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Facies Models 14.
Barrier Island
Systems

G.E. Reinson

Atlantic Geoscience Centre
Geological Survey of Canada
Bedford Institute of Oceanography
Dartmouth, Nova Scotia B2Y 4A2

Introduction

The AGI Glossary of Geology defines a
barrier island as a "long, low, narrow,
wave-built sandy island representing a
broadened barrier beach that is suffi-
ciently above high tide and parallel to the
shore, and that commonly has dunes,
vegetated zones, and swampy terranes
extending lagoonward from the beach.”
Inherent in this definition is the fact that
there has to be three major geomorphic
elements in a barrier-island system:

1) the sandy barrier-island chain itself,
2)the enclosed body of water behind it
(lagoon or estuary) and, 3) the channels
which cut through the barrier and
connect the lagoon to the open sea (tidal
inlets) (Fig. 1). This tripartite geomorphic
framework clearly demonstrates that
barrier-island systems are composites
of three major clastic depositional
environments: 1) the subtidal to sub-
aerial barrier-beach complex, 2) the
back-barrier region or subtidal-intertidal

lagoon and, 3) the subtidal-intertidal
delta and inlet-channel complex (Fig. 2).
The view of the barrier island as a
composite depositional system, until
recently, has not been fully appreciated
by geologists. This lack of appreciation
is evident in most of the pre-1970
literature where there was an over-
whelming preference for the use of just
one barrier-island model (prograding
Galveston Island Model) or “norm’ for
interpreting ancient rocks. If one recog-
nizes the barrier-beach, lagoon, and
tidal channel-delta scenario, it should be

Figure 1

Oblique aerial view of the barrier-island
system at Tracadie, New Brunswick, showing
the linear barrier-beach (B), the tidal inlets (1)
through the barrier, and the lagoon (L) behind
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obvious that a single model for such a
complex system is completely unrealis-
tic.

Fortunately, within the last decade,
there has been a renaissance in the
interpretation of ancient barrier-island
sequences. This has come about largely
through the investigations of modern
barrier-island systems by numerous
workers including M.O. Hayes and J.C.
Kraft (Hayes and Kana, 1976; Kraft,
1971, 1978). Because of these modern
studies, we are now recognizing that
Galveston Island is just one of at least

the barrier. Note the flood-tidal delta (F) inleft
foreground. In the upper part of photo, ice
abuts against back-barrier marsh, May 3,
1977. (Photo by R. Belanger, AOL)
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three distinct barrier-island strati-
graphic models.

In this review | will attempt to synthe-
size barrier-island stratigraphic se-
guences into three “end-member”
depositional models for use in interpret-
ing ancient rocks. As with deltas (Miall,
1976), our ideas on barrier-island rock
deposits stem from the study of modern
barrier systems. Consequently, the
review draws heavily on examples of
modern deposits to develop the “end-
member” models.

Origin and Occurrence

Theories regarding the origin of barrier
islands have been reviewed at length in
the recent geological literature
(Schwartz, 1973; Swift, 1975; Wanless,
1976; Field and Duane, 1976). The
guestion of origin is controversial but
there are three main hypotheses: 1) the
building-up of submarine bars; 2) spit
progradation parallel to the coast and
segmentation by inlets; and 3) submer-
gence of coastal beach ridges. The
controversy remains largely unresolved
because most of the evidence pertain-
ing to origin has usually been destroyed
by subsequent modification. Extensive
modification and evolution of modern
barrier islands has been occurring since
the early Holocene through a combina-
tion of processes including inlet cut and
fill, washover deposition, and longshore
transport (Field and Duane, 1976).

These processes have been enhanced
by the progressive landward retreat of
the barrier islands in response to the
Holocene transgression (Swift, 1975)
Swift (1975) and Field and Duane
(1976) consider that barrier formation by
offshore bar emergence is insignificant
compared to the other two mechanisms.
Swift (1975) favors submergence of
mainland beach ridges as the most
important mode of formation. Consider-
ing the trend of sea level rise throughout
the Holocene, it is certainly the most
feasible mechanism for explaining the
evolution, if not the initial origin of most of
the extensive barrier-island regions
existing today. However, spit prograda-
tion parallel to the coast cannot be
completely dismissed as a significant
mode of origin, because it is also readily
observed to be initiating, as well as
modifying, barriers at the present time.
Many extensive barrier-island chains of
the present day probably have had a
composite mode of origin, by both spit
progradation and coastal submergence.
Variations in sediment supply and wave
climate could easily induce periodic spit
progradation at specific localities while
submergence of coastal ridges was
occurring on a more regional scale.
Barrier islands are most prevalent in
coastal settings which have the follow-
ing characteristics: 1) a low-gradient
continental shelf adjacent to a low-relief
coastal plain, 2) an abundant sediment

Figure 2
Block diagram illustrating the various suben-
vironments in a barrier-island system.

supply, and 3) moderate to low tidal
ranges (Glaeser, 1978). Both the shelf
and the coastal plain are composed of
unconsolidated sediments, which are
the material source for the building of
barrier islands by nearshore processes.
Glaeser noted that only 10 per cent of
the world's barrier-islands are present
along coastlines where tidal ranges
exceed three metres. However it was
Hayes (1975,1976) who focused atten-
tion on the importance of tidal range in
controlling the occurrence and morphol-
ogy of barrier-island systems. Hayes
observed not only that barrier islands
were rare on macrotidal coastlines
(greater than 4 m tidal range), but that
there were geomorphological differen-
ces between barrierislands of microtidal
regions (less than 2 m tidal range) and
those of mesotidal regions (2 to 4 mtidal
range). In general, microtidal barrier
islands are long and linear with exten-
sive storm washover features (Fig. 3),
and tidal inlets and deltas are of
relatively minor importance. Mesotidal
barrier islands are short and stunted,
and characterized by large tidal inlets
and deltas. Microtidal barriers are
overwashed frequently by storm waves
because of the lack of large enough tidal
inlets to allow storm surges to flow past
the barrier, rather than overtopping it
(Hayes, 1976). According to Hayes,
microtidal barrier islands can be consi-

Figure 3

Oblique aerial photo of the barrier beach at
Tabusintac, New Brunswick, illustrating
broad washover sand flats extending into the
back-barrier marsh. The extent of the wash-
over flats (W) is substantial relative to the
dune ridge (D) (Photo by R. Belanger,

May 3, 1977)
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dered to be wave dominated as opposed
to mesotical barriers which are affected
by both wave and current processes.

Depositional Environments

and Lithofacies

The three main environments of a
barrier-istand system (barrier beach,
lagoon, tidal channel-delta complex) are
made up of a number of subenviren-
ments (Fig. 2), each of whichis charac-
terized by distinct lithofacies. Facies of
the barrier-beach and channel-delta
environments are mainly sand and
gravel, whereas the lagoonal (back-
barrier) deposits can consist of both
mud and sand. Barrier-beach deposits
are elongate bodies which parallel the
strandline and enclose finer-grained
deposits of the lagoon. Tidal-channel
and delta sand deposits, on the other
hand, are generally oriented perpendic-
ular or obligue to the barrier complex,
and can extend into the lagoon and
seaward into the nearshore zone. The
transition between lagoon deposits and
barrier and channel-delta deposits
occurs in the overlapping suben-
vironments of the back-barrier tidal
flats, marsh, washover fans and tlood-
tidal deltas.

The lateral and vertical extent and the
occurrence of specific facies within a
barrier-island system is dependent upon
tidal range and the relative importance
of lidal-current versus wave-generated
processes, as discussed previously. For
example, tidal-flat deposits will not be an
important facies in microtidal environ-
ments because of the limited tidalrange,
whereas they may be extensive in
mesoctidal environments, Similarly, hdal
channel and delta deposits are likely 1o
be more prevalent in mesotidal thanin
microtidal envircnments because of the
stronger tidal currents generated by the
larger tidal range. The following discus-
sion covers all the depositional environ-
rments and corresponding deposits of
barrier-island systems, but it should be
kept in mind that all facies will not
necessarily be present in every barner-
island deposit.

Barrier Beach and Related Facies
The depositional subenvironments of a
barrier-beach complex include: 1) the
subtidal zone or shoreface, 2) the inter-
tidal zone or beach (foreshore). 3)the
subaerial zone or back shoreg-dune
landward of the beachface, and 4) the

supratidal to sutaerial wave-and wing-
formed washover flats which extend
across the barrier into the lagoon
Shoreface deposits are discussed with
the barrier-beach complex because
they form the foundation for the barrier,
and also are a major source of sediment
for barrier-island accretion.

Shoreface Deposits. The shoreface
environment is defined as the area
seaward of the barrier from low tide mark
1o a depth of about 10te 20 m (Fig. 4). The
lower limits of the shoreface correspond
1o the position at which waves begin to
affect the sea bed. Hence the shoreface
is an environment in which depositional
processes are governed by wave
energy. The amount of wave energy
dissipated on the bottom decreases with
increased water depth, and this inverse
relationship governs the range of tex-
tures and sedimentary structures ob-
served in shoreface deposits.

Lower shoreface deposits occur
seaward of the break in the shoreface
slope at the toe of the barrier-island
sediment prism. The lower shoreface is
a relatively low-energy transitional zone,
where waves begin to affect the bottom,
but where offshore shelf or basinal
depositional processes also cccur.

This is reflected in the sediments which
consist generally of very fine to fine-
grained sands with intercalated layers of
silt and sandy mud. Physical sedimen-
tary structures include mainly planar
laminated beds, which are often almost
completely obliterated by bicturbation.
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Trace-fossil assemblages are abundant
in lower shoreface sediments
(Howard, 1972).

Middle shoreface deposits extend
over most of the shoreface stope (Fig. 4).
in the zone of shoaling and breaking
waves. This zone is subjected tc high
wave energy relative to the lower
shoreface and is characterized gener-
ally by one or more longshore bars. The
occurrence of longshore bars is related
to a low-gradient shoreface and abund-

int sediment supply (Davis, 1978); both
hese conditions faver the landward
movement and build-up of linear sand
bars by shoaling and breaking waves,

Middle shoreface deposits can be
highly variable in terms of sedimentary
structures and textures, depending on
whether nearshore bars are present or
absent. Generally fine- to medium-
grained, clean sands predominate, with
minor amounts of silt and shell layers.
Depositional structures include low-
angle wedge-shaped sets of planar
faminae, but ripple laminae and trough
cross laminae are commen (Campbell,
1971, Howard, 1972; Land, 1972).
Middle shoreface deposils may be
extensively bioturbated, especially inthe
lower parts, but the biogenic structures
are generally less diverse thanin
deposits of the lower shoreface (How-
ard, 1972). The facies model proposed
by Davidson-Arnott and Greenwood
(1976) illustrates the complexity of
sedimentary structures that can occurin
a barred nearshore zone (Fig. 5}. Vertical
rock sequences of such deposits could
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sheoreface environments.
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display interbedded sets of landward
dipping ripple cross lamination, seaward
dipping low-angle plane bedding, sub-
horizontal plane laminations and both
landward- and seaward-dipping trough
cross-bedded sets.

The shoreface environment is sub-
jected to extreme madification by storm
processes because effective wave base
can be lowered dramatically by larger
than normal, storm-generated waves.
Truncated laminated bed sets and
eroded burrow tops are common in
ancient middle shoreface deposits
(Howard, 1972), as are thick units (2 m)
of subhorizontal laminated sand overly-
ing coarse lag layers (50 cmthick) in
modern deposits (Kumar and Sanders,
1976: Reineck and Singh, 1972). These
features indicate that very high-
amplitude waves periodically scour the
bottom, suspending and then redeposit-
ing the sediment as the storm wanes.
Graded bedding has been documented
in some shoreface sediments (Hayes,
1967) and is attributed to storm-
generated turbidity currents. Kumar and
Sanders (1976) and Davidson-Arnott
and Greenwood (1976) suggest that the
bulk of shoreface deposits preserved in
the rock record may consist of storm
deposits rather than fair-weather
deposits.

Upper shoreface sediments are
closely associated with foreshore de-
posits, because they are situated in the
high-energy surf zone just seaward of
the beachface and landward of the
breaker zone (Fig. 4). Consequently they
have been grouped with foreshore
facies in some rock studies (i.e, Davies
etal, 1971) and have been considered
to represent the shoreface-foreshore
transition zone in others (Howard, 1972)
The complex hydraulic environment of
the surfzone (i.e., shore-normal currents
generated by plunging waves superim-
posed on shore-parallel wave-driven
currents) gives rise to the complex
sequence of multidirectional sedimen-
tary structures and variable sediment
textures characteristic of these depo-
sits. Textures range from fine sand to
gravel, and biogenic structures are
common but not abundant. The predom-
inant depositional structures are multidi-
rectional trough cross-bedsets (151045
cm thick) (Fig.6), but low-angle bidirec-
tional planar cross-bedded sets and
subhaorizontal plane beds may also be
present. The trough cross-beds are

100 200 300 400 500
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Figure 5 characteristic sedimentary structures and
Facies model of nearshore bars in Kouchi- wave transtormation zones (frorm Dawvidson
bouguac Bay, New Brunswick, illustrating Arnott and Greenwood, 1976).
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thought to indicate the multidirectional
current flow in the surf zone (Clifton et al,,
1971; Carter, 1978;). Predominantly
bidirectional trough cross-beds oriented
parallel to depositional strike are com-
mon in upper shoreface deposits, and
may be indicative of deposition under
strong longshore current conditions.
The effects of storm activity can be
recorded in upper shoreface-foreshore
deposits as well as in middle shoreface
sediments. This is illustrated by theridge
and runnel sequence depicted in Figure
7.Such a sequence results when storm
waves erode the beachface, removing
sediment to the shoreface. The sedi-
ment is returned to the beach during the
post-storm recovery, in the form of a
ridge and runnel (bar and trough), which
develops on the low tide terrace just
seaward of the foreshore (Davis et al.,
1972; Owens and Frobel, 1977). The
ridge migrates shoreward eventually
welding onto the beachface and creat-
ing a distinctive sequence of upper
shoreface-foreshore deposits.

Foreshore Deposits. The foreshore
environment is confined to the intertidal
zone, which is usually marked by asharp
change in slope, both at the base and at
the top of the beachface (Fig. 4). The
foreshore is the zone of wave swash, the
surge of water caused by incoming
plunging breakers in the surf zone.
Swash runup occurs with each wave
surge and backwash runoff between
each surge. The swash-backwash
mechanism is mainly responsible for the
distinct subparallel to low-angle
seaward-dipping, planar laminations
(Fig. 8) which occur as wedge-shaped
sets in most beach deposits. The
boundaries between sets are generally
not truncated, but rather mark the
changing slope of the prograding
beachface during the accretionary
phase. Examples of foreshore deposits
in the rock record include those illus-
trated in Figures 6 and 8 and those
proposed by Campbell (1971), Howard
(1972), Davies et al. (1971), and

Land (1972).

Backshore-Dune Deposits. The
backshore-dune environment is char-
acterized by subaerial, predominantly
wind-generated depositional processes
The backshore seaward of the dunes Is
a flat-lying to landward-sloping area
called the berm; the seaward limit, called
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Transgressive sequence formed by the
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landward migration of ridge-and-runnel dur-
ing beach constructional phase. Vertical
sequence would be about 1 m thick (from

Davis etal., 1972).

Figure 8
Horizontal even parallel laminae and low-
angle inclined laminae in beach deposits of
the Foremost Formation, southern Alberta
(from Qgunyomi and Hills, 1977, plate 1C).
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the berm crest, is well defined by the
marked change in slope at the top of the
beachface (Fig. 4). Sediment is trans-
ported to the berm crest by high spring
tides or storms and is distributed over
the backshore area by winds and
washover (discussed below). Subhori-
zontal to landward-dipping plane beds
characterize the backshore (Fig. 9) and
may be interbedded or overlain by small-
to medium-scale trough cross beds of
incipient dune origin. Trough cross-
stratified sets, up to 2 minthickness, are
characteristic of dune deposits, but
planar cross-stratified sets are also
common. The trough cross strata may
be multidirectional in orientation and
bounded by curved bedding surfaces
(Campbell, 1971). Dune beds are com-
monly extensively disturbed by root
growth (Figs. 9, 10) and may contain
small paleosol horizons and isolated
organic debris. Other biogenic struc-
tures such as decapod burrows may
also occur in backshore-foredune
deposits (Fig. 6).

Washover Deposits. Washover deposits
result when wind-generated storm
surges overtop and cut through barriers
creating lobate or sheet deposits of sand
which extend into the lagoon (Figs. 2, 3).
These washover flats then provide
corridors for transferring wind-
transported sand across the foredune
belt to form back-barrier sand flats

(Fig. 9). This mechanism increases the

width of the barrier, providing environ-
ments favorable for stabilization by
marsh growth.

Modern studies of washover deposits
indicate that there are two dominant
sedimentary structures, subhorizontal
(planar) stratification, and small- to
medium-scale delta foreset strata where
the washover detritus protrudes into the

lagoon (Fig. 11). Textural and heavy
mineral laminations and graded bedding
can also occur (Andrews, 1970;
Schwartz, 1975) depending on the
nature of the source material. Textures
may range from fine sand to gravel, but
generally fine- to medium-grained sand
forms the bulk of washover deposits.
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Washover deposits are generally thin,
ranging from a few centimeters to two
metres for each overwash event. In plan
form they form elongate, semi-circular,
sheet-like or tabular bodies a few
hundred metres in width and oriented
normal to the shoreline. Coalescing
washover fans can be in the order of
kilometres in width (Fig 3), creating
extensive washover flats which cover
large tracts of the barrier.

Recent studies on modern barrier-
island systems have illustrated that
washover deposits form a significant
portion of barrier sand bodies, especially
in microtidal regions. Under transgress-
ing conditions washover is one of the
main processes by which the barrier
island migrates landward, and probably
is one of the main mechanisms respon-
sible for the initiation of new tidal inlets. It
is likely that washover deposits are more
prevalent in ancient barrier sequences
than has been recognized to date.

Tidal Channel (Inlet)
and Tidal-Delta Facies
Tidal channel and tidal-delta sand
bodies are intricately associated facies
both with respect to their close proximity
to one another, and with regard to their
internal sedimentary structures and
textures. This is because their formation
is governed primarily by tidal-current
processes directed normal or oblique to
the sand barrier. The ebb-tidal delta, the
sand accumulation formed seaward of
the barrier by ebb-tidal currents, is
affected by longshore and wave-
generated currents, whereas the flood-
tidal delta, the sand body deposited
landward of the barrier by flood-tidal
currents, is little influenced by wave and
wind-generated processes (Figs. 2, 12).
There are two types of tidal-channel
environments, the main channels, or
tidal inlets connecting the lagoon to the
ocean, and the secondary channels
located adjacent to the tidal deltas and
back barrier lagoon margins. Secondary
tidal channels are sometimes so closely
related to the formation of tidal delta
complexes that the resultant facies are
difficult to differentiate. Tidal channel
and tidal delta deposits are separated
here mainly for ease in discussion.
However, this separation serves also to
emphasize the fact that channel facies
can occur independent of tidal deltas,
whereas the occurrrence of tidal delta
facies is dependent on the presence of
tidal channels.
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of the Miramichi estuary, New Brunswick
(from Reinson, 1977).
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formed by the migration of Fire Island Inlet,

New York (modified from Kumar and
Sanders, 1974).
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Tidal Channel Deposits. Tidal channel
deposits form mainly by lateral migra-
tion, asin a meander bend inariver. The
best known and most important channel
deposits are tidal-inlet fill sequences,
which result from the shore-parallel
migration of tidal inlets (Fig. 13). The
direction and rate of inlet-channet
migration is controlled by the magnitude
of net longshore sediment supply.
Barrier extension occurs by spit accre-
tion on the updrift side of an inlet, with a
corresponding erosion of the downdrift
channel margin (Fig. 14). The shifting of
the main inlet through a barrier

causes the tidal channels both landward
and seaward ot the barrier, and the tidal
dellas, to shitt position also. The sand
body that is deposited by intet migration
will be elongated parallel to the barrier
island, having a length equal to the
distance the inlet has migrated (Fig. 14).
The thickness of the infet lithosome will
be equal to the depth of the inlet, if no
subsequent erosion of the upper boun-
dary occurs during deposition of dune,
beach and washover deposits of the
overlying accreting barrier.

The studies of Land (1972). Kumar
and Sanders {1974). Hubbard and
Barwis (1976). Hayes (1976), Barwis
and Makurath (1978). and Carter (1978}
indicate that channel-fill sequences
resuiting from barrier-inlet (or tidal
chanrel) migration have the following
general characteristics: 1) an erosional
base often marked by a coarse lag
deposit: 2} a deep channel facies con-
sisting of bidirectional large-scale
planar and/or medium-scale trough
cross-beds: 3) a shallow channel facies
consisting of bidirectional small- 1o
medium-scale trough cross-bods
and/or plane-beds and "washed-out”
ripple laminae: 4) a fining-upward textu-
raltrend and a thinning-upward of cross-
bed set thickness. The difference in size,
orientation and type of scdimentary
structures in the deep channel and
shallow channel deposits generally
reflects an increase in current-flow
conditions in the shallow charnel rela-
tive 1o the deep-channel environment.

The modern inlet-ill sequence
{Fig 13) described by Kumar and San-
ders (1974} has a deep channel facies
charactenzed by ebb-oriented planar
cross-laminae; this reflects the predomi-
nance of sand-wave bedforms depo-
sited under lower flow regime conditions
in an ebb-current dominated environ-

ment. The overlying shallow channel
facies is characterized by plane-paratlel
laminae and "washed-out" ripple larmi-
nae, reflecting plane bed deposition
under “transitional” or upper flow regime
conditions.

The studies of Barwis and Makurath
(1978) and Land (1972) serve as
comparative rock analogs to the Fire
Island Inlet deposits (Fig. 13). The
Silurian inlet sequence of Barwis and
Makurath consists of a channel lag
deposit overlain by 4.1 m of bidirectional
trough and planar cross-bedded,
medium-grained sandstone, with set
thickness averaging 15 cm. The cross-
bed orientations reflect deposition under
tidal-current transport reversals along
an axis oblique to the paleostrand. This
deep channel facies is overlain grada-
ticnally by a fine-grained sandstone unit
(1.8 m thick) dominated by bidirectional
trough cross-bed sets averaging 2.5 cm
in thickness, and “washed-out” ripples.
The tidal channe! sequence described
by Land (1972} averages 8 min
thickness and consists of bimodal to
polymodal trough cross-bed sets (rang-
ing from 10 cmtc 90 ¢m in thickness) in
the lower 5 10 6 m. and subparallel beds
intheupper2to3m

The hypothetical tidal-inlet sequen-
ces proposed by Hayes {1976) and
Hubbard and Barwis (1976). based on
their study of mesctidal inlets of South
Carolina. differ slightly from the Kumar
and Sanders model (Fig. 13) with regard
to the vertical sequence of sedimentary
structures However, the inference of
sequential deposition under increasing
fiow conditions is still evident. Their inlet
sequence is as follows: 1) a basai lag or
disconformakble bottom: 2} a deep chan-
nel deposit consisting of bidirectional
large-scale planar cross-beds that have
a slight seaward dominance, inter-
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layered with bidirectional medium-scale
trough cross-beds, 3) a shallow channel
deposit consisting predominantly of
small- to medium-scale bidirectional
trough cross-beds The planar cross-
beds are suggestive of sand-wave
deposition under ebb-dominant channel
flow, whereas the trough cross-beds
record deposition as megaripples under
stronger currents and alternating rever-
sals of flow directions.

Rock sequences similar to the hypo-
thetical inlet sequences of Hayes (1976)
and Hubbard and Barwis (1976} are
itlustrated in Figures 15 and 16. Carter
(1978) interprets the sequence inFigure
15 as a back-barrier tidal channel
deposit. and the presence of the inter-
bedded sand and clay facies seemsio
prectude an inlet-fillgrigin. This example
illustrates the similarity between back-
barrier tidal channel deposits and tidal
in‘et depesits. and also pointsto a similar
mode of origin, that of iateral channel
migration concomitant with barrer-iniet
migration. Thetidal channel sequencein
Figure 15 could also be interpreted as
part ot a flood-tidal delta complex. and
thereasons for this alternate hypothesis
will become evident in the following
discussion on tidal della deposits!

Tidal Della Deposits. Hayes (1975),
based mamnly on his work in New
England and Alaska. recognized that
tidal deltas display a common morpho-
legieal pattern governed by segregaled
zones of ebb and flood flow This
recognition prompted him 1o propose
generalized models for both ebb- and
flood-tidal delta deposition Subsequent
studies by Hayes and co-workers
{Hayes and Kana, 1976) and cthers
(Reinson. 1877, Armon, 1979). indicate
that the modeis are generally apphicable
elsewhere, In both microtidal and meso-
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tida! regions. Tidal deltas can occurin a
variety of forms (from linear shoals to
complex channel-shoal systems) de-
pending on tidal range, wave climate,
and sediment supply, but the basic
morphological pattern as illustrated in
Figure 12 is generally clearly evident,

Thetypical morphology of a flood-tidal
delta, that of a seaward-opening para-
bola bounded by marginal channels, is
related to the segregation of tidal-
current flow paths during ebb and flood
phases. This flow segregation results
from the time-velocity asymmetry of the
tidal currents; that is, maximum flocd
and ebb flows occur near high water and
low water respectively. Maximum flocd
flow traverses through the flood ramp
and over the shoal, whereas maximum
ebb flow is diverted around the shoal
because of the drop in water level. This
flow segregation gives rise to a distinct
pattern ot bedform distribution (Booth-
royd and Hubbard, 1975; Hubbard and
Barwis, 1976 Reinson, 1979), with
predominartly flood-oriented sand
waves covering the flood ramp and
centre of the shoal, bidirectional mega-
ripples on the ebb-shietd and ebb spits,
and ebb-oriented sand waves in the
adjacent channels.

The deposits resulting from flood-tidal
delta formation will be characterized by
a varied sequence of pianar cross-beds
and trough cross-beds. The preponder-
ance of one bedform over the other, and
their orientation and position in vertical
sequence, will depend on the locality at
which the sequence is located within the
tidal-delta complex. Hubbard and
Barwis (1976) proposed a lithologic se-
quence for a flood-tidal delta as follows:
1)} basal bidirectional cross-strata
(megaripples) - represents early phases
of deposition; 2) interbedded seaward-
criented trough cross-strata (megarip-
ples) and landward-oriented planar
cross-beds {(sand waves) - represents
deposition prior to ebb-shield develop-
ment; and 3) landward-oriented planar
cross-strata with upward-decreasing
set thickness (sand waves) - represents
deposition on flood ramp. Deposits
adjacent to this sequence would be
characterized by bidirectional trough
cross-strata (megaripples) - represent-
ing ebb-shield and ebb-spit deposition.
The total thickness of such a sequence
would be inthe order of 10 m. Hayes
{1976) proposed a stratigraphic se-
quence for aregressive flood-tidal delta
situation (Fig. 17). This sequence is
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dominated by planar bidirectional
cross-strata.

The morphology of ebb-tidal deltas is
controlled largely bytidal-current segre-
gation during different phases of the tidal
cycle, but the interaction of waves with
tidal currents is also important in the
formation of ebb deltas. This interaction
is reflected inthe complex bedform
distribution, which consists of ebb-
oriented sand waves or megaripples in
the main ebb-channel, with flood-
oriented sand waves or megaripples in
the marginal flood channels (Fig. 12).
Channel-margin, linear bars and swash
bars (areas of inlense wave and current
interaction) are characterized by multi-
directional megaripples and piane beds.
As in flood deltas, the vertical sequen-
ces resulting from ebb-delta formation
would exhibit extreme variations in
sedimentary structures from one locality
to another, within a specilic ebb-della
deposit. Ebb-delta deposits are so
dependent oninlet conditions and wave
climate that it is imposssible to charac-
terize them in a specific sequence.
Perhaps the major difference between
ebb-tidal delta deposits and flood-delta
deposits is the occurrence of multidirec-
tional cross-beds in ebb delta sequen-
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Generahzed barrier-protected sequence in
the Upper Tertiary Cohansey Sand of New
Jersey (modified from Carter, 1978).
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ces, as opposed to the predominantly
flood-oriented or bidirectional cross-
beds of flood-tidal delta sequences.

As mentioned earler, flood- and ebb-
delta deposits have textures and sedi-
mentary structures similar to inlet fill
sequences, and therefore the identifica-
tion of delta sand bodies in the rock
record may depend more onther
geomelry and stratigraphic position
relative to surrcunding facies. Inmodern
harrier systems, tidal inlet-delta asso-
ciated depaosits are integral parts of
barrier-island sand bodies. By analogy
such deposits shoud be expected to
occur in ancient barrier sequences, yel
they have been little recognized up until
very recently. The studies of Barwis and
Makurath (1978), Horne and Ferm
(1978}, Hobday and Horne (1977) and
Land (1972} amply illustrate the impor-
tance ot channel-delta deposits in
ancient barrier sequences, and also
lead one to suspect that such deposils

have been misinterpreted in many rock
sequences in the past.

Lagoonal (Back Barrier) Facies
L.agconal sequences generally consist
of interbedded and interfingering sand-
stone, shale, siltstone and coal facies
charactenstic of a number of averlap-
ping subenvironments (Figs. 16. 18).
Sand facies include washover sheet
deposits and sheet and channel-fill
deposits of flood-tidal delta origin. Fine-
grained facies include those of the
subagueous lagoon and the tidal Hats,
which are situated adjacent to the
barrier or onthe landward side of the
lagoon abutting the hinterland marsh
and swamp flatland (Fig. 2). Organic
deposits cf coal, peat, etc., record marsh
and swamp environments, and usually
are very thin, havingformedon sand and
mud flats of the lagocnal margin. and on
emergent washover flats. Abandoned or
mature flood-tidal deltas can become
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Hypothetical regressive sequence lor a
mesoidal flood-tidal defta complex {modified
from Hayes, 1976)

stabilized by marsh vegetation also; this
situation and that of the vegetated
wasnhover tlat can lead tc the presence
of very thin coal lenses overlying
crganic-rich sheet sandstenes in the
reck record (Fig 18). Subagqueous shale
and siltstone facies are often character-
ized by brackish waler macroinverte-
brate shells, and inCretaceous lagoonal
deposits, coquinid oyster bedsupto1m
thick, are common (Fig 16 and Land.
1972). Disseminated carbonaceous
material, imprints of plant remains, and
root and reed fragments are common in
scme shale beds, indicating the interfin-
gering of proximal marsh and subaque-
ous lagoonal environments,

The topic of idal-flats cannot be given
justice here, bul some mention 1s made
of these deposits becausethey do occur
in the barrier-island setting. The extent
of tidal flat environments in a barrier-
island system s a function oftidalrange,
the greater the tidal range. the more
extensive are the flats So1n mesotidat
barrier systems we may expect to find
seguences similar 1o the ciassical tida!
flat deposits described by van Straaten
{(1961), Evans (1965), Reineck and
Singh (1975) and Klein (1977). The low
tidal flats would be characterized by
fine- to medium-grained rippte-
laminated sand, the mid flats by inter-
bedded sand and mud containing
flasers and lenticular layers. and the
high tidal flats by layered mud. The high
lidal flats would be succeeded landward
{and upwards in a prograding situation)
by salt marsh. In most microtidal and
mesctidal barrier-island systems the
above tidal-flat sequence is attenuated
because of the imiing conditions
of tidal range.

Lagoonal or back-barrier sequences
present a marked contrast to the
predcminantly clean sandstone se-
quences of the barrier-beach and inlet-
delta environments (Fig. 19}. Although
the sandstone deposits interfinger with
the fine-grained lagoonal deposits inthe
back-bharrier marsh, tidal flat, washover,
and flood-tidal environments, this lateral
facies change from sandstone to silt-
stone and shale is still relatively abrupt.
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Generalized lagoonal sequence through

back-barrier deposits in the Carboniferous of

Figure 19

eastern Kentucky and southern West Virginia.
Such sequences range from 7.5 to 24 mthick
(from Horne and Ferm, 1978, Fig. 11).

Photo showingthe sharp contact betweenthe

clean sandstones of the Blood Reserve
Formation and the overlying finer-grained
lagoonal deposits of the St. Mary River
Formation (vertical sequence illustrated
inFig. 16).
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Stratigraphic Sequences
and Depositional Models

Transgression, Regression,

and Preservation of Facies

The preservation of specific barrier
facies is dependent upon a number of
factors including sea level fluctuations,
sediment supply, inlet conditions (mi-
grating or stable) and wave climate. The
most important condition, dependent
largely on sea-level fluctuations, is the
nature of the shoreline in terms of
transgression or regression. The con-
cepts of transgression and regression
as used by geologists usually refer to the
overlapping of deeper water deposits
over more landward or shallower-water
deposits (transgressive sequence), or
shallow water deposits over more
marine or deep-water facies (regres-
sive). The terms “transgression” and
“regression” are also used to imply the
process of migration of the shoreline of a
water body, in a landward direction
(transgression), or in a seaward direc-
tion (regression) (Curray, 1964). Gener-
ally, fransgressive and regressive
barrier-shoreline migrations produce
corresponding simple transgressive and
regressive overlapping sequences
(Figs. 20,21), but this is not always the
case. This is because shoreline migra-
tional trends can be “regional” or they
can be “local’. Regional transgressive
shoreline trends can be caused by
relative sea-level rise such as is now
occurring on the Atlantic coast of the
United States, or they can occur by
shoreline erosion under relatively stable
sea level conditions, in areas where
sediment supply is cut off and wave
attack is intensified (Kraft, 1978)

Klein (1974) suggests that transgres-
sive sequences have a low preservation
potential relative to regressive sequen-
ces. Klein bases his suggestion on the
fact that along transgressive coasts a
thin basal transgressive interval (ravine-
ment deposit) is often preserved and
buried by regressive sediments. How-
ever, Kraft (1971) contends that the
possibility exists for a complete trans-
gressive sequence to be preserved, and
that the relative rate of sea level rise will
governthe amount of preservation. If
transgression occurs largely by shore-
face erosion with little or no relative sea
level rise, almost total loss will result
(Fig. 22). Conversely, if sealevel rise is
rapid, aimost total retention of the
sedimentary sequence can be expect-
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Cross section of the prograding Galveston
barrier island (from Bernard et al., 1962).

REHOBOTH BAY

SAND BARRIER
TIDAL DELTA

ATLANTIC
OCEAN
i BURIED

)/ SALT MARSH

SARDS B

0 GRAVELS
E 5 Py o
w “EISTocENe s 29004160
= Grag, SAND,Gr, 780t (7 DETRITA
"OREEN y, UgL 8 Figy MO% : 26601530
o} TIDAL DELTA - SAND 8 GRAVEL TLep
E==3 LAGOONAL SILT
B MARSH-MUD, PLANT DEBRIS-PEAT
FRINGING MARSH - SANDY MUD
I5F
0 i 2 3 4 5 6 7
KILOMETRES
Figure 21

Cross-section of the Delaware barrier coast
in the vicinity of a tidal delta, showing the
transgressive nature of the Holocene se-
quence (moditied from Kraft, 1971, Fig. 16).

ed. Therefore, under rapid relative sea
levelrise, it is conceivable that most of
the facies, save for the upper portions of
the back shore dunes, could be pre-
served. Under conditions of erosive
shoreline retreat (transgression by
erosion) most of the barrier facies will be
destroyed, save for the reworked sedi-
ments of the ravinement lag deposit.

Dominantly transgressive shorelines
can have "local" regressive segments
within them. Such situations are caused
by short-term temporal variations in
depositional conditions along the
barrier-island strandline. Longshore
sediment supply, local wave climate,
and number and location of tidal inlets
are some of the conditions which can
change significantly and can effect both
progradational and erosional trends in
near juxtaposition. This isillustrated by
the beach sequences in Figure 9, the
landward sequence beingtransgressive
and the seaward sequence prograda-
tional or regressive. The Holocene
studies of Kraft et al. (1978) also
indicate that both transgressive and
regressive shoreline trends could be
inferred by two different vertical sequen-
ces in proximity. Given the presence of
“local” regressive sequences in Holo-
cene deposits, the possibility exists for
their preservation in the rock record
under conditions of rapid sea level rise.
If such isolated stratigraphic sequences
were encountered inthe rock record
they could be wrongly interpreted as
being representative of the regional
paleogeographic submergent or emer-
gent conditions.

Certainfacies have a higher potential
for preservation than others because of
their vertical position with respect to the
intertidal zone (i.e., subtidal, intertidal),
and their lateral position relative to the
wave-dominated open coast orto a
migratory inlet. Tidal inlet channel facies
will probably have the highest preserva-
tion potential of all the sand facies
because, depending on the depth of the
inlet, they may extend well below lowtide
level, their basal portion thus being
protected from shoreface erosion during
transgressive conditions. In addition
they would be protected above by the
overiying beach-dune facies (Fig. 14).
Flood-tidal delta deposits would have a
high preservation potential as well
because they are situated in the back
barrier protected region (for the most
partinthe subtidal zone), and under
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RETENTION OF COASTAL SEDIMENT RECORD IN A
TRANSGRESSING SEA

TOTAL
LOSS
LITTLE OR
NO SEA
LEVEL RISE

Figure 22

Schematic diagram illustrating the variation in
retention of the barrier-island sequence in a
lransgressing sea. Situations shown are

those for rapid sea level rise, little or no sea
level rise, and relative sea level rise-marine
transgression as is occurring on the Dela-
ware coast (from Kraft, 1971, Fig. 24).
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Figure 23

Schematic diagram illustrating how an inlet-
delta sand body bounded by disconformities
could be formed under conditions of inlet
migration and concomitant shoreface ero-

sion. The occurrence and shape of the sandy
body, and the nature of the enclosing
sediments, vary with position in the barrier-
island complex.
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migrating inlet conditions could form
relict sand shoals disconnected per-
manently from the tidal-current conduit
(Fig. 23). The distal portions of washover
deposits, where they interfinger with
lagoonal fine-grained facies, would have
a high preservation potential, as would
most of the lagoonal facies which are
relatively protected by the seaward
barrier. These deposits would be the last
“to go” under intense shoreline retreat.
Ebb-tidal delta deposits would have a
low preservation potential under both
migrating inlet conditions and transgres-
sion, because of exposure to reworking
by longshore currents and onshore
wave processes.

Regardless of potential for preserva-
tion, given the right combination of
sediment supply, inlet stability, wave
climate and sea-level fluctuations, any
one of the barrier-island facies could be
preserved in barrier-island strati-
graphic sequences; and we should be
prepared to encounter all of them in the
rock record.

Stratigraphic Models

From the examples of modern and
ancient sequences, it is obvious that
there cannot be just one generalized
facies model for barrier-island deposits.
If we apply the facies model criteria of
Walker (1976), three “end-member"
models for barrier-island stratigraphic
sequences can be recognized; the
regressive (prograding) model, the
transgressive model, and the migrating
barrier-inlet model (Fig. 24).

Regressive Model. The distillation of the
generalized regressive facies model has
come from modern examples, particu-
larly the Galveston Island model

(Fig. 20). As mentioned previously, prior
to 1970 this example was the “one and
only” model accepted for use in inter-
preting ancient sequences. Such a
situation arose because the study of
Bernard et al. (1962) was one of the first
to present a detailed stratigraphic model
for a barrier-island system. The situation
became analogous to the thinking on
deltas; when the word "delta” was
mentioned, geologists thought of the
“Mississippi” (Miall, 1976). Similarly the
“Galveston Island” model came to mind
immediately at the mention of “barrier
island". Some of the earlier literature
depicted other stratigraphic models (i.e.,
Hoyt, 1967 - transgressive barrier, and
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Hoyt and Henry, 1965 - migrating inlet
barrier), but these were largely ignored
inthe wave of enthusiasm for the
Galveston model. Galveston Island
should be recognized for what it is, a
good example of the regressive facies
model. It is not adequate as a “norm”,
because it does notincludethe essential
characteristics displayed by most mod-
ern middle and upper shoreface depos-
its (Figs. 5, 7).

The regressive facies model in Figure
24 serves as a norm for interpreting
ancient regressive barrier sequences
only. It is a gradational-based, coarsen-
ing upwards sequence, dominated by
shoreface, foreshore, and backshore-
dune facies of the barrier-beach com-
plex. Ancient examples of regressive

barriers include those of Davies et al.
(1971), and Carter (1978) (Fig. 6).

Transgressive Model. The distillation of
the generalized “end-member” se-
quence for the transgressive facies
model comes also from modern exam-
ples, such as that depicted in Figure 21.
This facies model is more complicated
than the regressive model in terms of
interbedding of facies and alternating
lithologies. It is characterized by subtidal
and intertidal back-barrier facies and
does not show a fining-upwards or
coarsening-upwards trend. The contact
between some facies may be sharp or
erosional. Many ancient sequences will
deviate substantially from the normative
model, because the facies stacking in
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The three “end-member" facies models of
barrier-island stratigraphic sequences.

transgressive sequences is quite vari-
able, due to the rapid response of
depositional environments to change in
sediment supply and inlet conditions in
transgressive situations. A good exam-
ple of an ancient transgressive se-
quence is the study of Bridges (1976).
However, well-documented ancient
examples of the transgressive facies
model are few. This may reflect an
overemphasis on the use of the regres-
sive model in past literature.

One of the main differences between
the regressive model and the transgres-
sive model lies in the relationship with
lagoonal facies. In the regressive se-
guence lagoonal deposits overlie the
sand facies, whereas in the transgres-
sive model lagoonal facies underlie, or
are incorporated within the lower to
middle portions, of the sequence
(Fig. 24).

Barrier-Inlet Model. The distillation of the
barrier-inlet model derives from very
recent, well-documented modern and
ancient examples (Figs. 13, 14,16)
including the studies of Land (1972),
Hayes (1976), and Barwis and Makurath
(1978). The barrier-inlet facies model is
afining-upwards sequence with a
thinning-upwards trend in cross-bed set
thickness (Fig. 24). It is characterized by
an erosional base and dominated by
sand facies of tidal-channel and margi-
nal spit-beach environments.

Examples of Hybrid Models. Transgres-
sive, regressive, and barrier-inlet de-
positional conditions can occur in
combination to produce mixed sequen-
ces which have affinities with more than
one “end-member” norm.

The so-called vertical build-up barrier
of Padre Island is really a combination of
the regressive and transgressive
models, with the landward side of the
barrier migrating into the lagoon by
washover deposition, and the seaward
side prograding outwards by beach-
ridge accretion (Hayes, 1976; Dickinson
et al, 1972). Matagorda Island, situated
near Galveston Island, has been shown
by Wilkinson (1975) to have formed
during both a transgressive phase and a
subsequent regressive phase. Vertical
sequences from the landward side of the
Padre and Matagorda barriers are
comparable to the transgressive model,
whereas sequences from the seaward
side are comparable to the regressive
model.
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An example of a combined regressive
and barrier-inlet model may be the
sequence illustrated in Figure 16. The
top of the channel sequence is trun-
cated by the overlying lagoonal de-
posits, and only the lower part of the
barrier-inlet “end-member"” model is
preserved. The barrier-inlet “end-
member” model (Fig. 24) may in itself be
considered in part regressive because
of the progradation of beach and dune
facies over deeper-water channel dep-
osits.

Perhaps the most complicated hybrid
sequence that could occur is the
situation of transgression concomitant
with, or just after, barrier-inlet migration.
Barwis and Makurath (1978) discussthe
stratigraphic implications of such a
setting in some detail. Basically, if
transgression is occurring largely by
shoreface erosion, and the migrating
inlet is deep enough to produce an inlet
deposit whose base is substantially
below the foreshore-shoreface boun-
dary, an inlet-delta sand body, bounded
above and below by disconformities,
could occur (Fig. 23). In vertical se-
quence such a deposit would be
comparable to the lower part of the
barrier-inlet “end-member” model, with
an erosional surface similar to the basal
lag, situated at the top. Kumar and
Sanders (1970) consider that this dual
migration setting could be the origin of
many linear sand bodies on the inner
shelf. They further suggest that submer-
gence of migrating barrier-inlet shore-
lines may account for some of the basal
transgressive sands in the geological
record, the sands being of inlet-fill as
opposed to barrier-beach or offshore
bar origin.

Summary

Prior to the 1970s, the prograding
Galveston Island depositional model
was in the forefront in the minds of most
geologists, as the “one and only” facies
model for use in interpreting ancient
barrier-island sequences. Studies con-
ducted withinthe last decade on modern
and ancient barrier-island deposits,
indicate that the “regressive facies
model” cannot be applied to a number of
barrier-island sequences, and therefore
the use of one normative model is
unrealistic. Three generalized facies
models or “end-member” norms can be
recognized: the regressive barrier
model, the transgressive barrier model,

and the barrier-inlet model (Fig. 24).
Most sequences can be explained
through comparative analysis with indi-
vidual “end-member"” models, or combi-
nations of them, and this is emphasized
by the recent studies of Horne and Ferm
(1978) (Fig. 25), Barwis and Makurath
(1978), and others.
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systems. The reference lists contained
in some of these articles are exhaustive,
so the reader can become familiar with
nearly all of the barrier-island literature.
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