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It has been established for more than a century that the oceans have advanced and
receded across continental platforms, and that many of these relative sealevel changes
may have occurred on a global scale. There has been less agreement on the causative
mechanisms for these changes. Are they the result of volume changes in ocean water,
are they the consequence of tectonic or structural change, or are they the result of
displacement of water in the oceans by sediments? Different mechanisms contribute at
different temporal and spatial scales, but only an incomplete and confused record of
transgressions and regressions has been lett. Only the shortestterm etfects (10-100 yr)
have been have been directly observed; the rest nnust be inferred from exposed and
submerged paleo-shorelines, and from the stratigraphic record. The most extensive
record of these relative or apparent sealevel changes now seems to be contained in the
patterns of sediment onlap and offlap imaged by seismic stratigraphy in coastal
sedimentary assemblages. There appears to be a general acceptance of the principles
underlying the construction and interpretation of these sediment sequences as markers of
sealevel change and the challenge now is to interpret thesà features quantitatively in
terms of the pattern of sealevel change and to establish the causative mechanisms.

Particular components in a relative sealevel record may be local, regional or global in
character and may or may not be synchronous with other events preserved in the
geological record. These two characteristics are nearly all we have to help us distinguish
between causes of sealevel fluctuation. lt is important to note, however, that many of the
so called global curves are not truly global, but regional. For example, the Vail et al.
(1977) sealevel curves for the ..lurassic and younger time intervals are very much
dominated by the stratigraphic records of North America and the North Sea, an area that
has had a similar tectonic history for much of that time. In consequence, those sealevel
curves would be more properly seen as regional curves rather than global. Even the most
recent results (Haq ef al., 1987) remain dominated by the North Atlantic data.The causes
themselves may be divided into structural etfects which change the shape of the ocean
basins or margins (tectonic mechanisms), volumetric effects which change the volume of
the oceans (glaciation, global temperature changes, addition of juvenile water) and
displacement effects which change the volume of sediment displacing water in the
oceans. Most estimates agree that the latter will have little impact due the relatively small
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overall  volume and slow accumulation of sediment in ocean basins and its continu¡ng
removal. Structural effects include changes associated with f luctuations in plate

spreading rates, age of subducted lithosphere, ridge generation, and differentíation and

cratonization of continental crust. These processes may produce up to 150 m sealevel
fluctuations on a global scale but only at rates of about 1 mm/kyr. Teclonic mechanisms

are well documented in the long period global and the short period local fields (fig.1), but

until recently none were available in the intermediate field of variation inferred from

seismic stratigraphy. The most important volumetric effect is produced by the exchange of

water between the oceans and grounded ice sheets and this may produce magnitudes of

up to 200 m over time ¡ntervals of a few tens of kyr. However, the inference of continuous
fluctuations in sealevel due to glaciation cycles throughout the phanerozoic by Vail et al.
(1977,1987) presents problems because continental glaciation seems to have been
inoperative for large parts of this era. Also, it is important to note that the rise in sealevel
produced by the melting of continental ice sheets is not uniform because of self
gravitation and earth deformation etfects. These are particularly important in seas near the
margins of the forrner ice sheets, such as the North Sea (fig. 2).

At least one tectonic mechanism now appears capable of producing relative sealevel
fluctuations on at least a regional scale and of sutficient magnitude to leave its mark on
the stratigraphic record. First discussed by Cloetingh et al.(1985), thé mechanism involves
the response of mechanical inhomogeneities in the lithosphere to variations in the level of
inplane stress. In the situation where there is a sudden change in lithospheric thickness
(fig.3a), such as may occur near continental margins, application of an inplane stress, or a
change in the level of inplane stress, wil l  induce bending moments which cause
asymmetrical uplitt and subsidence at the wavelength of flexural deformation. The
mechanical inhomogeneity caused by a thick wedge of sediment fill ing a passive margin
basin (fig.3b) will also act as the focus for bending moments causing broad scale vertical
movements of the crust along the coast at the edge of the basin. Both effects can be
expected to operate at passive margins. Analytical and numerical calculations confirm
that relative sealevel fluctuations of 50-100 metres can be caused in this way by inplane
stress changes of the order of a few hundred megapascals (fig.3c). The level of stress in

the lithosphere is a poorly known quantity but this is within the plausible range inferred
from seismic and geological evidence and physical modelling considerations. Certainly
relative sealevel fluctuations of 20-30 metres due to this mechanism are to be expected at
typical passive margins.

The mechanism is supported by the observation of a rough correlation between tÞctonic
events likely to cause inplane stress variations in western Europe and the relative
sealevel record around the margins of the North Sea (Lambeck et al., 1987). Further
support comes from observations of subsidence in the intracratonic basins of central
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Figurc 1: Rates and magnitudes of some rn¡:chanisms which have bee_n seen
as potential cont¡ibutorslo relative sealevd movements. Spatial scalês are
classified as local, rcgional or global (L,R,G). Events with clear global
impact but with near-field / far-fietd variability are marked R€.
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Figure 3: (a), (b) Two situations in which flucruatiors in tectonically
driven inpiane stress levels will cause relative sealevel movements thiough
coâs-tal gplift or subsidence. (c) Magnirr¡de of uplift produced by the
mechanism þ) by inplane forces equivalent to a few hundred mègapæcals
t¡ansmined fugogh a 30 km lithospheric layer. The va¡iation in response
gs a function of the age of the margin is a consequence of æsumed changes
in the strength of the littrosphere and the thickness of offshore basin
sediments witir tÍme. (modified from Cloetingh et al.,lg86)
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Figure 4a: €omposition of volumetric and tectonic sigrials to produce an
obsen¡ed relative sealevel signal. The short ærm oscill-ations may come
from either source, and probably both.
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Figure 4b: Filtering of relative sealevel signals to produce onlap-offlap
pattems and perhaps also variations in deep æa ædiment seismic character
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Austral ia where changes in subsidence rate occûr synchronously over a number of
basins, apparently at times of changes in tectonic regime at the plate boundary 1000 km
or more away (Shaw et al., 1988). lt is important to emphasize that it is changes in stress
level, rather than a transition from absolute tension to compression, that is required by
this mechanism. By analogy, the tectonic cyclothems observed in the lower strata of
foreland basins reflect a close relative of this mechanism and are þenerated in a
continuing compressive stress regime by fluctuations in stress level. At least one caveat
is in order, however. Geometrical complexity in the variation in thickness of the stress
transmitting layers of the lithosphere may lead to local variations in the sense of uplift and
subsidence. We cannot properly estimate this effect theoretically because so little ¡s
known about the detailed variation of mechanical strength in the lithosphere. There is no
reason to believe that the flexural thickness is an appropriate measure of the thickness of
the layer transmitting the inplane stress, as the stress distribution is ditferent in the two
cases, but even if it was, the depth of the strongest layers might vary across province
boundaries without significantly affecting the flexural wavelength while it would have a
significant effect on the vertical response to inplane stress variations.

While it is now clear that this is a plausible mechanism which probably contributes
significantly to the relative sealevel record, a lot more evidence needs to be accumulated
before we can begin to disentangle tectonic, glacial, and other possible mechanisms
represented in relative sealevel records. The problem can be cast in signal processing
terms (fig.a). Relative sealevel is the sum of several signals which cannot be distinguished
without separate data or assumptions. The stratigraphic record of transgressions and
regressions is then a further filtered representation of this composite signal, ánd the
characleristics of the filter are still the subject of some debate. The acausal nature of this
filter (erosion moditying previous deposits) and the likelihood of temporalvariations due to
sediment bypass make it impossible to reconstruct even relative sealevel unambiguously
from the stratigraphic record alone. Separating the causative agents presents a further
level of ditficulty. Distinction on the basis of local or global character makes assumptions
on the spatial character of the individual components which are not well founded as, for
example, the deglaciation response is not wholly eustatic and the inplane stress
consequences of global plate testonic readjustments may well be global in charac{er. lt is
therefore important to seek more sources of data. In this context, one promising line of
enquiry is índicated by the observation by Mayer etal.(1986) of reflectors in equatorial
pacific sediments marking some (but not all) of the events infened by Vail. ln addition, it is
desirable that stratigraphic reconstructions of the local relative sealevel signal be
undertaken at a wide variety of locations, preferably by different researchers.
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