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ABSTRACT.- This paper demonstrates that log skew Laplace distributions can be used successfully to
model particle size data from the cave sediments of Robin Hood’s Cave, Creswell Crags, U.K. This new
approach has led to the development of a more detailed geomorphic history of the cave than had been achieved
previously with the use of standard procedures involving the estimation of low order sample moments for the
same grain size data.

RESUME.- Modélisation statistique des propriétés texturales des sédiments de grotte en fonction
des distributions log skew de Laplace. Cet article démontre ['utilite des distributions log skew de Laplace

dans la modélisation des données granulométriques des sédiments de la grotte de Robin Hood, a Creswell
Crags, U.K. Cette nouvelle approche a permis une reconstitution morphogénétique plus raffinée que les

précédentes, tirées des méthodes habituelles.

1.- INTRODUCTION

Information on the particle size distributions of
cave-infill sediments are routinely collected as an aid
to lithostratigraphic correlation or palaeoenviron-
mental studies in caves (see for example Campbell,
1977 : Colcutt, 1979 ; Farrand, 1975a,b ; Hughes,
1983 ; Jenkinson & Gilbertson, 1984 ; Laville et a/.,
1980). These particle size studies usually take the
form of mass-size data which may be analysed in a
wide variety of ways. Without doubt the most widely
used of methods has been the estimation of sample
moments (e.g. mean, mode, sorting, skewness), or
the so-called «Folk and Ward» estimates (Folk &
Ward, 1957 ; Friedman, 1979a,b ; Inman, 1952).
There are numerous examples where the estimation

of these properties have proved sufficient to identify
the origins of the sediments laid down in caves (e.0.
Shackley, 1972 ; Tankard & Schweitzer, 1975).

In other studies, the results of the statistical analy-
sis of grain size data from caves have not been as
clear. One example is provided by the results of grain
size studies presented by Griffin (1985) from her
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Fig. 1.- The location of section A, Robin Hood’s cave, Creswell Crags, U.K.

analyses of sediments of Mid- to Late-Devensian
(Weichselian) age exposed at «Section A» in Robin
Hood’s Cave, Creswell Crags, England (fig. 1). Fi-
gure 2 shows the plots through the sequence of low
order sample moments obtained using the standard
statistical approach to particle distribution studies.
Similarly standard laboratory procedures were used
— dry sieving, with sieves at 0.5 phi intervals, combi-
ned with the results of hydrometer analysis of the
silt-clay fraction (Kaddah, 1977). These plots «hint»
that the size properties of the sediments in this expo-
sure do alter upwards through the sequence.

However, the magnitude of the variations dis-
played are suprisingly restricted, given the extent to
which the parallel studies of the palaeontological and
archaeological data obtained for this exposure have
suggested that the effects of notable climatic chan-
ges are represented in the exposure. Specifically
these other studies (Briggs et al., 1985 ; Jenkinson et
al., 1986, 1987) suggest that sedimentation in the
lower part of this sequence occurred in a number of
milder interstadials towards the end of the period of
time known as the Upton Warren Interstadial in Bri-
tain (see Lowe & Walker, 1984), whilst the upper part
of the sequence accumulated in a period of increa-
singly severe cold and geomorphological instability,
which was associated with the approach of the late
Devensian icesheets to within 25 kms of the site,
approximately 16-20 000 years ago.
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Fig. 2.- Variations in mean, sorting, skewness and kurtosis of the cave
sediments exposed at section A, Robin Hood’s Cave, Creswell Crags, U.K.
Redrawn with pemission from Griffin (1985).

Similar observations of the apparent inability of this
«traditional» approach to particle size data to discri-
minate satisfactorily between sedimentary environ-
ments in other contexts has caused some commen-
tators to call for its discontinuation (e.g. Ehrlich,
1981). In addition, significant doubts as to the statisti-




cal validity of some of the methods used have been
expressed (Bagnold, 1979 ; Bagnold & Barndorff-
Nielsen, 1980 ; Christiansen et al., 1984 ; Fieller et
al., 1984 ; Fieller & Flenley, 1987 ; Flenley et al.,
1987).

Il.- LOG SKEW LAPLACE MODELS

This paper describes an alternative method for the
statistical analysis of the particle size data which may
yield a more accurate and hence more sensitive pic-
ture of the patterns of climatic change which have
influenced sediment generation and deposition in
caves. This alternative approach is based upon the
application to grain size data of statistical models
which derive from the log skew Laplace family of
statistical distributions. In other geoarchaeological
contexts, the application of log skew Laplace models
to such data have been able to yield information of
greater palaeoenvironmental precision and accuracy
than those based upon of the estimation and plotting
of sample moments (for example, see Fieller et al.,
1984a,b ; Flenley et al., 1987 ; Fieller & Flenley,
1987).

The development and application of log skew La-
place models to grain size data are described in
Fieller et al. (1984a,b), Fieller & Gilbertson (1985),
Fieller & Flenley (1987), Flenley et al. (1987), OI-
bricht (1983). The approach is essentially a simpilifi-
cation of that described by Bagnold & Bamdorff-
Nielsen (1980), Barndorff-Nielsen et al. (1980),
Christiansen et al. (1984) which involved «fitting»
log-hyperbola to grain size data.

An example of a log skew Laplace distribution
fitted to particle size data from Creswell Crags is
shown in figure 3. The X axis displays the logarithm of
the size of the particles in millimetres. The Y axis
displays the logarithm of the relative proportion by
mass of the various particles present. Examination of
this figure indicates that the mass-size frequency
data plot as an inverted «V» when plotted on these
scales. This feature was first noted by Bagnold
(1937) in his pioneering work on windblown sedi-
ments. This property has been shown subsequently
to be present in sediments deposited in many other,
but not all, sedimentary contexts (Bagnold &
Barndorff-Nielsen, 1980 ; Fieller et al., 1984a).

When present, this feature is the basis for the use
of the log skew Laplace distribution for the statistical
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Fig. 3.- Atruncated log skew Laplace distribution fitted to typical particle size
distribution data from the cave sediments at section A. Robin Hood’s Cave.
Creswell Crags, U.K. The parameters alpha and beta are. respectively. the
reciprocals of the tangents of the acute angles made by the two lines with the
horizontal axis, and mu is the abscissa of their point of intersection.

modelling of the particle size distribution under study.
On this logarithmic scaling the log skew Laplace
distribution is therefore represented by a pair of
straight lines, one «fitted» to the log of the relative
abundance of the finer size particles, the other to the
relative abundance of the coarser particles.

The «fitting» is performed by the method of maxi-
mum likelihood using specially written computer pro-
grams. The distribution is specified by three parame-
ters which are defined on figure 3. it is important to
note that these parameters refiect distinct properties
of the samples and so are essentially independent of
each other. Flenley et al. (1987) have demonstrated
that it is possible to model multi-modal grain size
distributions using «mixed» log skew Laplace distri-
butions, and to use this statistical modelling techni-
que to integrate mass size frequency data obtained
through sieving with that obtained by pipette or hy-
drometer analyses (Fieller & Flenley, 1987).

lil.- AN OUTLINE OF THE SEDIMENTOLOGICAL
H?STORY OF SECTION A, ROBIN HOOD’S CAVE

- Examination of the plots of the grain size data used
for all the samples from Section A in Robin Hood's



110

Cave at Creswell Crags, when plotted on log-log
axes, showed that they all had distributions appro-
priate to the fitting of unimodal log skew Laplace
distributions. This raised the opportunity for a more
precise description and analysis of the original grain
size data obtained from this exposure which had
been analysed in a conventional manner as shown in
figure 2. The results of analysing these same data
using log skew Laplace distributions are summarized
in figure 4. This new analysis indicates a more com-
plex sedimentological history than that suggested by
the traditional approach (fig. 2).

input suggested by the increasing values of mu in this
material, suggest the periodic introduction and sor-
ting of finer sediment by water movement in the cave.
A marked change occurs at about the depth of 1.16
m. Above this level the parameter plots shown in
figure 4 are characterized by a series of marked
oscillations which become progressively stronger
with distance upward through the sequence. These
oscillations suggest increasing by strong pulses of
very fine sediment, possibly loessic in origin. These
more variable geomorphic conditions imply the onset
of the relatively bleak, open and cold conditions that

. X102 05 1.0 x102 05 1.0 -175 -15-0 -125 x102
- T R T — L i B

om_RHC | T T T S

C —— — R — — ]
m_ _ ————

B —
tm_ = —

A = =

alpha beta

Fig. 4.- Variations in the parameters alpha, beta and mu estimated for the particle size data of the cave sediment samples fromi Robin Hood's Cave, Creswell
Crags, shown after conventional statistical analysis in figure 2. ’ :

Several features of interest are apparent. The plots
of alpha and beta throughout the profile show sym-
pathetic patterns of variation, even though the values
calculated for these parameters are quite indepen-
dent of each other. This feature suggests that the
values displayed are reflecting «real» variations in
the properties of the sediments.

Below 1.5 m the evidence indicates a relatively
uniform layer of sediment, possibly accumulating as
the result of the steady accretion of fine grained
debris falling from the granular Magnesian Limes-
tone of the bedrock walls of the cave. Between 1.5
and 1.20 m in depth, there is a body of sediment
which is characterized by a series of small scale
oscillations. The modal grain size has decreased
compared to that of the deposits below. The fluctua-
ting values of the parameters and the higher energy

were eventually to culminate in the extreme cold of
the Late Devensian maximum c. 16-20 000 years
ago.

In general, this outline interpretation, which was
suggested by the statistical modelling of the grain
size data using log skew Laplace models, is also
seen to correspond to that identified previously by the
archaeological and palaeontological data. The sedi-
mentary history of this site is less clearly evidenced in
the plots of low order sample moments of the same
grain size data shown in figure 2.

IV.- CONCLUSIONS

Particle size distribution data from Robin Hood’s
Cave, Creswell Crags, England can be modelled




successfully using log skew Laplace distributions.
The analysis has suggested that this means of han-
dling grain size data has reflected more clearly im-
portant properties of cave sediments, and in conse-
guence has facilitated the development of a more
detailed and reliable sedimentological history of an
important cave site than had been achieved before
using standard methods of analysing particle size
data.
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