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THE GENERAL objective of this portion of
AmasSeds (A Multidisciplinary Amazon Shelf
SEDiment Study) is to understand how evidence
of environmental processes influencing the Ama-
zon shelf is preserved in the underlying sedimen-
tary strata. Unfortunately, strata are imperfect
recorders of environmental events. In oceanic
settings near large sediment sources, net accu-
mulation of sediment may occur; however, in a
physically dynamic setting, the preserved strata
may contain numerous breaks of non-deposition
or erosion. A fundamental question concerns what
environmental interpretations are possible from
sedimentary sequences which are punctuated by
missing strata. This question assumes additional
importance when a setting, such as the Amazon
shelf, records the history for much of a continent
and an equatorial ocean.

In order to meet the general objective and to
build on existing knowledge, several specific ob-
jectives are being undertaken by this project. The
first is to identify the dominant processes (e.g.,
tidal currents, river discharge, bioturbation) con-
trolling strata formation on different time and
vertical-length scales. These scales range from
hours to millenia and from microns to tens of
meters. Secondly, the project is attempting to de-
termine how the oceanic processes operate on
sediment (rework, sort, bury) to emplace char-
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acteristics within preserved strata. Both of these
objectives require close involvement with the
other research groups in AmasSeds. A third ob-
jective is to understand how partial preservation
of strata affects interpretation of environmental
settings and processes. This will help to impart
geological relevance to the AmasSeds program.

Approach

In marine settings where the seabed is accreting,
the sedimentary record is constructed from build-
ing blocks of successively larger scale; numerous
small blocks become integral components for a
block of the next larger scale. As an example rel-
evant to the present study, sediment accumulated
during semidiurnal tidal cycles can form distinc-
tively different sedimentary units for spring versus
neap tidal periods. Spring and neap units can cre-
ate seasonal units, which in turn produce annual
sedimentary units. Ultimately these successive
units will form a deposit representing the present
high sea-level conditions for a location, although
in the process some units may be lost to erosion
and some distinctions between units may be de-
stroyed by bioturbation.

A general understanding of strata formation
requires the evaluation of formative processes on
numerous vertical-length and time scales. This
leads the present project to a series of sampling
and analytical techniques which telescope to pro-
gressively larger and longer scales. Coring tech-
niques range from the collection of box cores (0.5-
m length) to kasten cores (3-m length) to piston
cores (12-m length). Stratigraphic character is in-
vestigated by microfabric studies (microns to mil-
limeters), x-radiography (millimeters to meters),
and high-resolution seismic studies (meters to tens
of meters). Time-series sampling ranges from an-
chor stations (coring every 2 h for about 24 h) to
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reoccupation of anchor stations at fortnightly in-
tervals to reoccupation of many stations at sea-
sonal (3-mo) intervals. Chronology is examined
by 2**Th (weeks to months), 2'°Pb (years to de-
cades), and "C (centuries to millenia). Because
stations are reoccupied to examine temporal vari-
ability in sedimentary processes, good positioning
(GPS) and much replicate sampling is used to dis-
tinguish temporal and small-scale spatial vari-
ability.

Approximately 80% of the field effort is being
expended in research vessels on the continental
shelf. This allows close cooperation with the other
oceanographic disciplines involved in AmasSeds.
About 20% of the research is being undertaken
from inflatable boats along the shoreline of Amapa
(the Brazilian state north of the river mouth). In
the past, water-depth limitations of oceanographic
research vessels have restricted seabed sampling
to areas seaward of about the 10-m isobath. Be-
cause of these limitations, the Amapa shoreline
had not been examined prior to AmasSeds, al-
though coastal accretion was thought to be a po-
tential sink for a significant fraction of Amazon
sediment.

Observations

Much new knowledge about the sedimentology
and stratigraphy of the Amazon shelf is being re-
vealed through the AmasSeds project. Some of
this new information is described below, and can
be put in perspective with previous work intro-
duced by Nittrouer et al. (this issue) and more
thoroughly summarized in Nittrouer and De-
Master (1986).

The Subaqueous Topset Region

Observations at anchor stations on the River-
Mouth Transect (for locations of transects see
Nittrouer ef al., this issue) reveal relatively minor
changes in the seabed on diurnal time scales, but
much more distinct changes on fortnightly
(spring-neap) scales. In March 1990, the surficial
seabed was characterized by sandy layers (several
centimeters thick) during spring tides, and by soft
muddy layers (5-15 cm thick) during neap tides.
The changes within the seabed from spring to neap
tidal conditions corresponded to decreases in the
near-bottom current velocity and generally in
suspended-sediment concentration, as observed
by the Physical-Oceanography and Sediment-
Transport groups of AmasSeds. These relation-
ships help to explain interbedding of sand and
mud which characterizes shelf strata near the
mouth of the Amazon (Fig. 1).

219pp profiles for the shelf region between about
10 to 30 m water depth reveal a thick (60-150
cm) layer of nearly uniform excess activity at the
surface (Fig. 2). The layer is probably the result
of physical processes (e.g., erosion, deposition),
because, on this portion of the Amazon shelf,
generally few benthic organisms are present and
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Fig. 1: An x-radiograph (positive) of sand/coarse
silt (dark) and mud (light gray) laminae, which
illustrates the typical sedimentary features pre-
served within the topset strata on the continental
shelf near the mouth of the Amazon River. Fea-
tures present are lenticular ripples (R), thin lam-
inae (L), and an erosional contact (E) capping
sand-lined burrows (B) of mud-shrimp (Thalas-
sinids). Fluctuating environmental conditions on
the time scales of spring-neap tidal variations are,
at least in part, the cause of the interlayered sand
and mud. Erosional contacts, such as the one
shown here, indicate major periods of strata re-
moval that appear to reoccur on time scales greater
than seasonal but less than ten’s of years.

few biological structures are observed in x-radio-
graphs. Thicknesses of the layer in replicate cores
are highly reproducible (5 cm), indicating that
small-scale lateral variability of the layer (over
100’s of meters) is generally not significant. The
thickness in most locations decreases only about
20 cm between periods of peak river discharge
and lower flow. Therefore, the bulk of the thick-
ness for this surficial layer is not related to seasonal
deposition and removal. However, most of the

OCEANOGRAPHY-APRIL+1991



CRUISE | CRUISE 1l CRUISE il
H%p ACTMITY (dpm/q)
0.5 1.0 2.0 0.5 1.0 2.0 0.5
0 1 P B | Il 0 1 JET N | I i 0
20 20 20
40 40 40
60 60 60-
80- 80} 80}
= 1 1 n L
£ 100 oo _-°" 100 100
~—r 1 = - '
Ly 120 120 120
X 140 140 140
© 160 160 160-
Z - - -
= 180 180 180+
0o 1 00-
£ 200+ 200 200
= 220 220 220
240 240+ 240
260 260 260
280 280 280+
100 CI8909 Station 107 100 €I9002 Station 2202 200 CI9004 Station 3202

Fig. 2: Profiles of excess *'°Pb activity at a station in the topset region (13 m water depth) near the
Amaczon river mouth. Cruises I, 1l and III were during falling, rising and high stages of the Amazon
River discharge, respectively. A surface layer of nearly uniform activity is present throughout the year.
Profiles were measured on replicate cores (as shown) during each cruise, and indicate: little small-scale
spatial variability in thickness of the surface layer; seasonal variations of about 20 cm. The primary
cause of the thick layer is intense physical reworking on time-scales of a few years or less (see text).
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layer does result from some sort of physical re-
working on time scales of a few years or less (de-
termined from the excess 2'°Pb activities).

Punctuation of the stratigraphic record by ero-
sional events is clearly observed in x-radiographs
(Fig. 1). Erosional boundaries can be recognized
by truncations of strata, and, in some case, of bur-
rows. Corresponding profiles of 2!°Pb suggest that
significant erosional events have a reoccurrence
interval of less than 10 y. These events may result
from fluctuations in the river discharge or the
oceanic processes.

The Subaqueous Foreset Region

219ph accumulation rates reach their highest
value (about 10 cm y™!, averaged over a century)
on the foreset region (about 40-60 m water depth)
of the Amazon subaqueous delta. In the area of
very rapid sedimentation, short-term deposition
(not bioturbation) controls profiles of 2>*Th in the
seabed. Deposition rates (averaged over several
months) from 2**Th measurements are about a
centimeter per month (Fig. 3), and are consistent
with the longer-term 2'°Pb accumulation rates.
Particularly intriguing are *'°Pb profiles which re-
veal quasi-cyclic fluctuations of excess activity
with depth in core (Fig. 3). The length scale of
these cycles and the 2**Th deposition rates suggest
that the fluctuations have an annual periodicity.
The profiles could reflect fluctuations in scaveng-
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Fig. 3: Profiles of excess *'°Pb and **Th from a
station in the foreset region (58 m water depth).
The cyclic fluctuations in the *'°Pb profile may
result from variations in *!°Pb scavenging or mud-
flows (see text). Accumulation rates in this region
are about 10 cm y™! (averaged over a century).
The > Th profile (obtained during peak discharge
of the river) indicates a short-term deposition rate
of 1.4 cem mo™! (averaged over a few months).

ing of dissolved 2'°Pb by suspended particles, per-
haps controlled by seasonal changes in river dis-
charge or oceanic circulation.

Particularly intriguing
are 2'Pb profiles which
reveal quasi-cyclic
fluctuations of excess
activity with depth in

core.
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Detailed coring has been performed along the
Open-Shelf Transect from the 40-m to the 70-m
isobaths. 2!'°Pb measurements of surface sediment
samples reveal an increase in activity with in-
creasing water depth along the transect, consistent
with DeMaster et al. (1986). Examination of x-
radiographs has revealed some evidence of mass
movement. The existence of mass movement is
supported by partial burial of the GEOPROBE
tripod at 63 m along this transect. Therefore, an-

other possible explanation for the cyclic 2'°Pb
profiles is repeated emplacement of lower-activity
sediment by down-slope mud flows.

With increased depth along this transect (be-
tween 40 m to 70 m), accumulation rates decrease
and evidence of bioturbation increases. Cooper-
ative studies with the Seabed Chemistry/Biology
group of AmasSeds suggest that the decreased ac-
cumulation rates allow a community of subsurface
deposit feeders to inhabit the deeper portions of
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Fig. 4: Descriptions of processes and strata (from vibracores and hand cores) along the coast of Amapd.
Erosional shorelines characterize the coast as far north as Cabo Cassiporé, with some localized, short-
term accumulation associated with small rivers. A prograding muddy shoreline is found between Cabo

Cassiporé and Cabo Orange.

OCEANOGRAPHY-APRIL+1991



the transect. The decreased accumulation rates
also give sediment a greater residence time in the
surficial zone of biological mixing before being
buried deeper in the seabed. The net effect is that
the capability to resolve temporal changes in en-
vironmental processes is reduced in these strata
with lower accumulation rates.

The Coastal Region

The most important observation in the Amapa
coastal region (less than 10 m water depth) is ex-
tensive erosion for approximately 300 km from
the river mouth northward along the dispersal
system. An accretionary shoreline was expected,
because of the proximity to the Amazon and the
existence of accretion farther northward along
portions of the Guianas (Eisma and van der Marel,
1971; Rine and Ginsburg, 1985). In addition,
about a third of the annual Amazon sediment dis-
charge cannot be accounted for by accumulation
on the Amazon shelf or by transport farther
northward (Kuehl et al., 1986; Nittrouer et al.,
1986). Physical-oceanographic studies as part of
AmasSeds indicate that tidal range and tidal cur-
rents are extreme on the Amazon shelf, and de-
crease northward along the coast away from the
river mouth (Geyer et al., this issue). The tidal
effect is significantly reduced north of Cabo Cas-
siporé, and this is where coastal accretion begins
(Fig. 4). Regional tectonic processes (vertical
movement) also may be a factor in coastal erosion
(Faria et al., 1990).

South of Cabo Cassiporé, the shoreline is gen-
erally erosional (Fig. 4). Arboreal vegetation is
observed to be falling into the sea. Distinct ero-
sional terraces have been formed, and are exposing
older sedimentary deposits from terrestrial (e.g.,

SE

75m

fluvial) and coastal environments. '“C dates sug-
gest that these older deposits were formed less than
1000 y ago. Ilha de Maraca may be a remnant of
a larger landmass which protruded seaward from
the north bank of the Amazon, near Cabo Norte.

Sediment accumulation occurs locally near the
mouths of small rivers which drain coastal Amapa
and the Guiana highlands (Fig. 4). The resulting
sedimentary deposits are generally lenses of sand
which extend seaward on the north sides of the
river mouths. Eroded jungle vegetation (selvas)
and juvenile mangroves are found landward of
these deposits, suggesting only short-term accu-
mulation.

At Cabo Cassiporé and northward to Cabo Or-
ange, the shoreline is accreting as prograding mud
deposits. Mud flats are backed by mangroves. Soft
mud forms shallow bars which run parallel to the
coast. 2!'°Pb accumulation rates measured for these
sediments are about 1 cm y~'. The deposits, in
contrast to coastal material farther south, contain
unusually fine sediment (clays), unusually high
inventories of 2'°Pb and ?**Th, and significant
amounts of planktonic diatoms. Together these
factors suggest landward transport of shelf sedi-
ment.

The Subsurface Region of the Seabed

Seismic studies and piston coring on the shelf
off Amapa reveal an environmental change during
the past several thousand years from erosion to
accumulation; a transition opposite to that ob-
served for coastal deposits of Amapa. Modern,
soft, brown muds in the topset region are overlying
a distinct erosional surface (truncated strata, with
a sand/shell lag) below which are older, over-con-
solidated, grey muds. '*C dates suggest that the

NW

Fig. 5: Portion of a GEOPULSE seismic profile from the bottomset region (75 m water depth). Depth
below the water surface is shown on lefi side. Acoustically transparent modern mud overlies an erosional
surface from the Holocene Transgression. Gas is found within the infill of an old channel. Horizons (A,
B, Cand D) are separated by about 20 m of sediment, and may define transgression-regression packages.
These stratigraphic units are commonly deformed (e.g., left side of this profile).
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older deposits were formed about a thousand years
ago. The Amazon shelf seaward of Amapa was
undergoing erosion of the seabed until about a
thousand years ago, when it changed to the present
condition of sediment accumulation. The link
with the coastal environment is not yet clear, but
probably important. The causes could be changes
in the river discharge, the oceanic environment,
or perhaps submersion of the landmass near Cabo
Norte.

In the past, Amazon-shelf research studies us-
ing high-resolution seismic equipment were lim-
ited to 3.5-kHz profiles, with penetration restricted
typically to 20-30 m. The AmasSeds project is
using a GEOPULSE system with lower frequency
and greater power for penetration to as much as
100 m. One of the discoveries made with this sys-
tem is the extensive presence of gas deep within
the inner-shelf deposits. Farther seaward (Fig. 5),
the seismic records indicate multiple stratigraphic
units, each about 20 m thick. The units contain
distinct horizons about 5-m thick separating sed-
iment which is acoustically more transparent. Ev-
idence of strata deformation is common. The
stratigraphic units may be related to sea-level
transgression and regression.

Future Work

A cruise during the low-discharge period of the
Amazon (October-November, 1991) will provide
important information for time-series studies ex-
amining mechanisms of sediment accumulation.
On a separate leg of the cruise, piston coring and
seismic profiling will investigate the environmen-
tal changes during the past several thousand years
and will evaluate the presence of transgression-
regression stratigraphic packages on the outer
shelf. Coastal studies will focus on the regions near
Cabo Orange and Cabo Norte, in order to examine
processes of accretion and erosion, respectively.
Successes with field work to date suggest that
samples and data from all the cruises will require

until the end of 1993 for completion of the lab-
oratory phase.
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