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fills may have an interfingering relationship with
reworked deposits of the surrounding Pleistocene or
Holocene sediments (Figures 10 and 11), or may have a
gradational contact. That is, peat, diatomite, or calcilutite
of central wetland basins may grade laterally via peaty
sand, diatomaceous muddy sand, and calcilutaceous
muddy sand into the quartz sand and quartzo-calcareous
sand of the basement margins, or wedges, sheets and
tongues of quartz sand or quartzo-calcareous sand
reworked from the margins may penetrate to a limited
distance into the layers of the wetland fills. Where the
sand bordering the margin of the wetland is reworked
into shore-perpendicular to shore-oblique sand waves,
the extension of the sand into the wetland sediments
appears as a series of sand tongues or if bioturbated,
muddy sand tongues penetrating into the wetland
sediments. Where the basement materials directly
interface with inner marginal facies, a complex mixture
of sediment types are produced. Table 6 lists the range of
marginal facies sediments produced in simple situations
where end-member sediments of peat, diatomite and
calcilutite directly interface with the basement materials.

Summary of intrabasin facies relations
For many wetland basins, the three facies, i.e., central,

basal, and marginal, often can be recognised. Table 7
summarises the facies types encountered in cross-basin
stratigraphy for each of the main wetland biogenic
sediment types with some typical examples. Specific
intrabasin relations of central facies to the wetland
margins and to the basal facies are illustrated in Figure
12.

In terrigenous sediment settings, where there is
kaolinitic mud accumulating in the central basin, the

basal facies is muddy sand, and the marginal facies is
muddy sand and phytolithic muddy sand, as exemplified
by Tangletoe Swamp and Lake Mungala.

Description of specific transects
A range of transects through wetland basins across

and along the length of the Swan Coastal Plain are
presented in Figures 10 and 11. These have been selected
to illustrate a variety of basin settings for the sedimentary
fill, a variety of vertical and lateral stratigraphic
relationships, the symmetry or asymmetry of the
ancestral wetland basin, and hence the symmetry/
asymmetry of the wetland sedimentary lithotope, the
variety of internally homogeneous or heterogeneous
stratigraphic sequences, and the symmetry or asymmetry
of facies across the basin. Annotated photographs of
selected cores from specific depths and specific facies
from these transects are illustrated in Figure 8.

The transects, in order from north to south are
described as to their salient points below (Figures 10 and
11).

Transect A, at Lake Pinjar south, at the junction
between Spearwood Dunes and Bassendean Dunes, is
located across the central western part of a large shallow
basin. The sedimentary sequence in this part of the basin
consists of a thin diatomite overlying a moderately thick
diatomaceous muddy sand, with an apron of quartz sand
derived from the uplands to the west deposited on, and
pinching out over the diatomite deposits to the east.

Transect B, at Melaleuca Park, within the Bassendean
Dunes, is located across a small, moderately symmetrical
basin, with a simple fill of peat overlying a transitional
layer of peaty sand. The upper surface of the peat has

Table 6
Lithologies in the outer marginal facies derived from the three main fine-grained biogenic sediments

Primary central Outer marginal facies (in lateral contact with basement)
basin lithology

peat peaty quartz sand, sandy peat
diatomite diatomaceous muddy quartz sand, sandy diatomite, sandy organic matter enriched diatomite
calcilutite calcilutaceous muddy quartz sand, calcilutaceous muddy quartzo-calcareous sand, sandy calcilutite, sandy

organic matter enriched calcilutite

Table 7
Sediment types of the three facies of wetland basins

Central facies Basal facies Marginal facies Typical examples

calcilutite muddy (calcilutaceous) sand carbonate intraclast sand/gravel; Lake Manning
organic matter enriched calcilutite; Lake Coogee
muddy (calcilutaceous) sand; Wetland 163, Becher Point
spongolitic/phytolithic muddy
(calcilutaceous) sand

diatomite; organic- muddy (diatomaceous) sand diatomite intraclast sand/gravel; Lake Mariginiup
matter-enriched organic matter enriched diatomite; Lake Jandabup
diatomite muddy (diatomaceous) sand Gnangara Lake

North Lake
peat peaty sand peat intraclast sand/gravel; Karrinyup Road Swamp

peaty sand Lake Mealup
Beenyup Swamp
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been cracked, brecciated (Fig. 8), and fire-sculptured (cf.
Semeniuk & Semeniuk 2005).

Transect C, also at Melaleuca Park, within the
Bassendean Dunes, is located across a small, moderately
symmetrical basin, with a simple fill of peat overlying a
transitional layer of peaty sand. In this wetland,
following a history of fire, the peat has been reduced to a
diatomite (essentially a residual ash) that blankets the
floor of the wetland.

Transect D, at Ellenbrook, is located across a small
basin within the Pinjarra Plain. It is filled with fluvially
delivered kaolinitic muddy sand.

Transect E, at Lake Jandabup, within the Bassendean
Dunes, is located across a large irregularly shaped basin
floor, with asymmetry in thickness of sedimentary fill.
Diatomite dominates the western part of the basin, and
pinches out eastwards. The eastern part of the wetland is
sand-floored, and its shore is comprised of a large
beachridge system that has developed by wave and wind
reworking of the sand exposed along the basin floor.
Diatomite also occurs in the inter-beachridge swale east
of the main basin.

Transect F, at Beenyup Swamp, within the Spearwood
Dunes, is located across a large broadly symmetric basin
filled generally with a simple sequence of peat formed
asymmetrically from east to west, with simple
relationship to the underlying and lateral sand. The
surface lithologies of the deposit are fibrous peat,
interlayered fibrous peat and local lenses of
diatomaceous peat, and brecciated peat (Fig. 8). At depth,
within the root-structured and fibrous peat, there are
charcoal horizons (Fig. 8).

Transect G, at Little Carine Swamp, within the
Spearwood Dunes, is located across a small slightly
asymmetric basin filled with a complex sequence of a
basal peat and an upper (shelly) calcilutite, with an inter-
digitating relationship between the wetland fill and its
margins. Peaty sand underlies the basal peat unit, and
forms tongues that extend from the sandy margins of the
wetland to a limited extent towards the basin centre.

Transect H, at Lake Gwelup, within the Spearwood
Dunes, is located across a large asymmetric ancestral
basin, with a highly irregular floor, filled with a complex
sequence mainly of peat and calcilutite. There is an
intrabasinal facies change with peat dominated
sequences to the east in the shallow parts of the ancestral
basin, and calcilutite dominated sequences to the east in
the deeper parts of the ancestral basin. The margins of
the wetland, under the influence of vegetation and its
detritus, is dominated lithologically by organic matter
enriched sediments. The upper layer of the calcilutite-
filled eastern basin is organic matter enriched calcilutite
(with scattered shell), that has sharp to gradational
contact with underlying calcilutite (Fig. 8). The central
basin sediments have a gradational facies relationship
between the wetland fill and its margins, grading into
organic matter enriched calcilutite, and then into peaty
sand. Locally, in the lower part of the peat-dominated
eastern part of the basin, there is lithological variation,
with diatomaceous muddy sand forming the lowest unit
in the sequence, underlying peaty sand (Fig. 8); this
sequence is a facies variant outside the E-W transect
illustrated in Figure 10).

Transect I, at Karrinyup Road Swamp, within the
Spearwood Dunes, is located across a large asymmetric
basin filled dominantly with peat. Within the peat
sequence, fibrous, massive, root-structured, and
laminated peat can be distinguished. There is a lens of
thin diatomite (showing �seat earth�) at depth, which
pinches out to the east and to the west. Within the
horizon of the diatomite, there is a small unit of
diatomaceous peat. The lateral relationships of the main
body of peat, along the edge of the basin, are gradational
into sand, via peaty sand, or inter-digitating with sand
tongues extending out into the wetland basin. The floor
of the basin is generally peat directly overlying quartz
sand with incipient development of thin peaty sand.

Transect J, at Kenwick Swamp within the Pinjarra
Plain, shows basins filled with fluvially delivered
interlayered and laminated mud, sand and muddy sand.
A ferricrete sheet locally underlies the Holocene wetland
sediments, and extends discontinuously under the
Pleistocene sediments at the level of the water table.

Transects K, at Brixton Swamp within the Pinjarra
Plain, is located across a small basin naturally excavated
into Pleistocene sediments. The natural excavation has
removed the surficial sand to expose underlying muddy
sediments, which form the floor of the basin. The
excavation has a veneer of kaolinitic mud.

Transect L at Lake Manning, in the Spearwood Dunes,
is located across a large, deep, somewhat symmetrical
basin, largely filled with grey to cream, laminated
calcilutite, with lamination locally punctured by burrow
structures (Fig. 8). In detail, the calcilutite sequence in
the central basin also exhibits thin, laminated layers (1�2
cm thick) of organic matter enriched calcilutite and
organic matter layers that extend across the basin. The
margins of the basin, which appear to have been
inhabited in the long term by peripheral vegetation,
wherein the marginal facies has been generated, are
underlain by organic matter enriched calcilutite, and
locally peat; these organic matter rich sediments are
consistently present in the stratigraphic profile as a
marginal facies and not in the central facies. The base of
the sequence is muddy sand (calcilutaceous muddy sand,
or locally, diatomaceous muddy sand; Fig. 8) in the
central basin or calcilutaceous muddy sand and peaty
sand towards the basal margins of the basin.

Transect M, at Little Rush Lake, in the Spearwood
Dunes, is located across a relatively small basin with an
irregular floor. It is filled by peat. The eastern margin
and the basal contact is peaty sand, gradational between
peat and the underlying sand. The western margin has
tongues of sand extending into and interlayered with the
peat.

Transects N and O, across both un-named basins near
Folly Pool, on the Pinjarra Plain, are located across small
basins filled with fluvially derived sand and kaolinitic
mud, respectively. The sand-filled basin appears to be an
abandoned fluvial channel, now acting as a sediment
trap reservoir.

Transect P, at Point Becher wetland 162 (C A
Semeniuk 2006), within the Quindalup Dunes, is located
across a small wetland showing a symmetrical basin floor
shape, and gradual fill of the basin by infiltration of
carbonate mud into the underlying sand (of the Safety

Semeniuk & Semeniuk: Wetland sediments and stratigraphy, Swan Coastal Plain
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Figure 11. Transect I, Karrinyup Road Swamp, showing stratigraphy. Inset A: Detail of marginal stratigraphy and, on adjoining page,
photographs A-D of cores from sites along the margin. Inset B: Diatomite interlayered with peat and, on adjoining page, photographs
E�H of peat and contact of diatomite with peat (sharp lower contact, and root-structured upper contact, similar to �seat earth� where
coal seams overlie clay or sand, cf., Holmes 1965; Bates & Jackson 1987); lens cap in F is 50 mm diameter. Inset C: Stratigraphic
correlation of sites 2-8.
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Figure 11 (cont.)

Semeniuk & Semeniuk: Wetland sediments and stratigraphy, Swan Coastal Plain
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Bay Sand) to form calcilutaceous muddy sand, by
calcilutite, and then by peat. Over its history, due to
hydrochemical and geochemical changes, the floor of the
basin has subsided (C A Semeniuk 2006).

Transect Q, at Point Becher wetland 163 (C A
Semeniuk 2006), within the Quindalup Dunes, is located
across a small wetland showing a symmetrical basin floor
shape, and gradual fill of the basin by infiltration of
carbonate mud into the underlying sand (of the Safety
Bay Sand) to form calcilutaceous muddy sand. The
margins of the wetland show that there have been sand
incursions into the wetland, resulting in tongues of sand
extending over and burying the edge of earlier wetland
deposits. The base of the wetland shows that it too had a
complex history, with a two-staged development of
initiation of wetland conditions. Over its history, due to
hydrochemical and geochemical changes, the floor of the
basin has subsided (C A Semeniuk 2006).

Transect R, at Point Becher wetland Wawa (C A
Semeniuk 2006), within the Quindalup Dunes, is located
across a small wetland also showing a symmetrical basin
floor shape. It shows a gradual fill of the basin by
infiltration of carbonate mud into the underlying sand
(of the Safety Bay Sand) to form calcilutaceous muddy
sand, followed by organic matter enriched calcilutite, and
finally a capping of peat. The floor of the basin, due to
hydrochemical and geochemical changes, has subsided
(C A Semeniuk 2006).

Transect S, at Point Becher wetland sw-ii (C A
Semeniuk 2006), within the Quindalup Dunes, is located
across a small and young wetland showing a
symmetrical basin floor shape, and gradual fill of the
basin by infiltration of carbonate mud into the
underlying sand (of the Safety Bay Sand) to form
calcilutaceous muddy sand.

Transect T, at Lake Mealup, located across in a
wetland occurring at the junction between Spearwood
Dunes, Bassendean Dunes and Pinjarra Plain, illustrates
a complex setting for a wetland basin. The basin floor is
largely asymmetrical. To the east, it is underlain by
muddy sediments of the Guildford Formation (that
underlie the Pinjarra Plain); to the north and northeast, it
is underlain by quartz sand (Bassendean Sand of the
Bassendean Dunes), and to the west it is underlain by
quartz sand and limestone of the Spearwood Dunes. As a
result, the basin floor, i.e., the Pleistocene/Holocene
unconformity, is underlain by muddy sand to the east,
and quartz sand to the west. The basin has been filled in
two stages: the lower part of the basin depression itself to
the east consists of kaolinitic mud; peat, however,
constitutes the main sedimentary fill in the basin,
dominating the western part. The peat sequence consists
of root-structured, bioturbated, fibrous peat to brecciated
peat in the upper layers, and root-structured, bioturbated
fibrous peat to laminated peat in lower layers (Fig. 8).
Locally, at about a depth of 1 m, there is a thin lens of
diatomaceous peat. The peat has a gradational (peaty
sand) contact with any underlying sand, and a sharp
contact with the kaolinitic mud. The upper eastern shore
is marked by a shoe-string deposit of sand, which also is
part of the wetland complex. This sand body is a
beachridge accumulation that lies on muddy sand of the
Guildford Formation, and is onlapped by the peat
deposits of the central basin. The western shore, in a

gradient towards the high water mark, is underlain by
peaty sand, organic matter enriched sand, and sand.

Transect U, at Willie Pool, in the Bassendean Dunes, is
located across a small basin, with asymmetric ancestral
shape. It is filled with peat (and some diatomaceous
peat), that has gradational contact (peaty sand) laterally
and basally with the underlying Bassendean Sand. The
western accumulation of peat is thicker than the eastern
part, and extends higher in the profile in relation to the
high water level.

Transect V, at Crampton Swamp, in the Bassendean
Dunes, is located across a small basin, with symmetric
basin floor shape. It is filled with thin peat that has
gradational contact (peaty sand) laterally and basally
with the underlying Bassendean Sand.

Geographic distribution of stratigraphic types in
wetlands

As with composition of surface sediments, the
stratigraphy of the wetland fills varies according to
geologic and geomorphic setting, climate, and host water
chemistry. Hence, there is a pattern of stratigraphic
sequences in an east-west transect, and from south to
north on the Swan Coastal Plain. The east-to-west
distribution can be related to consanguineous suites, and
the south-north distribution is related to consanguineous
suites and to climate. A summary of the east-west pattern
of sedimentary fills in wetlands in relation to
consanguineous setting in the central part of the Swan
Coastal Plain is presented in Table 8.

Table 8
Dominant autochthonous sedimentary sequences in key
consanguineous wetland suites, central Swan Coastal Plain.

Consanguineous Dominant stratigraphic
wetland suite sequence

Becher calcilutite
Peelhurst calcilutite, organic matter enriched calcilutite
Cooloongup calcilutite
Yanchep calcilutite, peat
Stakehill calcilutite, peat
Coogee calcilutite
Balcatta peat, calcilutite
Bibra diatomite
Pinjar diatomite
Gnangara diatomite, peat
Jandakot peat, diatomite
Riverdale peat, diatomaceous peat
Bennett Brook peat, kaolinitic mud, muddy sand
Mungala kaolinitic mud, muddy sand

Key processes in wetlands to develop
sediments, structures, diagenetic products,
and stratigraphic contacts and sequences
There is a range of processes that occurs within

wetlands that generates distinctive sedimentary products
in terms of sedimentary particles, sediment types,
sedimentary structures, and diagenesis, and various
stratigraphic contacts and sequences. While details of
these processes and products, for use as a template to
interpret Holocene wetland stratigraphy, will be the
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subject of a later paper, a brief description of some of the
key processes and products is provided here as they have
a bearing on understanding the origin and significance
of wetland sediments and stratal types described in this
paper, as will be dealt with later in the Discussion and
Conclusions. These processes often are location-specific,
i.e., they occur in definite environments in relation to the
wetland centre or margins, or are associated with specific
biotic zones. In addition to intrabasinal processes, there
are regional factors, such as climate fluctuations and/or
unidirectional climate changes during the Holocene, or
groundwater chemistry changes that may play a part in
influencing wetland stratigraphy and causing changes or
alternations in lithology.

The key processes occurring within wetlands are: 1.
biogenic sediment production; 2. infiltration; 3.
bioturbation; 4. in situ vegetation accumulation; 5.
organic matter contribution; 6. sponge spicule
accumulation; 7. phytolith accumulation; 8. margin of
wetland sedimentation and shoreward transport; 9. deep
water accumulation; 10. desiccation; 11. pyrogenesis; 12.
winnowing; 13. delivery of fluvial mud and sand; and
14. alternating hydrochemistry. They are described in
Table 9 in relation to their products, and location within
a wetland.

The issue of hydrochemical changes is discussed in
more detail here because it is a significant one that relates
to interpreting sedimentary sequences. It is important to
recognise that lithologic changes and lithologic
alternations may be due to: 1. regional factors such as a
changing climate (e.g., a general change in climate from
relatively arid to relatively more humid, as driven
perhaps by Earth-axis precession; see Semeniuk 1995),
and manifest, for example, by a change in gross
stratigraphy from calcilutite to peat, or a change in
stratigraphy from calcilutite to organic matter enriched
calcilutite, 2. a fluctuating climate (e.g., a 250-year cycle;
see Semeniuk 1995), resulting in finely interlayered
calcilutite and peat, or finely interlayered calcilutite and
organic matter enriched calcilutite, or 3. hydrochemical
changes in the wetland basin (see C A Semeniuk 2006).
In the Becher area, C A Semeniuk (2006) determined that
many of the vegetation changes within a wetland basin
were due to intrabasinal hydrochemical evolution as
related to vegetation influencing salinity of the shallow
groundwater, which, in turn, resulted in changes in
vegetation. In that context, in the Becher area, a range of
different basins with variable hydrochemical history
showed a varying vegetation history that reflected
intrabasin factors and not regional climatic factors � such
vegetation changes can translate to a varying lithology in
their contribution to sediment (to form peat), and/or
modification of sediment to form organic matter enriched
calcilutite. As such, it is important to be able to
distinguish lithological changes generated by
hydrochemical evolution or fluctuations, from those
induced from unidirectional climate change, or climate
fluctuations.

Synthesis, discussion and conclusions
This synthesis and discussion focuses on eight features

of wetland sedimentology, and stratigraphy, and their
implications for understanding hydrology, ecology and

management: 1. the variability of sediment thickness in a
wetland basin; 2. the nature of the basal facies; 3. the
range of primary sediment types across the Swan Coastal
Plain related to setting; 4. the lateral facies variation in
stratigraphy within a wetland basin; 5. homogenous
versus heterogeneous stratigraphic sequences; 6.
stratigraphy as a measure of hydrochemical and biotic
stability, and hence palaeo-environmental history; 7. the
asymmetry of stratigraphy; 8. the significance of
stratigraphy to hydrology; and 9. the significance of
stratigraphy to plant ecology.

The variability of thickness of the various sediment
types and total thickness of the basin sediment fill is
related to the factors of availability of a given sediment
type, the depth of original basin floors with respect to the
final late Holocene regional water table, and
sedimentation rates. For instance, low rates of influx of
clay within a clay-poor setting would result in thin clay
beds accumulating in a basin. But given adequate rates
of sedimentation, the thickness of basin fill will depend
on the depth of an original wetland basin floor at the
time of inundation, when, with post-glacial rising sea
levels, the water table rose to intersect the palaeo-land
surface generally some 10,000�8,000 years BP. Local
topographic depressions that were deep enough to be
inundated early by a rising water table (sympathetically
rising with sea level at the ending of the last ice age some
20,000 years ago) would have commenced sedimentation
earlier, and would have developed the thickest
sequences. Sediments would continue to fill a basin until
the floor was built up to the highest water of the current
regional water table level. Thereafter, wetland
sedimentation processes largely would have ceased. Most
of the wetlands basins encountered in this study had
relatively shallow deposits of sediments, indicating that
the floor of the original depressions (that were to become
the floor of the wetland basin) were located more or less
within the position of the present regional groundwater
level. Some of the large lakes and wetlands, such as
North Lake, Lake Manning, and Karrinyup Swamp, have
several metres of sedimentary fill, indicating that they
were relatively deep depressions at the time of the early
Holocene, and were inundated early with the rising
regional water tables at the end of the Pleistocene. On the
other hand, other large lakes and wetlands such as Lake
Mariginiup, Lake Jandabup, and Lake Pinjar, have
relatively thin sedimentary fills, indicating that their
ancestral floors were located near the position of the
present regional water table. However, full exploration
of this matter is beyond the scope of this paper, and will
be investigated further, in combination with radiometric
dating of wetland sequences, in a later paper (Semeniuk
& Semeniuk, 2006, unpublished manuscript).

In Swan Coastal Plain wetland basins that are filled
with fine grained sediment (either biogenic sediment or
terrigenous sediment), the base of the sedimentary fill
generally is a muddy sand basal sheet. This muddy sand
sheet effectively signals the commencement of wetland
sedimentation. As described by Semeniuk & Semeniuk
(2004), processes of vadose infiltration and bioturbation
combine to deliver fine grained wetland sediment into
any underlying basement sand (the original ancestral
floor of the wetland basin). The thickness of the basal
muddy sand sheet varies, and would have depended on

Semeniuk & Semeniuk: Wetland sediments and stratigraphy, Swan Coastal Plain
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Table 9
Processes, description and products, and location within wetlands

Process Description and products Location within wetland

biogenic sediment production of biogenic material by macrophytes, depending on depth of water, and frequency of
production filamentous and unicellular algae, diatoms, and inundation, these biota and their products may be

invertebrate fauna leading to the development of basin wide, or restricted to the margins of
peat, diatomite, and calcilutite, and shell beds wetlands

infiltration fine grained sediment infiltrating, by vadose along the base in the early stages of basin filling,
processes, into underlying basement sand and along the margins during later stages

bioturbation fine grained sediment bioturbated by vegetation basin-wide, but most common along the margins
and fauna into underlying basement sand, and
mixing and perturbation of any interlayered
and laminated sediment; in modern environments,
depending on the biota, bioturbation is most intense
in the upper 10�20 cm of the sediment, but can be
effective to 30�50 cm

in situ vegetation accumulation of macrophyte plant material and basin-wide in shallow water wetlands; restricted
accumulation its detritus where it is growing, resulting in the to margins in deeper water wetlands or where

formation of fibrous to massive peat beds, or there is consistent peripheral vegetation
(in conjunction with degradation and bioturbation)
organic matter enriched sediments

organic matter contribution accumulation of macrophyte plant material and its basin wide, or restricted to margins in deeper
detritus along margin, or transported into deeper water wetlands or where there is consistent
water, to form organic matter enriched sediment, peripheral vegetation
or deeper water peats

sponge spicule accumulation accumulation of freshwater sponge spicules after if sponges are restricted to peripheral vegetation,
the death of the sponges, or after combustion of spicule accumulation is largely circumferential to
the supporting vegetation into sediments forming the basin; in shallow water wetlands wholly
spongolitic peat and spongolitic diatomite covered by vegetation, spicule occurrence is

basin-wide
phytolith accumulation sedge assemblages upon their death and decay, or if sedges are peripheral to a wetland,

combustion in a fire, yield phytoliths and accumulation is largely circumferential to the
contribute particles to the sediments basin; in shallow wetlands wholly covered by

vegetation, phytolith contribution is basin-wide
margin of wetland various processes result in preferential deposition margin of wetland
sedimentation and of sediments in margin zones; these include
shoreward transport transport by wave and currents of fine grained

sediment via suspension to the wetland margin
and its accumulation there (usually amongst
peripheral vegetation); and wave transport of sand
by traction to shorewards

deep water accumulation accumulation of fine grained matter, such as deep water parts of wetland
carbonate mud, plant detritus, diatoms, unicellular
algae, carried in suspension and settling
in deep water

desiccation drying out and cracking of sediments to form largely confined to margins, though for shallow
gravel and sand intraclasts of peat, diatomite water wetlands; this can be basin-wide (e.g., peat
and calcilutite breccia can form a surface basin-wide horizon)

pyrogenesis combustion by fire consumes peats, and can largely confined to margins, though for shallow
generate organic-matter-free lithologies such as water wetlands; this can be basin-wide (e.g., peat
diatomite; by cracking sediments generates breccia generated by fire can form a surface basin-
intraclasts; forms sand lenses and ash deposits wide horizon)
(Semeniuk & Semeniuk 2005)

winnowing wave action and currents winnow sandy and largely confined to margins, though for shallow
gravelly muddy sediments to leave coarse lags water wetlands; this can be basin-wide
such as shell beds, and intraclast deposits

delivery of fluvial floods carry kaolinitic mud in suspension and fluvial delivery of terrigenous sediments
mud and sand quartz sand by traction to basins on the Pinjarra fills the interior of the wetland basins

Plain, progressively filling them with
these sediments

alternating hydrochemistry an alternation of hydrochemistry driven by this process can be restricted to the wetland
(see below) alternating vegetation succession changes the margins; depending on the depth of a wetland, it

composition of the flora and fauna, leading to an can also be basin-wide
alternation of processes (described above) and to
alternation of lithology
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the organisms involved in the bioturbation. Shallow
rooted plants effect bioturbation to depths of 10�20 cm;
trees effect bioturbation to depths more or less of 40 cm;
foraging mammals effect bioturbation to depths of 10�15
cm; burrowing crustaceans dig burrows as deep as 50
cm; and insects and other invertebrates burrow to depths
of 5�30 cm. The effect is that fine grained sediment,
delivered by fluvial processes, or generated biogenically
in the basin, is bioturbated into the underlying basement
sand to form a muddy sand sheet (viz., kaolinitic muddy
sand, peaty sand, diatomaceous muddy sand, and
calcilutaceous muddy sand).

The range of primary sediment types across the Swan
Coastal Plain appears related to geologic/geomorphic
setting and its attendant hydrochemistry. At one
extreme, fluvially dominated systems of the Pinjarra
Plain are dominated by kaolinitic clay and fluvial sand
as wetland basin fills, and there is an absence of such
terrigenous sediments in the dune-dominated landscapes
of the Quindalup Dunes and Spearwood Dunes.
Similarly there is an absence of such terrigenous
sediments in the dune-dominated landscapes of the
Bassendean Dunes, though there is terrigenous clay in
the fluvially over-printed landscape of the Bassendean
Dunes in wetland settings such as the Bennett Brook
Suite (C A Semeniuk 1988). Carbonate sediments
dominate wetlands located in carbonate terrains of the
Quindalup Dunes and Spearwood Dunes, implicating the
geochemical (carbonate) foundations of the wetlands as
the hydrochemical source that drives these systems.
Where macrophytic vegetation and diatom populations
have been sufficiently productive, wetlands set in
carbonate terrains may develop peat and diatomaceous
peat, but often such wetlands have a stratigraphy that
indicates alternating calcilutite-dominated and peat-
dominated sedimentation. Diatomite and peat dominate
the wetlands located in the quartz sand rich terrain of
the Bassendean Dunes, and carbonate mud production is
not (and was not) a feature of these carbonate-poor
terrains. Where peat production by macrophytes was
relatively low, diatomites dominate, and where peat was
formed, peat and diatomaceous peat were developed.

While there is a change in sediment composition
across the Swan Coastal Plain in relation to geology/
geomorphology and hydrochemistry, there are also
lateral facies variations in stratigraphy within wetland
basins. In the first instance, the sediment facies variation
can be related to the physico-chemical and biological
gradients that occur from the central basin to the margin
of the basin. That is, permanently inundated, or
otherwise deeper parts of the wetland basin, with a more
consistent aquatic or water-saturated environment, will
grade to the margin environments where physico-
chemical processes, such as wave action, desiccation,
chemical precipitation, amongst others, as described
earlier, that are specific to wetland margins, combine to
create distinctive sedimentary products. Wetland
margins are also zones where there may be biota
assemblages contributing organic matter to the sediment,
or contributing sponges spicules and phytoliths to the
sediment, and where wetland sediment fill interfaces
with the basement materials. A summary of the idealised
lithological nature and stratigraphy of wetland basins in
terms of basal facies, marginal facies, and central facies

for diatom-dominated, calcilutite-dominated, and peat
dominated basins, is shown in Figure 12.

However, in addition, there are also facies changes in
wetland basins within the central facies. For instance, at
Lake Gwelup, for the equivalent thickness of several
metres of its sedimentary fill, the basin is dominated by
peat in its eastern part, and dominated by peat overlying
calcilutite in its western part. Karrinyup Road Swamp
shows a particularly interesting lithologic change in the
central facies: a lens of diatomite, some 50 cm thick,
passes laterally into diatomaceous peat and then to peat
over some tens of metres. On the other hand, a large
number of large wetland basins show little variation in
lithology within the central basin, e.g., the calcilutite of
Lake Manning, the diatomite of Lake Pinjar, and the
peats of Beenyup Swamp, Willie Pool and Lake Mealup.
Lateral lithologic homogeneity is particularly the case for
small basins. For example, apart from the marginal and
basal facies, the central basin lithology of wetlands in the
Becher Suite is dominated by calcilutite, and small basins
in the Jandakot Suite and Riverdale Suite in the
Bassendean Dunes are dominated by peat and diatomite,
and peat, respectively.

One of the most interesting aspects of the vertical
sedimentary fill of the wetlands is whether their central
facies is stratigraphically homogenous or heterogeneous.
The wetlands of the Becher Suite (calcilutite-filled), those
in the Coogee Suite (calcilutite-filled), certain basins in
the Yanchep Suite (e.g., Waluburnup Swamp which is
peat-filled), and many of the wetlands of the Jandakot
Suite, Riverdale Suite, and Gnangara Suite (peat or
diatomite filled) display relatively homogeneous
stratigraphy vertically. In contrast, wetlands either
located in the Spearwood Dunes or at the interface
between the Spearwood and Bassendean Dunes may
exhibit vertical stratigraphic heterogeneity: for example,
Lake Joondalup, Little Carine Swamp, Balcatta Swamp,
Leda Swamp, The Spectacles, and Bollard Bullrush
Swamp.

In a geohistorical sense, over the period of the
Holocene, the vertical homogeneity or heterogeneity of
wetland stratigraphy is an important issue. It can be used
as a measure of hydrochemical stability and hence biotic
stability. For example, if it is accepted that hydrochemical
and hydrological patterns regulate biotic response, then
the consistent occurrence of calcilutite (generated by
breakdown of charophytes; cf. Semeniuk & Semeniuk
2004) over, say, 5000 years of stratigraphic record, signals
an environment relatively hydrochemically and
hydrologically stable. Wetlands wholly and consistently
filled with peat derived from, say, Baumea articulata,
similarly signal relative hydrologic and hydrochemical
stability over the period of peat accumulation. On the
other hand, wetlands that are filled with sequences that
change from peat to diatomite to calcilutite, or that
alternate between lithologies, signal changes in the
hydrochemical environment within the wetland. This is a
particularly important matter to note when at the same
time, over the same period of the Holocene, wetlands
elsewhere are not exhibiting such dynamics, and thus it
provides an insight from a stratigraphic perspective of
the long-term (natural) comparative hydrologic,
hydrochemical and biological stability of individual
wetlands. Information on these stratigraphic signatures



218

Journal of the Royal Society of Western Australia, 89(4), December 2006

Figure 12. Summary annotated diagram showing idealised lithological nature of the basal facies, central basin facies, and marginal
facies for peat-filled, diatomite-filled, and calcilutite-filled basins, and their stratigraphic relationships. Because of the complexity and
variety of sediments that are formed in the marginal facies, the left hand side of the marginal facies of each of the basin sedimentary
fills highlights only those lithologies formed specific to the inner marginal facies (with sources of sediments mainly from the central
basin), while the right hand side of the marginal facies highlights sediments produced by as a result of incursions of sand into the
basin (with sediment reworked or shed mainly from basin margins, i.e., extrabasinal), without implication that there is consistently
such asymmetry within the basins. The emphasis in this diagram is on intrabasinally derived biogenic sediments systems.
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of long-term and medium-term wetland ecosystem
stability has important implications for understanding
wetland management.

The alternations in lithology within wetland basins,
and how it is interpreted have palaeo-environmental
implications. It is necessary to separate those alternations
due to climate changes, from those induced by
alternating hydrochemical changes or unidirectional
hydrochemical evolution of wetlands, from those
induced by ecological processes (linked to hydrochemical
changes). Sediments within wetland basins are
autochthonous (i.e., formed intrabasinally), and therefore
provide a more reliable indicator to separate
hydrochemical and ecological changes from climatic
changes. To date, climate changes have been inferred
from mainly extrabasinally derived pollen rain. Future
research could be directed to the study of palaeo-
hydrochemistry, and hydrochemical history, as reflected
in wetland sediment through their fossil biota.

Stratigraphy has another important role to play in
wetland management, viz., in the arena of wetland
hydrology, and plant ecology. For the Swan Coastal
Plain, Townley et al. (1993) provide a series of
hydrological models of groundwater flow through
wetlands (specifically lakes), for unconfined aquifers, but
deal with large-scale hydrological processes, identifying
perched lakes, groundwater recharge lakes, groundwater
discharge lakes, and groundwater throughflow lakes.
One of the important factors in the treatment of
groundwater interactions with wetlands is the local effect
of wetland sediments on groundwater flow (i.e., wetland
sediment thickness, their geometry, transmissivity, and
nature of contact with the surrounding terrain), as this
will perturbate groundwater patterns at the local scale,
the scale at which groundwater enters a wetland and the
scale at which peripheral vegetation responds to
hydrological processes. As a consequence, the small-scale
stratigraphic relationship along wetland margins
becomes important, as this will influence small-scale
hydrologic processes, and depending on lithology,
hydrochemical products along the wetland margin. C A
Semeniuk (2006) emphasised this factor in the study of
hydrology around the individual wetland basins in the
Becher Suite. The Becher wetlands are a rain-fed recharge
system that translates to a regional throughflow system.
Depending on the thickness and complexity of the
sedimentary fill of these wetland basins, there are
perturbations at the local scale to the regional
throughflow pattern, culminating in variable degrees of
local diversion of flow in the various wetlands, and in
places, upwelling (C A Semeniuk 2006). In addition, in
the Becher wetlands, how water is delivered to a wetland
from up-slope sources often depends on the stratigraphic
nature of the wetland margins, i.e., whether there are
sheets and tongues of sand that penetrate into the
wetland sediment sequence.

In this context, from a stratigraphic perspective, we
suggest that the small-scale stratigraphic relationships
along the base and margins of the wetlands, and the
nature of stratigraphic layering (resulting in variable
transmissivity) should be significant factors to consider
in determining how regional groundwater enters into,
percolates through, and discharges from a wetland basin.
This will be a small scale hydrological feature critical to

management of wetland hydrology if wetlands are to be
environmentally sustained or managed rigorously.

At medium and large scales, stratigraphy, in
conjunction with hydrology as outlined above, also has a
role to play in plant ecology. The variety of stratigraphic
contacts, in terms of geometry and lithology, and their
associated hydrological and hydrochemical processes
will influence plant associations along the margins of
wetlands. To date, there has been a tendency only to
examine the surface material (what authors generally
term the �soils�), but we suggest that stratigraphy is a
factor that needs to be addressed to understand the
distribution and maintenance of plant associations,
particularly at the finer scales, in any phytoecological
study of wetlands.

Also, at the large scale, asymmetry in stratigraphy
needs to be addressed in holistic environmental studies.
This asymmetry may be due to: variable biogenic
production rates across a wetland basin; variable
transport mechanisms and sink sites across a basin; an
irregular ancestral basin shape; variable hydrological
factors in response to regional groundwater table
gradients; or a variable cross-basin fire history.
Asymmetry in stratigraphy can lead to asymmetry in
hydrological function, in geochemistry, and
hydrochemistry, and hence in biota. The result
stratigraphically will be expressed as variation in
lithology across a basin, and/or variation in sediment
thickness across the basin, and variation to the extent
that sediments occur above the mean high water datum.
This large-scale pattern of stratigraphic asymmetry
underlying wetlands has not been adequately addressed
in the analyses of the phytoecology or macroinvertebrate
ecology of wetlands, and we suggest it is an underlying
determinative factor in the larger scale ecological
functioning of wetlands, and hence in the proper
management of wetlands. Also, any asymmetric
stratigraphic pattern may have an interactive feedback
relationship with vegetation. That is, the asymmetry in
stratigraphy across a basin may alter the hydrologic
functioning and processes across a wetland to the extent
that vegetation and other biota respond in terms of the
types of assemblages that may inhabit the wetland
margins, or in their rates of primary or secondary
production, which in turn results in a contrast in
sediment accumulation rates, hence further amplifying
the asymmetry in sediment thickness, or amplifying the
contrast in facies.

From the results of this paper, we emphasise that to
fully investigate wetland stratigraphy, with all that is
recorded sedimentologically, biologically, and
diagenetically, and to fully interpret the stratigraphic
sequence lithologically, there is a need, firstly, to place
sedimentary sequences in a geologic, geomorphic and
hydrochemical context, and secondly, to construct across-
basin stratigraphic relationships for a given wetland
basin. Such an approach, as mentioned in the
Introduction, places palaeobiological sequences and a
single-core lithological sequence for large wetland basins
in a context. It provides a more comprehensive database
for reconstruction of wetland palaeo-sedimentology and
history, provides a framework for hydrologic processes
and functions, and provides a framework for
determining and understanding ecological processes,

Semeniuk & Semeniuk: Wetland sediments and stratigraphy, Swan Coastal Plain
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ecology patterning (e.g., zonation), and biodiversity. We
suggest also that the stratigraphic approach adopted in
this paper should form the foundation for unravelling
the sedimentological, hydrologic, hydrochemical, climatic
and biologic history of the wetlands across the Swan
Coastal Plain, and for understanding current wetland
hydrology and wetland vegetation ecology.
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