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EXECUTIVE SUMMARY 

GNS Science in co-operation with Victoria University of Wellington have undertaken 
geological investigations to better understand the hazard posed by the Wellington-Hutt Valley 
segment of the Wellington Fault. The goals of this are to quantify the timing of past 
earthquakes, earthquake recurrence interval, single-event displacement size and fault slip 
rate for the Wellington Fault. Eight trenches were excavated at 3 sites between March 2007- 
April 2008; at Te Kopahou (Long Gully Station), at the Te Marua terraces site; and at the 
Kaitoke AgResearch farm. Studies included paleoseismic trenching, dating of deposits, and 
GPS-RTK surveying to understand the tectonic geomorphology and displacements at each 
site. Thirty new AMS radiocarbon dates were analysed as part of this 2-year project. These 
data provide a more rigorous and extended record of faulting for the Wellington-Hutt Valley 
segment of the fault. This report finalises the requirements for the Wellington Fault 
paleoearthquakes task of the It’s Our Fault program. 

Two trenches were excavated at Te Kopahou, near the south coast of Wellington. The 
trenches were located in a small closed basin behind a displaced bedrock spur. Up to four 
paleoseismic events were recognised on the basis of faulting in concert with a model of 
earthquake-generated stratigraphic packages. The model invokes scarp-derived colluvium 
being shed from the shutter scarp into the basin during very strong shaking, those colluviums 
being interbedded with peats that form during stable interseismic periods. The most recent 
faulting event (MRE) is characterised by the upward termination of the main (50° SE- 
dipping) fault plane, which is overlain by a thin unfaulted colluvium and weakly developed 
soil. The MRE was not dated at this site. MRE faulting event cuts an older colluvium, 
generated during the penultimate faulting event (PFE). The base of the uppermost peat 
sequence provides a minimum age for this event (> c. 788 cal yr BP). The third and fourth 
events are recognised on the basis of peat sequences buried by scarp-derived colluvium, 
which themselves are interbedded with angular scree deposits from the rangefront adjacent 
to the trench site. The ages of these events are discussed below. 

Investigations at Te Marua focused on understanding the age and displacement of the four 
youngest alluvial terraces there, and the timing of the last few movements on the Wellington-
Hutt Valley segment of the Wellington Fault. The Te Marua terraces were surveyed to map 
micro-topography using a GPS-RTK system prior to trenching (see work by T. Little & co-
workers). The surveying aimed to more accurately determine the amount of displacement on 
the fault where it offsets a number of late Holocene alluvial features. 

Three trenches were excavated and logged at Te Marua. Trench TMT-2 was excavated into 
terrace T1, an unfaulted terrace immediately above the Hutt River. Radiocarbon samples 
from this trench provide a minimum age on the most recent faulting event. Trench TMT-1 
was excavated into terrace T2, where two shallow channels are dextrally displaced by c. 5 
metres. The youngest AMS dates from this trench provide a maximum age on the MRE of c. 
310 cal yr BP. The minimum age for the MRE comes from the lower bound of the European 
period, i.e. AD 1840. Therefore, the range for the timing of the MRE is c. 310-110 cal yr BP. 
Trench TMT-3 was excavated across the Wellington Fault itself, where it offsets the terrace 
riser between T3 and T4 with c. 15 metres of dextral displacement of riser R3. Three 
earthquake-generated colluvial deposits were recognised in this trench, providing evidence 
for the last three events on this segment of the Wellington Fault. Radiocarbon dates from this 
trench have proved useful in dating the age and abandonment of terrace T3 and by inference 
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the time over which the last 3 earthquake displacements occurred. A single AMS date may 
provide a tentative minimum estimate of the time since 3 rupture events have occurred at this 
site, i.e. over at least the last c. 1420-1695 cal yr BP. 

Three trenches were excavated at the Kaitoke AgResearch farm near Kaitoke. In this area 
the Wellington Fault strikes at c. 075° as it approaches the NE end of the W-HV segment, at 
the Kaitoke stepover. Trench KAF-1 was excavated across a site that was found to have 
been significantly modified during the 1960’s. Below c. 1 metre of fill, the original stratigraphic 
sequence of peats, peaty colluvium and colluvium onlapped a buried and truncated fault 
scarp. Up to 7 paleo-earthquake rupture events were identified in this trench.  The two 
youngest events occurred during the last millennia and appear to be coincident with events 
at other sites. Up to 5 paleo-earthquake events are represented in the lower stratigraphy of 
trench TK-1. These events occurred between c. 7300-11,600 cal yr BP. The mean 
recurrence time for this series of events is c. 1000 yr. Trench KAF-2 exposed a sequence of 
blue-grey, reduced gravels, sands and silts juxtaposed against peaty units across the 
Wellington Fault. The exact paleo-earthquake event horizons were difficult to identify within 
the massive, faulted peat. At least three young paleo-earthquake events were recognised at 
trench KAF-3 excavated where a younger fan and Holocene channel were displaced against 
a scarp consisting of older alluvial deposits. While the event record at this trench is probably 
incomplete, two dates provide constraints on the third and fourth earthquakes that are 
consistent wit the results from Te Kopahou. 

Based on the entire dataset from multiple sites, the following set of paleo-earthquake ages 
has been developed. The most recent earthquake event on the W-HV segment of the 
Wellington Fault occurred between c. 310-110 cal yr BP, i.e. AD 1640-1840. The penultimate 
faulting event occurred between c. 790-895 cal yr BP. Dates for the timing of the third and 
fourth paleoearthquakes comes almost exclusively from trench TK-1 at Te Kopahou. Event III 
is constrained by dates above and below a third, scarp-derived colluvium to c. 1835-2340 cal 
yr BP. A minimum age for Event IV based on the age of the lowest exposed peat in TK-1 is c. 
2460-4230 cal yr BP. 

Together the timing for these four youngest events can be used to estimate the 3-event 
minimum and maximum recurrence interval of faulting. We estimate ranges of c. 800 and 
1040 yr, respectively, and, a median value of c. 920 yr. Alternatively, a maximum recurrence 
interval of c. 1075 yr can be calculated form the deeper early Holocene section at trench 
KAF-1 at Kaitoke. Though preliminary, these values are significantly larger than previous 
estimates of the recurrence interval for rupture of the Wellington Fault and therefore reduce 
the hazard posed by rupture of the Wellington-Hutt Valley segment. 
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1.0 INTRODUCTION 

The Wellington Fault is one of the longest and most laterally persistent of New Zealand's on-
shore active faults. From its southernmost known location in Cook Strait (Barnes et al. 2008), 
it can be followed for some 420 km more or less continuously northeastward from Cook 
Strait, through Wellington and the Hutt Valley, through the Tararua Range to the Manawatu 
River (e.g. Lensen 1958; Beanland 1995; Ota et al., 1981; Langridge et al. 2005). Beyond 
the Manawatu River the fault changes in name only and continues northwards to the 
coastline of the Bay of Plenty, beyond which it is truncated by the active normal faults of the 
Taupo Volcanic Zone (Fig. 1.1). 

 
Figure 1.1 The Wellington Fault forms an important element of the North Island Fault System which 
accommodates a large part of the plate boundary parallel movement between the Pacific and 
Australian plates across eastern North Island (convergence vectors and rates and vectors shown by 
red arrows and in mm/yr). 

Rupture of the Wellington-Hutt Valley (W-HV) segment of the Wellington Fault represents 
one of the most significant seismic risks to the urban landscape of the Wellington region. For 
this reason, ongoing research relating to the timing, amount and rate of earthquake 
deformation are vitally important and were made a high priority within the It’s Our Fault (IOF) 
program. In this report we present the final results from IOF Task 2.1a entitled “Wellington 
Fault Paleoearthquake Investigations”. The ultimate goals of this task are to quantify the 
timing of past earthquakes and the earthquake recurrence interval. The size of single-event 
displacements and fault slip rate for the Wellington Fault are being worked on concurrently 
by researchers at Victoria University (see Little et al. 2008). The re-estimations of these basic 
seismic hazard parameters will be used in the construction of forward models of fault 
deformation throughout the southern North Island, to: 1) re-evaluate the conditional 
probability pf rupture of the W-HV segment, and (ii) tune and validate synthetic seismicity 
models. 
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As part of Task 2.1a, three trenching study sites were investigated at Te Kopahou, Te Marua 
and Kaitoke AgResearch Farm. These studies built on past work at or nearby these 
localities, e.g. Long Gully in south Wellington (Van Dissen et al. 1992). In Fiscal Year 2006-
07, two trenches were excavated and studied at Te Kopahou. During 2007-08, 6 new 
trenches were excavated at two sites in the Upper Hutt area, at Te Marua and at the Kaitoke 
AgResearch Farm (Fig. 1.2). New results from these studies were first presented in 
Langridge et al. (2008) and in Begg et al. (2008). 

 
Figure 1.2 Colour Digital Terrain Map of the Wellington region. The onshore portion of the Wellington 
Fault is shown in red, from Cook Strait to the Kaitoke stepover zone at the southern end of the 
Tararua Range (W-HV segment). The three IOF trench sites are shown as blue triangles.  

At Te Marua, our objective was to quantify the amount of displacement and the timing of the 
most recent faulting events on the Wellington-Hutt Valley (W-HV) segment of the Wellington 
Fault by surveying, trenching and dating fault-displaced late Holocene alluvial terraces. At 
both Te Kopahou and the Kaitoke AgResearch Farm the main goal was to estimate the 
timing of paleo-earthquake events on the W-HV segment of the fault. Results from all three 
sites are discussed separately below, starting with the Te Kopahou site in the south. 
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2.0 TE KOPAHOU TRENCH SITE 

2.1 Introduction 

The Te Kopahou trench site is located at Long Gully Station and overlooks Cook Strait, south 
of Wellington City (Fig. 2.1) (grid ref. R27/522835). This site is located c. 1.6 km from the 
Long Gully site where Van Dissen et al. (1992) excavated up to 6 trenches to understand the 
paleo-earthquake history of the Wellington Fault. At Te Kopahou, two paleoseismic trenches 
were excavated across the fault where a shutter ridge has been displaced right-laterally 
across (and deflecting) a drainage. This shutter ridge represents an old ridgeline (spur) that 
has been truncated and translated dextrally along the Wellington Fault. Surveyed points 
along this drainage indicate it is right-laterally deflected by c. 47 m (Fig. 2.2). In this area 
there are several other clearly displaced spurs and drainages. The estimated right-lateral 
displacement based on these 5 spurs and gullies shown in Fig. 2.1 is c. 52 ± 5 m. As the 
shutter ridge at the trench site was laterally displaced, the drainage became ponded behind 
the ridge (internally drained) and a peaty swamp developed adjacent to the fault.  

 
Figure 2.1 Oblique aerial view to the SE of the Wellington Fault above Cook Strait. The c. 042°-
striking fault trace is marked by red arrows. White lines mark ridgelines (spurs) and blue lines mark 
adjacent streams. The Te Kopahou trench site (yellow box) was sited behind a prominent shutter 
ridge. Image source: Google Earth. 
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The aim of both new trenches was to span the fault zone from the shutter ridge across into 
alluvial and swamp deposits of the shutter basin. In both trenches the Wellington Fault was 
exposed as a c. 50° SE-dipping fault plane that projects to the surface at the base of the 
shutter ridge, consistent with the fault strike in this area determined from surface 
geomorphology. Prior to the main trench excavations some reconnaissance augering was 
undertaken. In addition, a ditch (TK-0 on Fig. 2.2) was excavated to help drain the site. TK-0 
exposed peats and sheared materials close to the fault trace. Therefore, it was anticipated 
that the site was a good prospect in terms of intercepting organic-bearing deposits that were 
faulted across the trace of the Wellington Fault.  

2.2 Te Kopahou trench-1 

Te Kopahou trench-1 (TK-1) was sited across a modern peat swamp adjacent to the shutter 
ridge, separated by the trace of the Wellington Fault (Figs. 2.2, 2.3). TK-1 exposed repeated 
sequences of colluvial/scree deposits interbedded with peat/soil units (Fig. 2.4). Through 
reconnaissance augering and the excavation of a drainage ditch (TK-0) it was recognised 
that the peat forming in the closed basin today graded laterally into soils that were draped 
across the edge of the shutter scarp.  

 
Figure 2.2 Survey map of the Te Kopahou trench site (scale in NZMG). The GPS-RTK was used in 
static mode to collect positions along the shutter scarp and stream axes and positions on the trench 
and fault zone. The dextral offset is estimated by projecting the stream fall line to the fault from the 
uphill an downhill ends. The projection of these piercing lines represents c. 47 ± 5 metres. 

Peat dominates the section in the middle of the shutter basin. The peats and soils are 
interpreted as having formed over long stable periods of time, i.e. inter-seismic periods, 
expected to be many centuries in length (between surface rupturing earthquakes). 
Interbedded with the peats are thick, scarp-derived colluvial deposits sourced from the 
shutter ridge to the NW, and angular scree deposits sourced from the steep hillslopes of the 
Te Kopahou rangefront directly above the shutter basin to the SE (Fig. 2.3). These deposits 
are inferred to be the result of strong shaking and scarp formation during surface-rupturing 
earthquakes. The greywacke adjacent to the fault in the shutter scarp is highly fractured and 
pre-conditioned to being reduced to colluvium under strong shaking.  
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There are 4 distinct scarp-derived colluvial packages identified in trench TK-1. Light brown, 
buried soils were formed on colluviums-4 (unit 4c1) and -3 (unit 3c) and a modern soil was 
forming on unit 1c at the ground surface on the scarp. Therefore, we interpret this stacked 
sequence of peat/soil versus colluvium/scree units as a series of inter-seismic/co-seismic 
depositional couplets within the shutter basin (Fig. 2.4). Assuming that the peat/colluvium 
couplets reflect sedimentation in response to the earthquake cycle, trench TK-1, with its 
many peats, soils and wood fragments, provides an abundance of radiocarbon dating 
opportunities with which to characterise the timing of earthquake events on the Wellington 
Fault.  

 
Figure 2.3 View to the NW across the Te Kopahou trench site. The green shed sits on the shutter 
ridge. The photo is taken from the cobbly scree chute that enters the shutter basin from the rangefront 
above, and is deflected to the right edge of the photo. Te Kopahou trench TK-2 is at centre with TK-1 
to its right. 

Eight AMS radiocarbon samples were submitted for dating and are displayed in Figure 2.4 
and Table 1. Small, 3-4 cm sized twigs were selected from within the peat samples for 
dating. In some cases the outer part of larger tree branches or trunks were dated. Four levels 
within the 4p peat (Units 4sp-4p-4ps) were sampled for dating. The deepest of these (sample 
TK1-1), a twig from the basal, stony peat (4sp), yielded an age of 2565 ± 30 radiocarbon yr 
BP (2460-2740 cal yr BP at 2 sigma level). The uppermost of the four dates from the 4p peat 
unit yielded an age of 2369 ± 30 yr BP (TK1-4; 2208-2355 cal yr BP). Thus, this thick peaty 
unit formed over a period of at least 100 yr and possibly >500 yr. Sample TK1-7, a twig from 
the base of the youngest peat horizon yielded an age of 889 ± 30 radiocarbon yr BP (688-
794 cal yr BP). Based on this date, peat 1p formed over at least 740 yr at an average 
accumulation rate of c. 0.6 mm/yr. Thus, there is significant geologic time related to the 
formation of the peaty units, supporting the interpretation that they represent inter-seismic 
periods of deposition. Three other samples located stratigraphically between peats 1p and 4p 
were dated in this study (TK-5, -6, & -10; Table 1). These gave ages in stratigraphic order, 
providing confidence that no obvious recycling of organic fragments has occurred through 
the section.  
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Figure 2.4 Log of Te Kopahou trench TK-1. Uncalibrated AMS radiocarbon ages are shown in relation to sample locations (TK1-5N comes from the 
opposite wall). The stratigraphy is shown in the legend. 
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Table 1 Radiocarbon dates from Trench TK1 at the Te Kopahou site, south Wellington.  
 Calibrated age Material & significance 

Δ13 C (‰) cal BP  
  

Lab No. 
 

Radiocarb
on age 
(yr BP) 2 σ cal BP 2 σ cal yr  

TK1-7 
 

 
NZA 27912 

 
-27.4 

 
889 ± 25 

 
688-794 

 
AD 1156-

1262 

 
twig sampled from the base of unit 
1p peat. Postdates Event II and 
predates MRE 

TK1-10 
 

NZA 27913 -25.4 966 ± 30 745-920 AD 1030-
1205 

sample from outer rings of fallen 
tree within peaty unit 2p. Postdates 
Event II. 

TK1-6 
 

NZA 27911 -25.9 996 ± 30 788-928 AD 1022-
1162 

twig from mixed ‘hairy’ peat unit 2p. 
unit immediately  
postdates Event II 

TK1-5 NZA 28051 -23.3 2033 ± 30 1833-1841 &-
1865-1996 

47 BC – AD 
117 

wood from within paleosol 3ps. The 
wood should pre-date Event II and 
post-date Event III as it occurs 
within the soil 3ps. 

TK1-4 
 

NZA 27910 -25.9 2369 ± 30 2307-2355 & 
2208-2221 

406-358 & 
272-259 BC 

twig from within unit 4ps. This 
sample probably immediately 
predates Event III. 

TK1-3 
 

NZA 28054 -28.7 2277 ± 30 2131-2338 389-182 BC twig from near the top of peat unit 
4p. Likely predates 3 paleoseismic 
events. 

TK1-2 
 

NZA 27909 -26.2 2501 ± 30 2351-2711 762-402 BC twig from near the base of peat unit 
4p. Likely predates 3 paleoseismic 
events and postdates a fourth event. 

TK1-1 
 

NZA 27902 -26.5 2565 ± 30 2460-2740 791-511 BC twig from near the base of peat unit 
4sp. Predates 3 paleoseismic 
events and postdates a fourth event. 

Radiocarbon age: Conventional radiocarbon age before present (AD 1950) calculated using Libby half-life of 5568 years, 
and corrected to δ13C of –25 ‰. Quoted error is ± 1σ. 

Calibrated age: Calendar years before present (AD 1950) and calendar years AD/BC using C-14 calibration programme 
CALIB 4.3 (Stuiver, Reimer & Reimer: http://depts.washington.edu/qil/calib). A Southern Hemisphere offset of –27 
radiocarbon years has been applied to all samples prior to calibration (McCormac et al., 1998). A lab error multiplier 
of 1.0 has been applied to NZA samples. Age ranges listed are minimum and maximum values of the calibrated 
age range based on a radiocarbon age error of 2σ. 

 
2.3 Te Kopahou trench-2 

Trench TK-2 was sited about 15 metres to the south of trench TK-1. In this trench, the 
Wellington Fault, expressed as a NE-striking, SE-dipping clay-rich gouge zone juxtaposes 
clastic colluvial units against sheared bedrock (Figs. 2.5, 2.6). TK-2 had a similar 
stratigraphic sequence to TK-1, with at least 3 distinct, scarp-derived colluvial wedge 
packages grading outward from the shutter scarp and across the shutter basin to interfinger 
with rangefront-derived, angular scree units. These package boundaries are identified by 
dashed bold lines (Fig. 2.5). However, trench TK-2 lacked significant in situ peaty horizons 
and exhibited only weak paleosol horizons on each colluvial package. A number of woody 
samples were collected form various colluvial units within the trench. At this time, none of 
these samples have been submitted for radiocarbon dating as the true nature of these 
samples is not clear, i.e. whether they are rooty material or detrital wood. 

The definition of colluvial package boundaries and comparison with the well-dated trench TK-
1 (Fig. 2.4) make it possible to infer several earthquake event horizons in trench TK-2. A 
discussion of the possible rupture history for this trench is included in Section 2.5. 
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Figure 2.5 Graphic log of the North Wall of trench TK-2, Te Kopahou site. Unit colours and symbols are consistent with those used in Figure 2.4. Bold 
dashed lines mark package boundaries between colluvial units. These may also represent earthquake event horizons. 
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2.4 Faulting exposed and sense of displacement 

Both trenches are characterised by a moderately dipping (c. 40-50° SE) fault zone that has 
higher-angle splays that propagate into the basin deposits (Fig. 2.6). In TK-1, these splays 
comprise 2 faults with dips of 60-85° (faults F1b and F1c; Fig. 2.4). In TK-2, the zone of splay 
faulting is wider (up to 2 m) and forms a graben with bounding fault dips of 60-75° E and 42-
75° W (Fig. 2.6). One slickenside measurement was recorded within the dcm-wide, dipping 
gouge zone of the main fault in trench TK-2. The rake of the slickensides was c. 1°, 
confirming that the movement on the fault is essentially pure strike-slip at this location. 

 
Figure 2.6 View of the NE wall of Te Kopahou trench-2. The main fault zone of the Wellington Fault 
dips at c. 50° and is visible near the #2 at centre. The fault zone separates generally colluvial deposits 
(at right) from sheared greywacke bedrock (at left). 
 
2.5 Paleoseismic Event History 

Trench TK-1 at the Te Kopahou site provides radiocarbon age constraints for the last 4 
surface-rupturing earthquakes on the Wellington-Hutt Valley segment of the fault. The 
paleoseismic event evidence is closely tied to the generation of wedge-shaped, scarp-
derived colluvial deposits. These are believed to be generated during, and subsequent to, 
violent shaking at the time of Wellington Fault displacement events. Under this model, the 
contact between the base of each colluvial package and the former ground surface should 
correspond with an earthquake event horizon. As these colluvial units generally overlie a 
paleosol or peat horizon, the top of those dateable units become maximum (or equivalent) 
age marker horizons for each seismic event. Nowhere are the peats actually faulted at the 
fault zone. However, the package boundaries, such as the relationship of a peat grading 
laterally into a soil, are used to establish the exact relationships for the uppermost event 
horizons.  

2.5.1 Most recent event 

In trench TK-1, the most recent earthquake event is defined by the upward termination of the 
main fault bounding the greywacke shutter scarp. At this point (metre-3 line in Fig. 2.4), 
colluvium 1c drapes across the scarp and the tip of Fault 1a. Unit 1c is thin and has formed 
in part from the re-mobilisation of colluvium 2c and its soil on the scarp. In addition, colluvium 
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2c is faulted - sheared between two fault strands and against the shutter ridge - while 
colluvium 1c is unfaulted. A medium brown soil (1s) is currently forming on colluvium 1. The 
construction of a farm track has somewhat disturbed colluvium 1 and its soil. The most 
recent event cannot be easily dated at this trench because colluvium 1c does not extend as 
far as the datable unit 1p peat. From these observations it is clear that unit 2c was present 
and faulted during the most recent event, while colluvium 1c was generated as a 
consequence of the earthquake. A maximum age for the most recent event comes from 
sample TK1-7w, which comes from the base of peat 1p. The age of this sample is 889 ± 25 
radiocarbon yr BP (688-794 cal yr BP at 2 sigma). Van Dissen et al. (1992) suggest an age 
of ≤300-450 cal yr BP (AD 1500-1650) for this event based on faulting relationships in 
Trench 6 at Long Gully, c. 1.8 km to the NE. 

Faulting in the secondary zone (F1b and F1c) appears to disrupt the base of colluvium 2c in 
trench TK-1. This disruption may have occurred during the most recent event or possibly 
during the previous event as a depositional relationship against a fault free-face against 
which colluvium 2c was deposited (see next section). 

In trench TK-2, the main fault zone extends up to the base of colluvium 1c and has a dip of c. 
40° SE (Fig. 2.5). Colluvium 1c drapes over the main fault strand and has a medium brown, 
modern soil formed on it (Unit 1s). As in trench TK-1, this relationship identifies the most 
recent faulting event. 

2.5.2 Penultimate Faulting Event (Event II) 

The thick Unit 2c in trench TK-1 is interpreted as a scarp-derived colluvial wedge generated 
in response to strong ground shaking during Event II, often called the penultimate faulting 
event (PFE). Unit 2c is at least 0.5 m thick across a 9 metre length of the trench and reaches 
a metre in thickness at the fault zone (Fig. 2.4). At its distal end, unit 2c overlies Unit 2x, 
which is composed of angular, cobble sized blocks of greywacke. Unit 2x thins to the SE and 
must have originated from the rangefront slope and is interpreted as a scree fan deposit. 
Event II is interpreted to have occurred at the basal contact of unit 2c. Here, this unit overlies 
a silty gravel unit and does not directly overlie a buried peat/soil horizon. In this case we 
believe that the silty units 2g and 2z2 covered the soil some time before the earthquake 
event. At the fault zone there is independent evidence for the PFE. Faults F1b and F1c have 
displaced pre-existing units (e.g. unit 2z2, 3ps and 3c), but the base of younger unit 2c2 
shows only minor disruption across these faults. In summary, the PFE involved rupture on 
Faults 1b and 1c (and certainly the main fault plane as well) and resulted in displacement of 
pre-existing beds and was followed rapidly by the deposition of scree deposit 2x and 
colluvium 2 (2c1 & 2c2) over the top of a silt layer (2g and 2z2).  

Three radiocarbon samples (TK1-6, -7 & -10) have been dated from units 2p (peat) and 2z1 
(silt) that overlie the colluvium (2c) and scree (2x) deposits and therefore post-date Event II 
(Table 1). Twiggy sample TK1-6 from immediately above Unit 2x within peat 2p yields an age 
of 996 ± 30 yr BP (788-928 cal yr BP). This date provides the best minimum age of Event II 
from trench TK-1. From Trench 1 at Long Gully, Van Dissen et al. (1992) present an age of 
790-930 cal yr BP for material that was probably faulted during Event II. This age range is 
essentially the same as for material unfaulted by the PFE at trench TK-1 and implies a tight 
age constraint of c. 790-930 cal yr BP for this event. This range is also consistent with a 
single date (A) from Long Gully trench 1 (Van Dissen et al. 1992). This sample, which was 
faulted at least once, also yielded a calibrated age range of 790-930 cal yr BP. 
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In trench TK-2, a thick sequence of colluvium underlies the unfaulted colluvium 1c (Fig. 2.5). 
Due to the lack of paleosol development it is difficult to know the exact nature of contacts that 
separate earthquake generated colluvial packages. However, for trench TK-2 we have 
labelled colluvial packages 1 through 4 and separated them by dashed lines which represent 
possible earthquake event horizons. Colluvium 2 deposits (2c1, 2c2, and 2c3) were 
deposited after PFE faulting. This package including colluviums (2c2 & 2c3) was faulted by 
the most recent earthquake event. Older colluviums are sheared along the main fault strand 
by the most recent event. 
 
2.5.3 Event III 

Faulting relationships are more difficult to follow for older events. However, based on the 
presence of another colluvial wedge (unit 3c) in trench TK-1, a third paleoseismic event is 
inferred. The minimum age for this event comes from a piece of charred wood (sample TK1-
5) within the paleosol unit 3ps, which formed on colluvium 3c. This sample post-dates Event 
III faulting - and also pre-dates Event II (because it underlies unit 2c) - and yielded an age of 
2033 ± 30 yr BP (c. 1833-1996 cal yr BP). A maximum age for Event III is provided by two 
samples (TK1-3 & TK1-4) from near the top of unit 4p peat which underlies the unit 3c 
colluvium. These samples yield ages of 2277 ± 30 yr BP and 2369 ± 30 yr BP, respectively. 
The maximum 2-sigma calibrated range for sample TK1-3 (2131-2338 cal yr BP) is slightly 
younger than that for sample TK1-4 and is used here as the maximum age for Event III 
faulting. Collectively these data constrain the timing of Event III to be older than 1833 cal yr 
BP and younger than 2338 cal yr BP.  

The third event in trench TK-2 may be defined by the generation of colluvium 3c, if this is 
indeed distinct from the colluvium 2 package. A rangefront-derived, angular scree deposit 
(unit 3x) is interbedded within colluvial package 3 at the SE end of the trench. In this case, it 
is implied that the scree unit 3x was deposited at or about the same time as scarp-derived 
colluvium was shed from the scarp.  The base of the colluvial package 3 was faulted by a 
subsequent event along the zone marked ‘subsidiary fault zone’ (Fig. 2.5). 

2.5.4 Event IV 

The model of colluvial wedges generated from the shutter scarp during and after very strong 
ground motions is used to define one further paleo-earthquake. A fourth rupture event is 
implied from trench TK-1 by the presence of the thick colluvial unit 4c beneath the 4p peat 
complex. This is supported by the presence of the same overlapping scree/colluvium 
relationship between units 4x and 4c, as found in units 2x and 2c, and associated with Event 
II. The minimum age for Event IV comes from Sample TK1-1 from unit 4ps at the base of the 
4p peat complex which yielded a radiocarbon age of 2565 ± 30 yr BP (2460-2740 cal yr BP). 
No datable material was found at a lower level in this trench so it is not possible to define a 
maximum age for the Event IV at this site. 

The deepest colluvial package in trench TK-2 comprises Units 4c1 and 4c2. The latter is an 
angular pebble to cobble gravel. In some ways Unit 4c2 resembles the scree deposits that 
are observed at the rangefront end of both trenches. However, it is probable that colluvium 
4c2 is a scarp-derived colluvium. Colluvium 4c1 overlies Unit 4x, an angular gravel deposit 
that thickens and rises toward the rangefront. Unit 4x is interpreted as a scree deposit and 
may be co-incident with the generation of the scarp-derived colluvial package 4.  
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Figure 2.7 Paleo-earthquake event record of the Wellington Fault from trenches in the Te Kopahou-
Long Gully area. The black bars represent the full calibrated distributions for individual AMS 
radiocarbon ages. Arrows represent the upper and lower bounds of event timing. Dates from the 
nearby Long Gully area (grey bars at right) are included to aid the resolution of event ages. 
 
2.6 Te Kopahou Summary 

The Te Kopahou trench site occurs on the south coast of Wellington at the southernmost 
onshore displacement locality of the Wellington-Hutt Valley segment of the Wellington Fault, 
c. 1.8 km SW of the Long Gully locality. Two trenches were excavated at Te Kopahou, where 
a greywacke-cored shutter ridge is displaced across a rangefront stream. The trenches 
displayed a sequence of thick colluvial wedge deposits that were interbedded with soils and 
peaty deposits that occupy the ponded basin behind the shutter ridge. 

Based on the presence of fault splays and four distinct colluviums, four paleo-earthquake 
events were recognised in trench TK-1. The most recent event cannot be dated from either 
of the two Te Kopahou trenches, but is constrained to have occurred <450-300 cal yr BP, 
based on a date from the Long Gully area. Event II faulting occurred at 790-930 cal yr BP. 
The third event occurred between 1830-2330 cal yr BP. A minimum age on the fourth event 
back, based on the growth of peat over a colluvial unit is >2460 cal yr BP. 

These four events occurred during a minimum time of c. 2150 yr, which yields a minimum 
inter-event time of c. 720 yr (i.e. for 3 inter-event periods). This value is significantly larger 
than the previously published minimum recurrence interval of 500 yr (Van Dissen & 
Berryman 1996), and closer to their maximum value of 770 yr. Along with new results that 
are being derived from the Upper Hutt area, this data suggests that the recurrence time for 
surface-rupturing earthquakes on the Wellington-Hutt Valley segment may be longer on 
average than previously thought.  



Confidential 2009 

 

GNS Science Consultancy Report 2008/344  13 
IOF Wellington Fault Paleoseismicity – Final Report 

 

3.0 TE MARUA SITE 

3.1 Introduction 

In the Upper Hutt area there are a number of sites along the winding section of the Hutt River 
where co-seismic displacements can be assessed from offset late Pleistocene to Holocene 
alluvial terrace features (e.g. Lensen 1958; Berryman 1990; Van Dissen et al. 1992). These 
sites include Totara Park, Harcourt Park, Emerald Hill and Te Marua (Figs 1.1, 3.1). For this 
project, we focused on the late Holocene terraces at Te Marua for several reasons, including:  

• At Te Marua a number of previous studies had identified the Wellington Fault where it 
displaces a flight of up to 8 late Pleistocene to Holocene alluvial terraces (Fig. 3.1-3.3);  

• The displacements there are small (5-20 m) and include the only estimates of single 
event displacement still preserved along the Wellington-Hutt Valley segment of the fault;  

• Te Marua is near the Emerald Hill locality from which the published dextral slip rate for 
the fault is derived (6-7.6 mm/yr; Berryman, 1990);  

• A small number of preliminary radiocarbon dates already exist from Te Marua and have 
been used to provide context to the site; and  

• Recent work has focused on attempting to date the terrace sequence using Optically 
Stimulated Luminescence (OSL) dating (see Begg et al 2008). 

Slip on the Wellington Fault at Te Marua is virtually horizontal, and as such the fault is not 
typically expressed as a distinct scarp but instead is identifiable where it dextrally offsets 
terrace risers and other geomorphic features (Lensen 1958).  

 
Figure 3.1 Oblique aerial view to the SE across the Wellington Fault, marked by white arrows, at Te 
Marua. The Hutt River winds its way through this area and has left behind a series of abandoned river 
terraces, many of which are displaced by the fault. The white box outlines the area of Fig. 3.3.  

The Te Marua terrace site (Figs. 1.2, 3.1; grid ref. c. R26/876104) is important as it offers 
perhaps the only opportunity to assess both the single event displacement related to the 
most recent surface rupture of the Wellington-Hutt Valley segment and also progressive 
displacements resulting from the last several surface rupture earthquakes on this portion of 
the fault (see Little et al. 2008, Van Dissen et al. 1992, Berryman 1990). The It’s Our Fault 
project has allowed us the opportunity to re-assess the Te Marua data and to undertake new 
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research on the age and displacement of the alluvial terraces there (see also Langridge et al. 
2008a). 

Berryman (1990) surveyed the displaced geomorphic features at Te Marua. His results 
identified an unfaulted youngest terrace, T1 (the first terrace above the current river level), 
suggesting that the formation of this terrace post-dates the last faulting event. Two channels 
identified on the second-youngest terrace, T2, were estimated (by tape measure) to be 
horizontally offset by c. 3.7 m and c. 4.7 m. The riser between T2 and the terrace above it, 
T3, was measured with an offset of c. 7.4 m, while older terrace risers, between T3-T4 (R3) 
and T4-T5 (R4), were offset by c. 18 m and 19 m respectively (Fig. 3.3). From these results, 
Berryman concluded that the most recent fault movement was associated with a 
displacement of approximately c. 4.2 ± 0.5 m, and that this was characteristic of the amount 
of displacement for each faulting event, with the offsets of 18-19 m representing five 
separate events.  

A re-assessment of this set of dextral displacements using a GPS-RTK map of the terraces 
is being worked on by Dr. Tim Little (Victoria University) and colleagues (see Fig. 3.2 and 
Little et al. 2008; 2009 in prep). Preliminary results suggest that: (i) T1 is unfaulted; (ii) T2 
has dextral displacements of c. 5.4, 4.3, 5.4 and 5.5 m associated with it (mean c. 5.2 m); (iii) 
the latter measurement is reduced from the 7.4 m presented by Berryman (1990); (iv) 
displacements on R3 and R4 of c. 14.4 and 13.1 m, respectively; and, a set of 6 larger 
measurements on the higher terraces that average c. 19 m dextral displacement.  

Van Dissen et al. (1992) undertook a stratigraphic and soil study of the Te Marua site and 
collected charcoal from the two youngest terraces for radiocarbon dating. Samples collected 
from 0.2-0.4 m depth on terrace T1 returned an age of <250 yr B.P. Samples collected at 
0.15 m depth from T2 dated this terrace at 310-470 cal yr B.P. These results suggest that the 
last faulting event on this section of the Wellington Fault occurred since 310-470 cal yr B.P. 
New results presented in this report indicate that these event ages should be refined. 

In this study, we chose to excavate trenches at the Te Marua locality to better understand: 

• the relationship between single-event displacements and cumulative displacements 
measured from fluvial features 

• the timing of the most recent earthquake event by bracketing faulted and unfaulted 
surface features and units; and 

• the timing of paleoseismic events in an across-fault exposure.  

The results from the three trenches are discussed below. A more detailed description of 
these trenches, including descriptions of the deposits and their makeup, samples and 
photographs can be found in Langridge et al. (2008a).  
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Figure 3.2 Micro-topographic map of the Te Marua site. Abandoned fluvial terraces of the Hutt River, 
which occurs to the southwest of T1, are labelled T1, T2 etc. The Wellington Fault is marked by black 
arrows. Trenches are shown by black bars, e.g. TM-1. Source: T. Little et al. (2009, in prep). 
 
 
 
 

 
Figure 3.3 Block diagram of the Te Marua offset terrace sequence, Wellington Fault (WF) (after Van 
Dissen et al. 1992). The terrace/ riser numbering scheme is the same as that used in Fig. 3.2, e.g. T5. 
The three trenches excavated at the site are shown as orange rectangles, e.g. TMT-1. 
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3.2 TMT-2 trench 

Te Marua trench 2 (TMT-2) was excavated close to the Hutt River through riser R1 and the 
deposits of terrace T1 and T2 (Figs. 3.2 & 3.3; grid ref. R26/875103). The base of this trench, 
and that of TMT-1 (below), consisted of a bouldery gravel, unit (40a & 40b) inferred to 
represent the same aggradational surface of terrace T2 (Fig. 3.4). Because there is no fault 
scarp across the T1 terrace surface, the deposits that comprise T1 are interpreted as 
unfaulted and these consist of c. 1.4 m of cobbly sand to silt, into which a thin soil has 
developed.  

Two new AMS radiocarbon dates from detrital charcoal collected from terrace T1 deposits 
(samples TMT-2/1 and TMT-2/7; 835 ± 30 yr BP and 428 ± 25 yr BP, respectively) (Table 2) 
and one earlier charcoal date from Van Dissen et al. (1992) (NZ 7769; 80 ± 51 yr BP) confirm 
that this unfaulted terrace is very young. A spread in ages for these samples can be 
expected due to the possibility of inherited age of charcoal (e.g. from the middle of an old 
tree), and also the possibility of significant residence time, including re-working from older 
deposits. In such cases, when several pieces of detrital charcoal are dated from a given unit 
it is likely that the youngest date best reflects the true age of the deposit. Accordingly, we 
regard the T1 terrace surface to be ≤ c. 270 cal yr BP (the maximum of the calibrated age 
range of 80 ± 51 radiocarbon yr BP). This is consistent with the fact that this terrace surface 
still occasionally gets inundated by Hutt River flood waters. 

Deposits comprising the edge of terrace T2 (the R1 riser) were also exposed in TMT-2 and 
consist of well-bedded sand and sandy silts. One charcoal radiocarbon sample was collected 
and dated from these T2 deposits yielding an age of 975 ± 25 yr BP (sample TMT-2/10), 
which is consistent with the age results of other charcoal samples collected from T2 deposits 
in trench TMT-1 (see Fig. 3.4). 

.
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Figure 3.4 Logs of trenches TMT-1 and TMT-2 at Te Marua. TMT-2, that traverses terrace T1 and riser R1 is located c. 10.4 m southwest of TMT-1, that traverses terrace T2. Along with current radiocarbon dates, pre-existing 
ages are shown projected into the profile of these two trenches. Unit descriptions can be found in Langridge et al. (2008a). The metre grids shown here are not at an equivalent datum, but differ by c. 0.28 m in vertical height. 
 



Confidential 2009 

 

GNS Science Consultancy Report 2008/344  18 
IOF Wellington Fault Paleoseismicity – Final Report 

 

Table 2 Radiocarbon dates from trenches and exposures at Te Marua, Upper Hutt. 
 Calibrated age Material & significance 

Δ13 C    
  (‰) 

cal BP  Trench  
Grid reference 
sample ID 

 
Lab No. 

 

Radiocarbon 
age 

(yr BP) 
2 σ cal 

BP 
2 σ cal 

yr 
 

TMT 2 
R26/8756 1035 
TMT 2/7 

 
 
NZA 29958 
 

 
 

-28.9 

 
 

428 ± 25 

 
 

  504-441 
& 370-

330 

 
 

AD 1446-
1509 & 

AD 1580-
1620 

 
 
Fine charcoal from unit 2 sandy silt within 
T1 sequence. Sample will postdate the 
most recent event faulting (MRE). 

TMT 2/1 NZA 29956 -29.4 835 ± 30 747-668 
 

AD 1203 
- 1282 

Fine charcoal from unit 4 sandy silt within 
T1 sequence. Sample will postdate the 
MRE. 

TMT 2/10 NZA 29957 -27.7 975 ± 25 916-774 AD 1034 
- 1176 

Fine charcoal from unit 14 silty fine sand 
within R1 sequence. Sample will used to 
try to correlate between trenches TMT-1 
and -2. 

TMT 1 
R26/8758 1037  
TMT 1/10 
 

 
 
NZA 29948 

 
 

-26.2 

 
 

324 ± 25 

 
 

  446-359 
& 334-

299 

 
 

AD 1504-
1591 & 

AD 1616-
1651 

 
Fine charcoal from unit 1a topsoil at the 
top of the T2 sequence. Date should pre-
date the MRE, but charcoal could be from 
burning within soil that post-dates the 
MRE 

TMT 1/7 
 

NZA 29955 -24.5 1049 ± 30   962-900 
& 869-

807 

AD 988-
1050 & 

AD 1081-
1143 

 
Fine charcoal from near the top of unit 17 
silty sand near the top of the T2 
sequence. Sample will pre-date the MRE. 

TMT 1/1 
 

NZA 29952 -25.7 861 ± 30 773-676 AD 1177-
1274 

Fine charcoal from near the base of unit 
17 silty sand. This sample will pre-date the 
MRE. 

TMT 1/13 NZA 30039 -25.8 1761 ± 90 1405-
1823  

AD 127- 
545 

Fine charcoal from within unit 30 toward 
the base of the T2 sequence. Sample will 
pre-date the MRE and post-date the 
penultimate faulting event. 

TMT 3 
R26/8764 1038 
TMT 3/6 

 
 
NZA 29953 

 
 

-28.1 

 
 

191 ± 25 

 
 

284-0 

 
 

AD 1666-
1950 

 
 
Charcoal from unit 5W, a colluvial deposit 
on the west side of the fault zone. This 
unit should post-date the third event back 
(Event III) and pre-date the penultimate 
faulting event. 

TMT 3/1 NZA 29954 
 

-25.5 265 ± 25   315-275 
& 211-

152 

AD 1635-
1675 & 

AD 1739-
1798 

Charcoal from unit 12, a yellow brown silt. 
This is interpreted as an overbank deposit 
on Terrace 3 (T3) gravels. This unit should 
pre-date any faulting related to the 
abandonment of T3. 

TMT 3/3 NZA 30050 
 

-24.7 1725 ± 35 1421-
1695 

AD 255 - 
529 

Charcoal from unit 14 gravels. These are 
interpreted as the alluvial deposits related 
to Terrace 3 (T3). Unit 14 should pre-date 
any faulting related to the deformation of 
T3. 

Other dates 
7769 

 
NZ 7769 
 

 
-25.8 

 
80 ± 51 

 
<250 

 
- 

 
Charcoal from unit 14 gravels. Interpreted 
as the alluvial deposits related to Terrace 
3 (T3). Unit 14 should pre-date any 
faulting related to the deformation of T3. 

711 NZA 711 
 

-25.9 356 ± 82 310-470 AD 1640-
1480 

Charcoal from unit 14 gravels. These are 
interpreted as the alluvial deposits related 
to Terrace 3 (T3). Unit 14 should pre-date 
any faulting related to the deformation of 
T3. 

TM-20 NZA 29483 
 

-24.0 260 ± 25 151-311 AD 1639-
1799 

Charcoal from unit 14 gravels. These are 
interpreted as the alluvial deposits related 
to Terrace 3 (T3). Unit 14 should pre-date 
any faulting related to the deformation of 
T3. 

Radiocarbon age: Conventional radiocarbon age before present (AD 1950) calculated using Libby half-life of 5568 years, and corrected to δ13C of –25 
‰. Quoted error is ± 1σ. 

Calibrated age: Calendar years before present (AD 1950) and calendar years AD/BC using C-14 calibration programme CALIB 4.3 (Stuiver, Reimer & 
Reimer: http://depts.washington.edu/qil/calib). A Southern Hemisphere offset of –27 radiocarbon years has been applied to all samples prior 
to calibration (McCormac et al., 1998). A lab error multiplier of 1.0 has been applied to NZA samples. 
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3.3 TMT-1 trench 

Trench TMT-1 was excavated 10 m to the NE of, and end-on from, trench TMT-2 (Figs. 3.2 & 
3.3). TMT-1 was investigated to help better understand the deposits and age of terrace T2 
and in particular, the nature of surficial channels on T2, which are dextrally displaced by c. 5 
m (Fig. 3.3). The base of TMT-1 is formed in a sandy bouldery gravel (unit 40), interpreted to 
be the same unit that floors trench TMT-2. The boulder gravel in trench TMT-1 is overlain by 
1-1.3 m of massive to chanellised cobbly to sandy alluvium into which a brown soil is 
developed (Fig. 3.4). The surficial channel is incised by up to 15 cm. We found no deposits 
relating to the channel in the subsurface. The soil formed on T2 deposits is deeper and better 
developed than that on T1. 

The youngest feature exposed in the trench, apart from the soil, is the surficial channel, and 
because this channel is offset, all deposits related to terrace T2 must also be faulted. All 
radiocarbon dating samples from within these deposits should predate the most recent 
faulting event (assuming no young carbon has been introduced into the system). Five 
radiocarbon samples, three from the lower part of the trench and two from the upper part, 
constrain the age(s) of deposits encountered in trench TMT-1. The deepest sample, TMT-
1/13 has a radiocarbon age of 1761 ± 90 yr BP, substantially older than all other dates from 
terrace T2 and is inferred to represent a piece of reworked charcoal or one with significant 
inherited age. It provides a maximum age for terrace T2 deposition. Samples TMT-1/1 and 
TMT-1/7, also from the lower part of the trench, yield radiocarbon ages of 861 ± 30 yr BP and 
1049 ± 30 yr BP, respectively. These are similar in age to sample TMT-2/10 (975 ± 30 yr BP) 
collected from T2 deposits exposed in trench TMT-1. We infer that deposition of terrace T2 
began at or before c. 675 cal yr BP (the minimum of the calibrated age range of 861 ± 30 yr 
BP). 

AMS radiocarbon dates from the upper part of the trench help constrain the timing of the 
most recent faulting event. Two samples from depths 20-30 cm below the ground surface 
and yielded ages of 324 ± 25 yr BP (sample TMT-1/10), and 260 ± 25 yr BP (sample NZA 
29483). Also, Van Dissen et al. (1992) report an age of 356 ± 82 yr BP (NZA 711) for a 
charcoal sample collected at c. 15 cm depth from T2 on the opposite side of the fault, several 
tens of metres SE from trench TMT-1. If these samples represent charcoal deposited during 
the waning stages of T2 construction, then the abandonment of T2 occurred ≤310 cal yr BP 
(the maximum of the calibrated age range of the youngest sample). From these data we infer 
that the most recent faulting event (the event that displaced the surficial channels on T2 and 
underlying deposits) must be younger than 310 cal yr BP. It must also be older than the 
written historic period in New Zealand (c. AD 1840). Therefore, our currently preferred 
interpretation for the timing of the most recent rupture of the Wellington Fault at this site is 
sometime before AD 1840 and after AD 1640, i.e. c. 110-310 cal yr BP. 

The cutting of riser R2 (see R2 on Fig. 3.3) pre-dates deposition of terrace tread T2, but both 
the riser and the tread (T2 tread displacement is defined by the offset of the surficial 
channels) share the same displacement. This indicates that the most recent surface 
rupturing event post-dates both features, and the penultimate rupture pre-dates them. The 
timing of the cutting of R2 and initiation of T2 deposition thus provides a minimum constraint 
on the timing of the penultimate faulting event (PFE). In summary, we consider that T2 
deposition began at or before c. 675 cal yr BP, so the PFE must pre-date this age (i.e. ≥675 
cal yr BP). 
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3.4 TMT-3 trench 

A third trench, TMT-3 (grid ref. R26/876104), was excavated about 70 m east of TMT-1, 
across a c.1 m high, NW-facing fault scarp of the Wellington Fault (Fig. 3.5). At this location 
the tread of terrace T3 is faulted against the tread of T4, along the stretch where the riser 
between T3 and T4 is dextrally displaced by c. 14 m (Figs. 3.2 & 3.3). The vertical 
component of slip along the Wellington Fault here is essentially zero, the resultant scarp 
height arising from the juxtaposition of terrace treads of differing age (and height). 

Terrace T4 deposits exposed on the SE end of the trench were composed primarily of cobble 
to boulder gravel (unit 20) capped by a thin silt cover. Materials exposed on the NW side of 
the fault consisted of a number of facies in a fining-upward sequence of cobble gravel to fine 
sandy silt alluvium and fine colluvium. A fault zone 1.5 to 3 m wide separates T4 and T3 
deposits. The primary zone of faulting is exposed beneath the steepest part of the scarp. In 
this area at least 4 near-vertical faults (F1-F4) cut up through most of the section. In addition, 
3 distinct colluvial packages have been shed across the scarp, and we interpret these as 
resulting from co-seismic displacement on the fault. The oldest of these is a thick, wedge-
shaped silty cobble gravel (unit 5). It is disrupted by a number of fault strands, some of which 
terminate at the top of the unit. This colluvium is actually represented by several facies (units 
5, 5E, and 5W), due to both a fining upward nature to the deposit and significant post-
depositional strike-slip movement. A second colluvium overlies the oldest one and comprises 
yellow brown pebbly silt (unit 4). Unit 4 colluvium is itself cut by two fault strands, which 
terminate at the top of this unit. The third and youngest colluvium (unit 3) is volumetrically the 
smallest and comprises little more than a stone-line that drapes across the fault zone and by 
inference is unfaulted. 

Three very small samples were submitted for AMS radiocarbon dating from trench TMT-3. All 
were from the T3 side of the trench, either from T3 deposits, or from the oldest colluvium 
(overlying T3 deposits). Two samples (TMT 3/6 & TMT 3/1; Table 2) returned unrealistically 
young ages (both less than several hundred radiocarbon years). Though both these samples 
were small and black, they were probably not detrital charcoal as was hoped at the time of 
their collection and submission for dating. The third sample (sample TMT-3/3), collected from 
within T3 gravel consists of rooty material that presumably post-dated abandonment of T3. 
Its age of 1725 ± 35 yr BP (c. 1420-1695 cal yr BP) provides a minimum age for deposition of 
terrace T3, deposits of which have been faulted three times. 

An estimate of the maximum dextral slip rate can be calculated from the combination of c. 14 
± 2 m displacement on R3 with the date from near the base of trench TMT-3. This yields a 
maximum slip rate of c. <6.9-10.9 mm/yr. This value contains a number of caveats such as: 
(i) it is derived from only 3 displacements; (ii) the current elapsed time which is used in this 
calculation is only a partial inter-event time; and (iii) there is some uncertainty regarding the 
quality and interpretation of the radiocarbon date that defines these values. Therefore, this 
maximum slip rate should be regarded with some caution.  
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Figure 3.5 Log of trench TMT-3 excavated across the trace of the Wellington Fault at Te Marua. At this location, terrace T4 gravels (unit 20) are faulted against T3 deposits (units 10-14). Faults are marked by red lines (F1-F5). 
Scarp derived colluvial deposits (Units 5, 4, 3) are formed following earthquake displacements. Detailed unit descriptions are located in Langridge et al. (2008a). 
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3.5 Te Marua Summary 

New research in 2008 at Te Marua focused on understanding the age and displacement of 
the four youngest alluvial terraces, and the timing of the last few movements on the 
Wellington-Hutt Valley segment of the Wellington Fault. Three trenches were excavated and 
logged. Trenches TMT-2 and TMT-1 were excavated parallel to the trace of the Wellington 
Fault, with the goal of dating faulted and unfaulted terrace deposits.  

Trench TMT-1 was excavated through T2, a terrace where two shallow surficial channels 
were displaced by c. 5 metres, interpreted as occurring during the most recent faulting event. 
The deposits of T2 are typically sandy in nature. The soil developed on T2 is light to medium 
brown. AMS radiocarbon ages from T2 deposits (including sample TMT 2-10), range from c. 
151-1823 cal yr BP. These samples are generally in stratigraphic order, and the range is 
probably reflective of multiple sources and ages for detrital charcoal. The highest young age 
in the terrace 2 deposits provides a minimum age for the abandonment of T2. Sample TMT-
20 (151-311 cal yr BP) is therefore also interpreted to represent the maximum age for the 
most recent faulting event. Our preferred age window for the timing of the most recent 
faulting event is c. >110-310 cal yr BP, i.e. between AD 1640 to 1840 (Fig. 3.6). This is 
consistent with the timing of this event from Long Gully (Fig. 2. 7). 

TMT-2 was excavated through T1, the oldest unfaulted terrace above the Hutt River. 
Samples from this trench provide a minimum age on the most recent faulting event (MRE). 
Radiocarbon ages from this terrace fill unit are typically younger than c. 750 cal yr BP. This is 
a maximum age for these deposits, which could be younger than c. 330 cal yr BP. The suites 
of AMS radiocarbon ages that come form both TMT-1 and TMT-2 are probably indicative of 
recycling or sampling of old carbon (Fig. 3.6).  The soil developed above T1 deposits is a 
weak, light brown soil that is less developed than that soil developed on T2 deposits, 
implying that T1 is somewhat younger than T2, as shown by the geomorphic relationships. 

A minimum age on the timing of penultimate event faulting comes from the age of T2 
sediments. Based on the age of samples TMT2-1 and TMT1-7, we infer that deposition of 
terrace T2 began at or before c. 675 cal yr BP, and that the PFE occurred some time earlier. 
This result is consistent with estimates for the timing of the penultimate event from trenches that 
display the faulting, e.g. at the Te Kopahou site. 

Trench TMT-3 was excavated across the Wellington Fault where terrace riser R3 is offset 
dextrally by c. 14 metres, interpreted as probably the result of 3 earthquake displacements. 
Three earthquake-generated colluvial deposits were recognised in this trench. The lowest of 
these colluviums was a thick wedge-shaped cobble to boulder colluvium, consistent with the 
initial offset of the trimmed riser edge. Only one useful AMS radiocarbon date has come from 
this trench. Sample TMT-3/3, (1725 ± 35 yr BP; 1420-1695 cal yr BP) provides a minimum age 
for deposition of terrace T3, deposits of which have been faulted three times. 
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Figure 3.6 Interpretation of the paleo-earthquake event record of the Wellington Fault derived from 
trenches at Te Marua. The black bars represent the full calibrated distributions for individual AMS 
radiocarbon ages. Arrows represent the upper or lower bounds of event timing. Radiocarbon dates 
from previous studies (Van Dissen et al 1992; grey) and from T Little (orange) are included to aid the 
resolution of event ages: MRE = most recent event; PFE = penultimate faulting event. 
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4.0 KAITOKE AGRESEARCH TRENCH SITE 

4.1 Background 

The Kaitoke AgResearch Farm trench site is located near the NE termination of the 
Wellington-Hutt Valley segment of the fault (Figs. 1.1; 4.1). At the AgFarm site, the 
Wellington Fault is expressed by a clear E-W striking, c. 800 m long, north-facing uphill-
facing scarp. The scarp causes deflection and ponding of small streams, and creates 
conditions favourable for the accumulation of peats against the fault trace (Fig. 10.1). For 
these reasons (i.e. datable material in close proximity to the fault trace) the Kaitoke Farm site 
was viewed as a prospective site for trenching investigations aimed at assessing the timing 
of paleoseismic events on the Wellington Fault (Langridge et al. 2008a). Three trenches 
were excavated across this trace in 2008 as part of the Its Our Fault project, and are 
described below. 

 

 

 
Figure 4.1 Photograph looking west along the farm drain adjacent to the (modified) trace of the 
Wellington Fault, marked by the arrows. The spoil piles for trenches KAF-1 and KAF-2 appear in the 
midground. Trench KAF-3 was excavated beyond the obvious row of pine trees. 
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The main focus of research at the Kaitoke AgResearch farm was to investigate the paleo-
earthquake record of the Wellington Fault. The Kaitoke farm is an important and prospective 
paleoseismic site for a number of reasons: 

• the fault has excellent geomorphic expression across open farmland, so trenching and 
GPS surveying are easy to accomplish (Fig. 4.2);  

• the fault splays into a number of fault and fold traces related to a c. 2 km wide right 
stepover zone, termed the Kaitoke stepover (Berryman 1990); and 

• young peat swamps and offset streams are found in association with uphill-facing scarps 
through this area, providing for rich organic (dateable) sections adjacent to the fault zone. 

 
One aspect of this location that we wished to investigate was the completeness of the paleo-
earthquake record at Kaitoke compared to other sites, e.g. Te Kopahou. In particular, the site 
is c. 2-3 km from the end of the W-HV segment (Kaitoke stepover), and the beginning of the 
Tararua section of the Wellington Fault (Berryman et al. 2002; Langridge et al. 2005). The 
implications of the segmentation scheme suggested by Berryman (1990) are that Wellington-
Hutt Valley segment ruptures will terminate at the Kaitoke stepover. Therefore, one objective 
is to estimate the extent of ruptures within the stepover and assess the completeness of the 
paleo-earthquake record there.  
 
4.2 KAF-1 trench 

Kaitoke AgFarm trench 1 (KAF-1) was excavated at grid ref. S26/932126 (Fig. 4.2). The 
geomorphology at this location is extremely modified as a result of farm development that 
occurred in the early 1960’s. One of three large hillocks of Kaitoke gravels (c. 1 Ma) has 
been completely removed from the area of the nearby farm barn and used to level out the 
surrounding area. These hillocks are shutter ridges that have been translated along the 
Wellington Fault. The current topography of the site is now dominated not by an uphill-facing 
shutter hillock ponding a peat swamp, but rather by a farm drain that runs sub-parallel to the 
original, now buried, fault trace (Fig. 4.2). In trench KAF-1, we recognised this thick wedge of 
recent man-made fill material used to level the ground between the buried scarp and the 
farm drain (Fig. 4.1). Beneath the fill is a section of interfingered Holocene peats and colluvial 
deposits. The peaty deposits are interpreted to relate to the ponding of drainage against the 
fault scarp, and colluvial units to the shedding of debris from the former shutter hillock (Fig. 
4.3). The peat and colluvium intervals grade into each other across a 4 m-wide zone of high-
angle faulting. 

 

Trench KAF-1 was excavated in two stages. In the first stage a southern (upper) suite of 
faults was recognized and mapped (faults F9-F14). When the trench was deepened, faults 
F1-F8 were more fully uncovered and mapped. 
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Figure 4.2 Micro-topographic map of the Kaitoke AgResearch farm site, near Kaitoke. Contour Interval is 25 cm.  An uphill-facing scarp is set out to 
the south of the rangefront of the fault. This scarp has been modified by the construction of a farm drain parallel to the fault. The actual fault location 
from trenches and former geomorphology is shown by the red arrows. The 3 trenches are shown as yellow bars. South of KAF-1 an entire hillock of 
Kaitoke gravel (c. 1 Ma) was bulldozed away and across the site to the location of the farm drain. 
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Figure 4.3 Deepened south end of KAF-1 at the Kaitoke farm site, west wall. The upper metre 
comprises fill unit Ø, which drapes across a former scarp to the right of painted #4. Dark peaty swamp 
units at left grade into peaty colluvium/ colluvium at right. The trench log is shown in Figure 4.4. 
 
4.2.1 Most recent event and penultimate event 

The most recent faulting event at trench KAF-1 involves the youngest deposits in the trench. 
North of the trench and farm drain a modern peat swamp forms a surface equivalent to the 
top of the fill-buried peat 1 in trench KAF-1. This peat is a dark brown to black, massive peat 
with tree stumps at its top surface. At least the base of this peat is faulted by fault F1. Fault 
F1 also faults a colluvium (Unit 4) that extends across the middle part of KAF-1, and 
underlies peat 1. This colluvium is also faulted by fault F12. These relationships suggest the 
occurrence of two recent surface rupturing earthquake events: one which generated the Unit 
4 colluvium; and a younger event that faulted it and the base of peat 1.  

Two peat samples were collected from either side of a clear contact between the base of 
peat 1 and the top of peat 38 (samples KAF-1/18 and KAF-1/13, respectively). These two 
peats immediately overlie and underlie Unit 4 colluvium, and their ages are inferred to 
bracket the timing of the penultimate event (PFE). The ages from the base of peat 1 and the 
top of peat 38 respectively are 667 ± 20 radiocarbon yr BP (555-649 cal yr BP at 2-sigma), 
and 916 ± 20 radiocarbon yr BP (731-896 cal yr BP) respectively (Table 4). This constrains 
the timing of the PFE in this trench to between 555-896 cal yr BP. A previous estimate of 
670-830 cal yr BP for the timing of the PFE in the Kaitoke area comes from Van Dissen et al. 
(1992). That age interval is somewhat interpretive in nature, but is consistent with the timing 
deduced from trench KAF-1.  

There is no distinct colluvium related to the most recent faulting event (MRE), nor is there a 
distinct upward termination of MRE faulting observed in the trench (presumably the ‘event 
horizon’ is located somewhere within peat 1). Therefore, we are not able to constrain the age 
of the youngest paleoseismic event in this trench, other than to say that it is certainly younger 
than the PFE (i.e. younger than 555-896 cal yr BP). 
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A third event is implied by the trough–filling silt unit 6. This unit must begin its deposition 
sometime during the formation of peat unit 38. Both of these units are covered by colluvium 
C1 (unit 4) and are faulted by the event that generates that colluvium, i.e. the penultimate 
event. If unit 6 silt forms as a consequence of a faulting event about the upper fault zone 
(faults F9-F13), then this may be the third event back. There are no radiocarbon samples 
that have been dated in order to constrain this relationship. 

4.2.2 Older events 

Dating of trench KAF-1 deposits showed that units in the lower part of the trench below the 
level of the two youngest displacement events are c. 7300-11,600 yr old, indicating a 
depositional hiatus of at least c. 6000 yr between these older units and those units that 
constrain the timing of the two most recent faulting events. This hiatus occurs about at the 
location of units 39/40. The missing time could be explained by one, or a combination of, the 
following: (i) a lack of surface faulting and consequent colluvial unit generation between c. 
900-7300 yr BP; (ii) erosion and removal of that part of the stratigraphic section; (iii) no 
source of colluvium or development of peat over that period; and/or (iv) a wider zone of 
faulting than exposed in KAF-1 such that between c. 900-7300 yr BP surface rupture 
displacement occurred on faults outside the bounds of the trench exposure, for example, 
either on the rangefront fault, or unmapped faults closer to the trench. 

However, the interbedded peat and colluvial stratigraphy of the lower part of KAF-1 can be 
used to identify a number of distinct earthquake event horizons in the time interval between 
c. 7300-11,600 yr. These events are labelled A through F in Table 3. The stratigraphic model 
used here is similar to that described from trench TK-1 (see Section 2.1). That is, peats and 
soils typically form during stable periods when there is little sedimentation at the site. This 
site was probably under forest and swamp vegetation over this time interval. At the time of 
large earthquakes on the fault, displacement and strong ground motions offered the 
opportunity of releasing colluvium from the ‘now-removed’, steep-sided hillock of Kaitoke 
gravel. These may have occurred as shallow landslips that included soil, peat and 
vegetation. 

Up to six older paleo-earthquake events are recognised from the older portion of the trench 
on the basis of peat/colluvium couplets and the upward-termination of faults observed in the 
middle of the trench (Fig. 4.6). Five radiocarbon samples were submitted from this section. 
The highest and lowest samples yield the youngest and oldest ages, respectively. The 
youngest age is 6514 ± 30 yr BP (7291-7431 cal yr BP) from sample KAF-1/8 within colluvial 
unit 18, and the oldest age is 9984 ± 35 yr BP (11,233-11,600 cal yr BP) from sample KAF-
1/23 from within a unit interpreted as a peaty colluvium (Unit 48a). A brief description of the 
evidence for those events is presented in Table 3 and as follows. This record may not be 
complete and is certainly incompletely dated. 

Event A: Peaty unit 41 is faulted along fault F7a. This seems to cause a significant unit 
thickness change in peat 41. Peat 38 forms across the top of fault F7a. Gritty silty clay (unit 
40) and stoney peat (unit 39) probably form as a consequence of this event. This event 
should be bracketed by the dates from within unit 39 (6514 ± 30 yr BP; 7291-7431 cal yr BP) 
and at the top of peat unit 41 (7546 ± 25 yr BP; 8200-8381 cal yr BP). The entire bracketed 
age for Event A is therefore from c. 7290-8380 cal yr BP. 
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Event B: This earthquake faults peat unit 45 against unit 46 on fault F5a, ending the 
accumulation of the former. These two units are locally overlain by brown silty gravel 
(colluvium) unit 44. Fault F5b faults unit 46 and unit 44 drapes across a small freeface here. 
Peat 41 forms over the top of this sequence.  

A problem exists with the radiocarbon dates that come from peat unit 45, i.e. they appear to 
be inverted. The date from the top of peat 45, that was to act as a maximum age for this 
event (KAF-1/11; 8012 ± 30 yr BP), is the only date that is out of sequence in this trench. 
Thus, the bracketing of this and other events is affected by this age. There are several 
reasons for such an inversion in dates, including reworking or human error. If we accept that 
the date KAF-1/11 is in place (8647-8965 cal yr BP) and KAF-1/22 (7716 ± 30 yr BP; 8392-
8538 cal yr BP) and the event timing is from c. 8200-8965 cal yr BP. 

Event C: During this event, unit 46 colluvium is faulted on faults F4 and F4 and a trough 
forms over this local area. During the next inter-seismic period, peat 45 forms in the trough 
created by this event. Similarly for this event, if the two inverted dates within peat 45 are 
considered to be in place, then the bounding dates for Event C are currently KAF-1/22 (8392-
8538 cal yr BP) and KAF-1/23 (9984 ± 35 yr BP; 11,233-11,600 cal yr BP). The event age 
range is therefore c. 8392-11,600 cal yr BP. 

Event D: This event is best defined by the generation of unit 46 (colluvium 3), a greenish-
grey stoney sandy clay, which is interpreted as an earthquake-derived colluvium. The faulting 
that is related to this colluvium is unclear, but may have occurred on fault F8, where units 48 
and 50 are juxtaposed. Here, the tip of fault F8 is draped by unit 46 colluvium. This colluvium 
also covers peaty unit 47, which would provide a good lower bounding age on Event D. At 
this juncture, the event age for Event D is probably older than the date on KAF-1/11 (8647-
8965 cal yr BP and KAF-1/23 (11,233-11,600 cal yr BP), i.e. c. 8650-11,600 cal yr BP. 

Event E:  Event E is defined by the faulting of unit 48, a brown stoney gritty clay that is 
considered to be a colluvial unit. The faulting is expressed on fault F2 (and perhaps F8). This 
event has the same age constraints as Event D. A good upper bounding age for this event 
could, in future, come from the base of peat 47. Within this sequence of events, Event E 
appears to be the one with the most uncertainty regarding the quality of event evidence. 

Event F:  This event is probably the oldest recognisable displacement event in trench KAF-1. 
Fault F6 cuts up to the top of unit 50 (the lowest exposed unit in the trench) and to the base 
of unit 48. Colluvial unit 48 may be tilted to the left of Fault F6 (or this may be a separate 
colluvium). This event must be older than the age of sample KAF-1/23, i.e. >c. 11,233-11,600 
cal yr BP. 
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Figure 4.4 Graphic log of the zone of faulting in trench KAF-1, Kaitoke. In this view the fill units (Ø and -1) have been removed as well as the north 
end of the trench exposure, which was back-filled at the time of deepening the trench. A summary of earthquake rupture events is presented in Table 
3. A summary of the units and unit descriptions can be viewed in Langridge et al. (2008a). 
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Table 3 Summary of earthquake event horizon and radiocarbon dating information for trench KAF-1 

Event Faults Event Evidence for Faulting Post-seismic/ Interseismic units 
formed 

Constraints on timing (minimum/ 
maximum age) 

Event Timing  
(cal yr BP) 

MRE F1, F12 Faulting of unit 4 (C1) generation of stoneline above 
F12; Growth of upper part of Unit 
1 peat 

KAF-1/5 (approximate age) < 555-649 

PFE F9a, b, c; F13 Faulting of unit 6 silt and 
Colluvium C2 

Generation of Colluvium unit 4; 
Growth of lower part of unit 1 peat 

KAF-1/3 & -1/ 4 & -1/18 (min); KAF-
1/13 (max) 

555-896 

III Upper fault 
zone? 
F9-F13 

Trough has formed above 
unit 38 and C2 

Generation of colluvial unit C2? 
Local deposition of trough-filling 
silt (unit 6) 

No ages to constrain this event - 

A F7a Faulting of peat unit 41 Generation of colluvial unit 39; 
peat unit 38 forms across the site 

KAF-1/8 (equivalent age); KAF-1/21 
& 1/17 & 1/9 (max) 

7291-8381 

B F5a Faulting of peat unit 45 
against 46 

Colluvium 44 generated. Growth 
of Peat 41. 

KAF-1/10 & KAF-1/21 (min); KAF-
1/11 (max) 

8200-8985 

C F3, F4, F7b, 
F10, F11 

Faulting of unit 46 Colluvium Growth of trough-filling peat unit 
45. 

KAF-1/12 & KAF-1/22 (min); KAF-
1/16 (max) 

8392-9651 

D F8 Faulting of unit 48 against 
50. Fault tip overlain by unit 
46 colluvium. 

Colluvium 46 generated. Unit 43 
silt forms over colluvium. 

KAF-1/12 & KAF-1/22 (min); KAF-
1/16 (max) 

8647-11,233 

E F2 Faulting of unit 48 soily 
Colluvium on F2 

Unit 47 peat forms over Unit 48 KAF-1/19 (min) 8647-11,233 

F F6 Fault F6 penetrates to the 
base of unit 48. 

Colluvium 48 generated. Peat/Soil 
forms on unit 48 

KAF-1/23 (min) >11,233- 
11,600 

Notes: MRE – most recent faulting event; PFE – penultimate faulting event. Bold samples are those submitted for dating. 
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Table 4 Radiocarbon dates from trenches at the Kaitoke AgResearch farm, Kaitoke. 
 Calibrated age Material & significance 

Δ13 C (‰) cal BP  Trench, grid 
ref. 

sample ID 
 

 
Lab No. 

 

Radiocarbo
n age (yr 

BP) 2 σ cal BP 2 σ cal yr  

KAF-1 
S26/9319 1257  
KTF1 
 

 
 
NZA 29362 

 
 

-28.0 

 
 

-1913 ± 20 

 
 

modern 

 
 

modern 

 
 
Sample from reconnaissance 
auger hole. Peat sampled from 
below the base of gravel (Fill; 
unit Ø) at c. 1 m depth. 
Equivalent to the top of black 
peat P1. 

KAF 1/18 
 

NZA 29862 -26.8 667 ± 20 649-555 AD 1301-1395 Sample comes from the base 
of black peat P1. Probably 
post-dates colluvial unit 4. This 
sample post-dates the 
penultimate faulting event 
(PFE) 

KAF 1/13 
 

NZA 29842 -26.7 916 ± 20 896-877 & 
800-731 

AD 1504-1591 
& 1616-1651 

Sample comes from the top of 
the brown peat of unit 38. This 
sample pre-dates colluvial unit 
4. Therefore, this sample pre-
dates the PFE. 

KAF 1/8 
 

NZA 29787 -29.3 6514 ± 30 7291-7431 5342-5482 BC Sample comes from within 
peaty colluvial unit 39. This 
sample should be equivalent to 
or older than the age of the 
third faulting event (Event III). 

KAF 1/21 
 

NZA 29839 -26.2 7546 ± 25 8381-8278 & 
8265-8200 

6251-6432 BC Sample comes from the top of 
peaty unit 41. This sample 
should provide a maximum 
age for Event III. 

KAF 1/11 
 

NZA 29852 -28.4 8012 ± 30 8985-8647 
 
 

7036-6698 BC  Sample comes from the top of 
trough-filling peat 45. This 
sample should provide a 
maximum age for Event IV. 

KAF 1/22 
 

NZA 29843 -27.8 7716 ± 30 8538-8392 6443-6589 BC Sample comes from the base 
of trough-filling peat 45. This 
sample should provide a 
minimum age for Event V. 

KAF 1/23 
 

NZA 30075 -27.3 9984 ± 35 11,233 -
11,600 

BC 9284- 9651 Likely predates 3 paleoseismic 
events and postdates a fourth 
event. 

KAF-3 
S26/9299 1253 
KAF 3/6 

 
 
NZA 29901 

 
 

-25.4 

 
 

2890 ± 170 

 
 

2498-3395 

 
 

BC 549-1446 
 

 
Sample comes from near the 
top of white silty Unit 5. This 
date should provide a 
maximum age for the last ≥2 
rupture events. 

KAF 3/5 NZA 29980 -26.3 3774 ± 40 4227-4197 & 
4177-3924 

AD 1054-1073 
& 1150-1219 

Sample comes from near the 
base of silty unit 6, that has a 
moderately developed 
paleosol at its top. 

KAF 3/2 NZA 29844 -25.1 246 ± 20 303-275 & 
212-151 

AD 1647-1675 
& 1738-1799 

Sample comes from lowest 
unit in the trench, i.e. unit 9 fan 
gravel. This date should 
provide a maximum age for the 
clastic sequence on the 
downthrown side of the fault 
here. 

Radiocarbon age: Conventional radiocarbon age before present (AD 1950) calculated using Libby half-life of 5568 years, and corrected to 
δ13C of –25 ‰. Quoted error is ± 1σ. 

Calibrated age: Calendar years before present (AD 1950) and calendar years AD/BC using C-14 calibration programme CALIB 4.3 (Stuiver, 
Reimer & Reimer: http://depts.washington.edu/qil/calib). A Southern Hemisphere offset of –27 radiocarbon years has been applied 
to all samples prior to calibration (McCormac et al., 1998). A lab error multiplier of 1.0 has been applied to NZA samples. 
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4.3 KAF-2 trench 

Trench, KAF-2 (grid ref. S26/931126), was excavated c. 40 m to the west of trench KAF-1 
(Fig. 4.2). In this area there was an expectation that faulted and unfaulted deposits related to 
the most recent earthquake on the Wellington Fault could be dated. KAF-2 intercepted a 
series of probable Holocene gravels and silts in the footwall of the fault scarp. Ponded and 
faulted against this scarp are a sequence of massive to silty peat units. Sharp fault relations 
confirmed the location of active faulting along this scarp where it was unmodified by farm 
activities. Although a number of organic samples were collected from this trench, none have 
been submitted for radiocarbon dating. For this reason, the discussion of the results of this 
trench are limited.  A log and a more comprehensive discussion of trench KAF-2 appears in 
Langridge et al. (2008a). 

4.4 KAF-3 trench 

A third trench, KAF-3 (grid ref. S26/930125), was excavated near the western end of the 
Kaitoke Farm site. In this area the prominent uphill-facing scarp lies within c. 50 m of the 
rangefront trace of the fault. Here, the scarp has deflected a small stream that is cut into an 
intermediate level fan surface that projects into the fault scarp (Fig. 4.3). The uphill-facing 
scarp corresponds to a geomorphic surface that is higher in the landscape than the Q2a 
(Ohakean) surface mapped in this area (Berryman 1990, Begg & Johnston 2000).  

4.4.1 Stratigraphy and age of deposits 

The log of the west wall of KAF-3 is shown in Figure 4.5 The stratigraphy comprises a series 
of clastic units that can be divided into 4 packages: (i) older fan/alluvial facies that occur in 
the uphill-facing scarp and within the fault zone (units 10-13); (ii) younger alluvial deposits 
that comprise fan and stream units that are deposited against the scarp (Units 3-9); (iii) 
scarp-derived colluvium (unit 2); and (iv) soils and historically modified surface units 
(fill/debris). Within the fault zone, the older fan/alluvial deposits comprise interbedded sandy, 
pebble ‘chip’ gravels (unit 11g) and clayey silt facies (unit 11z), overlain by very poorly 
sorted, angular medium gravel (unit 10). Farther up the scarp, units 12 and 13 are 
moderately weathered clayey silt and sandy gravels, respectively. Colluvium (Unit 2b) and 
soil (unit 1) drape the fault scarp and are unfaulted. 

The stratigraphy of the downthrown side of the fault comprises alluvial deposits that grade to 
a younger outlet fan south of the scarp. Most of the units on the north side of the fault project 
into, and are truncated by, the fault zone. The lowest exposed units are poorly sorted angular 
cobble gravels (unit 9). They are overlain by a series of generally fine-grained, clay and 
clayey silt units (units 5-8) that likely represent ponding against the fault scarp. Unit 6 is 
defined by a paleosol formed within the light brown coloured top of this silty unit. Units 3 and 
4 are channel fill deposits within a fault-parallel trough incised into units 5 and 6, outside of 
the fault zone. The uppermost units are overlain by a fine sand deposit (Unit 2a) and a recent 
soil (unit 1), formed on a sandy silt. Unit 2a grades laterally into a slope- or scarp-derived 
colluvium (unit 2b) across the fault zone. 
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Three charcoal samples were submitted for radiocarbon dating from trench KAF-3 (Table 4). 
Charcoal sample KAF-3/2, from a depth of c. 1 m and within the basal fan gravel (Unit 9), 
yielded an age of 246 ± 20 yr BP.  This date probably does not represent the true age of the 
gravels or the units above them. Sample KAF-3/6 was collected from near the top of silty unit 
5 and yielded an age of 2890 ± 170 yr BP (2498-3395 cal yr BP at 2 sigma). The third 
sample, KAF-3/5, comes from the lower part of the Unit 6 paleosol and yielded an age of 
3774 ± 40 yr BP (Table 4; 3924-4227 cal yr BP). The latter two dates show that the upper 
part of the deflected stream sequence is late Holocene in age.  

4.4.2 Faulting events 

The youngest faulting event in trench KAF-3 is defined by the highest fault terminations in the 
trench. Three faults (F1, F2 & F5) terminate beneath the unit 2 colluvium and possibly 
represent faulting related to the most recent event. The most likely candidate for young 
faulting is fault F5, which juxtaposes the young deposits of the deflected stream sequence 
against older scarp gravels. There are no radiocarbon dating constraints on the timing of this 
event in trench KAF-3. However, colluvium 2 drapes across this fault tip and some 
substantial soil development (unit 1) has occurred across the top of this sequence. In 
contrast, faults F1 and F2 appear to juxtapose only units relating to older scarp deposits. 
Therefore, these faults may be related to older events. The tip of fault F1 terminates near a 
large fill deposit related to a farm fence posit (unit Ø).  

Older surface rupture event(s) may be inferred by the shift of the geomorphic axis of channel 
deposition adjacent to the scarp. At this time, two important changes took place in the 
stratigraphy of the trench: (i) the termination of soil formation in the Unit 6 paleosol was 
caused by deposition of Unit 5; and (ii) the shift from deposition against the edge of the 
current scarp, to that point where Units 3 and 4 were deposited at the current topographic 
low, adjacent to the fault scarp (Fig. 4.5). Also, units 5-8 are truncated by the northern-most 
fault exposed in the trench, but must have formerly extended south past this fault (F5).  

The highest fault termination on fault F5 juxtaposes unit 10 (scarp gravels) against unit 5 silt 
and a fragment of older colluvium, mapped as unit x. If the deformation indeed occurred as 
the most recent event faulting event, then it is reasonable to assume that unit x formed as a 
consequence of the penultimate event in this trench. Deposition of colluvium x marks the 
termination of silt deposition related to unit 5. The event is also marked by the shift of the 
channel axis to location of units 3 & 4.  A maximum age for this event is given from the age 
of sample KAF-3/6 (2498-3395 cal yr BP). As a comparison, such a maximum age would be 
associated with up to 4 events at the Te Kopahou site. This possibly means that the 
uppermost section at trench KAF-3 is incomplete, both in faulting and earthquake event 
stratigraphy. This is also in contrast to the record expressed 220 m away at trench KAF-1, 
where the youngest 2-3 events are well-expressed. A minimum age for this event could have 
been derived from the age of sample KAF-3/4 within unit 4, however, this sample did not 
yield enough carbon. 
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Figure 4.5 Log of the west wall of trench KAF-3, Kaitoke AgResearch Farm. Three radiocarbon dates from this trench are shown with their calibrated 
age ranges.



Confidential 2009 

 

GNS Science Consultancy Report 2008/344  36 
IOF Wellington Fault Paleoseismicity – Final Report 

 

An older event is implied on the basis of the burial of the paleosol formed on unit 6 clayey 
silt. There appears to be an similar amount of folding of the units into the fault zone of units 
6-8. The equivalent portions of these units have been strike-slipped to the west. Bending of 
these units created a trough in which unit 5 silt was deposited. A maximum age for this event 
comes from the age of sample KAF-3/5 which is charcoal from within the lower part of the 
paleosol formed on unit 6. This sample yields an age of 3774 ± 40 yr BP (Table 4; 3924-4227 
cal yr BP). As a comparison, such a maximum age would be associated with up to 4 
displacements at the Te Marua site, i.e. this overlaps with the OSL age of terrace T6 at Te 
Marua (4.5 ± 0.4 ka) (Little et al. 2009 in prep). Using this line of reasoning, the 4th ? event at 
trench KAF-3 is bracketed by the two dates to be between 2500-4230 cal yr BP, and Event III 
? must be younger than c. 3395 cal yr BP. 

The results of these two dates and event interpretations imply that at least 1 event is missing 
from the upper part of the record in trench KAF-3. Accordingly, this trench is probably best 
viewed as preserving an incomplete record of rupture events over the time period 
represented by the exposed deposits. 

 

4.5 Kaitoke Summary 

Three trenches were excavated at the Kaitoke AgResearch farm along a 200 m section of 
the Wellington-Hutt Valley segment of the Wellington Fault near Kaitoke. Each of the 
trenches crossed the same fault trace, which occurs as a prominent 075°-trending, uphill-
facing scarp. The trenches were used to assess the timing of paleo-earthquake events near 
the NE termination of the W-HV segment of the fault.  

Trench KAF-1 was excavated across a site that is extensively modified by removal of a 
hillock and subsequent placement of c. 1 metre of fill material across the site. Beneath this, a 
sequence of peats, peaty colluvium and colluvium onlap a buried and truncated fault scarp. 
The most recent event faults the youngest extensive colluvium and occurred since c. 555-
649 cal yr BP based on the youngest date in the section. Peat brackets this colluvium, which 
is attributed to the penultimate faulting event, which thus occurred from c. 555-896 cal yr BP. 
A third, undated event may be recognised on the basis of faulting and stratigraphic relations. 
Beneath this section there is a large hiatus in deposition from >900-7300 cal yr BP (Fig. 4.6). 
Between a minimum of 7300 yr and at least 11,230 yr up to six separate rupture events are 
suggested on the basis of faulting and peat /colluvium couplets. The minimum 5-inter-event 
time calculated from these dates is c. 645 yr, while the maximum recurrence interval for 4 
inter-event periods within this lower stratigraphic sequence is c. 985 yr.  

Trench KAF-2 exposed a sequence of blue-grey, reduced alluvial gravels, sands and silts 
juxtaposed against peaty units across the Wellington Fault. At this time, no samples have 
been submitted from this trench for radiocarbon dating. 

The third trench, KAF-3, was located where a young fan and Holocene channel were 
deflected and offset against a scarp consisting of older fan gravels and silts.  At trench KAF-3 
at least three young paleo-earthquake events were recognised. The youngest displacements 
in this trench are believed to occur mainly on a single fault trace that cuts to the top of the 
section. Upward fault terminations define the most recent faulting event. A colluvium (faulted) 
and the silt that it overlies defines the penultimate event horizon. A set of warped units 
capped by a paleosol define the third event in trench KAF-3. This event may correspond to 
Event IV in other places, implying that the record in this trench is not complete. The bounding 
ages on this event are between 2500-4230 cal yr BP.  
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Results from the Kaitoke AgFarm site show evidence for the two or three most recent events 
within trenches KAF-1 and KAF-2 (undated), while perhaps Events III and IV are constrained 
by older dates within trench KAF-3. The deep, early Holocene section within trench KAF-1 
provides useful minimum and maximum inter-event times for the W-HV segment at Kaitoke. 
While a significant portion of the late Holocene record was not observed in trench KAF-1, we 
consider it likely that this site experiences surface rupture as frequently as the remainder of 
the W-HV segment to the SW of it. 

 

Figure 4.6 Interpretation of the paleo-earthquake event record of the Wellington Fault derived from 
trenches at Kaitoke. The black bars represent the full calibrated distributions for individual AMS 
radiocarbon ages. Arrows represent the upper and lower bounds of event timing. Radiocarbon dates 
from previous studies at Kaitoke (Van Dissen et al 1992; grey) are included here. MRE = most recent 
event; PFE = penultimate faulting event. Note: No earthquakes are recorded over the interval 4230-
7290 cal yr BP.  
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5.0 SYNTHESIS OF PALEO-EARTHQUAKE DATA 

5.1 Combined Late Holocene Rupture Record 

Figure 5.1 is used to demonstrate the combined paleo-earthquake record for the W-HV 
segment of the Wellington Fault. The new It’s Our Fault research on the fault has included 
the addition of c. 30 new AMS radiocarbon dates from the three sites that are used to 
improve the interpretation of the timing of the last 4 earthquake ruptures on the Wellington 
Fault. Figure 5.1 displays these dates and includes all previous dates and site localities 
described in Van Dissen et al. (1992), e.g. Long Gully, that span the last c. 3600 yr. The 
results from all sites are shown in a SW to NE order for clarity. 

5.1.1 Most recent event 

There is compelling evidence at a number of sites that the most recent faulting event (MRE) 
occurred during the last few hundred years. These sites include Long Gully, Kaitoke and Te 
Marua. The best constrained data for the timing of the MRE comes from the fault-parallel 
trenches at Te Marua. In particular, AMS dates on charcoal from within the faulted deposits 
related to terrace T2 in trench TMT-1 imply that the MRE occurred since c. 310 cal yr BP, 
and prior to European arrival in the Wellington region, i.e. c. 310-110 cal yr BP. 
Approximately 5 metres of dextral slip is associated with this event. Based on the assumption 
that all of the sites experienced the same surface faulting event – which is reasonable given 
this amount of displacement – then the best estimate for the timing for the MRE on the 
Wellington Fault (W-HV segment) is between AD 1640-1840 (Fig. 5.2).  

5.1.2 The penultimate faulting event 

There is strong evidence for the penultimate faulting event (PFE) at most of the sites along 
the Wellington-Hutt Valley segment of the fault. The best estimate for the minimum age of 
the PFE comes from sample TK1-6 (Table 1) in trench TK-1 at Te Kopahou (i.e. >788-928 
cal yr BP. A maximum age for the PFE in trench TK-1 comes from a piece of wood within a 
buried soil that underlies colluvium 2c2. At Long Gully, a single sample from within a faulted, 
mixed (tectonically deformed?) peat (Unit 4) in Long Gully trench 1, yielded a calibrated age 
of 790-930 cal yr BP. 

At Kaitoke AgFarm, two AMS radiocarbon dates bound a faulted colluvium that is associated 
with the PFE. The maximum age for the PFE based on these samples is <731-896 cal yr BP. 
This window is consistent with a previous estimate for the PFE at the Kaitoke trenches of 
Van Dissen et al. (1992) (Fig. 5.1). The combination of the minimum age from Te Kopahou 
and the maximum age for the PFE from Kaitoke provides a constraint on the timing of that 
event to c. 790-895 cal yr BP (Fig. 5.2). 
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Figure 5.1 Time sequence of past earthquake ruptures on the W-HV segment of the Wellington Fault. 
This diagram combines the all of the radiometric data from the previous 3 summary plots. Sites are 
divided up into three areas and presented from SW to NE. Calibrated radiocarbon ages are shown as 
bars. Arrows show the minimum and maximum age constraints for each event. 
 
5.1.3 Event III 

The only constraining age estimate for the third youngest event comes from trench TK-1 at 
the Te Kopahou site. There, Event III is inferred from the presence of an older, scarp-derived 
colluvial wedge (unit 3c). Shearing of material within the fault zone, which is overlain by 
colluvium 3c, must be attributed to this event. The minimum age for Event III comes from a 
piece of charred wood (sample TK1-5) within the paleosol which formed on colluvium 3c. 
This sample post-dates Event III faulting and yielded an age of 2033 ± 30 yr BP (c. 1833-
1996 cal yr BP). A maximum age for Event III is provided by samples TK1-3 from near the 
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top of unit 4p peat which underlies the unit 3c, which yields an age of 2277 ± 30 yr BP (2131-
2338 cal yr BP at 2 sigma). Collectively these data constrain the timing of Event III to be 
older than c. 1835 cal yr BP and younger than c. 2340 cal yr BP (Fig. 5.2).  

Supporting age data for Event III cones from Long Gully where another mixed peat/ 
gravel/wood/clay (tectonically deformed?) colluvial deposit (Unit 12) was mapped in trench 2 
there. The calibrated age of sample F (2120-2330 cal yr BP) is consistent with Event III dates 
from Te Kopahou, perhaps implying that this colluvium formed during Event III. The log also 
shows that unit 12 is faulted at least once (Fig. 5 in Van Dissen et al. 1992).  

Age constraints for Event III at both Te Marua and Kaitoke AgFarm are poor, but are not 
inconsistent with the results from Te Kopahou and Long Gully (Fig. 5.1). 

 

 
 
Figure 5.2 Brackets for the timing of the last four earthquake ruptures on the Wellington-Hutt Valley 
segment of the Wellington Fault based on new It’s Our Fault research. Calibrated age windows are 
presented on the left hand axis. Arrows show the locations where the critical upper and lower 
bounding dates come from.  
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5.1.4 Event IV 

The model of scarp-derived colluvial wedges generated in response to very strong ground 
motions during faulting events is used to define one further paleo-earthquake in this 
continuous sequence. A fourth rupture event is implied from trench TK-1 at Te Kopahou, by 
the presence of the thick colluvial unit 4c beneath the 4p peat complex. That is, the 
alternating peat/colluvial section provides a basis for defining this event despite the fact that 
there are no faulting relationships associated with these units. In addition, the same 
overlapping scree/colluvium relationship between scree unit 4x and colluvium 4c, as found 
with units 2x and 2c associated with Event II exists for Event IV. That is, we infer that strong 
shaking generated both a scarp-derived colluvium (4c) and a scree deposit (4x) at the time 
of, or immediately after, the shaking related to Event IV. The minimum age for Event IV 
comes from Sample TK1-1 from unit 4ps at the base of the 4p peat complex which yielded a 
calibrated AMS radiocarbon age of 2460-2740 cal yr BP at 2 sigma. No datable material was 
found at a lower level in this trench so it is not possible to define a maximum age for the 
Event IV at this site. 

The only constraining age on Event IV from Te Marua is the requirement that there are 4 
displacement events younger than the age of terrace T6 there (Little et al. 2009, in prep). T6 
has accrued c. 20 m of dextral displacement. An OSL date of 4.5 ± 0.4 ka (at 1 sigma) has 
come from silts above the terrace gravels associated with T6 (Begg et al. 2008; Little et al. 
2009, in review). Therefore, a maximum age for Event IV at Te Marua is c. 4.9 ka (Fig. 5.1). 

In trench KAF-3 at the Kaitoke AgResearch site there are constraints that bound an event 
that we infer could be the 4th event back. There, Event IV is defined by the faulting and burial 
of Unit 6, which has a strong paleosol formed in it. The event is bracketed by date KAF-3/6 
(2498-3395 cal yr BP) and KAF-3/5 (3924-4227 cal yr BP). The minimum bracketing age 
overlaps with the minimum age from Te Kopahou.  

Due to some uncertainty over the minimum age of the event at Te Kopahou (i.e. did peat 
form immediately after that event) and the very small difference in the two minimum values, 
we use the age of KAF-3/6 from Kaitoke to define the upper bound for Event IV. In addition, 
the most reliable maximum age for Event IV also comes from trench KAF-3, and therefore 
the range for the timing of Event IV is considered to be c. 2500-4225 cal yr BP. 

5.1.5 Older events 

A continuous record of up to six older events, described as Events A through F, have been 
recognised from the Kaitoke AgResearch site in the lower part of trench KAF-1. On the basis 
of faulting and/or stratigraphic relationships, the evidence for each individual event is good. 
However, at this time there are only five AMS radiocarbon dates that constrain the timing of 
these 6 events, therefore, the constraints on the timing of these events is rather poor. The 
implications of these events and the bounding ages of this lower sequence will be discussed 
in more detail in the next section on recurrence interval.  
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5.2 Recurrence Interval Estimates 

5.2.1 A previous estimate of recurrence interval 

Following the paleoseismic studies at Te Kopahou in 2007, an attempt was made to develop 
a Conditional Probability of Fault rupture model for the Wellington-Hutt Valley segment of the 
fault (Langridge et al. 2007). These calculations used the four paleoseismic events 
interpreted and dated from trench TK-1.  

The results described above in combination with published single event displacement and 
slip rate data (Berryman 1990; Van Dissen et al. 1992) allow for the calculation of preliminary 
recurrence interval statistics for the Wellington-Hutt Valley segment using Monte Carlo 
simulations (see Langridge et al. 2007). Using the results derived above for the last 4 
paleoseismic events on the Wellington Fault, those authors generated a Mean Recurrence 
Interval of 625 yr (range 352-1074 yr). Subsequent to that work, single event displacements 
for the fault at Te Marua have been reassessed and are now thought to be c. 16% greater 
than that previously published, i.e. c. 5 m c.f. 4.2 m (Little et al. 2008). Such a shift would 
increase the average recurrence interval of faulting to c. 725 yr. In addition, a re-assessment 
of the fault slip rate is also underway (Dee Ninis, Ph.D. studies).  

5.2.2 Current estimates of recurrence interval 

In this study the record of four dated paleo-earthquakes is used to make preliminary 
estimates of the recurrence interval of faulting (RI) based on trench data alone. These results 
are independent of analyses that can be made using slip rate and single-event displacement, 
via the equation: 

RI (yr) = Single-Event Displacement / Slip rate. 

In this study, this technique will not be attempted because both the slip rate and single-event 
displacement are under review due to new studies by T. Little and D. Ninis (e.g. Little et al. 
2008). These data will be incorporated when we consider the Conditional Probability of Fault 
Rupture in the next phase of It’s Our Fault. 

Here we use the maximum and minimum ages of each event estimated from trenches to 
define the bounds of each individual recurrence interval, e.g.: 

maxT12 = maxT2 – minT1 

minRI12 = minT2 – maxT1 

where T12 = the inter-event time between events I and II, and T2 = the timing of Event II. 
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Table 5 Estimates of inter-event times for the W-HV segment of the Wellington Fault 

Inter-event interval dTmin dTmax 

dT12 480 785 

dT23 937 1550 

dT34 160 2390 

dT14 / 3* 797 1038 

*We have included the entire minimum range in this calculation. 

From this, we can estimate the average minimum and maximum values (dT14 / 3), which are 
c. 800 and 1040 yr, respectively. The median value for this range is c. 920 yr.  

This last value implies a significant change in the hazard described for the Wellington Fault. 
The latest results are similar to recurrence interval values discussed below, where the mean 
value was c. 625 yr (Langridge et al. 2007) – though this value is impacted by the use of 
older data for slip rate and single-event displacement. A significant result of this new work 
and of increasing the number of dated paleo-earthquake events is that the recurrence 
interval values shown in Table 5 are all somewhat greater than those quoted in Van Dissen 
et al. (1992), i.e. 420-780 yr.  

An alternative method of calculating the maximum recurrence interval for the fault comes 
from an analysis of the deeper, early Holocene section within trench KAF-1 at Kaitoke 
AgFarm. As described earlier, there are 5 paleo-earthquake events recognised in that 
section that occurred over a maximum time period of c. 4300 yr. Therefore, the maximum 
recurrence interval based on four inter-event times is c. 1075 yr. This value compares very 
favourably with other values calculated during IOF studies (Langridge et al. 2007; above) and 
reinforces the result that either the range of the inter-event time and/or the mean recurrence 
interval are greater than previously thought.  
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