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The application and implications of rock weathering-rind dating to a large rock
avalanche, Craigiebum Range, Canterbury, New Zealand
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Abstract Weathering-rind dating of a rock-avalanche
deposit in the Ryton valley, Craigiebum Range, Canterbury,
New Zealand, previously considered to be of one event,
revealed two events, one at approximately A.D. 1422 (±96
years) and one at approximately A.D. 1632 (±55 years). Two
distinct source areas were identified, with the younger
avalanche deposit mantling part of the older deposit.
Correlation with other rock avalanche events in the Southern
Alps suggests that between A.D. 1400 and 1500 there was a
large magnitude seismic event causing widespread,
coseismic rock avalanching. Further correlation with other
rock avalanche dates in this region should contribute to
continued refinement of paleoseismicity in the Canterbury
region.
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INTRODUCTION

Rock avalanches are significant and frequent disturbance
events that modify mountain landscapes in New Zealand.
They are characterised by large volumes of rock debris
flowing rapidly downslope. Rock avalanches can be
triggered by high intensity rainfall in storm events but can
also occur without an obvious trigger (e.g., Hancox et al.
1991; McSaveney 1992a). However, rock avalanches are
often caused by seismic activity (Speight 1933; Burrows
1975; Whitehouse & Griffiths 1983). Because the Southern
Alps of New Zealand is an active seismic zone and
dominantly composed of weak, highly fractured greywacke,
rock avalanches are a feature of this region. In a 10 000 km2

area in the central Southern Alps of New Zealand,
Whitehouse (1983) and Whitehouse & Griffiths (1983)
identified 46 rock avalanches ranging in age from 21 to
10 250 years B.R Because of this association with the active
seismic zone of the Southern Alps, identification and dating
of large rock avalanches may provide a useful diagnostic
tool in determining seismicity in this region (e.g., Bull 1996a,
b. Cowan et al. 1996). However, to do this, the ages of rock
avalanche deposits need to be established over a wide area.
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Whitehouse (1981) described a large rock avalanche in
the Ryton valley, Craigiebum Range, Canterbury, that had a
likely seismic trigger due to its close proximity to fault zones
and its large size. Avalanche debris from this event is spread
over c. 4 km2 with an estimated volume of 0.5 km3

(Whitehouse 1981). Two source areas were identified on the
summit and western flank of a former peak at the southern
end of the Craigiebum Range behind Porter Heights skifield
(Fig. 1).

The avalanche deposit is composed of well indurated,
fractured siltstone and sandstone of the Torlesse Supergroup,
which is the dominant lithology of a significant part of the
South Island mountains (Ricker et al. 1993). When these
rocks are exposed to atmospheric weathering, distinctively
coloured rinds develop and thicken with time. These rind
thicknesses can be used to calculate the approximate age
of a deposit's surface (Chinn 1981; Birkeland 1982;
Whitehouse & McSaveney 1983; McSaveney 1992b).
Whitehouse (1981) used this technique to date the surface
of the Ryton valley avalanche. However, there is lack of
agreement over the age of the Ryton valley deposit with
discordant ages from weathering rinds and radiocarbon
dating (Whitehouse 1981), and from lichenometry (W. Bull
pers. comm. 1992). The purpose of this study was to use
weathering-rind thickness to investigate whether there was
any spatial variation in age over the Ryton valley rock
avalanche deposit which might explain the discordant ages,
and also to add to the database of rind measurements for
New Zealand rock avalanches.

METHOD

Sampling of weathered boulders on the Ryton valley
avalanche surface was undertaken following the procedure
set out by Chinn (1981), Whitehouse et al. (1986), and
McSaveney (1992b). Five sample sites (A1-A5) were
chosen along a north-south transect across the avalanche
debris (Fig. 1). Rind samples were taken using a geological
hammer and a 5 kg sledgehammer, with each sample
consisting of 30-50 chips. Care was taken in sampling to
avoid sites with obvious recent disturbance, and sampling
was biased to large boulders, which provide a more likely
indication of age due to lower likelihood of disturbance by
such processes as frost heave. Samples were collected from
flat-topped ridges to minimise any possible enhancement
of weathering by late-lying snowpatches, as suggested by
Ballantyne et al. (1989).

The weathering rinds on each chip were measured under
a 20x power binocular microscope, using artificial bright
light with a digital reading caliper recording to 0.01 mm,
providing measuring precision of about ±10% (McSaveney
1992b). The samples were hand held and viewed at an angle
between 10 and 30° for measurement, with the calipers held
normal to the chip surface to prevent parallax error. As more
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Fig. 1 Air photograph (3B S74/1/C) of the Ryton valley rock avalanche. Source A is the origin of the A.D. 1422 ± 96 event and source
B is the origin of the A.D. 1632 ± 55 event. Distinct slump scarps and "gouge" marks are present in the middle of the deposit. The
dashed line indicates the boundary between the two avalanche deposits and the solid line shows the outer limits of both deposits.

consistent rind histograms are obtained using multiple
measurements of each chip (McSaveney 1992b), four
sequential measurements of rind thickness were taken for
each rock chip.

The data were analysed using a HYPERCARD™
database with measurements recorded to the resolution of
the digital calipers (0.01 mm). Frequency counts over a
0.2 mm class interval in shifts of 0.02 mm increments were
made for each site and the resulting data exported to
CricketGraph™ for plotting and analysis of thickness modes.
Modal thicknesses at each site were assigned ages using a
weathering-rind dating curve calibrated from 23 sites with
measured rinds and independently estimated ages, mainly
radiocarbon (McSaveney 1992b).

RESULTS

Rind thicknesses from the five sites (totalling 209 chip^)
show two distinct frequency distributions distinct enough
not to require smoothing of the data (Fig. 2). One set shows
an average mode of 0.79 mm (sites A1-A3) and the other
an average of 0.52 mm (site A4-A5). These modes indicate
an age of approximately A.D. 1422 (±96 years) for sites A l -
A3 and approximately A.D. 1632 (±55 years) for sites A4-
A5. The two distinct modes indicate that there were two
significant rock avalanche events.

Examination of air photographs identified a sharp
delineation in the avalanche deposit where the A.D. 1632
deposit abuts the A.D. 1422 deposit at the northern end of


