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Near surface gas hydrates and associated features
such as carbonate crusts, mud volcanoes, clam fields
and bacterial mats in the Black Sea and on Hydrate
Ridge have been the target of detailed studies using
high-resolution sidescan sonar. The main target of the
studies is to distinguish and quantify the extent of
the individual features. Our recently acquired dual-
frequency sidescan sonar system uses 75 kHz (for up to
1500 m swath width) and 410 kHz (up to 200 m swath
width) Chirp sidescan signals together with a 2-16 kHz
Chirp subbottom profiler in order to image up to 1500
and 200 m wide swaths of the seafloor, and to provide
up to 30 m of subbottom penetration, respectively. Yet
unsolved problems with the stability of the towfish re-
sulted in relatively high towing speeds around 3 kn,
which give along-track resolutions of 1.5 and 0.25 m for
the 75 and 410 kHz sidescan sonar, respectively. Verti-
cal resolution of the subbottom profiler is up to 6 cm,
and underwater navigation of the towfish was carried
out with a portable USBL system providing a resolu-
tion of about 1% of the range.

Initial processing of the data clearly indicate a
strong improvement over previously available mid-
range sidescan sonar imagery (30-36 kHz) with better
distinction between individual features. However, only
the most recently active features are imaged with this
system while older features are buried under a thin sed-
iment cover and remain ’invisible’ for high-resolution
sidescan sonar. An exception to this rule are carbonate
crusts and chemoherms that are widely associated with
near-surface gas hydrates and represent the remnants of
former fluid venting structures. Such carbonate crusts
are widely distributed on the summits and flanks of Hy-
drate Ridge (offshore Oregon) and on the top of mud
volcanoes in the Sorokin Trough (SE of Crimea, Black
Sea). Mudflows and clam fields are also clearly im-
aged, especially with 410 kHz sidescan sonar. How-
ever, whether the extent of near-surface gas-hydrates
and bacterial mats can be quantified on the basis of
high-resolution sidescan sonar is not yet clear and re-
quires further integration of sidescan sonar data, sub-
bottom profiler records and ground-truthing from video
observations and coring.

URL: http://www.gashydrate.de
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The Tjörnes Fracture Zone (TFZ) separates the
North Iceland Rift Zone (NIRZ) from the Kolbeinsey
Ridge (KR), the segment of the Mid-Atlantic Ridge im-
mediately north of Iceland. The TFZ lacks the clear to-
pographic expression typical of oceanic fracture zones
and consists of broad zone of deformation roughly 150
km long (E-W) by 75 km wide (N-S) defined by 3 ma-
jor extensional basins (Eyjafjardaráll, Skjálfandadjúp,
Öxarfjördur) and two WNW-trending seismic zones -
the Gŕımsey seismic lineament (GSL) on the north and
the Húsav́ık-Flatey fault (HFF) on the south. Newly
collected high-resolution multibeam bathymetry data,
multichannel seismic and chirp profiling data provide

a new perspective on the structure and neotectonics
of the TFZ. The sediment-filled basins are bounded
by numerous NS-trending faults, some of which extend
to the seafloor, suggesting they are actively extending.
The HFF can be traced offshore from Húsav́ık village
across Skjálfandi Bay as two WNW-trending, south-
facing fault scarps and northwest of Flatey Island into
the southern Eyjarfjardaráll basin as a WNW-trending,
north-facing scarp. Reflection records indicate an in-
creased dip-slip component of motion westwards along
these faults, on which severe earthquakes occurred in
1755 and 1872. In contrast, the GSL consists of numer-
ous NS-trending, left-stepping, en-echelon rift valleys,
akin to the fissure swarms observed on land. These
are volcanically and hydrothermally active. The KR
emerges from the Eyjafjardaráll basin as a narrow, well-
defined rift zone north of ∼66◦50’N. As the NIRZ has
propagated northward over the past 2 my, deformation
within the TFZ shifted from predominately strike-slip
motion along the HFF to extension along en-echelon
rift zones. Tectonically, the GSL thus resembles the
northernmost Reykjanes Ridge and Reykjanes Penin-
sula in southwestern Iceland rather than a conventional
oceanic transform with narrow zones of predominately
strike-slip motion.
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In May and June of 2002, a geophysical survey
was performed in southern Hecate Strait to assess sea
floor and subsurface geohazards. The survey com-
prises a portion of a research program to study the
impact of potential hydrocarbon exploration and pro-
duction in Hecate Basin as part of the multidisciplinary
NSERC/SSHRC funded Coast Under Stress project.

Data were collected on 100 miles of survey lines over
a grid consisting of 10 north-south lines crossed by 10
east-west lines with a line separation of 0.5 mile. Wa-
ter depths were relatively uniform, ranging from 230-
260 m over the area. 64-channel multichannel seismic
data using a 120 cu in airgun source were collected for
deep subsurface structural mapping. The shallow sub-
surface was imaged using the Huntec high-resolution
seismic system with a boomer source. 50 KHz Sim-
rad echosounder data suitable for seafloor classifica-
tion were collected using Quester Tangent Corporations
QTC-V system.

A standard geophysical seismic facies interpretation
of the Huntec data suggested the shallow subsurface
is composed of 3 units: (a) The lowest unit is com-
posed of Tertiary siltstones/sandstones. This unit is
highly folded/faulted, due to Miocene/Pliocene tecton-
ism, and often is incised by paleochannels. (b) Overly-
ing these sediments is a unit that has a relatively trans-
parent acoustic facies. This unit likely represents Pleis-
tocene glacial till. Its upper surface often outcrops at
the seafloor, forming prominent moraine-like features
at the seafloor. When overlain by the uppermost unit,
it forms a strong reflector at that interface, though
its continuity is often disrupted by gas that is present
near that contact (c) The uppermost acoustic unit is
relatively transparent and infills topographic lows and
reaches a maximum thickness of 15 meters. It is likely
composed of silts/sands.

Seafloor classification of the echosounder data using
feature extraction and cluster analysis indicates that
this unit is somewhat acoustically distinct from the
glacial till unit, suggesting different sediment proper-
ties for these two units. Pockmarks occasionally form
at the sea floor, but cannot be distinguished by the
seabed classification algorithms.

The origin of the shallow gas is unknown: it may
be a result of biogenic degradation of organic matter,
or gas diffusing upward along faults or bedding planes
from the Tertiary sediments, as suggested by the mul-
tichannel seismic sections. The answer to this question
awaits analysis of cores to be collected on future sur-
veys.
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Many submarine canyon systems include well-
defined intra-canyon depressions. Often, these depres-
sions are found at the base of scarps along the canyon
thalweg, with morphologic characteristics similar to
subarial plunge pools formed at waterfalls. One plausi-
ble mechanism for the origin of these features is scour-
ing during submarine debris flows. Other processes
which can plausibly contribute to the formation of re-
entrants and depressions in submarine canyons include
erosion by spring sapping, slumping, collapse follow-
ing gas expulsion or subsurface dissolution, and chan-
nel damming by mass wasting of canyon walls.

We have examined multibeam bathymetry surveys
of a number of submarine canyons, and identified
more than fifteen apparent plunge pools within sub-
marine canyon systems offshore of Australia, Hawaii,
and North America. These features range in scale from
2 km long, 6 km across, and 300 m deep (the largest
plunge pool in Perth Canyon, offshore Australia) down
to as small as 10 m deep and 150 m across (the small-
est plunge pool identified offshore Kohala, Hawaii). Al-
though these features vary considerably in scale, they
share common characteristics. Each basin is located at
the base of a headwall scarp within the canyon, and is
bounded on the down-canyon side by a sill. Measure-
ments of the characteristic dimensions of the plunge
pools show that the basin depth (defined relative to
the down-canyon sill) increases with the headwall scarp
height,. However, the across and down canyon basin
widths do not strongly correlate with the scarp height,
and seem to be more closely related to the width of the
overall canyon channel.

The Monterey Bay Aquarium Research Institute
investigated three apparent plunge pools using ROV
Tiburon during a spring 2001 expedition to the Hawai-
ian Islands. These basins are located in submarine
canyons on the north side of Molokai and the Kohala
coast of Hawaii. Our ROV observations support the hy-
pothesis that these intra-canyon depressions are formed
through scouring during submarine debris flows. In all
cases the down-canyon depression sills are dams com-
posed of debris piles, with angular rubble exposed on
the depression side and sand covering the down-canyon
side. The Molokai plunge pool is draped with mud and
silt, suggesting no recent activity. However, the Ko-
hala plunge pools show clear signs of recent scour and
no sediment cover. The headwalls above the plunge
pools expose layered volcanoclastic and lava flow units,
with more resistant layers frequently forming vertical
or overhanging walls. We interpret these canyons as
being largely formed through retrogressive (headward)
erosion and slope failure. Periodic rockfalls and debris
flows following undercutting of the headwalls scours the
depressions, builds the pool dams, and both lengthens
and deepens the canyons.

Modern bathymetric surveys indicate that plunge
pools occur in many, but not most submarine canyons.
Our ROV observations suggest that stratigraphic vari-
ability is a key prerequisite for plunge pool formation.
Headwall scarps can persist within active canyons when
the existence of more and less resistive layers allows for
differential erosion. In turn, plunge pools form when
headwall scarps are persistent features.

URL: http://www.mbari.org/education/cruises/
Hawaii/
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Sub-tidal, inter-tidal, and terrestrial data from the
East China Sea (ECS) and Yellow Sea (YS), augmented
by data from the Sunda shelf as well as Fairbanks’s
Barbados coral reef data, show a pattern of episodic
post-glacial sea level transgression: a series of short,
rapid flooding events (some faster than 90-100 mm/y),
separated by a series of long, slow rises (2-6 mm/y).
During two short, early post-LGM rapid rises sea level
rose by about 7- to 9-m, so that by about 15 ka BP
it had reached -100 m. A rapid flooding event (Fair-
banks’s MWP-1A) occurred between 14.3 -14.1 ka BP,
when sea level jumped from -95 to -75 m (100 mm/yr).
For the next 2.5 ky sea level rose slowly 6 mm/yr),
with a possible still-stand or slight regression during
the Younger Dryas. Between 11.6 and 11.4 ka BP, sea
level rose about 18 m, to -60 m (MWP-1B), after which
it again stagnated until another rapid rise 9.5 ka-9.2 ka
BP (MWP-1C), when it rose to 19 m to -16 m. The
last flooding occurred between 8.0 and 7.0 ka (MWP-
1D), resulting in a +2 to +4 m highstand along the
western Pacific. Close correlation with ice-core prox-
ies confirms this step-like pattern, reflecting periods of
rapid deglaciation interspersed with long intervals of
little or no change in global ice volume. One impor-
tant geological implication of this stepwise rise of sea
level is the presence of flooding surfaces in Holocene
sedimentary sequences, one example of which is given
in this presentation.
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Both post-glacial sea-level and climatic changes are

preserved in the the shallow, low gradient, sediment-
dominated Yellow Sea. As a result of rapid flooding
during melt-water pulse (MWP) 1A, 14.3-14.1 ka BP,
sea level reached the southern edge of the North Yel-
low Sea (NYS), and after MWP-1B (11.6-11.4 ka BP)
sea level entered the Bohai Sea. The first major Yellow
River-derived deltaic deposit formed in the NYS during
decelerated transgression following MWP-1B and in-
creased river discharge in response to re-intensification
of the summer monsoon about 11 ka cal BP. A sec-
ond subaqueous delta formed in the South Yellow Sea
about 9-7 ka BP during decelerated transgression af-
ter MWP-1C flooding and in response to the southern
shift of the Yellow River mouth. The modern subaque-
ous and subaerial deltas in the west Bahai Gulf and (to
a lesser extent) along the Jiangus coast have formed
during the modern sea-level highstand. These chang-
ing Holocene patterns are most clearly illustrated by a
short film clip.
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High-resolution seismic reflection profiles and
geochronological analyses of vibracore samples of the
Monterey Bay shelf reveal that a 420 km2 mudbelt
lying unconformably on a wave-abraded terrace is en-
tirely of Holocene age and may record evidence of Melt-
water Pulse 1B (MWP-1B). The deposit has a maxi-
mum thickness of ∼32 m between the -30 and -90 m
isobaths and buries a prominent slope-break (paleosea-
cliff) carved into the underlying terrace between -35
and ∼-55 m. Sedimentological and faunal analyses of
9 vibracores indicate an upward-fining sequence with a
basal shallow-shelf facies consisting of coarse, marine
carbonate-rich sands and gravels with abundant inter-
tidal to subtidal molluscs underlying a deep-shelf mud
facies composed of massive terrigenous silts and clays
devoid of molluscs. A sharp contact separates these two
characteristic units in all cores and represents a sudden
shift in depositional environment or a widespread ero-
sional event. Ten calibrated 14C AMS ages of in situ
molluscs and detrital wood from the base of the de-
posit (-88 m) in 4 of the 9 cores show that deposition

of the basal unit began ∼14-15 ka and accreted at rates
of 0.12-0.35 mm/yr. Based on these rates, the age of
the biolithologic contact is 11.0±0.3 ka, immediately
following meltwater pulse 1B. A plausible mechanism
explaining the simultaneous biolithological transition
along 14 km of the outer shelf mudbelt is an abrupt
shift in depositional setting associated with a relatively
rapid transgression of the shoreline. In addition to
rapid drowning associated with MWP-1B, flooding of
the stepped Monterey Bay shelf circa 11 ka, would have
moved the shoreline above the -35 to -55 m paleosea-
cliff and translated the focus of shallow-water deposi-
tion more than 5 km landward in a short time. Further
investigation of the internal structure and accumula-
tion history utilizing seismic reflection and radiometric
analyses will test this hypothesis across a larger area
and help to refine our understanding of the modes and
rates of midshelf mudbelt development.
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The 30-m thick mid-shelf mudbelt of the Santa
Cruz continental shelf covers a notch in the underly-
ing eroded bedrock that appears to be the remnant of
a 11.5 ka seacliff. This paleo-seacliff is located mid-
way between the present coastline and the shelf break,
about 7 km offshore from Santa Cruz. Calcareous shell
and wood debris that occur in the coarse material at
the base of the muds on the outer shelf are dated at
14-15 ka Cal yr BP and confirm the mud deposit as
Holocene. The depth range of the hypothesized paleo-
seacliff, reflecting the former height of the cliff, is from
40 m at top to 70 m at base. Meltwater Pulse (MWP)
1B has been documented as quickly raising sea level to
the -43 m level at 11.5 ka. We believe this sea-level
event caused a 12-ka seacliff to be left behind and sub-
sequently buried. The seismically-discernable gradient
of the cliff face is 0.04, which is greatly diminished
from its presumed original vertical slope. The implied
cliff-retreat rate, from 11.5 ka to the present, for the
area east of Santa Cruz where the bedrock consists of
the relatively soft Purisima Formation is 600 mm/yr.
West of Santa Cruz where the bedrock is the more
resistant silica-rich Santa Cruz Mudstone, the paleo-
seacliff is closer to shore and the implied retreat rate
is 130 mm/yr. Today’s cliff-retreat rates in the Santa
Cruz area average about 200 mm/yr. In the simplest
model, if the sea-level rise rate were equal to the cliff
retreat rate during transgression of the cliff, the result-
ing cliff would be attenuated from vertical to 45◦. The
transgressive sea-level event that left the paleo-seacliff
behind probably proceeded at a rate significantly less
than the cliff retreat rate to account for the greatly at-
tenuated slope. We therefore estimate a rate on the or-
der of 100 mm/yr or less for the sea-level rise associated
with MWP 1B. High-resolution seismic surveys of the
world’s shelves will undoubtedly reveal similar evidence
of sea-level stands beneath today’s high-stand muds,
and these sea-level stands may reveal much about cli-
mate for the mid-late Holocene by showing shoreline
configurations at locations seaward of present coast-
lines.
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Marine geophysical surveys off the paraglacial coast
of Northern Ireland show a range of geological evidence
for changes in relative sea-level (RSL) during the late-
glacial and early Holocene periods (c. 14-8 kyr BP).
Geological evidence was interpreted from Chirp sub-
bottom geophysical profiles, side-scan sonar data, and
echo-sounded bathymetry. Evidence observed includes
submerged notches and shore platforms, and tabular or
wedge-like acoustic units which have variously sharp,
graded, draped and unconformable contacts. Sub-
merged notches and shore platforms, interpreted to
represent sea-level stillstands, are present at -30 m,
-24 m and -15 m OD. These are cut into, variously,
acoustic units interpreted as subglacial and glacioma-
rine diamicts (tills), indicating a close relationship be-
tween glacial and marine sediment deposition and RSL

stage. Separating these stillstand features spatially
and stratigraphically are sandy and muddy sediment
units which record periods of sediment infilling (reduc-
tion of accommodation space) under more slowly rising
RSL. Interpretation of acoustic units using a systems
tract approach identifies periods of sediment deposi-
tion associated with late-glacial (14-12 kyr BP) and
early Holocene (10-8 kyr BP) transgressive RSL phases,
which are separated by a deep RSL lowstand. Tran-
gression between c. 11-9.5 kyr was up to 16 mm yr.
The rapid changes in RSL, associated with changes in
marine sedimentation patterns, are similar to those ob-
served in the tropical coral (global eustatic) record, but
those in Ireland have a different timing because of the
interplay between glacio-isostatic and eustatic effects.
The presence of short periods of eustatic RSL change
along the Ireland coast - which are out of tempo with
global eustatic patterns - may support evidence for
varying strength of glacio-isostatic RSL rise over time,
perhaps associated with reactivation of pre-existing re-
gional faults.
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Over the last decade there has been a significant
increase in the number and distribution, spatially and
through time, of reliable observations of past relative
sea level in Great Britain. These have contributed to
better models of the glacial isostatic adjustment (GIA)
processes at both the national and global scales. De-
spite significant improvements in the agreement be-
tween predicted RSL changes derived from different
GIA models and observations from dated sediments
there remain important discrepancies. Until the rea-
sons for these are solved, the best estimates of current
relative land- and sea-level change come from analysis
of the observations, supplemented with estimates from
models where there is a good fit.

Analysis of more than 1200 sea level index points
and 180 limiting dates for 52 locations in Great
Britain over the last 16kyr provides estimates of late
Holocene land-level changes (negative of relative sea-
level change). Maximum relative land uplift occurs
in central and western Scotland, 1.6mm/yr, and maxi-
mum subsidence in southwest England, 1.2mm/yr. Sed-
iment consolidation, arising from autocompaction as
the sediment accumulates and from land drainage, in-
creases the subsidence in areas with thick sequences
of Holocene sediments, with an average effect equiva-
lent to an extra 0.2mm/yr land subsidence, but more in
parts of southeast England, 0.5 to 1.1mm/yr. Modelled
changes in tidal range during the mid to late Holocene
in eastern England suggest that the calculated rate of
land subsidence is overestimated unless such changes
are quantified. The effect is most significant, equiv-
alent to 0.4 to 0.6mm/yr, for large coastal lowlands,
the Humber and Fenland, that were tidal embayments
during the mid to late Holocene.
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The Santa Barbara Channel area has been the fo-
cus of numerous marine geology, paleoceanography and
tectonic studies. The coastal area also hosts important
archeological resources. This study creates a series of
incremental maps for every 2,000 years of the region
to present a stepped view of how sea level, sedimen-
tary and tectonic processes governed the position and
shape of the coastline over the last 20,000 years. This
data lends insight into the potential locations of ancient
archeological sites along the coast, as well as geologi-
cal processes operating in margin-proximal basins and
shorelines. Bathymetric data compiled by the Monterey
Bay Aquarium Research Institute were integrated with
digitized, published sedimentary and tectonic data in
a GIS database. Faults with a significantly high slip
rate were considered in the reconstruction, along with
many sedimentation rates distributed across the basin,
slopes and shelves. Over the last 20,000 years, sedi-
mentation rates of 1.2-1.73 m/k.y. have been recorded
within the basin center and 0-3 m/k.y. recorded on the
slopes and shelf areas. The Oak Ridge and Pitas Point
reverse faults experience a relatively high average slip
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rate of 6 m/k.y. and 3 m/k.y., respectively. This recon-
struction indicates that the Montalvo Ridge area may
have been more of a promontory than an island, as pre-
viously proposed considering only change in sea level.
The geomorphic evolution of the basin is determined
by the combined effect of sedimentation (supply and
current distribution), tectonics and eustatic sea level.
Additional sedimentation and uplift rate data along the
slopes and shelves, specifically west of Ventura, within
the submarine fan south of Point Conception, and along
the shelves surrounding the Channel Islands, would as-
sist in a more complete reconstruction of the study
area.
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Salt marshes along the north coast of Long Island
Sound carry a detailed paleoenvironmental record, with
information on relative sea level rise, climate and an-
thropogenic impacts (e.g., metal pollution). We stud-
ied fourteen salt marsh cores along the Sound, and
here present data on cores from marsh islands in the
mouth of the Connecticut River (Great Island) and
the Housatonic River (Knells Island). Both are largely
high-marsh environments, with a tidal range of 1.7 m
at Great Island, 2 m at Knells Island. Cores are sliced
in 2 cm intervals, dated with 210Pb, 137Cs and 14C,
and benthic foraminifera are used as paleo sea level in-
dicators. The records go back 600 years (Great Island)
and 1500 years (Knells Island). Both locations show ev-
idence for enhanced fresh water discharge around 1900
and 1950 AD, well-documented wet periods in the cli-
mate history of Connecticut. The relative sea level rise
(RSLR) curve from Knells Island shows little change
between 500 and 1000 AD, then the rate of RSLR ac-
celerates until 1600 AD to about 2.5 mm/year. From
1600 to 1700 AD, the curve is flat, then rises to about
1.7 mm/year, with an acceleration to 3 mm/year in the
last 100 years. The Great Island RSLR curve shows
a rate of 1.7 mm/year from 1400 AD on, with a short
slow-down at 1700 AD, and a slightly faster rate of 2.3
mm/year in the last 300 years. These data are similar
to those in our other RSLR curves from the Long Is-
land Sound marshes: RSLR rates are variable over the
last 1000 years ( 1 mm/year on average), and acceler-
ate in the last 200-300 years to about 2.5-3 mm/year.
The exact date of the beginning of the recent acceler-
ation remains to be determined because it falls in the
dating gap between viable 210Pb and 14C ages. Many
curves show a slight decrease in rate of relative sea level
rise around 1500-1600 AD, which we correlate with the
coldest stretch of the Little Ice Age. The Knells Is-
land core appears to show an acceleration around 1000
AD, which may correlate with the onset of the Medieval
Warm period, but this signal is hard to discern in many
other cores. A pronounced, short slow-down in the rate
of relative sea level rise occurred around 600 AD in sev-
eral cores. We tentatively correlate this episode with a
coeval cold snap recorded in the GISP2 ice core record.
The data thus suggest a direct link (no significant lag
time) between climate change and rates of RSLR on the
northeastern US seaboard.
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Global deglaciation following the last glacial max-
imum (LGM) involved a series of millennial-scale cli-
mate reversals related to glacial meltwater pulses
(MWP) from glacial lake drainage and shrinking ice
sheets, resulting in reduced North Atlantic deep wa-
ter formation, and global sea level (GSL) rise. The
final stages of deglaciation between 9 and 7 ka are still
poorly understood in terms of the rate, the relation
to meltwater and climate events, and the source of ice
sheet melting. We present geochronological, micropale-
ontological and geophysical evidence from from Chesa-
peake Bay which indicate a period of relatively stable
sea level prior to and during the 8 ka cool event (9.2-
7.9 ka), followed by a rapid (∼500 yr) global sea level
rise from 24 ± 1 to 4 ± 1 mbsl (subsidence-corrected)

between about 7.9 to 7.6 ka. This rapid sea-level event
followed a large Laurentide Ice Sheet (LIS) meltwater
discharge and glacial lake drainage dated at ∼8.4 ka. It
was at least as rapid (36 to 200 mm yr−1) and as large
(18-20 m) as sea-level events associated with earlier
MWP 1A (13.8 ka) and 1B (11.5-11 ka). Because the
timing of Laurentide Ice Sheet (LIS) melting was nearly
complete by 8 ka, LIS probably contributed no more
than a few meters to the 7.8 ka sea-level event, though
LIS meltwater influenced global climate and thus may
have affected West Antarctic Ice Sheet (WAIS) thin-
ning. It is hypothesized that Antarctic Ice Sheet melt-
ing is a likely candidate as the source of sea-level rise.
Studies from the Ross Sea Embayment indicate that
the West Antarctic Ice Sheet experienced grounding
line recession between ∼8 and 6 ka and modeling stud-
ies indicate that parts of the WAIS thinned up to 200
m since 8 ka. The Holocene contribution of Ross Sea
area WAIS ice may have been as much as 6-7 m. Ice
from other parts of the WAIS, East Antarctic Ice Sheet
drawn down into the Ross Sea Embayment through the
Transantarctic Mountains, and/or margins of the East
Antarctic Ice may account for the remaining 8-10 m of
ice volume.
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The instrumental record of sea-level change in the
northeastern United States extends back to the early
20th century and at New York City (NYC) extends
back to 1856. These tide gauge records indicate that
sea level has risen at a rate of 2.5 to 4 mm/year over
the last 100-150 years. Geologic evidence of sea-level
change in the region over the last 2,000 years indi-
cates rates of sea-level rise of about 1 mm/year or less.
The discordance between the instrumental and geologic
records is frequently cited as potentially providing ev-
idence that anthropogenic warming of the climate sys-
tem has resulted in an increase in the rate of sea-level
rise. In order to begin to test the hypothesis that accel-
eration in the rate of sea-level rise has occurred in the
last 150 years due to anthropogenic climate warming,
accurate and precise information on the timing of the
apparent acceleration in sea-level rise are needed.

Here we construct a high-resolution relative sea-
level record for the past 1350 years by dating basal salt
marsh peat samples above a glacial erratic in a western
Connecticut salt marsh. Preservation of marsh vege-
tation remains in the sediment record that has a nar-
row vertical habitat range at the upper end of the tidal
range provides information on past sea levels. Spartina
patens (marsh hay) and Juncus gerardi (black rush) dom-
inate both the modern marsh and their remains are the
major constituent of the marsh sediments and occur
in the modern marsh between mean high water (MHW)
and mean highest high water. We use the elevation dis-
tribution of modern plant communities to estimate the
relationship of sediment samples to paleo-mean high
water. The chronology is based on 15 radiocarbon ages,
supplemented by age estimates derived from the hori-
zons of industrial Pb pollution and pollen indicative of
European land clearance. Thirteen of the radiocarbon
ages and the Pb and pollen data come from samples
taken along a contact between marsh peat and a glacial
erratic located in the marsh. Two additional radiocar-
bon ages were obtained from the basal contacts of two
cores taken 600m northwest of the erratic in the same
marsh. Because we based our record entirely on basal
samples, the samples were not displaced vertically by
autocompaction of the peat column.

The data show a sea-level rise rate of 1.0 ± 0.3
mm/year from 700 to 1650 AD. From the middle of
the 17th century to the middle of the 19th century the
rate of sea-level rise was 0.4 ± 1 mm/year indicating
that the rate of sea-level rise may have slowed during
the Little Ice Age. The tide gauge record from New
London, CT indicates a rate of 4.1 mm/year between
1939 and present. Data from the Battery tide gauge
at NYC indicates a rate of sea-level rise of about 2.8
mm/year from 1856 to present. The NYC tide gauge
record indicates that MHW was about 32 cm below
modern MHW (as defined by the National Oceanic and
Atmospheric Administration) and matches well with
the proxy record of past MHW derived from the marsh
sediments. The increase in the rate of sea-level rise
to modern levels occurs in the 19th century and most
likely in the later half of the 19th century. The tim-
ing of the observed sea-level rise rate increase is coin-
cident with the onset of atmospheric warming in the
late 19th century and indicates that a link between in-
creases in the rate of sea-level rise and anthropogenic
climate warming is possible and even likely.
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Milankovitch theory that ice-volume is controlled
by the insolation at critical latitudes and seasons
(65*N) has been favored for its ability to account for
some key features of Pleistocene glaciations. However,
one of perplexing mysteries unresolved by this theory
is that, about 3 to 1 million years ago, ice sheets var-
ied at almost metronomic 41-ka obliquity cycles, while
the 21-ka precessional period is dominant in insola-
tion. Another related problem but not addressed by
this theory is that some of climatic proxies suggest an
early transition relative to the insolation, resulting in
a causality problem if insolation is claimed as the ex-
ternal forcing. For example, U-Th dating of some coral
reefs, d18O of calcite vein, and sea surface temperature
(SST) records have shown that the penultimate transi-
tion occurred as early as 135-142 ka ago, whereas the
June insolation was below the average before 133 ka
ago. These two puzzles (41-ka variability and timing
of transitions) can be resolved if one uses insolation
gradients between high and low latitudes, in addition
to 65*N insolation alone, as the external driving force
of ice ages. The insolation gradient has a strikingly
similar distribution of frequency variances to paleocli-
matic records (SST and d18O) before the late Pleis-
tocene. One of the insolation gradient minimum, oc-
curring at 149 ka ago, 10 ka earlier than the insola-
tion minimum, could well explain the early penultimate
transition (e.g. SSTs and sea levels). We argue that
Pleistocene glaciations are controlled by insolation gra-
dients. Interglacials correspond to stronger insolation
gradients, caused by either increasing high-latitude in-
solation, as Milankovitch theory states, or a reduction
in low-latitude insolation which provides less northward
atmospheric heat (moisture) transport, as some climate
models suggest.
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We explore the response of bedrock-floored coastal
streams to eustatic and tectonically induced fluctua-
tions in base level. A numerical model coupling onshore
fluvial erosion with offshore wave-base erosion is devel-
oped. The results of a series of simulations for sim-
ple transgressions with constant rate of sea-level change
(SLR) show that response depends on the relative rates
of rock uplift (U) and wave-base erosion (εw). Simple
regression runs highlight the importance of nearshore
bathymetry. Shoreline position during sea-level fall is
set by the relative rate of base-level fall (U-SLR) and
εw , and is constant horizontally when these two quan-
tities are equal. The results of models forced by a re-
alistic late Quaternary sea-level curve are presented.
These runs show that a stable shoreline position can-
not be obtained if offshore uplift rates exceed εw . Only
in the presence of a relatively stable shoreline posi-
tion can fluvial profiles begin to approximate a steady-
state condition, with U balanced by fluvial erosion rate
(εf ). In the presence of a rapid offshore decrease in
rock-uplift rate (U), short ( 5 km) fluvial channels re-
spond to significant changes in rock-uplift rate in just a
few eustatic cycles. The results of the model are com-
pared to real onshore and offshore profile data from
the Mendocino triple junction region of northern Cali-
fornia. The late Holocene sea-level stillstand response
exhibited by the simulated channels is consistent with
various features seen in the California streams, includ-
ing low-gradient channel mouths with alluvial deposits,
and uplifted marine platforms.
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Pleistocene sea level oscillations superimposed on
volcanic subsidence contributed to the formation and
successive drowning of a series of six carbonate plat-
forms off Kohala on the northwest coast of Hawaii. We
are using a paleoreconstruction of the − 400 m Kohala
platform, based on geomorphology, ecology (species as-
semblages) and petrology (grain size, dominant micro-
fossils, recrystallization) to refine models of local sea
level fluctuations, subsidence rates and volcano growth.
A synthesis of analyses of bathymetric and acoustic
backscatter data, whole carbonate samples, thin sec-
tions and push cores has provided a history of pri-
mary and secondary construction, subaerial exposure
and drowning signatures. We then evaluate the data
in the context of paleogeographic and oceanographic
constraints on reef development around Hawaii. ROV
video observations suggest that the geomorphic struc-
ture of the 400 m platform is predominantly secondary
construction: (1) eroded gullies are pervasive through-
out the seaward slope of platform; (2) extensive weath-
ering exists along the platform crest and flat; and (3)
fissures parallel and normal to the platform slope are
prominent features. While coralline-algal bindstones
dominate most parts of the platform, the majority of
coral samples were restricted to loose talus on the lower
seaward slope. These different distributions may re-
flect: paleoenvironmental determinants of reef growth;
sampling biases; and/or preservational biases. Ex-
plaining these differences requires accurate determina-
tion during collection of the attitude and location of
each coral sample, followed by precise dating, to ac-
curately constrain sea level, subsidence and volcano
growth models.
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Upper Miocene to Recent sequences beneath the
continental shelf and slope of the offshore Canterbury
Basin, New Zealand, are mapped using closely spaced,
high-resolution multichannel seismic data collected in
January 2000. Sequence geometries and morphologies
of unconformities reflect competing influences of eu-
stasy, contour-currents, and rate of sediment supply.

Eighteen regional sequence-bounding unconformi-
ties form three seismic stratigraphic units: 1) Miocene
unconformities U1-8 (>16-5 Ma; all ages are from ODP
Site 1119 and Clipper exploration well) have smooth
shelves. Onlap can occur on both shelf and slope. Most
sequences are progradational and of relatively long du-
ration (>1.4 m.y.). Six additional localized unconfor-
mities also occur; each onlaps the underlying regional
unconformity and is either truncated basinward by sed-
iment drifts or downlaps onto the underlying uncon-
formity. 2) Pliocene to early Pleistocene unconformi-
ties U9-13 (3.6-1.25 Ma) define aggradational sequences
with durations ranging from 0.11 to 1.4 m.y. Frequency
of onlap decreases up section. Each sequence contains

a downlap surface, which onlaps the underlying uncon-
formity and is truncated basinward by the overlying un-
conformity. 3) Early Pleistocene (∼1.2 Ma) to Recent
unconformities U14-18 display shelf channel incision
and erosional truncation by currents on the slope. Se-
quences are progradational and of short duration (<0.4
m.y.). They are downlapped on the shelf and slope fail-
ure truncates reflections near their well-defined shelf
edges. Five additional local unconformities are trun-
cated to landward by the overlying regional unconfor-
mity; most are only preserved on the outer shelf and
upper slope.

The most recent unconformities (17 and 18, plus
three local unconformities) correlate well with 100 k.y.
cycles in the oxygen isotope record (stages 6-14) over
the last 500 k.y., suggesting that they are of eustatic
origin. Older sequences are of longer duration and en-
compass multiple oxygen isotope cycles. This could
imply local control of older sequences. Alternatively,
the sequence stratigraphic record may selectively re-
spond to a subset of the global cycles, or to bundles of
Milankovitch-scale cycles.

Currents redistribute deposits, control depocen-
ter locations, generate diachronous unconformities,
and influence seismic stacking patterns and morpholo-
gies. Multistage sediment drifts contain several se-
quence boundaries. Drift moats may serve as conduits
for downslope sediment transport during relative sea-
level falls, reactivating as moats when sea level rises.
Large sediment drifts in the north transition south-
ward to conventional progradational geometries, in par-
allel with a north-to-south increase in slope inclination
(from <2◦ to >5◦). Geometries transitional between
drifts and clinoform sequences suggest criteria by which
current deposition can be recognized on margins with-
out well-defined drifts.
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Collision between the South Bismarck Plate and the
northern edge of the Australian Plate has produced an
actively subsiding foreland basin in the western Huon
Gulf. A series of drowned coral reef platforms and
pinnacles are preserved on this margin as a result of
this rapid subsidence. Previous data and models sug-
gest that these platforms drowned due to the combined
affects of rapid relative sea-level rise associated with
glacial terminations and continual subsidence (up to
5.7 mm/year) over the last 400 ky. A multidisciplinary
cruise on the R/V Melville (Aug-Sep 2001). mapped
and sampled nine platforms and pinnacles using; (1)
Seabeam 2000; (2) high-resolution side-scan mapping
(DSL120) and (3) the ROV Jason for outcrop sampling.
Two U-Th ages (348 ka at 1950 mbsl and 60 ka at 240
mbsl) confirm the platforms age and deepen progres-
sively NE towards the Markham Fault. The bathymet-
ric and sidescan data indicates the platforms are com-
posite features, often recording multiple terrace levels
and pinnacle structures that probably formed during
less dramatic interstadial sea-level fluctuations. The
edges of the platforms have experienced substantial lat-
eral modification through fracturing and slumping, pro-
ducing vertical outcrop exposures, slumped blocks and
debris fields. However, the tops of each platform ap-
pear to preserve the signature and timing of platform
drowning. Coral assemblages and microfacies data in-
dicate there are significant differences in paleoenviron-
mental settings between the shallow, middle and deep
platforms. Prior to drowning, the deeper platforms
developed in significantly higher energy reefal condi-
tions compared with the middle or shallow platforms.
Thus the paleoenvironmentals conditions have changed
substantially through time in the Huon Gulf. The
changes may be related a re-organisation of the oceano-
graphic/climatic conditions of the Huon Gulf as a re-
sult of; (1) the rotation and uplift of the Huon Penin-
sular and/or (2) variation in more regional factors such
as the position of the Intertropical Convergence Zone
(ITCZ) over the last 400 ka.
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Multibeam bathymetry and single-channel seismic

reflection profiling data collected in the Brazil Basin
during Project CENTRATLAN project revealed the ex-
istence of a fully incised, meandering and bifurcating
seachannel on the South Atlantic Ocean seafloor east
of central Brazil. Our examination provides the first
comprehensive study of the morphology of Pernambuco
Seachannel, which in some ways is similar in appear-
ance to features of terrestrial riverine systems.

Pernambuco Seachannel is the only known example
of a geostrophic or contour current created and main-
tained seafloor channel. It extends northward through
the Bahia Seamount Group and into the northern part
of the Brazil Basin. Within the Bahia Seamount Group,
the course of the channel is partially constrained on the
west by eastward-facing slopes of the Brazilian conti-
nental margin and on the east by the Bahia Seamounts
group. In the northern portion of the study area, just
prior to exiting the Bahia Seamounts, a shallower and
younger second channel is present.

Three major unconformities are identified on seis-
mic reflection records. On these, older and younger
channels occupy the same relative positions with re-
spect to the unconformities which appear to be iden-
tical with two of the three unconformities present at
DSDP Leg 39, site 355. Using the ages assigned to these
unconformities at this DSDP site suggests that ero-
sional activity creating the older Pernambuco Seachan-
nel by northward flowing AABW began in upper Eocene
- middle Oligocene times but not before 11.2 M.Y.B.P.
The westward migration of the younger channel is as-
sociated with the sea level transgression of post middle
Miocene time.
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SedFlux3D is a three dimensional numerical basin

fill model which simulates the development of stratig-
raphy over time periods of hundreds to tens of thou-
sands of years. Processes such as distributary avulsion
with high spacial heterogeneity are critical to under-
standing stratigraphic patterns. Recently, a subaerial
module has been added to simulate overbanking and
flood deposits on the delta plain in addition to sedi-
ment deposition in the marine environment. Here, the
role of river mouth avulsion on the volume stratigraphic
record is investigated, and the effects of different avul-
sion rates are explored on both the subaerial and ma-
rine depositional record.
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