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ABSTRACT 
The 1987 ML 6.3 Edgecumbe earthquake triggered liquefaction and associated lateral spreading within localized areas of 
the Whakatane township in the North Island of New Zealand. Recent studies utilizing extensive Cone Penetration Test 
(CPT) investigations indicate that much of the township, including the Central Business District (CBD), is underlain by 
sediments with a low cyclic resistance to liquefaction. Analysis of the extensive CPT database indicates that widespread 
liquefaction and lateral spreading was predicted within Whakatane during the Edgecumbe earthquake based on modelled 
Peak Ground Accelerations (PGA) and depth to groundwater models. Collated post-event accounts indicate that localized 
liquefaction and lateral spreading occurred proximal to the Whakatane River during the Edgecumbe earthquake, while no 
liquefaction was observed in the Whakatane CBD. Trenching at selected sites within the CBD revealed subsurface 
sediment comprising fine sand to silt inter-bedded with inter-mixed layers of medium to coarse quartz-rich sand and pumice 
granules. The CPT does not capture the fine-scale inter-layering within the sediment, nor are the simplified CPT-based 
methods developed for pumice soils. These limitations of the current methodologies may account for some of the 
discrepancy between predicted and observed liquefaction at these sites during the Edgecumbe earthquake. No sub-
surface liquefaction features were observed in the trenches at these sites, indicating that the subsurface sediments have 
not liquefied since their deposition. Additional trenching at sites known to have liquefied during the Edgecumbe earthquake 
revealed lateral-spreading fissures in-filled with silty fine sand that are inferred to have formed during the Edgecumbe 
event. No evidence of pre-historic liquefaction (i.e. pre 1987) was observed, indicating that the sediments had not liquefied 
since their deposition and prior to the Edgecumbe earthquake. This paper documents the case history sites, both where 
liquefaction did and did not occur, and highlights potential reasoning for the inconsistencies between the predicted and 
observed distribution of liquefaction within Whakatane during the Edgecumbe earthquake.  
 
 
1 INTRODUCTION 
 
Earthquake-induced liquefaction and associated lateral 
spreading poses a significant hazard to the built 
environment. It is critical that liquefaction hazards be 
adequately assessed so that the hazard can be effectively 
managed, and the associated impacts minimized. The 
simplified liquefaction triggering procedures for assessing 
liquefaction hazards have been derived from liquefaction 
case histories collected following large earthquakes (i.e. 
Idriss and Boulanger, 2008 and Boulanger and Idriss, 
2014). Cases where liquefaction is predicted by the 
simplified procedures, yet was not observed following large 
earthquakes, provides important insights into the 
limitations of the current assessment methodologies, 
including their applicability in various soil types. Detailed 
characterization of the subsurface soils in areas where 
liquefaction was predicted and manifested during large 
earthquakes, and areas where liquefaction was predicted 
yet did not manifest, enables potential reasoning for this 
variability to be examined in detail. 

The 1987 ML 6.3 Edgecumbe earthquake caused 
localized liquefaction and lateral spreading in parts of the 

Rangitaki Plains in the Bay of Plenty, New Zealand. 
Liquefaction and lateral spreading resulted in severe 
damage to infrastructure and lifelines, including $NZ 10 
million worth of damage to flood control and drainage 
schemes within the region (Pender and Robertson, 1987; 
Christensen, 1995; Dowrick and Rhoades, 1990 and Berrill 
et al. 2001). The township of Whakatane experienced 
localized liquefaction and lateral spreading proximal to the 
Whakatane River, while no liquefaction was observed 
within the Central Business District (CBD; refer to the 
hatched areas in Fig. 1a) (Christensen, 1995 and Berrill et 
al. 2001). In-situ Cone Penetration Testing (CPT) indicates 
that the sediments underlying the Whakatane township, 
including the CBD, have a low resistance to liquefaction 
(Fig. 1d). The inconsistencies between the predicted and 
observed distribution of liquefaction during the Edgecumbe 
earthquake provides an important set of case histories for 
investigating potential factors influencing the surface 
manifestation of liquefaction. 

In this paper, the predicted liquefaction severity within 
Whakatane is modelled for the 1987 Edgecumbe 
earthquake using the extensive CPT dataset collated for 
the township. The CPT are analyzed using estimated peak  



 

ground acceleration (PGA) contours and the modelled  
depth to groundwater at the time of the earthquake (Fig. 
1a). The subsurface sediments at five selected sites where 
liquefaction did and did not occur during the Edgecumbe 
earthquake are characterized through comparison of 
proximal CPT traces (Sites 1 to 5; Fig. 1). Trenching is 
additionally undertaken at the selected sites to determine 
whether evidence of liquefaction and/or pre-historic 
liquefaction is present. It is anticipated that this work will 
help to adequately characterize the liquefaction hazard for 
the Whakatane township and potentially limit the 
unnecessary implementation of liquefaction mitigation 
measures in areas where the soils have a higher resistance 
to liquefaction than indicated by the simplified CPT-based 
methods. 
 
2 GEOLOGIC AND GEOMORPHIC SETTING 
 
The township of Whakatane is located adjacent to the 
coast at the south-eastern margin of the Rangitaiki Plains. 
The Rangitaiki Plains are situated within the Whakatane 
graben which experiences ~2 to 3 mm/yr of subsidence 
along the axis, and ~0.5 mm/yr uplift within the surrounding 
hills (Nairn and Beanland, 1989). Faults are commonly 
masked by the Quaternary fluvial and marine sediments 

deposited on the plains, which are locally interbedded with 
pyroclastic pumiceous deposits from the nearby Taupo 
Volcanic Zone (Begg and Mouslopoulou, 2010). As a 
result, the location of active faults and associated timing of 
pre-historic earthquakes within the region is uncertain.  

Whakatane is primarily situated upon the low-elevation 
(0 to 3 m above sea level) flood plain of the meandering 
Whakatane River which is locally truncated by higher 
elevation (2 to 10 m asl) paleo-beach ridges (Fig. 1c). The 
township is bounded to the south by steep hills comprising 
paleo-sea cliffs. The township is primarily underlain by 
near-shore marine sands and silts deposited during 
shoreline regression and coastline progression following 
the ~6,500 year before present highstand. The sediments 
are overlain by alluvial sands, silts, and granules deposited 
by the Whakatane River (Fig. 1c). Abandoned channels 
and cut-off meander bends of the Whakatane River are 
present to the south-west of the township, much of which 
liquefied and laterally spread during the Edgecumbe 
earthquake (refer to the hatched area in Fig. 1a and c) 
(Christensen, 1995). Reclamation of land proximal to the 
river was undertaken for development of the CBD in the 
early 1900’s with the area infilled rock tailings from a local 
quarry (Fig. 1c) (WDC archives). The Whakatane Fault 
extends along the eastern side of the Whakatane River, 

Figure 1: A) Likely PGA contours and the observed location of liquefaction within the township of Whakatane as a result 
of the 1987 Edgecumbe earthquake, with assumed depth to groundwater at the CPT locations also indicated. B) Depth to 
groundwater model at the time of the 1987 Edgecumbe earthquake with the position of the five study sites indicated. C) 
Simplified geomorphic map of Whakatane with the location of the study sites and approximate position of the Whakatane 
Fault indicated. D) Predicted distribution of liquefaction within Whakatane at the time of the Edgecumbe earthquake as 
indicated by the LSN.  



 

and beneath the township (Fig. 1c). Three fault ruptures 
within the last 10,000 years have been recorded on the 
segment proximal to Whakatane with likely magnitudes Mw 
>7 (Mouslopoulou et al. 2009).  

Two sites proximal to the Whakatane River that 
liquefied and laterally spread during the Edgecumbe 
earthquake were selected for detailed characterization of 
the subsurface conditions (Sites 1 and 2; Fig 1c). An 
additional three sites within the CBD were selected for 
detailed characterization where liquefaction was predicted 
during the Edgecumbe earthquake, however did not 
manifest (Sites 3 to 5). Site 1 comprises local farmland, 
while Sites 2 to 5 comprise local parks or reserves proximal 
to existing CPT where trenching could be undertaken. 
 
3 METHODOLOGY 

 
3.1 Collating liquefaction observation reports 
 
The extent of liquefaction within Whakatane following the 
Edgecumbe earthquake was derived from local newspaper 
reports, theses, and publications. Lateral spreading 
proximal to the Whakatane River was well documented by 
Christensen (1995), while reports of liquefaction within the 
wider Whakatane area are provided in Pender and 
Robertson (1987) and Christensen (1995). Additional 
observations were also derived from published 
photographs and local resident’s observations. The 
collated extents were digitized in ArcGIS and classified 
based on certainty (refer to the hatched area in Fig. 1a).  
 
3.2.1. Back-calculated PGA 
 
The PGA in Whakatane during the Edgecumbe earthquake 
was estimated using the Bradley (2013) ground motion 
prediction equation (GMPE), due to the lack of strong 
motion stations within the township. The Bradley (2013) 
GMPE calculates a probability distribution of PGAs for a 
chosen distance from a fault rupture. The standard 
deviation of the resultant distribution is the sum of the intra- 
and inter-event uncertainties. The Bradley (2013) GMPE 
was selected over the McVerry et al. (2006), Campbell and 
Bozorgnia (2014), and Atkinsons and Boore (2011) 
GMPEs as it produced PGA estimates that showed the 
most consistent fit relative to recordings made at strong 
motion stations within the wider area (i.e. the recorded 
PGAs were at a similar percentile within the probability 
distribution resulting from the Bradley (2013) GMPE). The 
recorded PGA values from strong motion stations were 
centred around the 78th percentile of those calculated from 
the Bradley (2013) GMPE. The 78th percentile contours 
were therefore assumed as the most likely PGAs resulting 
from the Edgecumbe earthquake (shown in Fig.1a). 

To model upper and lower PGA estimates, a probability 
distribution was developed around the most likely PGA 
contours based on the intra-event uncertainty resulting 
from the original Bradley (2013) probability distribution (i.e. 
the mean PGA contours were reset as the 78th percentile 
GMPE PGA contours and the standard deviation was 
based on the GMPE intra-event uncertainty). The 15th and 
85th percentiles of the new probability distributions were 
used as the upper and lower estimates. 

3.2.2. Modelled groundwater levels 
 
Groundwater at the time of the Edgecumbe earthquake 
was modelled using a kriging interpolation method to 
develop a groundwater elevation surface between depth to 
groundwater at monitoring wells and river levels (Fig. 1a). 
Depth to groundwater data is not available at the time of 
the Edgecumbe earthquake with most of the available 
groundwater data measured in 2014. River level data is 
available for two monitoring stations between 1956 to 
present, including measurements taken on the day of the 
Edgecumbe earthquake. One monitoring station is located 
upstream of the township, the other at the mouth of the 
river. River levels were derived at 50 m increments along 
the river assuming a constant change in elevation (i.e. 
constant gradient) between the two stations. A strong 
positive 1:1 correlation was identified between the river 
levels and measured depth to groundwater level, indicating 
that the depth to groundwater in the Whakatane area is 
mainly governed by river levels. The depth to groundwater 
data was therefore adjusted to levels expected during the 
Edgecumbe earthquake based on the river levels at the 
time of the earthquake. The standard deviation of the 
difference between measured groundwater levels and the 
1:1 correlation line with the river levels was used to create 
upper and lower depths to groundwater estimates. Two 
standard deviations were added for the upper estimate of 
the depth to groundwater, while two standard deviations 
were subtracted for the lower estimate of the depth to 
groundwater. In addition, river level data for the lower 
estimate depth to groundwater model was derived using 
the same method described previously, however assuming 
low tide river levels at the river mouth to account for the 
earthquake occurring at low tide. 

 
3.2 Modelling liquefaction triggering 
 
CPT conducted within Whakatane were collated from the 
Whakatane District Council and local engineering firms and 
uploaded to the New Zealand Geotechnical Database 
(NZGD; www.nzgd.co.nz). The location of the CPT are 
shown in Figure 1a. Profiles of the CPT tip resistance (qc) 
and soil behaviour type (Ic) versus depth below the ground 
surface are plotted for the five sites and shown in Figure 2. 
The likelihood of liquefaction being triggered at the PGA 
and depth to groundwater of the Edgecumbe earthquake 
were evaluated from the CPT using the Boulanger and 
Idriss (2014) simplified liquefaction triggering methodology 
coupled with the LSN damage index value (van Ballegooy 
et al. 2014). The soil Fines Content (FC) was estimated 
using the default Boulanger and Idriss (2014) FC-Ic 
correlation with the CFC fitting parameter set to zero. The 
cyclic resistance ratio curves for a probability of liquefaction 
(PL) of 50% were adopted for the liquefaction triggering 
analyses. Soil layers with Ic values greater than 2.6 were 
considered plastic in behaviour to liquefy (Robertson and 
Wride, 1998).  

The liquefaction assessment was undertaken using the 
median depth to groundwater and median back-calculated 
PGA (Fig. 1a). The calculated LSN values are shown in 
Figure 1d; comparison between the observed and 
predicted liquefaction indicates that liquefaction is over-

http://www.nzgd.co.nz/


 

predicted in the CBD (Fig 1a and 1d). Sensitivity analyses 
were undertaken with the upper and lower bound PGA and 
depth to groundwater models to examine whether the over-
prediction could be explained by uncertainty in either the 
PGA and/or the median depth to groundwater. While the 
lower bound PGA models in conjunction with the lower 
bound depth to groundwater model does not result in over-
prediction of liquefaction in the CBD, this scenario also 
under-predicts liquefaction in the areas where liquefaction 
was documented. Therefore, the median PGA and depth 
to groundwater models were adopted as they produced 
estimates that best fit the liquefaction observed proximal to 
the river following the Edgecumbe earthquake.  

 
3.3 Trenching 
 
Trenches were excavated at Sites 1 to 5 to examine the 
subsurface sediment and identify whether liquefaction 
features were present. Trenches were orientated 
perpendicular to the closest bank of the Whakatane River, 
which gave the best chance of intersecting lateral 
spreading features. Trenches ranged from 6 to 20 m in 
length, while the depth ranged from 1 to 1.8 m and was 
limited by the depth to the groundwater. Trench walls were 
cleaned using hand scrapers then photographed and 
logged to capture small-scale changes in the stratigraphy, 
and the presence or absence of liquefaction features. 
Trench depths were extended beneath the groundwater 
surface following logging in order to further characterize the 
subsurface sediment. The exposed stratigraphy is 
summarized as stratigraphic logs presented in Figure 3; 
this enables the stratigraphy to be directly compared 
between sites. Bulk samples were obtained from key 
stratigraphic horizons within the trenches for particle size 
distribution analysis (position indicated by black dots in Fig. 

3). Samples were collected from the bucket of the 
excavator during excavation. Liquefaction features 
identified in the trenches are presented in Figure 4. 
 
3.4 Particle size distributions 
 
Particle size distributions of the bulk samples were 
obtained by the laser diffraction method using a Horiba LA-
950 machine and assuming refractive indices for quartz. 
Particle size distributions of the samples are shown in 
Figure 5. Sedimentologic descriptions of the samples are 
indicated in the logs presented in Figure 3. The resulting 
gradation curves are coloured based on whether or not 
liquefaction was predicted for that soil layer. 
 
4 COMPARISON OF PREDICTED AND OBSERVED 

LIQUEFACTION 
 

The collated information indicates that liquefaction 
predominantly occurred within the recent point-bar, paleo-
channel, and mud-flat deposits of the Whakatane River to 
the west of the CBD (Fig. 1a and 1c). Localized lateral 
spreading was recorded within the farmland at the apex of 
a meander-bend (Site 1) and in the paleo-channel deposits 
at Landings Road Bridge (Fig. 1) (Christensen, 1995).  

The calculated LSN confirms that widespread 
moderate to severe liquefaction is predicted for much of the 
township, including the CBD, using the median PGA and 
depth to groundwater modelled for the Edgecumbe 
earthquake (Fig. 1d). The calculated LSN adjacent to the 
Whakatane River is generally consistent with the observed 
liquefaction and lateral spreading following the earthquake 
(Fig. 1d) (Christensen, 1995). The inconsistency between 
predicted and observed liquefaction within the CBD 
indicates that additional factors not captured within current 

Figure 2: Collated qc and Ic traces of the CPT conducted proximal to the study sites in Whakatane. Layers predicted to 
liquefy during the Edgecumbe earthquake are indicated in red; blue triangles indicate depth to the groundwater surface.  



 

testing or analytical methodologies likely influenced the 
lack of surficial liquefaction observed within the area. 
 
5. SITE CHARACTERIZATION 
 
5.1 Site 1 - Liquefaction and lateral spreading observed 
 
Site 1 is located upon the low-elevation flood-plain at the 
apex of an inner-meander bend of the Whakatane River 
(Fig. 1c). The location suggests that the site is underlain by 
recent point-bar and paleo-channel deposits associated 
with the outward migration of the river to its present 
location.  

The CPT qc and Ic traces indicate that the site is 
underlain by sand to silt of varying densities to ~2 m depth, 
while comparably loose to medium dense sands to silts are 
present to 4 m depth (Fig. 2). Loose to medium dense clean 
sands are present from 4 to 6 m, below which the density 
of the clean sands rapidly increases (Fig. 2). Localized silt 
lenses are present within the sand beneath 6 m (Fig. 2).  

The trench exposed fluvial stratigraphy comprising 
laminated silty fine sand and fine sandy silt that contains 
lenses of fine sand. The sediments are cross-cut by 
channelized cross-bedded medium quartz sand with 
granules of pumice (Fig. 3). The sediment inter-layering is 
generally reflected by the variability within the qc and Ic 
traces within the upper 2 m, however the small scale (10 
cm thick) inter-layering indicated in Figure 3 does not 
appear to be captured by the CPT. Excavation was ceased 
at 2.6 m depth due to trench wall instability. The 
stratigraphy appears to decrease in grain-size with depth; 
no lenses of the medium sand with pumice granules were 
observed below 1.2 m depth. 

The subsurface stratigraphy is cross-cut by an 
approximately 20 to 40 cm wide lateral spreading fissure 
(Fig. 4). The fissure appears to be sourced from the silty 
fine sand at 2.5 m depth and extends upwards to the 
surface. The margins of the fissure exhibit limited re-
working (i.e. bioturbation of contacts) indicating that the 
fissure most likely formed as a result of lateral spreading 
during the Edgecumbe earthquake (Fig. 4). No evidence of 
pre-1987 liquefaction was observed at the site, indicating 
that the sediments had not liquefied since their deposition 
and prior to the Edgecumbe earthquake.  

5.2 Site 2 – Liquefaction observed 
 
Site 2 is located on the low-elevation flood plain of the 
Whakatane River (Fig. 1c). An 1897 map of the area 
indicates that the river formerly flowed through the adjacent 
channel, however this has since been cut-off (Fig. 1c) 
(WDC archives). The site is interpreted to be underlain by 
recent point-bar and paleo-channel deposits associated 
with the avulsion of the river to its present location. 

The CPT indicate that the site is underlain by loose / 
soft to firm silts to silty sands to ~5 m depth, at which point 
the density becomes variable and gradually increases (Fig. 
2). The sediment beneath 5 m is shown to predominantly 
comprise sands with interlayered silt lenses (Fig. 2).  

The trench exposed fluvial silty very fine sand to sandy 
silt with interbedded lenses of fine sand. The sediments are 
locally cross-cut by channelized and cross-bedded lenses 
comprising medium to coarse quartz-rich sand with 
granules of pumice (Fig. 3). These small and localized 
channels (~1 to 2 m wide, ~0.5 m deep) may result in some 
of the variability observed in the qc and Ic traces within the 
upper 5 m (Fig. 2). The fine-scale interlayering of sand and 
silt exposed in the trench is not observed within the CPT 
traces (Fig. 2).  

The stratigraphy is additionally cross-cut by a lateral 
spreading fissure which varies in width from 5 to 15 cm 
(Fig. 4). The fissure appears to have been sourced from 
the silty fine sand at 2.7 m depth. The margins of the 
feature exhibit no evidence of reworking indicating that the 
fissure likely formed during the Edgecumbe earthquake. 

 
5.3 Site 3 – No liquefaction observed 
 
Site 3 is located adjacent to a small stream within to the 
Whakatane CBD and within 800 m of the Whakatane River 
(Fig. 1). The proximity of the site to the Whakatane River 
combined the overall low elevations (~0.9 m above sea 
level) indicate that the site is located within the distal flood-
plain of the Whakatane River (Fig. 1c). The site is 
interpreted to be underlain by over-bank sands and silts 
deposited as the river and adjacent small-stream over-
topped their banks during bank-full conditions.  

The CPT indicate that the subsurface sediment  
comprises soft to firm silts to ~1.5 m depth which are 

Figure 3: Simplified stratigraphic logs of the stratigraphy exposed in the trenches excavated at Sites 1 to 5. 
 



 

underlain by low to medium dense sands to 5 m depth (Fig. 
2). The sediment beneath 5 m comprises predominantly 
clean sands which increase in density with depth (Fig. 2). 

The trench exposed stratigraphy comprising 
interbedded fluvial fine sandy silts and silty fine sand with 
lenses of fine sand, and medium to coarse sand with 
granules of pumice (Fig. 3). The fine-scale interlayering of 
the sands and silts is not clearly captured within the CPT 
traces (Figs. 2 and 3). 

No liquefaction features were observed within the 
trench indicating that the sediments have most likely not 
liquefied since their deposition. Excavation was ceased at 
2 m depth due to water infilling the trench and associated 
trench wall instability. 

 
5.4 Site 4 – No liquefaction observed 
 
Site 4 comprises a small reserve located centrally within 
the Whakatane CBD and within 550 m of the Whakatane 
River (Fig. 1). Historical reports indicate that the site was 
formerly a waste dumping site for the township. The 
position of the site and overall low elevation (~1.8 m above 
sea level), indicate the area was formerly within the over-
bank flood plain of the river and is therefore most likely 
underlain by over-bank flood deposits (Fig. 1c). 

The CPT indicate that the subsurface sediment 
comprises soft to firm silts to 4 m depth (Fig. 2). These are 
underlain by clean sands of variable densities that 
generally increase with depth (Fig. 2). 

Trenching at Site 4 revealed ~2 m of anthropogenic fill 
comprising fine sand with waste including broken pipes, 
barbed wire, and horse shoes (Fig. 3). The debris confirms 
the historical reports of the site formerly being a waste 
dumping site. Beneath 2 m depth the stratigraphy 
comprises very fine sandy silt underlain by silty fine sand 
with interbedded medium to coarse sand and granules of 

pumice (Fig. 3). This fine scale interlayering is not clearly 
captured within the CPT traces. 

No liquefaction features were observed in the trench 
indicating that the site most likely did not liquefy during the 
Edgecumbe earthquake. Excavation was ceased at ~2.4 m 
due to high groundwater inflows into the base of the trench.  

 
5.5 Site 5 – No liquefaction observed 
 
Site 5 is located adjacent to the Whakatane River within the 
Whakatane CBD (Fig. 1). The area was reclaimed in the 
early 1900’s, prior to which the site comprised mud flats 
that were covered at high tide (Fig. 1c) (WDC archives – 
1901 historical map).  

The CPT proximal to Site 5 indicate that the subsurface 
sediment comprises sand to silt of varying densities to 5 m 
depth. Beneath 5 m depth the sediment predominantly 
comprises sand to silt, the density of which is variable 
however generally increases with depth (Fig. 2).  

The trench revealed anthropogenic fill comprising silty 
fine sand with clasts of sandstone and pumice to ~1.8 m 
depth (Fig. 3). The fill likely comprises the tailings used to 
infill the site during reclamation. The underlying 
stratigraphy comprises fine to very fine sand interbedded 
with fine sandy silt and fine to medium sand with granules 
of pumice (Fig. 3).  

No liquefaction features were observed within the 
trench indicating the sediment had not previously liquefied. 
Excavation ceased at 2.4 m due to trench wall instability. 

 
6. COMPARISON OF SEDIMENT BETWEEN SITES 

AND POSSIBLE REASONING FOR VARIABILITY IN 
LIQUEFACTION SUSEPTIBILITY  

  
The simplified CPT-based liquefaction triggering 
procedures indicate that liquefaction was predicted to  
manifest at Sites 1 to 5 during the Edgecumbe earthquake, 
however it was only observed at Sites 1 and 2 (Fig. 1d). 
The mapped extents of liquefaction and lateral spreading 
indicate that liquefaction predominantly occurred proximal 
to the Whakatane River in areas underlain by recent point-
bar, paleo-channel, or mud flat deposits (Fig. 1c). 
Trenching at Sites 1 and 2 indicates that the sediment 
beneath the groundwater table predominantly comprises 
recent, unconsolidated fluvial fine sand to silt (Fig. 3 and 
4). Lateral spreading fissures were observed to originate 
from the silty fine sand at 2.5 to 2.8 m depth at these sites, 
thus indicating that this unit liquefied during the 
Edgecumbe earthquake. No interlayered medium to 
coarse quartz-rich sands with pumice granules were 
observed within the stratigraphy beneath the groundwater 
surface at Sites 1 and 2. 

Sites 3 and 4 are located comparably distal to the 
Whakatane River compared to Sites 1 and 2 (Fig. 1a). The 
sediment beneath the groundwater table at both sites 
predominantly comprises fine sand to silt with lenses of 
medium to coarse quartz-rich sand with granules of pumice 
(Fig. 3). In the case of Site 4, these are capped by ~2 m of 
fill (Fig. 3).  

Site 5 is located proximal to the river and within a similar 
depositional setting to Sites 1 and 2; however the sediment 

Figure 4: Interpreted field photographs of the lateral 
spreading fissures at Sites 1 and 2, as exposed within 
the trenches. The fissures appeared to be sourced from 
silty fine sand layers at 2.5 to 2.7 m below the ground 
surface. 



 

is overlain by 1.8 m of anthropogenic fill (Fig. 3). The river 
channel at this point is ~5 m deep indicating that, if  
liquefaction was triggered within the sediment beneath the  
fill, the site should have laterally spread towards the river. 
The sediment beneath the groundwater surface comprises 
fine sand interbedded with medium to coarse quartz-rich 
sand with granules of pumice (Fig. 3).  

One possible explanation for the over-prediction of 
liquefaction may be due to the simplified CPT-based 
liquefaction assessment method being developed for 
quartz-based sands and not pumice grained soils. The 
porosity of the pumice grains combined with the high 
crushability of the grains may not be adequately 
characterized by the CPT (Orense et al. 2012). In addition, 
the coarse grainsize of the pumice granules, combined with 
their high porosity, likely results in high hydraulic 
conductivity between the subsurface layers. The presence 
of these pumice rich lenses within the fine sand to silt 
beneath the water table at Sites 3 to 5 may enable more 
rapid pore-water dissipation during cyclic shearing and 
thus limit liquefaction triggering. 

In addition, the CPT does not distinguish the fine scale 
interlayering of sediment observed within the trenches, and 
does not does not distinguish between sand grain-sizes 
(i.e. fine or coarse sand). The pore-space between sand 
grains increases as the grain-size increases. The pore-
space between coarser sand grain-sizes is unlikely to be 
significantly reduced during cyclic-shearing, thus drainage 
within the layer would not be impeded compared to finer 
sand. The presence of medium to coarse sand within the 
fine sand to silt at Sites 3 to 5 may have enabled pore-fluid 
dissipation out of the surrounding fine-sand layers during 
the Edgecumbe earthquake. This dissipation may have 
inhibited liquefaction triggering resulting in the 
inconsistency between predicted and observed 
liquefaction during this event. 

Grading curves produced from grainsize analysis 
confirm that the layers that were not predicted to liquefy by 
the simplified analysis generally fall outside of the likely 
liquefaction limit derived by Tsuchida (1970) (Fig. 5). 
Samples of the sediment that are predicted to liquefy by the 
simplified analysis fall between, or close to, the likely 

liquefiable limit derived by Tsuchida (1970). (Fig. 5). No 
clear variations in grainsize distributions or gradings can be 
observed between the sites known to have liquefied (Sites 
1 and 2), and those where liquefaction was predicted yet 
not observed (Sites 3 and 4). The analysed bulk samples 
were obtained from likely liquefiable units and did not 
account for the medium to coarse sand lenses with pumice 
granules nor the inter-layering within the sediment at each 
site. As a result, no conclusion can be made on the fine 
scale variability in grain-size with depth and the associated 
influence on liquefaction susceptibility. Further work is 
required to adequately characterize the variability between 
the layers observed within the trench and grading within the 
coarser sand to pumice granule layers. 
 
7. CONCLUSIONS 
 
Collation of historical information indicates that localized 
liquefaction and lateral spreading occurred proximal to the 
Whakatane River in Whakatane during the Edgecumbe 
earthquake, while no liquefaction was observed distal to 
the river or within the CBD area. CPT-based liquefaction 
analysis indicates that widespread severe liquefaction was 
predicted within much of the Whakatane township, 
including the CBD, by the simplified CPT-based methods 
for the Edgecumbe earthquake.  

Trenching at sites known to have liquefied during the 
Edgecumbe earthquake revealed lateral spreading 
fissures that formed during this event. No evidence for pre-
1987 liquefaction features was observed at these sites, 
indicating that these sediments have not liquefied since 
their deposition and prior to 1987. No liquefaction features 
were observed within trenches excavated in the CBD at 
sites where liquefaction was predicted yet not observed. 
The lack of liquefaction features indicates that these 
sediments most likely have not liquefied since their 
deposition. 

Liquefaction was observed within the low-elevation 
areas proximal to the river and underlain by recent fluvial 
sediments which comprises fine sand to silt beneath the 
groundwater surface. Liquefaction was predicted yet not 
observed in the distal flood-plain of the river, which is 
shown to be predominantly underlain by inter-layered fine 
sands, silts, with lenses of medium to coarse quartz sand 
with granules of pumice. The observed distribution of 
liquefaction highlights the influences of underlying geology 
on the surface manifestation of liquefaction, and highlights 
the potential limitations of the simplified CPT-based 
methods. 

The inter-layered lenses of medium to coarse sands 
with pumice granules were only observed below the 
groundwater surface at sites where liquefaction was 
predicted yet not observed. Pumice granules may have 
higher cyclic resistances to liquefaction compared to quartz 
based sands due to their high porosity and crushable 
nature. The high porosity of these granules combined with 
surrounding coarse sands may enable rapid dissipation of 
pore-water pressures and thus inhibit liquefaction. Further 
work is required to characterize the cyclic resistance of 
soils with pumice sediments as well as the influence of the 
inter-layering of fine sands with the lenses of coarse sand 
and pumice on liquefaction triggering. 

Figure 5: Particle size grading curves produced from 
grainsize analysis of the bulk samples obtained from 
trenching (indicated in Fig. 3). The gradation curves are 
labelled by site and sample depth, and are coloured 
based on whether the corresponding soil unit was 
predicted to liquefy during the Edgecumbe earthquake. 
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