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GRAIN SIZE ANALYSIS OF SOME OLISTOSTROMES BETWEEN BALKUYUMCU AND ALCI (SW
ANKARA)

Engin OLGUN* and Teoman NORMAN*

ABSTRACT._ Sedimentary features and the detailed grain size analyses of six olistostromes (debris flows) have been
examined; they are located between Alcı and Balkuyumcu villages, 40 km. southwest of Ankara. Photograph-grid method and
sieving methods are used for gram size distribution analyses. The distribution of clast sizes within olistostromes are shown as
histograms and cumulative curves. After calculating the main gram size parameters, their relations with respect to each other
are examined on distribution diagrams (scatter diagrams). So, some of the distinguishing characteristics of olistostrome clast
size distributions have been established. Studies on the clast size distribution and clast roundness indicate that, olistostromes
are, in general, very poorly sorted, either negatively or positively skewed, mostly platykurtic. Clasts are angular to sub angular.
Generally, scatter plots of grain size parameters of olistostromes are distinct when compared with other sedimentary deposits.

INTRODUCTION

Olistostromes are considered to be submarine
debrisflow deposits with heterogeneous material in
different sizes ranging from clay to block. Grain size
analyses have been carried out on six different olis-
tostromes, occurring in an area covering 17 square

kilometers, located between Alcı and Balkuyumcu
villages, 40 km southwest of Ankara (Fig.1).

Each olistostrome has been sampled for
grain size distribution at four, close but separate, lo-
calities. The sampling has been carried out at two
levels: 1. Photographic grid sampling, 2. Sieve
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sampling of matrix material. In addition, 70 thin sec-
tions of clasts and matrix material have been studi-
ed to identify the ages of olistostromes. During the
studies of grain size distribution, the standard
model analsis technique is applied to determine the
volumetric distribution of different clasts within the
matrix of olistostromes.

Flores (1955) first defined the term "olistost-
rome", from the Greek words "olistomai" (to slide)
and "strome" (accumulation) as "accumulation due
to sliding". Flores argued that olistostromes are suf-
ficiently continuous to be mappable, lithologically
heterogeneous, more or less admixed, showing no
true bedding, consisting of rocks accumulated as a
semifluid body. Other related studies are made by
several workers; Marchetti (1957), Gansser (1959),
Hoedemaker (1973), Hsü (1974), Gökçen and
Şenalp (1975), Koçyiğit (1979), Norman (1975 and
1979) and Bayraktutan (1982). Recently, olistostro-
mes are defined as a sedimentary deposit consis-
ting of a chaotic mass of intimately mixed heteroge-
neous materials (such as bloks and muds) that
accumulated as a semifluid body by submarine gra-
vity sliding or slumping of unconsolidated sedi-
ments (Jackson and Bates, 1980).

Some grain size distribution studies have
been made by Passega (1957 and 1977) Folk
(1954, 1964 and 1980), Folk and Ward (1957), Folk
and Mason (1958), Friedman (1961, 1962 and
1967), Sahu (1964), Visher (1969), Buller and Mc
Manus (1972) for river, dune, beach and turbidite
sediments, using different grain size distribution pa-
rameters. One study (Gökçen and Özkaya, 1981)
deals with the discrimination of olistostromes and
turbidites by some sedimentary parameters; other-
wise, very little published work on the distribution of
grain size properties of olistostromes is available.

STRATIGRAPHIC POSITIONS, AGES GEOMET-
RIES AND THICKNESSES OF OLISTOSTROMES
STUDIED

The oldest rock units are the Late Jurassic to
Early Cretaceous limestones in the study area
(Lünel, 1987). They are observed as megablocks
(olistolith sizes larger than 500 m) and olistostro-
mes within an ophiolitic melange which also con-
sists of different sizes of blocks of radiolarian chert,
serpentinite and pillow basalts (Koçyiğit and Lunel,

1987). These different blocks are seen in a fine gra-
inec matrix composed of greenish to gray colored
shales, sandstones and pelagic mudstones. The
studied six olistostromes are all situated in the ophi-
olitic melange and appear as blocks and lenses
(Fig. 2). Where the boundary relations are clear, the
olistostromes are seen to be conformable with the
sedimentary rock units above and belove (Fig. 3).
In the northern part, the units of the ophiolitic me-
lange are unconformably overlain by thick continen-
tal and shallow marine deposits of I ertiary age. In
the southern part of study area, (Fig. 3), they are
unconformably overlain by Tertiary volcanics and
Pliocene clastic deposits.

Two types of olistostromes (matrix supported
and clast supported) are recognized in the study
area. Matrix supported olistostromes are O-I, O-ll,
O-V and O-VI, in which the clasts are dispersed in
a fine grained matrix forming lobe or lens shape fe-
atures (olistostromes are briefly denoted as "O").
Clast supported olistostromes are O-lll and O-IV, in
which the clast framework accomodates little amo-
unt of matrix. Matrix supported olistostromes have
generally a polygenic composition, having different
limestone clasts together with many ophiolithic
constituents of Late Cretaceous age (Santonian-
Early Maastrichtian). On the other hand, clast sup-
ported olistostromes are moncgenic consisting of
only limestone clasts with aqes ranging from Late
Jurassic (Oxfordian-Tithonian) to Early Cretaceous
(Berriasian-Hauterivian) (Olgun, 1988).

In the field, O-I is about 35 m. in thickness
and its length is 1 km (Fig. 2). In O-I, a lobe shape
is recognized and its longitudinal section shows a
"snout" like feature towards west. Generally, coarse
clasts are observed at this "snout" part, showing re-
verse grading. O-ll shows a parallel trend to O-I
and it is 15 m. thick and 300 m. long. O-lll is inter-
bedded with marly limestones around Balkuyumcu
village. Its thickness is 28 m. and length is 400 m.
O-IV is observed as a lens; its lateral extension is
600 m. and thickness is 20 m. O-V is, also, lens
shaped, with a thickness of 18 m. and length
650 m. O-VI occurs parallel to O-V; it is about 25 m.
in thickness and 1 km. in length. These olistostro-
mes generally show a lateral extension in NE-SW
direction. No clast preferred orientation or internal
structure, except reverse gradation, is detected.
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GRAIN SIZE ANALYSES OF OLISTOSTROMES

a) Method: Since the olistostromes have
very coarse size clast fractions (larger than any
mesh or hole size of the available sieves) it is ne-
cessary to study their size distributions on photog-
raphs of outcrops in the field (Olgun, 1988).

To study the whole size range (mud to block)
of an olistostrome, the "photograph-grid method"

and the "sieving method" are combined to obtain
the full grain size distribution.

Four photographs are obtained of each olis-
tostrome outcrop (a scale is included in the photog-
raphs). In the laboratory, photographs are projected
onto a grid of 50x50 cm. area, providing 400 grid
points 2.5 cm. apart. On the image over the gridded
screen, at each grid point, the longest and the shor-
test diameter of each clast is measured and cover-
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ted to length measurements in the field, based on
the scale included on the photograph. Then, to ob-
tain the clast size the geometrical mean of its dia-
meters is calculated by / dlxds ; dl= the longest di-
ameter (mm.), ds= the shortest diameter (mm.).
Standard modal analysis technique (Chayes, 1956)
is applied to determine the areal distribution of this
clast size within the total amount. In this way, for
each size class, a frequency (%) is obtained lea-
ding to the size distribution of the total sediment in
the photograph. This process is repeated for all the
photographs of the same outcrop.

In this study, the clast sizes between -2f
(4mm.) and -10f (1024 mm.) are analyzed at 1f
intervals, based on Wentworth grade scale. The co-
unted grid points of clasts falling into the same size
are added to obtain the proportion at that size class
within the total area (i.e. the total number of points
in the grid area). This proportion is used as the
basis to calculate the size class distribution in the
same area.

In the projected photographs, the grains finer
than -2f (4mm.) are not clearly recognisable to
make size measurements on them; this fraction is
considered the "pan" fraction of the analysis. Sie-
ving method is applied to this size fraction (repre-
sented by matrix) in order to separate them into dif-
ferent size classes. The sediment samples (matrix)
are collected within the same locality of photog-
raphs. The sieve analysis is carried out using a
stack of 7 sieves with apertures ranging from -1.0f
(2 mm.) down to 5.0f (0.031 mm.) based on Went-
worth grade scale. Then, each sieve fraction is we-
ighed and the percentage sieve fractions are calcu-
lated to obtain the grain size distribution in the
sieved sample.

Each olistostrome comprises two different
sets of data: from grid analses on photographs, and
from sieve analyses. The former measures size
distribution by the number of grid points which
gives areal proportions. The latter is based on the
weight distribution of each size fraction which is we-
ighed and calculated to obtain the size distribution
in the sample. Since areal percentages in the firsi
method are proportional to the volumetric percenta-
ges (Chayes, 1956), and the weight percentages of
the second method are also proportional to the vo-

lumetric percentages, the data of the two methods
used on the same sample can be combined on vo-
lumetric percentage basis to obtain total grain size
distribution of the olistostrome on a single data
sheet (Table 1). During this combination, sieve re-
sults of each matrix sample are multiplied by certain
conversion factors to bring them into the same
range as photographic grain size analyses. The
combined data results are used to obtain the class
percentage and cumulative percentage values, re-
peated at four localities on each of the six olistost-
romes. Histograms and cumulative curves of olis-
tostromes are constructed and evaluated according
to these results.

b) Results: Generally, bimodality is characte-
ristic for all size distribution of the olistostromes stu-
died (Fig. 4). The most common model size ranges
for coarse materials are between -9.5f and -5.5f
(boulder to pebble), and for finer (matrix) materials
0.5f and 4.5f (coarse sand to coarse silt). The ge-
neral trend is almost trimodal for the histograms of
O-ll and O-IV. Third mode value between coarse
and fine size concentrations range from -2.5f to -
1.5f (pebble to granule) with a relatively low con-
centration value, the histograms of O-VI have an
appearance of unimodal trend except for several
small submode values.

The cumulative curves of O-l, O-ll, O-IV and
O-V show three different populations of grain size
distribution. These separate populations (especially
fine and coarse populations) are easily identified
with their mean and standart deviation on the log-
probability plot (Fig. 5). Generally, the coarse popu-
lations range between -13f (2048 mm.), and -
50(32 mm.), and fine populations between -10
(2 mm.) and 4.5f (0.044 mm.). After constructing
cumulative curves for each olistostrome, percentile
values f1, f5, f16, f 2 5 , f 5 0 , f75, f84 and
f95, are read off to calculate grain size parame-
ters, such as first percentile (C), median (M), mean
size (Mz), sorting (Gı), skewness (SKı) and kurtosis
(KG), as proposed by Folk and Ward (1957) (Table
2 and 3). The first percentile values of the olistost-
romes range from -12.85f (7500 mm.) to -7.20f
(150 mm.) with anaverage of -9.97f (1000 mm.).
The mean size values of the olistostromes range
from -6.420 (86 mm.) to -1.83f (3.5 mm.) with an
average of -3.79f (14 mm.). The sorting values
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range between -3.00 (8 mm.) and -5.00 (32 mm.),
the results fall into very poorly to extremely poorly
sorted category (Terminology from Folk, 1980),
with an average of -3.900 (15 mm.). The bimodality
is contributing greatly to the very poor sorting (Fig.
4). The skewness values of the olistostromes range
from -0.462 (strongly coarse skewed) to 0.774
(strongly fine skewed) with an average of +0.29
(fine skewed). Nearly symmetrical distribution with
zero skewness is also present. O-l, O-ll have both
positive and negative skewness values, while O-lll,
O-IV, O-V and O-VI have positive skewness. The
kurtosis values range from 1.301 (leptokurtic) to
0.563 (very platykurtic) with an average of 0.806
(platykurtic) (Folk, 1980).

In order to establish the nomenclature of the
major textural groups of sediments forming the olis-
tostromes, the proportions of gravel, sand and
mud, calculated from each olistostrome sample,
are plotted in a ternary diagram (Fig. 6), proposed
by Folk (1954). The sediments of olistostromes are
mixtures of gravel, sand and relatively minor amo-
unts of mud, and vary from sandy gravel to muddy
sandy gravel as seen in the triangular diagram. The
most striking feature is the, high amount of gravel
size material which is generally more than the sum
of other sediment types. The average valuers bet-
ween 49.51 % and 74.53 % in the olistostromes
studied. Average sand fractions range from 25 %-
35 % and mud fractions from 2.64 %-5.20 %. The
dominant mud class is coarse silt.

The clast roundness measurements are
made on projected photograph samples, (two from
each olistostrome, Table 4). The average round-
ness class intervals is computed by multiplying the
mid points of the-roundness class intervals with the
areal percentage values of those roundness clas-
ses (Powers, 1953). The computed results fall in
partly angular to sub-angular (1.95-2.79) range.

DISCUSSION AND INTERPRETATION OF THE
RESULTS

Grain size parameters are environmentally
sensitive and combination of these parameters may
permit seperation and .identification of different de-
posits (Mason and Folk., 1958). Different combinati-

ons of grain size parameters are plotted against
each other, such as mean size (Mz) - sorting (G),
mean size (Mz)-skewness ((SKı), mean size (Mz)-
kurtosis (KGı), skewness (SKı),kurtosis (KGı), medi-
an (M)-first percentile (C) and median (M)-quartile
deviation (QDa), and compared with the same pa-
rameter combinations from previously known envi-
ronments. In the plots of mean size (Mz)-sorting
(Gı), mean size (Mz)-skewness (SKı), sorting (Gı)-
skewness (SKı), the plots of olistostromes are seen
at the outside of previously constructed trends (Fi-
gure 7, 8 and 9). In the scatter diagram of quartile
deviation (QDa) versus median (M), the plots of
olistostromes occur within an envelope which is dif-
ferent from the envelopes of flaxoturbidites and pro-
ximal-distal turbidites (Fig. 10).

CONCLUSIONS

The conclusions reached in this study may
be outline as follows:

1. Both bimodal and trimodal grain size distri-
butions are characteristic for the studied olistostro-
mes and the bimodality contributes to the very poor
sorting. Skewness is not a significant parameter for
olistostromes, varying in a wide range from strongly
coarse skewed to strongly fine skewed. On the
other hand, the kurtosis values are in platykurtic
range due to poor sorting and polymodal nature;
this may be considered one of the characteristic fe-
ature of olistostromes.

2. The sediment types of olistostromes vary
from sandy gravel to muddy sandy gravel, in which
the average mud fraction is less in amount than
gravel and sand.

3. Scatter plots of grain size parameters fall
generally outside the limits of river, beach and dune
environments of several previous workers. Howe-
ver, plots of quartile deviation (QDa) versus median
(M) seem to hold the best promise for distinguishing
olistostromes from deposits of other environments.

4. The average roundness values of clast
constituents of olistrostromes range from angular to
subangular.
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Fig. 5- Cumulative curves of olistostromes (Combined results of grain size analysis by photograph-gind method and
sieve method). Four samples per olistostrome.
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Fig. 6- A. Ternary classification of grain sizes in clastic rocks (Folk, 1954); 1. Gravel, 2. Muddy gravel, 3. Mud-
dy sandy gravel, 4. Sandy gravel, 5. Gravelly mud, 6. Gravelly muddy sand, 7. Gravelly sand, 8. Slight-
ly gravelly sand, 9. Slightly gravelly sandy mud, 10. Slightly gravelly muddy sand, 11. Slightly gravelly
sand, 12. Mud, 13. Sandy mud, 14. Muddy sand, 15. Sand.
B. Distribution of sediment types in six olistostromes.
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