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hard or impossible to show that they were reactivating older struc-
tures as most of them are blind structures or cut through late 
Pleistocene gravels that had not previously been deformed. Here 
we provide some tentative arguments on possible reactivation 
based mainly on geometric grounds.

The east–west-striking Greendale Fault formed right above a 
late Cretaceous normal fault in the subsurface that has been robustly 
inferred from the gravity data. This late Cretaceous fault is proba-
bly dipping at about 60° to the south, whereas the largely dextral 
Greendale Fault is subvertical with a south-side-up component of 
movement (Quigley et al. 2011). Similar cases where the strike of 
a new fault has been inherited from older structures but the dip has 
not have been reported by Ring (1994) from the East African Rift. 
According to Ring (1994), the new fault needs a nucleation point, 
which is provided by the pre-existing structure. Above and below 
the pre-existing structure are numerous fracture surfaces that are 
subparallel to the pre-existing fault and also subvertical extension 
fractures. After having nucleated along a pre-existing structure the 

new fault propagates, at least in part, in its own way and would use 
the pre-existing fault-parallel and vertical fractures wherever con-
venient.

We suggest that a similar mechanism operated in Canterbury 
when the Greendale Fault formed. The initial anisotropy may have 
been provided by Jurassic–Cretaceous thrusts and reverse faults in 
the Torlesse accretionary wedge that guided the development of the 
late Cretaceous normal faults (Barnes 1994), which then in turn 
helped the nucleation of the recent faults.

South of Christchurch marks an area where the recent strike-slip 
deformation is changing into oblique thrusting along ENE–WSW-
striking faults and the new Port Hills Fault developed in the late 
Pleistocene gravel along the northern interface of the volcanic 
rocks and gravel. We mapped similarly ENE–WSW-striking faults 
in and near Lyttelton Harbour (Fig. 13) and argued above that they 
either are rotated east–west faults or formed when the Chatham 
Rise encroached. This reasoning would again suggest that older 
faults may have guided the recent faults and we propose a similar 
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Fig. 13. Digital elevation model of the northeastern part of Banks Peninsula showing the major faults and the maximum horizontal extension direction 
inferred from the fault slip data shown in Figures 4–7. In those cases where the maximum shortening direction is near-horizontal, the shortening direction 
has been projected into the horizontal and is also shown. It should be noted that both the maximum extension and the shortening directions have been 
projected into the horizontal (SHmax and SHmin) and therefore do not coincide with the strain axes shown in Figures 4–7. Also shown is our interpretation 
of the kinematics of the major faults along which the data have been collected. The envisaged releasing bend model for the formation of Lyttelton 
Harbour is indicated by the large white arrows. The east–west-oriented depocentre is interpreted as a result of a complex dextral releasing bend structure 
between the NNE–SSW-striking dextral strike-slip to oblique-slip faults.
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nucleation mechanism to that envisaged for the Greendale Fault. 
We further speculate that the upward propagation of the Port Hills 
Fault was, at least in part, controlled by the contact between the 
volcanic rocks and the basement and late Cretaceous–Tertiary sed-
iments into which the volcanic rocks intruded.

The sinistral Godley Head–Port Levy Fault also seems to have 
reactivated older structures as it is dipping at 70° and not vertical 
(R. Sibson, pers. comm.). However, these NW–SE-striking accom-
modation structures do not run parallel to any obvious pre-existing 
structural grain, so further speculations on possible reactivation 
mechanisms are not warranted.

The loading of the about 1000 km3 volcanic edifice of Banks 
Peninsula elevates the vertical stress and therefore increases the 
strength on any non-vertical fault. This might be the reason why the 
Port Hills Fault slipped at the northern periphery of the volcanic edi-
fice, where the latter is covered by gravel and its thickness is signifi-
cantly reduced. We also note that most of the reverse slip on the Port 
Hills Fault occurred near the surface and along the eastern segment 
of the fault (Beavan et al., 2011), where the vertical stress was less.

Conclusions

We have shown that the eruption of the early volcanic rocks 
(Lyttelton Volcanic Group) on Banks Peninsula was controlled by 
NE–SW-striking dextral oblique-slip faults and we have speculated 
that the Lyttelton Harbour region represents the eroded remnants of 
a dextral pull-apart basin. Later volcanic vents tend to align with 
roughly north–south-striking oblique reverse faults, suggesting a 
more pronounced ESE–WNW-trending shortening component 
after about 10 Ma. Both the NE–SW- and the north–south-striking 
faults appear to be inherited structures that formed as a response to 
late Cretaceous extension of a former subduction-related accretion-
ary wedge. Lyttelton volcanism was focused at releasing bends in 
the dextral pull-apart basin, with further volcanism on Banks 
Peninsula proposed to be concentrated at fault intersections in a 
regional horst structure.

Late Cretaceous east–west-striking normal faults also represent 
an important anisotropy that controlled the recent series of 

Canterbury earthquakes. Rupturing that caused the earthquakes did 
not occur parallel to pre-existing faults but the latter rather served 
as nucleation points for the recent faults. In addition to the east–
west-striking faults, ENE–WSW-striking faults were important for 
earthquake generation. The ENE–WSW-striking faults also occur 
in the Lyttelton Harbour area and are considered to be either rotated 
late Cretaceous east–west faults or faults that formed in the late 
Miocene when the encroaching Chatham Rise interacted with the 
developing plate boundary zone on the South and North Island of 
New Zealand.

We thank two anonymous reviewers and editor R. Phillips for helpful 
comments, K. Furlong for providing the sketch showing the relative plate 
motions, and F. Ghisetti and R. Sibson for discussions.
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Fig. 14. Local setting of the Christchurch 
earthquake sequence. Surface rupture 
along the Greendale Fault is from 
Quigley et al. (2011) and other faults 
with inferred kinematic axes are from 
Sibson et al. (2012). Also shown are 
main faults in Banks Peninsula with 
kinematic axes inferred from the data 
presented in Figures 4–12. Because the 
method used for constructing principal 
shortening and extension axes for a given 
population of faults is similar to that used 
to determine infinitesimal strain directions 
for earthquake focal mechanisms (P- and 
T-axes, respectively), the kinematic 
axes can be compared. Fault pattern and 
deduced kinematic axes in Banks Peninsula 
do not differ significantly from those for 
the recent faults. The basement in shown 
in dark grey and the Tertiary sediments in 
light grey.
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