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LAYPERSON’S ABSTRACT  

The East Coast, Gisborne District, is at risk from large earthquakes on active faults lying 
offshore to the east. These earthquakes are also a likely trigger for tsunamis. Earthquakes 
on offshore faults can raise the coastline, creating uplifted beaches, and so we can use these 
landforms to provide a record of past earthquakes and tsunamis. In this study we obtain 
much greater insight into raised beach records than previous studies by excavating a 90 m 
long trench across three raised beaches at Puatai Beach. The beach is approximately 30 km 
north of Gisborne. The trench provided information on the timing, magnitude and frequency 
of past earthquakes on the Gable End Fault. This fault lies about 5 km offshore and runs 
from just north of Gisborne to Tolaga Bay. The trench also provided information on the height 
and frequency of past tsunamis that have struck the East Coast.  

Investigation of the trench confirmed that there are three raised beaches at Puatai Beach. 
The beaches were raised in three earthquakes, and were then covered by slopewash, most 
likely from slips and washed down onto the beaches during storms. The earthquakes 
occurred approximately 1800, 1200, and 400 years ago and each raised the Puatai Beach 
coast by around 3.5 metres. These results confirm previous calculations that the Gable End 
Fault ruptures roughly every 750 years, producing earthquakes of around magnitude 7.2. 
However, the average amount (3–4 m) and rate of uplift is higher than the long-term average, 
and may suggest that the involvement of other faults such as the Waihau Fault. The time 
since the last uplift event (400 years) is shorter than the average repeat times (750 years), 
suggesting the next earthquake is likely not imminent. 

Within the slopewash sediments on each raised beach are thin sandy layers, many 
containing shells. We interpret these to be storm or tsunami deposits, with most probably of 
tsunami origin. Two of the tsunamis occurred approximately 1000 and 300 years ago. These 
ages are slightly younger than the earthquakes which raised two of the beaches and within 
slopewash, so the tsunamis were probably not triggered by the Gable End Fault. There is 
evidence for tsunamis at other sites along the North Island East Coast, as well as raised 
beaches and submarine landslides which occurred at approximately 1000 and 300 years 
ago. Further work could pinpoint the sources of these tsunamis. The highest tsunami sand 
layers were deposited 9–12 m above mean sea level. These heights that are within, but at 
the upper end of, the expected tsunami heights for this coastline as modelled in the National 
Tsunami Hazard Model. 

In addition to the data on earthquakes and tsunami, the trenches also included 
archaeological remains. These were mainly fireplaces, probably from prehistoric transient 
Māori occupation, not established settlements. It is possible that Māori witnessed the last 
earthquake around 400 years ago and tsunami around 300 years ago. 
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TECHNICAL ABSTRACT 

The Gisborne District has a high seismic and tsunami hazard owing to its position in the 
northern Hikurangi Margin. In this study we place constraints on the seismic and tsunami 
hazard through a study of marine terraces at Puatai Beach, on the East Coast ~30 km north 
of Gisborne, and ~5 km west of the landward-dipping, Gable End Fault. Previous 
reconnaissance work at Puatai Beach documented evidence for three anomalously high and 
young marine terraces, which led us to speculate that some of the ages were inadvertently 
collected from tsunami deposits draped over the marine terraces. This study gives a more 
detailed analysis of the terraces and potential tsunami deposits, through excavation of a  
~90-m-long continuous trench across the three terraces. The analysis addresses the aims of: 
1) better constraining: the recurrence interval, single event displacement, and timing of the 
most recent earthquake for the Gable End Fault; and 2) if tsunami deposits are present, 
developing a paleotsunami record. 

The Puatai Beach trench confirmed the presence of three marine terraces, characterised by 
stepped shore platforms and fossil sea cliffs cut into bedrock, and overlain by shelly sand 
and gravel beach deposits and silty colluvium. The surveyed inner edges of the shore 
platforms (shoreline angles) are 9.5 ± 0.5, 6.6 ± 0.5, and 3.0 ± 0.5 m amsl, from which an 
average uplift-per-event of 3.4 ± 1 m can be calculated. The mean estimate is slightly higher 
than the mean single event displacement (2.9 m) calculated for the Gable End Fault in the 
National Seismic Hazard Model. Radiocarbon ages from the youngest shells in the beach 
deposits on each terrace show the terrace ages are 1920–1650 (upper), 1270–1030 
(middle), and 520–320 (lower) cal. yr BP respectively, which we interpret to be the timing of 
large (M7+) paleoearthquakes on the Gable End Fault. From these, are calculated inter-
event times of 890–380 and 950–510 years, which are similar to the calculated recurrence 
interval on the Gable End Fault in the National Seismic Hazard Model (760 years). These 
results confirm that the terraces are relatively high and young, and indicate an uplift rate of 
5.6 ± 1 mm/yr. This is lower than previously reported using terrace surface heights  
(7–8 mm/yr), but is higher than the vertical slip rate for the Gable End Fault (3.8 ± 0.5 mm/yr) 
and may suggest an additional fault,  such as the nearby Waihau Fault, is involved in the 
terrace uplift mechanism. The youngest terrace age (520–320 cal. yr BP) provides the first 
estimate for the most recent event on the Gable End Fault and could have been witnessed 
by early Maori. We also note that the elapsed time is less than the average recurrence 
interval. 

The age for the most recent uplift event falls within the period of Māori occupation of the 
coast, and the event would almost certainly have been witnessed by early Māori living in the 
area. The trenches also included archaeological remains. These were mainly fireplaces, 
probably from prehistoric transient Māori occupation, not established settlements. No other 
early occupation remains were seen at Puatai Beach. Whether this is because Māori 
recognised the dangers of living too close to the beach within range of tsunamis, and hence 
lived higher up the hills, is a subject for future research into the Māori stories and traditions of 
the area and into the archaeology. 

The silty colluvium layers overlying the beach deposits contain thin semi-continuous sand 
layers. Based on chronological, geomorphological, sedimentological and biological 
considerations we suggest that at least some of these sand layers are tsunami deposits. 
Three sand layers are dated at 1190–930, 400–100, and 450–150 cal. yr BP, and the overlap 
of the latter two suggests they could be the same event. The inferred tsunami ages are 
slightly younger than the uplift of the marine terraces, and this as well as their position within 



 

 

GNS Science Report 2016/21 vii 
 

colluvium, suggests they were not necessarily triggered by rupture of the Gable End Fault. 
The younger ages potentially overlap tsunami deposits from nearby sites, and there are 
correlative paleotsunami deposits, uplift events, and turbidites from elsewhere along the 
Hikurangi Margin, suggesting potential sources that could be investigated with further 
research. Estimates of tsunami run-up can be obtained from the surveyed maximum heights, 
and making allowance for the terrace uplift, they are 9.3 ± 0.5 m, 12.6 ± 0.5 m and 4.2–1.2 ± 
0.5 m amsl, for the two dated and one un-dated paleotsunamis respectively. These heights 
are at the upper end of height estimates for tsunamis in Waihau Bay in the National Tsunami 
Hazard Model, and this research confirms that tsunamis of this height are possible along the 
Gisborne coast. 

 

 

KEYWORDS 

Marine terrace, tsunami, trench, Puatai Beach, Gisborne, Gable End Fault. 
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1.0 INTRODUCTION 

Marine terraces provide an important contribution to seismic and tsunami hazard studies in 
coastal regions by recording tectonic uplift rates, uplift mechanisms, and the timing and size 
of past earthquakes and tsunamis. For example, marine terraces have commonly been used 
to infer the presence and characteristics of submarine faults, many of which are too close to 
the coast to be surveyed with geophysics (i.e., where surveying is logistically difficult in the 
surf zone) (e.g., Berryman et al., 1989, 2011; Ota et al., 1991; Litchfield and Clark, 2015). 
Holocene marine terraces are commonly inferred to be the result of coseismic uplift on 
nearby faults or subduction earthquakes on the subduction interface (e.g., Berryman, 1993; 
Ota and Chappell, 1996; Merritts, 1996; Ramos et al., 2012; Shishikura, 2014) and so can 
provide constraints on the timing of previous events and single event displacement. These 
can then be used to constrain magnitude of large earthquakes and recurrence intervals. 
Tsunami deposits can be used to calculate minimum run-up heights and inundation 
distances once vertical deformation rates are taken into account, as well as tsunami 
frequency. 

The Gisborne region has high seismic (Stirling et al., 2012) and tsunami (Wang et al., 2009; 
Barberopoulou et al., 2012; Power, 2013) hazard, as well as a relatively rich record of marine 
terraces (Ota et al., 1992; Clark et al., 2010). The seismic hazard derives from a combination 
of relatively high rates of background seismicity, the Hikurangi subduction interface fault, and 
overlying upper plate reverse faults (Figure 1.1A). Tsunami hazard sources are also 
dominated by the Hikurangi subduction interface and overlying reverse faults, but there is 
also a contribution from major circum-Pacific subduction zones. Understanding the hazard 
contributions of these sources requires detailed studies at multiple sites. 

 
Figure 1.1 A) Tectonic setting of Gisborne (G) and the study site, Puatai Beach (P). M is the Mahia Peninsula 
site where trenching of marine terraces has previously been undertaken. Active faults (red) are from Litchfield 
et al. (2014). B) The Gable End Fault and other active faults near the study site, Pakarae River mouth, and 
Gisborne. Submarine faults are from Mountjoy and Barnes (2011) and terrestrial faults are from the GNS Science 
Active Faults database (http://data.gns.cri.nz/af/; Langridge et al., 2016). PF is the Pakarae Fault, WF is the 
Waihau Fault. 

http://data.gns.cri.nz/af/
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The objective of this study is to obtain an earthquake and tsunami record from three 
Holocene marine terraces at Puatai Beach, situated ~30 km north of Gisborne. 
Reconnaissance studies of the marine terraces at Puatai Beach have been undertaken by 
Yoko Ota, Kelvin Berryman and colleagues in the late 1980’s (Berryman et al., 1989; Ota 
et al., 1991, 1992) and by some of us (Nicola Litchfield, Kelvin Berryman, and Kate Clark) in 
the mid 2000’s. These earlier studies (described in more detail in Section 1.2) found the 
terraces to be relatively young (<3000 years) for their altitudes (≤15 m), resulting in a very 
high uplift rate (7–8 mm/yr, the highest from any Holocene marine terrace sequence in 
New Zealand). This led us to speculate that some of the ages may have been inadvertently 
obtained from post-uplift tsunami deposits draped over the marine terraces, and therefore 
more detailed investigation was warranted. There are no documented tsunami deposits at 
Puatai Beach and few in surrounding areas. The closest tsunami deposits recorded in the 
New Zealand Paleotsunami Database (Goff, 2008; Goff et al., 2009) are at Cooks Cove, 
Gisborne, and Tolaga Bay. They’re inferred to have ages of ~AD 1480, AD 1250–1800, and 
AD 1080–1460 respectively, but only the latter is dated directly, and could also be fluvial in 
origin.  

The marine terrace record at Puatai Beach is important because it is inferred to be the result 
of uplift from the submarine Gable End Fault, the southern end of which lies offshore near to 
Gisborne (Figure 1.1B). A fault uplifting this coast has long been inferred from marine and 
fluvial terrace studies (Ota et al., 1992; Wilson et al., 2006; Litchfield et al., 2010), and the 
Gable End Fault has now been identified and characterised from seismic surveys (Mountjoy 
and Barnes, 2011). A vertical slip rate of 3.8 ± 0.5 mm/yr was calculated from offshore 
marine surveys across the fault, and matches the uplift rate calculated from Pakarae River 
mouth ~9 km south of Puatai Beach (Wilson et al., 2006). However, this rate is much lower 
than that calculated from Puatai Beach. No submarine paleoseismic record exists for the 
Gable End Fault.  

The method used in this study to undertake a more detailed study of the marine terraces at 
Puatai Beach was paleoseismic trenching. Typically undertaken across active faults, the 
proof of concept of its use for marine terraces had been demonstrated at Table Cape on the 
Mahia Peninsula (Berryman et al., 1997; in prep.). Two trenches at right angles were 
excavated across four Holocene marine terraces and showed detailed offlapping and uplifted 
beach stratigraphy and potentially on one terrace a tsunami deposit. We undertook a similar 
trench at the northern end of Puatai Beach, close to where the previous radiocarbon ages 
had been obtained. 

Puatai Beach is currently a private beach on Pakarae Station, owned by Whangara Farms 
Partnership Māori Incorporation. Historically, Puatai Beach was part of an important coastal 
route, including a horse-drawn coach route from the late 1880’s. Near the southern end of 
the beach there was a church, marae and two urupa. There were no known archaeological 
sites at the northern end of the beach, but prior to trench excavation we commissioned an 
archaeological and a (2-dimensional and 3-dimensional) Ground Penetrating Radar (GPR) 
survey. These surveys are described in separate reports, contained in Appendices 1 and 2, 
and so are not discussed in detail. The key findings for us were that neither survey found any 
evidence for archaeological remains beneath the planned trench site, although some 
fireplaces were noted in the modern beach cliff cut into the youngest terrace. When 
undertaking the GPR survey we also trialled imaging deeper to bedrock beneath each 
terrace, to see if we could image the buried platform-cliff morphology, but were unable to 
penetrate that deep.  
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The primary aim of this study was to: better constrain the recurrence interval, single event 
displacement, and timing of the most recent earthquake on the Gable End Fault. This 
was achieved through radiocarbon dating of uplifted beach deposits and surveying of the 
shore platform, and comparison with other earthquake records (primarily Pakarae River 
mouth). A secondary aim was, if paleotsunami deposits were identified in the trench, to 
develop a paleotsunami record. This was achieved through identification and dating of 
tsunami deposits and comparison with the timing of terrace emergence. A third aim was to 
document any archaeological deposits, through observation at the time of excavation. 

1.1 GEOLOGIC AND GEOMORPHIC SETTING 

Puatai Beach is situated in the northern Hikurangi Subduction margin, where the Pacific 
Plate is being subducted beneath the Australian Plate at ~47 mm/yr (Wallace et al., 2007). 
The northern Hikurangi margin can be divided into several subparallel tectonic zones from 
west to east: 1) The Taupo Rift; 2) Oblique normal dextral faults of the North Island Fault 
Belt; 3) Regional scale uplift of Raukumara Peninsula; 4) Upper plate reverse faults of the 
accretionary wedge; and 5) The Hikurangi Trough. Puatai Beach lies at the inner edge of 
zone 4 an area referred to as an intermittent (contractional) deformation zone by Clark et al. 
(2010). 

The Gable End Fault is situated ~5 km offshore of Puatai Beach and is comprised of two fault 
strands separated by the Pakarae Fault (Mountjoy and Barnes, 2011), with a total length of 
48 km. The vertical slip rate of 3.8 ± 0.5 mm/yr has been calculated using vertical 
displacement of the post-glacial (<20,000 years) erosion surface. The National Seismic 
Hazard Model suggests that the Gable End Fault produces earthquakes of Mw7.2 and ground 
shaking of intensity Modified Mercalli (MM) Intensity 9 in Gisborne City and MM10 on the 
Raukumara Coast on average every ~750 years (Litchfield et al., 2009; Stirling et al., 2012).  

North and west of Puatai Beach is the Waihau Fault (Figure 1.1B), which is marked by a 
prominent graben immediately adjacent to the upper portion of Waihau Beach Road. Little is 
known about this fault, but the graben suggests it is a normal fault, similar to others in the 
Raukumara Peninsula. These faults are generally considered secondary faults associated 
with anticlinal uplift of the Peninsula (e.g., Berryman et al., 2009).  

Puatai Beach is a ~1 km long, narrow, straight, NNE-trending, east-facing beach that is 
exposed directly to the Pacific Ocean. The marine terraces total 90 m width, and there are 
steep slopes above the upper terrace (Figure 1.2). There are three small unnamed streams 
which cut through the terraces and the northernmost one where the majority of the research 
has been undertaken is here-named Puatai Stream. The headlands at the north and south 
end have wide shore platforms exposed at low tide. The bedrock is primarily early Miocene 
undifferentiated mudstone of the Tolaga Group, but a narrow fault-bound sliver of Oligocene 
Weber Formation occurs in the centre of the beach (Mazengarb and Speden, 2000).  
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Figure 1.2 A and B) Puatai Beach and marine terraces, viewed toward the south. Puatai Stream and the gate 
through which the trench was excavated are marked. The modern shore platform (mudstone bedrock) can be 
seen in the foreground of B). 
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1.2 PREVIOUS WORK 

1.2.1 Ota, Berryman et al. work in the late 1980’s 

The marine terraces at Puatai Beach were first studied by Yoko Ota, Kelvin Berryman and 
others in the late 1980’s and published by Ota et al. (1991) (Figure 1.3A). They noted that 
there are three terraces in the north but only one in the south and that they are tilted to the 
north. The terraces were mapped from aerial photographs and the surface altitudes surveyed 
along a profile (Figure 1.3B) near the north end of the beach (approximately at our trench 
site) using a total station. The terrace altitudes were reported to be 18 m, 13 m, and 6 m 
above mean sea level (amsl) at the south end of the beach and 15 m, 11 m, and 6 m amsl at 
the north end. 

 
Figure 1.3 A) Puatai Beach marine terrace map of Ota et al. (1991). B) Marine terrace profile (located in A) of 
Ota et al. (1991). Note the radiocarbon ages in B) (*) are conventional radiocarbon ages obtained from Gakushin 
University. 
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Two radiocarbon ages were obtained from shells within thin beach deposits resting on the 
shore platform of the upper and middle terraces (Figure 1.3B). These were dated at 
Gakushuin University, Japan. Recalibrating these ages using MARINE13 and a Delta-R of -7 
± 45 years (see Section 2.2) gives 95% confidence interval ages of 2970–1700 and 2170–
690 cal. yr BP for the upper and middle terraces respectively (Table 1.1). 

Using these ages, Ota et al. (1991) tentatively correlated the upper, middle, and lower 
terraces at Puatai Beach with the T4, T5, and T7 terraces at Pakarae River mouth to the 
south (Figure 1.4). The upper terrace at Puatai Beach was correlated with terrace 3 (labelled 
as T5 on Figure 1.4) at Waihau Beach to the north. If these correlations are correct, then the 
greater terrace altitudes at Puatai Beach imply a much faster uplift rate than at the other two 
sites – Ota et al. calculated 7.0 ± 0.6 and 8.0 ± 1.0 mm/yr from the upper and middle terraces 
respectively, and the mean values are very similar using the recalculated ages (6.9 and 8.4 
mm/yr respectively). 
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Table 1.1 Puatai Beach marine terrace radiocarbon ages. Litchfield et al. (unpubl.) are ages some of us obtained in the mid-2000’s and are reported here for the first time. 

Terrace NZA # 
Lab # 

(R) 
Field # Material Species Position 

Collection 
date 

CRA1 
(14C yr BP) 

δ13C (‰) 
Calibration 

Curve2 
Max. Age 

(cal. Yr BP)3 
Min. Age 

(cal. Yr BP)3 
Data source 

Upper   435-1 Shell    2640 ± 260  MARINE13 2970 1700 Ota et al. (1991) 

 
26804 29412/1 PB02-06 Shell Unknown – shell fragments 0.5 m above platform 21-Jan-06 2446 ± 35 1.7 MARINE13 2280 1950 Litchfield et al. (unpubl.) 

 
24910 29156/1 PB03-06 Shell Irus (Notirus) reflexus 0.9 m above platform 21-Jan-06 2369 ± 30 -0.3 MARINE13 2140 1860 Litchfield et al. (unpubl.) 

 
61054 40878/2 PB02 Shell Diloma aethiops On platform 16-Feb-16 2246 ± 27 1.6  ± 0.2 MARINE13 1990 1720 This study 

 
61055 40878/3 PB30 Shell Coelotrochus viridis On platform 17-Feb-16 2214 ± 27 1.8  ± 0.2 MARINE13 1960 1690 This study 

 
61045 40878/1 PB01 Shell Diloma aethiops On platform 16-Feb-16 2268 ± 28 1.8  ± 0.2 MARINE13 2030 1740 This study 

 
61048 40878/12 PB33 Shell Lunella smaragdus Near top of beach gravel 17-Feb-16 2230 ± 27 1.1  ± 0.2 MARINE13 1970 1700 This study 

 
61047 40878/11 PB21 Shell Coelotrochus viridis Near top of beach gravel 17-Feb-16 2186 ± 27 1.5  ± 0.2 MARINE13 1920 1650 This study 

 
61052 40878/16 PB12 Shell Lunella smaragdus? (operculum) S0 (tsunami deposit?) in colluvium 17-Feb-16 1505 ± 26 2.2  ± 0.2 MARINE13 1190 930 This study 

 
61085 40878/20 PB19 Shell Diloma aethiops Within subsoil 17-Feb-16 591 ± 26 1.6  ± 0.2 MARINE13 380 70 This study 

Middle   435-2 Shell    1830 ± 340  MARINE13 2170 690 Ota et al. (1991) 

 
24911 29156/2 PB08-06 Shell Diloma aethiops On platform 21-Jan-06 1815 ± 30 2.4 MARINE13 1500 1270 Litchfield et al. (unpubl.) 

 
26803 29412/2 PB09-06 Shell Lunella smaragdus (operculum) On platform 21-Jan-06 2130 ± 35 2.2 MARINE13 1860 1570 Litchfield et al. (unpubl.) 

 
61056 40878/4 PB03 Shell Diloma aethiops On platform 16-Feb-16 1729 ± 27 2.1  ± 0.2 MARINE13 1390 1180 This study 

 
61057 40878/5 PB04 Shell Diloma aethiops On platform 16-Feb-16 1739 ± 27 1.8  ± 0.2 MARINE13 1400 1180 This study 

 
61058 40878/6 PB05A Shell Coelotrochus viridis On platform 16-Feb-16 1733 ± 27 2.7  ± 0.2 MARINE13 1390 1180 This study 

 
61087 40878/7 PB05B Wood 

 
On platform 16-Feb-16 1343 ± 23 -23.8  ± 0.2 SHCAL13 1280 1180 This study 

 
61050 40878/14 PB22 Shell Lunella smaragdus? (operculum) Near top of beach gravel 17-Feb-16 1733 ± 27 2.2  ± 0.2 MARINE13 1390 1180 This study 

 
61049 40878/13 PB14 Shell Lunella smaragdus Near top of beach gravel 17-Feb-16 1588 ± 27 1  ± 0.2 MARINE13 1270 1030 This study 

 
61053 40878/17 PB31 Shell Lunella smaragdus? (operculum) S1 (tsunami deposit?) in colluvium 17-Feb-16 601 ± 26 2.8  ± 0.2 MARINE13 400 100 This study 

Lower 26802 29412/3 PB10-06 Shell Diloma aethiops On platform 21-Jan-06 1375 ± 35 1.9 MARINE13 1060 780 Litchfield et al. (unpubl.) 

 
24922 29156/3 PB11-06 Shell Lunella smaragdus (operculum) On platform 21-Jan-06 2644 ± 30 2.2 MARINE13 2500 2160 Litchfield et al. (unpubl.) 

 
61059 40878/8 PB06A Shell Coelotrochus viridis On platform 16-Feb-16 838 ± 26 1.9  ± 0.2 MARINE13 550 340 This study 

 
61086 40878/21 PB06B Shell Lunella smaragdus? (operculum) On platform 16-Feb-16 1494 ± 27 2.4  ± 0.2 MARINE13 1170 930 This study 

 
61060 40878/9 PB07 Shell Lunella smaragdus On platform 16-Feb-16 847 ± 26 1.6  ± 0.2 MARINE13 560 360 This study 

 
61046 40878/10 PB08 Shell Coelotrochus viridis On platform 16-Feb-16 810 ± 26 1.9  ± 0.2 MARINE13 520 320 This study 

 
61051 40878/15 PB28 Shell Coelotrochus viridis Near top of beach gravel 17-Feb-16 874 ± 26 1.9  ± 0.2 MARINE13 610 420 This study 

 
61084 40878/19 PB10 Wood 

 
S4 (storm beach deposit?) in colluvium 17-Feb-16 920 ± 22 -24  ± 0.2 SHCAL13 900 730 This study 

 
61083 40878/18 PB09 Shell Lunella smaragdus S3 (tsunami deposit?) in colluvium 16-Feb-16 662 ± 27 1.9  ± 0.2 MARINE13 450 150 This study 

1 Except for 435-1 and 435-2, all were analysed at Rafter Radiocarbon Laboratory using Isotope-Ratio Mass Spectrometry (IRMS). 435-1 and 435-2 were analysed at Gakushuin University and have lab numbers of 10450 and 10451, but no further details are 
known. 
2 MARINE13 is the global marine calibration curve from Reimer et al. (2013), and SHCAL13 the Southern Hemisphere calibration curve from Hogg et al. (2013). These were employed in the software Calb 7.1 (Stuiver and Reimer, 1993). A marine reservoir offset 
(ΔR) of -7 ± 45 years was used for the shell age calibrations.  
3 Calibrated ages are quoted at 95% uncertainties (2 sigma). 

# = number, CRA = Conventional Radiocarbon Age, Max. = Maximum, Min. = Minimum, Cal. = Calibrated (0 cal. yr BP = AD 1950). 
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Figure 1.4 Coast-parallel graph from Ota et al. (1991), showing the altitudes and tentative correlations of 
marine terraces at Pakarae River mouth, Puatai Beach and Waihau Bay (see Figure 1.1B for locations).  

 

1.2.2 Litchfield, Clark, Berryman unpublished work in the mid 2000’s 

Some of us (Nicola Litchfield, Kate Clark and Kelvin Berryman) revisited Puatai Beach in 
2006 and 2007 and undertook more detailed surveying, augering, and radiocarbon dating. 
This work is published here for the first time so is described in some detail. 

1.2.2.1 Methods 

The surveying was undertaken using a Leica 500 Real Time Kinematic Global Navigational 
Sattelite System (RTK GNSS). A local base station was set up and the results post-
processed using a nearby continuous GNSS station. The altitudes were then cross-checked 
by occupying the tide at various times during the day and checking the altitudes against tide 
timetables. The altitudes are considered to be accurate to a few tens of centimetres, but are 
conservatively rounded to the nearest 0.5 m, which also accounts for local topography. The 
terrace outlines were surveyed along with three coast-normal profiles. Coast-parallel profiles 
were then obtained from the terrace outline survey inner and seaward edge survey data. 

Augering was undertaken with a hand soil auger, which obtains 20 cm long sections, and 
were logged in the field. All augers were drilled until refusal, which may have been the shore 
platform, or a cobble. Four auger logs were obtained, one from the inner edge of each 
terrace, and one from the middle of the upper terrace south of Puatai Stream. Stratigraphic 
logs were also obtained from natural exposures in Puatai Stream or the frontal coastal cliffs. 
Depths were obtained with a tape measure and have not been corrected for slope angle. The 
positions and surface altitudes of each auger and stratigraphic section were surveyed using 
the RTK GNSS. 

Six radiocarbon ages, two per terrace, were obtained from shells (whole shells or opercula) 
in beach deposits in frontal cliff and stream bank exposures (Figure 1.5B and Figure 1.7, 
Table 1.1). These were dated at Rafter Radiocarbon Laboratory and have been calibrated 
using MARINE13Cal and a marine reservoir offset (ΔR) of -7 ± 45 years (see Section 2.2). 
All ages are quoted at 95% uncertainties and are rounded to the nearest 10 years. 
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1.2.2.2 Results 

The surveying and derivative surface topographic profiles (Figure 1.5 and Figure 1.6) confirm 
the presence of three terraces in the north and one in the south as described by Ota et al. 
(1991). The terrace surface altitudes do not appear to show a simple northward-tilt however. 
Instead, the terraces are overall sub-horizontal, but the upper terrace, and to a lesser extent, 
the middle terrace, undergo a prominent step-down at approximately the position of the 
northern stream (Figure 1.5B, Figure 1.6B). 

Stratigraphic sections obtained from the augers and natural exposures (Figure 1.7) revealed 
that as well as beach deposits, the upper and middle terraces are covered by up to 3.3 m of 
silt and gravel inferred to be colluvium/alluvial fan deposits. These may contribute in part to 
the step down in terrace surface altitude across the northern stream. For example, the upper 
terrace has ≤3.3 m of colluvial coverbeds south of the stream (Auger 1), but only 0.7 m in the 
north stream bank. Combining the surveyed terrace surface altitudes and the measured 
depths to bedrock suggests that the upper terrace shore platform is 14.5 m on the south side 
of the stream, and 9 m on the north side, and the middle and lower terrace shore platforms 
are ~7.5 m and 3 m respectively (both sides of the stream). 

The calibrated ages from the upper terrace (2280–1950 and 2140–1860 cal. yr BP) overlap 
each other, but the ages for the middle (1500–1270 and 1860–1570 cal. yr BP) and lower 
(1020–780 and 2500–2160 cal. yr BP) terraces do not. The ages for the upper and middle 
terrace also overlap the ages obtained by Ota et al. (1991) – upper terrace 2970–1700 cal. yr 
BP, and middle terrace 2170–690 cal. yr BP. The inconsistency in the 2006 ages for the 
middle and lower terraces was one of the reasons for excavating the trench and so these 
ages are not discussed any further at this stage. 
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Figure 1.5 A) Puatai Beach marine terrace map constructed from the RTK GNSS survey. B) Close-up of the three marine terraces showing selected terrace surface altitudes (in 
metres above mean sea level), and locations of the auger cores (A1–A4), radiocarbon samples (PB02-06 etc.), coast-normal profiles, and the Puatai Beach trench.  
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Figure 1.6 RTK GNSS – surveyed profiles across the Puatai Beach marine terraces (see Figure 1.5B for 
locations). The profiles have the same vertical scale, but a significantly different horizontal scale (and hence 
vertical exaggeration). 



 

 

GNS Science Report 2016/21 13 
 

 

Figure 1.7 A) Stratigraphic logs of auger cores and natural exposures into the upper marine terrace. See Figure 1.5B for locations. 
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Figure 1.7 cntd B) Stratigraphic logs of auger cores and natural exposures into the middle marine terrace. See Figure 1.5B for locations. 
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Figure 1.7 cntd C) Stratigraphic logs of auger cores and natural exposures into the lower marine terrace. See Figure 1.5B for locations. 
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2.0 METHODS 

2.1 PUATAI BEACH TRENCH 

The Puatai Beach trench was excavated near the north end of Puatai Beach ~60 m north of 
Puatai Stream (Figure 1.5B, Figure 2.1). The exact location and direction were dictated by 
avoiding small gullies and excavating through a gate to minimise damage to a fence  
(Figure 2.2). The trench was wholly situated within the GPR survey area (Appendix 2).  

The ~90 m long trench was excavated approximately perpendicular to the marine terraces, 
and extended from the hillslope above the highest terrace to the modern beach. The trench 
was up to 4 m deep and was benched beneath the upper and middle terraces for safety 
reasons. The trench was excavated to bedrock along its entire length, but infilling of water 
during excavation of the upper terrace resulted in some collapse of the lower wall and the 
bedrock was subsequently covered by debris along some of the upper terrace (Figure 2.2). 

 
Figure 2.1 Puatai Beach trench near the northern end of Puatai Beach. View to the NNE. The ends of the 
trench are marked with yellow arrows. 
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Figure 2.2 Puatai Beach trench viewed from the hillslope above the trench. The trench was diverted slightly to 
make sure it went through a gate at the lower end. 

The trench walls were cleaned using hand tools and a 2 m x 2 m grid constructed with nails 
and string. Boundaries between stratigraphic units were marked with nails and coloured tape 
and the north wall of the trench was logged at 1:20 scale. Unit descriptions are contained in 
Appendix 3.  

2.2 RADIOCARBON DATING 

Radiocarbon samples of shell and wood fragments were collected from key marine terrace 
and coverbed units from the trench walls. Twenty samples were collected from the north wall 
and one from the south wall, seven from each terrace. The samples were analysed at Rafter 
Radiocarbon Laboratory.  

The ages were calibrated using the SHCal13 (wood) (Hogg et al., 2013) and Marine13Cal 
(shell) (Reimer et al., 2013) calibration curves in the software Calib 7.1 (Stuiver and Reimer, 
1993). There are no Delta-R values from close to Puatai Beach available for the marine 
reservoir calibrations (in fact there are none for the entire North Island East Coast). We have 
therefore used a Delta-R of -7 ± 45 years, which is the average calculated for the 10 nearest 
sites in the Marine Reservoir Correction database (http://calib.qub.ac.uk/marine/), as well as 
all of New Zealand (Fiona Petchey, personal communication 2016). 

All calibrated radiocarbon ages are quoted at 95% uncertainties and are rounded to the 
nearest 10 years. 

http://calib.qub.ac.uk/marine/
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2.3 RTK GNSS SURVEYING 

The outline of the trench and the bedrock surface were surveyed using a Leica 500 RTK 
GNSS. A local base station was set up, but unfortunately did not log its position, so the 
results couldn’t be post-processed. Instead, the altitudes were manually adjusted by 
comparison with tidal levels surveyed at different times during the day and the post-
processed RTK GNSS survey results from previous surveys (e.g., the mid 2000’s survey and 
the 2014 GPR survey). 

2.4 MICROFOSSIL ANALYSES 

Selected samples were observed under the microscope to determine whether microfossils 
such as foraminifera and diatoms could be useful in determining the source and/or 
mechanism of deposition for sand units within the terrace cover-bed sequence. Sediment 
samples were not processed to concentrate microfossils so observations are preliminary 
indications only. Foraminifera were searched for using a reflected light microscope at x25 
magnification and one tray of sediment was scanned. Diatoms were searched for using a 
transmitted light microscope at a magnification of x200 and one transect of a wet slide mount 
was traversed. However, given the coarse grainsize of most samples, no diatoms were 
encountered so these are not discussed further. 
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3.0 RESULTS 

3.1 TRENCH STRATIGRAPHY AND MORPHOLOGY 

A summary trench log is shown in Figure 3.1, including some shore platform altitudes from 
the RTK GNSS surveying.  

The basal unit exposed in the trench is moderately-cemented, decimetre-scale bedded 
mudstone bedrock. The bedrock is the same as exposed in the modern shore platform at the 
north end of the beach (Figure 1.2B and Figure 2.1). The upper surface is subhorizontal and 
relatively flat (maximum relief 30 cm) beneath the terraces, with prominent steps between 
terraces (Figure 3.1, Figure 3.2), suggesting these are buried shore platforms and sea cliffs 
respectively. The buried sea cliff between the upper and middle terrace is lower (2.5 m) and 
broader (8 m) than between the middle and lower terraces (4 m by 4.5 m) similar to the 
ground surface terrace risers (Figure 3.1). Both buried sea cliffs are notably seaward of the 
surface risers.  

 
Figure 3.1 Bedrock, shore platform and beach deposits beneath the middle terrace, and the buried cliff and 
surface riser between the middle and upper terraces. 
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Resting on the bedrock are subhorizontal gravels and sands with some minor silts (yellow 
units in Figure 3.1; Figure 3.2 and Figure 3.3). There are more sand beds on the middle and 
lower terraces and the units at the seaward edge of the lower terrace cannot be 
distinguished from the modern beach. The gravels are primarily comprised of subrounded to 
subanglar mudstone pebble to cobble clasts, but also contain some pumice clasts, wood, 
whole shells and shell hash. Individual units vary from 0.1–1.5 m thick, and they interfinger 
and/or contain lenses (0.1–0.8 m thick and 3–6 m long). The sands and gravels are 
interpreted to be beach deposits and are visually similar to the modern beach deposits. At 
the inner edge of the upper and middle terraces they are interbedded with gravel and silt that 
are inferred to be colluvium from debris flows off the hillslope (upper) or buried cliffs 
(described further below). The total thickness of the beach deposits are 1.5–2 m on the 
upper terrace, and 1–1.5 m on the middle and lower terraces. 
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Figure 3.2 Summary log of Puatai Beach trench. Radiocarbon ages are labelled in red (shell) and blue (wood), as both the Conventional Radiocarbon Age (CRA) and calibrated ages. The accurate (F4) and approximate (F1-3, P1) locations of the archaeological 
sites are shown in green. Black dots are shore platform altitudes in metres above mean sea level and have an uncertainty of ±0.5 m.  
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Figure 3.3 Beach deposits exposed in the Puatai Beach trench (see Figure 3.1 for locations). A) Gravel 
beneath the middle terrace, B) Sand and gravel beneath the lower terrace, C) Shelly gravel from which 
radiocarbon sample 21 was collected. 

Overlying, and in some places interfingering with, the beach deposits are silt and minor 
gravel units (brown units in Figure 3.1). These units are seaward-dipping and the total 
thicknesses decrease seawards (from 2, 1.5 to 0.8 m on the upper, middle, and lower 
terraces respectively). Individual units are 0.1–0.8 m thick and are offlapping in a seaward 
direction (e.g., Figure 3.4), particularly at the inner, landward end of each terrace. The gravel 
clasts are predominantly subrounded to subangular mudstone (bedrock), but they also 
contain pumice clasts, shells, and shell hash. The shell content is much lower than the 
underlying beach deposits however. These units are interpreted to be predominantly 
colluvium derived from the hillslopes and/or higher terraces above each terrace. They may 
be reworked regolith, tephra, or possibly loess off the hillslopes. The shells are assumed to 
be wind-blown. 
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Figure 3.4 Colluvium at the landward edge of the middle terrace (see Figure 3.1 for location). 

On the upper terrace are 0.1–0.25 m thick, 1.5–7 m long lenses of tephra at or near the base 
of the colluvium (pink unit on Figure 3.1). These appear to be a single unit, and are coarse, 
bedded, pumice-rich sand with two prominent beds (Figure 3.5). The stratigraphic position of 
these suggests that the tephra was likely deposited shortly after uplift and abandonment of 
the beach deposits, but following some initial slopewash (colluvium deposition). Tephra 
(pumice) grains were also observed scattered throughout higher units, most notably the 
subsoil. 

Near the centre of the lower terrace is an enigmatic set of silt and gravel lensoidal units 
(orange units on Figure 3.1d; Figure 3.6). The overall morphology appears to resemble a 
channel, and the landward side does truncate beach and colluvial units, but the seaward side 
interfingers with beach units. One main reason for these units being enigmatic is that they’re 
not present on the south wall. It is not impossible that the units and/or the channel-shape is 
man-made, but this would have to pre-date colluvium and soil formation, which drapes over it 
undisturbed. There doesn’t appear to be any association with the gatepost as the 
stratigraphy on the immediate seaward of the post are undisturbed (suggesting the post was 
driven in) and there is no analogous feature associated with the gatepost on the south wall. 
The station manager also didn’t think there had been any disturbance of this size at this 
location. This unit is therefore tentatively interpreted as a fluvial channel but acknowledging 
that it requires the channel to be very localised. Its absence in the south wall suggests it 
these units were not deposited by Puatai Stream.  
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Figure 3.5 Tephra lenses preserved on the upper terrace (see Figure 3.1 for locations). 
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Figure 3.6 Enigmatic lenses of silt and gravel near the middle of the lower terrace which are tentatively 
interpreted as fluvial channel deposits. 

Within the upper part of the colluvium units are thin (typically 0.1–0.2 m thick) silt and sand 
lenses (S0–S5) (black units on Figure 3.1; Figure 3.3B, Figure 3.5A, Figure 3.7). The S0–S5 
sand layers were tentatively interpreted in the field as tsunami or storm deposits and their 
origin is discussed further in Section 4.2. Here we describe the characteristics of S0–S5: 

• S0: On the upper terrace S0 is present almost continuously as a thin sand unit 
between colluvial silts; it extends 24 m from the seaward edge of the terrace to the 
landward edge (Figure 3.1). At the seaward edge of the terrace, the S0 deposit 
consists of oblong lenses (up to 15 cm thick) of light brown-white medium sand with a 
high component of (sand-sized) shell hash (Figure 3.7B). Upper parts of each pod are 
horizontally laminated at mm-scale. The basal contacts of S0 are sharp and possibly 
erosional in places. The upper contacts are highly irregular and are surrounded by cm-
scale inclusions of S0 sand in the colluvial silt above and pods of colluvial silt in the S0 
sand below (Figure 3.7B); this irregularity may reflect burrowing or fluid-escape 
structures. Towards the middle of the upper terrace the S0 deposit is thinner (~5 cm 
thick) and finer (silty sand) and contains numerous shell fragments up to 2 cm in 
diameter. At the landward edge of the terrace the unit thickens in places (up to ~10 cm) 
but is finer-grained than elsewhere. It is characterised here as a light brown silt with 
abundant pebbles (up to 3 cm in diameter), charcoal fragments, and rare pumice 
clasts. One sample was examined for microfossils from this unit and contained only 
reworked planktic foraminifera.  
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• S1 and S2: S1 and S2 are sand units on the middle terrace; S1 extends over 10 m in a 
shore-normal direction as a single layer and discontinuous lenses whereas S2 consists 
of a single lens (Figure 3.1). Both have extensively burrowed upper and lower contacts.  

• S3, S4, and S5: These three deposits are sand units on the lower terrace. S3 consists 
of two 0.2 m-thick medium sand laminae with shell hash and whole shells separated by 
a grey sandy-silt lamina (Figure 3.7A, C). S4 also has laminae of light brown-white 
medium sand in the basal and upper 0.3 m of the unit with a silty sand in the middle 
containing pebbles and charcoal fragments. At its landward extent S4 consists of 
isolated lenses of sand and at its seaward edge it interfingers with beach deposits. As 
noted above, the seaward edge of the beach deposits on the lowest terrace could not 
be distinguished from the modern beach deposits, so it is unknown whether S4 is 
contemporaneous with the upper beach deposits of the lower terrace or with the 
modern beach deposits.  

The uppermost units mapped on each terrace are subsoil and topsoil, which vary in 
character in accordance with the underlying and parent stratigraphy. They contain scattered 
shells and tephra (pumice) grains, and in some places gravel. The soil units are thicker on 
the upper terrace (≤0.5 m) than on the middle and lower terraces (≤0.3 m) but there is no 
well-developed soil structure on any terrace. The base of the soil beneath the riser between 
the upper and middle terraces is highly irregular, for which we have no clear explanation. 

Of the five archaeological features identified (F1–F4, P1) and described in the accompanying 
archaeological report (Appendix 1), only one (F4) was on the north wall of the trench. The 
position is shown on Figure 3.1 along with very approximate locations of the other features 
projected from the south wall. F1 is on the middle terrace and the remaining four are on the 
lower terrace. All the features are either within or at the base of the colluvium; F2 is cut into 
the top of the underlying beach sand deposits. F1–F3 are interpreted to be fireplaces and all 
are interpreted to be ground surfaces occupied by Maori, most likely during brief stop-overs 
(Appendix 1).  
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Figure 3.7 Silt and sand layers S0–S5, which may be tsunami deposits (see Figure 3.1 for locations). A) S3 
and S4 sand in colluvium on the lower terrace. B) S0 silt in colluvium on the upper terrace. Note the burrowed 
upper contact, which is also characteristic of S1–S5. C) S3 and S4 sand in colluvium on the lower terrace. The 
boundaries of the thin silt and sand units have not been drawn so as not to obscure them. 
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3.2 RADIOCARBON AGES 

The radiocarbon age results are summarised in Table 1.1, and are labelled on the summary 
trench log in Figure 3.1 and the probability density function plots are shown in Figure 3.8.  

 
Figure 3.8 Probability density functions (PDFs) of the calibrated radiocarbon ages obtained from the Puatai 
Beach trench (see Table 1.1 for details). 

3.2.1 Upper terrace 

Three radiocarbon ages were obtained from shells within beach deposits resting on the 
shore platform. From landward to seaward, they are 1990–1720, 1960–1690, and 2030–
1740 cal. yr BP. These ages overlap, but show no clear variation in age across the terrace 
(e.g., younging landwards or seawards). 

Two ages were obtained from shells in the upper part of the beach deposits; 1970–1700 and 
1920–1650 cal. yr BP. These ages overlap with each other and with the ages from shells 
resting on the platform, suggesting the entire beach deposit sequence was deposited in a 
relatively short period of time.  

One shell age of 1190–930 cal. yr BP was obtained from potential tsunami deposit S0. 
Another was obtained from a shell within the subsoil; 380–70 cal. yr BP. This was dated 
because this layer had an apparent concentration of tephra. These are in stratigraphic order 
relative to each other and the underlying beach deposit ages. 

These ages obtained from the beach deposits suggest the tephra that mantles the beach 
deposits is the Taupo Tephra (1720 ± 5 cal. yr BP; Hogg et al., 2011). Further investigations 
(microprobing) are currently underway to test this. 

3.2.2 Middle terrace 

Four radiocarbon ages were obtained from within beach deposits resting on the shore 
platform. From landward to seaward they are 1390–1180 (shell), 1400–1180 (shell), 1390–
1180 (shell), and 1280–1180 (wood) cal. yr BP. These ages all overlap and there is no clear 
variation in age across the shore platform.  
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Two ages were obtained from shells in the upper part of the beach deposits; 1390–1180 and 
1270–1030 cal. yr BP. These ages overlap with each other and with those from directly on 
the platform, again suggesting rapid deposition of the entire beach sequence.  

One age was obtained from wood in sand layer S1 on the south wall; 400–100 cal. yr BP. It 
is stratigraphically consistent with, and much younger than, the underlying beach deposit 
ages. It is also younger than S0 on the upper terrace (1190–370 cal. yr BP), but overlaps the 
age of the shell within the subsoil (380–70 cal. yr BP). 

3.2.3 Lower terrace 

Four radiocarbon ages were obtained from shells within beach deposits resting on the shore 
platform; 550–340, 1170–930, 560–360, 520–320 cal. yr BP. Three of these ages overlap, 
but one is considerably older. This age (PB06B) was from the same position as the age 550–
340 cal. yr BP (PB06A), and so is clearly anomalous. It overlaps the ages from the middle 
terrace suggesting it is likely reworked from that terrace, which is also consistent with its 
position near the foot of the cliff. There is no clear variation in age of the remaining samples 
across the shore platform. 

One shell age was obtained from near the top of the beach deposits; 610–420 cal. yr BP. 
This age overlaps with the ages from on the platform, and like the middle and upper terraces, 
it suggests relatively rapid deposition of the beach deposits.  

One age of 900–730 cal. yr BP was obtained from wood in sand unit S4. This age is older 
than the underlying beach deposits. This suggests the wood likely detrital and had some 
considerable environmental history before being incorporated in the storm beach deposits.  

One age of 450–150 cal. yr BP was obtained from a shell in sand layer S3. This age 
overlaps, but is overall slightly younger than, the underlying beach deposit ages. It is also 
younger than S0 (1190–370 cal. yr BP) on the upper terrace, and overlaps the subsoil age 
(380–70 cal. yr BP) on the upper terrace and S1 (400–100 cal.yr BP) on the middle terrace. 
These potential correlations are discussed in Section 4.2. 
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4.0 DISCUSSION 

4.1 PUATAI BEACH MARINE TERRACES 

4.1.1 Terrace altitude and uplift-per-event 

The stepped morphology of the bedrock surface beneath each of the terraces is interpreted 
to be the result of episodic uplift. If uplift was gradual, the surface would be gently sloping 
towards the sea (e.g., as seen at Te Araroa; Wilson et al., 2007), and the ~2.5 and 4 m 
heights of the cliffs between the terraces is larger than any fluctuations in Holocene sea level 
(e.g., Hayward et al., 2016). Thus we propose that the shore platforms and sea cliffs were 
cut during a period of stability between earthquakes, and then each terrace was uplifted and 
abandoned during an earthquake. This means that the height difference between successive 
shore platforms represents the amount of uplift in the earthquake in which the upper terrace 
was abandoned. There is a potential additional factor to take into account and that is any 
short-term fluctuations (i.e., between uplift events) in sea level. The New Zealand sea level 
curve over the period of the terrace ages is not well constrained, but it may have dropped 
about 0.5 m and then risen 0.6 m over the last 1000 years (e.g., Hayward et al., 2016). 

The height differences are shown in Table 4.1 and have been measured from the inner, 
landward, edge of each shore platform (shoreline angle). The measurement (RTK GNSS) 
uncertainty is ±0.1 m, but we assign an overall uncertainty of ±0.5 m to take into account the 
uncertainty of the absolute height above sea level (±0.5 m) and the possibility of short-term 
sea level fluctuations as discussed above (±0.5 m).  

Table 4.1 Height differences between successive terraces and the modern shore platform. The shoreline 
angles are derived from a combination of RTK GNSS survey points and the trenchlog grid (Figure 3.1). The 
values in brackets are the minimum and maximum values. 

Terrace Shoreline angle 
altitude 

±0.5 m 

(m amsl) 

Height difference 

(uplift) 

±0.5 m 

(m) 

Upper 9.5 (9–10)  

Middle 6.6 (6.1–7.1) 2.9 (2.4–3.4) 

Lower 3.0 (2.5–3.5) 3.6 (3.1–4.1) 

Modern platform -0.7 (-1.2–0.2) 3.7 (3.2–4.2) 

The height differences have a range of 2.9 to 3.7 m, from which we can calculate an average 
of 3.4 m, and a geological uncertainty of ±1 m. The platform height range is narrower than 
the range in height of the surface risers (2.5–4.5 m), showing the surface risers are 
enhanced by post-uplift erosion and deposition and reinforcing the need to expose the shore 
platform and to use shoreline angles to assess tectonic uplift.  

The shore platforms beneath the upper and middle terraces are relatively horizontal, but the 
platform beneath the lower terrace has a seaward gradient and a ~0.8 m step about one-third 
of the way between the landward and seaward edge (gridlines 70–72 m). Although this 
wasn’t observed in the field this raises the possibility that there could be two shore platforms 
beneath the lower terrace. However, the overlying stratigraphy appears to continue across 
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this step (also seen in the south wall where the fluvial channel is not present) and one of the 
platform shell ages on the landward side of the step is statistically indistinguishable from 
those on the seaward side. So unless all the stratigraphy on the higher part was removed 
post-uplift and it was subsequently overlain by the stratigraphy laid down on the lower part, 
we prefer to adhere to the simplest interpretation that the lower terrace is a single terrace. 

The height differences therefore imply an uplift-per-event of 3.4 ± 1 m. 

4.1.2 Terrace ages and the timing of earthquakes 

With one exception (PB06B), the beach deposit radiocarbon ages from each terrace show 
remarkable consistency, and PB06B can be explained by reworking from the next oldest 
terrace. The ages are also distinctly different between terraces, despite the relatively large 
uncertainties from the use of a relatively high uncertainty in ΔR (±45 years).  

The trench beach deposit ages are at the younger end of the ages of Ota et al. (1991), and 
also at the younger end of some of the ages we obtained in the mid-2000’s (Figure 4.1), 
namely on the upper and middle terraces. The lower terrace trench ages are younger than 
the mid-2000’s ages. 

Considering the uncertainties in provenance of the previous ages, we calculate the ages for 
each terrace using only the ages obtained in this study (i.e., from the Puatai Beach trench). 
The terrace ages are taken from the youngest beach deposit radiocarbon age for each 
terrace. The rationale for this is that the continuous exposure of the beach deposits in the 
trench means that we are confident that the beach deposits we’ve dated were in situ prior to 
uplift (i.e., they are not tsunami or storm deposits washed up onto the terraces after uplift). 
Furthermore, as noted above, the beach deposit ages on each terrace are remarkably 
consistent, suggesting rapid deposition. This warrants further consideration, but for now we 
interpret this to mean that the beaches may have been continuously renewed through 
erosion and deposition in large storms. In this scenario, the beach deposits that are 
preserved represent the last major storm before uplift and the beach deposit ages provide 
maximum ages for uplift. Furthermore, we argue that the close agreement of the ages means 
that they only shortly pre-date uplift and therefore constrain the uplift ages. The youngest 
ages for each terrace (Figure 4.1) provide the following uplift ages: 

• Upper terrace: 1920–1650 cal. yr BP 

• Middle terrace: 1270–1030 cal. yr BP  

• Lower terrace: 520–320 cal. yr BP 

From these we can calculate inter-event times between the upper-middle and middle-lower 
terraces of 890–380 and 950–510 years (Table 4.2). 

Table 4.2 Terrace uplift ages and inter-event times.  

Terrace 
Uplift age (cal. yr BP) Inter-event times (years) 

Maximum Minimum Mean Maximum Minimum Mean 

Upper 1920 1650 1790    

Middle 1270 1030 1150 890 380 640 

Lower 520 320 420 950 510 730 



 

 

GNS Science Report 2016/21 35 
 

 

 
Figure 4.1 Probability density functions for the calibrated beach deposit radiocarbon ages from Puatai Beach, Pakarae River Mouth (RM), and Waihau Beach. The grey 
horizontal bars are the interpreted ages for the Puatai Beach terraces from the trench, taken from the youngest beach deposit age on each terrace, and which are also the uplift 
ages. * These ages were originally reported by Ota et al. (1991), but were corrected using modern oxalic standards and reported by Wilson et al. (2006). 
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4.1.3 Comparison with marine terraces at Pakarae River mouth 

4.1.3.1 Terrace ages 

Figure 4.1 includes radiocarbon ages from marine terraces at Pakarae River mouth, ~9 km 
south of Puatai Beach (Figure 1.1). These are the reported ages in Wilson et al. (2006) and 
have been recalibrated using MARINE13 and a Delta-R of 7 ± 45 years. Like the Puatai 
Beach marine terraces, the Pakarae River mouth marine terraces are inferred to have been 
uplifted by the Gable End Fault. As noted in the previous work section (1.2.1) Ota et al. 
(1991) correlated the upper, middle and lower Puatai Beach terraces with T4, T5, and T6 
Pakarae River mouth terraces respectively (Figure 1.4). However, Figure 4.1 shows that 
none of the Pakarae River mouth ages overlap with the Puatai Beach uplift ages, and the 
only individual ages that overlap are the younger part of the Pakarae T5 ages with the older 
part of some of the Puatai Beach middle terrace ages. 

It is currently unclear if this difference in terrace ages between Puatai Beach and Pakarae 
River mouth is real and suggests a different history of uplift at the two sites, or if there is an 
issue with the ages relating to the locations from which they were collected. Regarding the 
ages, we note that, with the exception of the T7 age, which was obtained by Wilson et al. 
(2006) and is clearly too old, the Pakarae River mouth ages were obtained in the late 1980’s. 
They are therefore not AMS ages (i.e., they were probably agglomerates of several shells), 
but have been corrected to modern standards as reported by Wilson et al. (2006). They were 
collected from natural exposures and soil pits, and so their depositional environment is less 
certain. For example, some shells may have been collected from units that we might now 
recognise as storm, tsunami or colluvial deposits. In addition, so few samples (between 2–3) 
were obtained from each terrace by Ota et al. that the age architecture of the terraces could 
not be elucidated and the shells may not represent the active beach at the time of terrace 
uplift.  

If the age difference is real, it implies that the uplift history, and in turn, the uplift mechanisms 
are different for Puatai Beach and Pakarae River mouth. Puatai Beach is located shoreward 
of approximately the centre of the northern strand of the Gable End Fault, whereas the 
Pakarae River mouth is shoreward of the northeast end of the southern strand (Figure 1.1B; 
Mountjoy and Barnes, 2011). It is therefore possible that these data suggest the strands 
ruptured during different earthquakes in the late Holocene, or that the strands do not belong 
to the same fault.  

There are also local onshore faults at or near each site; the Waihau Fault near Puatai Beach 
and the Pakarae Fault at Pakarae River mouth (Figure 1.1B). Wilson et al. (2006) inferred 
that the Pakarae Fault, which has predominantly normal displacement onshore, does not 
contribute significantly to uplift, but it does displace the marine terraces and so has clearly 
moved in the late Holocene. There are no paleoseismology data for the Waihau Fault, but it 
does have a well-defined scarp which suggests it could have ruptured during the late 
Holocene. Although little is known about movement on the Waihau Fault, it is not impossible 
that it has caused local uplift of the Puatai Beach terraces or even that a strand crosses the 
terraces and causes the difference in altitude across Puatai stream. 



 

 

GNS Science Report 2016/21 37 
 

4.1.3.2 Terrace altitudes 

Table 4.3 shows terrace shoreline angle altitudes and height differences at Puatai Beach and 
Pakarae River mouth. These show that, like the ages, the shoreline angle altitudes also differ 
between sites. They therefore do not provide independent evidence for correlation between 
sites.  

If the Ota et al. (1991) terrace correlations between the two sites are correct, then the upper 
and middle terraces of Puatai Beach are higher than their correlatives at Pakarae River 
mouth. We also note the height differences between shoreline angles are greater at Puatai 
Beach, implying more uplift-per-event at Puatai Beach. This may fit with their distribution 
relative to the Gable End North Fault; Puatai Beach being closer to the centre of one strand 
and Pakarae River mouth being at the end of another strand (Figure 1.1) because slip tends 
approximately follow a bell curve with greatest slip (=uplift) in the middle if the fault. 

Another possibility is that the altitudes of terraces at one or both of these sites is also the 
result of rupture on the Pakarae or Waihau Bay Faults. As discussed in the previous section, 
this is not our preferred interpretation, but could be tested by further work (e.g., trenching) on 
each fault.  

Table 4.3 Comparison of marine terrace shoreline angle altitudes and height differences at Puatai Beach and 
Pakarae River mouth. The values in brackets are minimum and maximum values. 

Puatai Beach 
terrace 

Shoreline angle 
altitude 
±0.5 m 

(m amsl) 

Height 
difference 

±0.5 m 
(m) 

Pakarae River 
mouth terrace 

Shoreline angle 
altitude ±0.5 m 

(m amsl) 

Height 
difference 

±1 m 
(m) 

   T1 24 (23.5–24.5)  

   T2 13.8 (13.3–14.3) 10.2 (9.7–10.7) 

   T3 11.5 (11–12) 2.3 (1.8–2.8) 

Upper 9.5 (9–10)  T4 7.5 (7–8) 4 (3.5–4.5) 

Middle 6.6 (6.1–7.1) 2.9 (2.4–3.4) T5 5 (4.5–5.5) 2.5 (2–3) 

Lower 3.0 (2.5–3.5) 3.6 (3.1–4.1) T6 3 (2.5–3.5) 2 (1.5–2.5) 

   T7 0.5 (0–1) 2.5 (2–3) 

4.1.3.3 Future work 

The difference in ages and terrace altitudes between Puatai Beach and Pakarae River mouth 
could be tested by further investigation (trenching and surveying shoreline angles) at 
Pakarae River mouth. The possible influence of additional uplift mechanisms, such as the 
Pakarae or Waihau faults can also be investigated through paleoseismological investigations 
of these faults. The possible differences in marine reservoir corrections could also be tested 
through radiocarbon analysis of modern (pre-1950) shell samples from the two sites. 

For the present study however, our preferred interpretation is that the Puatai Beach ages are 
representative of large magnitude earthquakes on the Gable End Fault (and the mismatch in 
ages with the Pakarae River mouth terraces is due to poor age control at Pakarae, until 
proven otherwise). 
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4.1.4 Comparison with marine terraces at Waihau Beach 

As noted in the previous work section (1.2.1), based on age, Ota et al. (1991) correlated the 
upper terrace at Puatai Beach with terrace 3 at Waihau Beach, ~4 km north of Puatai Beach 
(Figure 1.1). Both are inferred to be uplifted by the Gable End Fault.  

Ota et al.’s terrace 3 Waihau Beach ages have been recalibrated using MARINE13, and are 
plotted beside the Puatai Beach trench upper terrace ages in Figure 4.1. This shows that 
they considerably overlap and that they likely represent the same uplift event.  

The Waihau Beach terrace is reported by Ota et al. (1991) to be approximately 3–4 m amsl, 
although this appears to be the beach deposit altitude rather than the shore platform or 
shoreline angle, so is probably a maximum. This is clearly lower altitude than the upper 
terrace at Puatai Beach, which is probably because Waihau Beach is closer to the end of the 
Gable End Fault and is also further away from the fault (Figure 1.1).  

Ota et al. (1991) are unsure if there is an even younger terrace (terrace 4) at Waihau Beach, 
or whether terrace 3 is tilted to the north, and so further correlations with the Puatai Beach 
marine terraces require further investigation of the Waihau Beach marine terraces. 

4.2 TSUNAMI AND STORM DEPOSITS 

4.2.1 Origin of S0–S5 sand units 

The presence of sand units (S0–S5) within the colluvial silt coverbed sequence on each 
terrace raises the question of whether evidence for paleotsunamis is preserved at this site. A 
record of paleotsunamis can help to define or calibrate estimates of tsunami hazard for a 
particular location especially with respect to infrequent large events not represented in the 
historical record (e.g. Goto et al., 2014). In comparison with storm surge deposits, tsunami 
deposits can be generally characterised as having a sheet-like geometry and rising inland as 
thin layers much further and higher than typical of a storm deposit (Morton et al., 2007; Goff 
et al., 2012). For example, on the east coast of India where 2004 Indian Ocean tsunami 
deposits were found 3–5 m amsl, storm deposits were restricted to <1.5 m amsl (Andrade 
et al., 2014) and in Marlborough, New Zealand where a tsunami deposit was identified as an 
extensive layer up to 360 m inland, modern storm deposits were observed to form localised 
lobes extending 30–40 m inland (Clark et al., 2015). Where site-specific modern analogues 
are not present, it can be impossible to determine the depositional mechanism for an 
individual deposit. However, any extensive sedimentary unit indicative of coastal flooding has 
implications for coastal hazard regardless of depositional mechanism (Switzer et al., 2014).  

We use chronological, geomorphological, sedimentological and biological considerations to 
investigate the likely mechanism of deposition for each of the thin sand units. We use the 
heights and ages of the terraces to estimate how high each sand unit was at the time of 
deposition (paleo height amsl at landward extent in Table 4.4). 

Unit S0 is considered to be derived predominantly from the seaward side of the coastal plain 
because:  

• the light brown-white medium sand at the seaward edge is similar in appearance to 
beach sand at the high tide mark on Puatai Beach;  

• the inclusion of shells (indicating a marine source); and  

• it fines in grainsize in a landward direction.  
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At the landward edge of S0, the higher proportion of silt, and the inclusion of pebbles and 
charcoal fragments, indicates mixing of terrestrial material into the deposit. Deposition of S0 
requires a mechanism that could spread a thin but extensive (24 m shore-normal) layer 
across the upper terrace that fines landward, changes geometry landward (lenses & lamina 
beds), and incorporates different material at different parts of the coastal plain (shells, 
pebbles, charcoal). The lower terrace had not been raised at the time of deposition of S0 so 
the height the unit reached above sea level is its present height minus the height of the lower 
terrace 12.3–3.0 = 9.3 ± 0.5 m amsl (Table 4.4), and the distance from the active storm 
beach of the most landward extent of S0 was at least 58 m. Deposition of such a linear and 
extensive unit at this height and distance from the active beach, and involving transport of 
both marine and terrestrial material, is best explained by tsunami than storm. 

Table 4.4 Characteristics of the S0–S5 sand units preserved in the coverbed sequences of the Puatai Beach 
marine terraces.  

 S0 
(Upper 

Terrace) 

S1 
(Middle 
Terrace) 

S2 
(Middle 
Terrace) 

S3 
(Lower 

Terrace) 

S4 
(Lower 

Terrace) 

S5 
(Lower 

Terrace) 

Age (cal. yr BP) 1190–930  400–100 >S1 450–150 >S3 >S4 

Present height 
amsl (at landward 
/ seaward 
extents) 

12.3 ± 0.5 m 

11.5 ± 0.5 m 

9.0 ± 0.5 m 

8.3 ± 0.5 m  

8.1 ± 0.5 m 

8.1 ± 0.5 m 

 

4.4 ± 0.5 m 

2.7 ± 0.5 m 

4.2 ± 0.5 m 

2.0 ± 0.5 m 

2.9 ± 0.5 m 

2.9 ± 0.5 m 

Emerged terraces 
at time of 
deposition 

Upper & 
Middle 

Upper, 
Middle & 

Lower 

Upper, 
Middle 

± Lower 

Upper, 
Middle & 

Lower 

Upper, 
Middle ± 
Lower 

Upper, 
Middle ± 
Lower 

Paleo height amsl 
at landward 
extent 

9.3 ± 0.5 m 9.0 ± 0.5 m 

 

8.1 ± 0.5 m 
or 5.1± 0.5 
m (± lower 

terrace 
uplift) 

 

4.4 ± 0.5 m 

 

4.2 ± 0.5 m 

or 1.2 ± 0.5 
m (± lower 

terrace 
uplift) 

2.9 ± 0.5 m 

or on beach 
(± lower 
terrace 
uplift) 

Distance from 
active storm 
beach at 
landward extent 

58 m 44 m 12.5 m or 
36.5 m (± 

lower terrace 
uplift) 

22.5 m 23.5 m or 0 
(± lower 
terrace 
uplift) 

14 m or 0  

(± lower 
terrace 
uplift) 

Shore-normal 
extent of deposit 

24 m 10 m 0.3 m 19 m 22 m 5.4 m 

Grainsize fines 
inland 

Yes: 
medium 

sand to silt 

Not 
obviously in 

field 
observation 

Not 
extensive 
enough to 
determine 

Not 
obviously in 

field 
observation 

Not 
obviously in 

field 
observation 

Not 
obviously in 

field 
observation 

Lower contact 
unconformable / 
erosional 

Sharp in 
places. Also 
undulating & 

burrowed 

Sharp & 
burrowed 

Sharp & 
burrowed 

Sharp, 
undulating & 

burrowed 

Sharp, 
undulating & 

burrowed 

Sharp, 
undulating & 

burrowed 
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 S0 
(Upper 

Terrace) 

S1 
(Middle 
Terrace) 

S2 
(Middle 
Terrace) 

S3 
(Lower 

Terrace) 

S4 
(Lower 

Terrace) 

S5 
(Lower 

Terrace) 

Bedding & 
Inclusions 
(pebbles / shells) 

Mm-scale 
laminations 

in sand. 
Shells 

seaward; 
pebbles & 
charcoal 

fragments 
landward  

Occasional 
whole shells 

Occasional 
whole shells 

Cm-scale 
bedding of 

medium 
sand & 

sandy silt. 
Occasional 
whole shells 

Cm-scale 
bedding of 

medium 
sand & 

sandy silt 
with pebbles 
& charcoal 
fragments 

 

Foraminifera Reworked 
planktic 

species only 

Abraded 
marine 
benthic 
species 

Not 
examined 

Not 
examined 

Abraded 
marine 
benthic 
species 

Not 
examined 

Likely 
depositional 
mechanism 

Highly 
probable 
tsunami 

Likely 
tsunami 

Probable 
storm surge 

Possible 
tsunami 

Possible 
tsunami 

Probable 
storm surge 

On the middle terrace S1 is a thin (up to ~10 cm thick) light brown to white medium sand that 
extends inland 3.5 m continuously and to a total length of ~10 m as discontinuous oblong 
pods of sand (Figure 3.1). The pods of sand become slightly thinner inland but there is no 
obvious fining trend. Occasional shells were found in this unit and, in addition to reworked 
planktic foraminifera, abraded marine benthic species were found with an assemblage very 
similar to sand on the modern Puatai Beach. Therefore, S1 is considered to be marine-
derived sediment. At the time of deposition of S1, the lower terrace had already been raised 
above sea level so the currently preserved landward extent of this unit was laid down at a 
height of 9.0 ± 0.5 m amsl and at a distance from the active storm beach of at least 44 m. We 
consider S1 is likely to be a tsunami deposit. 

S2 on the middle terrace consists of a single oblong lens of light brown to white medium 
sand. It is older than S1, which it underlies, but is undated so we don’t know if it was 
deposited before or after emergence of the lower terrace. If the lower terrace had not 
emerged, then S2 would have been approximately 12.5 m inland from the active storm beach 
and 5 m above it and could have been deposited by storm surge.  

On the lower terrace S3 extends 19 m in a shore-normal direction, 14.5 m as a linear bedded 
unit and further landward as discontinuous lenses of sand. The bedding in this unit makes a 
storm surge source unlikely because it suggests phases of marine-derived deposition 
(medium sand laminae) alternating with a component of terrestrially-derived sedimentation 
(silty sand). Such sub-units can represent the run-up and back-wash phases of a tsunami 
(Goff et al., 2014). S3 was deposited after the lowest terrace had been raised so its landward 
extent was at a height of 4.4 ± 0.5 m amsl and at a distance of 22.5 m inland from the active 
(modern) storm beach. We consider S3 is possibly a tsunami deposit. 

S4 extends 22 m in a shore-normal direction and it contains abraded benthic marine 
foraminifera similar to those encountered in the modern beach sand. The unit has bedding 
similar to S3 in some locations with sediment types and inclusions that suggest 
predominantly marine-derived sedimentation but with a phase including some terrestrially-
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derived sediment (silt). S4 is older than S3 but its age is otherwise unknown – the 
radiocarbon age obtained from this unit is older than the underlying terrace so the wood 
sample must have been reworked. The landward extent of S4 is currently at a height of 4.2 ± 
0.5 m amsl and 23.5 m from the modern storm beach but we don’t know if the lower terrace 
had been raised at the time of deposition. We consider S4 is possibly a tsunami deposit. 

S5 is a less extensive unit (Table 4.4) than the others on the lower terrace and its landward 
extent is 2.9 ± 0.5 m amsl and 14 m inland from the modern storm beach. Other than being 
older than S4, its age is unknown. If it was deposited before the lower terrace was uplifted, 
then it doesn’t require any special explanation as it is only separated from the beach sands 
that accumulated on the lower terrace by a thin colluvial unit and is likely to be a storm surge 
deposit.  

One further consideration regarding the age of these sand units is that S3 (450–150 cal. yr 
BP) has almost the same age as S1 (400–100 cal. yr BP) (Figure 3.8). Therefore, it is 
possible that S1 and S3 represent the same depositional event but cannot be traced laterally 
from the lower terrace to the middle terrace because of non-deposition and/or erosion off the 
scarp face between these two terraces. There are only two samples that constrain the age of 
these two units and the calibrated ranges are quite broad so ideally further chronological 
control would be sought to test synchroneity of S1 and S3. However, if we assume they are 
the same event then the joint deposit has a shore-normal extent of 29 m and, given a 
distance of 44 m from the storm beach and a height of 9.0 ± 0.5 m, tsunami deposition is the 
most likely explanation. One further piece of evidence that extensive marine inundation 
occurred at this time is that a shell of a similar age was found at the landward edge of the 
upper terrace. At the time of sampling we were not sure how the shell got there – it was not 
part of a unit but lying between a colluvial deposit and the subsoil – but we dated it to help 
constrain the age of tephric material found below it. Given the shell’s overlap in age with S1 
and S3, it is possible it was deposited by the same event but too far landward to have been 
incorporated into an obvious deposit, i.e., it could have been rafted inland on a surge of 
water beyond the limit at which the sediment settled from the water column. This would 
increase the youngest tsunami’s landward extent to at least 61 m from the active storm 
beach at the time and at a height of 12.6 ± 0.5 m.  

In summary, the extensive linear sand units of S0 and S1, deposited at 9 m or more above 
mean sea level and tens of metres inland from the active storm beach (Table 4.4) are likely 
to be tsunami deposits. S3 and S4 are also extensive and linear, and although their heights 
and landward extents are not as convincingly beyond the reach of storm surge, they do 
include sub-units incorporating terrestrial sediment which is more typical of tsunami 
deposition than storm (Morton et al., 2007; Goff et al., 2012). S2 and S5 do not have the 
shore-normal extent, heights, or sedimentary features to justify any explanation beyond 
storm surge. As noted above, it can be hard to distinguish between tsunami and storm surge 
for certain, especially based on a brief field survey as carried out here, but either way we 
have documented evidence for marine inundation of the coastal plain. For the purposes of 
exploring possible tsunami sources and hazard implications, we now consider S0, S1, S3 
and S4 to have been deposited by tsunamis. If S1 and S3 (plus the shell on the upper 
terrace) were deposited in the same event, we have evidence for three tsunamis in the last 
~1200 years represented by deposits reaching heights of 9.3 ± 0.5 m, 12.6 ± 0.5 m and 4.2–
1.2 ± 0.5 m amsl. If S1 and S3 were not the same event (and the isolated shell is not 
considered) then the evidence suggests four tsunamis in the last ~1200 years represented 
by deposits reaching heights of 9.3 ± 0.5 m, 9.0 ± 0.5 m, 4.4 ± 0.5 m and 4.2–1.2 ± 0.5 m 
amsl. 
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4.2.2 Possible Tsunami Sources 

The most obvious sources of paleotsunamis preserved on uplifted marine terraces are the 
earthquakes that raised the terraces themselves. The age of S0 (1190–930 cal. yr BP) on the 
upper terrace overlaps with the age of the middle terrace (1270–1030 cal. yr BP)  
(Figure 3.8), and so could potentially have been generated by the earthquake that uplifted 
the middle terrace. The age of S1 (400–100 cal. yr BP) on the middle terrace, S3 (450–150 
cal. yr BP) on the lower terrace, and the subsoil shell on the upper terrace (380–70 cal. yr 
BP) overlap the age of the lower terrace (520–320 cal. yr BP) and could potentially have 
been generated by the earthquake that uplifted the lower terrace. S4 may represent the 
tsunami triggered by uplift of the lower terrace at Puatai Beach but this cannot be confirmed 
as its age is unknown. 

There are two main problems with the terrace uplift earthquakes also being the source of the 
tsunami deposits. Firstly, S3 on the lower terrace is underlain by colluvial units (and S4 and 
S5) so, unless these underlying deposits were coseismic and lain down before the tsunami 
reached land, S3 must have been deposited later than the terrace uplift event (i.e., from a 
different source). Secondly, if the tsunami deposits were generated by the terrace uplift 
earthquakes, it would be reasonable to expect their ages to overlap more completely than 
observed at Puatai Beach (Figure 3.8). From the perspective of the geological record, an 
earthquake uplift and the tsunami it triggers are essentially synchronous events. Terrace age 
ranges in this study span at least 200 years and the tsunami ages span up to 300 years, and 
yet there is only a 160-year overlap between the oldest tsunami age and the middle terrace 
age and possibly a 130-year overlap between the youngest tsunami age and the lower 
terrace. The offsets could be explained by shells in the tsunami deposits being killed by the 
tsunami (and thereby constraining the age of the event accurately) whereas shells in the 
beach deposits on the terraces being reworked and older than the event. However, given the 
current dataset, it must also be considered that the tsunami deposits may have come from a 
different source than the Puatai Beach terrace uplift earthquakes.  

4.2.3 Comparison with tsunami deposit and event ages at other sites 

As noted in the introduction, the closest tsunami deposits in the New Zealand Palaeotsunami 
Database, at Cooks Cove, Gisborne, and Tolaga Bay (Figure 4.2), have inferred ages of ~AD 
1480, AD 1250–1800, and AD 1080–1460 respectively. These ages are very uncertain and 
so detailed comparisons are not appropriate, but further work should be undertaken on these 
events to see if there is any age correlation, for example between the Gisborne tsunami and 
the S1 (AD 1550–1850) and S3 (AD 1500–1800) tsunami deposits. 
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Figure 4.2 Sites of paleotsunami and earthquake event ages which overlap the Puatai Beach tsunami deposit 
ages and are discussed in the text. Yellow dots and black line are sites with marine terrace and paleotsunami 
deposit records, white dots are submarine cores with turbidite records. 

Farther afield along the East Coast (Figure 4.2) there are some potential paleotsunami 
deposits and earthquake events of similar ages to the Puatai Beach tsunami deposits. 
Detailed comparison of ages requires consideration of radiocarbon calibration and marine 
reservoir correction at each site and is beyond the scope of this report. However, we do note 
that there is evidence of an earthquake involving subsidence at around the time of S0 at 
Ahuriri Lagoon (earthquake 8 of Hayward et al., 2016). The youngest (S1 / S3) 
paleotsunami/s at Puatai Beach potentially overlap with the youngest raised terrace at Mahia 
Peninsula (Berryman, 1993) and evidence for paleotsunami in the form of anomalously 
young shells preserved on raised terraces at Honeycomb Rock (Berryman et al., 2011; 
Litchfield et al., 2013).  

There is also potential age correlation between the tsunami deposits and turbidites in 
submarine cores. Pouderoux et al. (2012) documented turbidites in submarine cores at 
Poverty Re-Entrant, Ruatoria Debris Avalanche, and Matakoa Re-entrant (Figure 4.2) which 
provide evidence for strong shaking. Turbidites present in multiple cores across several sites 
are interpreted as evidence for subduction interface earthquakes. Their turbidites H3 and H1 
overlap the ages of the Puatai Beach S0 and S1 / S3 respectively. 

Given the tectonic setting of the Puatai Beach site, there is also the possibility that tsunami 
deposits are preserved from the occurrence of “tsunami earthquakes”, such as occurred in 
the region in 1947 (Bell et al., 2014), and which would not necessarily be expected to leave 
evidence of synchronous vertical deformation or turbidites. For example, the 1947 
earthquakes occurred offshore of Gisborne (25th March) and Tolaga Bay (17th May) and had 
low local magnitudes (ML5.9 and ML5.6) so caused relatively low shaking but they had higher 
moment magnitudes (MW7.–7.1 and MW6.9–7.1) and both caused much larger tsunami than 
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expected for their magnitude. The 25th March earthquake caused a tsunami of ~10 m height 
between Waihau Bay and Wainui Beach, Gisborne, the May tsunami was up to 6 m and 
inundated a smaller stretch of coastline near Tolaga Bay (Bell et al., 2014). Despite 
producing significant tsunami, neither earthquake caused any coastal deformation.  

The above examples show that there are potential earthquake sources for the Puatai 
tsunami deposits other than the Gable End Fault, such as offshore faults, the subduction 
interface, or tsunami earthquakes. More detailed work is required to recalibrate ages and to 
apply marine reservoir corrections to the ages from other sites. More ages are also desirable 
from a number of these sites to obtain more precise event ages (e.g., the Gisborne tsunami). 

4.3 IMPLICATIONS FOR SEISMIC AND TSUNAMI HAZARD 

4.3.1 Gable End Fault 

In the 2010 National Seismic Hazard Model (NSHM) the Gable End Fault is classified as 
having a slip rate of 3.81 mm/yr, a single event displacement of 2.91 m, and a recurrence 
interval of 760 years. This was primarily derived from the Pakarae River mouth marine 
terrace record supplemented with preliminary mapping of the Gable End Fault by Mountjoy 
and Barnes (2011). 

Taking the Puatai Beach marine terrace altitudes and ages, uplift rates of 4.7–6.1 and 4.8–
6.9 mm/yr are calculated from the upper and middle terraces respectively (Table 4.3), an 
average rate of 5.6 ± 1 mm/yr. This is lower than that calculated previously by Ota et al. 
(1991) of 7–8 mm/yr, but is higher than the vertical slip rate calculated for the Gable End 
Fault from displacement of the post-glacial erosion surface (3.8 ± 0.5 mm/yr; Mountjoy and 
Barnes, 2011). It is also higher than the uplift rate at Pakarae River mouth calculated from 
the oldest uplifted marine terrace (3.2 ± 0.8 mm/yr; Wilson et al., 2006). Given that the Gable 
End Fault is situated ~8 km away from the Puatai Beach coast, we’d expect the uplift rate at 
the coast to be lower than the slip rate on the fault plane, not higher. Possible explanations 
for this difference are: 1) the rate has increased in the last 2000 years (the time represented 
by the marine terraces) and is therefore not representative of the long-term rate; 2) the slip 
rate varies along the length of the Gable End Fault, including potentially different rates for the 
northern and southern strands; and 3) the uplift rate at Puatai Beach is higher than the Gable 
End Fault slip rate because of an additional uplift mechanism, such as movement on the 
Waihau Fault. Because of these possibilities we think it would be premature to modify the slip 
rate on the Gable End Fault. 

Table 4.5 Uplift rates calculated from the upper and middle terraces. 

Terrace 
Altitude (m amsl) Age (Cal. yr BP) Slip rate (mm/yr) 

Maximum Minimum Maximum Minimum Maximum Minimum Mean 

Upper 10.0 9.0 1920 1650 6.1 4.7 5.4 

Middle 7.1 6.1 1270 1030 6.9 4.8 5.8 
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The mean estimate of uplift-per-event of 3.4 m calculated from the Puatai Beach terraces is 
also slightly higher than the mean 2.91 m single event displacement (SED) value for the 
Gable End Fault in the NSHM, which was calculated from magnitude and ultimately fault 
length. Like slip rate, the SED should be higher at the fault plane than at the coast, and the 
differences could be the result of: 1) anomalously large recent displacements in the late 
Holocene; 2) variations in displacement along the fault; and/or 3) an additional uplift 
mechanism such as the Waihau Fault. For these reasons, and because the difference is just 
within the uncertainties, we don’t see any need to modify the SED in the NSHM at this stage. 

The inter-event times between the terrace uplift events are 890–380 years and 950–510 
years. These span the NSHM recurrence interval of 760 years, which is calculated from 
displacement and slip rate. This suggests the recurrence interval in the NSHM is reasonable 
for the Gable End Fault. 

The other fault source parameter which has potentially been well constrained from this study 
is the timing of the most recent event, at 520–320 cal. yr BP (AD 1430–1630). This had 
previously not been constrained, because the only age from the youngest terrace, T7, at 
Pakarae River mouth, is anomalously old (older than the ages for T6; Figure 4.1). This event 
postdates the timing of Māori occupation in New Zealand in the mid-late Thirteenth Century 
(Anderson et al., 2014), and although we currently don’t have any archaeology ages from 
Puatai Beach, the presence of archaeological features suggests is not unreasonable that 
there could have been Māori in the area who witnessed this event. 

In summary, the uplift rate and uplift-per-event calculated from the Puatai Beach marine 
terraces are higher than the values in the NSHM for the Gable End Fault, but the inter-event 
times are consistent with the recurrence interval. The differences may reflect natural 
variability in time and space, or suggest additional uplift mechanisms as also discussed in 
the comparison with the Pakarae marine terraces in Section 4.1.3, and which could be 
addressed by further research. We also note that the elapsed time (since the most recent 
event; 520–320 years) is less than the average recurrence interval (760 years). 

4.3.2 Tsunami hazard 

The Gisborne region is known to be exposed to a high tsunami hazard given its proximity to 
the Hikurangi subduction zone and exposure to Circum-Pacific subduction zones, in 
particular those off South America (Power, 2013). The hazard curve for Waihau Bay (the 
larger bay in which Puatai Beach is located) in the National Tsunami Hazard Model shows 
the best estimate tsunami height at the coast (maximum amplitude) for a 500 year return 
period is 7.6 m and for a 1000 year return period is 9.0 m (Power, 2014). These best 
estimates are presented in the model with large bounds of uncertainty and are assumed to 
be measured at the point on the coast (within the 20 km section) where tsunami height is 
greatest. The Gable End Fault is included in the analysis – as it is an offshore thrust fault 
considered capable of triggering tsunamis – but it does not feature in the top six tsunami 
sources responsible for these hazard estimates.  

Regarding the size of events preserved at Puatai, the paleo heights amsl at the landward 
extent (Table 4.4) of each tsunamigenic deposit are equivalent to minimum estimates of 
tsunami run-up. Tsunami run-up is the elevation (e.g. above mean sea level) that the tsunami 
reaches at the most landward extent of its inundation and is a common measure of tsunami 
size. In modern examples tsunamis have been observed to travel further inland than the 
deposits they leave (e.g., Chague-Goff et al., 2012) so run-up values estimated from 
deposits must be considered a minimum. The relationship between run-up and tsunami 
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heights at the coast (as used in the National Hazard Model) is dependent on a number of 
local factors but in situations where tsunamis don’t travel very far inland, they are a rough 
approximation of each other, and where tsunamis are funnelled inland by topographic 
features, run-up may be up to double the tsunami height at the coast (Power, 2013).  

At Puatai Beach we know that tsunamis could not have travelled very far inland because of 
the steep topography near the coast so we can assume our geologically derived run-up 
measurements are a reasonable approximation of tsunami height at the coast and thereby 
we can compare our results with those presented in the National Tsunami Hazard Model. 
Irrespective of the different scenarios involving S1 and S2, we document two events in the 
last 1200 years with minimum run-ups of 9 m ± 0.5 amsl. This exceeds the best estimate of a 
1000 year frequency for such heights in the model but it is within the uncertainty bounds 
included in the model. The run-up of 12.6 ± 0.5 m amsl (obtained if S1, S2 and the shell on 
upper terrace were the same event) is higher than any best estimate heights within a 2500 
year time frame in the model but such a height is within the bounds of uncertainty from about 
a 1600 year timeframe or greater. 

This comparison is useful, despite the many assumptions required, because the Puatai 
Beach study shows that tsunami heights of ≥9–12 m amsl have occurred in the past, 
confirming that it is realistic for them to be included in the National Tsunami Hazard Model for 
the Waihau Bay area. The model does a good job of accounting for the geological 
observations if all the uncertainties are considered but may underestimate the hazard if only 
the best estimate is considered.   
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5.0 CONCLUSIONS 

The Puatai Beach trench showed that the previously mapped marine terraces are underlain 
by a stepped shore platform – cliff morphology cut into bedrock, which we interpret to be the 
result of coseismic uplift events. Each shore platform is overlain by 1–2 m of beach gravel 
and sand deposited prior to uplift, and 0.8–2 m of silty colluvium deposited following uplift. 
The colluvium contains thin sand layers interpreted as storm or tsunami deposits.  

Radiocarbon ages from shells and wood resting directly on the shore platforms constrain the 
timing of uplift (during large earthquakes) of the upper, middle, and lower terraces at 1920–
1650, 1270–1030, and 520–320 cal. yr BP respectively. From these, we calculate inter-event 
times of 890–380 (upper-middle terraces) and 950–510 (middle-lower terraces) years. The 
inter-event-times span the recurrence interval calculated for the Gable End Fault in the 
NSHM, suggesting it is a reasonable value. 

Detailed surveying showed that the shoreline angles for the upper, middle, and lower 
terraces are 9.5 ± 0.5, 6.6 ± 0.5, and 3.0 ± 0.5 m amsl. The average height differences 
between the terraces and the modern platform, or the uplift-per-event, is 3.4 ± 1 m 
(geological uncertainty). The mean estimate of uplift-per-event is slightly higher than the 
mean calculated SED for the Gable End Fault in the NSHM (2.9 m), but because the 
difference is within the uncertainties, we don’t see any need to modify the SED in the NSHM 
at this stage.  

The uplift rate calculated from the marine terraces of 5.6 ± 1 mm/yr is lower than previously 
reported (7–8 mm/yr), but higher than the vertical slip rate for the Gable End Fault (3.8 ± 0.5 
mm/yr). This may suggest an additional uplift mechanism acting on the Puatai Beach 
terraces, such as the nearby Waihau Fault; this could be tested by trenching a prominent 
graben. Because of this and other possible explanations, we think it would be premature to 
modify the slip rate on the Gable End Fault. 

The trench-derived upper terrace age overlaps radiocarbon ages of terrace 3 at Waihau 
Beach, suggesting they were likely uplifted in the same Gable End paleoearthquake. The 
general mis-match of ages between Puatai Beach and Pakarae River mouth is currently 
inferred to be due to the inferior quality of ages at the latter site, and could also be improved 
with further research at Pakarae River mouth.  

This study provides the first age constraints on the most recent event on the Gable End 
Fault, at 520–320 cal. yr BP (AD 1430–1630). This is after the time of Māori settlement in 
New Zealand (mid-late Thirteenth Century), and some archaeological evidence was found at 
the site, suggesting that there could have been people present during this earthquake as well 
as the most recent tsunami. The elapsed time (520–320 years) is less than the average 
recurrence interval (760 years), suggesting the next earthquake is likely not imminent. 
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Chronological, geomorphological, sedimentological and biological considerations of the thin 
sand layers in the colluvium suggest that four are likely paleotsunami deposits. Three 
tsunami deposits are dated, at 1190–930, 400–100, and 450–150 cal. yr BP, and the overlap 
of the latter two suggest they could be the same event. Assuming they are, and following 
removal of subsequent terrace uplift, then the maximum tsunami deposit heights are 9.3 ± 
0.5, 12.6 ± 0.5 and 4.2–1.2 ± 0.5 m amsl respectively.  

Comparison of the maximum heights of the tsunami deposits (as a proxy for run-up) with the 
national tsunami hazard model shows they are within, but at the upper limit, of modelled 
tsunami run-ups at the 1000–1600 year timeframe.  Physical evidence of tsunami with run-up 
of ≥9–12 m amsl have occurred in the past, confirming that it is realistic for them to be 
included in the national tsunami hazard model for Gisborne. 
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Introduction 
The purpose of this report is to describe the archaeological remains uncovered during the monitoring of trenching, carried out by GNS Science in February 2016, for research into the seismic and tsunami hazard at Gisborne. The trenching was at Puatai Beach, about 30km north of Gisborne (Figure 1).  The legal description of the land on which the trench was excavated, is Puatai No.1, ML4964 (Figure 2). The land is owned by The Proprietors of Pakarae A and Other Blocks, and is currently part of the land farmed by the Whangara Farms Partnership Maori Incorporation (QuickMap Enterprise V7.5.178).            

Figure 1: Map showing the location of Puatai Beach, East Coast North Island. (1:250,000 topographical map from LINZ Data Service).    
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Figure 2: Puatai No.1, ML4964, showing the location of the trench. (The plan of ML4964 is courtesy of QuickMap Enterprise V7.5.178).  Summary of Authority Assessment and Expected Findings 
GNS Science proposed to excavate a trench across three uplifted marine benches at Puatai Beach, East Coast, to ascertain the dates of uplift, and to search for evidence of tsunamis. They requested Bruce McFadgen to assess the impacts of the proposed work on archaeological remains for the purposes of meeting the requirements of the Heritage New Zealand Pouhere Taonga Act 2014 (HNZPT Act). Owing to illness, he was unable to carry out the monitoring work, and with the agreement of Heritage NZ, Nick Beynon, BA (Hons) in archaeology, took his place in the field. 
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Wellman’s (1962) reconnaissance of the coast reported no stratigraphic evidence of occupation between Tatapouri 25km along the coast south of Puatai Beach, and Loisels Beach (Waihau Bay) about 4 km north of Puatai Beach. There had been no previous archaeological work at Puatai Beach, although two burials had been recorded south of the beach, and two pa sites north of the beach. Recorded occupation sites are relatively sparse on the coastal platform generally; the main sites between Tatapouri 25km south of Puatai Beach, and Loisels Beach about 4km north being burials (11) and middens (17). The recorded sites on higher ground overlooking the coastal platform are more numerous, and mainly pits and/or terraces (29+), pa (12+) and a few middens (3).   There were no known archaeological sites within the immediate vicinity of the proposed trench, although during the assessment reconnaissance, the remains of three fireplaces of unknown age were found nearby (Figure 3). The fireplaces were recorded as Z17/560, 561, and 562.   The significance of any archaeological evidence that might be found by the trench excavation was in its potential to add to the body of knowledge of Maori occupation at Puatai Beach, and possibly the effect on Maori communities of the hazardous events of earthquakes and tsunamis. Offshore to the east runs the Hikurangi Trough, part of the boundary between the Australian and Pacific tectonic plates. The trough is a source of some of the tsunamis that have struck the coast in the past, including in 1947, when up to 115km of coastline from Mahia to Tokomaru Bay were affected (GNS Science, 2015).  
The absence of any significant archaeological remains in the bay could be due to several reasons. They may simply not be visible, although if any substantial activity, for example gardening, had taken place, there were sufficient exposures in the stream banks and bench edges to detect it. That the middle bench extended the full length of the bay indicates that there would have been sufficient flat coastal land for occupation during the prehistoric period. The coast is susceptible to tsunami (McFadgen, 2007), and occupation may have been on the higher hillsides to avoid inundation. In this respect, following the recent Samoan tsunami, people moved into the hills (Government of Samoa, 2010). The results of the trenching might shed some light on the matter. 
From the late 1880s, the beach was part of the horse-drawn coach route from Gisborne to Tolaga Bay, and Puatai Point was considered to be one of the more treacherous parts of the route (MacKay, 1949). It was considered possible that the fireplaces might date from this period. There are several small streams flowing into the bay, the nearest to the trench location being only about 50m to the south, and the fireplaces could conceivably be from travelers along the coast, or fireplaces of stockmen boiling the billy in the 1920s. 
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Physical Environment  
Puatai Beach is a small, east-facing bay (Figure 3). To the north hills begin to rise steeply from just above high water mark. Immediately south are three raised marine benches between high water mark and the hills. The area is under pasture. 

Figure 3: Puatai Beach showing uplifted marine benches (yellow lines), trench location (orange line), previously-recorded fireplaces (blue infilled circles), rocky sea bed to north and south of beach, and the legal road in 1882. The shoreline between the rocks the sea bed is sandy. Source of photo: LINZ Data Service: Gisborne Rural Aerial Photos 0.4m (2012-2013). 
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The uplifted benches comprise a layer of beach sand and gravel 2-3m thick (Ota et al, 1992). Exposed sections show that the sand contains very finely divided shell and gravel that overlies beach cobbles or bedrock; in places, however, the sand is virtually gravel-free. In the top of the sand a top-soil has formed. The shell fragments in the sand are very broken, but where they were large enough to identify, they were intertidal rocky shore species (Ota et al, 1992). Like the sand on the benches, the top-soil also contains fragmented shells. The uppermost and lowest benches are confined to the northern part of Puatai Beach; the middle bench extends the full length of the beach (Ota et al, 1992). The lowest uplifted bench at Puatai Beach is correlated with the lowest bench at Waihau Bay just north of Puatai Beach. This bench contains Loisels Pumice, and is thought to have been uplifted since Maori settlement (Ota el al, 1987:20).  Shell fragments in the sand and topsoil include Ataata/cats eye (Turbo smaragdus), Paua (Haliotis iris), Ngaruru/Cooks turban shell (Cookia sulcata), and the spotted top shell (Diloma aethiops). The topsoil also contains very small (<1mm) landsnails, and very rare charcoal fragments. The marine shell species appear to be related to the presence of an offshore rocky platform (Figure 3), which is present at the north and south ends of the beach. Southwest of the northern rocky platform, the intertidal sand, and the sand exposed in the wave-cut section along the lowest uplifted bench, both contain fragmented shells of rocky shore shellfish species. Between the rocky platforms, the sand on the beach and in the section has considerably fewer shell fragments.  Description of Archaeological Work Undertaken 
Trench excavation was carried out using a mechanical digger. The trench, up to about 3.5m depth (Figure Frontispiece), was in two levels. In the interests of safety, the top part of the trench on benches 2 and 3 was 5m wide, and the bottom part 2.5m wide. On Bench 1, the trench was 2.5m wide and up to 2m deep.   The excavation was closely monitored, and for any archaeological remains uncovered, excavation stopped in the vicinity while the remains were investigated. All archaeological work was carried out by Nick Beynon.   Constraints and Limitations on Archaeological Work 
GNS Science personnel worked closely with the archaeologist, and there were no constraining activities or conditions. Health and safety issues relating to the trench excavation depth were dealt with by the trench widths. Conditions of the authority were met.  
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Detailed Site Plan 
Figure 3 shows the location of the trench in relation to the uplifted benches. Three fireplaces were uncovered by the trenching; one on Bench 1 (F1, Figure 3), and two on Bench 1 (F2 and F3, Figure 4). In addition there was a patch of sparse scattered charcoal in soil in the trench section opposite Fireplaces F2 and F3 (F4, Figure 4). The charcoal was sparse, and may or may not relate to one or other of the fireplaces in the opposite wall. At the outer edge of Bench 1, close to an old fence post, was a patch of dark sandy soil (P1, Figure 4), containing small charcoal fragments, a few pieces of shell, a piece of bone, and a few fragments of sandstone. Parts of these features remain in the sections of the now filled-in trench. The features are recorded as Site Z17/563 (Appendix).  Results 
The archaeological features are labelled F1, F2, and F3 (Figures 5, 7, and 9). The patch of scattered charcoal is labelled F4 (Figure 10). Stratigraphic context of F1 and F2 are shown by Figures 6 and 8. The patch of dark sandy-silty soil is labelled P1 (Figure 11).  
 During excavation of the trench across Bench 1, part of the south wall, about half way along the trench, collapsed. In the sand component of the collapsed spoil, a cattle leg bone (Bos taurus), was found. There was only one bone, which was incomplete (Figure 12). Its interior contained sand residue. It is thought to have been about 50cm deep in the sand, but at what point it arrived in this position is not known – whether before the collapse or as a result of the collapse. Where the bone originally came from is not known; it could be from a beast that was being driven along the coast, or from one that died inland and was washed down river and ended up on the beach. 
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Figure 4: Site plan showing uplifted benches (Bench 1, 2, and 3), and location of the excavated trench. Fireplaces are shown as F1, F2 and F3. F4 is a patch of charcoal, possibly related to FP3. For cadastral boundaries, see Figure 2. For NZ Transverse Mercator coordinates of features see Table 1.  
Feature NZTMmE NZTMmN Remains 

F1 2060648 5728164 Fireplace 
F2 2060659 5728162 Fireplace F3 2060667 5728162 Fireplace 
F4 2060663 5728165 Scattered charcoal P1 2060674 5728161 Dark soil, charcoal and shell fragments 

Table 1. Coordinates for features found. Interpolated from high precision DGPS coordinates of trench corners by N. Litchfield, and measurements along trench from the corners. Estimates precision: +/-2m.  Fireplace F1. The fireplace (Figures 5 and 6) was on the south wall of the trench on Bench 2, about 80cm below the ground surface, in colluvium. It was a thin layer of dark soil containing sparse charcoal and very small pieces of brittle sandstone. It was about 1.6m long, and the stones were concentrated at its eastern (seawards) end. The soil above the feature was undisturbed. No 
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specifically cultural remains were found other than the fireplace itself. 
Fireplace F2. The fireplace (Figures 7 and 8) was on the southern wall of the trench on Bench 1, about 1m below the ground surface, in white sand. It was about 80cm long and 30cm thick, and contained a dense lens of charcoal and burnt stones. The stones were generally about 5cm in size, with four larger than 10cm in size. There was no sign of any bone or shell associated with the fireplace. The soil above the fireplace contained a patch of charcoal-stained sand, which was well separated from the fireplace by about 10cm of clean sand. 
Fireplace F3. The fireplace (Figure 9) was in the southern wall of the trench on Bench 1, about 40cm below the ground surface, on the interface between silty sand below, and the overlying soil, and about 5m east of Fireplace F2. The fireplace was about 1m long, and contained a few pieces of shell, and a few small burnt pieces of sandstone less than 3-5cm long.  
Patch of scattered charcoal F4. The patch of scattered charcoal (Figure 10) was in the northern wall of the trench on Bench 1, about 27cm below the ground surface. It was about 1.1m long, and up to 15cm thick. It was a lens of dark soil containing several small pieces of charcoal. It overlay colluvium of silty sand, and had small deposits of patchy white sand above it. Very sparse, scattered, shell fragments, too small to identify, extended about 1.7m to the east (seawards). 
Point P1. Point P1 is at the base of a fence gate post (Figure 11). It comprised dark sand with charcoal fragments, shells from several species including paua (Haliotis sp.), sandstone fragments, and a piece of bone. Below the dark sand was brown silty sand, and above was topsoil. It was up to about 20cm thick, and the darkish soil could be traced for about 1m. Shell fragments, very sparse, extended for about 1m west and 50cm east of the point. 
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Figure 5: Feature F1; fireplace in colluvium near the outer edge of Bench 2. Length is about 1.6m. Figure 6: Stratigraphic context of Feature F1. 
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Figure 7: Feature F2; fireplace in the sand of Bench 1 (Photo: N. Litchfield). 
Figure 8: Stratigraphic context of Feature F2 (Fireplace). 
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Figure 9: Feature F3, fireplace on sand on Bench 1. Length: 100cm, thickness: 6cm. 

Figure 10: Feature F4, scattered charcoal on Bench 1. Feature length about 110cm; thickness up to 15cm. 
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Figure 11: Point P1; dark sandy soil with shell fragments, charcoal, and a piece of bone. 

Figure 12. The cattle bone from the trench across Bench 1.  Discussion and Interpretation 
The fireplaces found were all shallow features made in scoops in sand. They were similar to open fires, not earth ovens; in a European context, something to boil water over for a cup of tea, or to cook a meal. They would also have been suitable in either a Maori or a European context for warmth, or for cooking food over, except that there were no midden remains evident. The origin of the few shells found could have been either natural or cultural. There was nothing to indicate that the fireplaces were part of a larger site, or anything other than a result of a brief stop-over for a bit of sustenance or warmth.  Fired stones collected from Features F1 and F3 were all sandstone, probably local and from nearly streams. 
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 No soil development in the tops of the stratigraphic layers was recorded, which would have given some indication of the time lapse between uplift of the sand and deposition of the colluvium. None of the photographs of the features, however, showed clear signs of any soil profile development, and in the case of Features F2 and F3 on Bench 1, there clearly was none of any significance.  Further interpretation of the fireplaces and other remains found during the trench excavation depends on their stratigraphic position in the uplift sequence of the three benches. The uplift model adopted for Puatai Beach, based on the trench stratigraphy, is set out in Figure 13.   

Figure 13: Uplift model for Puatai Beach. For explanation, see text.  Uplift model. Tectonic uplift, if sufficiently large, will uplift the beach to a height out of reach of normal wave, and most storm wave, activity, forming the Uplifted Bench (Figure 13). The bench will comprise, at this point in time, the uplifted sea bed (Bedrock, Figure 13), and the sand covering it (Sand, Figure 13). Immediately after uplift, the uplifted sand surface is exposed, and the new beach is the surface of the rocky sea bed. This rocky surface becomes covered with sand brought in by the sea, and the exposed, uplifted sand surface, becomes covered with colluvium (Colluvium, Figure 13), probably from slips induced by the earthquake, on the hillside behind the shoreline. Deposition of the colluvium, however, may take several weeks or months depending on rainfall. When the colluvium becomes stable, a soil forms in its upper surface. As mentioned above, there was no sign of soil profile development in the top of the sand on Benches 1 and 2, which would indicate any substantial time lapse.  During accumulation of the colluvium, minor sediment deposition from the coast may also occur, including windblown sand, and possibly sand deposited by wave action during very severe storms; this will show as thin sand lenses in the colluvium. There may also be sand and other material deposited by tsunamis. The sand will not necessarily be clean; the current beach sand contains shell 
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fragments, large and small, and these will be included with storm and tsunami deposited sand. Shells and occasional gravel and stones will also be in the original sand of the uplifted beach. Distinguishing sparse midden shell from former beach shells is thus not simple.  Surfaces available for people to use are: the original beach; the surface of the uplifted sand; exposed surfaces of the colluvium while the colluvium accumulates; and the ground surface of the colluvium when it stabilises. These surfaces are available for different lengths of time. The beach is available for as long as the time between uplifts, assuming a stable sea level, but the closer to high water mark, the shorter the time any occupation signs will survive, due to wave action. Further back from the beach, the longer will be the survival time, which will be enhanced if the signs are subsequently buried by beach sand.  The surface of the uplifted sand will be exposed for only a few months at the most. Any occupation of this surface near the outer edge of the uplifted bench will be close to the time of uplift. At the inner edge of the sand on the bench, occupation remains could pre-date uplift, particularly is they are buried in the sand. Any signs of occupation in the colluvium will be younger than the uplift event. If occupation remains had been deposited from a higher surface by digging, there should be evidence of this, and the feature will then be related to the surface from which it was dug.   Fireplaces excavated into the top of a sand surface may be covered with sand. The cause may be: natural, e.g. windblown; or cultural, e.g. to prevent live embers blowing around and causing fires in nearby vegetation, or to hide the signs of someone having passed that way.   Interpretation of the archaeological fireplaces on Benches 1 and 2. The stratigraphic relationship of the archaeological fireplaces F1, F2, and F3 to uplifted Benches 1 and 2 is shown by Figure 14. Using the uplift model outlined above, stratigraphic implications for interpretation of the fireplaces follows.  

Figure 14: Stratigrapy of Benches 1 and 2 showing features F1, F2, F3, and F4.  
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Fireplace F1 is in the colluvium on Bench 2, and is covered with colluvium; it postdates uplift of the bench, although by how much is uncertain. Fireplace F2 is in the sand, and is covered with sand. It is at the rear of Bench 1, and could have been made some time before uplift, as it is likely to have been far enough up the beach to be protected from normal wave action. Alternatively, it could have been made soon after uplift, and before deposition of the colluvium.  Fireplace F3 is about midway between the rear and front of Bench 1, and on the interface between the sand and the colluvium. It is therefore likely to have been made in the short interval between uplift, and deposition of the colluvium.  Feature F4, the patch of scattered charcoal, is within the colluvium, and thus post-dates uplift and the beginning of colluvium accumulation. Its stratigraphic position makes it younger than both Features F2 and F3.  The dark sand and charcoal at point P1 (Figures 3 and 11), from their close relationship with the fence gate post, are possibly related to construction of the fence and gateway.  Ages of the uplifted benches and archaeological features. The colluvium on Bench 3 contained Taupo tephras (Litchfield et al, 2016), and the uplift of Bench 3 is therefore older than the Taupo Pumice eruption, currently dated at about 1800 years ago (Sparks et al 1995). The tephra was not seen in the colluvium or sand deposits on benches 1 and 2, indicating that the uplift of these benches post-dates the Taupo Pumice eruption.  Fireplace F1 was situated on Bench 2 and, as outlined above, is in colluvium; how long after the uplift of Bench 2 it was formed is unknown. Bench 2 could have been uplifted some considerable time before Maori settlement, currently dated to the early 14th Century AD (McFadgen, 2007).  The best estimate for the uplift of Bench 1 is the radiocarbon dates (Litchfield, 2016), which indicate a date around 1500AD. This is at variance with the cattle bone found in the sand on the bench. Unfortunately, the original context of the bone is uncertain, and attributing its stratigraphic position to the sand is probably incorrect.   Based on the inferred dates for uplift of Benches 1 and 2, Fireplaces F1, F2 and F3 all pre-date European settlement, and date from the prehistoric Maori period. They are probably from transient occupation, for example, travellers along the coast, stopping near the stream for refreshment.  
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Conclusions 
Three fireplaces and one area of scattered charcoal were found during the trench excavation.   One fireplace, F1, was located on Bench 2 and is probably prehistoric in age.   Two fireplaces, F2 and F3, were located on Bench 1 and are also probably prehistoric in age.   The area of scattered charcoal, F4, was located on Bench 1, and was younger than both fireplaces F2 and F3.  Acknowledgements 
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Appendix NZAA Site Record Form 
 NZAA Site Number Z17/563  
Status Pending 

 
Site inspected by 

Nick Beynon on 12/02/2016 
NZTM Coordinates 

E 2060659 N 5728162 Source of spatial data 
Handheld GPS 

Finder Aid 
Puatai Beach, East Coast. Site is not visible. Coordinates for site based on high 
precision GPS are: 2060659mE, 5728162mN. Site is about 50m north of a nearby 
stream mouth (Fig.1). 

Site Type 
Unclassified 

Features 
Fireplace/ hearth 

Description 
Updated 22/03/2016 (Field visit), submitted by brucemcfadgen , visited 12/02/2016 by 
Nick Beynon 
Grid reference (E2060659 / N5728162) 
 
Site comprises three fireplaces and one area of scattered charcoal exposed in the sides 
of a trench dug across uplifted shoreline benches for earthquake and tsunami research 
(Fig 2). There was also a patch of dark soil with charcoal and shell fragments at the 
base of a fence gatepost. The ages of the fireplaces range from prehistoric to after 
European contact, based on stratigraphic data. This age range may change when radiocarbon dates are available. 
The fireplaces were all in uplifted beach sand, which was covered by colluvium washed 
from the hills behind the beach. The scattered charcoal was in the colluvium.  
Coordinates for the fireplaces and scattered ash were determined by high quality GPS 
marking the boundaries of the excavated trench, and the coordinates of the fireplaces 
were estimated from measurements made from the trench corners. Their precision is of 
the order +/-3m.  
Fireplace F1: 2060648mE, 5728164mN; Fireplace F2: 2060659mE, 5728162mN; 
Fireplace F3: 2060667mE, 5728162mN; Scattered charcoal F4: 2060663mE, 
5728165mN; Point P1: 2060674mE, 5728161mN. 
Fireplace F1 was on the south wall of the trench on Bench 2, about 80cm below the 
ground surface, in sand. It was a thin layer of dark soil containing sparse charcoal and 
very small pieces of brittle sandstone. It was about 1.6m long, and the stones were 
concentrated at its eastern (seawards) end. The soil above the feature was undisturbed. 
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No specifically cultural remains were found other than the fireplace itself. 
Fireplace F2 was on the southern wall of the trench on Bench 1, about 1m below the 
ground surface, in white sand. It was about 80cm long and 30cm thick, and contained a 
dense lens of charcoal and burnt stones. The stones were generally about 5cm in size, 
with four larger than 10cm in size. There was no sign of any bone or shell associated 
with the fireplace. The soil above the fireplace contained a patch of charcoal-stained 
sand, which was well separated from the fireplace by about 10cm of clean sand. 
Fireplace F3 was in the southern wall of the trench on Bench 1, about 40cm below the 
ground surface, on the interface between silty sand below, and the overlying soil, and 
about 5m east of Fireplace F2. The fireplace was about 1m long, and contained a few 
pieces of shell, and a few small burnt pieces of sandstone less than 3-5cm long.  
The patch of scattered charcoal F4 was in the northern wall of the trench on Bench 1, 
about 27cm below the ground surface. It was about 1.1m long, and up to 15cm thick. It 
was a lens of dark soil containing several small pieces of charcoal. It overlay colluvium 
of silty sand, and had small deposits of patchy white sand above it. Very sparse, 
scattered, shell fragments, too small to identify, extended about 1.7m to the east 
(seawards). 
Point P1 is at the base of a fence gate post. It comprised dark sand with charcoal 
fragments, shells from several species including paua (Haliotis sp.), sandstone 
fragments, and a piece of bone. Below the dark sand was brown silty sand, and above 
was topsoil. It was up to about 20cm thick, and the darkish soil could be traced for about 
1m. Shell fragments, very sparse, extended for about 1m west and 50cm east of the 
point. 
 

Name Ethnicity 
Combination 

Period 
Indigenous pre-1769, Colonial 1840-1900, Modern 1900- 

Associated Sites 
Condition 

Not visible 
Condition Notes 

Updated 22/03/2016 (Field visit), submitted by brucemcfadgen , visited 12/02/2016 by 
Nick Beynon 
 
The fireplaces were damaged during trenching work, but remains of all features are still 
present in the sides of the trench (now filled in).  

Land Use 
Grazing 

Threats 
Erosion 
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A2.0 APPENDIX 2 – GROUND PENETRATING RADAR SURVEY REPORT 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
Thursday, 9 April 2015 
 
Nicola Litchfield 
GNS Science  
TE PU AO  

P O Box 30 368,  
Lower Hutt 5040 
 
 
Dear Nicola, 
 
 

Re: Ground Penetrating Radar (GPR) Archaeological  
Survey Report, Puatai Beach, Gisborne 

 
 
ScanTec Ltd present the following technical report for a geophysical survey at Puatai 
Beach, Gisborne.  
 
The field work consisted of; 
 
1) A 3D GPR survey of a pre-defined rectangular area (approximately 90m x 10m) for 
archaeological purposes 
 
2) A 200MHz and 400MHz survey to assess geological structure 
 
The field work was carried out on March 18th – 19th by Matt Watson and assisted by 
Nicola Litchfield. The weather was fine and ground surface was dry. 
 
 
 
 
1.0  Survey methodology 
 
1.1 Ground penetrating radar (GPR) 
 
Ground penetrating radar (GPR) measurements were carried out using a GSSI SIR-
3000 with 400MHz and 200MHz antennae (Figure i). A combination of digital survey 
wheel, differential GPS and survey tapes were used for positional control. 
Measurements were recorded at 24-bit resolution and a sampling density of 
100scans per metre. Survey line spacing was 0.5m.  
 
 

 

Tel +64 9 436 3966 
Tel 021 376 644 

info@scantec.co.nz 

PO Box 999 
Whangarei 

NEW ZEALAND 
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Figure i)  GPR Survey in progress using 400MHz antenna. 
 
 
 
 
GPR Data Processing 

 
GPR data was processed in RADAN 6.6 software. Processing involved bandpass 
HP/LP filtering, predictive deconvolution, stacking, gain adjustments and background 
removal.  
 
 
 
 

2.0 Analysis and Results 
 
 
2.1 Archaeological GPR Survey 
 

 
Three separate grids (GPR Areas #1,2,3) were used to cover the area, to avoid the 
fence line (between blocks 1 and 2) and the steep bank between blocks 2 and 3. 
 
Figures 1 to 9 show the 3D GPR survey results presented as a series of plan-view 
slices of the 3D blocks at 0.25m depth intervals. These are overlayed on a Google 
Earth image. A 3D topography representation of the coverage area is also provided. 
 
The ground surface was grass covered (farm land), very hummocky with drainage 
channels.  
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The GPR images were analysed in both 2D and 3D to identify characteristic 
reflection patterns that are known to occur in association with buried objects, such as 
koiwi, or from earthworks (eg. pits). 
 
GPR signal penetration was on average 2m to 2.5m depth across this site at 400MHz 
frequency. 
 
 
Features identified in the GPR data: 
 

 High intensity reflections in Block #3, (0.25m depth slice) corresponding to 
surface depressions (drainage features). These are the ‘red’ coloured 
features observed on Figure 1 image (Area #3).  Air-gaps beneath the 
antenna element are the main cause of the increased reflection intensity. This 
can either be due to undulating ground (drainage features) or the line passing 
over thick vegetation. 
 

 Variations in moisture content within the soil are observed. This is displayed 
as background colours on the GPR image changing between greys and 
yellow colour levels. 
 

 No archaeological features are interpreted in the processed GPR images. 
This includes analysis in both 2D and 3D formats. 
 

 
 
2.2 GPR profiles along proposed trench alignment 
 

The processed GPR profiles (2D) at both 200MHz and 400MHz frequency are 
presented as Figure 10.  These have been corrected for topography, with a vertical 
exaggeration of approximately 2:1.  
 
Stratigraphy was observed on the 400MHz profile, which is possibly related to 
dipping bedrock. Angle of bedrock is shallower than it appears, due to the vertical 
exaggeration.  Depth to the bedrock reflection was interpreted to be approximately 
2m. 
 
A layer of stronger reflections is observed between the ground surface and 
approximately 400mm depth could be due to increase salinity in the soil. 
 
Very little stratigraphy is visible in the GPR data. This may be due to insufficient 
contrast in dielectric properties between adjacent layers, which means that the GPR 
reflection strength will be minimal. Absence of strong bedding planes or coherent 
structure in the sediments above the bedrock may also be a reason for the lack of 
stratigraphy.   
 
Signal attenuation levels were relatively high at this site, possibly due to the high 
electrical conductivity of the sediments (salinity in soil). It is likely that the 200MHz 
GPR signal would not have reached the level of the bedrock.  
 
The reflection from the groundwater table could not be clearly defined in the GPR 
data.  
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Please let me know if you have any questions relating to this technical report. 
 
Yours Sincerely 
ScanTec Ltd 
 
 
Matt Watson   B.Sc. M.Sc. (hons) 
Geophysicist / Director 
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A3.0 APPENDIX 3 – PUATAI BEACH TRENCH UNIT DESCRIPTIONS 

Table A3.1 Field descriptions of the units exposed in the Puatai Beach trench. The unit numbers are labelled on the trench log in Figure A3.1. 

Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

1a  Dark grey brown soil. Silty matrix, friable, blocky texture. Gradational basal contact. Topsoil Upper 

1b 2 Light grey brown silt. High organic content. Shell fragments (small). Scattered pebbles. Mottled, light 
brown to yellow-brown. Burrows. Gradational base. 

Subsoil Upper 

1c  Light brown pebble gravel. Silt matrix. Clasts subangular, up to 2 cm diameter. Distinct basal contact. Subsoil Upper 

2 6 Light brown – grey sandy silt. Abundant tiny shell fragments. Scattered charcoal. Mottles of yellow brown 
silt. Sand/shell hash/pumice to base. Distinct where on paleosol, gradational when on unit 2. 

Tephra? Upper 

3a  Mid-brown silty soil (paleosol). Charcoal fragments. Light brown mottles. Sand-sized shell fragments. 
Moist, blocky. Distinct lower contact. 

Paleosol Upper 

3b  Light brown silt. Similar to 3a, but without organics. Some clastics. Massive. Paleosol Upper 

4 (S0) 6 Light brown silt with abundant pebbles up to 3 cm diameter, many with white coating. Chaotic, matrix-
supported. Common charcoal fragments. Rare pumice clasts. No shells? Gradational basal contact. 

Tsunami deposit Upper 

4 

(S0) 

17 As above with pods of light brown – white medium sand. Numerous shell fragments up to 2 cm diameter. 
Shell/sand matrix-supported silty sand. Loose texture. 

Tsunami deposit Upper 

4 

(S0) 

24 Pods of light brown – white sand. Loose. Fine shell hash (sand-sized). Burrowed upper contact. Upper 
part has mm-scale laminations. Sharp basal contact. Upper contact irregular – either burrows or rip-ups. 

Tsunami deposit Upper 

5  Light-brown sandy silt. Massive. Mottled throughout with grey-brown silt. Fine sand-sized shell fragments. 
White pebble clasts (fine sand-grit). Gradational base. 

Colluvium Upper 

6  Light yellow-brown tephra with four distinct airfall units. Basal 1 cm is grey-white fine sand in pods or sharp 
basal contact. 8 cm medium sand light brown, reverse graded. 2 cm light brown very coarse sand. 10 cm 
light grey-brown medium sand. Lower half is horizontally bedded, upper half is probably reworked. Yellow-
brown mottled. 

Taupo Tephra Upper 
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Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

7a  Light brown silty cobble gravel. Matrix-supported. Clasts up to 8 cm diameter. Mottled yellow-brown and 
grey silt. Massive. Basal contact distinct. 

Colluvium Upper 

7b  Brown gravelly silt. Pebble-cobble clasts up to 6 cm diameter. Mottled yellow-brown and grey silt. Distinct 
basal contact. 

Colluvium Upper 

8a  Brown clayey silt. Scattered mudstone pebble. Mottled orange-brown and grey. Gradational base. Colluvium Upper 

8b  Brown silty gravel grading up to gravelly silt. Clasts predominantly cobbles up to 8 cm. Mottled orange-
brown and grey silt. Massive. Distinct basal contact. No shells. Matrix-supported. 

Colluvium Upper 

9a  Brown cobble gravel with matrix of medium sand and grey silt. Almost clast-supported. Clasts up to 20 cm. 
Sparse whole shells and abundant shell fragments at 6 m. Matrix increasingly sandy and clast supported. 
Silt matrix at back edge (0-4 m). Increasingly sandy to basal 20 cm with shells. Sharp contact to bedrock. 

Beach Upper 

9b  Interbed of light brown – white well sorted medium sand. Sparse whole shells including Cookia. Beach Upper 

9c  Interbed of brown pebble gravel with coarse sand and shell hash matrix. Rounded pebble clasts up to 4 
cm diameter. Horizontally bedded alternating pebble gravel and sand between 18 and 30 m verticals. 

Beach Upper 

9d  Basal boulder gravel. Pebbles and cobbles, up to 40 cm diameter. Subrounded to rounded. Varies from 
clast to matrix supported. Matrix is white-grey medium sand. 

Beach Upper 

10 32 Stiff dark grey clayey silt. Residual angular clasts. Weathered dark yellow-brown on contact. Bedrock N/A 

11a  Dark brown silty soil. Friable soil structure. Gradational base. Topsoil Middle 

11b  Dark brown – black organic silty soil. Scattered shell fragments and pebbles. Mottled brown silt distinct but 
irregular base as per log. 

Topsoil 

 

Upper 

11c 33 Grey-brown silt. Contains shells, charcoal, organic fragments and pebbles throughout. Orange-brown 
mottles. Gradational base. 

Topsoil Middle 

11c 40 Light grey-brown fine sandy silt. Scattered shells, charcoal and pebbles. Massive. Uniform colour. Distinct 
basal contact. Occasional pods of fine sand at the base. 

Colluvium Middle 

11d 34 Dark grey-brown find sandy silt. Fine shells and charcoal throughout. Orange mottles. Massive. 
Gradational base. 

Colluvium Middle 
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Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

11d 36 Brown silty fine sand. Massive. Common shell fragments including Austrovenus. Extensive orange-brown 
mottles. Charcoal fragments. Distinct base. 

Colluvium Middle 

11d 39 Light brown, compact, massive fine sandy silt. Charcoal fragments. Tiny shell fragments. Orange-brown 
mottles. Gradational base. 

Colluvium Middle 

11e 32 Grey-brown fine sandy silt. Charcoal and shell fragments throughout. Orange-brown mottles. Gradational 
base. 

Colluvium Middle 

11e 33 Mid grey-black silt. Massive. Common worm tube cases throughout. Colluvium Middle 

11e 35 Same as at 33 m (silt), but with abundant worm tube cases towards boulder of worm tubes. Colluvium Middle 

11e 36 Same as at 33 m (silt), but with prominent charcoal at the base. Sharp base. Colluvium Middle 

12a  Grey clayey-silt grading seaward to dark grey-black (organic) clayey silt. Charcoal fragments throughout. 
Rare cobbles and large shells. Gradational base. 

Colluvium Middle 

12a 40 Mid brown organic silt. Compact. Massive. Weak paleosol. Numerous shells and charcoal fragments. 
Distinct base. 

Colluvium Middle 

12b  Mid grey silty clay grading seawards to dark grey-brown organic silty clay. Sparse whole shells and 
cobbles. Charcoal fragments throughout. Gradational base. 

Colluvium Middle 

12c  Mid grey clayey silt. Common sandstone pebbles. Charcoal fragments. Shell fragments. Mottled lighter 
grey silt. Distinct basal contact. From 33 m seaward – dark brown organic clayey-silt with abundant 
pebbles/cobbles. Small boulder 15 cm diameter. Worm tube cobbles and large shells. Matrix is silty peat. 

Colluvium Middle 

12d Lower bench Brown pebble gravel with medium sandy matrix. Matrix supported. Clasts to 6 cm. Strong orange-brown 
staining/weathering. Sparse shell fragments and whole shells. White coated pebbles. Base is distinct. 

Colluvium Middle 

12d 40 

Upper bench 

Medium brown sandy-silt with abundant pebbles. Sparse shell fragments. Orange-brown mottles. Colluvium Middle 

13 47 Light brown-white medium well-sorted loose sand. Centimetre scale beds of coarse sand and shell hash. 
Scattered cobbles. Distinct base. 

Beach Middle 
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Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

13a  Brown cobble gravel. Medium sand and shell hash matrix. Clasts up to 15 cm diameter. Shell fragments 
up to 3 mm. Matrix supported. Distinct base. 

Beach Middle 

13b  Light brown – white well sorted medium sand. Massive. Sparse cobbles and pebbles. Distinct base. Beach Middle 

13c  Coarse sandy shell hash pebble gravel. Matrix supported. Clasts up to 6 cm diameter. Large shell 
fragments up to 3 cm diameter. Rough sub-horizontal bedding. Distinct base. 

Beach Middle 

13d  Same as 13b (sand). Beach Middle 

13e Upper 30 cm Sandy cobble gravel. Almost clast supported. Clasts up to 8 cm. Matrix well sorted medium sand. Sparse 
shell fragments up to 6 cm. Light brown. 

Beach Middle 

13e Lower 30 cm Grey sandy pebble gravel. Abundant shell hash in matrix. Varies from clast to shell hash matrix supported. 
Clasts up to 8 cm diameter. Rough horizontal beds. 

Beach Middle 

14  Medium brown fine sandy silt. Friable nutty structure. Fine fragments of charcoal. Massive. Scattered 
pebbles, especially towards the base. Pods of sand, pebbles and silt. Gradational base. 

Colluvium Middle 

15a  Dark brown organic silty soil. Friable texture. Shell fragments and pebbles throughout. Gradational base. Topsoil Lower 

15b  Mid brown silt. Weak soil development. Charcoal, pebbles, and shell fragments throughout. Gradational 
base. 

Colluvium Lower 

15c  Light brown silt. Pebbles, shells, and charcoal fragments. Massive. Distinct base. Lower pod 66-68 m is 
silty pebble gravel. Grey-brown. Massive. Sharp base. 

Colluvium Lower 

15c 71 As at 64 m (silt). Common pebbles seaward. Colluvium Lower 

15d  Light brown pebble-cobble gravel. Silty matrix in part weathered bedrock on slope. Colluvium Lower 

16  Mid brown sandy silt. Weak soil development. Sparse large shells. Massive. Gradational base. Paleosol Lower 

16a  Light brown – white well sorted medium sand. Centimetre scale horizontal laminations of dark grey sand. 
Loose. Burrows. Distinct base. 

Beach Lower 

16b  Light brown – white cobble gravel. Medium sand matrix. Matrix-supported. Clasts up to 12 cm diameter. 
Loose. Subangular to subrounded. Shell poor. Distinct base. 

Beach Lower 
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Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

16c  Light brown – white medium sand. Centimetre scale laminations of coarse sand. Millimetre-scale 
horizontal laminations of black sand. Sparse pebbles. Shell fragments (small). Sharp base. 

Beach Lower 

16d  Green-grey pebble gravel. Fine sand-silt matrix. Almost clast-supported. Clasts up to 15 cm. Pebbles 
subrounded to rounded. Larger clasts subangular. Sharp. Distal debris flow. 

Colluvium Lower 

16e Upper 20 cm Sandy pebble gravel. Clasts up to 6 cm diameter. Subtle horizontal bedding. Matrix-supported. Medium to 
coarse shell hash sand.  

Beach Lower 

16e Lower Cobble gravel. Clasts up to 20 cm. Medium – coarse sandy matrix with abundant shell hash and 
fragments. 

Beach Lower 

17a  Dark brown organic silty soil. Friable texture. Gradational base. Topsoil Lower  

17b  Mid brown silt with weak soil development. Abundant small shell fragments. Charcoal and pebbles. 
Gradational base. 

Subsoil Lower 

17c  Light brown compact silt. Abundant small shell fragments. Charcoal. Pebbles. Mottled orange-brown silt. 
Large paua fragments at the base. Worm tubes. Gradational base. 

Colluvium 

 

Lower 

17e*  Light yellow-brown silt. Massive. Charcoal fragments throughout. Sparse pebbles and pumice up to 5 cm. 
Mottled orange-brown-grey silt. Distinct base. 

Colluvium Lower 

17f  Pods of light grey-brown fine sandy pebble gravel. Subrounded. Clasts up to 3 cm diameter. Matrix 
supported. Sharp base. 

Stream channel deposit? Lower 

17g  Mid brown clayey-silt. Mottled grey-orange-brown. Sparse charcoal fragments. Distinct base. Stream channel deposit? Lower 

17h  Silty fine pebble gravel. Mid grey-brown. Sparse cobbles up to 6 cm diameter. Poorly sorted. 
Distinct/irregular base. 

Stream channel deposit? Lower 

17i  Mid grey-brown clayey sandy-silt. Extensive grey-orange-brown mottles. Charcoal and large shell 
fragments towards the top (Cookia). Scattered pebbles and cobbles. 

Stream channel deposit? Lower 

S1  Pods of light brown - white medium sand. Well sorted. Irregular/burrowed upper and lower contacts. Tsunami Middle 

S2  Light brown – white medium sand. Well sorted. Extensively burrowed/irregular upper and lower contacts. Storm surge Middle 
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Unit 
Where 
taken 

(vertical m) 
Description Interpretation Terrace 

S3 69 Light brown – white medium sand and shell hash. Loose. 2 cm thick lower sand with whole shell, and 
upper 2 cm thick sand separated by a grey sandy-silt. Contacts distinct/burrowed/irregular. 

Tsunami? Lower 

S4 70 Light grey-brown silty-sand. Very weak soil formation. Concentration of white medium sand in upper and 
lower 3 cm. Middle of unit is more silty with pebbles and charcoal fragments. Laterally grades to pods of 
loose medium sand. E.g., 69 m, 68 m, and 40 right of 66 m. Below fireplace. Also pod at 65 m. 

Tsunami? Lower 

S5  Light brown – white medium sand. Well sorted. Loose. Sharp but irregular/burrowed upper and lower 
contacts. 

Storm surge Lower 

* NB There is no 17d 
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Figure A3.1 Puatai Beach Trench log showing the unit numbers. 
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