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A late Quaternary extension rate in the Taupo Volcanic Zone, New Zealand,
derived from fault slip data
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Abstract A northwest-southeast oriented extension rate
from faulting for a time-averaged period of c. 50 000 yr
(10 000-64 000 yr), across the Ngakuru-Waikite depression
(modern Taupo Fault Belt, central Taupo Volcanic Zone),
has a best estimate of 1.9 mm/yr (in a range of 1.2-2.8 mm/
yr) in the near surface, but increases to a best estimate of
6.4 mm/yr (in a range of 3.6-10.2 mm/yr) at seismogenic
depths of 6-10 km. We obtain this result by summing the
vertical components of fault displacement across known-
age surfaces, or as the vertical component of displacement
in stratigraphic units of known age, within the 14 km wide
zone of active normal faulting. We convert the summed
vertical slip rate of 7.2 ± 0.4 mm/yr to dip-slip displacement
rate and to northwest-southeast extension by estimating a
range of possible fault plane dips at the surface and at
seismogenic depth. Fault displacement at seismogenic depth
in large events is on average 1.6 times larger than at the
surface, and for earthquake magnitudes of A/6.8 and smaller,
about one-third of the displacement occurring with the whole
Gutenburg & Richter distribution of earthquakes in the
modern Taupo Fault Belt will not rupture to the ground
surface. Fault dip averages c. 75° in the near surface, but is
poorly constrained at seismogenic depth in the Taupo Fault
Belt. From a variety of local and literature considerations,
we propose a dip of c. 60° at seismogenic depth in the Taupo
Fault Belt. Our observations suggest only a minor component
of extension at the surface (c. 5%) is contributed by small
scale faulting below our observation threshold of 0.1-0.5 m
of fault slip. The c. 4.5 mm/yr difference in extension rate
between seismogenic depth and the ground surface may
represent the surface extension rate caused by a combination
of opening of extension fractures and penetrative grain-scale
extensional deformation.
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INTRODUCTION

The Taupo Volcanic Zone (TVZ) is the dominant locus of
late Pliocene and Quaternary volcanic activity in New
Zealand resulting from subduction of the Pacific plate
beneath the North Island (Wilson et al. 1995) (Fig. 1). The
tectonic context of the TVZ has been variously interpreted
as a volcanic arc (Ballance 1976) and/or a backarc spreading
region west of a chain of active andesite-dacite volcanoes
(Cole&Lewis 1981; Cole etal. 1995). Published estimates
of the rate of contemporary or Quaternary extension range
from c. 3 to 20 mm/yr, but most have major inbuilt
assumptions (Table 1). In this paper, we establish fault slip
rates, and from these, an estimate of the geological extension
rate in a northwest-southeast transect across the TVZ located
c. 20 km southeast of Rotorua.

At the ground surface, geological extension is manifest
by normal fault scarps and by extensional fractures. Both
components were observed in the surface faulting associated
with the 1987 Edgecumbe earthquake. At some locations,
the rupture was manifest as a surface flexure with a
predominance of extensional cracks, and at other locations
by faulting that had components of both slip on a steep fault
plane and extension in the form of open fissures (Fig. 2).
Within the TVZ there is widespread evidence of extension
fractures (locally referred to as tomos) both along and away
from faults. Evidence of compactional strain in the weak
high-porosity rock units of the near-surface geology of the
TVZ is also widespread, so there is equally a likelihood of
penetrative extensional strain distributed at grain-scale
throughout the rock mass. A quantitative assessment of the
relative contributions to extension near the ground surface
by these three processes is difficult to obtain and is likely to
vary from place to place. We can, however, obtain an
estimate of the horizontal extension rate by faulting, by
summing the vertical component of displacement on each
fault, irrespective of facing direction and direction of fault
throw, because each contributes a component of horizontal
extension as a function of fault dip (Fig. 3).

In this paper, we also obtain a minimum estimate of
extension at inferred fault rupture initiation depths of 6-10
km. The dip of many and perhaps most normal faults
increases in the near surface, from probable initial dips of
58-68° (Anderson 1951; Jaegar& Cook 1979; Sibson 1994).
However, dips at seismogenic depths may decrease over time
because of domino rotation (Jackson & McKenzie 1983)
and the evolution of fault zones (e.g., McClay & Ellis 1987;
Thatcher & Hill 1991). Inversions of geodetic and
seismologic data for some normal fault ruptures suggest dips
in the range of 35-65° at seismogenic depth (Jackson &
White 1989). There are also limited data from historical
normal faulting events where both the average slip on the
seismogenic fault plane and average surface slip have been
recorded. These data suggest that, on average, subsurface
slip is 1.6 times larger than average surface slip (in a range




