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Abstract Blackstone Hill is a northeast-trending ridge
of schist basement rising between the Ida Burn and
Manuherikia River valleys. Deformation of young sediments
and uplift of strath river terraces cut into both sides of the
ridge indicate that its rise is an ongoing, late Cenozoic
phenomenon. Deformation of poorly exposed cover
sediments at the ridge margins appears to be relatively
localised and complex. In the schist basement, a new
generation of fractures has developed to accommodate late
Cenozoic deformation. The basement also displays a
prominent lineation and foliation of Mesozoic age. Lineation
defined by quartz rodding trends c. 020°. The orientation of
foliation varies and defines the Blackstone Hill Nappe, a
large synmetamorphic fold of Mesozoic age with a hinge
trending c. 167°.

The Otago Peneplain, the regional unconformity between
schist basement and overlying sedimentary cover, was a
subhorizontal erosion surface before the onset of ridge
formation. It is now warped around the late Cenozoic
Blackstone Hill Antiform hinge, which trends 035°, rather
than offset discontinuously along a range-scale fault. The
antiform is box-shaped, asymmetric, and open, although the
peneplain may be steeply tilted at depth. Data from a strath
terrace system indicate that, on the flanks of the antiform,
the peneplain has been progressively tilted during folding.
Drainage patterns incised into the peneplain suggest that the
southeastern flank of the antiform began rising before the
northwestern flank. These observations are consistent with
a fault-propagation fold model for the Blackstone Hill
Antiform, whose geometry is best explained by reverse
motion along two steep faults at depth. Variations in
basement fabric related to the Mesozoic Blackstone Hill
Nappe have mechanically influenced the development and
topographic expression of the antiform.
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INTRODUCTION

Active deformation in central South Island, New Zealand,
accommodates oblique collision between the Australian and
Pacific plates. Oblique slip on the Alpine Fault accommo-
dates at least half, and probably much more, of required plate
motion (DeMets et al. 1990; Cooper & Norris 1994;
Sutherland 1994). The remainder is accommodated by
distributed deformation in a 100-200 km wide zone east of
the Alpine Fault (Norris et al. 1990). In central and eastern
Otago, this distributed deformation has resulted in uplift of
basement blocks by late Cenozoic folding and reverse
faulting. Disturbance of the Otago Peneplain, a surface
produced by Late Cretaceous to mid Tertiary erosion of the
basement (Cotton 1917; Le Masurier & Landis 1996),
geometrically defines two sets of uplifting mountain ranges
(Fig. 1; Bishop 1994). The Kakanui Mountains, Hawkdun
Range, and St Bathans Range are northwest-trending ranges
formed by the late Cenozoic uplift of greywacke and
semischist basement along northwest-striking reverse faults.
Active fault zones tend to coincide with major discontinuities
in the metamorphic grade of basement rocks across which
greywacke or semischist and schist are juxtaposed. This
juxtaposition is commonly interpreted as evidence of
Cretaceous normal faulting, and the late Cenozoic uplift
probably occurs by reactivation of these older structures in
areverse sense (Bishop 1974). Therefore, pre-existing zones
of weakness in basement rocks appear to control the
structural style of the northwest-trending ranges.

The Dunstan Mountains, Blackstone Hill, Raggedy
Range, Rough Ridge, and Rock and Pillar Range are
northeast-trending ranges defined by uplifting ridges of
schist basement. The schist basement of the northeast-
trending ranges, unlike the northwest-trending ranges, is of
relatively uniform metamorphic and textural grade. Thus,
evidence is lacking for reactivation of pre-existing zones of
weakness in the basement in the northeast-trending ranges.
The structural style of these late Cenozoic ranges is poorly
understood. Many workers have inferred the existence of
range-scale northeast-striking reverse faults along ridge
margins to explain uplift, particularly for the Pisa and
Dunstan Ranges west of Blackstone Hill (e.g., Mutch 1963;
Yeats 1987; Madin 1988). In the field, however, range-scale
faults defining the range front are elusive (e.g., Norris et al.
1987). Field studies show that many faults in both basement
and cover rocks along range-fronts are relatively small
(generally outcrop-scale), unevenly distributed, and complex
(Beanland et al. 1986; Walcott 1988; Salton 1993). Jackson
et al. (1996) hypothesised that range-scale reverse faults exist
at depth but that, at the surface, the northeast-trending ranges
are best described as fault-propagation folds (see also Benson
1941). Along the fronts of the higher ranges, for instance
the Dunstan Range (Beanland et al. 1986; Madin 1988),
zones of Late Quaternary faults up to 1 km out from the
range front probably represent propagation of the underlying






