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Abstract 

Three undulating, large-scale bedforms occur within a 20 km wide lagoon which was probably generated by 
synsedimentary tectonic processes in a Jurassic shallow water rimmed platform (Trento Platform, Italy). 
Bedform 1 resembles hummocky cross stratification and consists of domes and troughs which display a 
downcurrent increase in wavelength and decrease in amplitude. Bedform 2 is composed of low-angle 
undulating foresets whose downcurrent structural variations over 300 m of stratigraphic exposure mimic 
smaller-scale climbing-wave ripple lamination. Bedform 3 consists of three large-scale stacked 'giant rip­
ples' . Internal characteristics (shell fabrics) ofbedforms reflect a complex storm action that was ineffective as 
sediment transport mechanism but produced an 'in situ' reorientation of shells through strong shear stress 
and local pressure pulses on and below the lagoonal floor. These bedforms were generated by tsunamis as 
evidenced by: 1) the action of surface waves; 2) a great lateral extent of exposures; 3) the restriction of 
bedforms to the same stratigraphic horizon (correlated by means of 'event correlation'). 

Bedform 1 was produced by first-order impulse-generated waves progressing discontinuously along the 
deepest area of the lagoon; bedforms 2 and 3 reflect bottom return flows . The trajectory system has been 
tentatively explained by the hydrodynamic configuration of impulse waves propagating at supercritical 
conditions around a lateral obstacle. 

Introduction 

The possibility that tsunamis generate sedimentary 
structures is being mentioned in a growing body of 
literature (Bernstein, 1954; Bascom, 1964; Cole­
man, 1968; Fairbridge & Bourgeois, 1978; Kastens 
& Cita, 1981; Marsaglia & Klein, 1983; Duringer, 
1984; Bourrouilh-LeJan & Talandier, 1985; Klein 
& Marsaglia, 1987; Bourgeois et al., 1988; Szulc, 
1988). The sedimentary record of tsunamis within 
ancient shallow water settings is still obscure, ow­
ing to a lack of specific vertical sequences com­
pared to those produced by other types of storm 
processes (Kreisa, 1981). 

The object of this research was to investigate 
unusual, large-scale bedforms occurring within the 
Jurassic Trento Platform (Italy), an ancient shal­
low water carbonate platform. Bedforms described 
here are complex and could not be explained by 
traditional hydrodynamic mechanisms. Their in­
terpretation as tsunami-generated features result­
ed from their identification as storm deposits and 
from a rejection of hurricanes and fair-weather 
processes as causative agents. The study was facil­
itated by laterally continuous outcrops and correla­
tions of bedforms along a stratigraphic horizon by 
means of 'event' correlation (Ager, 1981). 
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Tsunami properties 

Tsunamis are trains of impulse-generated, long 
translatory surface waves produced by catastrophic 
events (e.g., meteorite impacts, submarine tecton­
ic movements; see Fairbridge & Bourgeois, 1978). 
Wave trains in the open sea are characterized by 
low, 1 to 2 m amplitudes, wavelengths of about 
lOkm, velocities up to 800km/h (Ager, 1981) and 
periods of 30 to 60 minutes. Tsunami waves act as 
shallow-water waves at any depth. When they ap­
proach the shoreline, friction against the sea-floor 
causes a decrease in velocity and wavelength and 
an increase in amplitude. The build-up of water 
against the shore is compensated during the peak 
phase by a strong bottom return current which is 
followed by an oscillatory motion. It is thus pos­
sible that the return current develops a bottom 
traction carpet by current drag and local channel­
ing. Hence, tsunamis are capable of transporting 
enormous volumes of shallow water sediments out 
to sea. Bourgeois et al. (1988) hypothesized deposi­
tion by tsunamis under initial high shear velocities 
(15-lOOcm s- 1) followed by a rapid drop and even­
tually by an oscillatory flow. The storm flow field 
produced by tsunamis appears to be complicated 
and Klein & Marsaglia (1987) suggested that tsuna­
mis can generate a trajectory current pattern simi­
lar to the storm current pattern on the Atlantic 
Shelf described by Swift et al. (1983). 

Geologic and environmental setting 

The 'Calcari Grigi' Formation occurs in the Vene­
tian Alps, Italy. The Formation represents the top 
of the Trento Platform, 80 x 100 km2 in extent, 
which is a part of a passive margin (Bernoulli & 
Jenkyns, 1974). The 20 x 20 km2 study area is sit­
uated in the centre of the Trento Platform (Fig. 1). 
Previous studies on the 'Calcari Grigi' Formation 
were carried out by, among others, Bosellini (1972; 
1973), Gohner (1980; 1981) and Clari (1975). 

Deposition took place in a lagoonal environment 
which was punctuated by patches of oolite and 
shoal-complex facies. The depth ranges from 15 m 
to 2 m below sea level (Galli, 1988). Lithiotis 

wackestones are widespread; they are typified by 1 
to 9 m thick beds of tightly packed accumulations of 
big shells of Lithiotis problematica Gumbel bi­
valves, up to 40 cm long, embedded in a micrite 
matrix. The growth of thick Lithiotis banks took 
place in deeper parts of the lagoon, as suggested by 
their thickness, absence of abrupt interruptions or 
disturbance by influx of intraclast detritus owing to 
a proximity to a shoreline. Storm action is evi­
denced by tempestites, similar to the swell lags 
described by Powers & Kinsman (1953), by hum­
mocky cross bedding, hummocky sequences (Dott 
& Bourgeois, 1982), by fining-upward sequences 
within the shoal complex facies and by isolated 
scour-and-fills. The existence of an elongated la­
goonal depression oriented NE-SW is revealed by 
an examination of isopach maps of maximum thick­
nesses of Lithiotis banks (Fig. 2A) and of isocoqui­
nites (tentative contour map of a series of locations 
characterized by the same numbers of coquinite 
lenses: Fig. 2B; the values were obtained by divid­
ing the number of coquinite lenses within skeletal 
wackestones by the thickness of skeletal wacke­
stones that occur in single stratigraphic sections). A 
comparison between isocoquinite data and relative 
facies frequency distribution (not shown here) in­
dicates that tempestite trends were independent of 
facies and would reflect 1) changing water depth 
and/or 2) a southwestward source of propagation 
of storm waves. The uneveness of the lagoonal 
floor resulted from the development of an array of 
shoals within the lagoonal depression; the paleoto­
pographic profile mimics a miniature ramp with 
deeper lagoonal areas located in the west and south 
(Fig. 3). Directional data were collected from ori­
entations of symmetrical ripple crests (Fig. 2A), 
gutter casts and scours (Fig. 2B), axes of coquinite 
lenses (Fig. 2C) and from the strikes of dipping 
Lithiotis shells (Fig. 2D). Measurements from shell 
imbrications and parting lineations suggest that 
currents moved from SW to NE. The maps indicate 
a dominant rotary storm path oriented SW-NE 
which was driven by the lagoonal corridor config­
uration and a minor mode, oriented SE-NW which 
indicates currents flowing oblique to the lagoonal 
'bucket'. A refracted wave pattern, which displays 
a counterclockwise sense of rotation (Fig. 2) prob-
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Fig. 1. Map of study area with locations of stratigraphic sections, bedforms and distribution of the shallow water 'Calcari Grigi' 
Formation. Upper left: relationships between study area and width of the Trento Platform (from Bosellini et al. , 1981). 

ably resulted from the impingement of the SW- NE 
oriented storm current upon the shoals which were 
located in the east. In cross section, the studied 
upper part of the 'Calcari Grigi' Formation is 
wedge-shaped (Fig. 3). The northeastern side, 

20 m thick, is mainly composed of muds tones in­
terpreted as marsh facies and shallow lagoon and 
shoal complex facies. The Formation developed at 
a shallower depth than at the southern side where 
the sedimentary prism, 60 m thick, was the site of 
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accumulation of the thickest Lithiotis banks (Fig. 
3). An areal zonation of sedimentary structures 
agrees well with the contour maps and areal facies 
distribution; hummocky cross bedding occurs with­
in the deeper areas of the Iagoonal depression, 
whereas scour structures formed around its mar­
gins. The formation of this wedge-shaped structure 
stems from a southward, asymmetrical, syndeposi­
tional tectonic tilting and rotation around a hinge 
line (Galli, 1988). Synsedimentary tectonic struc­
tures, such as syndepositional faults and deforma­
tions, are ubiquitous in the studied area. They sug­
gest frequent offshore tectonic activity, that could 
have triggered tsunamis. 

Description of bedforms 

Large-scale bedforms occur along two stratigraphic 
horizons. The three bedforms which are described 
in this paper occur within the same Lithiotis bank. 
They are denoted by diamond symbols in Fig. 3 and 
are numbered progressively from south to north in 
Fig. 1. They do not form vertical sequences but 
consist of a body-set bounded by first-order ero­
sional boundaries. Internal, second-order contacts 
are given by traces of layer surfaces which delimit 
coset boundaries; third-order contacts within lay­
ers (lamina-sets) separate distinct shell fabrics. 

Bedform 1 (Fig. 4) 

Description. This bedform consists of large-scale 
asymmetrical, undulating layers whose irregular 
thicknesses average 0.3 m. Thicknesses decrease 
upwards. Layers display wide domes and shorter 
troughs. The erosional bases of the lowermost lay­
ers are discordances between shell inclinations be­
low and above coset boundaries, or are sudden 
changes in shell orientations. Erosional contacts 
are more accentuated in the troughs than in the 
domes. Upper cosets display non-erosional bases. 
Lateral tracings of beds over 100 m show a north­
ward increase in wavelengths (from 4to10 m) and a 
decrease in the amplitude (0.4 m) of domes in the 
same direction. Towards the north, domes gradual-

ly flatten and eventually merge into slightly un­
dulated beds. Shell inclinations follow the off­
shooting traces of coset boundaries. Shells are 
stacked and densely packed in domes and disori­
ented or densely packed in the troughs. An east 
west, lateral profile of the same bedform shows 
large-scale swales and layers draping over slightly 
scoured topography and expanding laterally in 
thickness within swales. 

Interpretation. A storm origin for this bedform is 
inferred from the predominating fining-upward 
and thinning-upward trends, from sharp bases as­
sociated with a complex organization and from 
sharp contacts between different fabric types. Con­
vex-up and concave-down sets, cross stratification 
dipping at low angles, rarity of high-angle dipping 
beds, erosional and non-erosional set boundaries 
fit characteristics of hummocky cross bedding list­
ed by Harms et al. (1975) . Wavelengths, up to 10 m 
in extent, are less common. The lengths attained by 
shells (as much as 30cm), unusual in hummocky 
cross stratification, are in direct evidence, together 
with erosional contacts between coset and lamina­
sets, of high current velocities. In fact, currents 
with speeds in excess of 2m s-1 are required to 
transport pebbles attaining 5 to 10 cm in diameter 
(Komar & Miller, 1975). The current drag was so 
strong that shells 10 to 30 cm in length which were 
deeply driven into mud were reoriented and 
dragged up the crests. The pressure gradient pro­
duced a migration of mud through shells with a 
resulting sorting and concentration of shells. The 
mechanism of shell sorting would be analogous to 
that described by Powers & Kinsman (1953). Ac­
cordingly, this bedform could represent a residual 
shell concentration resulting from repeated swell 
events. 

Bedform 2 (Fig. 5) 

Description. This bed configuration is composed of 
low-angle, undulating foresets which average 0.4 m 
in thickness. Topsets and bottomsets are repre­
sented by swollen to erosional surfaces (Fig. 5). 
The topset consists of symmetrical, 3 m-wide un-
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Fig. 2. Contour maps and paleocurrent data. The isopach map of Lithiotis beds, based on maximum measured thicknesses of Lithiotis 
beds, is interpreted to reflect changing water depths. Paleocurrent data from the lagoonal and shoal complexes were obtained from less 
than 10 measurements at each locality. Strikes of dipping Lithiotis shells obtained from approximately 1000 measurements. Dots in all 
maps represent locations of stratigraphic sections shown in Fig. 1. 
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dulations which truncate underlying inclined co­
sets. Shells, organized into a fining-upward trend, 
are densely packed and randomly oriented close to 
the tops of cosets, inclined in a direction opposite 
to foreset inclinations in the lower part of cosets 
(Fig. 5). An alignment of shells parallel to the 
lower erosional concave-up surface is present 
above the troughs of the undulating surfaces (Fig. 
5), where local shell imbrications in the swales 
result in a denser packing; close to topsets shells 
become gradually horizontally aligned. 

Going westward, over approximately 300 m, the 
body-set of Fig. 5 (right) acquires a 'vertical accre­
tion' morphology: individual beds are thinner, less 
inclined and undulose; swales and hummocks 
(wavelengths: 10 to 4 m; amplitudes: 0.6 to 3 m) are 
clearly distinguishable (Fig. 5). Undulations are 
regular and nearly symmetrical; domes are com­
posed of vertically accreted sets which thicken in 
the crests with the formation of undulations dis­
playing an opposed, divergent symmetry with re­
spect to trough axes (Fig. 5). Tops of domes are not 
sharp or straight-crested (as occurs westward) but 
are gently sinuous. Lower and upper boundaries of 
the body-set show partial erosional truncations 
(Fig. 5). Boundaries between individual layers are 
also non-erosional. A general fining-upward trend 
consists of a decrease at the very top in size, pack­
ing and abundance of shells. Dip angles of vertical­
ly accreted sets become progressively more hori­
zontal as they approach the bottomset (Fig. 5). 

Interpretation. The body-set at west (Fig. 5) is simi­
lar, apart from obvious differences in scale and 
size, to the climbing-wave ripple lamination de­
scribed by Kreisa (1981), which is interpreted as the 
result of rapid, wave-generated, oscillatory cur­
rents. Westward lateral transitions from inclined 
beds to upbuilded beds are analogous to variations 
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from inclined lamination to climbing-wave ripple 
lamination which were found within a hummocky 
sequence within the 'shoal complex facies ' . Transi­
tions between body-sets are explained by a storm­
generated waning flow which changed properties 
in evidence of a west-directed, unidirectional cur­
rent (as suggested by directions of shell inclina­
tions) to those of a predominating oscillatory water 
motion in deeper zones in the West, consequent to 
a superimposition of wave orbital components to 
the unidirectional current. In the East these orbital 
components only modelled inclined beds into sym­
metrical undulations. Such wave orbital compo­
nents flattened and deformed sharp-crested beds in 
the West with the formation of a mound-like topo­
graphy. 

Bedform 3 (Fig. 6) 

Description. This bedform consists of three stacked 
'giant ripples'. The lowermost one occurs within 
Lithiotis wackestones whereas the uppermost 'gi­
ant ripples', which are somewhat smaller in size, 
occur within micrite lithologies. The relief of these 
'giant ripples' is approximately 2 m. Each ripple 
consists of a more or less planar bottomset surface 
and an undulated unit which is overlain by fine 
grained layers (mud drapes) which thicken towards 
the west and display normal grading. 'Giant rip­
ples' are asymmetric with the east side steeper than 
the west side. The eastern swale (Fig. 6) is filled 
with homogeneous mud containing dispersed bio­
clasts (Fig. 6B). The uppermost undulated surface 
of the lowermost 'giant ripple' is represented by 
well-sorted sub-mm thick, faint micrite laminations 
composed of fine grained, angular lithoclasts and 
peloids (Fig. 6D) . Shells are disoriented within the 
lowermost bedform; they become aligned parallel 

Fig. 3. North-south cross section showing the wedge-shaped geometry of the examined uppermost part of the 'Calcari Grigi' Formation. 
A southward and westward tilting, contemporaneous with sedimentation, was probably responsible for the formation of the 'miniature 
ramp' and lagoonal corridor shown in the block-diagram at the lower left which results from computer manipulation of bathymetric 
interpretations of facies (arrows indicate the locations of bedforms 1, 2 and 3 described in this paper) . Marker horizons utilized in the 
'event' correlation of stratigraphic sections were: 1) the top of the 'Calcari Grigi' Formation (flooding surface according to Barbujani et 
al. 1986); 2) a lOcm-thick horizon containing radial oolites; and 3) a 'triple disconformity' (Riding & Wright 1981) (Galli 1988). The 
location of bedforms 2 and 3 is shown by black diamonds. 
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to the undulated topset close to the top. Micros­
tructures visible within the upper 'giant ripples' are 
subspherical micro-mud balls composed of disori­
ented larger allochem fragments (Fig. 6C) and faint 
micrite laminations (Fig. 6D). 

Interpretation. The westerly thickening of drape 
layers and the westward shift of giant ripple crests 
are a large scale evidence for a westward directed, 
unidirectional current. The massive fine-grained 
megaripples record periods of rapid deposition; 
traces of bioturbation were not observed. The 
alignment of shells parallel to the upper sinusoidal 
surface and a lack of fragmented shells resulted 
from high amplitude swells associated with a verti­
cal pressure gradient. Subparallel, sub-mm thick 
laminations within 'giant ripples' record a remobil­
ization of sediment and probably a lateral move­
ment of mud. Lateral transport of muddy sediment 
with the formation of laminated mud under high 
energy conditions was reported in the study of Suri­
nam (Rine & Ginsburg, 1985) and Florida Bay mud 
banks (Bosence, 1988). Within the lower giant rip­
ple there is no sharp contact between sheared Lith­
iotis shells and undisturbed, disoriented Lithiotis 
shells: it is possible that there was no sediment­
water interface during the remobilization of the 
Lithiotis bank. Micro-mud balls (Fig. 6C) testify 
that mud had already acquired some consistency or 
that it was semifluid during the formation of giant 
ripples. The abrupt transition from intensively 
sheared muddy sediments (Fig. 6A) to mud drapes 
(Fig. 6B) with a distribution grading indicates that 
the storm-stirred, high suspension load began to 
settle during waning energy conditions, following a 
rapid drop in shear stress. Bosellini (1972) pro­
posed that this bedform originated by high ampli­
tude swells. 

Fig. 4. Partial view of bedform 1 showing geometry and internal 
characters of sets. Lithiotis shells are more densely packed, 
sorted and fragmented in the troughs (A) than on the crests (B) . 
At the lower right (C) the lower contact with a Lithiotis bank is 
shown where vertical shells are overlain by undulations formed 
by Lithiotis shells. Inferred current direction from right to left. 
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Fig. 5. Geometry and internal structure of bedform 2. The 
transition from inclined beds (right) to more undulated beds 
(left) is explained by the superimposition of oscillatory compo­
nents to a unidirectional upcurrent component of a storm com­
bined current. Inferred current direction from right to left. 
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Origins of bedforms 

An interpretation of the three bedforms described 
above is problematic because inclined beds and to a 
lesser degree mound-like bedforms may form un­
der many different conditions and by a large variety 
of processes. 

Lateral accretion bedding in an ancient carbon­
ate setting was recently interpreted to be in evi­
dence of laterally migrating tidal channels (Cloyd 
et al., 1990). Inclined beds of Fig. 5 resemble tidal 
point bars (e.g., example Loucks & Anderson, 
1980). However, inclined beds in the study area are 
not associated with levee deposits of tidal channels 
which have a very high preservation potential 
(Hardie & Garrett, 1977). There is no upward in­
crease in the degree of exposure higher up the 
bedform, comparable to that observed in Andros 
tidal channels (Hardie & Garrett, 1977). 

Tidal facies are absent in the study area and 
inclined beds do not display a basal channel lag, 
mud lumps and a heterogeneous fauna! composi­
tion, all features typical of tidal channel deposits. 
These inclined beds do not fit characteristics of 
siliciclastic 'coarse grained point bars' (McGowen 
& Garner, 1970) because shells dip in a direction 
opposite to foreset inclinations. Ripple lamination 
overlying reactivation surfaces as well as herring­
bone and large scale cross stratification were not 
observed (cf. De Mowbray & Visser, 1984). The 
uniform bimodal fossil orientation of Lithiotis 
shells in the investigated area (Fig. 2) involves a 
unidirectional current which is incompatible with 
current dispersion patterns typical of meandering 
streams (Edwards et al., 1983: Fig. 1). 

Unidirectional currents act not only in inshore 
channel systems, but also offshore as unidirectional 
(Johnson, 1977), rectilinear and partially rotary 
currents (Houbolt , 1968). A downcurrent decrease 
in inclination and thickness of sets, similar to that 
displayed by bedform 2 (Fig. 5) was described from 
tidal sandwaves (Nio & Siegenthaler, 1978). On the 
other hand, sandwaves and mud banks in modern 
shelves form dune fields and the paleocurrent 
mode is directed alongshelf or alongshore (Nio, 
1977; Rine & Ginsburg, 1985). In the Bahama 
Banks fringing the border of Exuma Sound sand-



Fig. 6. Bedform 3 showing two 'giant ripples' and internal characteristics (photos A-D). Trees and road for scale. Inferred current from left to right. 
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Fig. 7. Sandwave and dune fields in the Exuma Cays, Bahama Bank, in proximity to the barrier island complex, close to the border of the platform. 
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c;) DIRECTION OF WAVE PROPAGATION 

- 70 METERS- -t> 

•PROFILE OF SURFACE WAVES PRODUCED 

BY INSTANTANEOUS PRESSURE PULSES. 

•PROFILE OF THE TOPSET OF BEDFORM 1. 

Fig. 8. The profile of the topset of hummocky cross stratification (Fig. 4) consists of a downcurrent decrease in steepness of hummocks 
and increase in wavelength that can be explained by the dynamic evolution in space of surface waves (left: after Lamb 1945: p. 390). 

waves are located within tidal channels cutting 
through Pleistocene islands (Fig. 7A) and oolite 
sand deltas (Fig. 7B). They also occur within sec­
ondary tidal channels parallel to the strike of the 
barrier island complex (Fig. 7C). I have also ob­
served wide sandwaves within wider, open lagoons 
(Fig. 7D) in the northern side of the Exuma Cays. 
Tidal channels cutting through oolite shoals at Exu­
ma Cays are up to 500 m wide and 3 to 10 m deep. 
The floor is occupied by large ooid dune fields. 
Transverse ridges of sandwaves developed at the 
channel margins are 10 m long and 1 to 2 m high; 
sets are directed towards the platform and reflect a 
water movement towards the platform interior. 
Velocities of tidal currents are up to 150 cm/s (Ken­
dall et al., 1989; pers. obs.). In the study area and 
more in general in the Trento Platform (Bosellini, 
1972) inclined beds are very rare. Within migrating 
sandwaves individual sets may be fining-upward, 
when the total sequence is coarsening-upward (De 
Raaf et al., 1977). Westward dipping fore sets are in 
evidence of the development of transverse bed­
forms rather than of rectilinear, longitudinal ridges 
or sandwaves because the lagoonal depression is 
oriented SW- NE (Fig. 2). Inclined beds and trans­
verse bedforms described by Bosellini (1972) can 
be explained by tidal currents because of their clos­
er location to the margins of the Trento Platform. 
Consequently it is quite possible that they formed 

by unidirectional strong tidal currents as suggested 
by Bosellini (1972). Conversely, tidal currents are 
expected to be negligible at the centre of a very 
wide carbonate platform, in comparison with the 
situation within the Bahama platform where they 
are important only in close proximity to the plat­
form margin (Fig. 7). That tidal currents did not 
play an important role in sedimentation is demon­
strated by the lack of high-angle cross bedding in 
the study area. 

Inclined beds are not an exclusive product of 
fair-weather processes: they were described in 
storm-generated deposits (Scoffin, 1977; Tagett et 
al. , 1986). Cloyd et al. (1990) also advanced a com­
bination of tidal and storm processes. Some of the 
storm deposits referred to in the introductory parts 
of this paper may have been produced by tropical 
storms or hurricanes. However, known sedimen­
tary structures produced by even strong hurricanes 
or mid-latitude storms in actual carbonate envi­
ronments (Ball et al. , 1967; Perkins & Enos, 1968) 
are some order of magnitude smaller than bed­
forms described above. Hurricane storm tracks are 
random on a 20 x 20 km2 wide area (Tannehill , 
1960: p. 66) and are unlikely to produce a well­
defined paleocurrent trajectory such as that shown 
in Fig. 2. Fining-upward coquinites (tempestites) 
similar to those described and attributed to hurri­
canes by Kreisa (1981) and Aigner (1985) are rare 
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PALEOCURRENT DATA HYDRODYNAMIC MODEL 

Fig. 9. Paleocurrents obtained from the tsunamite horizon (including other bedforms not described here) and hydrodynamic model. The 
ray configuration at right consists of a fluid moving at a supercritical speed (A) around a wall (shoal array: cf. Fig. 2: lower right). 
Discontinuities on the walls (for example, changes in directions) are the point-sources (B) of return current fans (C) . This configuration 
is quite common in nature (Rutherford 1970; Landau & Lifchitz 1971). 

or absent. The tempestites found here match swell 
lags described by Powers & Kinsman (1953) which 
are interpreted as the result of the passage of long 
period swells. Hurricanes may produce swell 
waves, but these are effective against beaches and 
shorelines unsheltered by barriers or reefs (Ter­
windt et al., 1984). Based on paleogeographic data 
(Bernoulli & Jenkins, 1974) and Fig. 3, it is con­
ceivable that the Trento Platform could have been 
dissected into blocks by synsedimentary tectonism, 
with the formation of narrow corridors and sea­
ways (cf. Straits of Andros in Eberli & Ginsburg, 
1987: Figs 2 and 3) which enhanced the velocity of 
tidal currents and hurricane swells. However, the 
existence of a corridor facilitating the intrusions of 
oceanic currents (Flemming, 1978) is discounted by 
a lack within the whole Trento Platform of pelagic 
fossils (ammonoids, etc.) which would have been 
transported into the lagoon. A direct connection to 
the open sea would have triggered the formation of 
marginal bays populated by a high-diversity lagoo­
nal fauna, rather than a semirestricted environ­
ment populated by an abundant, low-diversity fau­
na such as Lithiotis (Broglio Loriga & Neri, 1976). 
Fauna! diversity of lagoons prospicient to Exuma 

Cays is low due to stress induced by strong tidal 
currents, but semipermanent strong currents take 
place only close to the barrier island system, being 
constricted by shoals and islands; other than ocean­
ic waters, they would have transported pelagic 
skeletons onto the platform which have not been 
found. 

Common biogenic mounds described by Boselli­
ni (1972) from other areas in the Trento Platform 
are symmetrical as is expected in areas not subject 
to semipermanent unidirectional currents; they are 
also low-relief features, less than 1 m high and 4 to 
5 m wide. Shells of Lithiotis within Lithiotis bio­
herms are vertically oriented and typically occur as 
fanning upward clusters (Gohner, 1980). Conse­
quently, 'giant ripples' and bedform 1 are not the 
product solely of biogenic parameters. In addition, 
'giant ripples' occur in micrite lithologies, other 
than in Lithiotis wackestones. It is not excluded 
that 'giant ripples' and undulated bedforms were 
produced by an accentuation of the relieves of for­
mer biogenic mounds, through interference be­
tween swell action (as formerly hypothesized by 
Bosellini, 1972) and an irregular topography. 

A tsunami origin for these bedforms is supported 
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by: 1) a formation of bedforms 1, 2 and 3 by im­
pulse-generated surface waves and local vertical 
pressure pulses on the sea-floor; 2) a great lateral 
extent of individual bedforms (hundreds of 
metres); and 3) a restriction of bedforms to the 
same stratigraphic horizon. 

Profiles of coset boundaries mimic those of sur­
face waves produced by local impulses on an undis­
turbed surface which show a decrease in deforma­
tion away from the source of the impulse (Fig. 8) . 
This is reflected by upcurrent, well-pronounced 
erosional troughs, together with a downcurrent de­
crease in height of mounds and an increase in bed­
form wavelength. These variations suggest the ac­
tion of an alongshore storm current progressing as 
pulsating bursts of energy on patches which de­
creased in intensity in a downcurrent direction, 
away from the local source of the impulse. Shell 
fabrics within bedforms, such as those sketched in 
Figs 4 and 5, resulted from a strong bottom shear 
stress which produced a better sorting in troughs 
than in the domes, lamination and fragmentation 
(Madsen, 1976) . 

It is not clear how vertical pressure pulses and 
horizontal shear acted on or below the sedimentary 
interface; in some cases (not described in this pa­
per) deformation of beds underlying interpreted 
tsunami-generated beds would indicate that a pres­
sure pulse on the sea-floor preceded the shear 
stress-induced shell imbrication. The intensity of 
the shear stress was probably independent of 
depth, as expected for tsunami waves. Variations 
in external and internal characters of bedforms 
were not so much a function of water depth, as they 
were a function of complex interactions between 
current directions and physiography. Surface 
waves probably impinged upon shoals in the east 
(cf. Fig. 2) and were refracted (cf. refracted wave 
patterns shown in Fig. 2) . A complex current pat­
tern during tsunamis is inferred from variability 
and rapid transitions between bedforms. Inferred 
paleocurrent measurements from the interpreted 
tsunami horizon (Fig. 9) are in accordance with the 
cumulated paleocurrent trends of Fig. 2 because of 
the existence of a current directed parallel (NE­
SW) and another oblique (NW- SE) to the strike of 
the lagoonal corridor. The tsunami flow field is 

similar to that documented by Swift et al. (1983). 
The possibility that tsunamis produced a similar 
current pattern was suggested by Klein & Marsa­
glia (1987). Landau & Lifchitz (1971: p. 498) dem­
onstrated that properties of impulse waves such as 
those produced by tsunamis at a shallow water 
depth, are analogous to those of compressible 
fluids travelling at supercritical speeds. 

A hypothetical scenario could be represented by 
the trajectory of refracting impulse waves around a 
convex obstacle (Rutherford, 1970), represented in 
this case by the shoal array shown in Fig. 2. Conse­
quently, bedform 1 would have been produced by 
first-order impulse waves progressing discontin­
uously (cf. Fig. 8) along the lagoonal corridor; 
bedforms 2 and 3 would be the end-product of 
strong bottom return flows activated by centripetal 
refracted current fans. 

The similarity between the storm flow field pro­
duced by tsunamis and the flow system document­
ed by Swift et al. (1983) suggests the possibility that 
water movements produced by tsunamis could cou­
ple within a shallow water environment, as effec­
tively with the water column, as geostrophic flows 
and related current components, along continental 
shelves (Swift et al., 1983). 

The storm system, rather than actively trans­
porting sediment, determined near-bottom oscil­
lating currents acting through strongly pulsating 
bursts of energy. It is suggested that earthquakes 
within the platform produced sudden oscillations 
of water which incorporated the whole water co­
lumn. 

Concluding considerations 

Despite the evidences furnished above, a tsunami 
interpretation presents some problems. 

A mechanism whereby tsunamis might influence 
the formations of the three bedforms hampers the 
applications of a comparative approach because 
they have no known counterpart among modern 
sediments. Rather, the conclusions are in accord­
ance with the principles of catastrophic uniformi­
tarianism put forth by Ager (1981). If the earth­
quake hypothesis is right, then what is the source of 



earthquakes? General paleogeographic consider­
ations (Bernoulli & Jenkins, 1974) lead to a con­
finement of the formation of earthquakes within 
the Trento Platform. Independent data such as 
synsedimentary faults, seem to confirm this possi­
bility. The exact knowledge of the seismicity of 
passive margins would provide a test for the tsuna­
mi hypothesis. Cisne (1987) calculated a 40.000-yr 
periodicity of stick-slip faulting movements for the 
Upper Triassic Hauptdolomite of the Northern 
Calcareous Alps. The occurrence of two tsunami 
horizons over 60 m of stratigraphic thickness in the 
study area would evidence for a long-term period­
icity for these very large tsunamis. 
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