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SUMMARY

. . :1. "Tha Dorset river grévels examined are bimodal. The grain size
distribution may Be resolyed into two near-normal frequency‘distributions
' ' interpreted as'rebresenting a primary frameﬁork or lattice of gravel
particles into which a secondary ﬁatrix population‘of sand particles
hag pénétrated. Penétration may ha;elbeen pene—contemporaneous as
suspended sand was trgppad in stabilixing bedload gravel or alternati&ély

may have been a later infiltration into an open-work gravel deposit.

2. The mean grain size of the frqmework'falls»in»thevintepval ~4 to

-5 ¢.~-Residual skewness results in aimode in the rangé 44 %o.~6¢.' .

3. The mean grain size of the matrix falls in the interval Q‘to”2'¢,

whilst the mode is within the interval O to 1 f.

4, XNo grains larger than -7 ¢ were encountered -and material finer than
4 ¢ i.e. silt and clay, on averagevrepresented less than 1% of thé_

total sedimentary material.

;5. A-deficiency in the grain size interval -1 to -2 § (R. Piddle and
Tadnoll Brook) or O to ~1 @ (Bere Stream) represented the saddle

separating the two sedimentary populations of framework and matrix.

6. Thd shrfaoe 20 cm of gravel had low matrix percentages, i.e. they

B - e eie were cleaner than basal gravels\



Te

8.

9'

Gravels are better sorted and have a higher porosity than gravels

in upland Teesdale, only 29% of the potential void space was filled

with sand.
The organic content of the matriz was lowa. of the order of 1% .
by weight.

A tufa-like deposit commonly filled void space in basal gravels.



INTRODUCTION

In the autumn of 1982, freeze~samples of gravel were obtained in
Déiset streams. Data were required on the depth of salmonid egg pockets
and were part of a broader investigation of regional variation in the
independent variables of salmonid fish length, gravel size, current
velocity and the resultant depehdent Qariable~egg burial depth.

The above aspects will be published ;t a later date when comprehensive
data are svailable. Preliminary data are given by Ottaway et al. (1985).

Considerable interest has been expressed in the composition of the
stream gravels, the movement of bed materials and the relationship of
sedimen% compésition, packing and siltation pf Qoid space to invertebrate -
ecology by the F«B.A. River Laboratory staff. Consequently,relevant
: aspects of the investigatipn are made available here in unpublished:
form.

Summary data on grain size composition, bulk properties and organic
content are presented. A physical explanatioﬁ for the bimodal grain-
size frequency distribution’is’advanced>aﬁd compérisons are drawn where
appropriate with other published information.

In this reﬁort‘the use of the word siltation and similar words
. refe;s 1o the process of infilling of gravel void space by sand and
finer particles. Nb specific sizs oategor& such as delineated in the
Wentwo?th—Lane terminology (i.e. silt «X 0,063 mm) is intended. Otherwise

grain-gize nomenclature follows Wentworth—Lanel(Pettijohmg;ﬁ975).



MET'HODS

Twenty-five undiéturbed samples of gravel #ere obtained in salﬁon
and sea trout redds using a freeze—sampling method described elsewhers
(Carling & Reader,.1981). Three streams were sampleds the River Piddle
at N.G.R. SY 798941 and 8069373 the Bere'Stream at SY 856928 and 857927
and the Tadnoll Brook at SY 774871. '

Where distinct stratigraphic differences were evident in the cores,
samples were split accordiﬁgly. Alternatively, wherse ﬁockets of fish
eggs occurred, cores were also split infto sections representing gravels
ébove tﬁe eggs and gravels below the eggs. Sevéfal cores displayed ﬁé
stratification and were analysed in bulk. A& total of 37 samples and
sub-gamples was examined;

Samples were dried to room temperature and sieved mechanically on
a Fritz Analysette. Sieving time was 10-15 minutes using an intermittent
mode of amplitude sufficient fo mobilise the coarsestparticle.

As grain-size distributions are logarithmically distributed, éamples
were sieved at 1 phi ¢ intervals in the range 4.0 § (0.063 mn) to ~7.0 @

(129 mm). The use of the phi (1og2) conversion is common practice and

- effectively normalises grain-—size distributions prior to statistical )

-

analysis. The phi scale is shown in relation to the grain size in
millimetres in Table 1. A fuller dgscription is given by Sumnexr (1978).
Samples were bimodal. The coarse mode (<0 #), here termed the
framework, contained no orgahic detritus. The fraction containing the
fine mode (>0 @), here termed the matrix, was ashed at 550°C for 2 hrs
“to ascertain the loss on ignitipn, “Thg_pggpqntage_weight,1oss_ya§nﬁfkgnA“ N

to represent the approximate combustible organic content.



Seven high quality cores from the R. Piddle at Affpuddle were used
to derive estimates of particle density, void ratio and similar bulk
properties.

Some basal gravel contained a diagenetic concretion. A sample was

analysed by X-ray diffraction to determine mineral composition.

RESULTS AND DISCUSSION

Granulometry

As will be indicated below most samples were bimodal and gravel
void space was partially gilted. There were no open-work graveis (sensuo
~ Cary, 1951).

Identification of bimodality is dependent on the magnitude of a
secondary peak in the sand range that can be accepted as a genuine
secondafy population. Minor fluctuations may oécur in the cumulative
frequency curve resulting from sieving errors and the inevitability of
treating OOntiﬁuous series data as group frequency data. Experience
¢. had shown that these should only be expected to bhe of the order of 1.
or 2%. A cut—offvpoint wag adopted such that a secondary mode ﬁould
only be identified if it contained >5% mofé by weight than in the
adjoin?ng interval.

Using the above pfocaduré, thifty-three sub-gamples were bimodal.

. \
The remaining four samples Wefe unimodal. Three of these had the mode
in the coarse gravel whilst the remaining sample, with a mode in the
sand size sediment, represented a sandy organic depositj either a flaser

or a buried vegetal mat (p. 7).



The coarse mode in the bimodal sediments commonly fell in the -4
to -6 range, Whiist the fine mode fell in the .0 to 41 ﬁ range. The
éaddle between the two populations was in the O to -1 ¢ range or occasionally
in the -1 to -2 ¢ range. There was little variability from this rule.

| Taking the mid-point in eaéh modal class (in millimetres) as a
representafive grain—éize diameter forvthe matrix (dm) and the framework
(df), the ratio dm/df vafied'little, variﬁfion being mainly associated
withvéhanges in the df value (see also Potter, 1955). For 33 analyses
52% qf ratio values = 0.0313, 30% = 0.0156 with 18% constituting other
values. Extreme values were 0.0078 and 0.0625. The significance of the
ratio is discussed below {p. 6).

Although graphical statistical measures have been used to'describe
bimodal sediments (Dyer, 1972), these are of little value if the bimodal
population may be disassociated fationally into component parts. For
example, the mean or median grain size may be poorly represented in a
bimodal population, whilst skewness is largely a measufe'of_the magnitude
of the population modes. Consequently fhe“populafions were disassociated
and statistical‘parametérs calculated for each modal population (Table 2).
Although the resolution of mixed frequency distributions into neaf—normal
v vcompdhents may be based on numerical or semi-graphical methods (e.g. Mundry,
19723 Harding, 1949), the common deficiency‘of fluvial sedimentary grains
in‘the Fize—range 0 to -1 ¢ (Pettijohn, 1975, p. 42)s noted here suggests
the juxta-position of hydraulicaliy_"independent" populations, broadly

N
representing a traction popula%ion-czo ¢ and a suspension population
>0 ¢. Plotting two contiguous normal distributions as a cumulative
frequency curve on probability paper results in a distinetive sigmoidal

curve (Harding, 1949). The bimodal sediments reflected this model (Pig. 1).



Fig. 1

0.01

Cumulative frequency distributions of Dorset river gravels.
® R. Piddle, O Bere Stream, X Tadnoll Brook. The sigmoidal
curve reflects the mixing of two normally distributed populations

of sedimen‘ts."



Becauée of the little variation betwesn samples, samples were averaged
for.each‘stream to produce one grain size frequency curve. The resultant
curves were disassociated into a matrix population and a framework
population by fitting normal distributions around each population mean
(Fig. 2). Distributions were truncated at the saddle frequency, this
interval not being uséd in any calcuiations. The method is described
by Bliss (1967, Pe 156). "Observed frequeﬁcies were compared with expected
values using the Kolomogorov-Smirnov test (Siegel, 1956). _None of the
component distributions was significantly different from normal at the
0.01% lavel. Descriptive statistics for each observed population are given
in Table 2. ©Slight residual log normality in the distridbutions, despite
phi~transformation, is evident in the proﬁit plots and skewnesé values,
although kurtosis approaches normality. The gravel framework in the
Piddle is closest to a normal distribution whilst the Bere Stream gravels
are skewed with the mean and mode in separate class intervals. The
Tadnoll‘Brook data are also skewed but are only bésed on two cores (four
pub-samples) which may not be a representative sample.

Assuming the.deposits are a two component system of spheres of

- equal dénsity, i.e. gravel and sand, the sand can only represent up to

) 22% ofﬁthe total deposit weight if ﬁhe gravel particles are contiguous

and tightly packed or 32% if the gravel, still in contact, is loosely

packed (?raser, 1935). Any additional percentage weight of sand would
indicate that the sand and gravel Weyé deposited contemporanéously and

many gravel particles would be isolatéd in»a-sand mass. Smaller percentages
would indicateeither»contemporary depositiqn or later infiltration of

sand into a stable gravel bed. The matrix represented between 4 and

- 61% by weight. ‘The ma jority of values wefe low yielding a mean va}ue‘

of f9%( s.d. 13%). Basal sections of c;mpacted sediment had hig£ values

25% (s.d. 17%) whilst surface gravels were cleaner ~ 13% (s.d. 8%).




In a simllar vein the ratio dm/d for a compact gravel camot exceed

£
0.154 (Fraser, 1935) if the matrix was a later infiltration population,
otherwise deposition was contemporaneous.

These data are interpreted as representing, contemporaneous deposition
of coarse gravel from traction with some suspended sand being trapped in
the stabilising framework‘(e.g. Smith, 1974} and later, partial infilling
of the void space by fine sand infiltrating the stable bed. The few high
percentage values represent sand deposits with additional gravel mixed in.
The cleaner surface gravels may be low in matrix component owing to the
diggihg activity of fish, hydraulic winnowing by scour and a propensity for
find sand to settle and fill gravels from the base upwards {Beschta &

Jackson, 1979).

Bulk properties

The density of particles of bed material was 2.45 g > (s.d. 0.0447),
bulk density was 1.60 tonnes > (s.d. 0.19).

The gravels are better sorted than gravels in Teesdale where bimodality
is not ubiquitous (Carling & Reader, 1982). The degree of sorting and low
sand content result in low bulk densities and consedquently in high void
ratios (E) and porosities (A) (Table 3).

The few data for Dorset are plotted in Figs. i’+,;-in relation to the
Teesdale data presented in Carling & Reader (1982). Values of A\ are
better described by Komura's relationship than by the Teesdale curve in
terms of median diameter. A discrepancy between the Teesdale and Dorset
data also exists in terms of the percentage of silt and clay in the
deposits. The high porosity is clearly reflected in the proportion by
volume of the potential void space filled by sand (i.e. the ratic between
the sand volume and the sand aﬁd void volume combined) where on average

only some 29% of the potential void space is filled.



Organic content

Oréanic detritus was finely comminuted (. 1 mm). In only one sample
~were any large wood or reed fragments found. Two samples, which were
very black and apparently organically rich, were dominated by sandj
the organic percentagé only being 3-4%. These deposits may represent
decayed vegetal mats which entrapped sand and were subsequently bupied
by gravels, or alternatively, flagers of sand deposited with fine organic
detritus in holiows in the gravel bed.

The matrix\infilling the gravel framework had organic percentages
in the range 0.42 to 3.46%. The méan value for all deposits was 1.14%

(s.d. 0.79%).

Diagenetic concretion

The X-ray diffraction analysis showed the concretion to be calcite,
with small amounts of quartz. The latter proﬁably represent small sand
grains in the calcareous deposit. The material resembles tufa which is

formed by evaporation (Pettijohn, 1975, p. 357). The possible mechanism
of formation for fhese sub-aqueous deposits is precipitation froma super-

gaturated solution. ' R
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TABLE 1.

Size interval

(mm)
64 -128
32 -64
16 - 32
8 ~16
4 - 8
2 - 4
1 - 2
0.5 - 1
0.25 - 0.5
0.125- 0.25
0.063- 0.125
£

% saddle interval (see text)

0.063

-6 -7

-5 = 6

A e
25

Grain size distriﬁution of Dorset stream gravels.

Average percentage by weight

Piddle Berse

A ‘\ C 70
6.59 E%?d. 7.94

5h 16.36‘;?24 e 27,98

4 =5 91 23.56 "” 23,11

-3 -4

9 14,03 | 728 4011.84

i ..
2 -3 50 7,59‘%3§JS 2 7.02
|

-1 -2
0 -1

0+

(,')»‘\

4.94%] 3054 71 4,78

|
Gt 5.36 12 € 3 4,06%

9.47 |2036 1 5.54

L4 6'79 5;0,76} 1 5.22

-

o

! 2.77 u‘ L}' 1086
171,23 @"23 I 0.41

1.32 | 0.28

i
1
i
i
h
|
!

Tadnoll

20,42

22,54

25.10
8.59
4.71
3.67%
4.47
533
3.21.
1.62
0.23

0.12



TABLE 2. Summary

‘Piddle framework
Piddle matrix
Bere framewo?kr
Bere matrix
Tadnoll framework

Tadnoll matrix

statistics for Dorset stream gravels.

=21

~4.50
1.10
-4.54
1.35
-5.06
0.7

5.d.

1413

1.31
1.31

skewness

0.07
0.90
0.66
1.19
0.43
0.76

kurtosis

2.31
3.39
2.79
4.47
2.47
3.24



'TABIE 3. Bulk properties of R. Piddle gravel.

Bulk density Matrix vol

‘Sample No, - ( ﬁ- m;35 Void ratio Porosity otz 4 void vol.
1 ~1.48 ' 0.64 0.39 0.36
2 1445 - 0.64 C0.39 0.26
3 1.70 0.44 0.3 0,14
4 1.74 0.44 0.31 0.34
5 1.72 0.46 0.32 - | 0.32
6 1.83 0.35 0.26 0.34'
i 1,31 0.84 0.46  0.24
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Frequency distributions of Dorset river gravels, showing the
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bimodal distributions. Calcilated normal distributions for

Ey 2

the sub-populations of framework and matrix are shown as continuous

CcCurves.
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Pig. 3 Porosity { ) of R. Piddle gravels,’-,' plotted in relation to

the median grain size of the deposits. Other symbols and curves

- mrwrmmn e e, - ocarefrom Carling & Reader (3982)”see_text,,

Fig. 4  Porosity (A) of R. Piddle gravels,Ml, plotted in relation to
the percentage of material lessvthan 0.063 mm in the deposits
(Po 063). Circles and curve are from Carling & Reader (1982)

see texte.



