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Coastal retreat rates and sediment input to the Minas Basin,
Nova Scotia
Erin K. Wilson, Paul S. Hill, Danika van Proosdij, and Monique Ruhl

Abstract: The strong tidal currents of the Minas Passage in the Bay of Fundy, Nova Scotia, have made this area an important site
for testing and development of tidal power technologies. Understanding sediment processes in this area is essential for deter-
mining the impacts that large-scale tidal power extraction would have on the system. Previous estimates of sediment input to the
Basin suggest that much more sediment enters the Basin than accumulates within it; therefore, the bottom sediment texture
should be in hydrodynamic equilibrium with bottom currents. A recent study, however, showed that sediment texture is
generally finer that what was expected based on current speeds. This paper uses geographic information systems methods to
provide updated and more highly resolved measurements of the amount of sediment entering the Minas Basin from the
dominant source, which is coastal erosion. Volumetric input from coastal erosion is 1.1 × 106 m3·a−1, which is more than two times
smaller than previous estimates. This updated value makes input rates comparable to accumulation rates, and agrees with the
hypothesis that bottom sediment texture is not in equilibrium with current speeds. Grain-size distributions also support the
hypothesis that the Minas Basin acts as a sediment trap.

Résumé : Le passage de Minas dans la baie de Fundy, Nouvelle-Écosse, est un site important pour les essais et le développement
de technologies d’énergie marémotrice en raison de la force des courants de marée. Il est essentiel de comprendre les processus
de sédimentation dans ce secteur pour pouvoir déterminer les impacts qu’aura l’exploitation à grande échelle de l’énergie
marémotrice sur le système. Selon des estimations antérieures, l’apport de sédiments dans le bassin est beaucoup plus important
que l’accumulation; la texture des sédiments de fond devrait donc être en équilibre hydrodynamique avec les courants de fond.
Une étude récente a toutefois démontré que la texture des sédiments est en général plus fine que prévu en se basant sur les
vitesses des courants. Le présent article utilise des méthodes de systèmes d’information géographique pour fournir des mesures
à jour et à plus haute résolution de la quantité de sédiments qui entre dans le bassin Minas de la source dominante, c’est-à-dire
l’érosion côtière. Le volume des apports provenant de l’érosion côtière est de 1,1 × 106 m3·a−1, ce qui est plus de deux fois inférieur
aux estimés antérieurs. Selon cette valeur mise à jour, les taux d’apport sont comparables aux taux d’accumulation; elle
concorde aussi avec l’hypothèse que la texture des sédiments de fond n’est pas en équilibre avec les vitesses de courant. Les
distributions granulométriques soutiennent aussi l’hypothèse que le bassin Minas agit en tant que piège à sédiments. [Traduit
par la Rédaction]

Introduction
The Minas Basin, in the upper Bay of Fundy, is home to the

world’s highest tides and a dynamic coastline. Strong tidal cur-
rents reaching 8 knots (14.8 km·h−1) (Parker et al. 2007) have made
this area a focus for tidal power development (Li et al. 2013). Ex-
traction of energy by tidal turbines will affect currents (Hasegawa
et al. 2011; Wu et al. 2015), and the changes in currents may affect
grain-size distributions and associated benthic habitats in the
Basin.

The seabed in the Minas Basin is covered by sands and gravels
that are mobilized frequently by strong tidal currents (Amos 1978;
Li et al. 2015). Amos (1978) argued that these conditions placed the
seabed in a state of hydrodynamic equilibrium, in which the sed-
iment size on the seabed is defined by hydrodynamic stress. In
simple terms, larger stresses are associated with larger sediment
sizes. Under these conditions, a reduction in seabed stresses from
tidal power extraction would cause a reduction in sediment size
on the seabed (George and Hill 2008).

Hill and Gelati (in press) used a hydrodynamic model of the
tides and archived sediment data from the Gulf of Maine and Bay
of Fundy to propose, contrary to the Amos (1978) hypothesis, that
there is not a direct link between grain size and hydrodynamic
stress in the Minas Basin. They observed that seabed grain sizes in
the upper Bay of Fundy and Minas Basin were finer than predicted
by the model. They argued that the mismatch between modeled
and observed grain sizes was caused by oversupply of sediment
from cliff erosion. In short, the abundant supply of sand from
coastal erosion that is introduced into the upper Bay of Fundy is
not exported from the Bay, endowing the seabed with a finer
texture than expected given the strong tidal currents. Similar
effects of sediment supply on seabed sediment texture have been
observed on wave-dominated coasts near rivers (George et al.
2007) and in gravel-bedded rivers (Buffington and Montgomery
1999).

An updated sediment budget for the Minas Basin is required to
resolve the issue of whether seabed stress or sediment supply
determines grain size on the seabed. If seabed stress influences
grain size more strongly than supply, then changes in currents
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associated with tidal power extraction are likely to produce
changes in seabed sediment texture. Alternatively, if sediment
supply dominates and it is not affected by tidal power develop-
ment, then changes in currents associated with tidal power ex-
traction are not likely to affect seabed sediment texture. The most
fundamental requirement of an accurate sediment budget is an
updated estimate of the dominant sediment source to the Basin,
which is coastline erosion (Amos and Long 1980).

A sediment budget was completed for the Minas Basin in the
1970s by Amos and Long (1980). It determined that the dominant
input of sediment was from cliff erosion at a rate of 3.09 ×
106 m3·a−1 (Amos and Long 1980). The other dominant input sedi-
ment source is excavation of sediment from the Minas Channel
and Minas Passage, which was estimated at 5 × 109 m3 over the
past 3500 years by Shaw et al. (2012). This would result in an
average annual input of 1.4 × 106 m3·a−1, assuming no change with
time. This flux is similar to Amos and Long’s (1980) estimate of
1.6 × 106 m3·a−1 of transport into the Minas Basin through the
Minas Channel and Minas Passage, which was derived from a
relatively small set of water column observations. This magnitude
of influx is smaller than a model estimate of 3.9 × 106 m3·a−1 based
on a 29 day simulation of sediment transport in the Minas Passage
and Minas Basin (Wu et al. 2015).

Another sediment source to the Minas Basin is downwearing of
shore platforms in front of cliffs. Using shore platform downwear-
ing measurements from Burntcoat Head of 1.25 mm·a−1 (Porter
et al. 2010) and an estimated average of 200 m platform width
around the Basin, input from shore platform erosion is estimated
to be 8 × 104 m3·a−1.

These inputs to the Minas Basin must either ultimately be
stored in subtidal and intertidal sediment deposits or be exported
back out through the Minas Passage and Minas Channel. Over the
past 6300 years, an estimated 3.0 × 109 m3 of sediment has accu-
mulated in the subtidal regions (Amos and Joice 1977), giving
an average annualized rate of 0.5 × 106 m3·a−1. Assuming that
marshes and intertidal flats accrete at a rate equal to the rate of
sea-level rise, Shaw et al.’s (2012) estimate of long-term accumula-
tion in intertidal and marsh deposits is equivalent to an average
annualized accumulation of 1.5 × 106 m3·a−1.

The preceding numbers indicate that total inputs to the Minas
Basin (4.6 × 106 m3·a−1) exceed storage in the sediments of the
Basin (2.0 × 106 m3·a−1). This imbalance suggests that the system
should approach hydrodynamic equilibrium, owing to the need
for significant export of sediment from the Minas Basin out to the
lower Bay of Fundy through the Minas Passage and Minas Chan-
nel. Equilibrium is established because grain sizes that are mobi-
lized more frequently by tidal currents are exported from the
Basin preferentially, leaving behind grain sizes in the seabed that
are mobilized less frequently.

Invocation of hydrodynamic equilibrium between tidal cur-
rents and seabed grain size in the Minas Basin is problematic on
several grounds. Hill and Gelati (in press) showed that the sedi-
ment texture in the Bay of Fundy, including the Minas Basin, is
generally out of equilibrium with the maximum tidal bed shear
stress. The expected bed grain size based on maximum near-bed
flow is larger than what is actually observed. Furthermore, obser-
vations (Amos and Long 1980) and models (Wu et al. 2011, 2015; Li
et al. 2015) indicate that sediment is imported to, rather than
exported from, the Minas Basin.

Imbalance between sediment input to the Minas Basin and sed-
iment storage suggests errors in estimates of storage, inputs, or
exports. The primary objective of this paper is to use geographic
information systems (GIS) methods to measure higher resolution
sediment inputs from coastal erosion along the Minas Basin coast-
line. The second objective is to examine the hypothesis that sedi-
ment texture in the Minas Basin is determined by the grain-size
distribution of the source materials (Gelati 2012; Hill and Gelati, in
press) by comparing seabed sediment texture in the Minas Basin

with the grain-size distribution of material supplied from coastal
erosion. By providing updated measurements of the largest sedi-
ment source to the Minas Basin system, this study will provide
essential data for an updated sediment budget as well as a more
highly resolved spatial map of sediment inputs to the system that
can be used in future models of sediment texture and transport in
the Basin.

Methods

Study site
The Minas Basin is the southernmost branch of the inner Bay of

Fundy. It is a semi-enclosed macrotidal embayment that can be
divided into four sections: the Minas Channel, which connects the
Minas Basin to the outer Bay of Fundy; the Central Minas Basin,
extending between Cape Split and Economy Point; the Southern
Bight, the southernmost part of the Basin; and Cobequid Bay to
the east. This study focuses on the latter three (Fig. 1). These three
sections together create an almost triangular bay, with a length of
62 km and maximum width of 26 km (Parker et al. 2007). The
mean tidal range in the Basin is 12 m, with a maximum of 16.3 m
at Burntcoat Head (Knight 1972). These high tides occur because
the natural period of the oscillation of the Bay of Fundy nearly
matches the tidal period, resulting in resonance (Garrett 1972).

Along 79% of the coastline, the Minas Basin is surrounded by
steep cliffs that are composed mostly of unstable Triassic sand-
stone (Amos and Long 1980). The highest steep cliffs lie along the
north shore of the Central Basin between Parrsboro and Five Is-
lands, as well as along Cape Split. The rest of the shore of the
Central Basin and the southern shore of Cobequid Bay are domi-
nated by lower steep cliffs. The remainder of the coastline com-
prises dykes, bluffs, and salt marshes.

Determining erosion rate and sediment input

General approach
Previous studies of coastal erosion in the Minas Basin were

limited in the resolution that could be achieved (Amos and Joice
1977). Although aerial photographs were available, calculated ero-
sion rates and volumetric inputs along the coastline were com-
puted at discrete points. Values from those widely spaced discrete
sites were used to represent long stretches of coastline over long
periods of time. The spatial and temporal scaling problems poten-
tially degraded the accuracy of the estimated inputs of sediment
by coastal erosion. With geographic information systems (GIS),
more accurate and higher resolution measurements are possible.
The software package ArcGIS 10.1 (Esri, Redlands, California) was
used for this analysis.

Time periods and sections were determined by the availability
of digitized aerial photographs of the coastline. The earliest avail-
able digitized photos of most of the coastline were taken in 1964.
The entire coastline was photographed in the early 1990s. The
base satellite maps in ArcGIS were used as the most recent coast-
line in 2013. The time periods are stated throughout as 1964 to
early 1990s and early 1990s to 2013. Specific years used for each
section are shown in Table 1. The coastline was divided into six
sections (Fig. 1) based on where and when photographs were avail-
able. Each section was analyzed separately for data management
purposes and then compiled to derive erosion rates and volumet-
ric sediment input for the entire system.

Photographs were georeferenced to the base satellite imagery
(2013), with the “georeferencing” toolbar in ArcMap using control
points at road intersections and buildings. Overall errors associ-
ated with georeferencing, calculated using the root mean square
error, ranged from 0.5 to 5 m, with larger errors occurring in
photos dominated by water or mudflats. The base imagery was
projected using the Universal Transverse Mercator (UTM) zone
20 coordinate system and the North American Datum 1983 (NAD83)
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World Geodetic System 1984 (WGS84) datum. Stereophotography
techniques were used to minimize photo distortion.

Erosion rates
Polylines of the coastline were generated using on-screen digi-

tization. To ensure changes between time periods were measured
accurately, the coastline was always traced along the top edge of
cliffs and the top edge of dykes or bluffs where cliffs were not
present. Top edge of cliffs and dykes were determined visually.

The “Euclidean distance” tool in the “Spatial Analyst” toolbar
was used to create a distance file from the digitized coastlines
(ESRI White Paper 2001). This tool measures orthogonal distance
continuously along a line out to a set distance (100 m). This tool
was used on the 1964 coastlines as well as the early 1990s coast-
line. These distance files were used when measuring the distance
from the 1964 coastline to the early 1990s coastline and to the 2013
coastline, as well as from the early 1990s coastline to the 2013
coastline. Erosion rates were measured for each time period as
well as the overall study period. The process was the same for each

section; therefore, section 1 is used in the following example to
describe the methods.

The 2013 and 1995 coastlines were interpolated using the dis-
tance files discussed in the preceding text. The “interpolate
shape” tool in the “3D Analyst” toolbox was used. The input fea-
ture was the coastline of the most recent time period, and the
input surface was the distance file from the oldest coastline. For
example, to measure the erosion distance from 1995 to 2013, the
2013 coastline and the 1995 distance file were used. The output file
was a line with “distance eroded” values that was used in the 3D
Analyst toolbox to create a profile graph of the distance eroded
along the line for each section.

To compare erosion values between sections, erosion rate (m·a−1)
was calculated in the attribute table. Analysis of variance (ANOVA)
was completed using Minitab (Minitab Inc., State College, Penn-
sylvania) to test for significant difference in erosion rates between
the six sections using overall rates (1964–2013). A paired-t test was
completed in Minitab to look for significant changes in erosion
rates between time periods for the entire coastline as well as
within each section. A 95% confidence interval (� = 0.05) was used
for all statistical tests.

Volumetric input
Volume of sediment eroded was calculated as the area eroded

over the study period multiplied by cliff elevation. A digital eleva-
tion model (DEM) was created from the Nova Scotia Topographic
Database (NSTDB) 1:10 000 topographic maps using the “topo to
raster” tool, as light detection and ranging (LiDAR) data were not
available for this study. The original topographic data have a hor-
izontal resolution of 5 m. The interpolated DEM has a horizontal
resolution of 1 m.

To calculate the area of land eroded between time periods,
coastlines from the different time periods were connected at the

Fig. 1. Map of the Minas Basin study area showing locations of land and seabed sediment samples. Coloured lines with corresponding
numbers 1–6 indicate sections used for coastline retreat and sediment input analysis. [Colour online.]

Table 1. Dates of aerial photo-
graphs and satellite imagery used
for each section.

Section
Aerial
photos

Satellite
imagery

1 1964, 1995 2013
2 1964, 1994 2013
3 1964, 1994 2013
4 1964, 1992 2013
5 1964, 1992 2013
6 1977, 1992 2013
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end of each section and merged. The connected polyline was con-
verted to polygons representing the area of coastline lost using
the “feature to polygon” tool. The areas of the polygons were
calculated by using the calculate geometry option in the “field
calculator”. This operation produced a new field in the attribute
table with the area of each polygon. The sum of the areas of all of
the polygons created was calculated by using the “sum of the
field” in the attribute table, giving the total area eroded for that
section.

Area polygons were multiplied by the elevation data to calcu-
late the total volume of sediment eroded. Vector polygons were
converted to raster files, with cell sizes matching the DEM using
the “convert to raster” tool. The “extract by mask” tool was used to
extract the DEM for the shape of each polygon or eroded area. The
input raster is the DEM, and the input feature is the polygon raster
files.

Volumes of sediment for each polygon were calculated using
the “surface volume” tool in the 3D Analyst toolbox. For each of
the DEM polygons, the volume above the beach elevation value
was calculated, which helped to account for the fact that the
bottom eroded area was not always at sea level. An assumption
was made that the bases of eroding shorelines were flat, where in
some cases the bases were sloped. This assumption results in
slight overestimation in the volume measurements. Based on a 1°
beach slope and 10 m cliff height, the overestimation is less than
1%, and this value decreases with higher cliff elevations. Volume
input rates were determined for both time periods in each sec-
tion, as well as overall. The same statistical tests were carried out
for these values as were completed for erosion rates.

Grain-size analysis
A total of 92 sediment samples were collected from 39 sites

along the coastline of the Minas Basin in summer 2014 and 2015
from bedrock (56), unconsolidated beach sediments (29), and till
(7) to be used for grain-size distribution analysis. The Wolfville
Formation, composed of Triassic sandstone, surrounds most of
the Basin and was sampled on both the north and south shore of
the Central Basin and Cobequid Bay (Fig. 1). The Horton Bluff
Formation, composed of sandstone as well as siltstone and shale,
was sampled at the mouth of the Avon River. The North Mountain
Formation, a basalt formation, is exposed at Cape Split and was
sampled near Blomidon (Fig. 1). Samples from unconsolidated ma-

terial were collected with a trowel. A hammer was used to sample
bedrock. Shoreline samples were taken at the base of cliffs and
from till deposits that were safely accessible from shore. Beach
samples were taken 15 m from cliff base, and no beach profiles
were taken.

Approximately 150 g were taken from each sample and dried in
an oven for at least 24 h. Dried samples were weighed, crushed,
and washed through a 63 �m sieve. After wet-sieving, samples
were dried and reweighed to determine the proportion of sedi-
ments less than 63 �m. The remaining sediment was put through
a W.S. Tyler (Mentor, Ohio) standard sieve set ranging from 2 mm
to 63 �m and shaken for 20 min. Fraction retained on each sieve
was recorded. The data obtained from sieving were used to create
graphical representations of weight distribution of samples and
to compare with the distribution for seabed samples.

Seabed samples were collected by Bedford Institute of Oceanog-
raphy (BIO) scientists in June 2013. Nearshore (92) samples were
collected using Van Veen and Ekman grabs, and deep-water sam-
ples (69) were collected using a Video Grab (Schwinghamer et al.
1996) and slo-corer (Law et al. 2008). Sampling locations were
based on locations of other BIO equipment as well as on the goal
of obtaining a broad geographic representation of sediment sizes
in the Basin (Fig. 1). Samples were dried, crushed, and sieved at
BIO.

Results

Retreat rates
Over the entire study period (1964–2013), retreat rates of the

coastline of the Minas Basin varied from 0 to 1.4 m·a−1. The highest
retreat rates were found between Five Islands and Parrsboro, the
northwestern shore of Cobequid Bay, to the west of Walton, and
near Selma and Blomidon (Fig. 2). Overall retreat rates were high-
est in section 1, with an average of 0.5 m·a−1. Sections 3 and 6
showed the lowest retreat rates, with an average of 0.34 and
0.35 m·a−1, respectively (Fig. 2). Section 1 had retreat rates signifi-
cantly higher (p < 0.05) than sections 3, 4, 5, and 6. Retreat rates in
section 2 were significantly higher than sections 3 and 6. The
mean retreat rate was 0.42 m·a−1 for the entire coastline.

A paired-t test indicates that retreat rates were significantly
larger (p = 0.001) in time period 2 (early 1990s to 2013) than they
were in time period 1 (1964 to early 1990s) (Fig. 3). Time period 1

Fig. 2. Rates of coastline retreat around the Minas Basin based on aerial photographs from 1964 to 2013. Numbers 1–6 indicate study sections.
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had a mean retreat rate of 0.39 m·a−1 (standard deviation =
0.25 m·a−1), where time period 2 had a mean retreat rate of
0.48 m·a−1 (standard deviation = 0.30 m·a−1). Retreat rates were
higher in time period 2 (p < 0.05) in sections 1–5 (Fig. 3), with
section 5 showing a smaller increase. There was a significant de-
crease (p < 0.001) from 0.46 m·a−1 in time period 1 to 0.27 m·a−1 in
time period 2 in section 6. The largest increases were between Five
Islands and Parrsboro, along most of the Cobequid Bay coastline,
and near Walton (Fig. 3). The greatest increase in retreat rate was
in section 3 where the mean rate increased from 0.23 to
0.49 m·a−1.

Volume input
Volume input rates over the entire study period along the coast

of the Minas Basin ranged from 0 to 75.6 m3·a−1·m−1 (Fig. 4). The
largest volume inputs were between Five Islands and Parrsboro

and near Blomidon. This area also had some of the highest erosion
rates and highest coastline elevations. Overall volumetric inputs
were significantly higher (p < 0.001) in section 1, with an average of
11.2 m3·a−1·m−1, than in any other section. Volumetric input rates
were lowest in section 6 with a value of 3.4 m3·a−1·m−1. This value
was only significantly lower (p < 0.001) than input rates from
sections 1 and 2. The mean volumetric input rate for the entire
Minas coastline was 5.7 m3·a−1·m−1.

The volumetric input rates were higher in time period 2 (early
1990s to 2013) than they were in time period 1 (1964 to early 1990s)
(p < 0.001) in sections 1–5 (Fig. 5). Volumetric input rates were
lower in time period 2 in section 6 (p < 0.001). For the overall basin,
time period 1 had a mean input rate of 4.5 m3·a−1·m−1, and time
period 2 had a mean input rate of 6.3 m3·a−1·m−1. The largest
increases were in sections 1 and 3, although the volume input

Fig. 3. Illustration of the changes in linear retreat rates along the Minas Basin coastline from time period 1 (1964 to early 1990s) and time
period 2 (early 1990s to 2013). Numbers 1–6 indicate study sections.

Fig. 4. Rates of volumetric sediment input from coastal retreat around the Minas Basin based on aerial photographs from 1964 to 2013 and
elevation data. Numbers 1–6 indicate study sections.
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from section 1 was nearly four times greater than the input from
section 3. The increase in volumetric input in section 3 was asso-
ciated with the increase in retreat rate. The increase in retreat rate
in section 1 was not as large, but the cliff elevations were higher,
leading to a larger change in volumetric input. The total amount
of sediment entering the Basin per year increased from 9.0 ×
105 m3·a−1 in time period 1 to 1.3 × 106 m3·a−1 in time period 2. The
overall mean input rate for the entire study period was 1.1 ×
106 m3·a−1.

Grain-size distribution
Sand-size grains represented the majority of the sediment mass

in tills (T), cliffs (C), and beaches (B) at the sampling sites that
fringe the Minas Basin (Fig. 6a). The Wolfville Formation sand-
stone that surrounds most of the Basin is the exposed bedrock
present at most of the sampling sites. The Horton Bluff Forma-
tion, composed of sandstone as well as siltstone and shale, was
present at two sample sites near the mouth of the Avon River and
at Cheverie (Fig. 1). The Blomidon Formation, made up of shale,
claystone, and siltstone, was present at the sample sites near Blo-
midon.

Sand also dominated the subtidal nearshore (NS) and deeper
water (DW) deposits (Fig. 6a). Silts and clays decreased offshore,
with a maximum in the tills. Gravel had a maximum in deep
water. Proportions of different sand-size classes (Table 2) showed
the same pattern of offshore coarsening (Fig. 6b). Coarse and me-
dium sands dominated the deep-water samples. Fine sand was the
dominant fraction in nearshore samples and in cliffs, beaches,
and till. The average grain size of seabed samples was medium
sand compared with an average of fine sand seen in land samples
(Table 3).

Discussion

Retreat rates
Significantly higher retreat rates were observed in time period 1

compared with time period 2. Causes of increase in retreat rates
are unclear. Generally, long-term changes in retreat rates have
been linked to increasing sea level (Brooks and Spencer 2012). This
effect has not yet been examined in the Minas Basin. Overall,

retreat rates did not correlate with geological and environmental
factors such as bedrock geology, surficial geology, terrain, and
drainage. Higher retreat rates occurred in areas that had higher
cliff elevations. This observation is consistent with others that
showed that steep cliffed coastlines often erode owing to failures
triggered by other events such as undercutting by waves (Young
et al. 2009). Also, as undercutting at the base of a cliff occurs,
mass movement by slumps and rockfalls becomes more common
(Emery and Kuhn 1982). However, Trenhaile (1999) suggests that
there is an inverse relationship between platform width and cliff
height because, with higher cliffs, more material is provided by
rockfalls, and this material can protect the base of the cliff from
further undercutting if it remains in place at the base. If eroded
material is suspended, or there is a beach present, suspended
sediment can act as an abrasive tool and aid in the erosion process
(Bird 1969; Robinson 1977; Pye and Blott 2015).

The friable nature of the Triassic sandstone cliffs is often cited
as the reason for high retreat rates in the Minas Basin (Amos and
Long 1980; Desplanque and Mossman 2004); however, physical
hardness is not solely what determines rock resistance, as strike,
dip, joint density, and environmental factors can all play a role
(Trenhaile 1999). Variations in erosion rates along the Minas Basin
coastline highlight more complex processes at work.

Sea-level rise due to climate change is also a threat to highly
erodible cliffs (Lee 2008). Brooks and Spencer (2012) found that
soft rock cliffs with high erosion rates along the Suffolk Coast, UK,
respond to sea-level rise similar to the SCAPE approximation
(Ashton et al. 2011) where the change in retreat rate is propor-
tional to the square root of the change in sea level. However, all
predictions of shoreline response rely heavily on accurate mea-
surements of baseline retreat (Brooks and Spencer 2012).

To predict retreat rates in the future more accurately, other
factors that can control erosion processes will need to be assessed.
Wave propagation models and cliff inundation models have not
been created for the Minas Basin. Cliff inundation and wave prop-
agation as well as correlation with changes in sea level may give
better insight to causes of higher retreat rates and changes in
those rates over time. Episodic erosion events also will need to be

Fig. 5. Illustration of the changes in sediment input rates along the Minas Basin coastline from time period 1 (1964 to early 1990s) and time
period 2 (early 1990s to 2013). Numbers 1–6 indicate study sections.
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linked mechanistically to longer term average erosion rates
(Dunn et al. 2000).

To explore the observed increase in retreat rates in this study as
indicative of a possible trend, the temporal resolution of measure-
ments needs to be improved. Temporal resolution could be in-
creased by focusing on smaller lengths of coast for which aerial
photographs are available for a greater number of years.

Sediment input
Amos and Long (1980) reported overall inputs of 3.09 ×

106 m3·a−1 (±0.93 × 106 m3·a−1) using data from 1939 to 1964. This
value is approximately three times greater than the 9.0 × 105 and
1.3 × 106 m3·a−1 for time periods 1 (1964 to early 1990s) and 2 (early
1990s to 2013), respectively, from the current study. The number
from Amos and Long (1980) includes volume input from a section
along Cape Split (0.68 × 106 m3·a−1), which was not included in the
current study on account of the degree of distortion in the photo-
graphs. Amos and Long (1980) did not measure erosion rates
around Cape Split. Their sediment input value was calculated
using elevation from the site and an erosion rate extrapolated
from a section further south along the coast of the Southern
Bight. Subtracting the sediment input from Cape Split still leaves
Amos and Long’s (1980) value more than two times larger than the
updated input. Another method of retreat rate measurement is
needed to estimate sediment input from the Cape Split section of
coastline.

The updated average sediment input value from coastal erosion
is 1.1 × 106 m3·a−1. An estimated 1.4 × 106 m3 of sediment is exca-
vated from the floor of the Minas Channel and Minas Passage each
year and transported in the Basin (Shaw et al. 2012), and 8 ×
104 m3·a−1 is introduced by downwearing of platforms. Combined,
these sources yield a total sediment input of approximately 2.6 ×
106 m3·a−1. Given the many assumptions behind these estimates,
this input value is comparable to the accumulation value of 2.0 ×
106 m3·a−1 based on subtidal accumulation of 0.5 × 106 m3·a−1

(Amos and Joice 1977) and intertidal accumulation estimates of
1.5 × 106 m3·a−1 (Shaw et al. 2012). This relative balance suggests
that the Minas Basin acts as a sediment trap, and sediment is not
being exported out of the system.

Grain-size distributions support the hypothesis that the Minas
Basin is acting as a sediment trap. Grain sizes along the coastline

Fig. 6. Average percent distribution of (a) gravel, sand, and silt and clay-sized particles and (b) coarse, medium, fine, and very fine sand for
till (T) (n = 7), cliff (C) (n = 56), beach (B) (n = 29), nearshore (NS) (n = 92), and deep-water (DW) (n = 69) sediment samples. n, number of samples.

Table 2. Textural class names of grain
sizes (after Folk and Ward 1957).

Texture Size (�)
Metric
size (�m)

Gravel <−1 >2000
Very coarse sand −1–0 2000–1000
Coarse sand 0–1 1000–500
Medium sand 1–2 500–250
Fine sand 2–3 250–125
Very fine sand 3–4 125–63
Silt and clay >4 <63

Note: Grain size � = −log2d, where d = max-
imum grain diameter in millimetres.

Table 3. Mean size and sorting of land (n = 92) and seabed (n = 161)
samples based on Folk and Ward (1975) classification system.

Average size (�)
Average size
(verbal)

Standard
deviation Sorting

Land samples
2.25 Fine sand 0.807 Moderately sorted

Seabed samples
2.14 Medium sand 0.756 Moderately sorted
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and in the subtidal nearshore and deep-water deposits are similar
(Table 3). Furthermore, sediments coarsen from onshore to off-
shore. Fine sand dominates cliffs and till, fine and medium sand is
seen in beach samples, and medium and coarse sand dominates
the nearshore and deep-water sites, respectively (Fig. 6b). This
pattern is typical of tidally dominated systems where the finest
sediments are winnowed, transported, and deposited into salt
marsh regions where currents are weakest (Allen 2000). This evi-
dence supports the hypothesis (Gelati 2012; Hill and Gelati, in
press) that the disagreement between observed and mean grain
size and maximum tidal bed shear stress in the Minas Basin is
caused by inputs of sediment that are finer than expected based
on the large hydrodynamic stresses.

Models (Wu et al. 2011, 2015; Li et al. 2015) and observations
(Amos and Long 1980) indicate that sediment transport through
the Minas Channel represents a net source of sediment to the
Minas Basin. Previously constructed sediment budgets, however
(Amos and Joice 1977; Amos and Long 1980; Shaw et al. 2012), made
this impossible because cliff erosion delivered more sediment to
the Minas Basin than was stored in subtidal and intertidal depos-
its. The lower volumetric inputs from coastal erosion measured in
this study create a sediment budget for the Minas Basin for which
sediment influx through the Minas Channel can be accommo-
dated.

Amos and Joice (1977) used estimates of inputs to the Minas
Basin to speculate that its volume is decreasing, despite rising sea
levels. They proposed net inputs from coastal erosion, influx
through the Minas Channel, and rivers (5.0 × 106 m3·a−1). Sea-level
rise of 3 mm·a−1 increases volume of the Minas Basin by 3.3 ×
106 m3·a−1, and coastal retreat adds an additional 1.3 × 105 m3·a−1,
for a total of 3.4 × 106 m3·a−1. This budget (Amos and Joice 1977)
indicates that the Minas Basin is decreasing in volume by 1.6 ×
106 m3·a−1. The updated budget provided here leads to the oppo-
site conclusion. With net inputs of 2.6 × 106 m3·a−1, and the vol-
ume increase proposed by Amos and Joice (1977), the volume of
the Basin is increasing by 0.8 × 106 m3·a−1.

When a system is not in hydrodynamic equilibrium with bot-
tom currents, simple conclusions between changes in current
speed and changes in sediment texture cannot be drawn. Accurate
models of sediment texture require coupled hydrodynamic and
sediment models in which sediment sources are spatially and
temporally resolved. If, however, sediment bed texture is domi-
nated by inputs and not by bottom current speeds, and if inputs
are not likely to be affected substantially by anticipated changes
to the environment, then a model of sediment texture, arguably,
is not necessary because texture is unlikely to change. Sediment
inputs to the Minas Basin by coastline erosion and excavation of
the seabed are unlikely to be altered dramatically by tidal power
extraction, so seabed texture is not likely to be affected either (Hill
and Gelati, in press).

Conclusions
Over the past 50 years, sediment from coastal erosion entered

the Minas Basin at a rate of 1.1 × 106 m3·a−1. Most of this input was
from cliff erosion along the north shore of the Central Minas
Basin where coastline elevations and erosion rates were both
high. This updated value is smaller than previously estimated
inputs. With this new estimate, sediment input rates are compa-
rable to sediment accumulation rates within the Basin, showing
that the Minas Basin acts as a sediment trap. Grain-size distribu-
tions show coarsening from onshore to offshore, which is con-
sistent with a tidally dominated system and also support this
hypothesis.

Updated measurements of sediment input to the Minas Basin
provided by this study support the findings by Hill and Gelati (in
press) that bottom sediment texture in the Minas Basin is not in
hydrodynamic equilibrium with tidal bed shear stress. Simple

correlations, therefore, do not exist between changes in current
speeds and changes in sediment texture within this system. Sedi-
ment input from coastal erosion needs to be included in future
sediment dynamic and texture models in order for them to de-
scribe accurately how sediment texture is likely to respond to
changes in hydrodynamic stress. If sediment texture is dominated
by inputs from cliff sources and not by bottom currents, then a
logical corollary is that changes in current speeds due to tidal
power extraction likely will have little impact on the overall sed-
iment texture in the Minas Basin.
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