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Frontispiece a: Photograph of the Wairarapa Fault, looking northward athe town of Featherston
(photo by Lloyd Homer, GNS Science). Much of this scarp dispk the postast Glacial Maximum
OWaiohineO terrace surface (greempeks) in an ugo-theeNW sense. Stop 1 of this field trip is located
just to the south of this image.
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Field Trip 5: Southern Wairarapa Fault and Wharekauhau Thrust (Palliser Bay)

Frontispiece b: Photograph of the Wharekauhau thrust in WharéleauStream, looking east. A grey
weathering OflapO of crushed Torlesse terrane restaisallycabove (and in thrust contact with) younger
fluvial gravels exposed near stream level. Other fluviadwgpls (near the skyline) rest in depositional
contact orthe Torlesse rocks. This exposure is part of Stop 4 in thd figb.

Trip Summary

This all-day field trip highlights new observations and interpretations on the southern
part of the Wairarapa Fault zone. In it, we first examine some very large1&% m)
dextratslip displacements at several sites near Pigeon Bush that have bdmuntexditto
the 1855 earthquake. Second, we visit the G@ssek pultapart graben, a recent
paleoseismic trenching site on the Wairarapa Fault from which we haveabéto

infer the occurrence of 5 major surface rupturing earthquakes during the past ~5200
years (this is two more than there are known raised beach ridges of that Bgalkitae
Head). Third, we visit a site near Riverslea Station along the Wharekdahksystem
(an eastern strand of the southernmost Wairarapa fault system) wheent rec
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paleoseismic trench revealed evidence of surface rupturing on a-shipkiault during
1855. Finally, on the south coast at Palliser Bay we walk up Te Mahonge and
Wharekauhau Streams, paying special attention to-ceastal exposures of the
Wharekauhau thrust, a conspicuous (albeit inactive) element in the Wharekauhau faul
system. The Wharekauhau thrust places Torlesse rocks on top of variablylaieed,
Quatenary marine deposits and fluvial gravels. Recent work (structural geology and
%C and Optically Stimulated Luminescence dating) suggests that the (obliquest) thr
underwent a period of very rapid motion (accruing >220 m of heave) during the period
~71-14 ka, corresponding to a horizontal shortening rate of >4 mrSybsequent to

this, the thrust became inactive and was in part buried by younger fan sediriéats.
infer that presentlay deformation (including during 1855) at the southern end of the
Wairarapa Fault zone is partitioned between slip on: 1) the more western Wakarapa
Muka Muka fault system (dominantly dextrslip, but also causing local uplift of the
coast near Turakirae Head; 2) a series of discontinuously expressedgneeal strike

slip faults and linking obliquereverse faults near the trace of the older Wharekauhau
thrust, and perhaps locally reactivating parts of it; and 3) a blind thrudtatween

Lake Onoke and the western margin of the Wairarapa Valley.

Introduction

The Padic-Australia plate boundary in the North Island of New Zealand
accommodates oblique subduction of oceanic crust along the Hikurangi margin of the
North Island, and oblique continental collision in the South Island (Fig. 1). In the
southernmost North Islah the contemporary oblique plate convergence of ~42 mm/yr
can be broken down into ~30 mm/yr of marginhogonal motion and ~28 mm/yr of
marginparallel motion and (Beavan et al, 2002). The maigithogonal component is
accommodated by thrust faultingérelated folding in the onshore and offshore parts
of the Hikurangi MarginOs upper plate, including in an offshore accretionary wedge
consisting of NEstriking reverse faults and folds, and by contractional slip on the
subduction megathrust beneath thissts, which is thought to be strongly OcoupledO
in the southern part of the North IslafBarnes and Mercier de LZpinay, 1997; Barnes
et al., 1998; Barnes and Audru, 1999; Nicol et al., 2002, 200 he margirparallel
component of plate motion is accommodated by dextiplon the NNEstriking faults

of the North Island Dextral fault belt (NIDFB), including the Wellington anéivdrapa
faults (e.g.Beanland, 1995; Van Dissen and Berryman, 1996uslopoulou et al.,

2007) by clockwise verticabxis rotaion of eastern parts of the North Island (e.qg.,
Wallace et al., 2004; Nicol et al., 2007; Rowen and Roberts, 2008), by-siifken
active ENEstriking structures in Cook Strait (such as the Boo Boo Fault), and by
obliqueslip on other, NEstriking offshore faults, including the subduction megathrust
(Barnes and Audreu, 1999; Nicol et al., 2007). Seismicity data suggest thatdathie
NIDFB, including the Wairarapa fault, intersect the subduction megathrdstpahs of
20-30 km beneath the southernst part of the North Island (e.g., Reyners, 1998). GPS
geodetic data suggest that this segment of the subduction interface is curreckiydOl
and is accumulating elastic strain (Wallace et al., 2004).
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Figure 1. a) Tectonic index map showing majactive faults and other structures of the southern North
Island, New Zealand (largely after Begg & Johnston, 200@& &ed Begg, 2002; and Barnes, 2005), and
location of field trip stops sites along the Central and &eut sections of the Wairarapa fauhset on
upper left shows contemporary plate tectonic setting of Mealand (plate motions from Beavan, 2002).
b) Schematic crossection %XXO (position of currently locked part of subduction integfafter Wallace

et al., 2004).
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Figure 2. Fault races along a southern part of the central Wairarapa Fauwith ®f Featherston (from
Rodgers and Little, 2006), showing locations of Stop 1 (BigBush area) and Stop 2 (Cross CreekPull
apart graben).

The Wairarapa fault is interpreted to have beahated in the Pliocene as a reverse

fault and reactivated as a strike slip fault at2ZMa in response to a clockwise vertical

axis rotation of the forearc relative to the Pacific Pl@eanland, 1995; Beanlana@

Haines, 1998; Kelsey et al., 1995). The Wairarapa fault is the easternmiloststip

fault in the NIDFB; whereas farther to the east, the structural stydensinated by
marginperpendicular shortening (folding and reverse faulting), a combinafiarmich

has uplifted the Aorangi Range on the SE coast of the North Iskoar{enteTrigilio

et al., 2002; Nicol et al., 2002Pipping steeply tdhe northwest, the Wairarapa Fault
bounds the eastern side of the Rimutaka Range, marked by a topographic step between

GeoSciences O08 Field Trip Guidasttle, Schermer, Van Dissen, Begg & Carn&Vairarapa Fault 8C



the ranges and the subdued alluvial plain of the Wairarapa basin to the easenfita c
section of the fault is typically complex atdtsurface, including 25600 m wide zone
of mostly leftsteppingen echelorraces and/or deformational bulges that have been
active in the late Quaternaf@rapes and Wellman, 1988; Rodgers and Little, 2006)
(Frontispiece a and Fig. 2). The northern sectiorheffault is marked by a series of
dextralslip splays (e.g., Carterton Fault) that bifurcate eastward aveesy the main
trace of the Wairarapa fault farther to the west (Fig. 1). This matetextends
northward as far as Mauriceville South of Lake Waaapa, the southern section of the
fault includes a western strand that continues southwestward into the RinRRaake;
and an eastern strand, that steps eastwar@l ki before deflecting back to a NNE
SSW strike and bordering the range front as fath@ssouthern coagGrapes and
Wellman, 1988Begg and Mazengarb, 199BeggandJohnston2000)(Fig. 1).

We refer to the faults that comprise eastern strand of the greatehésoatost)
Wairarapa fault zone aweing the OWharekauhau fault systefit@s stranchas

previously been interpreted to consist chiefly of an active thfastt termed Othe
Wharekauhau thrustO that is also inferred to have been a locus of surfacegupturi
during the 1855 earthquake. Rbis field trip we will restrict the term OWharekauhau
thrustO to a specific loangle fault. Well exposed near the Palliser Bay coast, this
(oblique?) thrust emplaces Torlesse terrane rocks in its hangingwall overQargte
sediments in its footwall{rontispiece b). We infer this major fault to be inactive and
not to have ruptured (at least as a thrust) in 1855. While some northern parts of the
thrust may locally have been reactivated during the Holocene, other active ifathe
Wharekauhau faultystem can be shown to be younger than adjacent (inactive) thrust
strands. The demonstrably active structures include-wesdical dextralslip (or
obliqueslip) structures, some of which can be shown to have ruptured in 1855, but we
do not refer to thesas the OWharekauhau thrust.O

The Wharekauhau thrust separates uplifted Mesozoic greywacke on the nortlonest fr
Quaternary strata of the Wairarapa basin on the southeast. Quateratayrsthe

footwall of the fault chiefly consist of last interglatimarine deposits and alluvial fan
gravels derived from the Rimutaka Range. Partly overlapping the fault, ande(asliw
argue) postating its activity, are a sequence of pasist Glacial Maximum gravels
mapped as the OQZO unit by Begg and Johnst6A)(2fnhd informally termed the
OWaiohine gravelsO by many previous geologists in the Wairarapa Valley. The top
surface of this abandoned fan complex (the OWaiohine surfaceO) has been widely
mapped along the western side of the Wairarapa Valley, whenestggntly eastward
beneath the surface of Lake Wairarapa (Begg and Johnston, 2000; Lee and Begg, 2002).
On the western margin of the lake, the age of this surface has recently zaketed

by '“C dating of samples collected on both sides of its graeeld at a single site (Cross
Creek trenching si@Stop 2 in this field trip). These results constrain fan abandonment
to have taken place soon after 12.4 ka. Based on the stratigraphic context of the
samples collected in gravel close below the terraead, these authors infer an
abandonment age of 410 ka for the surface at that localityhis age together with
reported lateral offsets of 9830 m relative to that terrace surface (in particular at
Waiohine River, Fig. 1)suggests Late Quaternargiextralslip rate for the Wairarapa
Fault of 815 mm/yr (Wang and Grapes, 2007; Little et al., in press). A slip rate has
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never been measured for the Wharekauhau thrust, or for any other faults in the
Wharekauhau fault system.

Figure 3. Isoseismal map of 185
earthquake (from Grapes and Down
1997) showing area of ground dame
(stippled) and rupture along Wairara
Fault. W = Wellington. Inset cross
section along AB showing inferred shap
and extent of Wairarapa Fault rupture
depth during 1855 (after Darby ai
Beanland, 1992).

Figure 4. Oblique aerial view, lookin
northeast, of the uplifted beach ridges
Turakirae Head. The ridges have be
dated using™C (radiocarbon) and B&
surface exposure datingchniques (Hul
and McSaveney et al. 2006). Here, 2
SW of the axis of greatest uplift in 185
BR2 was raised 4.7 m in 1855, BR3 w
raised 7.1 m in the event prior to 18t
BR4 was raised 3.7 m in the earthquz
before that, and BR5 was raised 3.4 m
the earliest Holocene earthquake recor
here. In the distance, at least two rai
marine benches (analogous with
Holocene bench in the foreground) can
seen in the coastal profile. Suggested
correlations for these benches (Ota et
1981)were based on high sea level stal
of the international sea level cur
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The 1855 Earthquake

The Wairarapa Fault east of Wellington, New Zealand ruptured on January 23, 1855,
resulting in ground shaking, landsliding (especially in the Rimutaka Rangejpnagi
uplift, tsunamis, and >120 km of ground rupturing (Grapes, 1999; é&rand Downes,
1997). Historic accounts indicate that the 1855 earthquake ruptured the Wairarapa Fault
Fresh scarps attributed by Grapes (1999) to the 1855 rupture are preserved in the
landscape from near the coast to Mauriceville, as much as ~88 kmwasdh(Fig. 1).

More recent work suggests that slip in 1855 may also have ruptured a northward
continuation of the Wairarapa Fault, the Alfredton Fault: scarps along théit\viere
rejuvenated sometime after 2530 years BP, implying that the 1855 rupumay

have extended to Alfredton, as much as 30 km beyond Mauriceville (Schermer et al.,
2004). These data suggest that the onshore part of the 1855 rupture could have been as
long as ~120 km. Modern estimates of magnitude based on dislocation modetihey o
observed distribution of vertical uplift, and on the felt extent of ground shaking (Fig. 3)
suggest a moment magnitude (Mof 7.9 to 8.2 (Darby and Beanland, 1992; Dowrick,
1992), whereas revised measurements of surface offset and inferred ruptseggest

an M, of at least 8.2 to 8.3 (Little and Rodgers, 2005; Rodgers and Little, 2006). This
makes the 1855 earthquake by far the largest seismic event in modern New Zealand
history (Van Dissen and Berryman, 1996). One goal of this field trip (Stpps to
provide participants with a chance see the fault rupture and slip that took plang dur
recent (in this case, ~150 year old) earthquake. At Stop 1 we will examine a plac
(Pigeon Bush and environs) where OsmallestO -slifkeffsets as high2115-18.5m

have been measured and attributed to that historic earthquake (Rodgers amd Littl
2006).

The interaction of the subducting plate interface and faults of the NIDFB is poorly
understood, although GPS modelling suggests that the megathmustréstly locked

and is also loading crustal faults at depth beneath the southern North Islarty(&nd
Beavan, 2001; Wallace et al., 2004). Rodgers and Little (2006) argued on the basis of
the remarkably high cgeismic slip during the 1855 rupture, carespecially its
unusually large displacement/length ratio, that this earthquakemtared a part of the
subduction interface with which it was contiguous dedip, an inference that is
consistent with elastic dislocation modeling of the vertical compooémotion during

that earthquake, albeit not required by it (Beavan and Darby, 2005). The only way such
modeling was able reproduce the large amplitude of uplift at Turakirae Head in
combination with the short wavelength of that uplift signal was bpasing a reverse

slip motion on a fault nearby to Turakirae Head (e.g., on the Muka Mrakdt, Fig. 9).

This large ceseismic uplift (up to a maximum of 6.4 m at the crest of the Rimutaka
anticline, Fig. 1) has been inferred from the height of a beatpernear Turakirae Head
(labeled OBR 20 in Fig. 4). Dating of this beach ridge and the three otherrioigmsh
above it, led McSaveney et al. (2006) to infer the timing the last four earthquakés on
Wairarapa fault, and to infer a mean recurrencerirgeof ~2200 yrs for Wairarapa
Fault earthquakes. More recently, the authors of this field trip guide have undertaken
paleoseismic trenching studies to determine the chronology of paleoearthquakes on thi
fault, and to compare this record of fault ruphgi with the geomorphic record of
coastal uplifts near Turakirae Head. Visiting these trenching locsléred discussing

the results derived from the trenching (and their comparison to the age of thedplift
beach ridges) is a second objective of thedditrip (at Stops 1, 2, and 3).
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Surface Expression of Central Segment of the Wairarapa Fault Zone, South of
Featherston

Heading South from Featherston on Western Lake Road, you note the scarp of the
Wairarapa fault off your right. Typically it is Iated near the upper edge of the grazed
paddock land, and below the heavily bushed foothills of the Rimutaka Range
(Frontispiece a)

Although within a few decades of 1855 the land was largely deforested and conwerted t
grazing land, and despite the passagfe150 years, many of the scarps in the
FeathersoiLake Wairarapa region are still remarkably frdsbking, and are likely to

be of 1855 age. These scarps locally retain slopes ef(B® steep enough to expose
planar outcrops of the terrace alluviumth®r probable 1855 scarps lack such steep
faces, but demonstrably cut and displace small landforms, such as shalbovicdirps
higher than ~20 m occur on the limbs of the anticlinal bulges. These are typically
mantled by landslides. Where the fault igpeessed by multiple overlapping segments at
the surface, each not necessarily experiencing slip at the same ¢icogiition of the
1855 increment of slip becomes difficult or impossible.

In the southern Wairarapa Valley, the fault zone strikes ~OA&rall but is slightly
arcuate in detail (Figs. 2 & 5), and one can define three relatively straggttons that

are bounded by Owhanga Stream and Cross Creek. The most prominent scarps of the
Wairarapa Fault border the eastern edge of its zone, whesedit Torlesse Terrane
bedrock and late Quaternary alluvium, especially the OWaiohineO surfach, isvhi
typically displaced vertically by 20 m across the fault zone. Because the OWaiohineO
surface is an old surface, these scarps represent many Waifgaafi ruptures. Most of

these scarps are linear,-31km long, and discontinuous (Fig. 2). The fifteen individual
strands that Rodgers & Little (2006papped in the area south of Featherston are
1200£700 m long and define a distinct, lstepping, en ehelon pattern. The
overlapping parts of the stepovers are typically €00 m long and 2200 m wide.

Some of these compressional stopovers coincide with uplifted fault blocks, whereas
others bound an active anticline or tectonic bulges, expressed ilaridecape by the
warping of the alluvial terraces, and by laterally varying scarp heighightRtepping

en echelorzones are rare but result in small closed depressions and bogs less than a few
tens of metres in width. Both situations cause alstrgke variations in slip and locally
complicate the interpretation of 1855 displacement.

Along the western side of the Wairarapa Fault zone, at higher elevation ard thdke
topographic front of the Rimutaka Range, other laterally continuous, and pembaps
inactive fault strands with more subdued or diffuse scarps can be traced aising
photographs. This observation suggests faulting may have stepped eastward away from
the range front with time.
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Figure 5. Geological map of the southe Wairarapa (from Begg & Johnston, 2000). The locations of
Stops 1, 2, 3 and 4 are shown. Note location of Turakirae Hgaown in photo of Fig. 4). Some of the
splaying of the Wairarapa Fault and the Wharekauhau faiugtesys can be seen. The Wharekawh
Thrust is exposed near the coast at Stop 4, where it dipsyg@®30i) to the west, suggesting that the
two faults merge at depth.

STOP 1. 1855 Rupture Trace in the Pigeon Bush Area
(Pigeon Bush Localities 1, 2, and 3)

Park the vehicles at PigeonuBh 1 and walk to Pigeon Bush localities 2 and 3. We will
return on foot to the vehicles after approximately 1 hour.

Pigeon Bush Locality 1

Pigeon Bush 1 is justifiably the most famous geological site on the Wairaraga Fa
There, Grapes and Wellman9@8) interpreted two welpreserved, beheaded streams as
evidence of dextral offset of a small stream gully croasting the Wairarapa Fault
during two sequential earthquake events, most recently in 1855. The fault is marked by
a SEfacing scarp cut int&Waiohine gravethat is ~6 m high. On the northern side of
this scarp, the uplifted OWaiohineO terrace is tilted SW, whereassoutit®rn side it is
partly buried beneath a ~1-thick layer of silt (and by younger swamp deposits). The
silt was incisedby the two channels. Wang and Grapes (2007) dated two samples of
the silt by OSL methods, obtaining ages of 7.0+0.5 ka and 4.3+0.5 ka.
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Figure 6. Google Earth Image of Pigeon Bush Localities.

On the uplifted (NW) side of the fault, the OWaiohimgévels have been batkted to
the southwest by ~5j on the limb of an anticlinal butbat crests to the NE of this site
Over time, this tilting has diverted some of the streamOs headwaters solithiwaan
adjacent stream. Thus the gorge on thethmown side of the scarp now seems
disproportionately deep with respect to the small, -dacharge stream that currently
flows within it. This is important because the stream flows through an eriteghgorge
that is, in a sense, partially abandoned amastlittle modified since its displacement
along the fault.

As recognized by Grapes and Wellman (1988), the ywedserved geomorphology of

the beheaded streams supports the idea that this younger increment of slip accrued
during a single event, ratheindn as a composite displacement involving one or more
intermediate stages. Both beheaded channels on the downstream side of thetdault r

a linear morphology all the way up to the fault, where they are orthogonally truncated
against the scarp. Similatlythe source gorge on the upstream side does not widen
significantly at the fault, but remains narrow, linear, and fadhsverse all the way to
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Figure 7. Microtopographic map of the Pigeon Bush 1 site, showing bdbd channels displaced by slip
onthe Wairarapa Fault. Map is based on a surglata set consisting of >10,000 points (Rodgers & Little,
2006). Trench Logs are from Little et al. (in press). AlC ages (including two from the pits dug by
Rodgers and Little, 2006) yielded similar agesggesting a bush fire that took plaeg¢, or soon after,
~546-497 cal yr. BP (14041453 cal. yrs, AD), perhaps in response to Maori burning.
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the scarp. There is no evidence for a patkannel having run along the fault scarp
between the modern stream aeither of the abandoned channels, as might reflect an
intermediate phase of stream diegging induced by shutter ridge damming. According

to Rodgers and Little 2006, the proximal beheaded channel has been displaced 18.7+1.0
m dextrally and 1.25+£0.5 m ertically relative to the deeply entrenched active channel
on the upstream side of the fault. The other channel is displaced 32.7+1.0 m dextrally
and! 2.25+0.5 m vertically from its source. This larger offset suggests that the, older
distal channel had pv@usly been displaced by 14.0+1.0 m of dexshp and ~1.0 m
verticalslip prior to incision of the proximal abandoned channel. The verstgl
estimates do not account for any psfip incision of the upstream channel and so are
minima. The ~18.5 ndextratslip of the proximal channel is the largest coseismic
displacement documented for any strilgp earthquake globally. Thaextlargest is

14.6 m of strikeslip during the 1931 earthquake on the Keketudhdai fault in
Mongolia (Baljinnyam et a).1993).

Each of the last two earthquakes on the Wairarapa fault at this site ksulte
abandonment of a stream channel immediately downstream of the narrow headwater
gully and incision of a new channel in downstream continuity with that gully. Hopang t
date the last two earthquakes, Little et al. (in press) excavatechesiRB1 and PB2

(Fig. 7) at right angles to each of the two channels to date their incision and
abandonment. Trench PBwas cut orthogonally across the older of the two beheaded
channels. Fluvial terrace gravels at the base are scoured beneath a ~1 m deeek cha
bounding unconformity. The channel is infilled by a massive, matupported pebbly

clay interpreted as a debiflow. No fluvial deposits are present. A single piecke
charcoal near the top of the debris flow (2B) yielded a*C age of 543495 cal. yrs

BP, which suggests that it is another element of the ald®seribed burn population
that had become entrained into the debris flawe only fluvially deposited oranic
materialthat we found in either channel (charcoal) occurs as detrital particleswtitai
fluvial deposits that infill the incisional scour beneath the youngest of the two beheaded
channels. Thighannel was cut immediately after the penultimatehepiake. Thus our
preferred age of charcoegtoducing Oburn eventO (~54%7 cal yr. BP) provides a
minimum age constraint for the penultimate earthquake at this site (eveit Pb
Historical data indicates that the youngest earthquake here (eventdek place in
1855.

Pigeon Bush Locality 2

This region is located <1 km northeast of Pigeon Bush 1 (Fig. 6). Here the fault i
characterized by a scarp that coincides with an abrupt soutfaEast topographic step

and two elongate topographic depressioAs second strand marked by a small,
southeastacing topographic step may occur to the southeast of the main one, and a
third may be present ~100 m to the northwest, but neither of these coincidearwith
fresh scarps or has revealed any evidence ofntesigp.

Two small streams are incised 1.0 to 4.5 m into the older terrace aiffuand are
dextrally displaced across the fault (Fig. 8). Where the streams crotaulhérace they
deflect abruptly to the southwest to flow parallel to the fault befie#ecting back to
the southeast again on the downthrown side of the fault. Linear axes were defined along
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Figure. 8. Microtopographic map of the Pigeon Bush 2 site, showing nk&ndisplaced by slip on the
Wairarapa Fault (from Rodgers and Little,38). See Fig. 6 for location.

these incised channels and their dextral offset was restored with theofaml
microtopographic mapA narrow fluvial terrace remnant is preserved on the NW side of
the western of the two streams (Stream B). Its 0.75x@2&f incision by the modern
stream on the NW side of the fault, and the 1.25+0.25 m of vertiffakt of stream
channel B across the fault together suggest ~2 m of vewigal(interpreted as a
minimum, as this sum does not account for any (@85 depsition that may have
partially infilled the channel on the on SE side). Diegging of this southwestern
stream implies 13.0+1.5 m of dextrslip, whereas dodegging of the other active
stream to the NE records 27.4 +1.5 of dexsigh. Following Grape and Wellman
(1988), we interpret the smaller stream offset to have accumulated in 186%he
larger one to record a summation of slip during both 1855 and the-ald&t
(penultimate) earthquake. This tvilecrement model of slip accumulation is strongl
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supported by recent discovery of a subtle abandoned stream channel on the downthrown
side of the fault to the southwest of the SW active stream. The beheaded shaanelc

is dextrally offset by 26.3 +5.0 m from its incised source: thus both of thel stnahms
preserve evidence for a ~Z& m horizontal slip, and one of the streams, similar to the
nearby Pigeon Bush 1 site, also preserves evidence for a younger and smediereinic

of offset.

Pigeon Bush Locality 3

Located about 300 m southwest Rigeon Bush 1 (see Fig. 6). is site that Rodgers and
Little (2006) described featuring a beheaded channel on the southeast side of the faul
that has been dextrally offset relative to an active channel segment on theampside.

At this locality (Pigem Bush 3), the Wairarapa Fault zone is ~50 m wide, comprising a

2 m high, southeagtcing fault scarp to the southeast and a 2 m high, northfaestg

fault scarp to the northwest (Fig. 9). The southeast strand is charadtdysa linear,
southeastadng topographic step, though it is unclear whether this segment slipped in
1855. The northwestern strand is continuous with the main scarp at Pigeon Bush 1, is
similarly freshlooking, and crosses a small stream, and displaces a small river terrace
This dream is now partly dammed by a dextrally displaced shutter ridge.

The small stream that flows across the northwestern fault strand has bestedi
northeastward around the shutter ridge. Southwest of this fault strand, a 0.75ro 2.0
deep wind gap (@andoned channel) is incised into the shutter ridge at an elevation ~2 m
higher than the current level of the stream. Restoration of the western edges of thi
inactive, beheaded channel segment on the southeast side of the fault with the (also
inactive) terace riser on the northwest side of the fault indicates a desligalof 15.1

+1.0 m and verticatlip of -1.8 £0.5 m (up to southeast) across this strand. Recent
incision of the terrace remnant on the upstream part of the fault suggests that asspi
downthrown sense of local relative motion, this northwest fault block was uplifted
relative to sea level in 1855, similar to other sites on that side of thednégia Fault

Between the offset (abandoned) channel and the active stream, thefapimdj free
face formed by the 1855 rupture plane is still remarkably well preserved. nezs
vertical plandas only locally obscured beneath small fans of colluvial debris derived by
the gravitational collapse of that free face during the past ~150 years.

GeoSciences O08 Field Trip Guidasttle, Schermer, Van Dissen, Begg & Carn&Vairarapa Fault 90



Free
face of
1855
rupture
plane

Figure 9. Microtopographic map of the Pigeon Bush 3 site, showing nkndisplaced by slip on the
Wairarapa Fault. See Fig. 6 for location. From Rodgers atitel(2006).

STOP 2: The CrossCreek Pull-Apart Graben

Park the vehicles on the grageside the pulhpart graben (depression). We will get
out of the vehicles, examine the scarp and trenching sites, and discuss theesateos
data collected here (time spent at this stop approximately 30 minutes).

Whereas most of then echelorsegmats along the central Wairarapa fault aredeft
stepping, contractional, and marked by bulges (Fig. 2); a stepover betweenriauisst
near CrossCreek is rightstepping, dilational, and marked by a small palart graben
(Figs. 2 and 10). The swampy papart graben is today watered by a small southward
flowing stream that traverses a series of diffuse scarplets on thesidetlof the main
depression before it exits from the western end of the graben (Fig. 10a). i€he dr
eastern end of the grabenabutted by a tilted terrace surface overlain by a small
inactive alluvial fan (Fig. 10b). The graben is dofaulted into the regionally
extensive, postast Glacial Maximum (LGM) OWaiohineO terrace grafgg and
Johnston, 2000four trenches were excavated across opposite sides of thapad|
graben (Trenches GC, CG2, CG3, and CC4, Fig. 10a).
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Figure 10. a) Vertical aerial photograph of Cre&reek pultapart graben showing trench sites and fault
trace locations. The photograph by Lloyd Homer (GNS Scigpoedates track constrtion that has
mostly destroyed the scarplets on the NW side of the grabeMidyotopographical map of the NE end

of the pultapart graben showing trench locations. Map is based on 18&spthat were surveyed using
reattime kinematic differential G./S. ¢) Auger transect and topographic profile across Céreek pult
apart graben showing depth to gravel and location of tBesample OAuged.O Note that scale of the
profile is slightly enlarged relative to Fig. 10b, and thasivertically exaggeated by 2 : 1.

Hand augering revealed a continuous layer of peat above the grabenGdrdpped
substrate of terrace gravel. This peat thickens southward to at least +&8&8rrthe
southern boundary fault (Fig. 10c), where a large piece of wood (safyger3) was
intersected at ~1 m above the base of the peat (Fig. 10c). This wood was part of a log
(others were extracted from the peat by the digger), and yield&d age of 55866300

cal yrs B.P. Two othel*C samples (a wood and a peat) weréamied from a peat that
occurs interbedded with alluvial gravels of the OWaiohineO terrace on the southern,
uplifted block. The peat (sample GG1la in Fig. 11a) yielded an age of 1212.7 cal

kyrs B.P. (95% confidence interval), providing an importar@ximum constraint on the
timing of abandonment of the Waiohine terrace near Lake Wairarapa.
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Trenches Across the Southern Bounding Fault of the Cre€seek Pullapart Graben

Trenches C€l and CCG4 were excavated across the southern bounding fault gfute
apart graben. Fig. 11a shows a log from trench CEleven'‘C samples were dated
from trench CC1, and eight from trench G&. Of these, three are wood, and sixteen
are peat or organic clagilt.

On the basis of the combined data from trench€slGand CCG4, we interpret five
earthquakes to have ruptured the southern bounding fault of the-Cres& graben

during the past ~5.2 kyr (Fig. 12). Trench @Cwhich exposed older sediments than
CC-1, recorded evidence for the oldest event ¢ @ the form of a large colluvial

wedge (OcwAO) exposed in the lower part of trench (not shown in Fig. 11a).
Radiocarbon samples from below and above this wedge bracket this earthquake to the
interval 54504620 cal. yrs B. P.

The nextyoungest earthquake, @& caused refreshment and collapse of the scarp,
leading to emplacement of a colluvial wedge OcwBO i@t shown on Fig. 11a)
and to development of the upward fault truncations below the irtia
unconformityO. Combining the age constraints of tiikigial wedge with those of the
unconformity yields a composite age range for eventf0€36903070 cal. yrs. B.P.

The thirdyoungest earthquake (event &€rejuvenated the scarp to cause formation of
colluvial wedge Ocw20 in trench-@CThe age oftiis wedge is bracketed B{C

samples to the interval 234040 cal. yrs. B.P., Our preferred age for this earthquake,
however, is based on sample Q¢ alone; as this age (2340110 cal yrs. B.P.) is
interpreted to record death of a tree by earthgtiakaced toppling immediately prior

to emplacement of the wedge.

In trench CCG1, we infer that the penultimate earthquake (even¢L€used
emplacement of colluvial wedge, Ocw3.0 This wedge draped across-#xéspirg
(and gougdaden) trace of fault IThe age of the wedge is bracketed’¥g samples to
the interval 926800 cal. yrs. B.P.

Inferred on historical grounds to be the 1855 earthquake, most recent earthqugie (CC
is expressed in trench GCby the rupturing of fault strand 2 upward from age

Ocw30 to extend into the modern soil profile. A maximum age constraint of 9ygscal.
B. P. is provided by sample GG-14, from the faulted OomO layer, which is overlain by
the wirebearing layer, OwlO (undated, but assumed modern).

Trenches acros the Northern Bounding Fault of the Cros€reek Pultapart Graben

Adjacent trenches GQ and CCG3 were excavated across the northwestern margin of

the pullapart graben. Figs. 11b and 11c show logs from trenck8Cdone of the fault
strands on the noréin side of the graben cut to the surface, and the topographic scarp is
offset ~56 m southward relative to the subsurface fault zone. These relationships refle
lateral accretion of the uppermost gravelly layers across the fault scang chaarby

GeoSciences O08 Field Trip Guidasttle, Schermer, Van Dissen, Begg & Carn&Vairarapa Fault 93



Cross-Creek Trench 3 (CC-3), NE Walll

Figure 11. Selected trench logs across the southern (a) and northechifbundary faults ofite CrossCreek pult
part graben on the Wairarapa Fault. See facing page for eafen of units.
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road construction. Seven samples from trenchZahd five from CG3 were'“C
dated. Of these, four are wood and the rest are peat, organic clay, or charcoal.

On the basis of the combined data from trenches2Cahid CC3, we recognize at least
four earthquakes to have ruptured the northern bounding fault of the graben since ~5.2
ka. These events are labeled G (®ldest) to CG; (youngest) on Fig. 12.

We infer that the oldest earthquake GCesulted in emplacement of the colluvial

wedge, Ocd.Oon Fig 11¢?? Temporal constraints for this earthquake are provided by
14C samples from peats on both sides of the wedge. These ages bracket the earthquake
to the period, 528@640 cal. yrs. B.PThis interval overlaps with C§ on the opposite

side of thegraben. Our preferred age for event 22094842 cal. yrs. B.P., is based

on the interpretation that six wood samplesre derived from a forest that was toppled

or damaged by this earthquake. For this preferred age, we use the age of saniple CC
38, the youngest element of the inferred death assemblage.

The nextyoungest earthquake to rupture the northern side of the grabeg) 0@

interpret to have caused emplacement of the colluvial wedge2 Qcbigs. 11b, 11¢??

Age constraints providedytpeat samples both above and below the wedge yield an age
range for the earthquake of 308991 cal. yrs. B.Man interval that overlaps with

CGCszon the opposite side of the graben.

The penultimate earthquake (G to rupture the northern boundamuiit of the graben
caused opening of a ~1-aeep faukfissure (Figs. 11b, c). This cavity was infilled
initially by the pebble gravel unit OpgO and later by the sand of the OssO unit. These
well-sorted fluvial sands and pebbles were deposited acrossithined faults

bounding the fissure (fault strands 1 and 2), with the youngest member of the infill
sequence (unit OcpgO) locally downlapping southeastward onto peat. We infer that
CCy2 caused, moreover, some combination of the following:v&d tilting of the Oce

20 wedge, anticlinal bulging of the peat basin to the SE, and deposition of the ¢olluvia
wedge Oc80 on the NE wall of trench GE(not shown in Fig. 11). A maximum age
constraint for event C(; of 21501940 cal. yrs. B.Hs provided by saple CG3-2
beneath the fissurmfilling sequence.

The final rupture at the site, G, caused renewed slip on fault strands 1 and 2, and

initiation of fault strands 5, 6, and 7 (Fig. 11b, 11c). Inferred to be the 1856@aake,

this faulting deformd the fissurenfilling sequence of stream sediments (units Oss,0
Opg,0 and OcpgO) that was deposited after earthquake CC
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Figure 12. Time-space plot of surfaceupturing Wairarapa fault earthquake events inferred fedim
available types of paleoseismologl data (from Little et al., in press). Data for Tea Creantrh
(events labelledT) are from Van Dissen and Berryman (1996, and unpt®data) Diatombased
paleoenvironmental data for coastal uplift events at Lakédhgapiripir (events,K, shown as solid
black bar$ are from Cochran et al. (200A)plift events near Turakirae Head on Palliser Bay (even
Tk, shown as open to closed blue bardgerred from raised beachdges (BR1 to BR5) are taken
from McSaveney et al. (2006 5mall numbers quoted in meters denote inferred siegknt uplift
magnitudesdr a given event. For Palliser Bay data, these refer to themmax uplifts near Turakirae
Head as inferred by McSaveney et al. (2006xmeof key **C samples that bracket the timing of
rupture events in trenches (this study) are identified atimam and minimum limits of error bars
(95% confidence), and refer to the field sample names listddble 1. Colored horizontal bands
depict the naximum and minimum age range (at 95% confidence) for eadhcpaeike event as
derived from an analysis of the compositet of trench data andC results.

Late Holocene Rupturing History of the Southern Wairarapa Fault and Comparison
to the Turakirae Head Beach Ridges

By integrating the key stratigraphic and structural events observed in the eight
paleoseismic trenches (2 at Pigeon Bush, 4 at G@vegk and 2 at Riverslea, which is
Stop 3), and by dating and correlating these using the 40'f@wamples, Little et al.
(in press) interpreted a composite surface rupturing history that includedsatfive
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earthquakes on the southern part of the Wairarapa fault since ~5.2 ka (Fig. 12).
McSaveney et al. (2006) identified and dated the uplift and stranding of four late
Holocene beach ridges at Turakirae Head. Three of these are younger than ~5.2 ka.
Each of these corresponds to one of our independently determined Wairarapa fault
rupturing events (Fig. 12). Two of our trencletermined fault rupturing events cannot
be matcled to a corresponding beach ridge at Turakirae Head. These are the
Penultimate Event and Fourth Event. Our comparison between the tbasekl
earthquake rupturing history of the Wairarapa Fault and the sequence of raiskddeac
at Turakirae Head leads o conclude that flights of uplifted gravel beach ridges may
provide an incomplete record of paleoearthquakes on adjacent reldigee faults.

The paper by Little et al. (in press) suggests several processes, botfi¢eotd non
tectonic, that mighresult in the geomorphic OomissionO of one or more beach ridge
from an uplifted sequence. These include: a) variable rupture geometries atithers
end of the Wairarap&Vharekauhau fault systems (a zone of particularly complex fault
splaying and folthg in the neatsurface, Fig. 1b), with some earthquakes causing only a
small uplift at Turakirae Head and no discrete beach ridge being raiset) demtdward
retreat of an active storm berm (perhaps during a particularly stormseisenic

periods) tocause its overwhelming of, or amalgamation with, the next highest beach
ridge (thus causing an apparent omission of a beach ridge).

STOP 3(Time Permitting) Riverslea Trenching Site on Wharekauhau Fault
System

Park the vehicles on the circular drivewagar the milking shed. Walk 10 minutes to
scarp of the Wharekauhau fault near Manganui Stream. Discuss the nature of this
scarp, the location and context of the two trenches excavated across it, and the
significance of the data collected in them. Tdtale at this stop about 40 minutes

Travelling south from Stop 2 along the edge of Lake Wairarapa, we diverged from the
trace of the Wairarapa Faulénsu stricty Between the Burlings and Wairongomai
Rivers the main strand of the Wairarapa strikes S&aking the rangdront (which

steps eastward), and continuing into the high country of the southern Rimutaka Ranges
(Fig. 1). Near this location, the Wharekauhau fault system splays eastwaydfieom

the Wairarapa fault for ~5 km, before deflecting b&ac a SSW strike and continuing

along the eastern edge of the Rimutaka Ranges to at least as far southsas Baili

The Wharekauhau fault system (Fig. 13) has previously been interpreted to consist
chiefly of an active thrust (or obliqueeverse fau) termed Othe Wharekauhau thrust.O
For this field trip we will restrict the term OWharekauhau thrustGpeeific, strongly
contractional lowangle fault that is well exposed near the Palliser Bay coast (Stop 4).
The thrust emplaces Torlesse terraneksaa its hangingwall over Quaternary
sediments in its footwall, and (as we will see) is interpreted to beactive element of
Wharekauhau fault syste(®chermer et al., in review).

Near High Manganuand Riverslea Station (Stop 3), Begg and John&&90) mapped
the top of Manganui Hill (224 m elevation) as being capped by Quaternary gravel, and
as being bounded to the east and west by faults (Figs. 14, 15). The western of these, a
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Stop 3

Stop 4
;o

Figure 13. Simplified map of Wharekauhau fault system, southern Wapa Fault, other tectonic
features, and selected geological units (afterddagd Johnston, 2000; as modified by Schermer e
al., in review).

westdipping fault, emplaces Torlesse greywacke eastvover Quaternary sediments.
This structure is mantled by several river terraces of unfaulted alluviunsand
interpreted by Schermer et al. (in review) to be an inactive thrust.

On the eastern branch of Wharekauhau fault system near Riverslea Ssati@nmer et

al. (in review) mapped a series of ENdiking, discontinuous scarps that traverse steep
hillslopes underlain by early Quaternary(?) fluvial gravels on both sides of Manganui
Stream. In two places, these offset small gullies /& dextraly and £3 m in an up

to the NW senser-arther to the north, near the Waiorongomai River, where the eastern
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Stop 3

Figure 14. Geological map of the Manganui Stream area from Begg andsiohr{2000). The Battery
Hill Fault is obscured by late Holocene degits along much of its length, but offset of the Last
Interglacial marine bench at Battery Hill, and folding o&tRounui Anticline indicate the activity of the
structures. A folded and abandoned Last Glacial river mofsManganui Stream crosses thesaaf the
Pounui Anticline. Holocene deposits in the RuamahangarRivea to the east are estuarine to marginal
marine in origin. Small red triangles are spot heights, lethevith their elevation in metredNote that in
this field guide (despite the laimg on this figure) we do not refer to this part of the Whaaekau fault
system as being a Othrust.O

branch (and rangefront) strikes to the north, Schermer et al. (in review) smamd
evidence of terrace deformation or for any active scarp. Thesnly the ENE
striking, SW part of the eastern branch Wharekauhau fault system near Manganui
Stream that appears to be active, and this activity is apparently dominatkcktogl
slip.

Where the eastern branch crosses the Holocene River terracemgaMi Stream it is
marked by a scarp that is ~ 3 m high. This scarp is the location of Stop 3 (Fid3&6g.
and Mazengarb (199 ferred that the 1855 earthquake may have ruptured this part of
the Wharekauhau fault system, an inference that is cdemig/ith local tradition in the
district, and with downcutting of the Manganui Stream upstream from the scarp (i
contrast to the low banks of the same stream below the scarp). More recentlyatpe s
has been excavated by two trenchB®nch R\\1 wasexcavated perpendicular to the
main ENEstriking, ~3 mhigh topographic scarp on the terrace. TrenchRWas
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Stop 3

Figure 15. Oblique elevated image of the Manganui Stream area (by Jg)Bé&the vertical scale is
considerably exaggerated. Note the tratimn of the terrace Q5b by the Wharekauhau Thrust (left
foreground) and the location of the 1855 trace across Maugaineam. Note also the Pounui Anticline
on the eastern side of the Battery Hill Fault that is bisedigdan abandoned Last Glacial Mamgia
Stream course (Q2a)Base image by J.M. Lee). Note that in this field guide (distlie labelling on this
figure) we do not refer to this part of the Wharekauhau faystem as being a Othrust.O

RVL-2

RVL-1

Figure 16. Microtopographical map of the Riverslea fault trenchingdlity (Little et al., in review).
Map is based on 1020 points that were surveyed usingti@al kinematic diferential G.P.S. methods
GPS survey was tied to an arbitrary local base station ancdhwiasorrected against a gazetted geod
benchmark. Grid marks (in meters) refer to the New Zealangd ®@&d Coordinate System.
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Figure 17.a) Log of SWwall Riverslea 1 trench (RVA1) across folded scarp of Wharekauhau thru
near Manganui Stream; b) Photograph of inclined (probadatyonically tilted) laminae in fine to
coarsegrained sand layer (unit €sin RVL-1 trench; c) Log of part of the NE wadlf the nearby
Riverslea 2 trench (RV42); d) Photograph of infilled fault fissure in R\VR trench. From Little et al.
(in press)

: ult10z



placed slightly higher up this slope to intecs a less conspicuosgsarplet on the
uplifted, NW:side of the main scarp.

The two Riverslea trenches contain evidence for two earthquakes (EverdaadRRRy,).

In trench RVL-2 (Fig. 17 c), the most recent earthquake ruptured to the surface cutting
sediments younger than 54497 cal yrs B.P (sample R\R) to create a fissure (Fig.

17d). The fissure was infilled in by soil debris containing OmodernO charcoal and i
thus consistent with this earthquake being the 1855 rupture. Based on the stratigraphi
mismatches across fault strand 1, slip during the fissuring is inferred toldesare

primarily strikeslip. In the same trench, evidence for an older (penultimate) earthquake
includes the depositional overlap of fault 3 (and some splays of fault 2) by umdedo
channel gravel (Ogli80). A sample of fibrous wood (RWA) from the faulted silt (unit
Osi9b0) below this unconformity to the SE of fault 2 yielded an age of/@27cal yrs.
B.P.. We are uncertain whether this sample was detrital in origin ortdnaggment. If

this wood was detrital, then it must pdate the penultimate earthquake at this site. If a
root fragment, then it does not necessarily-gate that earthquake. Sample RYL

must postdate the penultimate earthquake.

In trench RVL:1, nearsurface bulging of the terrace sediments is inferred to have raised
the main scarp intersected by that trench, at least in part during the 2&b%@ake

(Figs. 17a). Six measurements ofseismic throw on the southern part of the

Wairarapa faultOs deal section during 1855 range up to a maximum of 2.5 min a
NW-up sens€Rodgers and Little, 2006 hat the main scarp at Riverslea is ~3 m high
suggests its growth in at least twtages. If so, at least two earthquakes must-gate
sample RV1; that is, the penultimate earthquake must be younger than ~1300 cal yrs.
B. P.

The lack of a fault in trench RVA1, and the small offset in R\A2 suggests that the
primary mode of defor@tion to create the northwesp scarp on the late Holocene
terrace was folding (Fig. 17b). The cause of folding is interpreted to bslglipn a
northwestdipping fault, concealed beneath the trenched gravels, that forms the eastern
branch of this partf the Wharekauhau fault system. Based on the stratigraphic
mismatches across fault strand 2, we infer that a small (sexrestdr?) strikeslip

surface displacement accumulated in 1855 on a steep splay fault in the hangofgwal
the blind structure imesponse to an overall dextraverse slip on the main structure at
depth.The contrast between demonstrably active tectonics at the trench site on the
ENE-striking reach of the eastern strand, and the lack of evidence of Holocer¢t affs
the western sand (and elsewhere along strike) suggests that the eastern branch of the
fault zone is a younger structure that is dominated by dexstral

Optional Stop at location of 127 £ 10 ka OSL sample of lasinterglacial marine
sand on roadcut
On our drive ¢ong Western Lake Rd, note how it skirts the edge of the hills and the flat
swampy country to the west of Lake Onoke. There is evidence that the road traverses
around sandy berms that bounded a former Holocene estuary, the last remnant of which
is Lake Onde itself. The hills to the west are underlain by a sevenater thick Last
Interglacial marine deposit (weflorted and rounded sands and pebble gravels). These
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beach(?) deposits are overlain a considerable thickness (~10+ m) of younger fluvial
gravels. This composite origin (marine + fluvial terrace), called unit 0Q5a0 by Be
and Johnston (2000), can be tracked to the east to beyond Lake Ferry. The terrace
surface is folded and reaches a maximum elevation of >150 m (Begg and Johnston,
2000). Lake Poum, a small lake nestling within these hills is ponded behind an active
fault, the Battery Hill Fault. This can best be seen where it displdee©1Q5a0 terrace

by about 10 m, its eastern side upthrown, and it probably dips to the east (Figs. 13,14).
Part of the active Pounui Anticline lies to the east of this fault, and road cuts in the
gravel and silt sequences (middle Quaternary Ahiaruhe Formation) within thedirsti

can be seen on the right hand (eastern) side of the road.

The marine interval is we-exposed on the leftand side of the road, at an elevation of
~40 m). Near here, Schermer et al. (in review) collected an Opticalimulated
Luminescence sample of sand that yielded an age of 1RT ka (1! ), consistent with
the marine unit being gmsited during Oxygen Isotope Stage 5e.

STOP 4. Wharekauhau Stream Mouth, Palliser Bay(Walking circuit)

Park vehicle at mouth of Wharekauhau Stream (do not attempt to cross it in vehicles).
Walk upstream, stopping first to look at stratigraphic relasonear the mouth of the
stream(Stop 4a) Proceedupstream (about 20 minutes) to an exposure of ug8t8p

4b) and further upstream to a large exposuretioé Wharekauhau thrugstop 4c)

Return downstream and take the farm track up torttigetop (arge flat paddock)
between Te Mahonge and Wharekauhau Strg@top 4d) Walk down the track to Te
Mahonge stream to see the Wharekauhau thrust exposed on thé€S$tapkde)and the
westbank of the strear{Stop 4f) Return along the coast to vehicle$otal time away

from vehicles approximately 3 hours.

Travelling west from the optional stop, we drop below the elevated marine suafat
cut through early Quaternary fluvial unisig. 13). Along the banks of Wharepapa
River and the coast, we can dag Quaternary units including marine sands and
gravels near the base of the cliffs, overlain by lacustrine silts and allgragkls, and
the lastglacial OWaiohineO gravels at the top of the sequeRisissielationship, late
Last Glacial gravels lappg against an older marine bench to the east, the elevation
difference of Last Interglacial deposits on each side of the fault, and #seipce of a
significant negative gravity anomaly near the same contact, points to the predenc
buried fault downWharepapa Stream (e.g., Kingma, 1967; Rollo 1992; Begg and
Mazengarb 1996; McClymont 2000Figure 19shows the elevation of the top of the
marine unit where it is exposed on the down thrown side. The elevation change,
together with incision of the Walone surface, is interpreted by Schermer et al., (in
review) to reflect deformation in the hangingwall of a thrust further togthst.

STOP 4a: Quaternary stratigraphy at Wharekauhau Stream mouth
Time at this stop approximately 20 minutes.

Near the sath coast of the Wairarapa Valley, late Quaternary strata and their
corresponding landforms, such as waxg platforms and fluvial terrace surfaces,
record a progression of relative sea level changes, periods of deposition, andopulses
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~500 m

Figure 18. Google Earth map of Stop 4 showing routrgh walking route between Whehauhau and Te
Mahonge Streams and sites visited along the trace of the &hahau thrust near the Palliser Bay coas
See Figure 13 for location of this image.
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Figure 19. Geology of
Wharekauhau segment, showing
Quaternary unit designations as
describd in text andFigure 2Q fault
and fold traces, sample locations,
and field trip stops. Open star
shows sample location from Wang
(2001). Surveyed elevation of the
top of unit 1 shallow marine
deposits is indicated next to
triangles; no outcrops of unitdccur
north of the northermost symbols.
Open triangles indicate locations
with elevations that are not
controlled by detailed surveying.
Dashed outline shows area of
detailed mapping and laser
surveying, two portions of which ai
detailed inFigures 2124. Location
of cross sections AAO and BBO are
indicated. Topographic contours a
in meters,grid marks (in meters)
refer to the New Zealand Map Gric
Coordinate System.

Figure 20. Schematic cross
section of stratigraphy in the
detailed study areafd-igure 19
Squares=location of radiocarbor
samples (wood from hsitu roots,
stumps); circles=location of OSL
samples (silts, fine sands). Age
ranges for radiocarbon samples
are calibrated age range at 95%
confidence. Errors on OSL ages
are 2 . See Fjures 19, 21, 24 fo
detailed sample locations.
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deformation near the Wairarapa fault since ~125 ka. To the west of the Wharekauha
thrust, the late Quaternary sequence was deposited unconformably above Mesozoic
graywacke, whereas to the east of the thrust, the same strata overlieratsubfst
PliocenePleistocene marine to nanarine strata (e.g., Begg and Johnston, 2000). The
late Quaternary sequence provides a sensitive geological record of landscapemevolut
and deformation (including both folding and fault slip). In this reg{Big. 19 our
stratigraphic work built upon that of earlier studi@sade, 1995; Grapes and Wellman,
1993; Shulmeister & Grapes, 2000; Shulmeister et al., 2000, Marra, 2003}
designations used hefEig. 20)are newly defind and do not necessarily correspond to
the (varied) nomenclature used in the earlier work (most of which is unpublished).

Local exposures of marine sands and gravels (similar to those exposed east of
Wharepapa River), herein termed unit 1, occur as9an7thick sequence in the
hangingwall and footwall of the Wharekauhau thrust. In the hangingwall at Te
Mahonge Stream, unit 1 overlies greywacke bedrock. In the footwall at the mouth of
Wharekauhau Streaf$top 4a) unit 1 overlies fluvial gravels possiblyelonging to the
Te Muna FormatiorfFig. 20) OSL samples of marine sands collected from unit 1
yielded ages of 106 £24 ka (NI48) and 71+8 ka (N142) &rors). As expected, the
three samples of marine sands (including the one at the optional stopf &dkarepapa
river, which is not in stratigraphic continuity with the faydtoximal marine unit 1)

yield ages that are indicative of the last interglaciatles@| highstand (oxygen isotope
stage [OIS] 5). The different locations and the higher elewagiod older age of the
sample east of Wharepapa River (NI51) relative to NIB@s. 13, 19suggest their
deposition during different sdavel highstands (substages) within OIS 5.

In the footwall of the Wharekauhau thrust, the marine gravels are avedaformably
by ~9 m of organierich lacustrine mud, silt, and gravelly silt that locally contains tree
stumps in growth position (unit 2a). This unitis interpreted to have been deposited
during an interglacial climate in an estuarine lagoon similarasentday Lake Onoke
(Eade, 1995; Marra, 2003; Shulmeister et al.,@0QJnit 2a interfingers northward and
westward with, grades laterally into, and is overlain by fluvial graeeistaining clasts
eroded from the Rimutaka Range (unit 2b). Towards the top of unit 2b, gravels have a
distinctive yellowish brown color andontain local thin (<0.5m) silt beds with rooted
stumps in growth position. Unit 2 coarsens and thickens towards the trace of the
Wharekauhau thrustvhere we recognize a locally exposed bouldery facies, unit 2c.
These coarse gravels interfinger southeasthwith better sorted and stratified gravels
typical of unit 2b. We will see unit 2c atop 4c.

Samples from unit 2 yielded OSL ages that are consistent with depositiotheeamd

of the last interglacial at ~8@0ka (i.e., OIS 5a). Sample NI43 frotine lower part of
unit 2b yielded an age of 82+34 kkigs. 19, 20).This sample is located ~4 m above
silts of unit 2b dated by OSL at ~115 +66 Kdarra, 2003)and ~16m above a sample
of unit 2a dated at 117+60 KMarra, 2003(2! errors). A higher sample from unit 2b,
~20m above sample NI43, yielded age of of 71+18 ka (sample NIF2gs. 19, 20.

We note that our dating accords with the lagerglacial interpretation of these units by
Grapes and Wellman (1993) and Shulmeister et al., (2000) and the inteqmstati
Marra (2003) based on thedsil insect assemblage in unit 2a.
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STOP 4b: Upper part of Quaternary stratigraphy at Wharekauhau Stream
Total time at this stop about 20 minutes.

At this stop we will see an exposure of the widespread sandy silt (unit 3) uprio ~2

thick that caps thenit 2b gravels, and overlying fluvial gravels (unit 4). At this

location, the units appear conformable. Grapes and Wellman (1993) reportéuigha

silt contains shards of the Kawakawa tephra (26,500 calib yr B\son et al., 1988)

and abundanh-situ stumps and roots at its top dated at 12,450 + 120 and @2, 26.0

4C yr BP (Grapes and Wellman, 1993) (these correspond to calibrated ages of ~15 ka)
Grapes and Wellman (1993) interpreted the silt as a loess deposited on an abandoned
fan surface, but the local presence of poorly sorted fine pebbles in thiednit

Shulmeister et al., (2000) to reinterpret the unit as an overbank deposit mixed wit
loess. Our new OSL ages from samples near the base of the unit are 28.5a and

19.5+ 3.2 ka(Fig. 20) **C samples from the top of unit 3 range from 15 ka-fika,

with age decreasing northward and with elevatibig. 20). As we will see at later

stops, there is a marked angular unconformity beneath unit 3. Furthermore, unit 3
mantles a topographical paleoscarp created by slip on the Wharekauhau thriistjsand
appears to be windeposited (a loess). The data suggest that the silt of unit 3 and
overlying gravels of unit 4 onlapped northward across the scarp over a period of >5,000
years.

Unit 3 is overlain by alluvial fan gravels (unit 4) that are topfmthe terrace tread
referred to as the OWaiohineO surface by Grapes and Wellman (1993). Wang (2001)
reported a ~5 ka OSL age on a silt lens collected 0.6 m beneath this surfacogda
(sample WK1; Fig. 19)

STOP 4c: Wharekauhau thrust exposure & Wharekauhau Stream
Discuss the evidence for thrusting and abandonment of the thrust. Total time at this
stop about 60 minutes.

At this exposure we can see the imbricate nature of the Wharekauhau thrust as wel
key stratigraphic relationships thatreirain its timing(Figs. 21, 22) On the righthand

side of the exposure there is evidence of two distinct periods of unit 2b deposition,
separated by a soft, rdatown gravelly clay that we interpret as a paleosol. Unit 2c,
consisting of disorganizechd bouldery, angular gravels, is only found above this clay,
and interfingers southward with fluvial gravels of the upper part of unit 2b. Actass t
length of the exposure, unit 2c occurs in fault contact beneath a lower imbricate of the
Wharekauhau thsi, while at the southern end, it is also in discordant depositional
contact against steeply dipping (beach) strata of unit 1 in the main hangingwiadl of
thrust (somewhat obscured by flax bushes). We interpret this discordant cantact a
buttress uncaformity and unit 2c to represent colluvium derived from the emergent
thrust scarp. Older parts of unit 2c were overthrust during fault slip, while younger
parts were deposited against the emergent hangingwall, partially buryingthie In

upper parts othis exposure, it can be seen that units 3 and 4 overlap the Wharekauhau
thrust and units 1 and 2 along an angular unconformity. In the hangingwall of the thrust
above the north end of the outcrop, unit 3 occurs asanbthick massive silt that is not
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Figure 21. a) Detailed map of
Wharekauhau stream aréstop
4c) derived from surveying
topography and geologic contac
with a laser rangefinder.
Locations of geochronological
samples shown with black dots
b) Cross section 80, no vertical
exaggeration constructed
perpendicular to a thrust strike o
210 (N30E) consistent with the
structure contours drawn across
Wharekauhau stream and the
regional trend of the fault.
Location shown orfrigure 19
Fine daked lines show bedding
traces.

Figure 22. Tracing of a photograph of an outcrop of the thrusdtap 4c Duplexing in unit 2b is
inferred from discontinuities in bedding; duplexing in uhiis inferred from extreme thickening o
unit in horse relativéo undeformed exposures.
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capped by any unit 4 gravels. About 20 m to the southeast, unit 3 continues as a <0.5m
thick layer that is overlain by unit 4. This faydroximal part of unit 3 appears to

mantle a paleoscarp formed in older units. The angular discordatwedieunit 3 and

older Quaternary strata is typically ~30; hé€Feg. 21),but disappears to the south.g.,

stop 4b).

Structural features are also well displayed at this outcrop, where thedkéhdrau

thrust consists of two subparallel thrust planest tire spaced ~1.5 m apart, and that
flatten from ~30iNW dip to horizontal towards the south (Fig. 22). The higher thrust
juxtaposes highly fractured Cretaceous Torlesse greywacke (foliatedas#tcin its
hangingwall to the northwest above steegigping unit 1 strata to the southeast. The
lower thrust juxtaposes unit 1 beach gravels above gently dipping strata of unit 2
(subunits 2b and 2c). Between the two fault planes, the slice of steeply dippatg st
unit 1 occurs as a OhorseO thattisrnally folded. The structural thickness of unit 1 in
this horse (up to ~100m) is > 10 times greater than the observed maximum splaittgra
thickness of unit 1 away from the faulf-9 m). Although the discontinuity of exposure
prevents us from veriing the inference, this relationship suggests that unit 1 in the
horse is repeated several times by thrust duplexing or distributed deformation.
Imbricate thrusts may also occur within unit 2 beneath the lower thrust.

The geometric and stratigraphicagbnships suggest initital formation of a fault
propagation fold, followed by the fault tip propagating upward to the surface, and
cutting off the steep forelimb. The subvertical dips in the imbricatet f&ide of unit 1
and locally in unit 2 immediatg below the lower thrust and in unit 1 above the upper
thrust indicate that the strata were folded prior to thrusting. The easshaitbwing of
the thrust planes, and the coincidence of the flat thrust surface with the palatisol
unit 2b(Fig. 22)suggests that the thrust ramped upward to the contemporary free
surface before collapsing gravitationally.

In Wharekauhau Stream, corresponding hangingwall and footwall cutoffs are not
exposed so there is little control on total shortening. Crossae8iBO can be used,
however, to calculate a minimum heave of 65 +2m on the upper thrust of the imbricate
system from the amount of overlap of the greywacke and the fragment of unit 1 in the
hangingwall, assuming a thrust strike of N3(Fg. 21b). Doubling that to account for

the similar overlap of unit 1 on the lower fault (and without accounting for any
duplexing) gives a minimum of 130 m shortening across both thrusts. Varying the
strike of the thrust to account for poor exposure of the surface sasutls5m

difference in the heave.

STOP 4d: Deformation (?) of the Waiohine surface at Te Mahonge Stream

Return downstream and take the track up to the paddock between Te Mahonge and
Wharekauhau Streams. View and discuss the (lack of) evidence foslif&6e

rupture on the paddock surface, and the stratigraphy exposed in the slip face. Total
time at this stop about 40 minutes (including the walk).

C:JI' e Mangong® Stream is an historic locality, described by Rodney Grapes in his book,
OMagnitude 8 Plu3as the location where, immediately after the 1855 earthquake,
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Edward Roberts, a surveyor for tRoyal Engineers and Clerk for Workaserved a
break along the creek, across which Othe range of hills [Rimutaka Range] have gone up
alone forming a perpendilar precipice.O As a consequence of this uplift of the coastal
rock platform, a coastal route negotiable by foot oraat (or mountain bike) was

opened up for the first time between the Wairarapa and Wellington. Charlelshsel
Roberts in England wear later, and included the surveyorOs account of 18586ismic
deformation into his book,Rdincipals of Geology@Lyell, 1868) along with a cross
section of the Ofault and fissureOTe Mangong® StreanFig. 23a). The maximum
coastal uplift in 185 occurred ~4 km to the northeast of Turakirae Head, where the
1855 beach ridge was elevated vertically by 6.4 m on the upper block of the
Wharekauhau Thrust (Hull and McSaveney, 1996; McSaveney et al., 2006).

A review of the historical recor(Downes and Grapes, 1999; Ongley, 194licates

that there was no definitive report on the nature of any earthquake rupture at thancoast
1855 at either Te Mahonge or Wharekauhau streams. The report that Edward Roberts
gave to Lyell does not describe the location of the OprecipiceO. Later inteofiew
Roberts by Lyell state that Roberts found Oraised nulliporesO 9 feet abode line ti

the morning after the 1855 earthquake near Muka Muka rocks (Lyell, 1868). Although
the exact location of his observation is uncertain, Muka Muka rocks is west of the NW
corner of Palliser Bay and ~3 km west of Te Mahonge stream. This is evidence of
coseismic coastal uplift relative to sea level, but it is not evidence for ameiplane in

Te Mahonge stream.

The diagram published by Lyell (1868yig. 24a)showing the fault that he inferred to
have slipped in 1855 actually came from a descrippoovided by Walter Mantell, a
geologist who was in New Zealand at the time of the earthquake:

OAccording to Mr. Mantell the risen mass consists of old sfied argillites, with the normal
composition of argillaceous schists, but without schiggo3his mass forms a several hundred foot high
cliff towards the sea, whereas the tertiary marine strathiol are exposed to the east, next to the shore,
form another relatively low cliff which would not be highé&an eighty feet. These tertiary strata didt
rise.O(Lyell, 1856) as translated in Downes and Grapes, 1999)

The juxtapoiion of Oold argilliteO (greywacke) against OTertiary strata@e(@ary

silts and gravels) describes the relationships near the mouth of Te Mahonge stream
(stops 4e, 4fput is not, however, the same place as where Roberts measured the Oraised
nulliporesO, nor is it a description of a coseismic rupture or scarp.

In 193435 M. Ongley (1943) mapped scarps along the 1855 rupture from Alfredton to
the coast. He disagreed with Lyell on several points, noting that the fauMeatell
described was not @he NW corner of Palliser bay as originally described, but was
further east (at Te Mahonge stream). He also noted the fault is not a végstak as
reported in Lyell (1868), but a gently dipping thrust. Furthermore, Ongley (1943) did
not find a suréce scarp on either side of Wharekauhau stream, and stated that the
southernmost scarp was located ~1mile (1.6 km) north of the coast (on thenR©fla
Wharekauhau Mountain). The scarps that he illustrates (Figs 1, 2 in Ongley, 1943)
trend more easterlghan the thrust contact and may be some of the ssiigefeatures or
landslide scarps mapped by Schermer et al. (in review). Ongley (1943) #iat€the
line of it [the 1855 scarp] runs to the coast well west of the fault between the two
formationsO Furthermore, although Ongley (1943) shows a dashed line of surface
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Figure 23. Previous interpretations of the Wharekauhau thrust assegm Te Mahonge and
Wharekauhau Streams near the Palliser Bay coast. a) diagfrasmMahonge Stream exposwtthe

fault (illustration in Lyell, 1868; note the steep dip of tfalt); b) diagram after Grapes and Wellman
(1993) who interpreted the Waiohine Terrace surface agl#fiormed and tilted across the fault at the
location of photograph (c), Note thtite top of Grapes and WellmanOs OagBO unit is equivaleautaith
0Q2a0 of Begg and Johnston (2000), and to the top of OunBdideaner et al. (in review, as used in
this guide).

ruptures on his map south of Lake Wairarapa, none of the area teav@rsthe present
study has definite fault scarps that are as steep or-fagsting as the area to the north
from Hinaburn to Alfredtor(e.g. Grapes and Wellman, 1988; Rodgers and Little, 2006;
Schermer et al., 2@0. Although Ongley (1943) stated clearly that LyellOs diagram did
not represent the 1855 rupture, the error has persisted through recent publications
(Grapes and Downes, 1997; Grapes and Wellman, 1993; Sibsds), 200

The location of RobertsO coastal uplift observation on Palliser Bay is@ioestiby the
beach profiles oHull and McSaveney(1996); McSaveney et al., (2006ho show that
the easternmost preserved uplifted beach ridge is <1km east of Muka Muka §iigam
13) and interpret this to be approximately the Itoa of RobertsO observation in 1855.
Given the evidence for lack of recent rupture of the Wharekauhau thrust, we suggest
that the fault, if indeed it ruptured the surface at the coast, did so closéuka Muka
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stream. McSaveny et al (2006) reach a samconclusion from their detailed analysis of
the Turakirae head data.

At this stop(Fig. 23c),vertically above the exposures of the thrust in Te Mahonge
Stream, the Waiohine terrace surface was interpreted by Grapes amdai'¢il993) to

be warped upard during rupture of the Wharekauhau thrust in 1855 and prior
earthquakes. Our new mapping shows that the Waiohine gravels (unit 4) do not show
the same dip as the terrace surface, which is mantled by a younger layenwiwoll
derived from the hilly tpography northwest of the inactive thrust trace. The strata in
unit 4 everywhere dip <15j and onlap depositionally against the more steeply dipping
strata in the thrust hangingwdkig. 24) From these relationships we infer that the
Waiohine surface ate top of unit 4 is undeformed and that the local increase in
surface slope of the hillside adjacent to the paleoscarp is a primary depastiftature

of the landscape (slope colluvium) and not the result of tectonic deformation in 1855 or
at any earkr time.

Looking back towardstop 4cthe Waiohine surface is visible in both the hangingwall
and footwall of the thrust as the cleared paddobks it is not continuous across
Wharekauhau streaffig. 21b) Grapes and Wellman (1993) inferred that vA®f
height difference between these two parts of the surface was due to detoraang

the thrust. A lasesurveyed topographic profile along the Waiohine surface across the
trace of the thrust from NW to SE across the stream shows the surfacendaler on
the SE side of the stream, but the dips are low-&)5and it is not clear if there is a
change in dip that can be associated with the trace of the ttifigst21b) We interpret
the dips as primary features of the fan surface. If the changlpe is indeed due to
thrusting, the active fault must lie below the surface, and can not have the same nea
surface expression as the (inactive) Wharekauhau thrust.

STOP 4e: Wharekauhau thrust at Te Mahonge Stream
Walk down the farm track to the pasure of the thrust at the base of the track (true left
bank of the stream). Total time at this stop about 40 minutes (including the walk).

At this location we can see the two thrusts enclosing the horse of unit 1, and higher on
the slope, the unconfority between unit 2, which dips 280, and units 3 and 4, which
dip ~10j (Figs. 24d, 25).If there is time to walk upstream to view a large exposure in
the slip face, we will see unit 4 onlapping the paleosd&igs. 24a, b)

The two thrusts flatten ian eastward direction from NW dipping to subhorizortkd.
24b). On the west bank of Te Mahonge Stregstop 4f),both thrusts are steeply
dipping. Here, the upper thrust is subhorizontal and the lower thrust is oriented
358/16E. Cataclasite fabric the hangingwall greywacke also flattens upwdrdm
68iNW to 23iNW, with the hinge direction of this antiform trending 026 (Fig. 24c).
Within the horse, unit 1 is folded by OdragO on the upper thrust (Fig. 25).

Above the thrust, a hangingwall anticé deforms the greywacke and the
unconformably overlying units 1 and 2. Near the crest of the anticline (near the top of
the track, and a few meters up from the base of the track), several steepnSEW
dipping faults with <0.5m normal separation cutit 2, perhaps to accommodate
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localized extension above the fold cre&tnits 3 and 4 onlap, pinch out against, and
partially bury, a paleoscarp defined by the older, more strongly deformed handjiingwa
units (Fig. 25)

In all locations strata at thep of unit 2 have a similar dip to those at the bottom of that
unit and to beds in unit (Fig. 24d) This concordance indicates no measurable tilting
during sedimentation of units 1 and 2, although the variability of dips, the sparsity of
data near theop of the unit, and the difficulty of measuring bedding in coarse fan
gravels could allow for some minor (<5;) shallowing upsection.

The map pattern and thickness variations of units 3 and 4 seen here and in Whanekauha
stream indicate that depositiontbfese units was strongly influenced by an earlier scarp
generated along the Wharekauhau thrust. The angular unconformity beneath these two
units, their overlapping of the thrust, and their subhorizontal attitude indidatdstust

was not active at theme of deposition (or subsequently).

Structural evidence exists for steeply dipping faults that-pas¢ motion on the
Wharekauhau thrust. Although we have not found a continous, throughgoing fault,
several mapand outcropscale observations suppohnethypothesis of late strikdip
faulting that occurs in the vicinity of the inactive thrust traces. The mospetimg
evidence comes from our detailed mapping. Structure contours drawn parallgté¢o st
from surveyed elevations on the fault surfaeicate that the thrust surfaces in Te
Mahonge and Wharekauhau stream are not coplanar, and further show that the outcrop
in Te Mahonge Stream has been folded or faulted to lower elevation than that in
Wharekauhau Stream. However, since the thrust &t looations shows the same
flatteningupward geometryFigs. 21b, 24h)and similar strike and dip of the thrust,
fault displacement appears more likely than folding.

In outcrop, exposures in Te Mahonge Stream suggest that following erosion of the
thrustand deposition of unit 3, several steeply dipping stskp(?) faults cut through

the Quaternary unitg-igs. 24, 25) Just south of the thrust exposure on the east side of
the stream, a fault oriented ~075/80SE causes ~3m of down to the southéast ver
separation of the contact between units 2 and 3. Cross section relationsdroplihe

fold geometry in unit 2 suggest that the separation on the wuitittl2 contact is up to

the southeadiFig. 24b) Because the two contacts are not paralled,dpposite vertical
separations can be most simply explained by dextral slip. We also inten@éaalt to
extend across the stream to the west, where the lower OthrustO has heeteddora
vertical dip. This fault does not cut up to the Waiohmeaface. Several steep faults are
also observed cutting hangingwall strata in the slip face exposure to the nanik of t
stop, but most are too small to show on the nflaéig. 24a) These faults are NE

striking, steeply dipping faults with at most a femeters of vertical and horizontal
separatior{Fig. 24e) The exposed faults locally cut up into the upper part of unit 4 but
do not cut the Waiohine surface. The presence of both reverse and normal separations
suggests strikslip faulting, but subhorizatal slickenlines were found only on one

fault.
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Figure 24. a) Detailed map of Te Mahonge stream af&aps 4d, 4e, 4fjlerived from surveying
topography and geologic contacts with a laser rangefir@entour interval is 5m. b) Cross sectiorA0
(location onFig. 19) no vertical exaggeration, constructed perpendiculanécaverage cataclasite strike
of 218 (N38E). Fine dashed lines show bedding traces. c) [Eayea stereoplot of structures related to
Wharekauhau thrust. Black great circles aataclasized greywacke planes, with poles shown as dots;
black dashed line is minor thrust plane (60 cm separatiae); dotted line is mean plane, with mean pole
and cone of confidence shown in open square and circle, cBgply. Calculated fold axi assumes
scatter of planes is due to upward flattening of the thrusEqliatarea stereoplot of poles to bedding:
trianglesunit 1; filled-unit 2; open circles units 3, 4. Fold axis of all unit 1 and 2adsthown in black
square (13/076) and befitgreat circle, other black square is smatlale fold in duplex. Excluding steep
beds in duplex and adjacent to thrust (smaller symbolsyameorientations were calculated for bedding
in hangingwall and footwall: Mean vector and plane for uditsnd 2 siown by grey cone of confidence
and dashed great circle; mean vector and plane for units & ahdwn by black cone of confidence and
dashed great circle. e) Stereoplot of snsadhle faults adjacent to thrust. Solid great circles arenabr
faults cuttng units 1 and 2 at crest of hangingwall anticline, dashedtgriecles are inferred strikelip
faults that cut up into units 3 and 4.

STOP 4e: Wharekauhau thrust at Te Mahonge Stream
Walk across the stream to the true right bank. Total time at thig atwout 20 minutes.

At this location we can see the steeper portions of the two thrusts enclosihgrdesof
unit 1, the unit tunit 2 contact within the horse, and the steeply dipping bedding in the
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footwall of the lower thrusfFig. 24) Greywacke ctaclasite is also well exposed.
Relations at Te Mahonge stream provide constraints on the geometry of the thrust
related deformation, and minimum shortening and slip rates along the tiviestvill
summarise these relations at this stop.

Figure 25. a) Tracing of a photograph of an outcrop of the thrusttap 4eb) Interpretation of fold and
thrust geometry in Te Mahonge stream, including data froea éo north of stop 4e.

Summary of magnitude and timing of thrusting on the Wharekauhau thrust

No slickenlines were observed on the thrust plane, so we assume purslypdip
displacement to calculate a minimum amount of horizontal shortening requirée by t
cross sections. The cross section in Te Mahonge Stream provides a bettateestim

slip magnitude because the hangingwall cutoffs of the contacts between greywacke, unit
1, and unit 2 are exposed on the east side of the stream and and the cutoff of the
stratigraphic contact between units 1 and 2 within the horse is exposed on th&dees

of the strean(Fig. 24a) so both could be accurately mapped. Reconstruction of cross
sections from Te Mahonge stream (e.g-A®, Fig. 24b) using the observed range of
strikes of contacts and faults yielded a minimum shortening estimate (folding +

faulting) of 280+60m.
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The vertical component of thrusting (throw) is constrained by the elevatiorrelifte
between the hangingwall and footwall strata. The throw on the unit 1/unit 2 contact is
constrained to 9402 m. This is a minimum value because theateat is likely folded

to lower elevations in the footwall and higher elevations in the hangingwall tiean t
present exposures.

The structural and stratigraphic relationships lead us to infer that the pejod of
shortening on the Wharekauhau thrbseggan at-70 ka. Evidence for the age of

initiation of the thrust comes from the observation that bedding in units 1 and 2 is
parallel at all locations where we could measur@ig. 24d) Although there may have
been thrust activity prior to the deptisn of unit 1, and/or during the deposition of unit
2b, to cause some (unrecognized) minor fanning of dips within that unit, we infer that
deformation of the conformable unitunit 2a contact did not begin until after
deposition of the latter. The agétbis contact, based on the OSL data described above,
is constrained to the interval 106+ 24 to 71 + 8 ka. If we are correct in our imdere

that thrusting began during deposition of the syntectonic unit 2b, then the OSL data
would indicate a thrust itiation age of no older than 71+8 ka.

The evidence further suggests the abandonment of thrusting by ~20 ka. Onlap of the
paleoscarp by units 3 and 4 and the angular unconformity at the base of unit 3 suggest
that the thrust was inactive at this time.élfecognition of a buttress unconformity
within unit 2b suggests deposition of that unit took place during the waning stages of
thrust activity. Above the angular unconformity, dates on unit 3 nearest the thrust
suggest abandonment occurred after 19.5&821-9.5 ka(Fig. 20) Two locations at

the base of unit 3 are dated by OSL at -2@ka (samples NI54, NI47, Fig. 20), but
these occur at sites where there is no clear angular relationship betwe@randiunit

3. At the place where the angular wmformity is best documented, where unit 3 lies
above deformed unit 2b strata in the footwall, wood at the top of unit 3 (Sample Ni41)
yielded a“’C age of 11.211.6 ka; however, the base of the unit is not dated at that
location. At the only location whre the sampled unit 3 overlaps the thrust (N126), the
top of the unitis 9.19.5 ka (Fig. 6). The sedimentological characteristics of unit 3 (i.e.,
very fine-grained, and of uniform thickness to within ~20 m southeast of the thrust)
suggest that the thruwas not active during any part of its deposition (e.g., in stark
contrast to units 2b, 2c). From these data we infer that the thrust was cgrtainl
abandoned by ~9 ka, and more likely was abandoned prior to ~20 ka.

Vertical and horizontal components ofslip rate

Our new structural and geochronological data provide estimates of the late Quaterna
slip rate of the Wharekauhau thrust. These rates are minima because the afmount
heave and throw are minimum values and because the age of the top of aaiil@lbe
younger than our youngest dated sample. From the range of horizontal shortening
estimates at Te Mahonge Stream (280+60 m) on the unit 1/unit 2 contact, and given the
conservative estimate of the duration of thrusting (106+18 ka t® % ka), he

minimum shortening rate is 87 mm/yr. Using our preferred duration estimate of

71+8 ka to 19.5+3.2 ka results in rate of-B3 mm/yr. The vertical component of slip

rate (throw rate) due to the Wharekauhau thrust can also be constrained using the
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minimum throw of 92102m. Using the conservative estimate of thrusting duration, we
estimate a minimum vertical throw rate on the Wharekauhau thrust dff.@.8:m/yr.
Using the preferred timing constraints, the minimum throw rate i2175mm/yr.

Theinferred shortening rate during its activity, 3% mm/yr, exceeds that of all other
active thrusts and oblique thrusts in the Hikurangi margin and may have accounted for
11-30% of the margimormal component of plate motion. After abandonment,
deformdion at shallow levels has occurred primarily on a segmented fault systém tha
accommodates little to no shortening (<1mm/yr). We infer that predayt

deformation (including during 1855) at the southern end of the Wairarapa Fault zone is
partitioned beween slip on: 1) the more western Wairardyjaka Muka fault system
(dominantly dextraklip, but also causing local uplift of the coast near Turakirae Head;
2) a series of discontinuously expressed, naatical strikeslip faults and linking blind
oblique-reverse thrusts near the trace of the older (inactive) Wharekauhau thrust; and 3)
a possible blind thrust fault between Lake Onoke and the western margin of the
Wairarapa Valley. The spatial and temporal complexity of the Wharekauhau fault
system and thimportance it has had in accommodating upper plate deformation argue
for an unsteady linkage between upper plate faults and between these faults and the
plate interface.
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