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Folding and the formation of bedding-parallel faults on the western limb of
Grey Valley Syncline near Blackball, New Zealand
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Abstract Fresh roadside exposures of faults on the western
limb of Grey Valley Syncline near Blackball (West Coast,
South Island) provide new information on the kinematics
of folding since c. 2.5 m.y. ago. These faults are parallel to,
or dip within 10° of, steep bedding (60->90°) in Pliocene
Old Man Group, and offset two gently dipping Quaternary
gravel formations. Deformed gravel sequences record
reverse-fault displacements of 0.5-c. 80 m and bed dips of
5-50°, which accumulated over the last c. 450 000 yr. The
dip of Quaternary gravel beds and fault displacements
decrease up-sequence, suggesting that gravel deposition and
deformation were synchronous. Bedding-parallel faults in
Old Man Group are typically located at the boundaries
between mudstone beds and coarser grained sandstone or
conglomerate beds. The bedding-parallel orientations of the
faults, fault slickenside striations approximately normal to
the hinge of Grey Valley Syncline, and total fault
displacement across the fold limb are consistent with these
structures being flexural-slip faults formed during folding.
Small amounts of bedding-parallel shortening and extension
within Pliocene strata between faults indicate non-rigid
deformation of the limb and departure of folding from an
ideal flexural-slip model.
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Suggate (1957) presented the first detailed account of
active flexural-slip faults in a study from Reefton on the
West Coast of the South Island, New Zealand, and his
conclusions have been supported by subsequent work in New
Zealand, the United States, and Japan (e.g., Young 1963;
Ota & Suzuki 1979; Rockwell 1983; Yeats 1985, 1986a,b).
Integral to all of these studies is the presence of planar fluvial
surfaces or sequences that are generally of low dip (e.g.,
<20°) and overlie the steep limb of a fold with angular
unconformity. These horizons are tectonic markers that
record increments of displacement on faults (Fig. 1), which
would otherwise be difficult to document.

This paper presents the results of an investigation of six
faults immediately north of Blackball on the western limb
of Grey Valley Syncline, West Coast, New Zealand (Fig.
2A-C). These faults are exposed in new road cuttings and
can be correlated with three faults that displace a tilted fluvial
terrace, which were inferred by Young (1963) and Yeats
(1985, 1986a,b) to be bedding-parallel faults formed during
folding. The road exposures, created in 1999, have allowed
us to assess relationships between the orientation of faults
and Pliocene bedding, to characterise fault offsets of two
distinct Quaternary-gravel formations, and to determine the
kinematics of faulting. These data place constraints on the
folding process within a small part of the steep limb of the
syncline (Fig. 2A).

GEOLOGICAL SETTING AND DATA

New Zealand straddles the boundary between the Pacific
and Australian plates, which are currently converging
obliquely (DeMets et al. 1994). In South Island of New
Zealand, the Alpine Fault is the principal plate boundary
structure (Fig. 2D), but active deformation is distributed

INTRODUCTION

In regions undergoing contraction, many reverse faults are
either blind (i.e., do not reach the ground surface) or covered
by fluvial deposits, and raised topography in the hanging
wall of the fault is commonly the most obvious expression
of vertical displacement. In such cases, analysis of folding
may produce information about the growth history or
earthquake potential of a fault (e.g., King & Vita-Finzi 1981;
Stein & King 1984; Stein & Yeats 1989; Anderson et al.
1994; Yeats et al. 1997). In some instances, folding is
accommodated by displacement on flexural-slip faults which
form active traces.

Active fault traces
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Fig. 1 Schematic diagram showing the geometry of flexural-slip
faults and their displacements of late Quaternary coverbeds on
the steep limb of an asymmetric syncline. Modified from Yeats et
al. (1997).
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Fig. 2 Map and cross-sections of
faulted terraces near Blackball. A,
Geological sketch map, showing
the location of fault traces
(labelled A, B, and C from Young
1963) in relation to the
Montgomerie Fault. B, Cross-
section Y-Z, based on available
surface and subsurface inform-
ation (Young 1963; Nathan 1978b;
Suggate & Waight 1999). C,
Topographic section across fault
traces (modified from fig. 7B of
Young 1963) with vertical ex-
aggeration x2.5. D, Map of South
Island, New Zealand, showing the
location of this study.

across the entire island (Walcott 1978). Deformation west
of the Alpine Fault is dominated by active reverse faults
and related folds, which form range and basin topography
(Fig. 2D) (Nathan 1978a; Suggate et al. 1978; Yeats &
Berryman 1987). These contractional structures are
commonly reactivated normal faults which initially
accommodated Late Cretaceous or early Tertiary extension
(Nathan et al. 1986).

Reverse faults and related folds in the region of range
and basin topography strike NNE and dip both to the west
and east. Many reverse faults offset the steep limb (e.g.,
60->90°) of fault-related asymmetric folds, or monoclines,
formed within Cretaceous-Tertiary strata (Fig. 2B, cross-
section). In places, reverse faults do not break the ground
surface, and all shortening at that level has been accom-
modated by folding. Faulting and folding collectively
accommodate vertical displacements of up to 4 km on
individual structures (Nathan 1978a, b; Anderson et al. 1994;
Suggate & Waight 1999).

Two sets of stratigraphic data constrain, on a regional
scale, the maximum possible age of latest Tertiary contrac-
tional deformation. First, Miocene and Pliocene sediments

are generally conformable and exhibit a comparable amount
of shortening, indicating that deformation mainly followed
deposition of Old Man Group, the youngest preserved
Pliocene rocks. Second, the occurrence of widespread schist
and greywacke conglomerate in the Old Man Group derived
by erosion of rocks on the eastern side of the Alpine Fault
suggests that, at this time, there were no significant physical
barriers (e.g., range and basin topography) to westward
transport of sediment from the rising Southern Alps (Nathan
et al. 1986). Pollen from within the upper Old Man Group
indicate a Nukumaruan age (Suggate & Waight 1999),
which, based on the time-scale of Morgans et al. (1996),
ranges from c. 1.6 to 2.5 Ma. Thus, topography-forming con-
traction probably commenced no earlier than 2.5 m.y. ago.

Faulting and folding of terrace surfaces indicate
deformation over the last 200-300 000 yr (Suggate & Waight
1999), while large-magnitude earthquakes at Inangahua
(1968 Ms 7.4, Anderson et al. 1994) and Murchison (1929
Ms 7.8, Doser et al. 1999) indicate that movement on reverse
faults continues to the present day. Collectively, the data
suggest that contractional structures are mainly Pleistocene
in age.


