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ABSTRACT 

Nio, S-D., Van den Berg, J.H. Goesten, M. and Smulders, F., 1980. Dynamics and sequen- 
tial analysis of a mesotidal shoal and intershoal channel complex in the Eastern 
Scheldt (southwestern Netherlands). Sediment. Geol., 26: 263--279. 

A detailed survey was carried out on a mesotidal shoal and intershoal channel complex 
near the mouth of  the Eastern Scheldt in the southwestern part of The Netherlands during 
the summers of 1976 and 1977. The objectives were to establish a relationship between 
the morphological changes through time and its influence on the development of the 
preserved sedimentary sequence. 

The investigated area is divided into four zones, each one characterized by specific 
depositional processes and their related bedforms: 

(a) the outer channel bend and margin, which is mainly covered by flood-oriented 
large-scale catenary ripples and sand waves; 

(b) the channel thalweg and inner bend, which is dominated by ebb-oriented mega- 
ripples; 

(c) the inner channel margin, which is characterized by a levee wall; 
(d) the adjacent shoal areas, which generally are flat but may be covered by patches of 

flood- or ebb-oriented large-scale ripples. 
The preserved vertical sequence of sedimentary structures in each zone is more or less 

in accordance with the presence of the dominant bedforms within the respective zones. 
Sequential analysis shows that the net sedimentation within the outer channel margin is 
much less when compared to the sediment accumulation within the inner channel margin. 
This means that the lateral accretional units of the inner channel margin are a dominant 
feature within the preserved sequence of such a shoal and intershoal channel complex, 
and also that the preservation potential of sedimentary structures in the inner margin 
sequence is considerable higher as that compared to the outer margin sequence. 

Consequently, preservation of  the megaripples, a major bedform in a large part of the 
investigated area, will be limited and will form only a minor part within an ancient anal- 
oguous sequence. 

* Comparative Sedimentology Division, Report  no. 24. Address: Budapestlaan 4, P.O. 
Box 80.021, 3508 TA, Utrecht, The Netherlands. 
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INTRODUCTION 

The Eastern Scheldt  is s i tuated in the  southwestern  part of  The Nether- 
lands and belongs  to  a system of  larger and smaller estuaries and tidal inlets, 
which  are in part in c o n n e c t i o n  with  the  Rhine-Meuse-Sche ldt  fluvial system 
{Fig. 1) .  This paper presents a discuss ion on  some  prel iminary results of  our 
studies of  a shoal  and intershoal  channel  c o m p l e x  located near the  Eastern 
Scheldt  m o u t h .  

During the  last decade m a n y  studies have been carried o u t  concerning  
the  relat ionships  be tween  sedimentary  bedforms,  their internal structures 
and their c o n t e m p o r a r y  arrangement in many  inshore tidal env ironments  
that  have a phys iographic  sett ing more or less comparable  to our s tudy area 
(e.g., O o m k e n s  and Terwindt ,  1960;  Reineck and Singh,  1967;  Boersma. 
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Fig. 1. Locat ion maps. A. Estuarine and tidal inlet area of  the southwestern part of  
The Netherlands;  B. Eastern Scheldt  and its adjacent estuarine and tidal inlet systems:  
C. The s tudy  area wi th in  the Eastern Scheldt.  
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1969; B o o t h r o y d ,  1969; Klein, 1970; Boothroyd  and Hubbard,  1975; 
Howard and Frey,  1975; Hayes, 1975; Allen and Friend, 1976; Hayes, 1980; 
this issue). 

Investigations of bedforms and their internal sedimentary structures in 
relation to morphological changes through time and its influence on the 
development  of the preserved sedimentary sequence, however, are still few 
(e.g., Reineck and Wunderlich, 1969; Terwindt,  1971, 1975; De Raaf and 
Boersma, 1971). Such data is valuable for the interpretation of ancient 
analogues. The purpose of this paper is to show such a relationship from a 
mesotidal inshore environment,  where shoals and their dynamically inter- 
secting channels are dominant.  

METHODS 

Patterns of  currents produced by the tides in the Eastern Scheldt can 
largely be derived from their morphological elements in flood, ebb and 
'neutral '  channels and from the directional parameters shown by the bed- 
form configurations. More exact data is obtained from current measurements  
carried out  by Rijkswaterstaat (The Netherlands Governmental  Board of 
Ways, Waterways and Harbours; mostly in unpublished internal reports). 

To obtain more detailed information about  the characteristics of the 
tidal currents within the area, few cont inuous current measurements,  cover- 
ing several spring and neap tidal cycles during the summers of  1976 and 
1977 were made. These measurements were carried out  with OTT current 
meters ( type 10.002) fi t ted on stakes and placed at selected points. Simulta- 
neously bedform development  and migration was measured during low tide 
along fixed lines. 

To collect undisturbed samples of the preserved sedimentary structures in 
the subsurface within the intertidal zone, the groundwater level was lowered 
locally down by 2 m by means of well drainage that enabled us to cut  fairly 
deep trenches. Sedimentary structures in trench walls were sampled by 
making lacquer peels according to the procedure described by Bouma 
(1969), using the fast drying lacquer CL 28 (Sigma Coatings Co., The Neth- 
erlands). At the bo t tom of these trenches and also in subtidal shallow chan- 
nels, undisturbed cores with a length of  1.10 m were taken. Coring and lac- 
quering procedures have been described by  Van den Berg (1977). 

SETTING OF THE STUDY AREA 

The formation of the Eastern Scheldt basin took  place during the latest 
Holocene rise in sealevel. The larger and smaller estuaries and tidal inlets are 
interconnected and are in part also in connect ion with the Rhine-Meuse- 
Scheldt fluvial system (Fig. 1). The Eastern Scheldt, which was formerly a 
major course of  the Scheldt river, gradually lost its importance as a river 
distributary since early Medieval times in favour of the more southerly 
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located Western Scheldt. In 1867 an unimportant  remnant  of  the connection 
with the Scheldt River was closed by a dam. 

The present-day Eastern Scheldt consists of three major tidal channels: in 
the south the Roompot  and more to the north the Schaar and the Hammen, 
respectively (Fig. 1,C). These larger tidal channels are separated by several 
shoals, which are dissected by smaller intershoal channels. 

With a mean tidal range of about 3.00 m the environment is mesotidal 
according to the classification of Davies (1964). Mean spring and neap tidal 
ranges are 3.50 m and 2.30 m, respectively. 

Around 1000 A.D., the Eastern Scheldt system was far less important  
than it is nowadays and consisted of only one major channel (Wilderom, 
1964). Extensive inundations and channel erosion of the bordering mainland 
areas caused an enlargement of the Eastern Scheldt tidal basin and also an 
increase of the tidal discharge. Especially mainland areas located at the outer 
bank of  major channel bends, appeared to be vulnerable sites for erosion, 
which could not  be prevented by early coastal defence works. 

Around 1400 A.D., the early Hammen, located close to the southern 
margin of the present-day Roggenplaat shoal, developed such a bend. Be- 
cause of  erosion along the outer bend a retreat of the southern coastline of 
the island of Schouwen occurred between 1400 and 1600 A.D. At the same 
time, the channel gradually shifted its position to the north and within the 
inner bend the early Roggenplaat shoal came into existence. It can be 
assumed that  the depth of the Hammen channel thalweg was about 10 m 
or more in 1400 A.D. During the shifting to the north,  which caused an ero- 
sional retreat of the Schouwen mainland, the channel thalweg must have 
retained or increased its depth together with an increase of its tidal dis- 
charge. It can also be assumed that  at least the upper 10 m of sediment 
in the present-day Roggenplaat shoal were deposited after 1400 A.D. During 
the 17th century the Roompot  began to develop into a major tidal channel. 
Presumably, part of the Hammen tidal discharge was diverted into this 
channel, which resulted in a temporarily lower erosional rate along its outer 
bend. 

Since 1900 A.D., however, tidal discharge within the Hammen has been 
considerably increased owing to a number of  human interferences with the 
hydraulic situation of the Eastern Scheldt. Because of improved coastal 
defense works, coastal retreat of the Schouwen mainland was limited and 
erosional processes along the outer bend of the Hammen shifted to the 
channel floor, which was eroded locally to more than 50 m below sealevel. 

A reconstruction of the depositional pattern of the Roggenplaat shoal from 
1827 till 1953 shows mainly a general accretion of the northern and western 
margin of  the shoal in connection with the northward shift of the major 
channel (Fig. 2; Fermont ,  1977). Erosion and sedimentation along the mar- 
gins of  the Roggenplaat shoal is mainly influenced by the major tidal chan- 
nels; the inner parts, however, are mainly controlled by the shifting of the 
numerous intershoal channels (depths generally down to 10 m). 
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Fig. 2. Accre t ion  of  the Roggenplaat  shoal during the period 1827--1953 (mainly after  
Fe rmon t ,  1977). 

M O R P H O D Y N A M I C S  AND B E D F O R M  D E V E L O P M E N T  OF THE I N T E R S H O A L  

C H A N N E L  AND A D J A C E N T  A R E A  

The numerous intershoal channels of the Roggenplaat shoal show a dis- 
t inct drainage pattern to the NW, where these minor channels are in open 
connections with the Hammen (Fig. 3). Flood currents are dominant  along 
the inner bend of the Hammen as can be seen by the dune morphology and 
are largely responsible for accretional and erosional processes along the 
northern margin of the Roggenplaat shoal. Flood currents entering the 
smaller intershoal channels are, because of inertial forces, restricted to the 
outer channel bend (Fig. 4). The outer channel margin and adjacent shoal 
area become inundated at a later stage of the flood. Current velocities mea- 
sured at location CM (see Fig. 4) within the outer channel margin show 
maximum flood current velocities of 1.20 m/s during spring-tide and 
0.70 m/s during neap-tide. 

A stagnation of the watermasses on the shoal generally occurs during 
ebb and discharge takes place through the deeper parts of the intershoal 
channel. Ebb currents are, therefore, dominant  within the slightly meander- 
ing thalweg of the intershoal channel (see Fig. 6). Evidence of flood and ebb 
dominance is reflected by the occurrence of the respective bedforms. The 
outer channel margin and adjacent shoal are characterized by flood-domi- 
nated bedforms, the channel thalweg and inner channel margin by ebb- 
dominated bedforms. Distinct flood- and ebb-dimonated zones are separated 
from each other by a narrow zone that  has transitional bedforms (see Fig. 4). 

Evidence for a flood dominance within the outer channel margin and 
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Fig. 3. Aerial view of the northwestern part of the Roggenplaat shoal. Note that flood 
currents are dominant along the northern margin of the shoal and are restricted to the 
outer bend of the intershoal channels. A-B line of measured section (see Figs. 6 and 7). 

adjacent shoal is also found by the asymmetry  of  the t ime--velocity curves 
(fig. 5). The average f lood--ebb period is 6 h and 20 min. Wind conditions, 
however,  can prolong or shorten the flow period of f lood or ebb. The lateral 
flow expansion of  the flood current  to outer  channel margin and adjacent 
shoal accounts for  a gradual decrease in flow strength in an eastward direc- 
t ion.  This results in a distinct lateral sequence of bedforms,  which show 
catenary large-scale ripples in the western part  of  the area to slightly sinusio- 
dal sand waves in the east. Similar lateral bedform sequences are described 
by Boo th royd  and Hubbard (1975) in the Parker and Essex estuaries in the 
United States. Sand wave migration within the outher  channel margin mainly 
takes place during spring-tides and is only produced by flood currents. Cur- 
rent  velocities during neap-tides (less than 0.50 m/s) are too  low to generate 
a constructive ripple migration and a t emporary  degeneration of  the mega- 
bedforms will take place, which also results in a gradual reduct ion of  ripple 
amplitudes and a flattening of  their lee-side slopes. 

A distinct feature within the area is the presence of  a prominent  levee 
along the inner bend of  the intershoal channel (L3 in Figs. 4 and 7}. The 
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Fig. 4. Deta i led  aerial  view of  the  s tudy  area. No te  t h a t  the  d i f f e ren t  zones  are charac- 
terized by specif ic  bedfo rms .  The  t r ans i t iona l  zone  (trans.z.) consis t  of  uns t ab l e  f lood- or  
e b b - o r i e n t e d  bedfo rms .  L1, L2 and L3 are l acquer  peel  loca t ions ;  LD is a delta-l ike fan, 
f o r m e d  by small  gullies dur ing  ebb  t ide;  CM is the  loca t ion  where  cur ren t -ve loc i ty  mea- 
s u r e m e n t s  were made.  

highest point of  this levee is 0.90 m above MSL or 0.20 m above the adjacent 
shoal. The morphology of  this levee is characterized by a gentle slope to the 
adjacent shoal and a steep slope gradient to the channel (slope angle up 
to 13 ° ). The surface of  the levee is characterized by small-scale bedforms, 
such as wave ripples. Large-scale bedforms are not present, but they 
are common on the adjacent shoal, which consist of  flood-dominated 
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sand waves. Because of the relatively high level of the levee with respect 
to MSL, flood currents generally reach this zone during a late stage of 
rising water and current strength is unsufficient to generate large-scale 
bedforms. These flood-dominated sand waves, therefore, decrease towards 
the levee. Consequently, little or no sediment is transported during flood 
tide across the levee when normal weather conditions are prevailing. Dur- 
ing periods of moderate to strong westerly onshore winds, however, sedi- 
ment  transport across the shoal will be increased by winddrift  currents 
and wave oscillation. This results in a considerable amount  of sediment 
transport across the levee at flood. Also, the generally SE--NW trending 
intershoal channels act as sediment traps and most of the sediment will be 
deposited on the channel-side slopes of the levee. The slope gradient tends 
to increase after such a depositional period, but will decrease during low 
tide, when ebb currents will remove part of  the sediment again. 

Strong onshore winds generally also influence the intertidal bedforms. 
Wave action will especially affect those areas that  are exposed to incoming 
shoaling waves, such as the outer channel margin and adjacent shoal. During 
such periods most of  the megaripples will be completely flattened. 

With moderate easterly winds, an eastward sand transport to the channel 
is diminished or halted. Instead some minor swash and backwash action, on 
the steeper channel bank account for a temporary levee elevation as a swash 
bar (King and Williams, 1949). The levee disappears gradually as soon as 
westerly winds return. 

At ebb tide, the levee and its adjacent shoal is drained by the intershoal 
channel and when flow to the intershoal channel is hindered by the levee 
wall during the final ebb stage, it will be restricted to a few low points in 
the levee where small erosional small gullies become formed. Most of the 
eroded material is deposited by these gullies in delta-like fans near the low- 
water line along the inner bend of the intershoal channel (Fig. 4, loca- 
t ion LD). 

Detailed echo-sounding measurements in the period between 1959 and 
1976, carried out  by The Netherlands Rijkswaterstaat, show a lateral shifting 
of  the intershoal channels on the Roggenplaat shoal toward the east. This 
channel migration may be considered as the combined effect of lateral 
accretion of the inner channel margin or channel westbanks during onshore 
wind conditions and also as erosional processes on the outer channel margin 
or eastbanks by the flood currents. In addition, these measurements show 
that  during the last decades a very important  overall net accretion occurred 
in and around the study area (Fig. 7). This accretion resulted in a reduction 
of the channel section and, consequently, a reduction of the tidal discharges. 

SEQUENTIAL DEVELOPMENT OF THE INNER AND OUTER INTERSHOAL CHAN- 
NEL MARGINS 

The sediments within this area consist of medium- to fine-grained sand. 
The sequential development at three locations within the most specific zones 
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of  the margins of  the intershoal channel are discussed below in more detail 
(see Fig. 4 for locations): 

(1) Figs. 8A, B show a preserved vertical sequence of sedimentary struc- 
tures sampled at the outer margin near the intershoal channel mouth.  At 
this location, bedforms mainly consist of  catenary flood-oriented large-scale 
ripples, which develop sharply pointed saddles and deep embayed lobes. 
The short-crested ripple trains generally pass laterally into disconnected 
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Fig. 8. (A,B) .  Preserved vertical sequence  of the outer margin near the intershoal channel 
mouth. Flood current is to the left. For explanation, see text. 
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hollows, which are filled in by  small-scale ripplefans (Allen, 1968). 
As the water rises, f lood currents turn from a southeastern direction along 

the interchannel outer  bend and margin to a more easterly direction as soon 
as the shoal becomes inundated. The ebb current may temporarily modify  
the steep accretional slope faces of the flood-oriented ripples into more 
gently inclined slopes. Because of  the proximity of the Hammen, wave 
action is important.  With higher wave action, the steady development of  
tidal currents will be disturbed by wave oscillations and discontinuous 
wave-induced currents, which will affect  the formation and erosion of the 
large-scale bedforms.  

Echo-sounding profiles indicate that  the sampled sequence is deposited 
recently and more or less within the same environmental setting (see Fig. 7, 
location Ll). The sequence is characterized by  a succession of irregular 
bounded sets of  flood-oriented large-scale cross-strata. The foresets are 
concave--upward and have well-developed tangential bot tomsets .  The shape 
and angle of  foresets are variable. 

Units c, k and h (Fig. 8B) show infilling structures of the hollows. Note 
the difference of  the infilling structures; units c and k have festoon-like 
structures and unit h has small-scale cross-laminations, probably produced by 
ripplefans. 

Many of these structural features reflect the irregular nature of bedform 
development  in this particular area. The formation of  clay drapes during 
the turn of  the tide is generally inhibited by wave action but  occasionnally 
takes place (see Fig. 8B, unit  a). 

(2) Figs. 9 (A and B) represent a vertical sequence, that is located some- 
what  higher on the outer channel margin (see Fig. 4 for location). The 
sequence can be divided into two distinct intervals. 

The lower interval consists of  f lood-oriented large-scale, low-angle laminae 
and superimposed small-scale cross-laminations with ill-defined set bound- 
aries. Current orientation of these small-scale ripples show flood- as well 
as ebb<lirections. Echo-sounding profiles taken in the period between 1959 
and 1976 (Fig. 7) and the structural organization indicate that this interval 
probably is a preserved remnant of  a former inner margin (see also next sec- 
tion). 

The upper interval consists of  a coset of  large-scale planar cross-strata. Set 
geometry and directional parameters of  the large-scale cross-strata are related 
to the f lood<lominated,  long-crested sand waves, which were the dominant  
bedform type during our investigations. We can assume that the present-day 
flow conditions are similar to those during the deposition of  the upper inter- 
val of  the sequence. 

Small-scale cross-laminations formed by the less important  ebb currents 
can be observed in the upper set. These small-scale isolated ripple trains 
climb high up the slightly flattened lee-side of  the sand waves. Within the 
preserved sequence these small-scale ebb cross-laminations appears on the 
slightly truncated large-scale foresets of the sand waves. Ebb currents are 
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Fig. 9. (A,B).  Preserved vert ical  sequence  of  the  o u t e r  margin .  F lood  cu r r en t  is to  the  left. 
Fo r  exp l ana t i on ,  see tex t .  

also responsible for the deposition of silty-clay drapes on the large-scale fore- 
sets. These silty-clay intercalations can be traced down to the bot tom- 
sets, where they cover the small-scale ripples (a in Fig. 9B). 

An interesting feature is the development of well-preserved backflow 
ripple laminations within the bottomsets (b in Fig. 9B). Backflow ripples 
have been described from fluviatile and inner estuarine deposits of  the Lower 
Rhine (Boersma, 1967: Boersma et al., 1968; De Raaf and Boersma, 1971). 
Remarkable is also the preservation of coflow ripples (c in Fig. 9B), which 
show a slightly climbing tendency within the lower part of the bottomsets. 
Only part of  the bot tomset  layers consist of  distinct backflow and coflow 
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laminations. Another  part is composed of  more or less climbing, polydirec- 
tional cross-laminations. Some of these cross-lamiantions might be produced 
in the transition zone between backf low and coflow at f lood tide. Others 
are probably formed by  the weaker ebb currents or by wave action. 

The well-developed bo t tomse t  layer within the lower set of  the upper 
interval indicates the existence of a relatively high suspended flow. The 
presence of  backflow ripples also indicates the existence of  relatively low 
velocity currents. According to Boersma (1967) backflow processes should 
be incompetent  to erode and to remove all the material that  rains down 
from the suspended load in its flow-impinged area. The presence of medium- 
to fine-grained, not  well-sorted, sand is in accordance with the presence 
of the:described bedforms and their related sedimentary structures. 

The top  of  the upper interval is disturbed due to sampling. 

L~ " aj 

Fig. 10. (A,B). Preserved vertical  sequence of  the upper  part  of  the inner margin. For  
explanat ion ,  see text .  
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(3) The vertical sequence shown in Fig. 10 has been sampled from the 
levee within the inner channel margin (see Fig. 4, location L3). The deposi- 
tional processes within this zone have been described earlier and, in accor- 
dance to that  description, bedforms mainly consist of  fiat surfaces associated 
with patches of  small-scale wave and current ripples. 

The vertical sequence shows a succession of  several units consisting of 
low-angle laminae. All the beds and laminae generally dip toward the inter- 
shoal channel. The dip of  the laminae within the upper part of  the sequence 
is between 2 ° and 5°; in the lower part  of  the sequence, however, steeper 
dipping laminae can be observed (a in Fig. 10B). Dip angles can reach as 
high as 28 ° . All units are well defined by planar erosional surfaces. The 
uppermost  part of the sequence shows an interesting bread-like texture 
Fig. 10A which is produced by entrapped air. Occurrence and formation of  
these structures in relation to tidal processes has been described by De Boer 
(1979).  

Individual units of  low-angle laminae are formed during periods of  mod- 
erate to strong onshore winds at f lood tide. High-velocity currents flow 
downslope producing low-angle laminations and occasionally antidune 
structures (b in Fig. 10B). Lower along the slope, however, current velocities 
will decrease drastically because of  the influence of  the intershoal channel 
and small-scale cross-laminations are formed,  that  occur in the lateral con- 
t inuation of  the low-angle laminae (d in Fig. 10B). 

The accretional slope will become increasingly steep in a downslope 
direction during deposition, which corresponds to the occurrence of  high- 
angle cross-laminations in the lower part  of  the sequence. The following ebb 
currents tend to flatten the convex accretional slope, hence the formation 
of  the planar erosional set boundaries. Note  also that  the dips of  the ero- 
sional surfaces are intermediate between the low- and high-angle laminae. 

CONCLUSIONS 

Due to an overall sediment accumulation within the investigated area, net 
sedimentation also occurs within each subenvironment.  Important  differ- 
ences in the sequential development  of  the several parts of  such a shoal and 
intershoal channel complex occur. 

(1) Owing to the lateral shifting of  the intershoal channel, net sedimenta- 
tion within the inner margin is dominant.  Net sedimentation within the 
outer  margin, on the contrary,  is minimal. Consequently,  the preservation 
potential  of  sedimentary structures within the inner margin will be consider- 
ably higher as compared to those of  the outer  margin. 

(2) The ultimate result of  a preserved sequence of  a mesotidal shoal and 
intershoal channel complex is shown in Fig. 11. An important  aspect is 
the contradiction between the occurrence of  the bedforms in such an envi- 
ronment  and the sequential succession of  sedimentary structures. The 
preserved sequence will most ly show a succession of horizontal to low-angle 
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FIG, 11: RECONSTRUCTION OF A SEQUENTIAL MODEL OF A 
MESOTIDAL SHOAL AND INTERSROAL CHANNEL COMPLEX 
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FU-SEQUENCE. THE TWO SUPERIMPOSED RU-SEQUENCES ARE 
CAUSED BY A PARTLY RECURRENCE OF CHANNEL PROCESSES 
FD-SEQUENCE CONSISTS OF: CHANNEL LAG - MEDIUM SAND - FINE 
SAND AND A DECREASE OF THE MAGNITUDE OF SEDIMENTARY 
STRUCTURES. 

Fig. 11. Reconstructed sequential model  of  a mesotidal shoal and intershoal channel 
complex.  

laminated sets with intercalations of  small-scale cross-bedded units. The 
presence of  larger-scale structures is distinctly limited. Larger-scale bedforms, 
however, are abound at the surface of  the investigated area (see Fig. 4). 

(3) The sequential model  shown in Fig. 11 can be used in interpreting 
ancient analoguous deposits. Based on the dimension of  the sedimentary 
structures one will conclude that low-energy depositional processes were 
dominant.  Present studies showed, however, that relatively high-energy 
processes ultimately can have produced a sequential upbuilding consisting 
of  small-scale structures. 

(4) The studies also have shown that shoal accretion is realized by the 
migrational pattern of  the small and numerous intershoal channels and, 
to a lesser degree, by the surrounding larger tidal channels. 

(5) The lateral bedform sequence in the outer margin, which consists of  
highly erosive, catenary, large-scale ripples to more regular, long-crested 
sand waves is also observable in different sequential upbuilding (compare 
Figs. 8 and 9). Relatively short and erosive sets characterize the sequence 
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in an area, where unstable  and high-energy tidal currents  are dominan t .  The 
sequence within the sand-wave area, which is character ized by stable and 
lower-energy tidal currents ,  consists of  long sets with a more  or less regular 
pa t t e rn  o f  forese t  bundles.  
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