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Abstract  15 

Geophysical imaging of coastal dune stratigraphy near Haast, South Westland, provides insight 16 

into coseismic dune modification on a seismically active coastline. Ground penetrating radar 17 

(GPR) reveals two low-angle features that apparently truncate and offset dune bedding. 18 

Complex attribute analysis of the GPR profiles, and a distinct electrical resistivity response, are 19 

consistent with truncated bedding. One feature is near-coastal and separates post-seismic dunes 20 

that have been attributed to the 1717 and 1826 Alpine Fault earthquakes. Another is inland, and 21 

coincident with a stream channel. Superficially, the truncations might be interpreted as erosional 22 

features caused by large storms; however, the truncating features penetrate and appear to disrupt 23 

the wave base. We thus suggest the near-coastal truncation is either a translational feature, such 24 

as a slide, or more likely an erosional record of the 1826 South Westland tsunami. The inland 25 

feature records a previous event whose cause needs further investigation.  26 
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  29 

Introduction  30 

Tectonic forces are major drivers of landscape evolution, and of range-front and coastal 31 

sedimentation in New Zealand and elsewhere (e.g., Goff and McFadgen 2002; Wells and Goff 32 

2006, 2007; Quigley et al. 2007), generating secondary fault ruptures, landslides, and tsunamis. 33 

Tsunamis commonly contribute to a cascade of seismotectonic hazards along convergent plate 34 

boundaries (Atwater 1987; Goff & McFadgen 2002; Patton et al. 2009; Fritz et al. 2012) and 35 

may be an agent of substantial erosion, entraining near-shore sand, sometimes to well below 36 

wave base (Srinivasalu et al. 2007; Goff et al. 2009). The coastal plains of the southwest South 37 

Island of New Zealand lie within a few 10s of km away from the Australia–Pacific plate 38 

boundary, which has ruptured along the Alpine Fault approximately every 329 years for over 39 
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8000 years (Berryman et al. 2012). Earthquakes on the southwestern end of the Alpine Fault, 40 

where it passes offshore, give rise to a tsunami hazard that may be difficult to identify and 41 

quantify, even for historic events (e.g., Goff et al. 2004).  42 

Major seismic events can also be responsible for rapid geomorphic evolution, due partly 43 

to sediment generation during co-seismic landsliding (Goff and McFadgen 2002; Wells and 44 

Goff 2006, 2007; Robinson and Davies 2013; Howarth et al. 2012). Post-seismic sedimentary 45 

response can be rapid, and in areas that experience intense runoff events, the post-earthquake 46 

residence time of landslide sediment may be of the order of only a few years (Wang et al. 2015) 47 

to decades (Howarth et al. 2012). Together, the sedimentary response, landslide effects, and 48 

tsunami generation can drastically alter the landscape by cycles of erosion and accretion of 49 

sediment at beaches and other coastal features (Goff et al. 2009). A number of studies have 50 

concluded that large Alpine Fault events result in large pulses of sediment (e.g. Berryman et al. 51 

2012; Clark et al. 2013; Howarth et al. 2012), which are efficiently delivered to the catchments 52 

during large rainfall events (Fitzsimons et al. 2013). Coastal areas of these catchments record 53 

the large rainfall, landslide, and faulting events as pulses of sediments that are redistributed by 54 

long-shore transport and then by wave and wind action to form coastal dunes, which are 55 

subsequently populated by trees and shrubs within decades of an event (Wells and Goff 2006, 56 

2007). Wells and Goff (2006) have used tree rings to relate shoreparallel dunes near Haast to 57 

major ruptures on the Alpine Fault. They related the youngest dune to the 1826 Fiordland 58 

earthquake, which presumably ruptured on the offshore Puysegur section of the Alpine Fault 59 

(e.g., Norris and Cooper 2001). However, Goff et al. (2004) indicate that the tsunami inundation 60 

may have extended (Fig. 1) from Dusky Sound in the south, at least to Okarito Lagoon in the 61 

north, indicating that it may have caused coastal erosion along the Haast coast. While the record 62 

is far from certain, we will follow the timeline and dating outlined by Wells and Goff (2006) as 63 

a guide to the shore-parallel morphology.  64 
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Our initial purpose was thus to investigate the coastal dune stratigraphy and test whether 65 

the observed subsurface stratigraphy fit with the Wells and Goff model of dune formation.  66 

Most West Coast sediment pulses incorporate more magnetic sediments (Fitzsimons et al.  67 

2013), which will yield good reflections in ground penetrating radar (GPR) (e.g. Meyers et al. 68 

1996; Smith et al. 1999).  69 

We report the results of our analysis of new GPR and complementary electrical imaging 70 

(EI) data from two sites in South Westland, near Haast. The radargrams reveal dune sequences 71 

building seaward on top of the interpreted basal wave base platform and on previously deposited 72 

dune sequences as we expected to see, and as observed, for example, by Meyers et al. (1996), 73 

Smith et al. (1999), and Peterson et al. (2010). In some cases, these could be interpreted as storm 74 

event erosional features, or retreat scarps (e.g. Meyers et al. 1996; Peterson et al. 2010) but in 75 

others, the truncating features extend to the wave base, and at two sites appear to disrupt the 76 

wave base. Strong storms are not known to disturb or disrupt the wave base. One location was 77 

near the Haast River mouth, where we observe truncated bedding on the face of the second 78 

youngest coastal dune, and the other was inland, crossing an old access track and coincident 79 

with a steeply incised stream channel. The age constraints provided by the dune vegetation 80 

suggests that the disruption of the wavebase reflection, which superficially resembles low angle 81 

faulting, is caused either by low-angle slope failure or by tsunami erosion of the dune face, 82 

possibly during the elusive 1826 tsunami.  83 

  84 

Site Description and Survey Methodology  85 

The Alpine Fault is located less than 10 km to the southeast of the study sites (Figs. 1 and 2). A 86 

second large tectonic feature, the South Westland Fault Zone (SWFZ), lies a similar distance to 87 

the northwest of the study area, offshore of Haast (Fig. 2). Its activity and recurrence are 88 

unknown, but it has been presumed to be inactive in recent times (e.g.  89 
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Sutherland 1996; Sircombe and Kamp 1998; Rattenbury et al. 2010). The Alpine Fault generates 90 

coseismic landslides that provide pulses of sediments to the local catchments (e.g.  91 

Howarth et al. 2012; Clark et al. 2013). These sediments are then transported to the Tasman Sea 92 

(Figs. 1, 2, and 3), where they are distributed by longshore drift, accreted to the shore face, and 93 

form linear shore-parallel beach ridges in the decades immediately following a major Alpine 94 

Fault event (Wells and Goff 2006, 2007). By using tree ring dating, each ridge has been 95 

attributed to an Alpine Fault event (Fig. 3A).  96 

We investigated two sites: one near the Haast River mouth, in South Westland, New 97 

Zealand, and a second half-way between the mouths of the Haast and Okuru Rivers, along an 98 

old access track that starts next to the Haast landfill road entrance (Figs. 2 and 3). We used GPR 99 

and electrical methods at the sites along the shorter shoreward line (Fig. 3A, short line adjacent 100 

to the shore), and GPR alone along the Haast landfill road (Fig. 3B), and the longer Haast 101 

Highway (Fig. 3A) profiles. The shoreward profile extended northwest towards the sea from 102 

the highway, whereas the road profiles extended inland to the southeast. Other profiles marked 103 

in Figure 2 were not used because they were either dominated by recent river erosion and 104 

deposition, or were adversely affected by sea water along the shore.  105 

GPR  106 

Ground penetrating radar (GPR) has become a widely used tool in subsurface imaging. The 107 

reader is referred to Davis and Annan (1989) and Milsom and Eriksen (2011) for descriptions 108 

of how GPR works.  109 

The GPR data were gathered using a Sensors & Software pulseEKKO 100A system, 110 

equipped with 50 and 100 MHz antennas. The 50 MHz profiles were acquired by stepping the 111 

antennas along the profile at 0.5 m intervals. This was close to the lateral sampling resolution 112 

of the antennas, which is equal to the optimal trace spacing. The 100 MHz GPR profiles were 113 

acquired mounted on a sled which was towed slowly, with regularly spaced fiducial markers 114 
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placed along the line to check the speed and to allow later interpolation to regular trace spacing. 115 

The 100 MHz profiles were generally slightly oversampled, which yields good continuity of 116 

reflections and of any subsurface diffractions. Both sets of antennas were used at the Haast 117 

River mouth (HRM) site. The depth of penetration of the 100 MHz signal is almost as good as 118 

for the 50 MHz signal, and the resolution is better, so only the 100 MHz antennas were used for 119 

the Haast Highway and Haast landfill road profiles.   120 

In addition to the standard common offset profiles, common mid-point/wide-angle 121 

reflection and refraction (CMP/WARR) profiles (Davis and Annan 1989; Hatton et al. 1986) 122 

were acquired at the HRM site (Figs. 3A and 4A). Reflection parabolas are generated in the  123 

CMP profiles as the source and receiver antennas are separated in a step-wise fashion (Fig. 4A). 124 

Semblance analysis of the CMP parabolas (Hatton et al. 1986) allows us to construct a velocity 125 

stratigraphy (Fig. 4B). The velocities obtained are consistent with partly saturated to saturated 126 

sand and silt: decreasing from about 0.09 m/ns (90 m/ s) near the surface to about 0.07 m/ns 127 

(70 m/ s) at depth. Thus a velocity of 0.07 m/ns was used for processing the HRM profiles. 128 

The few diffractions due to subsurface scattering features present in the Haast profiles are 129 

consistent with the semblance analysis velocities. The weather in the days immediately 130 

preceding the acquisition of the Haast shore profiles was very wet, with widespread flooding, 131 

and because of the dominance of the water content on the GPR response, the GPR velocity can 132 

be affected. The CMP profiles were gathered on the first dry day.  133 

No CMP/WARR profiles could be gathered at the Haast landfill site because of time and 134 

spatial constraints. However, there were diffractions present, and the velocities obtained were 135 

of the order of 0.1 m/ns (100 m/ s), a value more consistent with partly saturated sand. The 136 

difference between the Haast shore and Haast landfill road velocities may be due, in part, to the 137 

sunny warm weather in the days preceding the acquisition of the Haast landfill profile.  138 

The profiles were further processed using complex attribute analysis (see Hatton et al.  139 
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1986; Kanasewich 1981). Each profile is composed of a set of real numbers – traces – that are 140 

a record of the antenna voltage as a function of time, V(t). If we take the Hilbert transform of 141 

each trace, H(V(t)), we can create a complex number:  z(t) = V(t) + i H(V(t)) = x + iy,  where  142 

i = √-1 , which will then have the usual complex attributes of:  143 

  instantaneous amplitude (also called the envelope),  |z(t)| = √( x
2 + y2

 ),   144 

 instantaneous phase,  (t) = tan-1(H(V(t))/V(t)) = tan-1(y/x), and  145 

 instantaneous frequency,  f(t) = (d /dt)/2 .  146 

The envelope, or instantaneous amplitude, reflects changes in reflection strength, and is 147 

often associated with changes in lithology and sequence boundaries (Taner et al. 1979; Taner 148 

2001). The instantaneous amplitude may thus be associated with depositional environment 149 

changes. Because of reflection strength variations, the instantaneous amplitude may also change 150 

at discontinuities, such as faults. The instantaneous phase is useful for testing the continuity or 151 

connectedness of what are apparently continuous reflections (e.g., Yetton and Nobes 1998). 152 

Reflections from bedded sediments can often appear continuous and connected even if they are 153 

actually offset in the presence of faulting, particularly if no rotation occurs across the fault. The 154 

instantaneous phase helps to identify discontinuities in bedding across, for example, faults and 155 

unconformities. The instantaneous frequency is often used as an indicator of textural changes 156 

(e.g., Francké and Nobes 2000). As such, it has less of a role here, because the textures of dune 157 

sediments are similar on both sides of any faults or storm scarps.  158 

Electrical Imaging  159 

Electrical imaging (EI) profiles were acquired using a Campus Tigre system with 128 160 

electrodes, deployed at 1 m spacing in a simple Wenner array geometry (e.g., Milsom and  161 

Eriksen 2011). The EI profiles were gathered across the youngest coastal dunes near the Haast 162 

River mouth (at the shore in Fig. 3A). The HRM profile began on the back of the dune that is 163 
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attributed to the 1717 Alpine Fault earthquake (Fig. 3A) and extended 127 m, finishing at the 164 

edge of the high tide mark on the beach just north of the HRM.   165 

The data were modelled using the inversion algorithm developed by Loke and Barker 166 

(1996) and implemented in the Res2DInv computer modelling and inversion programme. The 167 

measured  168 

EI response is iteratively modelled, until the model converges to a level of “misfit” that is 169 

unchanging; the “misfit” is the difference between the measured and model responses, 170 

expressed as a root-mean squared error in percent. Each profile thus yielded a “best fit” model 171 

that minimised the misfit between the observed apparent resistivities and the model response. 172 

Features will be more reliable in the interior of a model than at its edges, because there is less 173 

data coverage at the base and at either end of the profile. The models were run with and without 174 

topography. The topographically-corrected models were then interpreted jointly with the GPR 175 

results.  176 

Figure 5 provides an example of a good fit between the measured (Fig. 5A) and the 177 

modelled responses (Fig. 5B) for the HRM EI, with a misfit of only 1.3 %. The model which 178 

includes topography (Fig. 5C) clearly shows the resistive surface layers, especially the highly 179 

resistive dunes, and the contrasting more conductive subsurface layers. The electrical images 180 

did not extend far enough out onto the tidal shore to record the influence of sea water at depth, 181 

but clearly show the contrast between the dunes on the surface and the deeper strata.   182 

  183 

Results  184 

We now consider the profiles moving from north to south, starting with the Haast Highway 185 

profile. All profiles have been migrated and corrected for topography. Examples of the sorts of 186 

features we expected to see are illustrated in a portion of the Haast Highway GPR profile. The 187 

features of interest are difficult to see in the entire profile, so only a small portion is shown here 188 
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as an example (Figure 6). We observe the GPR reflections from a dune sequence onlapping the 189 

seaward slope of a previous dune sequence.  The wave base can just be seen at the far left of 190 

Figure 6A, at about 350 to 400 ns two-way travel-time (TWT), or about 8 m below sea level at 191 

this location. A possible storm beach can be seen at the top of the dune sequence, at about 400 192 

m along the Haast Highway profile. At about 560 m along the profile, there appear to be 193 

truncations of the bedding (arrows in Figure 6), but the truncating feature does not reach the 194 

wave base. We interpret this as either a storm beach or possibly a slump feature, given the 195 

hummocky character of the material at depth seaward of the arrows.  196 

In contrast, a truncating feature visible across the middle of the Haast shore profiles 197 

(Figure 7, highlighted by the dashed line and the arrows) truncates or cross-cuts not only the 198 

bedding, but also appears to disrupt the wave base  at about 300 – 350 ns two-way travel-time 199 

(TWT) or about 8 – 9 m below current sea level at this location. This would not occur if the 200 

linear feature were merely a wave or storm scarp. The slope of the wave base is disrupted and 201 

appears to tilt shoreward at a location that coincides with the truncating feature.  202 

The truncating feature is clearest in the 50 MHz profile (Fig. 7B). The difference in 203 

response is further emphasised by the envelope (Fig. 8) and the instantaneous phase (Fig. 9), 204 

which makes the offsets clearer in the 100 MHz profile (Figs. 8A and 9A). It is probably not a 205 

slump feature, because we do not see any of the hummocky reflections that are characteristic of 206 

slumps. The truncating feature is only just visible in the instantaneous frequency profile (Fig. 207 

10), which illustrates that the textures across the truncating feature are similar, and the response 208 

is dominated by the sandy lithology.  209 

The clear evidence for a truncating and potentially offsetting feature in the GPR data, is 210 

enhanced by comparing the GPR and EI results (Fig. 11), which complement and support  211 

each other. The higher resistivity feature (brighter colour) at depth in the EI profiles, is truncated 212 

by the dipping GPR reflector. Using the migrated and topographically corrected GPR profiles, 213 
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we estimate the dip of the truncating feature to be about 12 º to 20 º to the northwest. The slope 214 

looks much steeper in the GPR profiles due to the vertical exaggeration. The mutual agreement 215 

of the two data sets then gives us more confidence in each of the individual data sets.  216 

The Haast landfill road (HLR) profile shows both dune-like features in the near surface  217 

(Figure 12A), and indications of massive bedding (i.e. lack of reflections, cf. Nobes et al. 2001) 218 

both in the near surface (between about 480 to 540 m along the profile) and at depth (at about 219 

120 m along the profile). Closer examination of the HLR profile on either side of the stream 220 

channel (Figure 12B) reveals apparent truncations of beds to the northwest (left) of the stream 221 

channel. As for the HRM profile, the truncating feature appears to be dipping to the northwest.  222 

Complex attribute analysis of the HLR profile (Fig. 13) clarifies the truncating feature, 223 

especially in the instantaneous amplitude (Fig. 13A), whilst the lack of continuity of the bed 224 

reflections is clearer in the instantaneous phase (Fig. 13B). The instantaneous amplitude (Fig. 225 

13A) also reveals the presence of another, oppositely dipping feature to the southeast (right) of 226 

the stream channel. The northwest dipping feature extends to depth, and may offset the wave 227 

base, although the reflection energy at that depth is not sufficient to be clear. The southeast 228 

dipping feature does not appear to extend to depth much beyond about 4 m, but it has significant 229 

envelope energy, and separates two zones, one with little or no envelope response and another 230 

with significant envelope response. Both the significant dipping features that are clear in the 231 

instantaneous amplitude come to the surface at the stream channel.  232 

  233 

Discussion  234 

We observe several clear truncations of beds in the geophysical imaging profiles. 235 

Bending-moment normal faults can be present in this tectonic context. However, the dips of the 236 

truncating features are less than 20 º, and thus are unlikely to be normal faults. The exact angle 237 

of a normal fault depends on the friction angle of the material. Dry sand has a friction angle of 238 
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approximately 30 º, so the normal faulting should occur at about 30 º to the (vertical) maximum 239 

compressive stress. This suggests that a normal fault in sand should be dipping 60 º.   240 

Lower angle failure planes generally require pre-existing structures, high pore pressures, 241 

or both. For instance, sliding can occur on low angle failure planes due to high pore pressures 242 

(e.g. Hubbert and Rubey 1959). Thus, the anomalous feaures could be a lateral-spread feature, 243 

with sliding towards a free face on a low-angle slip surface due to co-seismically elevated pore 244 

pressures. In either case, the event that caused the displacement  could be  coincident with the 245 

earthquake that built the seaward, 1826 dune.  The beds on either side of the truncating features 246 

are difficult to correlate, suggesting that the features are not slip-planes that are offsetting the 247 

dune and near-shore stratigraphy. However, difficulty in correlating beds is not the same as a 248 

complete lack of correlation. We would also expect to see an indication of a hummocky 249 

reflection profile above the wave base, if the bed truncations are due to a slip, as we noted in 250 

Fig. 6 for the Haast Highway profile. The response as depth is not clear enough to distinguish 251 

if the beds are hummocky or not. We therefore consider a failure surface to be a possible 252 

explanation for these features.  253 

We return then to the 1826 earthquake, and the report of a tsunami associated with that 254 

event (Goff et al. 2004). The dipping feature in the HRM profile truncates beds that are part of 255 

the 1717 dune (Fig. 17), which in 1826 would have been the most seaward dune. A tsunami 256 

cutface would, in one sense, be an extreme case of a storm cut beach. As noted earlier, storm 257 

cut beaches are not known to disrupt or displace the wave base. The timing would fit what we 258 

observe: the feature truncates the beds of the dune associated with the 1717 Alpine Fault event; 259 

the beds on either side do not align, but appear to be independently deposited; the seaward beds 260 

build up on the base; and subsequently a coastal dune forms that has been attributed to the 1826 261 

event (Wells and Goff 2007).   262 
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The HRM profles can thus be interpreted as illustrated in Figure 17. The 1717 dune and 263 

foreslope deposits (labelled A in Fig. 17) were eroded and truncated by a tsunami generated by 264 

the 1826  Fiordland event, or were truncated by a co-seismic low-angle failure. Some of the 265 

material eroded from A was deposited soon after at the base of the slope (B in Fig 17). 266 

Sediments transported alongshore during the aftermath of the 1826 event were deposited, 267 

initially as coastal dune foresets (Bi in Fig. 17). Most of this sediment would have been 268 

shoreface deposits filling the “void” that remained after the tsunami erosion. Continuing cycles 269 

of sediment accumulation (C, D and E in Fig. 17) built up the coastal dune deposits, culminating 270 

in the foreslope shore accretion (F in Fig. 17). Finally, plants became established on the seaward 271 

dune (Wells and Goff 2007).  272 

The other similar feature that we observed along the inland HLR profile are suggestive of 273 

a similar process, but associated with an earlier event. The deposits lying seaward of the stream 274 

cut are truncated by a feature similar to that observed in the HRM profiles. However, the 275 

presence of an additional shallowly dipping feature landward of the stream cut presents the 276 

possibility of another tectonic feature controlling the landscape and processes at this site. Given 277 

the position of the stream cut, the event predates 1717, and possibly predates 1615, based on 278 

the dating of Wells and Goff (2006, 2007). The site is accessible, albeit from a rough track 279 

through West Coast temperate rain forest, and future work could determine the exact nature and 280 

timing of the event that gave rise to the truncating feature.  281 

  282 

Conclusions  283 

Geophysical imaging of the beach ridges near the mouth of the Haast River reveals the presence 284 

of a linear feature that appears to truncate the bedding in the nearshore dunes and to disrupt the 285 

wave base, which we would not expect if it were simply a storm scarp. A similar feature is 286 

observed to truncate beds along an old access road adjacent to the Haast landfill road, and there 287 
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is an incised stream channel where this feature comes to surface. The dips are too shallow and 288 

the field relationships indicate that the features are too young to be normal faults, so we suggest 289 

that the truncations are likely due to erosion either by a shallowly dipping slip triggered by an 290 

event on the nearby Alpine Fault or by a tsunami associated with the 1826 Fiordland earthquake. 291 

Given how close the structures come to the surface, it may be possible to test our hypotheses 292 

by trenching or other similar means.  293 
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Figures 399 

 400 

 401 

Figure 1. The study site was in South Westland, near the Alpine Fault. The 1826 tsunami was 402 

observed in Dusky Sound, about 200 km south of our study site, and deposits of that 403 

tsunami have been found in Okarito Lagoon, about 100 km north of our study site. Inset: 404 

Location of the study area on the West Coast of the South Island.  405 
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 406 

Figure 2. The study location was northwest of the Alpine Fault and southeast of the offshore  407 

South Westland Fault Zone (SWFZ). One site was near the mouth of the Haast Rivers (A) 408 

and a second between the Haast and Okuru River mouths (B). The Haast profile was 409 

acquired in two segments: a shoreward segment running from the highway to the high 410 

tide marks, and along the roads.  411 
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 412 

Figure 3. Detailed views of the two survey locations. (A) The Haast shore and Haast Highway 413 

profile locations are northeast of the Haast River mouth. The dune ridge dates from the 414 

Wells and Goff (2006) model are shown for reference. (B) The Haast landfill road profile 415 

started next to the highway and then followed an old supply track. The location of the 416 

stream cut noted in the text and in Figures 12 and 13 is indicated by the arrow.  417 
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 418 

Figure 4: The Haast CMP profile (A, top) had no clear direct ground arrival. The air arrival 419 

yields a velocity of 0.3 m/ns, as it should, which calibrates the profile. The resultant 420 

semblance analysis (B, bottom) yields velocities that decrease from 0.09 m/ns (90 m/ s) 421 

in the upper 50 ns, to about 0.07 m/ns (70 m/ s) below 50 ns.   422 
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 423 

Figure 5. The measured apparent electrical resistivity for the HRM EI profile (A) has a good 424 

“best fit” model response (B) that yields a misfit of only 1.3 %. The “best-fitting” model 425 

including topography (C) has a high-resistivity layer on the top, corresponding to the sand 426 

dunes on the surface, and lower resistivity layers and features at depth.  427 
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 428 

Figure 6. A portion of the migrated and topographically corrected Haast Highway profile (A) 429 

and the instantaneous phase (B) illustrates some characteristic features. The profiles are 430 

viewed as if looking from the southwest to the northeast; the sea is to the northwest. The 431 

dune is visible, centred at about 440 m along the profile. The steepness of the dune face 432 

at shallow depths may suggest a storm beach front. At about 560 m along the profile, we 433 

see truncated beds, and some possibly hummocky reflections at depth at about 480 m 434 

along the profile. This feature could be a storm beach or a slump of sediment triggered by 435 

a storm or some other cause.  436 
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 437 

Figure 7. The 100 MHz (A) and 50 MHz (B) HRM profiles appear to have a feature that not 438 

only truncates the beds, but also appears to disrupt the wave base at 300 – 350 ns TWT 439 

(about 11 m depth). The feature is clearest in the 50 MHz profile (B). The profiles run 440 

approximately southeast to northwest. The profiles are viewed as if looking from the 441 

northeast to the southwest, with the sea to the northwest.  442 
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 443 

Figure 8. The envelope enhances the changes observed across the truncating feature in the 100  444 

MHz HRM profile (A). The reflections either side of the feature are clearly different.  445 

The changes are not so enhanced in the 50 HRM MHz profile (B), where the normal GPR 446 

profile (Fig. 7B) more clearly shows the presence of the truncating feature.  447 
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 448 

Figure 9. The instantaneous phase profiles corresponding to those in Figure 8 are shown for the 449 

100 MHz HRM profile (A) and 50 MHz profile (B). In this case, the linear feature noted 450 

in Figure 8 is more clearly seen in the 100 MHz instantaneous phase (A).  451 
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 452 

Figure 10. The instantaneous frequency shows only minor changes across the possible 453 

structure. The differences in the textural response is greater at depth in the 100 MHz HRM 454 

profile (A), below about 60 to 80 m along the profile. As for the envelope (Fig.  455 

8B) and instantaneous phase (Fig. 9B), the instantaneous frequency for the 50 MHz HRM 456 

profile (B) does not enhance the response of the truncating feature.  457 
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 458 

Figure 11. The HRM GPR 100 MHz (A) and 50 MHz (B) profiles are shown overlain with the 459 

best-fitting resistivity model. A truncating feature is readily apparent and has a clear 460 

influence on the subsurface electrical properties as well as on the GPR.  461 
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 462 

Figure 12. The HLR profile (A) and a detailed section from 240 to 480 m along the HLR profile 463 

(B) highlight near surface coastal dune features, and a possible truncating feature dipping 464 

to the northwest, which comes to surface at an incised stream channel.  465 
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 466 

Figure 13. The complex attributes envelope (A) and instantaneous phase (B) of the subset of 467 

the HLR profile shown in Fig. 12B enhance the appearance of the truncating feature that 468 

reaches the surface at the stream cut (arrow). In addition, in the envelope response (B), 469 

there also appears to be a feature dipping inland (to the right) to the southeast away from 470 

near the crest of the stream cut.  471 
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 472 

Figure 14. An interpretive diagram incorporating the reflections observed along all of the HRM 473 

profiles. The 1717 dune deposits (A) overlie the storm wave base (SWB), and are 474 

truncated by the feature noted in the text and in Figures 10 through 13. Some of the 475 

material eroded from A was initially deposited (B) at the base of the 1717 dune deposits.  476 

The start of the deposition in the aftermath of the 1826 event then built coastal dune 477 

foresets (Bi), followed by cycles of sediment accretion (C, D and E). Finally, the dune 478 

foreslope sediments were deposited (F). Sea water (SW) impedes penetration of the radar 479 

signal.  480 
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