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an outbuilding of "PalacoMoldova" River in Lower Sarmatian (Martiniuc, 1948, Barbu et
al., 1964; Barbu et al. 1966; lonesi et al, 1971).

2. Data base and methods
2.1. Data base

The field sieving work was continuously accompanied by measurements of the
axes of the clasts of selected rock type and size fraction. The final sum, adds up to 1381
clasts measured. The data was stored in the bank.

The grain size analyses of Moldova channel deposits was realised on bulk
samples of 17 cross-sections (Lucina, Tatarca, Breaza, Colacu, Fundu Moldovet,
immediately downstream of confluence with Putna River, Campulung Moldovenesc,
Molid. Bucsoaia. Paltinoasa. Cornu Luncu, Praxia, Omceni, Timigesti, Tupilati, Gheraiesti
and Roman) (Fig. 1), for surface and subsurface, respectively (Moesley and Tindale,
1985 Church et al.. 1987. Ichim et al.. 1992).

1224m Fig1

P MOLDOVA DRAINAGE BASIN
- T S
4 \J/\\%\v\‘ Sampling point positions

m \ <0 80 km
AN et

3 Colccu \
¢ Fundu Moldove: \_s/
5 Av Putna
6.Camputung Moidovenesc
7. Molid

8. Bucsoarc 12 Oniceni
9. Paftinocse 13 Timisesti
10.Cornu Luncii 14 Tupitali
n Prax:ic 15 Ghergesti 16. Roman

Clast shape and roundness analyses was performed on 30 - ?2 mm class of
selected rock tvpe. In this paper we focuse on shape and roundness anahvses »f zravels
which proceed from carbonate rocks (limestones and dolomites) of Rardi Swvncline
(carbonate rocks are represented by 0,73 % in Moldova Drainage Basm w'mak = 4326
km", 205 km lenght and max_ altitude is 1110 m). The clasts was samphmg e the about
200 m” of each cross - section above mentioned. Samples was cokected om the side of
medial bars Each sample consists of 50 to 130 clasts.



GEOSTATISTICAL ANALYSIS MOLDOVA RIVER

2. 2. Determining shape and roundness indices

Particle morphology or form, may be regarded as the sum of three - scale related
properties: shape, or relative dimensions of a particle; roundness, or the overall
smoothness of particle outline; and texrure or surface roughness (Griffiths, 1967; Barret,
1980 cf. Benn and Ballantyne, 1993; Orford, 1981).

Tlus paper 1s concerned with the description and representation of particle shape
and roundness. defined in terms of the long (a), intermediate (b) and short (c) axes and at
the same time the radius of the curvature of sharpest corner in the plane of maximum
projection (the ah plane) (r) (Krumbein, 1941 cf. Pettijohn, 1957, Cailleux, 1945). We

determined roundness and shape indices for each clast measured (Tab. 1).

Table 1.
2 | INDEX FORMULA R EFERENCE
(=
§§ Cailleux roundness B.=2r /0 Cailleux
& index ° ! 1947
Cailleux Hatness Cailleux
ApC=100(a+b }/2¢c
index p 1945
Cailleux dissymetry Cailleux
= /
index As= AC /a 1945
Sneed & Foik
/ 7/
€’ cre 1958
Elongation index b/a Zingg, 1935
c/b c/b Zingg. 1935
0 <
| Obiate - prolate OP =10{lla-b)/la-]Dobkins &
3 index -c)-051/cl| Folic, 1970
Disc-rod index B Sneed & Folk
g ' DC=la-bl/la-c) 1958
2 |Maximum projection 3 Sneed & Folk
& MPs=\[1c%ab)
sphericity h ¢va 1958
Krumbein Sf= _\chb/az Krumbein
sphericity 1941
Corey shape / Corey
index cst= c/ fab) 1949

2. 3. Data procesing

In this paper we had in view the aspects, as follows:

- obtaining of statistical parameters (median, standard error, standard deviation etc.), we

used the lxcel package for statistics;
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- obtaining of the relationships between standard error and size sample for roundness and
shape indices;

- using of 6 mathematical function types to charactenze roundness and shape indices
variability along Moldova River (linear, exponential. logarithmic, power. hyperbolic and
polynominal function);

- obtaining of roundness and shape index histograms;

- evaluating of gravel "optimum form" features, in the given conditions.

3. Results
3. 1. On sample size

The sample size discussion it is an important problem because our observations
and results depend on samples which were selected from very large but finite populations
on the each cross section of Moldova River. The basis principle of sampling postulates
that sample variable converge to population variable with a condition; sample size to be
representative. In practice. 30 items it is considered to be an illustrative sample (this is
especially statistics view)
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Fig. 3 Standard error versus sample size

As Fig. 4 shows the correlation coefficients (r) are sometimes the highest in
polynominal function case, sometimes in hyperbolic or logarithmic tunction cases, but we
can made some observations:

1). correlation coefficient, r, for polynominal function are very high for any
significance level (95 %, 99 %. 99,9 %) (see Kirkby et al. 1987, Tab. 2. 1), this function it
is not that which we need because 1t 1s a measure of local controls (e. g. confluences). Its
representation is unique.

11). exponential function has an important correlation coefficient (r) in some
cases, but this function is an unlimited increasing function related of increasing x (in our
case L, travel distance) and we think that this function cannot be used like forecasting
function. In the same nme this function is a good approach of any index vanabibty in a
given range of x (travel distance, L) values, but no for prediction (same problem for
loganthmic and power functions). Linear function was given for comparison.

). we considered, because of himited variation domain of shape and roundness
indices (3, in mathematical functions) in hyperbolic function case, this is that which we
need for forecasting. This function has two asymptotes: first, is horizontal where y = a
(the intercept of each index) and the second is vertical, x - O (in our case L = 0 at river
head). This function may be increase of decrease (related of b, regression coeflicient). We
justify this opinion by the fact that at one time a gravel reach an "optimum forum" (we .
said form because texture 1s same for a given rock type, in our case carbonate rocks) from
which it do not support other modification related of travel distance. From this moment,
sorting is the main process dunng of transport. :

220



GEOSTATISTICAL ANALYSIS MOLDOVA RIVER

Standard error of sampling is very important in sampling theory. Its value is
determined by sample size. There 1s a hyperbolic decrease trend of sampling error related
of sample size (1) increase (Fig. 3). This hyperbolic curve have a high rate of decrease of
error to 2 - 3 % for 100 items, then standard error become stabilized on 1,5 - 2 % level
independently by doubling or tripling sample size. That is, doubling or tripling of sample
size (number of items) does not double or triple precision of the estimate (Silk, 1979).
The optimum number of gravel (hatched area), is between 100 - 200 gravels (Fig. 3), the
same conclusion as Mihailescu (1965).

For 5 cross sections of Moldova River, the size sample is between 43 - 70
gravels. This is motived by low change to find carbonate gravels in these places. But this -
does not reduce representativeness of sample because the sampling error of each sample 1s
below 5 %.

3. 2. Mathematical modeling of shape and roundness index variability

For mathematical modeling of shape and roundness index variability versus
travel distance we used ¢ mathematical function types:

linear function y = « + bx ; expunential function y = ae™ power function y = ax’;
‘ , 1

logarithmic function y =« +blInx; hyperbolic function y = a +b—; polynominal
X

function V=« +bx+cx® +dx’ +ex® wherey is shape or roundness index to

analyze; x is travel distance from river head (in km); «is intercept and b, c,d, e are

regression coefficients.

Fig. 4 schematically shows mathematical curves of each function, regression
coefficients (a, b, ¢, d, ¢), correlation (r) and determining () coefficients for eight shape
and roundness indices of gravels. We can make the remarks that:

a) travel distance is an effective control on clast shape and it roundness
(Pettijohn, 1957; Richards, 1982). That is, the channel facies supports transformations
according to distance from the river head as a direct expression of river power and these
transformations are mirrored in particle features.

b) the reponse way of each shape and roundness index according to increasing
travel distance, is quantified on basis of the values and signs of regression coeficients b,
¢, d, e. There is an increase of roundness, flatness and elongation indices and a decrease
of dissymetry, sphericity, disc-rod and oblate-prolate indices related to travel distance
from the river head.
¢) the highest resolution of index variability there is in hyperbolic function
case. :
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.

3.3 "Optimum form" of the carbonate gravels in Moldova River
contemporary channel conditions

The shape of clasts may vary between theree end members, defined in terms of
their three orthogonal axes (Fig. 2):

1) a prolate spheroid with one long and two shortes axes ("ideal prolate”
conditions: @ - 0; b= ¢ =0),

ii) an oblate spheroid with two long axes and one short axis ("ideal oblate”
conditions; a - b, ¢ - 0)

i) a sphere with all axes equal (sphere conditions a = b = ¢).

The apices can also be defined in terms of ratios between two or more of particle
axes, as follows (Ben and Ballantyne, 1993):

D.ba c:a 0,2)b:a lec:a=0,3)ba=a~1

Sneed and Folk (1958), utilized the ratios ¢: a and (a - b) : (a - c¢) (disc - rod
index. Fig. 2), which together uniquely define any point within shape triangle. An
alternative scaling was proposed by Hockey (1970) (cf. Benn and Ballantyne 1993) in
which b : a is plotted against ¢ : a, but Hockey showed that this scaling system is the
exact geometrical equivalent of that proposed by Sneed and Folk (1958). Ballantyne
(1992) (cf Benn and Ballantine, 1993) was proposed an other triangular diagram which
is equivalent to that proposed by Hockey but reflected about the line (- 6) : (a-¢) =0,5
and rotated clockwise through 120 °.

We used Sneed and Folk diagram and some varieties of it with isolines of
maximum of projection sphericity (MPS) and oblate prolate (OP) indices and also we
used Zingg diagram and we made histograms of frequency (Figs. 5, 6, 7, 8).

From Sneed and Folk shape diagram (Fig. 5) we obtained:

1) the bladed class frequency (25 - 30 %) is the most important both in upper
and middle reaches (Carpathian and Subcarpathian areas) and in lower reach (Tableland
area, see Fig. 10), exception in Tatarca cross section'where compact - bladed class is the
most important;

1) values obtained of carbonate gravel axes ratios are: c-a ranges between 0,3 -
0,6 (more than 50 % of gravels analysed from each sampling cross - section);, ¢/ ranges
between 0,4 - 0,8 (more than 70 % of gravels of each cross - section;

i) the maximum projection sphericity (MPS) (Fig. 6), 1s an important index of
the behaviour of particles transported by or settling in water (Sneed and Folk, 1958). The
MPS variation along Moldova River is useful only for hydraulic context of it. Maximum
MPS frequency ranges between 0,6 - 0,8 in upper reach and between 0,5 - 0,7 in middle
reach where it become stabilized (Fig. 10).
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1v) the maximum ohlate - prolate index frequency migrates from the 9 class (+ 5

-+ 10)to 4 class (- 10 - -5) (Fig. 7)
The mean shape class on Sneed and Folk diagram for all carbonate gravels analysed is
bladed (Fig. 5), the mean shape class on shape triangle with isolines of oblate - prolate
index of all carbonate gravels is between - 2,5 - + 2,5 (Fig. 7) and mean shape classes on
diagram with isolines of MPS for all carbonte gravels are 6 - 7 (Fig. 6). As a general
conclusion, the mean gravel shape analysed by us is hladed, bur concerning significance
of the shape indices, there is not an unique conception. Ibbeken and Schieyer (1991)
reviewed the contributions in this field and they conclude that shape indices it is not a
provenance sigrals or is a very limited signals of it. They investigated Calabrian gravel
shape indices and showed that the mean shape class of them is compact - bladed,
sphericity class is 0,722 (class 7) and oblate - prolate class is between - 2,5 - + 2,5 but
Calabrian rivers are very short and are steep gradients (mean river lengths are 20 km)
(Ibbsken and Schleyer, 1986; Ibbeken and Schleyer, 1991).

Maximum shape class frequency on the Zingg diagramm (Fig. 8) migrates from
the equant class to tabular class but we can observ that this classes are partly superposed
on the bladed Sneed and Folk's class (Fig. 2).

For roundness we used Pettijohn (1949)'s roundness category (as defined in Fig. 9) and
made a histogram.

In Fig. 9 the roundness categories are presented. Maximum roundness category
frequency migrates from A (angular category; 0 - 0.150)to SR (subrounded category;
0.200 - 0.400). In fact the maximum roundness category in fluvial environment is 0.350
(Reineck and Singh, 1975).

The generalized trends of shape and roundness vanability related of travel
distance are approached by hyperbolic and logarithmic functions (Fig. 10). As the graphs
of mathematical functions show, there is a high variability of indices in upper part of
Moldova River, first 40 Knt in Carpathian area, where the power of river is great. In this
reach there is the highest gradient (from 1110 to 900 m).

Between 80 - 100 Km (from Paltinoasa to Cornu Luncii in Subcarpathian area)
mathematical function reach the maximum values each index, that is "optimum form" of
gravels, after this they do not support any transformatiom for next 100 km to confluence
(maximum values of indices are follow: roundness index = 0.300; flatness index = 180,
dissymetry index = 0.62; disc - rod index = 0.46; MPS index = 0.64). It seems that it is a
consequence of power diminished of work environment on clasts, which is expressed in
the longitudinal profile by decreasing gradient.

On the next 100 km to confluerice with Siret River, particle morphology of 30 -
"0 mm class is close about "optimum form”, as theoretical models show, obtained by
forecasting equations (Fig. 10). In longitudinal profile this reach is characterized by lower
gradient, then a low work environment of clasts. In this reach the dominant process is the
sorting because of low river energy This "optimum form" is only for Moldova River
conditions.
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The roundness - flatness (Richter, 1959 diagram modified by Reineck and Singh,
1975) relationship is used by sedimentologists to distinguish transport and work
environment. Fig. 11 shows our results on carbonate gravels in fluvial environment. As
we can see there is a discrimination trend along Moldova River from head to mouth as
follows:

1) the angular - splitter area, is proper of upper part of Moldova River (Tatarca
and Breaza cross sections);

i) the rounded corners and edges - flut area, is proper of nex: £ cross sections
(Carpathians area); '
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m) the subrounded - flat area, is proper of Subcarpathian and Tableland areas
(the next 8 cross section from Bucsoaia) exception in Campulung Moldovenesc cross

section which 1s in this field too.
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Fig. 10 a. The longitudinal profile of the Moldova River and its mathematical

modeling

B. The generalized trends of shape and roundness variability related

of travel

distance

We can conclude that a carbonate gravel support transformation since it reach an
“optimum form” in the each river conditions. Form that moment it is transported without

transformations, only by the sorting.
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