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ABSTRACT

A knowledge of the soil properties influencing the water-stability of soil aggregates is
needed for selecting those more easily-determined properties that would be useful in areas
where lack of facilities makes its direct determination impossible. In this laboratory study
we evaluated the main soil physical, chemical and mineralogical properties influencing the
stability of macro aggregates of some Italian surface soils in water. The objective is to
select a subset of soil properties which predict optimally, soil aggregate stability. The
index of stability used is the mean weight diameter of water-stable aggregates whereas
the method of evaluation is the principal component analysis (PCA).

The range in coefficients of variation (CV) among the properties was least in the
physical (12.0-61.0%), medium in the mineralogical (28.0 - 116.2%) and highest in the
chemical (8.2-110.8%) properties. The wider the range in CV in each subset of properties,
the greater the number of components extracted by the PCA. The component defining
variables, i.e. those with the highest loadings on each component and therefore, provide
the best relationship between the variables and aggregate stability, revealed the ratio of
total sand/clay and plastic limit as the significant physical properties. The significant
chemical properties are A12O3, FeO, MgO and MnO which contribute positively to aggre-
gate stability. Feldspar, quartz and muscovite are the significant minnralogical properties
each of which is negatively related to aggregate stability. These soil components are useful
for developing empirical models for estimating the stability of aggregates of these soils in
water.



1 Introduction

Among the many aggregate stability indices that are used routinely in soil studies one
of the most common is the mean-weight diameter of water-stable aggregates (MWD), a
statistical index of macroaggregate stability proposed by Van Bavel (19-19) for character-
ising and comparing the structural status of soils. Even though it has been used by many
researchers to assess the potential of soils to erode (Egashira et al. 1983; El well, 1986}
and to compare the effects of land use on soil structure (Chisci et al. 1989), the main
soil factors controlling MWD are not fully understood. A knowledge of the soil properties
controlling the MWD would allow the selection of those more easily determined proper-
ties that would be useful in areas where lack of facilities make its direct determination
impossible.

A procedure which has been found very useful for such studies is the principal compo-
nent analysis (PCA). This is a technique which is very useful for examining interrelation-
ships among variables (Webster, 1977; Ovallcs and Collins 1988). The PCA identifies the
principal axes of a multidimensional configuration and calculates the coordinates of each
object in the sample or population relative to those axes. Generally, a large proportion
of the variance can he accounted for by only a few components, resulting in a reduction
in dimensionality.

An important attraciton in the use of PCA is that for variables with zero mean and
equal (usually unit) variance, it derives a small number of components that explain much
of the total variance. Nwadialo and Mbagwu (1991) applied PCA to identify the main
soil properties which correlated with the aggregated silt plus clay (ASC) microaggregation
index. Also Webster and Burrough (1972) used PCA to establish that field-determined
soil properties such as colour and total penetrable soil were closely correlated in the first
component, whereas laboratory-determined properties such as cation exchange capacity
and pll contributed most to the second component.

The objective of this study is to select by means of PCA, a subset of soil physical,
chemical and mineralogical properties which predict, optimally, the mean-weight diameter
of water-stable aggregates. Such information is useful for developing empirical predictive
models for MWD.

2 Materials and Methods

The fifteen topsoil (0-20 cm) samples used for this study were collected from different
parts of north central Italy. The soils differed in geology, texture and land use history
and were selected to provide a wide range of properties. The samples were transported
to the laboratory and air-dried at about 20° C before use.

2.1 Determination of mean-weight diameter
The mean-weight diameter (MWD) was determined on air-dried samples, pre-sieved
through a 4 mm mesh according to the procedure outlined by Kempcr and Chepi! (1965).
Essentially this involved weighing 20 g of the < 4mm aggregates into the topmost sieve in
a nest of four sieves of diameters 2, 1, 0.5 and 0.25 mm and presoaking in distilled water
for 10 min. Thereafter, the whole sieve set and its contents were oscillated in water for
20 times along a 4 cm stroke at the rate of 1 oscillation per second. Care was taken to

ensure that the soil on the topmost sieve was under the water level throughout the period
of oscillation. After the oscillation the resistant aggregates on each sieve were collected
quantitatively, oven-dried at 105°C for 24 hr. and their masses recorded. The resistant
aggregates were thus categorized into the following size ranges: 4-2 mm, 2-lmm, 1-0.5
mm, 0.5-0.25 mm and the < 0.25 mm. The last class was obtained as the difference
between the original mass of the soil that was sieved (i.e. 20 g) and the sum of the first
four classes. The respective masses were used to compute the mean-weight diameter as,

(1)

where MWD = mean-weight diameter, (mm); Xj = arithmetic mean diameter of the j — 1
and j sieve openings (mm); WQ) = proportion of the total sample weight (uncorrected for
sand and gravel) occurring in the fraction (dimensionless); and k = total number of size
fractions (in this case 5). Three replicate determinations were made on each soil sample.

2 .2 P h y s i c o - c h e m i c a l a n d m i n e r a l o g i c a l a n a l y s e s

The < 2 mm soil samples were used for the physical and chemical determinations. Par-
ticle size analysis was done by the pipette method after pretreatment with sodium hcx-
ametaphosphate (calgon). The metallic oxides were determined by X-ray in fluorescence
whereas the clay minerals were identified by a combination of peak intensity and use of
internal standards (Whittig, 1965). Cation exchange capacity (CEC) was determined by
the sodium acetate displacement method and exchangeable sodium using IN ammonium
acetate extraction solution. The exchangeable sodium percentage (ESP) is the ratio of
exchangeable N+ to the CEC.

2.3 Data analysis

The following PCA procedure outlined by Daling and Tamura (1970) and Johnson (1978)
for selecting a subset of variables that predict optimally, a single dependent variable
was used in this study: (i) Firstly, a correlation matrix of the soil variables in each
subset of properties (physical, chemical and mineralogical) was developed, from which an
eigenvector matrix was formed, (ii) Secondly, each eigenvector was rc-normalized so that
the sum of the squared elements equals the corresponding eigenvalue. Then, each element
in this matrix is the correlation of a variable with a component, (iii) Thirdly, a varimax
rotation was applied to the resulting matrix. This varimax criterion produces a matrix of
vectors in each of which a few attributes tend to have high loadings while the rest have
small or zero loadings. Properties that have a targe loading on the same component are
considered to be covariant and the varimax rotation procedure was used to reduce the
number of variables that had a high loading on any one factor by reallocating variances
to higher components. This was thought necessary to obtain theoretically meaningful
factors and to enhance interpretation of data (Donkin and Fey, 1991). (iv) Fourthly, the
variable with the largest loading (i.e. the component defining variable) was chosen from
each component which contributes a significant amount to the variation of the dependent
variable.

The PCA was performed with the aid of the advanced SPSS/PC+ Package for the
IBM PC/XT/AT (Norusis, 1986). Eigenvalues (variances) and eigenvectors (loadings



or coefficients) of the components were obtained using the PRINCOMP procedure. The
components selected were those that explained at least 100/P percent of the total variance,
where P is the number of variables in each data set (Afifi and Clark, 1984). Therefore,
the components had an eigenvalue that represented at least 6.7% of the total variance.
Eigenvectors for each component were selected on the basis of having a value larger than
the value calculated using the relationship,

SC = 0.5/(PC eigenvalue)0
(2)

where SC = selection criterion, (Afifi and Clark, 1984).
The correlation coefficient between the components and the soil properties was com-

puted with the equation
7lJ = ati(VAR PC)0* (3)

where 7y = correlation coefficient, a^ = eigenvector and VAR PC = PC eigenvalue.

3 Results

The statistical summaries of the soil components used in this analysis are given in Tables
la (Physical), lb (Chemical) and 1c (Mincralogical). These soils provide a wide range in
some of the properties as revealed by the high coefficients of variation (CV). The range in
CV in the physical properties is 12.0 - 61.0%; chemical, 8.2 - 110.7% and mineralogical,
22.8-] 11.9%. Even though soil components that influence structure act interactively in
nature, it was considered necessary in this study to isolate them into physical, chemical
and mineralogical components and study them independently so as to identify the main
groups of properties that have controlling influence on the water-stability of the aggre-
gates. The wider the range in CV in each subset of properties the more the number of
components extracted by the varimax rotated principal component analysis (PCA).

3.1 Mean-weight diameter and physical properties
The correlation matrix between mean weight diameter of water-stable aggregates (MWD)
and soil physical properties is given in Table 2. This matrix which contains 13 variables
shows from the correlation coefficients (r) that MWD is significantly related to nine of
the variables. These are total sand (TS), silt (Si), clay (CL), fine sand (FS) and liquid
limit (LL) at P = 0.05 and plasticity index (PI), TS/CL, (FS + Si)/CL and FS/CL at
P = 0.01. Most of the other significant correlations appearspurious since the variables are
not independent. The indication here is that it is the fine sand fraction that is contributing
more to the negative influence of total sand on MWD. The highest correlation coefficient
is between MWD and TS/CL and shows that a balance between these two properties is
of importance in determining the influence of particle size distribution on the structural
status of these soils.

The varimax rotated PC A reduced the 13 variables to two orthogonal components
having eigenvalues greater than one (Table 3). These two components accounted for
96.0% of the total variance within the variables. Component I explained 80.2% of the
total variance and has significant loadings (i.e. greater than ±0.50) on TS, Si, CL, FS,
LL, PI, TS/CL, (FS+Si)/CL and FS/CL. The magnitude of the loadings shows that this
component refers to the influence of particle size on MWD. The second component has

significant loadings on LL, PL and CS/CL and explained 15.8% of the total variance.
It emphasizes the contribution of the Theological properties of soils to their structural
stability.

3.2 Mean-weight diameter and chemical properties
Of the 12 variables in the correlation matrix in Table 4 only four (CaCO3, FeO, CaO and
SiOj) related significantly with MWD at P < 0.05. This indicates that calcium carbonate
and the oxides of iron and calcium increase aggregate stability whereas silica oxide has the
opposite effect. Although not significant, the negative correlation between exchangeable
sodium percentage (ESP) and MWD underscores the detrimental effect of sodium on
soil structure. Other workers have reported that CaCOj cements aggregates into harder
structural units whereas the polyvalent cations Fe++,Ca++) form bridges between the
negatively charged clay particles and the negatively charged humic substances during the
formation of aggregates (Harris et al.; 1966, Fxlwards and Brernner 1967).

The varimax rotated PC A given in Table 5 removed the random intercorrelations
(shown in Table 4) and reduced the 12 variables to four orthogonal components which
explained 96.4% of the total variance. Component 1 which explained 56.5% of the total
variance has significant loadings on FeO,KsO, AI2O3, SiOj, SiOj/At2O3 and T1O2. Com-
ponent 2 explained 20.6% of the total variance and has significant loadings on CaCOj,
FeO, CaO and SiOj. Component 3 explained 10.8% of the total variance and has signifi-
cant loadings on CaCOa, MgO, CaO and SiO2 whereas component 4 which explained just
8.5% of the total variance has significant loading on MnO.

3.3 Mean weight diameter and mineralogical properties

Of the 6 variables in the correlation matrix given in Table 6, only three correlated signifi-
cantly with MWD. Calcite and chlorite related positively with MWD at P = 0.05 whereas
feldspar correlated negatively with MWD at P = 0.01. The varimax rotated PCA on the
matrix reduced the six variables to three orthogonal components which together explained
98.7% of the total variance as shown in Table 7. Component 1 has significant loadings
on calcite, chlorite and feldspar and explained 60.3% of the total variance. Component
2 which explained 22.6% of the total variance has significant loadings on quartz, cal-
cite, chlorite and kaolinite. Component 3 explained 15.8% of the total variance and has
significant loadings on muscovite and kaolinite.

4 Discussion and Conclusion

4.1 Extraction and interpretation of the component defining
variables

The component defining variables (CDV) are those variables with the highest loadings
on each component, that is those which have the highest regression weights/correlation
coefficients on each component and therefore, provide the best relationship between the
variables and aggregate stability. Considering the physical factors, the CDV are TS/CL
and PL. Since total sand is negatively and clay positively correlated with MWD, the



relative proportions of both particles should determine the stability of the aggregates. The
influence of the silt fraction appears diminished because of its low CV (22.7%) relative
to that of MWD (56.6%). This result agrees with those of Bruoe-Okine and Ul (1975)
and Mbagwu (1990) who related a raindrop energy-based index of stability to particle
size fractions. The TS/CL ratio is also closely related to the clay ratio of Bouyoucos
(1935) which is used as a measure of the susceptibility of soils to erode. Sand particles
are easily disaggregated because of difficulty to adhere together whereas the clay particles
with larger surface areas easily adhere together to form larger, stronger units.

The plastic limit (PL) is regarded as the upper limit of water content in the soil for
ploughing. In soils with low organic matter content such as the ones used for this study
(Bazzoffi and Mbagwu, 1986), PL is positivley correlated with the clay content. The PL
has been suggested by Grieve (1980) as an index of structural status of soils. Generally,
the higher the PL the better the soil structure from the perspective of mechanized land
clearing and preplanting tillage operations.

The CDV in the chemical properties are A12O3, FeO, MgO and MnO and they con-
tribute positively towards enhancing aggregate stability. These are oxides of polyvalent
cations which are involved in the cementation of flocculated, finer soil particles into harder,
more stable aggregates (Baver et al; 1972). According to Edwards and Bremner (1967),
these polycations link the ncgativley charged clay surfaces with the negativley charged
humic substances at the colloidal level of aggregation. These linkages are held together
by Van der Waals forces, //-bonding and Coulombic attraction, which acting together
appear strong enough to enhance the stability of the aggregates.

The precise role of aluminium and iron oxides in the formation and stability of soil
aggregates in the temperate region is still controversial. El-Swaify and Emerson (1975)
observed that the immediate effect of precipitated aluminium and iron oxides and hydrox-
ides is to increase the strength of bonds between clay particles by acting as polycations.
However, with time they contribute to aggregate stability by strengthening the organic
matter-clay particle bonds. Laboratory studies have shown that polycations of Al were
more efficient than those of Fe for reducing swelling of soils and for flocculating the clay
particles and preventing them from dispersing in water (Oades, 1984). Furthermore,
Oades (1990) indicated that the concentration of Fe and Al oxides has to be considerable
(> 10%)) before they can exert any aggregating effect on soils. Where the concentrations
are < 10%, humic acids appear to dominate the charge on the oxide surfaces. In this
study the concentration of aluminium oxide is consistently >10% in all the soils and this
may explain why it contributed more to aggregate stability than iron oxide, as revealed
by the CDV.

This is contrary to the work reported by Giovannini and Sequi (1976) that networks of
iron polycations and organic matter are the main cementing agents in some Italian soils.
Also significant positive correlations (such as obtained in this study) have been reported
between percent water stable aggregates and the content of iron oxides (Mclntyre, 1956;
Area et al. 1966; Goldberg et al.; 1990; Colombo and Torrent, 1991). On the other hand,
Borggaard (1983) did not observe any dispersive effect after removal of iron oxides whereas
Deshpande et al. (1968) was able to disperse a red brown earth soil from Australia by
treating with CaClj at pH 1.5, a treatment that did not remove much amount of iron.

In the case of MgO, MnO, CaCOa and CeO, these function as sources of Ca2+- Mga+-
and M^+-ions which help to flocculate the clay particles or inhibit their dispersion in water.
They also promote aggregate stability by neutralizing the clay-dispersing polycarboxylic
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and phenolic acids produced by soil humus and by providing a "cross linking" effect
between the bonding organic polymers like humic substances (Oades, 1990; Emerson,
1983).

The mineralogical variables with the highest loadings on each component are feldspar,
quartz and muscovite each of which is negatively related to MWD. Nwadialo and Mbagwu
(1991) also reported that muscovite and interstratified/swelling clay minerals like smectite
reduced microaggregate stability in water. De Boodt (1985) also emphasized the role
of clay mineralogy in soil structure formation and stabilization. Authigenic growth in
minerals like chlorite and calcite have been speculated to lead to the formation of strong
aggregates (Emerson, 1983), and this may account for the positive correlation between
MWD and these minerals (Table 6). The negative correlation between quartz and MWD
is not surprising since quartz is practically 100% SiOj, which has already been shown to
have an inverse relationship with MWD (Table 4). It exists in the crystalline state and has
a chemically inactive structure that renders it incapable of playing any positive role in soil
aggregation. Because of their peculiar structure, feldspars do not display cation exchange
properties in aqueous solutions and are therefore, not easily linked to organic matter via
the bridging polycations (Brown, 1990). Hence the negative correlation between feldspar
and aggregate stability.

The relationship between the type of clay mineral and aggregate stability still requires
further elucidation in terms of the processes involved. For example, Mbagwu et al. (1993)
observed that industrial humic acids dispersed clay particles in kaolinitic soils with high
concentrations of Al and Fe but flocculated clay particles in soils dominated by illite and
smectite and having low concentrations of Al and Fe. The findings of this study suggest
that the amounts and types of clay minerals have to be considered simultaneously when
dealing with the influence of clay minerals on soil structure. Using the factor analysis
procedure, Goldberg et al. (1988) showed that arid soils containing smectite were more
erodible than those containing illite and kaolinite, a trend also observed with the MWD
index of stability.

4.2 Conclusion
Large, intercorrelated soil physical, chemical and mineralogical properties which are thought
to influence the water-stability of aggregates have been separately reduced to fewer, more
important variables with the aid of varimax rotated principal component analysis. This
analysis revealed that the ratio of total sand/clay and plastic limit are the most impor-
tant physical properties influencing aggregate stability. The oxides of Al, Fe, Mg and
Mn are the important chemical properties which enhanced aggregate stability. Because
of their low co-variance with aggregate stability the influence of cation exchange capacity
and exchangeable sodium percentage of the soils appears diminished. The mineralogical
properties of importance are quartz, feldspar and muscovite, each of which has a negative
influence of aggregate stability. Hence soils where these minerals dominate the clay frac-
tion should be expected to have low stability in water irrespective of the total amount of
clay present.
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Table la - Statistical summaiy of physical properties of the soils used
Table lb - Statistical summary of chemical properties of the soils used

Property

Mean-weight diameter
(MWDjnm)

Total sand (TS,%)

Silt (Si.%)

Clay (CL,%)

Fine sand (FS,%)

Coarse Sand (CS,%)

Liquid limit (LL,%)

Plastic limit (PL.%)

Plasticity index (PI,%)

Range

0.17-1.56

12.1-66.1

19.3-41.4

13.3-46.8

3.7-45.1

8.3-31.0

33.7-62.1

21.3-31.1

10.3-31.0

Mean(x)

0.64

43.7

30.0

26.2

25.3

18.5

44.7

25.5

19.2

Std dev. (s)

0.36

18.4

6.8

12.3

15.4

6.1

9.2

3.1

7.2

Coefficient of
variation (CV&)

56.6

42.0

22.7

46.9

61.0

33.2

20.6

12.0

37.7

Property

CEC1 (meq/lOOg)

ESP2(%)

CaCO3(%)

MgO(%)

FeO(%)

CaO(%)

K2O(%)

A12O3(%)

SiO2(%)

SiO2/Al2O3

TiO2(%)

Mn(X%)

Range

16.9-31.5

0.84-3.90

0.01-13.70

1.5-3.6

3.7-5.3

0.6-8.1

2.0-2.8

11.3-15.6

51.7-71.6

3.31-6.33

0.27-0.67

0.08-0.30

Mean(x)

23.6

1.65

5.84

2.47

4.35

4.14

2.44

13.91

63.2

4.59

0.47

0.13

Std dev. (s)

3.8

0.95

6.47

0.66

0.59

3.34

0.20

1.25

7.50

0.81

0.11

0.07

Coefficient of
variation (CV%)

15.9

57.4

110.7

26.7

13.6

80.6

8.2

8.9

11.9

17.7

23.4

51.6

1. CEC = cation exchange capacity; 2 = Exchangeable sodium percentage.
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Table lc. Statistical summary of mineralogical properties of the soils used
Table 2. Correlation matrix of aggregate stability and soil physical properties

Property

Quartz (%)

Calcite (%)

Muscovite (%)

Chlorite (%)

Feldspar (%)

Kaolinite (%)

Range

14-41

0-13

10-22

6-16

10-23

10-31

Mean (x)

26.9

5.2

16.9

10.5

13.9

21.1

Std. dev (s)

8.2

S.8

3.8

3.9

4.4

6.4

Coefficient of
variation (CV%)

30.5

111.9

22.8

37.1

31.7

30.2

1. These are the main minerals identified by the x-ray analysis.

MWD TS Si CL FS cs LL PL PI TS/CL FS+Si FS/CL CS/CL
CL

MWD
TS
Si
CL
FS
CS
LL
PL
PI
TS/CL
FS+Si

CL
FS/CL
CS/CL

-0.58* 0.52* 0.59* -0.52* -0.44 0.51* 0.11 0.61*" -0.64++ -0.61^-0.62^ -0.06
- -O^T^-O^T** 0.95** 0.58* -0.92***-0.52+ -0.95^* 0 . 9 5 ^ 0.94**11O.SS'"4* -0 30

0.81***-0.93**^ -0.38 0.8 r*** 0.51* 0.8f** .̂RfiT1^ -0.82^-0.851*110.33
-0.89***-0.6S'Hc 0.9 f* 0.46 0.9(fI^-0.94+^ -0.94^^.0.84^ 0.25

• 0.29 -O-Sê -̂O-SO^ -0.881** 0.92^*" 0 .9Z m 0.93* n -0.24
- -0.541*" -0.23 -0.59+ 0.53^ 0.45 0.28 -0.26

- 0.7/+*0.961|**--0.80+**-0.80^-0.81+** 0.37
- 0.52* -0.32 -0.34 -0.41 0.49

-OJtS1^ -0.88"* -0.85^** 0.27
0.99*** C0.90 0.18

0.91f ** -0.16

-0.01

All abbreviations are explained in the text.

*** Significant at P = 0.001

** Significant at P = 0.01

* Significant at P = 0.05
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Table 3. Principal component analysis of physical properties influencing aggregate stability
after varimax rotation of the eigenvectors Table 4. Correlation matrix of aggregate stability and chemical properties

Variables

MWD

TS

Si

CL

FS

CS

LL

PL

PI

TS/CL

(FS+Si)/CL

FS/CL

CS/CL

Eigenvalue

% of Exp. Variance

Cumulative %

Factor 1

-0.678

0.910

-0.799

-0.906

0.882

0.455

-0.751

-0.242

-0.870

0.971

0.957

0.928

-0.024

9.041

80.2

80.2

Factor 2

-0.053

-0.410

0.398

0.353

-0.339

-0.260

0.638

0.781

0.411

-0.160

-0.158

-0.123

0.644

1.094

15.8

96.0

MWD
CEC
ESP
CaCOj
MgO
FeO
CaO
K2O
AI2O3
SiO2
S i p ;

AI2O3
T»2
MnO

MWD CEC ESP

- -0.24 -0.26
- 0.08

CaCO3

0.66*+
-0.11
-0.28

MgO

•0.13
C.02
0.40

•0.41
_

FeO

0.67**
-0.14
-0.19
0.53*
-0.18

All abbreviations are explained in the text.

***

**

*

Significant at P

Significant at P

Significant at P

= 0.001

= 0.01

= 0.05

CaO K2O

0.63** 0.02
-0.11 0.06
-0.27 0.20
0.99**0.46

-0.38 -0.27
0.63**- 0.58+

- 0.49
_

AI2O3

-0.09
0.11
0.25
0.14
0.07
0.52*
0.19

S1O2

-0.65++-
0.07
0.22
-0.98+**
0.37
•o.str**
•0.95**+

O.SS+^-0.62^
- -0.37

SiO2
AI2O3
-0.34
-0.01
-0.02
-0.68*"*
0.23

-0.77**
-0.70*
-0.90**

TiO2

-0.02
0.11

o!l5
-0.09
0.62*+
0.19
0.68+*

0.84+* -0.35
-0.65^

MnO

-0.18
-0.12
-0.24
-0.26
-0.14
0.06

-0.23
•0.09

0.01
0.2!
0.12

0.39
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Table 5. Principal component analysis of chemical properties influencing aggregate stability after
varimax rotation of the Eigenvectors

Table 6. Correlation matrix of aggregate stability and mineralogical properties of soils

Variables

MWD

CEC

ESP

CaCO3

MgO

FeO

CaO

K2O

AI2O3

S1O2

S1O2/AI2O3

T1O2

MnO

Eigenvalue

% of exp.
variance

Cumulative %

Factor 1

0.049

0.082

0.175

0.337

-0.065

0.671

0.374

0.936

0.937

-0.558

-0.904

0.808

0.029

5.734

56.5

56.5

Factor 2

0.884

-0.260

-0.282

0.520

-0.008

0.691

0.508

-0.123

-0.117

-0.538

-0.230

0.030

-0.036

2.395

23.6

77.1

Factor 3

-0.175

0.029

0.484

-0.657

0.692

-0.148

-0.631

0.162

0.162

0.544

0.274

-0.039

-0.061

1.183

10.8

87.9

Factor 4

-0.192

-0.058

-0.332

-0.406

-0.124

0.104

0.368

-0.009

-0.009

0.311

0.202

0.457

0.753

0.752

8.5

96.4

MWD Quartz

MWD

Quartz

Calcite

Muscovite

Chlorite

Feldspar

Kaolinite

-0.35

Calcite Muscovite

0.55* -0.48

-0.82*** 0.15

-0.45

-

Chlorite

0.59*

-0.64"**

0.71**

0.06

-

Feldspar

-0.63+ '

' 0.22

f -0.57*

0.14

-0.72^

Kaotinite

* 0.39

-0.63*"*

0.73**

- 0 . 7 9 ^ *

' 0.16

•0.19

*** Significant at P = 0,001

** Significant at P = 0.01

* Significant at P = 0.05
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Table 7. Principal component analysis of the mineralogical properties influencing aggregate stability

after varimax rotation of the Eigenvectors.

Variables Factor 1 Factor 2 Factor 3

MWD

Quartz

Calcite

Muscovite

Chlorite

Feldspar

Kaolinite

Eigenvalue

% of exp. variance

Cumulative %

0.68295

0.17917

0.51199

0.12108

0.80795

0.87032

0.06079

3.772

60.3

60.3

0.14929

-0.97337

0.69832

-0.01192

0.51923

-0.08975

0.53095

1.500

22.6

82.9

0.36717

-0.13017

0.38581

-0.97739

0.17775

-0.07176

0.80356

0.872

15.8

98.7




