fig. 6; Sigurdsson et al., 1980). Many
ash layers contain basal crystal-rich laminae, resulting
from differential gravitational settling through the water
column. Notably, montmorillonite percentages also de-
crease eastward with increasing distance from island arc
volcanic sources (Fig. 7).

Several piston cores from the pelagic clay facies con-
tain calcareous (biogenic) or terrigenous turbidites. Pis-
ton Cores RC8-135, RC16-33, and RC16-34 (Fig. 1) con-
tain graded, laminated, 0.1 to 1.0 m thick, biogenic tur-
bidites with sharp bases and bioturbated tops. These
turbidites are derived from the adjacent shallow arc plat-
form and transported down local canyons in the conti-
nental slope to deep ocean basin depositional sites
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Table 4. Summary characteristics of Lesser Antilles lithofacies units.

Pelagic clay facies

Marly calcareous
ooze facies

Calcareous ooze
facies

Volcanic calcareous
ooze facies

Calcareous shell
hash facies

Calcareous vol-
canic silt facies

Silty calcareous
mud facies

Calcareous mud
facies

Depositional
environment

Abyssal plain below
CCD and dis-
tant from
terrigenous
sediment source

Ocean ridges; slope
environment
above CCD

Ocean ridges above
CCD

Broad, shallow arc
platform

Local reefs on arc
platform

Backarc basin close
to volcanic
island chain

Backarc and fore-
arc regions
close to conti-
nental sediment
source

Abyssal plain above
CCD close to
continental
sediment source

Composition
of surface
sediment

Pelagic clay with small
percent dispersed ash
and terrigenous silt and
shell fragments

30-60% calcareous micro-
fossils; <30% dis-
persed ash and terrige-
nous silt; clay

60-100% calcareous mi-
crofossils; few percent
dispersed ash and trace
terrigenous silt

60-100% calcareous mi-
crofossils; 0-40%
volcanic silt

100% shell and coral
fragments

70-90% volcanic sand and
silt; 10-30% calcareous
microfossils; minor clay

10-30% calcareous micro-
fossils; 10-30% dis-
persed volcanic terrige-
nous silt; >40% clay

10-30% calcareous micro-
fossils; < 10-25%
dispersed terrigenous
silt; > 60% clay

CaCθ3
(%)

0-10

30-60

60-100

60-100

about 100%

10-30

10-30

10-30

Clay
mineralogy3

(%)

I = 38-43
K = 29-32
M = 7-13
C = 16-19

I = 34-46
K = 26-35
M = 8-15
C = 16-24

I = 38-42
K = 30-33
M = 10-14
C = 14-20

I = 29-38
K = 28-33
M = 13-19
C = 15-18

I = 26-38
K = 26-31
M = 17-31
C = 11-15
I = 26-43

K = 31-37
M = 9-18
C = 15-18

I = 38-50
K = 26-34
M = 8-14
C = 15-18

Sediment
accumulation

Cored sediments rates*5

Clay interbedded with 0.8-1.7 g/(cm2-103 y.)
ash layers and
rare thin biogenic
turbidites and
terrigenous silts

Marly calcareous 3.3-5.8 g/(cm2 I0 3 y.)
ooze interbedded
with ash layers
and local biogenic

sands
Calcareous ooze 1.7-3.3 g/(cm2-103 y.)

interbedded with
ash layers; no
terrigenous or
biogenic turbidites

Volcanic calcareous
ooze interbedded
with volcanic
calcareous (bio-
genic) turbidites
and ash layers

Whole core consists
of shell and coral

Cores contain many 10.8-15.8 g/(cm2-103 y.)
volcanic sands
and pyroclastic
turbidites

Cores contain local
pyroclastic turbi-
dites, biogenic
and volcanic
sands, and ash
layers

Calcareous mud
interbedded with
thin ash layers
and terrigenous
turbidites and
contourites

a I = illite; K = kaolinite; M = montmorillonite; C = chlorite. See Wright, this volume.

(Fig. 3; Fig. 8). Piston Core V26-111 (Fig. 1) contains
two organic-rich clay layers approximately 0.1 m thick
probably derived from the South American continent
and transported north along the deformation front by
turbidity currents (Fig. 3). DSDP Site 27 recovered sev-
eral terrigenous turbidites derived from South America;
a distance of about 850 km transport is indicated
(Fig. 3; Bader et al., 1970b). Site 543, located a compa-
rable distance from the South American continent, does
not contain any terrigenous turbidites because of its iso-
lation on the Tiburon Rise (Moore, Biju-Duval, et al.,
1982).

(II) Marly Calcareous Ooze Facies: Slope
Environment

Bioturbated yellowish brown marly calcareous oozes
are found at water depths above the CCD on the Barra-
cuda Rise, the Aves Ridge, and the accretionary prism
north of 12°N latitude (Fig. 4). Piston cores collected
from this facies contain volcanic ash layers similar to
those described for the pelagic clay facies. The thickest
and most abundant ash layers and the highest montmo-
rillonite contents are found in cores taken immediately
east of the islands of Dominica, Martinique, St. Lucia,

Guadeloupe, and St. Vincent where most of the vol-
canic activity is concentrated (Figs. 3 and 7; Sigurdsson
et al., 1980). Sediment accumulation rates range from
3.3 to 5.8 g/(cm2-103 y.), significantly higher than rates
reported for oceanic pelagic sediments (see Wright, this
volume; Damuth, 1977).

Graded calcareous sand layers up to 55 cm thick were
recovered in piston cores located on the east side of Aves
Ridge (V12-93, EN-41), in small topographic depressions
on the accretionary prism (GS-4, GS-5), and close to the
arc platform (V31-147) (Fig. 3). In addition, Piston Core
EN-30 contains several thin volcanic sand layers (Fig. 3).
These calcareous and volcanic sand layers result from
downslope movement of material from the adjacent shal-
low arc platform. Significantly, there are no terrigenous
silt or sand layers found in any of the slope facies cores,
indicating that terrigenous material from South Ameri-
ca is not deposited directly on the trench slope.

(Ill) Calcareous Ooze Facies: Ocean Ridges and Rises

Pale brown, bioturbated calcareous oozes are restrict-
ed to the shallowest portions of the Barracuda Rise, above
the CCD, and distant from terrigenous sediment sources
(Fig. 4). These oozes are characterized by greater than
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V26-112

SEDIMENT DISTRIBUTION AND DEPOSITIONAL PROCESSES

V31-150

-330-

-340-

0m«.

1-350-

-360-

Figure 6. Photographs of ash layers occurring in A. Piston Core V26-112, from 344 to 362 cm, and in B. Pis-
ton Core V31-15O, from 4 to 8 cm, collected within the pelagic clay facies. (The ash layer shown in Piston
Core V31-150 is representative of the majority of those recovered from cores in the Lesser Antilles. See
the legend in Fig. 1 [back pocket] for cruise identifiers.)

60% calcareous microfossils, small percentages of dis-
persed ash, and only traces of terrigenous silt. Cored
ash layers are rare and range in thickness from 1 to
3 cm. No volcanogenic or terrigenous sands or turbi-
dites were recovered. Sediment accumulation rates of
1.67 to 3.33 g/(cm2-103 y.) (2-4 cm/103 y.) are estimated
for this region (see Wright, this volume; Damuth, 1977).

(IV) Volcanic Calcareous Ooze Facies: Broad
Arc Platform

This facies occurs on the shallow northern arc plat-
form (Fig. 4). The bioturbated, light yellowish brown to

white volcanic calcareous oozes are characterized by abun-
dant calcareous microfossils and volcanogenic silt, with
only minor amounts of clays. The high carbonate con-
tent results from the shallow water depths, great dis-
tance from South American terrigenous sediment sources,
and lack of significant volcanic yield from the Lime-
stone Caribbees (Fig. 5).

Piston cores contain abundant ash layers and volcano-
genic calcareous turbidites (Fig. 3). The ash layers are
composed of pumice fragments, ash particles, and pla-
gioclase feldspar crystals; thicker layers may display nor-
mal size grading. The turbidites range from 3 to 40 cm
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Figure 7. Relative percentage of montmorillonite from surface sediments in selected piston cores from the Lesser Antilles intraoceanic island arc. (The data are listed in Table 3.)
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Figure 8. Photographs of graded, laminated calcareous sand layers in A. Piston Core RC16-33, from 287 to 330 cm, in B. Piston Core RC8-135, from 126 to 144 cm, and in C.
Piston Con; RC8-135, from 320 to 344 cm, collected within the pelagic clay facies. (These layers were deposited from sediment gravity flows transported down canyons
from the adjacent island arc platform. See the legend in Fig. 1 [back pocket] for cruise identifiers.)
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in thickness, show sharp bases and bioturbated tops,
and are composed of roughly equal amounts of calcare-
ous shell and volcanogenic rock and crystal fragments
(Fig. 9). Quartz is rare or absent. The thicker turbidites
are normally graded, and some contain partial Bouma
sequences (Bouma, 1962).

(V) Calcareous Shell Hash Fades: Arc Platform Reefs
This facies unit is characterized by 100% shell and

coral fragments that range in size from silt to very coarse
sand or gravel (Figs. 3, 4, and 10). The sand- and gravel-

RC8-131

130-

80

Figure 9. Photograph of a volcanogenic calcareous turbidite in Piston
Core RC8-131, from 53 to 83 cm, collected on the west side of the
island arc platform within the volcanic calcareous ooze facies.
(The coarse-grained calcareous and volcanogenic material was de-
rived by downslope movement from the island arc platform. See
back-pocket Fig. 1 for cruise identifier.)

150

160

170

Figure 10. Photograph of material recovered in Piston Core RC8-134,
129-175 cm from the calcareous shell hash facies.
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sized material consists of coral, bryozoan, pelecypod,
and gastropod fragments; the finer fraction consists dom-
inantly of foraminifers with lesser amounts of small
gastropods, pelecypod shells, and sponge spicules. This
unit is restricted to biologically active shallow-marine
environments, such as local bathymetric highs or reefs
on the Lesser Antilles arc platform (Keller et al., 1972).

(VI) Calcareous Volcanic Silt Fades: Backarc Basin

Piston cores from this unit, located in the eastern half
of Grenada Basin (Fig. 4), contain olive gray bioturbat-
ed silts and sandy silts. These silts are composed of
abundant volcanic glass, detrital feldspar, calcareous mi-
crofossils, and minor amounts of clay. They are inter-
bedded with numerous pyroclastic turbidites and vol-
canic sand layers (Fig. 3). Distribution patterns and sed-
imentary components indicate that the source area for
most of the sediment is the Lesser Antilles island chain.
The low carbonate percentages (Fig. 5), high montmo-
rillonite content (Fig. 7), and high sediment accumula-
tion rates (see Wright, this volume) result from great in-
fluxes of volcanic detritus from the adjacent island arc.

Coring attempts close to the island arc were often un-
successful because of the coarse-grained nature of the
sediments there. The average grain size of sediments in
this region has therefore probably been significantly un-
derestimated (Sigurdsson et al., 1980). Pyroclastic turbi-
dites recovered in cores farther from the islands are nor-
mally graded, poorly sorted, show sharp bases and bio-
turbated tops, range in thickness from 4 to 85 cm, and
contain up to 25% clay-size matrix material. The basal
portions of these turbidites include clay rip-up clasts,
pumice, and charcoal fragments up to 5 cm in diameter.
Cored volcanic sands are well-sorted and ungraded, show
sharp bottom and top contacts, range in thickness from
5 to 240 cm, and are composed of subrounded to well-
rounded pumice clasts. Ash layers are less abundant
than on the east side of the island arc and average only
1 cm thick.

(VII) Silty Calcareous Mud Fades: Backarc and
Forearc Regions Adjacent to the Continent

This unit is found in the southern and western por-
tions of backarc Grenada Basin and in Tobago Trough
forearc basin (Fig. 4). Sediment sources include both the
island arc and the South American continent. Cores con-
sist mostly of bioturbated, olive gray to grayish brown
silty calcareous mud. The silt component of these muds
is dominantly of terrigenous origin (mostly quartz with
trace amounts of opaques and plant debris).

The muds are interbedded with pyroclastic turbidites
and ungraded volcanic sands in the western and south-
ern portions of Grenada Basin and with ash layers in
Tobago Trough (Fig. 3). The Grenada Basin pyroclastic
turbidites are similar to but less abundant and thinner
than those of the calcareous volcanic silt facies. Ash lay-
ers in Tobago Trough range from 1 to 29 cm thick but
average only 2 cm thick. Tobago Trough cores contain
no pyroclastic turbidites and only rare thin (less than
5 cm) volcanic sands. Cores taken near the island arc

and Barbados contain moderately sorted, ungraded cal-
careous sands derived by downslope movement from ad-
jacent shallow regions (Fig. 3).

The carbonate content of surface sediments increases
toward the northern end of Grenada Basin because of
decreasing influx of South American sediment. Tobago
Trough cores are characterized by very low carbonate
contents, reflecting extensive dilution by influx of both
island arc volcanogenic and South American terrigenous
sediment (Fig. 5). High carbonate contents reported im-
mediately east of Grenada Island are the result of slump-
ing and downslope transport of skeletal debris from
reefs adjacent to the Grenadine Islands. (Keller et al.,
1972).

Montmorillonite percentages are greater in Grenada
Basin than in Tobago Trough, reflecting larger volcanic
influxes to the west from the island arc (Fig. 7). Mite
percentages are greater in the southern part of the litho-
facies area, especially in Tobago Trough, closer to Ori-
noco River sediment sources (Fig. 11).

Seismic profiles reveal that the smooth seafloor in the
southern part of Tobago Trough is broken by submarine
valleys that extend into the basin from the South Ameri-
can continental margin. Some portion of the terrigenous
detritus found in the forearc basin was undoubtedly
transported there via these valleys (Keller et al., 1972),
although no turbidites have been recovered in piston
cores from that region.

(VIII) Calcareous Mud Facies: Abyssal Plain Adjacent
to the Continent

Cores collected from within this facies unit, located
above the CCD on the abyssal plain near South America
(Fig. 4), consist of a Holocene light brown bioturbated
pelagic-hemipelagic calcareous mud with small amounts
of dispersed terrigenous (mostly quartz) and volcano-
genic silt. These calcareous muds overly a Pleistocene
olive gray to gray hemipelagic unit that contains inter-
beds of dark grayish brown terrigenous silt and sand
(Fig. 3). The contact between these units is marked typi-
cally by a hard, rust-colored, iron-rich crust. This crust
developed at the sediment/water interface by oxidation
and precipitation of dissolved reduced iron after cessa-
tion of Pleistocene terrigenous turbidite deposition (Mc-
Geary and Damuth, 1973). Mite contents are high due to
close proximity to illite-rich Orinoco River sources (Fig.
11; Nota, 1958; Embley and Langseth, 1977; Eisma et
al., 1978). Montmorillonite percentages are correspond-
ingly low (Fig. 7).

The terrigenous silt and sand layers, derived from
South American sources, were deposited as both turbi-
dites and contourites (Damuth, 1977). The turbidites are
normally graded and poorly sorted with a 10 to 30%
clay matrix, show sharp bottom and bioturbated top con-
tacts, and range from 3 to 57 cm in thickness (Fig. 12A).
They are composed of abundant angular to subangular
quartz grains with smaller amounts of Plagioclase and
organic matter; garnet, volcanic glass, manganese mi-
cronodules, and reworked biogenic material occur in trace
amounts. The darker-colored layers contain greater per-
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Figure 11. Relative percentage of illite from surface sediments in selected piston cores from the Lesser Antilles intraoceanic island arc. (The data are listed in Table 3.)
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V31-144

-700-1

-710-1

-720-1

-730-1

Figure 12. A. Graded, cross-bedded terrigenous turbidite layer in Piston Core V25-39, from 712 to
740 cm, collected from the calcareous mud facies on the Atlantic abyssal plain close to the South
American continent. (The terrigenous silt and sand were derived from continental sediment
sources.) B. Contourites in Piston Core V31-144, from 570 to 612 cm, collected within the calcar-
eous mud facies immediately north of the Demerara Plateau. (These contourites are thin, un-
graded, well-sorted, and show sharp bottom and top contacts.)

centages of organic debris, mostly small pieces of leaves
and wood. The thickness, abundance, and grain size of
these turbidite layers decreases away from the South
American continent (Fig 3).

The contourite layers are ungraded, well-sorted, con-
tain very little clay-size matrix, range from 0.5 to 2 cm
thick, show sharp bottom and top contacts, and are com-
posed of subrounded, quartz-rich coarse silt to very fine-
grained sand (Fig. 12B). Contourite deposits are limited
to the region immediately north of the Demerara Pla-
teau (Fig. 3; Damuth, 1977).

DISCUSSION OF FACIES DISTRIBUTION

Nondiagnostic Sedimentary Components
The facies units delineated in this study are distin-

guished from one another by characteristic textural and
compositional differences. It is important, however, to
point out that some sedimentary components occur in
all the cores recovered and are therefore not diagnostic
in any facies classification scheme. Siliceous microfos-
sils and dispersed volcanic ash both fall into this cate-
gory. Siliceous microfossils are found in all the Lesser
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Antilles piston cores, though they are most prevalent in
the pelagic clay facies cores where their abundance is
not diluted by calcareous microfossils. Dispersed volcanic
ash is also a component in all the cores, though it is
most abundant in cores from the forearc side of the arc
platform.

Clay Mineralogy

Of the four major clay mineral groups identified, on-
ly montmorillonite and illite show characteristic areal
trends. Montmorillonite is derived principally from the
breakdown of volcanic material, and the percentage of
montmorillonite decreases with increasing distance from
the island arc (Fig. 13). Percentages of illite are greater
in the Lesser Antilles forearc than in the backarc region
(Fig. 14). Most of this illite, derived from the Orinoco
River, is transported north to forearc depositional sites
by ocean currents (see Ocean Current section that fol-
lows later in the chapter). This trend is likely more pro-
nounced at low stands of sea level when greater amounts
of terrigenous material bypass shelfal areas.

Acoustic Facies Mapping Correlation with
Lithofacies Units

Damuth (1975) divided the western equatorial Atlan-
tic seafloor, including the Lesser Antilles forearc region,
into acoustic facies provinces based on variations in high-
frequency (3.5-12 kHz) seismic response. He related
acoustic echo character to coarseness of sediment and
concluded that there is a distinct decrease in the abun-

dance and grain size of silt and sand layers from south
to north on the Atlantic abyssal plain adjacent to the
Lesser Antilles intraoceanic arc. The core data from the
calcareous mud and the pelagic clay facies described
earlier support his conclusions.

CONTROLS ON FACIES DISTRIBUTION

Local Level of the CCD

The location of the modern CCD, as distinguished
by the downslope disappearance of calcareous microfos-
sils in pelagic or hemipelagic surface sediments, defines
the boundary between the calcareous mud or marly cal-
careous ooze facies and the noncalcareous pelagic clay
facies. This boundary is considered to be at 10% car-
bonate content (see Introduction and Explanatory Notes
for Leg 78A, this volume). Calcareous components are
present in surface sediments below the CCD as reworked
components incorporated in turbidites and debris flows.
The surface sediment carbonate data from the Lesser
Antilles region indicates that the modern CCD is at
about 5200 m (Fig. 15). The boundary between the cal-
careous mud or marly calcareous ooze facies and the
noncalcareous pelagic clay facies will shift upslope or
downslope as the CCD fluctuates with time (van Andel,
1975).

Local Wind Patterns

Distribution of volcanic ash layers in the vicinity of
the Lesser Antilles arc is controlled by local wind pat-
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Figure 13. Plot of montmorillonite percentage in piston-core surface sediments versus distance from
island arc platform volcanic sources. (Triangles represent backarc samples from Grenada Basin
and the Aves Ridge; circles represent forearc samples from the accretionary prism and Atlantic
abyssal plain. The montmorillonite percentage present in these surface samples decreases with
increasing distance from the island arc platform both east and west of the arc.)
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terns. This region is dominated by a layered atmospheric
structure that varies with the seasons (Newell et al.,
1972). The surface winds are the easterly trades that
travel at velocities of about 20 km/hr. These winds ex-
tend to 5 to 8 km above sea level, depending on the time
of year. The westerly winds lie above the easterly trades,
extend to about 20 km above sea level, and travel at ve-
locities ranging from 50 to 90 km/hr. Winds in the over-
lying stratosphere travel to the west at velocities of about
20 km/hr.

Distribution of a given eruption cloud of ash depends
on the height of the cloud, thereby determining which
wind system transports that body of ash. Evidence from
recent eruptions indicates that the vast majority of the
Lesser Antilles ash plumes are carried east into the At-
lantic Ocean basin by the westerlies (Sigurdsson et al.,
1980). Evidence from cores collected in the Lesser Antil-
les indicate that these wind patterns have been operating
throughout the Quaternary, as cores taken in the forearc
region contain a greater percentage of airfall ash layers
than do cores collected from the backarc region (Fig. 3).

Ocean Current Patterns

Surface and bottom ocean currents in the Lesser An-
tilles region are effective in transporting both volcano-
genie detritus from the island arc and terrigenous detri-
tus from the South American continent. The Western
Boundary Undercurrent flows south or southeast along
the Lesser Antilles slope at velocities of about 1 to
3 cm/s (Fig. 2; McCoy, 1969); this current shapes the
contourites observed in cores collected immediately north
of the Demerara Plateau. There are also two surface
current systems operating in the region, both of which

exert strong influence on the distribution of sediment in
the area. The Equatorial Current flows west through is-
land passages along the arc chain at velocities of 20 to
30 cm/s, and the Guiana Current flows northwest along
the South American continental shelf (Fig. 2; Metcalf,
1976). The Equatorial Current transports ash fallout
back toward the island arc and also carries volcanic
sands deposited in the shallow island passages westward
into Grenada Basin (Sigurdsson et al., 1980). The Gui-
ana Current carries clay and fine-grained silty terrige-
nous detritus from South American river sources north-
west along the South American continental shelf into
the Lesser Antilles forearc region. The dispersed terrige-
nous detritus found in the silty calcareous mud facies was
transported in this fashion.

Distance from South American Sediment Sources

Terrigenous sediment from South America is depos-
ited in the Lesser Antilles region in two ways. First, fine-
grained silt and clay are carried into the region by the
Guiana Current system and contribute to the hemipe-
lagic component of the sediments. Second, coarser-grained
silt and sand periodically are funneled as turbidites
down the South American continental slope and depos-
ited on the Atlantic abyssal plain. These turbidites are
reworked and redeposited as contourites in the region
north of the Demerara Plateau.

Figure 16 shows schematic lithologic sections for At-
lantic abyssal plain and accretionary prism sediments in
both the southern and northern Lesser Antilles region.
These sections indicate that there is significant lateral
variability in the sediments deposited within the forearc
region. The northern abyssal plain, far from South
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Figure 15. Plot of surface sediment carbonate content versus water depth from piston cores collected in
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and Gastner, 1971]. The modern CCD is at about 5200 m water depth.)

American terrigenous sediment sources, is covered by a
relatively thin sequence of hemipelagic and pelagic sedi-
ments (Fig. 16, Lithologic Section 2). The southern
abyssal plain is covered with a 4-km-thick blanket of in-
terbedded hemipelagics and terrigenous turbidites that
mask the bathymetric expression of the trench there
(Fig. 16, Lithologic Section 4). The dispersed South
American terrigenous component and the number and
thickness of terrigenous turbidites all increase from north
to south. Accretionary prism sedimentary sections con-
sist of offscraped abyssal plain sediments overlain by
slope marly calcareous oozes in the north and by silty
calcareous muds in the south (Fig. 16, Lithologic Sec-
tions 1 and 3).

Distance from Island Arc Sediment Sources

Distance from the island arc influences the amount
of volcanogenic material present in Lesser Antilles sedi-
ments. Two basic types of volcanogenic sediments are
derived from the island arc: (1) volcanic ash, deposited
as airfall ash deposits, and (2) coarser pyroclastic sedi-
ments, deposited as turbidites or debris flows. Due to
the prevailing wind patterns, most of the volcanic ash is
deposited on the Atlantic Ocean side of the Lesser An-
tilles island arc, with the abundance and thickness of
the ash layers decreasing to the east. In contrast, most
of the coarser pyroclastic material is deposited west of
the island arc (Fig. 3). This contrast is due to both the
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ocean surface current patterns and the steeper slopes of
the backarc side of the arc platform (Sigurdsson et al.,
1980). The abundance and thickness of pyroclastic tur-
bidites decreases to the west (Fig. 3). Moreover, mont-
morillonite percentages, which also reflect an arc source,
decrease away from the arc in both the forearc and the
backarc regions (Fig. 13).

Bathymetry

Local bathymetry greatly influences sediment distri-
bution in the Lesser Antilles region. The Atlantic abys-
sal plain is dissected by the Barracuda Rise and the Ti-
buron Rise (Fig. 2). These oceanic ridges influence re-
gional sediment distribution patterns in two ways. First,
the tops of the ridges are covered exclusively with hemi-
pelagic and pelagic sediments because they are isolated
both from terrigenous material coming north from South
America and from biogenic or volcanogenic turbidites
or debris flows from the accretionary prism slope. The
lack of terrigenous turbidites at Site 543 is likely due to
its location on the Tiburon Rise. Second, the ridges
serve as barriers to South American terrigenous sedi-
ment coming north along the deformation front. The
decrease in sediment thickness on the Atlantic abyssal
plain north of the Tiburon and Barracuda rises is likely
due to the damming effects of those rises (Chase and
Bunce, 1969; Peter and Westbrook, 1976; Fig. 17).

Another bathymetric factor is the slope angle. The
average slope west of the Lesser Antilles island arc plat-
form into Grenada Basin is 9°, whereas the slope east of
the arc averages only 1.5° (Sigurdsson et al., 1980). This
difference provides a possible explanation for the con-
centration of pyroclastic deposits on the western side of
the island arc. Steep slopes are necessary to generate sedi-
ment-gravity flows and the eastern side of the arc is
characterized by insufficient relief to initiate significant
downslope movement. Debris flows that enter the ocean
on the east side of the island chain tend to slow and de-
posit their loads before they get far from the arc (Si-

B
East

gurdsson et al., 1980). Coarse-grained sediments that trav-
el down the slope of the accretionary prism do so via
submarine canyons, as indicated by the calcareous sands
recovered in canyons in the northern part of the study
area.

Variations in Sea Level

Because of the Holocene relative high stand of sea
level, coarse-grained terrigenous sediment from the Ori-
noco River is trapped on the South American continen-
tal shelf (Nota, 1958). The only present-day sediment
contribution from South America is clay and very fine
silt, which is transported northwest along the South Amer-
ican shelf by the Guiana Current system. The terrige-
nous turbidites of the calcareous mud facies were depos-
ited during low stands associated with Quaternary gla-
cial periods, when South American rivers debouched on
the outer continental shelf (Damuth, 1977).

DEPOSITIONAL MODEL
The following model, based upon the distribution of

sediment facies units, summarizes the depositional pro-
cesses operating in the Lesser Antilles intraoceanic island
arc (Fig. 18). Thick sediment accumulations are restricted
to backarc Grenada Basin, Tobago Trough forearc basin,
and the abyssal plain adjacent to the South American con-
tinental slope.

During low stands of sea level, coarse-grained terrige-
nous sediments from South America are transported as
sediment-gravity flows down submarine canyons to abys-
sal plain depositional sites. These flows build a thick
sediment wedge of hemipelagic clays and interbedded
turbidites on the Atlantic abyssal plain close to the
South American continent (Fig. 18). The thickness of
the wedge, the terrigenous component of the sediments,
and the thickness and width of the resulting accretion-
ary prism all decrease to the north (Fig. 16). Canyons
similarly funnel material into Tobago Trough.

B'
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L > I -7500

VE 25

Figure 17. Airgun profile B-B' across the Atlantic abyssal plain north of the Barracuda Rise. (Location of profile is shown in Fig. 1. Sediment cover
is thin due to damming effects of Barracuda Rise and distance from South American sediment sources.)
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Figure 18. Depositional model for the Lesser Antilles, an intraoceanic island arc with a lateral source of terrigenous sediment, showing lithofacies
unit distribution. (Thick arrows from the island arc platform into the backarc basin indicate dominant direction of transport of volcanogenic de-
bris; thick arrows from the South American Orinoco River mouth indicate direction of transport of terrigenous silt and sand via turbidity cur-
rents. Thin arrows along the continental slope parallel to bathymetric contours indicate reworking and redeposition of continentally derived silt
and sand by contour currents.)

Submarine canyons are cut off from sediment sup-
plies during sea-level high stands. As a result, modern
interglacial terrigenous sand and silt are restricted to de-
positional sites on the South American shelf. Only the
finest terrigenous clay and silt are carried beyond the
shelf edge by ocean surface currents, and the adjacent
slope and abyssal plain are blanketed with a Holocene
layer of calcareous mud. The relatively larger volume of
terrigenous sediment that is contributed to trench floor
and abyssal depositional sites at low stands of sea level
is characteristic of active margin settings in general (Scholl
and Marlow, 1974; Scholl et al., 1977; Underwood et
al., 1980).

Coarse-grained volcanogenic detritus derived from the
island arc is transported west and deposited in the back-
arc basin as pyroclastic turbidites (Fig. 18). This deposi-
tion is the result of the steeper flanks of the backarc side
of the arc, the location of the active volcanic centers on
the western side of the arc platform, and the western
flow of the Equatorial Current through island arc pas-
sages. With the exception of the Equatorial Current pat-
tern, which is specific to the Lesser Antilles region,

these factors are applicable to intraoceanic island arcs in
general. Thus as a general rule, coarse-grained volcano-
genic material is preferentially deposited in the backarc
region of active margin settings.

In contrast, most of the fine-grained volcanic ash in
the Lesser Antilles is transported east by the regional
winds and deposited on the forearc side of the arc. The
direction of ash transport in arc settings is dependent
entirely on the regional wind patterns; the distribution
patterns in other arc settings may therefore be signifi-
cantly different.

Calcareous biogenic material is present both as a pe-
lagic component above the CCD and as local turbidites
and debris flows in submarine canyons on either side of
the arc platform. The abundance of this material is largely
controlled by local fluctuations in the level of the CCD
and by dilution effects from influxes of volcanogenic
and terrigenous detritus. The pelagic biogenic compo-
nent in island arcs in more northernly latitudes, such as
the Aleutian arc, is dominantly siliceous, and the pelag-
ic sediments are correspondingly siliceous muds and
oozes.
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CONCLUSIONS
The depositional model presented in this chapter is

likely applicable to all intraoceanic island arcs charac-
terized by significant lateral sources of terrigenous sedi-
ment. This model differs from models developed both
for continental convergent margins (Piper et al., 1973;
Moore, Watkins, et al., 1982; Underwood and Bachman,
1982) and for intraoceanic convergent margins isolated
from continental sediment sources (Lundberg, 1983).
Data from continental convergent margins indicate that
substantial amounts of terrigenous gravel, sand, and silt
are eroded from the adjacent continental block and
are deposited on the shelf, in intraslope basins, and in
trench segments fed by major submarine canyons. Thus
continental arc-trench systems contain a much greater
volume of coarse detritus than the Lesser Antilles, al-
though many of the depositional processes (e.g., sedi-
ment bypassing in submarine canyons) are identical for
the two types. Intraoceanic convergent margins without
sources of continental terrigenous sediment typically lack
thick trench deposits and large accretionary prisms be-
cause of substantially lower rates of sedimentation (Hus-
song, Uyeda, et al., 1982; Lundberg, 1983). It is the
"starvation" of the trench floor that distinguishes such
systems from the Lesser Antilles type.

It should be emphasized that there is a great deal of
variability in the sediment distribution and depositional
processes operating in active margin settings. The depo-
sitional model presented here for the Lesser Antilles does
not entirely account for all the variability observed at in-
traoceanic island arcs with significant lateral sources of
terrigenous sediment. It should, however, prove useful
for future researchers investigating both similar modern
and ancient uplifted equivalents.
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