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Nevertheless, several channels on both sides of the fault
and the ~ 2-m-tall riser at the forested edge of the faulted
terrace sequence are clearly discernible. We recognize three
principal terrace levels in the open fields on the south side of
the river. The lowest terrace is at about 12-m elevation
(T1, Fig. 8b). The terrace is 1-2 m above normal river level
(about 10-11 m elevation) and is not displaced by the fault.
The next higher terrace (T2) is at about 14 m elevation on

Figure 8.

the southeast (upthrown) side of the fault and is at 12-13 m
elevation on the northwest (downthrown) side (Fig. 9).
Terrace 3 is at 14-15 m elevation on the southeast (up-
thrown) side and 13-13.5 m on the northwest (downthrown)
side. Terrace 3 is trimmed on the southern side, lowering to a
further remnant of T2 along the forest edge (Fig. 8b). The
scarp therefore varies in elevation between 1 and 3 m, de-
pending on the juxtaposition of topography. The alternating

(a) Topographic map of the Okuru site area derived from RTK GPS survey and the Kriging method at 1-m grid spacing, in the

program SURFER?7. Contour interval is 0.2 m, numerals are elevations in meters above mean sea level and gray scale indicates elevation
(lighter gray scale corresponds to higher elevations). Present-day topography and the location of two trenches and channel pattern, along with
the location of the 23-m dextral riser offset near the forest margin. (b) Interpretation of topography in terms of terrace sequence and their
elevations (using modern Okuru River level of 10 m as the datum. The color version of this figure is available only in the electronic edition.



630 K. Berryman, A. Cooper, R. Norris, P. Villamor, R. Sutherland, T. Wright, E. Schermer, R. Langridge, and G. Biasi

sequence of ridges and channels has a pattern showing the
terrace was formerly part of the Okuru River floodplain but
is now above all but the largest floods. The channel pattern
appears to relate to former flood channels, occupied when the
river was probably forming the prominent riser between the
faulted and unfaulted terrace, but before it had cut down to its
present level. Channels and ridges on the faulted terrace are
displaced, but not in a systematic fashion from the front of
the terrace sequence to the back. Rather, it appears that the
flood channels are on surfaces with only small vertical
separation, but have been reoccupied at different times so
that some channels record only the latest displacement while
others record more events.

At about 7.5-m dextral displacement two channels
become aligned, as does the riser at the front of the faulted
terrace (Fig. 9a). There is significant uncertainty in measur-
ing the displacement, largely because of disturbance of the
topography close to the scarp. We therefore estimate the most
recent displacement at the Okuru site involved 7.5 £ 2 m of
dextral displacement, in the same range as that estimated at
the Haast site. At about 16 &= 3 m, approximately twice the
smallest displacement, one channel and two ridges become
aligned (Fig. 9b), and at about 23 £ 3 m two channels and an
intervening ridge are aligned (Fig. 9c). There is a tendency
for channels and ridges farther from the existing floodplain to
be aligned with increasing displacement. Thus, although the
correlation of dextrally displaced topography has changed
somewhat compared with earlier analysis of the site (cf. Ber-
ryman et al., 1992), the indication remains for approximately
consistent single-event dextral displacement of 8 &+ 1 m.

The topography we show in Figure 8 stops at the forest
edge at the southern margin of the faulted terrace sequence.
An & 2-m high riser follows the forest margin, and although
we cannot obtain a GPS-derived displacement measurement,
we have used a total station electronic distance measuring
instrument and tape to measure a dextral displacement
of 23 +3 m of this terrace riser (approximately located
in Fig. 8a).

At the Okuru site we excavated two trenches, attempting
to reconcile the number of events interpreted from geomor-
phology with the faulted stratigraphy observed in the trench,
and to obtain samples for dating to constrain the age of past
rupture events. The trench locations are shown in Figure 8a.

The Okuru trench sites are only 40 m apart, but the fault
geometry was quite different in each, with a predominance of
normal separation in the southern trench and reverse separa-
tion in the northern trench. In detail some changes exist in the
fault geometry between the two sites, with a small left step
located only a few meters northeast of the southern trench
(Fig. 8b). The sequence of units observed in each trench is
similar in general but differs in detail and in respect to the
sequence of rupture of fault planes (Table 1). In the Okuru
north trench the following sequence of stratigraphic events
were observed (Fig. 10):
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Figure 9. Reconstruction of offset terrace edges and stream
channels at the Okuru site. The geomorphic surfaces and stream
channels define piercing lines used to reconstruct the last three oft-
sets on the Alpine Fault (A, B, and C). Numerals are elevations in
meters above mean sea level and gray scale indicates elevation
(lighter gray scale corresponds to higher elevations).

* Alluvial gravel (unit 6g) exposed as the lowermost unit in
the trench represents the alluvial floodplain of the Okuru
River;

* Unit 5i is a fine, alternating centimeter-decimeter scale,
reverse-graded, sand and silt in-fill deposit that is only
observed northwest of fault 3. This unit was not observed
between faults 3 and 4, but could be below the bottom of
the trench exposure. This unit does not occur on the south-
east (upthrown) side of the fault, suggesting deposition in
the accommodation space created by fault rupture (E3 of
Table 1) involving some subsidence of the downthrown
side of the fault, as observed at the Haast site;
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Trench log of the northeast wall of the Okuru north trench. Units are the same as in Figure 6 and radiocarbon ages follow the

same convention as in Figure 6; those in italics are anomalous, and those in normal type are consistent with stratigraphy and used to interpret
the timing of past fault rupture events (Table 2). Hachured lines mark paleosol horizons. EH refers to event horizons, showing the strati-
graphic level at which successive surface faulting occurred. Note that EH2 is below unit 4w in the fault zone. The color version of this figure

is available only in the electronic edition.

e Units 5b, ¢, and d are alluvial sand and silt units similar
to unit 5i, but found on both sides of the fault, probably
representing flood overbank deposits;

e Unit 5p is an olive brown, massive, clayey silt with a
weakly developed vertical structure. The color, texture, and
structure indicate a hiatus in alluvial deposition and devel-
opment of a paleosol. This unit therefore represents a per-
iod of time coinciding with a stable local environment,
having recovered from the prior fault disruption. Unit 5p
is disrupted in the trench exposure as a result of more
recent faulting;

» Unit 4w overlies the 5p paleosol in the vicinity of fault 4.
The unit is an olive gray, massive, loose, fine sand with
some patches of silty, fine sand. This unit is restricted in
its distribution to the area around fault 4. We interpret this
unit as a colluvial wedge unit generated by faulting (E2 of
Table 1) that dismembered the 5p paleosol. This unit is
broken by strands of fault 4;

e Unit 3w overlies unit 4w in the vicinity of fault 4, but is
not broken by any of the faults. The unit is olive in color,
massive, loose, and composed of slightly clayey silt and
contains pods of gray, slightly sandy silt. We interpret this
unit as a scarp-derived colluvial wedge formed as a con-
sequence of the most recent fault rupture (E1 of Table 1);

* Unit 2D contains a diverse mixture of units, and most sig-
nificantly mixed units of wood, silt, and sand. We interpret
the collection of packages in unit 2 as resulting from dis-
turbance associated with forest clearance and later farming
activity. We cannot incorporate any of unit 2 and younger
stratigraphy into the geologic interpretation. We also
accept that the surface scarp of the fault at this locality
is modified;

e Unit 1 is a modern topsoil comprising dark brown clayey
silt with charcoal, wood, and abundant modern roots.

In the Okuru south trench (Fig. 11) the same general
sequence of stratigraphic units and events were observed
as in the Okuru north trench (Table 1). Therefore, we use
the same nomenclature as for the Okuru north trench, but
with subdivision as required. The following units were
mapped:

* Alluvial gravel unit 6g;

¢ Unit 5 cannot be subdivided as easily as at the north trench
site, but based on the unit thicknesses encountered in the
auger hole, the alternating decimeter-bedded sand and
clayey silt unit is about 1-m thicker to the northwest
(downthrown) side of the fault strands and most likely rep-
resents the same in-fill of accommodation space formed as
a result of fault rupture (E3 of Table 1), as is observed in
the Okuru north trench. In other respects, the units are very
similar, including the reverse-graded tendency in the unit,
and the presence of a paleosol (unit 5p) that has been
faulted in a more recent event;

* Unit 4 has a small scarp-derived colluvial wedge subunit
(4w) as in the north trench, and, to the west of fault 1, there
is a weakly laminated, silty fine sand, apparently in-filling
an accommodation space on the downthrown side of fault
1. We label this unit 4i. A faulting event (E2 of Table 1) is
inferred along the base of the 4i, 4w units. As well, there
is a weakly bedded, silty fine sand (unit 4a) deposited on
top of the scarp-derived unit. This is different from the
stratigraphy at the north trench, and perhaps indicates
the presence of an overflow channel of the river cutting
across the terrace sequence at this locality at that time;
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Trench log of the northeast wall of the Okuru South trench. Units are the same as in Figure 6 and radiocarbon ages follow the

same convention as in Figure 6; those in italics are anomalous, and those in normal type are consistent with stratigraphy and used to interpret
the timing of past fault rupture events (Table 2). EH refers to event horizons, showing the stratigraphic level at which successive surface
faulting occurred. Event 1 is not observed in this trench. The color version of this figure is available only in the electronic edition.

e Unit 3 is missing from this trench exposure. Above unit 4
there appears to be a trench-wide unconformity upon
which unit 2 was deposited;

* Unit 1 is composed of a thin, dark brown, clayey silt top-
soil (unit 1a) with charcoal roots and wood, and a dark
yellowish brown, clayey silt subsoil, again with charcoal
and some roots (unit 1b).

Turnbull Site

A 22-m-long trench was excavated adjacent to the Turn-
bull power station access road, approximately 100 m north of
the present river channel (Fig. 1). The scarp at this site trends
055°, and is about 1.5-m high, upthrown to the southeast, but
has been modified somewhat by construction of the adjacent
road. Heavy forest covers the trace everywhere, except in the
vicinity of the trench. The fault is manifest as a fan-shaped

40 cm wide zone of
disturbance in gravels

12982+75 14C yr

array of planes located at the southeast end of the trench,
spanning a width of 2-3 m (Fig. 12). Upper terminations of
fault planes occur at two distinct levels, one only affecting
the lowermost paleosol (see the following discussion of stra-
tigraphic events), and the other extending up to an unconfor-
mity that we interpret to be artificial, resulting from road
construction. We cannot define the youngest episode(s) of
faulting in the trench.

The stratigraphy exposed in the trench is similar to that
found in the Okuru and Haast trenches with alluvial gravel
overlain by overbank sand, overlain, particularly on the
downthrown (northwest) side, by alternating overbank sand
and paleosols (Fig. 12, Table 1). In addition to the stratigra-
phy observed in the trench, the stratigraphy of a wider area
on the downthrown side of the fault was interpreted from a
series of auger holes up to 105 m from the fault trace. This

Turnbull Trench
Southwest wall

NW

4725 + 60
3643-3362 BC

9

Alpine

Fault - i

zone S s = < EH2

" 31103831 33620ADIIM°dé;E-__ N 10 + 5 v
Scale =

548-688 AD 1000 + 50
] o 968-1162 AD
m 1390 + 60
549-768 AD

Figure 12.

Trench log of the southwest wall of the Turnbull trench. Units are the same as in Figure 6, and radiocarbon ages follow the

same convention as in Figure 6; those in italics are anomalous, and those in normal type are consistent with stratigraphy and used to interpret
the timing of past fault rupture events (Table 2). Event 1 is not observed in this trench. The color version of this figure is available only in the

electronic edition.
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revealed the dimension of the alluvial in-fill on the down-
thrown side of the fault and suggests tectonic downwarping
forming accommodation space following successive rupture
events extended to about 85 m from the scarp. It is likely that
accommodation space of similar dimensions is also present
at the Haast and Okuru sites.

The sequence of stratigraphic events recognized in this
trench is as follows (Fig. 12):

* Unit 6g is an alluvial gravel exposed as the lowermost unit
in the trench and represents the alluvial floodplain of the
Turnbull River;

A weak soil (unit 6p) formed on the alluvial gravel, indi-
cating the river had abandoned this location. Abandonment
may have been initiated by fault rupture causing river
downcutting, such as has been interpreted from the Haast
and Okuru sites, but here there is no structural or strati-
graphic evidence for this;

Soil formation was terminated by arrival of a sand-
dominated alluvial in-fill (unit 5i). This unit is only on the
northwest (downthrown) side of the fault and is inferred to
occur after surface rupture in event 3 (Table 1). The unit
can be traced up to 85 m from the scarp;

A weak soil (paleosol 5p) formed on in-fill sand unit 5i;
In-fill sand (unit 4i) was deposited on paleosol unit 5p,
filling accommodation space created by surface rupture in
event 2 (Table 1). Near the western end of the trench, the
clayey paleosol of unit 5p is squeezed up into unit 4i. This
may be indicative of event 1 in the trench, although
other stratigraphic evidence has been removed by recent
bulldozing;

A channel fill deposit (unit 4c), resembling a back-water
flood channel and swamp on its margins, is interbedded
with sand and clay, and near its center a fine, gravelly sand.
The geometry of this unit suggests scarp-parallel deposi-
tion of units in the lowest part of the down-warped accom-
modation space;

An organically rich, gray, silty sand above the channel fill
unit forms the surface soil away from the scarp, but close to
the scarp is buried by a massive, matrix-supported cobbly
sand that we interpret to be an artificial fill deposit (unit 0)
related to road formation. Thus, the organically rich, gray,
silty sand represents the modern topsoil (unit 1).

L]

Compared with the stratigraphy found in other fault
trenches, we have not observed a paleosol on unit 4 deposits
(unit 4p) or unit 3 alluvial or colluvial units in the Turnbull
trench. It may be that the modern soil is a composite of both
units 1 and 4p. Road construction in the vicinity of the scarp
has obliterated the possibility of observing scarp-derived
units in close proximity to the fault plane.

Summary of Criteria for the Identification
of Surface-Faulting Events

In the description of stratigraphy in each of the trenches,
some introduction to the identification of surface-faulting

events has occurred. The manifestations of faulting take a
variety of forms, and it is the joint or multiple indicators for
faulting at particular horizons that provide confidence in the
interpretations (see Table 1 for summary). Key criteria for
faulting are:

* Fault juxtaposition of contrasting units and identification
of upper terminations of fault strands. Both aspects of this
criterion have been used in this paper, and with the faulting
generally being distributed across several planes, upper
terminations are particularly evident (e.g., Haast south and
Okuru north trenches; Figs. 6, 10). These criteria are im-
portant in the definition of each of the three surface-fault-
ing events.

 The presence of liquefaction sands adjacent to the fault at
the Haast south trench (Fig. 6) is not a direct observation
of rupture of the Alpine fault because a possibility exists
that successive distant earthquakes triggered the liquefac-
tion. However, the colocation of the liquefaction and the
Alpine fault and other corroborative stratigraphic criteria
make the observed liquefaction features a very probable
indicator of the fault rupture events. The observation of
the sand dike and the sand boil on the former ground
surface as marked by paleosols provides very good strati-
graphic definition of the E2 and E3 surface-faulting
events.

* The presence of thicker, fine-grained, overbank flood
deposits on the downthrown side of the fault is interpreted
to be evidence for preceding land surface change and
opportunity for sedimentation in newly formed accommo-
dation space. These deposits are common in all five
trenches and are important in identifying surface-faulting
event | in all except the Haast north trench, and event 2 in
the Haast south, Okuru south, and Turnbull trenches
(Table 1; Figs. 6, 7, 11, 12).

* The presence of wedge-shaped colluvial units thinning
away from the surface scarp and fault plane are often in-
terpreted as forming consequent to surface fault rupture
and represent local erosion and deposition by surface
processes active in reestablishing landscape stability
(see McCalpin, 1996 for review). Scarp-derived colluvial
wedges are recognized in all except the Turnbull trench
and are important in constraining events 1, 2, and 3
(Table 1).

Dating of Surface-Faulting Events

Three faulting events are recognized within three of the
five trenches (Table 1). The Haast north trench site is on a
lower terrace than other localities, and only records two
events since the abandonment of the alluvial surface asso-
ciated with unit 6g. Surface modification at the Turnbull
trench site appears to have removed evidence of the most
recent event. The oldest faulting event at both the Haast south
and both Okuru sites occurred immediately prior to, and
probably induced, abandonment of equivalent river flood-
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plains at both sites. At the Haast south trench the fault dis-
placement resulted in deposition of a channel-fill sand unit
on the downthrown side of the fault. Closely spaced auguring
to define the margin of the buried channel deposit, which was
partly exposed crossing the southern trench, indicates a total
dextral offset of 25 + 4 m (the &~ 28 m dextral offset of chan-
nel 1 of Fig. 6 is the surface expression of the displacement).
The riser at the back of the T2 terrace at Okuru is dextrally
displaced by 23 4 3 m. This represents the cumulative dex-
tral displacement in the three events recorded in the stratigra-
phy at both the Haast and Okuru sites.

Constraints on the times when surface ruptures occurred
has proven problematical. At the Turnbull trench many or-
ganic samples were collected and dated, but two from unit 5P
are inferred to have been contaminated by a source of old
carbon because the late Pleistocene or middle Holocene age
is inconsistent with other ages, and others appear to be tree
root material growing down from higher and younger hori-
zons (Table 2). Two wood samples and bark from tree fern
obtained from paleosols in the Turnbull trench are useful in
providing maximum ages for events 2 and 3 (Table 2). In the
Haast and Okuru trenches the only readily dateable material
found were small, black, kidney-shaped seeds that occur
extensively in the overbank silt and sand deposits, within
paleosols developed in these units, and sparsely within col-
luvial wedge units. The seeds are from grasses that grew on
successive paleo-ground surfaces at or perhaps a little up-
stream of the trenching sites. Two samples from the unit 6p
paleosol on the package 6g gravels at Turnbull trench predate
event 3 (A.D. 549-768 and A.D. 548—-688, with 20 uncertain-
ties), placing a constraint on event 3 as younger than circa
A.D. 550. The oldest date of the package 5 paleosol unit
comes from the Turnbull site; this places a minimum age
constraint on event 3 as older than A.D. 813. Using these
results in the OxCal program (Bronk-Ramsey, 2010) pro-
vides a best-estimate of the timing of event 3 at
A.D. 688-1066 (Fig. 13, Table 2).

Three accelerator mass spectrometry radiocarbon dates
of separated seeds from the package 5 paleosol predate
event 2 (A.D. 813-1032, A.D. 1016-1264, and A.D. 1158-
1295), two in-fill units (postfaulting) from package 4 at
the Okuru south and Haast north trenches (A.D. 1264-
1412 and A.D. 1269-1413), and a less precise colluvial
wedge age (A.D. 1211-1668) place minimum age con-
straints on event 2 (Table 2). Using these ages on the OxCal
program provides an age range for event 2 of A.D. 1211-
1371 (Fig. 13, Table 2).

The age of the most recent event is poorly constrained
because of the wide possible age range of the single sample
from the Okuru north trench that postdates the event. This
sample from a package 3 colluvial wedge has an age of
A.D. 1483-1682, plus A.D. 1736-1808, plus A.D. 1931-1945
(Table 2). We can limit the range somewhat by a historical
constraint of no surface fault rupture since European settle-
ment for which we use a date of A.D. 1840. Thus, the event is
post circa A.D. 1483 and is older than A.D. 1840 from
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Figure 13. OxCal stratigraphic ordering plot for sites on the
Alpine fault in South Westland. Shaded regions represent calibrated
age distributions (probability density functions [PDFs]) for radio-
carbon dates and combinations of radiocarbon dates (shown by
Phases). Prior age distributions are shown by light shaded PDFs;
medium shaded PDFs represent posterior (shaved) radiocarbon
age distributions. Dark colored PDFs show the age distributions
of the three paleoseismic events on the fault. Ages shown at top
right with arrows are estimates for the timing of recent ruptures
on the Alpine fault from Wells and Goff (2007).

historical records. The OxCal program indicates an age range
of A.D. 1403-1774 for the most recent, event 1.

Discussion

Fault trench excavations at Haast, Okuru, and Turnbull
River localities and radiocarbon dating of materials at these
sites indicate that three, large-to-great earthquakes, each with
8-9 m of dextral displacement and about 1 m of vertical
displacement, have occurred in the Haast area since circa
A.D. 688. The interpretation of three events is supported by
evidence for three geomorphic displacements of 8-9 m in a
total of 25 &+ 3 m dextral displacement, stratigraphic units
that fill space created by successive surface-faulting events
and successive liquefaction layers expelled to the paleo-
ground surface. If there were additional surface-faulting
events, their surface expression and stratigraphic signature
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must be smaller than the &~ 100-mm resolution of piercing
points exposed in trenches or &~ 0.5 m of geomorphic dis-
placement. We do not see any evidence in the stratigraphy
of five trenches at three separate site for such events, but
we cannot categorically rule them out.

Because the observed single-event displacement is
8-9 m, we expect that each of the three surface-rupturing
earthquakes observed at Haast involved rupture of several
hundred kilometers of the Alpine fault, possibly involving an
offshore section as proposed by Barnes et al. (2005), and
much of the south and central Westland fault sections. We
tentatively interpret the most recent event (event 1) occurred
in circa A.D. 1717 (within the modeled OxCal range of
A.D. 1403-1774), because of off-fault data along the south-
ern section of the fault such as tree growth anomalies (Coop-
er and Norris, 1990; Wells et al., 1998), and major dune-
building episodes (Wells and Goff, 2007). The proposed
A.D. 1717 age is preferred rather than the slightly older circa
A.D. 1615 £ 10 event that has been widely identified on the
northern Alpine fault (Yetton, 1998), because landscape
impacts of the circa A.D. 1615 +£ 10 event in South Westland
are not strong (Wells and Goff, 2007).

Event 2 at Haast occurred in the interval A.D. 1211-1371,
which would suggest correlation with a major landscape
change eventin about A.D. 1230 % 50 (Wells and Goff, 2007).
No older major landscape change events have been dated in
South Westland, so our on-fault age determination of
A.D. 688-1066 is the best estimate for the age of event 3
on the southern section(s) of the Alpine fault.

The on-fault data presented in this paper support only
three surface-faulting events in the Haast area since circa
A.D. 700. So what do the additional widespread landscape
change events reported by Wells and Goff (2007) from dis-
persed locations adjacent to the Alpine fault at A.D. 1826,
circa A.D. 1460, and circa A.D. 1615 represent? Most of
the off-fault information on earthquake occurrence stems
from episodic and widespread evidence for slope instability
in the Southern Alps and rapid sedimentation pulses seen as
aggradation terraces, landslides, forest cohort development,
and coastal progradation events. Earthquake shaking gener-
ally extends over a much larger area than the surface fault
rupture, and this provides the most obvious reconciliation
between on-fault and off-fault earthquake information. The
A.D. 1826 earthquake may have been a subduction event in
the Fiordland subduction zone (Downes et al., 2005), while
the circa A.D. 1615 event is related to rupture of the northern
section of the Alpine fault (Yetton, 1998). The circa
A.D. 1460 event has not been identified in any on-fault
record, so it may be related to an earthquake that occurred
within the southern Alps and not on the Alpine fault.

Accepting the long-term average horizontal slip rate of
23 + 2 mm/yr (Sutherland er al., 2006) and ~ 8-9 m
single-event displacement for the southern, on-land section
of the fault, this would suggest an average recurrence interval
of 369 + 59/ — 49 years. The paleoseismic data we have
developed from the Haast area indicate intervals of 380-

580 years between events 1 and 2, and 440-540 years be-
tween events 2 and 3, averaging 485 years, with an elapsed
time of circa 295 years (in A.D. 2011) since the most recent
event. The discrepancies between average recurrence and the
last two intervals from on-fault data may be considered in
several ways: (i) the fault does not rupture in periodic fash-
ion, such that the last two intervals are about 100 years long-
er than the long-term average; (ii) not all of the strain was
released in the last event and there is a surface slip deficit
accumulating; (iii) the average horizontal slip rate of
23 + 2 mm/yr established for the section of the fault about
50-120 km southwest of Haast is a little higher than actually
occurs in the Haast area; or (iv) there is significant distributed
faulting or off-fault deformation not currently identified as
coseismic. The observed single-event horizontal displace-
ment of 8-9 m and recurrence interval average of 485 years
can be reconciled if the local strike-slip rate on the fault were
~ 17-18 mm/yr, or average horizontal displacement per
event was about 11 m, or many combinations of the two.

At the San Andreas fault, Thatcher and Lisowski (1987)
and Salyards et al. (1992) have reported shear deformation,
up to 40 m from the fault, that has contributed significantly
to the coseismic displacement of the 1906 rupture, and
to coseismic displacements at the Pallet Creek locality.
Similarly, deformation over a zone at least 100-m wide has
been observed along the Greendale fault, which has been
documented in the immediate postrupture period following
the September 2010 Darfield earthquake in the Canterbury
region of New Zealand (Quigley er al., 2012). Perhaps the
difference between 8-9-m dextral displacement observed at
the Alpine fault trace and the required 11 m to account for the
long-term slip rate and recent recurrence intervals may be
accomplished by distributed shear adjacent to the fault trace.
The pattern of braid channels on the terrace surfaces at the
fault traces at Haast, Okuru, and Turnbull Rivers do not have
sufficient resolution to detect this amplitude of possible dis-
tributed shear.

Conclusion

We interpret simultaneous terrace formation and initial
rupture of terrace gravel at Haast, Okuru, and Turnbull
localities at about A.D. 700-800 to be due to the vertical
component of displacement in a major surface-rupturing
earthquake. The date of the penultimate event is probably
about A.D. 1230 £ 50. The most recent event is consistent
with circa A.D. 1717, the same as published dates of the last
event at John O’Groats River (Cooper and Norris, 1990). The
last three ruptures on the southern section of the Alpine fault
occurred with an average recurrence interval of about
485 years. Each was associated with ~ 8-9 m strike-slip
and up to 1 m dip-slip displacement.

The results of this study indicate the recurrence of great
earthquakes on the southern section of the Alpine fault may
be longer than the 200-300 years previously considered, and
may, on average, be as long as 480 years. The consequences
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of this scenario are that a large-to-great earthquake is not im-
minent on the fault with its circa 295-year elapsed time. If the
dextral slip rate of 23 + 2 mm/yr on the southern section of
the Alpine fault is correct, then strike-slip motion in each
surface rupture, perhaps across a broader deformation zone
than is currently recognized, may average 11 m.

Data and Resources

All data used in this paper are observations of the
authors or came from published sources listed in the refer-
ences. The OxCal program developed by Bronk-Ramsey
(2010) (http://c14.arch.ox.ac.uk, last accessed January 2011)
was used in developing the earthquake event chronology.
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