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Mineralogy of Some Acid Soils of Kerala, India
S. C. Goswami*, B. S. Kapoor and Garima Gambhir. Department
Chemistry, University of Delhi, Delhi -110 007, India.

of

Introduction : The inorganic component of soil, which consists predominantly of crystalline
material is know to exert a profound influence on the physico-chemical characteristics of soil. Layer
silicate minerals form an important constituent of this component. The conviction has now grown
that for putting the soil management practices on a sound footing, a prior knowledge of the clay
mineral make up is essential. Not much information is available on the clay mineral make up of the
acid sulphate soils of India (1). The present investigation which deals with the X-ray diffraction
(XRD) analysis of some acid suplhate soil profiles taken from the state of Kerala, India, was aimed
at filling this gap.
Materials and Methods. Seventeen soil samples constituting four profiles were collected from the
Malabar Coast of the state of Kerala which has a humid tropical climate with mean annual rainfall
exceeding 3000 mm. The soil pH (CC12 2:1) varied from 3 to 7, and the clay content in general
was very high (50-87%). A detailed account of the physico-chemical and morphological characteristics of these samples which were obtained through the courtesy of Dr. G.P. Bhargava,
C.S.S.R.I., Karnal is given elsewhere (2).
After removing the carbonates by sodium acetate - acetic acid buffer (pH 5), the organic matter was
destroyed by treatment with 6% hydrogen peroxide. The sesquioxides were removed by the
conventional citrate-bicarbonate-dithionite method, and the soil fractionated into clay, silt and sand
by the sedimentation method. The parallel-oriented aggregates of the Mg/K-saturated clay and silt
samples were examined by XRD technique. In order to ascertain the presence of kaolinite in the
samples which contained chlorite also, use was made of the infra-red (IR) technique.
Results and Discussion. The diffraction traces of the soil clays suggested the presence of kaolinite,
micas, smectite, chlorite, vermiculite, gibbsite and mixed-layer minerals. The XRD patterns of the
silt fractions showed the presence of kaolinite, micas, chlorite and vermiculite (in traces only)
together with quartz, feldspars and gibbsite.
A strong band observed at 3680 together with ones at 3650 and 3625 cm"1 in the IR spectra was
indicative of the dominant presence of kaolinite in both the clay and silt fractions. Low pH and
absence of carbonates in these soils provide favourable conditions for the pedogenic occurrence of
this mineral.
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A qualitative appraisal of the (001)/(002) intensity ratio of the micaceous minerals in the XRD
patterns is indicative of the occurrence of both the dioctahedral and trioctahedral varieties. It is well
known that the (002) reflection in the dioctahedral mica is almost as strong as the (001) at 1.0 nm
position whereas the same is either missing or is extremely weak in the case of the trioctahedral
variety. The observed intensity (medium strong) of the reflection at 0.5 nm position is thus
suggestive of the presence of both muscovite and biotite. The optical examination of the sand
fractions which showed the presence of flakes of weathered biotite confirmed this belief.
No increase in the intensity of the (002) reflection of mica could be observed in the XRD patterns
of the heated (550° C) samples. This indicates that both vermiculite and smectite are predominantly
trioctahedral in character as they are not expected to contribute to the intensity of the 0.5 nm
reflection after their collapse to 1.0 nm spacing on thermal treatment. Thus these minerals may be
considered as weathered products of the trioctahedral mica, that is, biotite. A lower chlorite content
in the clay than in the silt fractions suggests that the mineral is of mafic origin.
Under the prevailing climatic conditions which are favourable for the disintegration of smectite
minerals to amorphous material it is possible that recrystallization of the same would have resulted
in the formation of gibbsite, the condensation of which with the Si-0 sheet could further give rise
to the formation of kaolinite.
The following weathering sequence is suggested :
Biotite
> Mixed-layers
> Vermiculite
> Gibbsite
» Kaolinite.

> Smectite

> Amorphous material

Literature Cited.
(1) Ghosh, S.K. and Kapoor, B.S. 1982. Clay minerals in Indian soils. Review of soil research in
India -Pt.Il. XII International Congress of the Int. Soc. Soil Sci, 83-109.
(2) Bhargava, G.P., and Abrol LP. 1984. Morphology and characteristics of some acid sulphate
soils in Kerala state. J. Indian Soc. Soil Sci. 32, 137-145.
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Clay Mineralogy of Some Alluvial Soils of Kota,
Rajasthan
R.K. Sharma*, Dinesh Kaushik, and S.C. Goswami, R&D, P.W.D.,
Rajasthan; Govt. RG. College, Kota; and Dyal Singh College, New Delhi,
India.
Introduction. The state of Rajasthan is the third largest state of India. The problems of
the Kota district of this state include rise of water table, soil salinity and alkalinity, soil
erosion, etc. The information on the clay mineral composition of these alluvial soils is
almost missing thereby rendering a proper management of these soils difficult. The
information gained by the clay mineralogical investigation of the representative soil
profiles of this region would be helpful in undertaking ameliorative measures by the
agricultural scientists.
Materials and Methods. Soil profiles of the Kota, Chambal, and Sultanpur Series were
examined by X-ray diffraction (XRD) for clay mineralogical composition. After removal
of carbonates, organic matter, and iron oxides, the parallel- oriented aggregates of the soil
clays were subjected to XRD. Some samples of the sand fraction were examined optically.
Results and Discussion. The diffraction traces of the Mg-saturated clays showed a very
strong reflection at the 1.4 nm position. On solvation with ethyleneglycol a major portion
of this peak shifted to 1.7 nm position thereby indicating a dominant presence of
smectites. Thermal treatments (300°C for 2 hrs. & 550°C for 1 hr) showed the presence
of chlorite and vermiculite. The presence of the micas and mixed-layer minerals could
also be inferred from the XRD patterns. Kaolinite was indicated in trace amounts only.
Optical examination of the sand fractions revealed the presence of both muscovite and
biotite together with a host of other accessory minerals.
It is well known that when both muscovite and biotite are present together in a soil system
the K released from weathered biotite inhibits the weathering of muscovite. Observance
of flakes of weathered biotite in the sand fraction and a predominantly trioctahedral
character of the vermiculite and smectites as revealed by the XRD patterns of the heated
samples suggest that the mixed-layer minerals, smectite and vermiculite have formed as
a result of the preferential weathering of biotite. The preponderance of Ca2+ in the soil
solution too favours smectite formation inhibiting the pedogenic formation of kaolinite.
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The Clay Mineral of Soil in Xizang Plateau of China
Yang Feng. HuNan Station of Soil and Fertilizer (ChangSha, China)

The composition and distribution of soil clay minerals which effect on physical, chemical
properties and fertility of soil in Xizang plateau depend on climate, climate vegetation, parent
material, topography etc conditions, particularly specical climatic condition for plateau.
I. The character of soil clay mineals in Xizang plateau:Generally, the main clay mineral is
hydromicas for soils distributed in alpine and subalpine. Hydromicas and 1.4nm mineral are the
major clay minerals in dark brown soil and other forest soils whereas kaolinite with poor
crystalline and hydromicas are main clay minerals in yellow brown soil and yellow soil. The type
and composition of soil clay mienral are further simple from west north to east south but the
weathering of soil is further strong. For example, the major clay minerals for subalpine meadow
siol in west north part are hydromicas, kaolinite, chlorite and other 1.4nm minerals whereas they
are hydromica and kaolinite in east soutn part. In some cases, the types of soil clay mineral
are related to the chemical composition of parent material, such as the main clay mineral being
paragonite in the soil derived from phyllite which contains more Na2Ü whereas the major clay
mineral being hydromica in the soil derived from granite which contains more K^O.
II. The regionalization for soil clay minerals in Xizang plateau: Interms of the character of clay
mineral composition in soil, the five types of soil clay mineral in Xizang plateau will be
derived.
They are: 1) kaolinite types in east south of Xizang plateau, 2) 1.4nm clay mineral types in
forest zone, 3) hydromica, kaolinite and chlorite in alpine and subalpine zone, 4) hydromica,
chlorite and kaolinite types in semi - humid and semi-arid zone, 5) paragonite types in zone
distributed with phyllite.
HI. The clay mineral composition of soil is closely related with the properties of the soil in
Xizang plateau.
Table for main types of soil clay minersal and soil properties.
Hydromicas being
major

1.4nm mineral
being major

Kaolinite and 1.4nm
mineral being major

Terms
Average Change range
PH(H 2 0)
Sa
CEC
Bs%
Fed/FeT
Ba
Bt/A
silt/clay
HA/FA
main soil
types

7.4
3.32
11.31
79.35
41.35
0.91
1.34
1.98
1.02

6.0-8.5
2.66-4.31
5.1-22.06
45.5-94.6
21.7-61.4
0.42-1.97
0.32-2.86
0.24-5.07
0.45-1.95

Subapline meadow soil
cinnamon soil, meadow
soil, etc.

Average
5.89
2.85
14.25
31.73
43.07
0.77
0.75
1.75
0.73

Change range Average Change range
5.1 -6.3
2.11-3.5
9.11-22.8
13.4-52.7
20.8-67.5
0.59-1.01
0.14-1.35
1.30-3.65
0.5 -1.27

podzolic brown soil,
paddy soil, yellow brown
soil, etc.

5.48
2.90
17.65
30.00
51.0
0.63
0.89
1.77
1.28

4.75-6.75
2.73-3.04
7.8-39.25
12.2-67.9
30.5-73.3
0.46-0.79
0.51-1.37
0.67-3.38
1.03-1.68

brown soil, yellow
brown soil, yellow
soil, etc.

Mineralogy of Some Soils of Bangladesh
Syed Fazle Elahi. Department of Soil Science, Dhaka University, Dhaka 1000,
Bangladesh

Introduction. The soils of Bangladesh are alluvial in
nature. Variation in maturity of the alluvium has produced
three types of soil parent material One is the consolidated
sedimentary rock. The second is the sediments, locally
called Madhupur clay, of pliestocene epoch which are not
consolidated but have distinctly uniform composition which
is clayey in nature. The third is the recent alluvium which
are in the process of continuous deposition. The soils
developed on Madhupur clay are of interest due to its
apparent old age, uniformity of parent material, and climatological variations in the area ranging from hot and dry
conditions nearing semi-desert conditions to hot and humid
conditions. Therefore, the clay mineralogy of seven soils
from two catena having different climatological conditions
were studied.
Materials and methods. Seven soils from two catena were
investigated. The soils and their climatic conditions are
listed below:
Temperature
4°C to 42°C
10°C to 35°C

Catena
Location
Naogaon
25°15'N, 88°45'E
Joydebpur 24o10'N, 90°30'E

Rainfall
1600 mm.
2250 mm.

The clay minerals were separated from different horizons of the profiles, prepared for X-raydiffraction analysis, and identified by the methods described by Jackson
(1975). Minerals in sand and silt fractions were identified using the XRD.
Results and discussion. The parent material of all the
soils contained more than 50% clay. Division from this
value in other horizons were due mainly to the movement of
clay from the place of origin. More than 85% of sand and
silt fractions constituted of quartz followed by feldspars
and mica.
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Clay mineralogy of the soil parent material was characterized by the kaolinite and muscovite with small amount
of quartz. The solum of Naogaon soils had, in addition to
the above mentioned minerals, serpentine minerals in small
quantity. It indicated presence of Mg ions in exchange site
which was verified by the presence of substantial amount of
exchangeable Mg. Though the condition was similar, in
Joydebpur soils serpentine minerals were absent. It is
believed that the longer dry period in Naogaon soil aided
in the substitution of Mg in the alumina octahedrons of
Kaolinite. In Gazipur soils the long wet season with concomitant relatively high humidity during the rest of the
year the physicochemical condition was not conducive to the
formation of serpentine.
References:
Bangladesh Bureau of Statistics. 1992. Statistical Yearbook
of Bangladesh, 1992. Published by the Secretary, Ministry
of Planning, Govt, of Bangladesh, Dhaka, Bangladesh.
Jackson, M.L. 1975. Soil Chemical Analysis - Advanced
Course. Published by the author, Madison, Wisconsin, U.S.A.
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Mineralogy and Charge Properties of Volcanic Soils
From Philippines and Indonesia
J. Shamshuddin, Department of Soil Science, Faculty of Agriculture, Universiti
Pertanian Malaysia, 43400 Serdang, Selangor, Malaysia.
Introduction. Volcanic soils of Philippines and Indonesia are formed from volcanic
materials of Recent to Pleistocene age. The soils are characterized by high basic
exchangeable cations with varying amount of variable-charge minerals. The objective of this
paper was to study the mineralogy of selected volcanic soils from the Philippines and
Indonesia in relation to their charge characteristics.
Materials and Methods. Six soil profiles were investigated; 5 profiles from the Philippines
and 1 profile from Indonesia. One soil was an Entisol, 4 soils were Alfisols and 1 soil was
an Oxisol. The mineralogy of the clay fraction of the soils was determined by XRD and
TEM. Negative charge as measured by Ca adsorption is termed as CEC B , while that
measured by Ca and Al adsorption is termed as CECp The positive charge as measured
by CI adsorption is termed as AEC. Soil solutions were extracted by centrifugation after 1
day of incubation at a matrix suction of 10 kPa.
Result and Discussion. All the soils contain appreciable amounts of amorphous materials.
XRD analysis shows the presence of smectite, mica and quartz, with minor amounts of
kaolinite and feldspar in the clay fraction of the Entisol, while the Alfisols and Oxisol
contain mainly kaolinite, halloysite and sesquioxides. The semctite is believed to form from
weathering of mica under impeded drainage condition. The amount of kaolinite and
sesquioxides in the soil increases as the soils develop into Oxisol. The clay fraction of the
Andisol contains mainly halloysite. It is believed that weathering of the volcanic materials
under well drained conditions promotes the formation of halloysite which, in turn, alter to
kaolinite on further weathering. In the Alfisols and Oxisol, the amount of halloysite
increases downwards, while the kaolinite increases upwards.
The charges on the soil surfaces change appreciably with pH. The Andisol is net
positively charged, while the Entisol and the Alfisols are net negatively charged at the soil
pH; soil pH is taken to be the pH (1:1) measured in 0.01 M CaCl2. The positive charge in
the Oxisol was slightly lower than in the andisol. Overall, their charge characteristics are
quite similar. The low amount of negative charge in the Oxisol is attributed partly to the
dominance of kaolinite and sesquioxides in the soil.
Although the exchangeable Ca and Mg in the soils are high, only small amounts are
present in the soil solution. The relationship between the soil solution Ca concentration and
the exchangeable Ca is given by the equation:
Ca,,,, = -0.79 + 41.40 Caexch (r = 0.75, P < 0.05)
Most of the Ca in the soils are held tightly by the soil surfaces because of the high CEC as
a result of high pH. The soil solution Ca concentration is linearly related to the ECEC by
the equation:

Ca^, - -2.70 + 11.00 ECEC (r = 0.78, P < 0.01)
Conclusion. The mineralogy of the volcanic soils of the Philippines and Indonesia changes
with the degree of weathering which, in turn, related to the age the parent material, annual
rainfall and drainage conditions. Under well drained conditions the volcanic materials
weather to halloysite, kaolinite and finally sesquioxides. The charge characteristics of the
soils are dependent firstly on the mineralogy of the soils and secondly on the soil pH. The
positive charge is high in the andisol, while the negative charge is high in the Entisol and
the Alfisols. The soil solution Ca concentration is significantly correlated with the
exchangeable Ca and the ECEC.
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Mineralogical Features of Arid Soils as Related to Saffron
Cultivation in Kashmir Valley of India
Nazir Ahmad Nazir, and N. P. Chizhikova. V.V. Dokuchaev Soil Science

Institute, 109017 Moscow, Russia.

INTRODUCTION. The saffron (Crocus sativus L.) is being gr»wn in
India since ancient times. However, its cultivation is confined
only to some regions and every effort to enlarge saffron-producing
areas meets always difficulties. The aim of the authors' mineralogical investigations is a search of those features which may be
responsible for prospecting new areas to be able to utmostly heighten the saffron productivity.
MATERIALS AND METHODS. Mineralogical composition has been analyzed
by X-ray diffractometrie, thermograviometric and chemical methods
in soils of Kasmir valley, including sierozems, grey-brown and alluvial ones. The soils in Pampore region (A) appear to be the most
favourable for saffron cultivation as compared to those in Bejbehara (B) and especially in Nagam (C). Owing to mineralogical features the reserves of basic nutrient elements have been calculated
RESULTS AND BISO.USSION. The mineralogical composition of soils
under study is peculiar by the predominance in the less than 1 mem
fraction of hydromica with kaolinite (3-16%), chlorite (3-21%) and
mixed-layer formations admixture (3-9%); palygorskite and goethite
are sporadic here, finely dispersed quartz is present everywhere.
Eaeh soil type reveals its own mineralogical features as related to the complex geological history of deposits, on which the
soils have been developed. The mineralogical composition of sierozems in Pampore region is characterized by minerals perfect in
their structure and minimum content of highly dispersed quartz.
Thus, sierozems were derived from deposits of the weakly expressed
weathering. In grey-brown soils of Nagam region one can observe
the higher content of palygorskite, because Cretaceous-Tertiary
deposits, composed of this mineral, were responsible for the formation of the parent rocks. These soils have minimum of hydromica
but they are rich in finely dispersed quartz. Crey-brown soils in
Jdejbehara region are characterized by a considerably increased
content of trioctahedral variations of hydromica, quartz, goethite.
The results of statistical treatment (the method of basic components, Rozhkov, 1975) are illustrated here, thus reflecting the
difference of soil mineralogical features, which are as follows:
content of the main minerals in the fraction less than 1 mem /I/;
intensity of reflexes in minerals (percentage of their sum) /II/;
total chemical composition of fractions less than 1 mem /III/.
These differences are indicative of soil genesis. Sierozems are
usually developed on deposits of loess-like type, comprising chlo
rite and hydromica. Crey-brown soils are derived from deposits,
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ia the formation of which the rocks of Cretaceous-Neogene period
taok place resulting in the presence of such minerals as palygors
kite and goethite.
Calculations aimed to study the distribution of potassium, magnesium and phosphorus oxides according to their reserves in fractions more than 1 mem, in fractions less than 1 mem, in mobile
forms and in the total content of soils, revealed essential differences in soils under consideration. The highest reserves of
KpO and MgO in the soil as a whole and in its clay fractions are
characteristic of soils in Pampore region. This is explained by
great amounts of such minerals as feldspars, plagioclases, glauconites, micas, hydromicaa and chlorites. The soils in Bejbehara
region are peculiar by higher reserves of phosphorus oxides in
the soil as a whole and in fractions more than 1 mem resulting
from the specific parent rocks, which are characterized by presence of phosphorus-containing components.
Thus, sierozems developed on Cretaceous loess-like deposits
with increased admixture of chlorite and hydromica proved to be
the most favourable for saffron cultivation. The nutrient regime
of these soils and the behaviour of potassium oxides in particular is found to be optimum for saffron productivity.
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Mineralogical Study of Beach Sands from Michoacan State,
Mexico
A. C. Ramirez, Q. Torres, and N. E. Garcia. Laboratório de Edafologïa,
Facultad de Ciencias, Universidad Nacional Autónoma de México, México.
Introduction. Sand samples from the south coast of Michoacan were
analized, the beaches sampled were (from south to north): Playa
Azul, Calabazas, Chuquiapan, Zacatosa
and Mexiquillo. These
beaches comprise 80 km of coast, and are separated by only a few
cliffs and small bays. This area is located between 102°,28',11' ',
and 102°, 58',21'' of longitude west, and 17°, 58',32'' and 18°,
09',40'' of latitude north<D. The predominant geology consist of
alluvions, residual soils and tuffs from quaternary period,
sedimentary and volcanic
rock outcroppings,
sandstones and
limestones from the continental tertiary period in areas close to
Mexiquillo. Likewise, lutite outcroppings are found from the
inferior cretaceous in Chuquiapan beach.
Materials and Methods. The sand samples were taken in each beach
in the highest zone (25 m ) . The mineralogical determination was
made following the Perez Mateos technique ca> • A heavy non
magnetic fraction was mounted in Canada Balsam, the light fraction
was prepared
with differential
stains.
Subsequently, both
fractions were described by examination under a petrographic
microscope.
Results and Discussion. In all the studied beaches the percentage
of light minerals was higher than the heavy minerals. Results of
heavy fraction are shown in figure 1. Olivine, was observed in
Chuquiapan, Zacatosa and Mexiquillo beaches as the predominant
heavy mineral, which had iron oxide inclusions and a corrugated
surface. Hornblends were found
in Playa Azul
as the the
predominant mineral in its typical colours (green and brown) which
led to an easy identification. Likewise, the most common mineral
in Calabazas beach was epidote. Other minerals found in the
samples, but in different percentages in each beach, were:
hypersthene, garnet. augite( present only in Mexiquillo ), and
circon( present only in Playa Azul ). Generally, the grains have
subrounded
and
subangular
shapes,
denticulated
margins
(hypersthenes). broken
fragments
and
different
kinds
of
inclusions, except circon, which was observed in unbroken grains
and with prismatic pyramidal shapes. The light fractions are
totally composed by sodium and potasium feldespars (oligoclases
and plagioclases from the anortite-albite group). The feldespars
were more abundant than quartz grains in all the beaches, these
results are shown in figure 2. The percentages of the different
minerals are distinct depending on the beach. The oligoclases were
more abundant in Playa azul, Chuquiapan and Calabazas, with
percentages of up to 30%. On other hand, plagioclases were more
abundant in Mexiquillo and Zacatosa with percentages of up to 50%.
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The high contents of magnetic partic les, and some heavy minerals
garnet and others could be
like olivine, basaltic hornblende
of
the rocks found near the
related to the igneous conditions
study area, Michoacan is a state with constant volcanic and
seismic activity . so almost all the minerals found have a
volcanic source (pyroclastics mater ials). The analized minerals
present in the sand samples, implica te a low evolution of all the
sandy soils sampled. but have dev eloped in to highly altered
materials and may be asociated with some evolution cycles.
Beaches
Figure 1 . - Predominant heavy minerals
(0.5 mm - 0 . 2 5 mm)
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CLAY MINERALS IN BULGARIAN PODZOLIC SOLS

K. Boneva, G. Houbenov N.Poushkarov Institute of Soil Science and Agroecology, 7
Chaussee Bankya 1080 Sofia, Bulgaria

Introduction. Bulgarian podzolic soils spread out in the northern and southern parts of
the country and occupy the rugged relief forms. They have developed on various parent
materials. In North Bulgaria they are mainly related to sandstones, while in South
Bulgaria - to granite, rhyolite, trahchyandesite(2). The present research has been carried
out to find the influence of soil-formation processes and the nature of soil-forming
materials on the composition, content and distribution of clay minerals along the profile.
Materials and methods. Fourteen podzolic soil profiles have been studied. They are
characterized by an albescent, poor in humus eluvial A2I horizon having light texture and
an acid reaction, and an illuvial Bt horizon, rich in clay. The strongly pronounced
textural differentiation between the two horizons results in a recurrent surface waterlogging. The clay minerals in clay fraction (particles < 0,001 mm diam.) of the genetic
soil horizons have been determined with the help of X-Ray diffraction and transmissional
electronic microscopy.
Results and discussions. The results obtained reflect the influence of the soil developing
processes having formed these soils. It finds expression in the different contents of the
basic clay minerals in the main genetic horizons. A most typical characteristic is the
eluvial-illuvial nature of smectite distribution along the profile, and the relative
accumulation of vermiculite, illite and kaolinite in the eluvial horizon(l). The processes
of lessivage and shifting of the finely dispersed smectite minerals, alongside with the
processes of transformation and destruction under conditions of a recurrent surface
water-logging and an acid soil reaction, have played a definite role in the distribution of
clay materials. The presence of mixed laminated minerals, amorphic components and
finely-dispersed quartz attests to the process of clay mineral destruction, occuring in that
part of the profile. In the Bt horizon, rich in clay, there have also been found amorphic
substances, and iron and aluminium hydroxides which is indicative of "in situ" clay
formation from the products of in-soil weathering and translocation from the A2I
horizon. As a result of the soil-formation process a soil profile has developed having a
surface horizon poor in smectite and relatively enriched with other minerals, and an
illuvial horizon containing more smectite.
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The research into podzolic soils from North and South Bulgaria shows clay mineral
distribution to be of the same type which supports the conception of their genetic
resemblance. The variation of the numerical values obtained in the statistical analysis for
the mineral content reflects the different degrees of manifestation of the occuring
processes.
Irrespective of the common characteristics in the distribution of clay minerals along the
depth, a certain mineral can be dominating in all soil horizons of the individual profiles
which is a genetic symptom inherited from the soil-forming (parent) materials. In the
main, their influence is made clear in the clay fraction which is predominantly kaoliniticillitic for the soils of North Bulgaria, and illitic-montmorillonitic - for those in South
Bulgaria.

Literature cited
(1). Houbenov G., K. Boneva and A. Behar. Clay minerals composition in yellow
podzolic and pseudopodzolic soils. Fourth National Conference of Soil Science p. 109114, 1989, Sofia.
(2). Koinov V. et al. Geochemical redistribution of weathering products in the more
important geological and petrographical areas of Southern Bulgaria. Monograph, 1974,
Sofia.
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Inherited Micas in Red Mediterranean Soils
R. Delgado,1 J.M. Martin,2 C. Oyonarte,3 E. Gamiz,1 and G. Delgado.' 'Dpto.
of Edafologia y Quimica Agricola, Universidad de Granada; 2 Universidad de.Jaén;
3
Universidad de Almeria; Espada.
Introduction. As a mineralogenetic process in soils, inheritance involves little mineralogical
changes of parent phyllosilicates [7]. Dioctahedral micas are frequently inherited or weakly
transformed in soils [2]. Inheritance of micas involves the decrease of layer charge, together with
other, poorly-understood changes [1]. Red Mediterranean soils (RMS), common in Mediterranean
regions and other areas with a similar, subtropical climate [10], offer an ideal material for the study
of this process [9]. Our objective were to characterize, in mineralogical and mineralogenetic terms,
the process of mica inheritance in RMS.
We studied four RMS on hard carbonated rock (Terras rossas) in the Gador Mountains, and
three RMS on micaschist and quartzite Siliceous red soils in the Sierra Nevada Mountains, in
southeastern Spain. Both areas form part of the Betic mountain range. All soils had a xeric moisture
regime, and a mesic temperature regime. The soils were Argixeroll, Haploxeralf, and Haploxeroll.
The Bt horizons were red/reddish and noncalcareous/slightly calcareous, and had a clay/clay loam
texture, pH 6/8, free Fe 2.5/4.5 (%), and base saturation greater than 50 {%).
Materials and Methods. Clay ( < 2 ftm), silt (2-50 /tin), coarse fragments from siliceous red soils
( > 2 mm, divided into coarse and fine fractions, +. 8 mm) and silt+clay ( < 50 /tm) of undissolved
residue from calcareous coarse fragments from terras rossas were studied. Iron was removed before
analysis [3]. X-ray diffraction was used to
SI.
study the following parameters of micas: 1)
b0 parameter from d(060) spacing; 2) crystal
-Si,.
size (crystallinity), perpendicular to the (001)
planes [4]; and 3) percent 2M polytypes in
Mfc*
relation with 1M + 2M (5,12). Structural
formulas were established from the value of
b0 with equations of Martin Ramos [6],
SI,.
which were especially appropriate for this
study, as they were developed with reference
— «.
to micas from the Betic mountain range.
Diffractometry (Phillips PW 1730) was done
with random powder and oriented aggregate
*
Siliceous red soils
techniques, with Fisher quartz as the
•
Terra rossa
standard. The resulting formulas were Figure 1. Wiewióra (1990) diagram showing the structural formula (tetrahedral
checked with elemental analysis by x-ray and octahedral sheets) of micas (V: octahedral vacant sites).
fluorescence and electron microprobe
analysis.
MUSCOVITE

Results and Discussion. In accordance with Wiewióra [14], the micas in RMS we studied were
muscovite, phengite, and weakly phengitized muscovite (Table 1, Fig. 1). Although phengites have
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been reported in Betic mountain range rocks
(6,8), there are no definite reports of this
mineral in soils.
Figure 2 illustrates the changes involved
in mica inheritance in these RMS. The decrease
in tetrahedral charge (increased Si' v , decreased
Al™) is a well-known process. In the octahedral
sheet, phengitization (increased FeVI and Mgvi)
increases octahedral charge. The layer charge
was increased. Crystallinity (as D 001) was Figure 2.- Crystallochemical and structural evolution of inherited micai in
lower in clay than in coarse fragments or silt. red Mediterranean soils (D: crystal size).
The dominant polytype in silt and coarse
fragments was 2M; in contrast, 1M, typical of lowest temperature mica mineralogenic processes
[14] predominated in clay. The features of micas from silt suggest that changes in crystallinity and
polytype occurred after modifications in structural formula during mica inheritance.
Tabla 1.- Crystallochemical and structural parameters of micas.

Fraction

b.(A)

Si™

Al™

Al"

Fe"

Mg"

x"

x"

x™ 1

R"

«2M

D(A)

U.R.

9.0017

3.13

0.87

1.81

0.11

0.09

-0.87

-0.06

-0.93

2.01

91

>1000

Silt

9.0095

3.17

0.83

1.72

0.15

0.14

-0.83

-0.11

-0.94

2.01

92

>1000

Clay

9.0082

3.16

0.84

1.74

0.14

0.13

-0.84

-0.10

-0.94

2.01

39

457

Coarac gravel

8.9876

3.04

0.96

1.95

0.04

0.03

-0.96

+ 0.05

0.91

2.02

100

>1000

Fine gravel

8.9847

3.03

0.97

1.91

0.03

0.01

-0.97

+ 0.04

-0.93

2.02

100

>1000

Silt

8.9971

3.10

0.90

1.85

0.09

0.07

-0.90

-0.03

-0.93

:.oi

100

627

Clay

8.9946

3.08

0.92

1.88

0.07

0.05

-0.92

-0.03

-0.95

2.01

60

202

SOILS

Terra
Roxsa

Siliceous
Red Soils

U.R..- Undissolved Residue: X1*.- Tetrahedral charge: x".- Octahedral charge: x""".- Total layer charge:
R".- Number of octahedral cations: D (A).- Crystal size

Conclusions. The process of mica inheritance in red Mediterranean soils affects the composition
of the tetrahedral and octahedral sheet, the corresponding layer and sheet charges, crystallinity and
polytype. We are now investigating changes in the interlayer. The ecology of mica inheritance can
be defined on the basis of environmental characteristics, pedoclimatic regimen, and pedochemical
features.
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Physical, Chemical, and Mineralogical Characteristics of
Mexico's Ustands and Udands.
M.A.Valera*, A.Cruz-Montalvo* and RAguilera-Herrera**. *Department of
Research in Agric. Sci. Inst, of Sci. of the Autonomous University of Puebla.
Aptdo. Postal 1292 Puebla, Pue., Mexico. **Faculty of Sci., U.N.A.M, Mexico.
Introduction. Andisols are almost in 20% of total agricultural surface of Mexico and deserves
singular importance about country forestry resources (1). Agricultural use of this kind of soils is
difficult because of particular physical and chemical properties, especially its high phosphate
retention capacity and its active iron and aluminum content. Hypothesis sustained in this work is
that climate originates significative differences in Andisols weathering process, which have effect
on mineralogical composition.
Objectives were to: a) demonstrate a relation between mineralogical composition of clay fraction
and relevant Andisols physical and chemical characteristics, and b) compare such relation with
different environmental moisture conditions.
Materials and methods. Studied zone is located at north east of Puebla mexican state, in the
region of Teziutlan, between paralels 19°37'30" to 20°14'54" north latitude and meridians
97°07'42" to 97°47'30" west longitude. Six climates were determined in the region, disposed in
latitudinal stripes that mark the transition from temperate climates of Neovolcanic Axis and the
Sierra Madre Oriental to warm climates of Gulf of Mexico Declivity.
Soils region inventory allowed to classify Andisols in Ustands and Udands in function of its
morphological, chemical, and physical characteristics, specially its andic soil properties (3), with
relation to environmental moisture conditions of studied area . Separation limit between both
groups of Andisols was considered above 800 mm isoject. Andic properties evaluated were: bulk
density, pH (NaF), active iron and aluminum contents (2), phosphate retention (2), and melanic
index (3).
Chemical elemental analysis was made on the earth fine and clay fractions using X-Ray
Fluorescence Spectroscopy. Mineralogical characterization of Andisols clay fraction was made
using Infrared Spectroscopy, Transmission Electron Microscopy, and X-Ray Diffraction.
Results and discussion. It was found a relation between environmental moisture and andic soil
properties value. Udands bulk density values is lower than Ustands values, this can be explained
by the differences in organic matter contents, textural class, "and soils mineralogical composition.
Active iron and aluminum contents, phosphate retention , and pH values were higher in Udands.
Phosphate retention is determined principally by active iron and aluminum more than iron and
aluminum forming organic matter complexes, this is supported by the fact that higher active iron
and aluminum concentrations exist in B horizons, the same that allophan concentrations (4,5).
Chemical elemental analysis of fine earth and clay fractions showed that soil silica concentration
decrease from 64.68% in less weathered parent material in a Ustivitrand in comparation with
almost 35% in a Fulvudand, this causes that Al and Fe oxides quantities decrease and
its corresponding fractions in active cation.
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S1O2/AI2O3 ratio decreases until soils total values between 1 to 2, inducing <1 values in clay
fraction samples. SiCtyA^C^, Si02/Fe203, and Si02/Al203+Fe203 ratios presuppose mineral
neoformation more resistants to water weathering, since in this environmental conditions the
minerals stabilize as short range minerals, notably contributing to increase the active iron and
aluminum fractions.
This fractions are notably responsibles of Andisols chemical behavior peculiarities: Ustands show
characteristics of incipient andosolization (coarse vitric texture and minor development of andic
soil properties). Mineralogical analysis results of clay fraction show the presence of quartz,
feldspars, micas, and allophane, besides colloidal silica in A horizons. Udands show marked
andosolization characteristics (silty loam texture and great development of andic soil properties).
Mineralogical analysis results of clay fraction show the presence of allophane, halloysite, gibbsite,
quartz, feldspars, and micas.
Conclusions, a) There is a relation between the increase of environmental moisture and the
increase of andic soil properties values; b) there is a clear tendency to increase the Andisols
phosphate retention inversely with organic matter contents and directly with active iron and
aluminum contents; c) sequence of Al and Fe accumulation and silica loss, in its différents ways, is
esentially the same in relation with andic soil properties variation and environmental moisture
increase; d) environmental conditions and soils original components have bring about allophane
neoformation; e) the colloidal silica is found only in soil profiles with a minor development in its
andic properties; f) halloysite and gibbsite presence in Udands can be taken as a singular
characteristic of greater weathering.
Literature cited.
(1) Aguilera, N. 1969. Distribucion geografica y caracteristicas de los suelos derivados de cenizas
volcanicas de Mexico, A.6.1.-A.6.10. In: Primer Panel Sobre Suelos Derivados de Cenizas
Volcanicas de America Latina. IICA, Turrialba, Costa Rica.
(2) Blakemore, L. C , et al. 1977. Soil Bureau laboratory methods: Methods for chemical analysis
of soils. New Zealand Soil Bureau Scientific Report.
(3) Leamy, M. L., eiaj. 1988. ICOMAND. Circular letter No. 10 New Zealand Soil Bureau
DSIR, Private Bag. Lower Hut.
(4) Wada, K. 1985. The distinctive properties of Andosols, pp. 173-229. In: Advances in Soil
Science, Vol. 2. Springer-Verlag, New York, Inc.
(5) Wada, K. 1989. Allophane and Imogolite, pp. 1051-1088. In: J.B. Dixon and SB. Weed (ed).
Minerals in Soil Environmemts (second edition). Soil Sci. Soc. Am., Madison, Wis. USA.

21

SOIL MINERALOGY OF SOME COFFEE GROWING SOILS IN
THE VERACRUZ AND PUEBLA STATES IN MEXICO
E. VALLEJO1 ; N. GARCIA-CALDERON2; N. AGUILERA2;
R. RAMOS2
Departamento

de Edafologia, Inst, de Geo/ogia'; Laborator/o de Edafologfa, Fac. de
Ciencias, UN AM, 04510, México

INTRODUCTION. The coffee plantations in Mexico are developing under particular
agroecosystems areas, the highly yield coffee quality are practiced on volcanic
and volcanic ash soils, located between 600 - 1300 masl, under a subtropical
climate with udic or perudic and thermic to isothermic conditions, in the cover
vegetation of evergreen cloud forest several elements are shared of the Neartic,
Holoartic and Tropical regions.
These environments originate and acumulate by weathering processes, halloysite
clay mineral, allophane and amorphous materials. The genesis, mineralogy and some
properties of the soils have been studied and classified as Andisols and
Alfisols.
MATERIALS A N D M E T H O D S . The parent material is volcanic ash from Xalapa-Coatepec
and Yecuatla on the Veracruz State; also from Las Margaritas on the Puebla State.
The soils ocurring along this volcanic belt are highly and ideally suited to many
tropical crops coffee, bananas, citrus, vanilla, corn. Geologically the volcanic
area is a continuation of the Neovolcanic Mexican Belt, this volcanic axis go
across west to east from Pacific Ocean seabord to Gulf of Mexico, the seaboard
of Cenozoic to Quaternary age. In Xalapa-Coatepec the rocks are mainly volcanic
ash glass's 2, containing abundant white volcanic ash glass. Two sites are
located in Francisco Javier Clavijero Park, Profiles 1 & 2; site 3 in Finca El
Sol and site Las Margaritas, Profile 4. The sites were selected for detailed
study and soil descriptions and classified using Soil Taxonomy, 1990.
The methods of study and analytical procedures for the soil samples after
seggregation of clay minerals less than 2 fjm"='"'3 and for silt and sand minerals
as ". X-RD, IR, TTA, TEM and MEB were carried out on clay fraction samples
prepared as s; and on silt and sand samples in adition of petrographic microscopy
and micromorphology preparations.
RESULTS A N D DISCUSSION. Mineralogy. Sand samples of The Ordufia, Las Pefiitas,
Ohuapan and El Sol show pyroxene, olivine by petrographic microscopy.
In the silt fractions occur calcic and sodic plagioclases, some sites contains
appreciable content of phytoliths at the surface, with particle size ranging from
5 to 50 fjm in diameter.
Results of elemental chemical analysis of the clay fractions are in Table 1, the
Al;Oj percent content indicate 1:1 clay as well as silica:alumina ratios, the
total thermal analysis shows a high water loss between 120 to 500°C; TEM shows
crystaline rod and glomerular shapes for halloysite, Fig 1; and X-RD of clay size
fraction shows d/n 7.5 A and 4.42-4.34 A values, Fig 2.
The results of the Xalapa-Coatepec and El Sol sites show evidence from weathering
and profile development for their to be classified as Andisols. Las Margaritas
site shows evidence to be classified as Alfisol with andic properties.
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I.

PROFILE 'ARENM. DEL TE50R0", VERACRUZ.
ELE!*NTAL CHEMICAL ANALYSIS OF THE CLAY FRACTION
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0.51
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FIG 2. X-ray d i f f r a c t o g r a m s . Profile 1.
a.d.= air d r i e d samples
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Clay Mineralogy of Important Vertisol Soil Series of
Maharashtra, India
A. L. Pharande, and K. R. Sonar. Department of Agricultural.Chemistry and
Soil Science, Mahatma Phule Agricultural University, Rahuri, Maharashtra, India.
I n t r o d u c t i o n . The e f f i c i e n t use of water and f e r t i l i z e r t o t h e
f i e l d crop needs d e t a i l e d u n d e r s t a n d i n g of c l a y m i n e r a l o g i c a l
composition of s o i l . At p r e s e n t p r e c i s e information on f i n e and
and c o a r s e c l a y mineralogy of e x t e n s i v e V e r t i s o l s o i l s e r i e s i s
n o t a v a i l a b l e although Maharashtra s h a r e s t h e l a r g e s t a r e a ( 2 4 . 2
m i l l i o n ha) under V e r t i s o l s of India (Ghosh and Kapoor 1982).
T h e r e f o r e , an a t t e m p t was made t o understand t h e c l a y mineralogy
of V e r t i s o l s o i l s e r i e s of M a h a r a s h t r a , I n d i a .
M a t e r i a l s and Methods. The important benchmark and e s t a b l i s h e d
s o i l s e r i e s (Typic, Udic and E n t i c Chromusterts)were s e l e c t e d
f o r c l a y m i n e r a l o g i c a l i n v e s t i g a t i o n by using X-ray d i f f r a c t i o n
and d i f f e r e n t i a l thermal a n a l y s i s . The procedure for t h e s e p a r a t i o n of f i n e c l a y s (<£ 0.2*U ) c o a r s e c l a y , (2-0.2-*0 from V e r t i s o l
s o i l samples and p r e p a r a t i o n of s l i d e s for XRD s t u d i e s was f o l l o wed as d e s c r i b e d by Jackson (1979). The f i n e and c o a r s e c l a y
f r a c t i o n s were s u b j e c t e d t o X-ray examination of p a r a l l e l o r i e n .
ted samples of (i)Mg c l a y (ii)Mg c l a y ö l y c e r o l s o l v a t e d ( i i i ) K
c l a y a t 25°C (iv)K c l a y heated t o 300°C (v)K c l a y he .ted t o 550X:
with p h i l i p s d i f f r a c t o m e t e r - 1 (PW-1710)using Cu-K»t r a d i a t i o n with
scanning speed of 1° 29 m i n
from 3 t o 300. The Greene and Kelly
( 1 9 5 3 ) t e s t was a l s o used for f i n e c l a y s in order t o d i f f e r e n t i a t e
m o n t m o r i l l o n i t e with b e i d e l l i t e . Q u a n t i t a t i v e e s t i m a t i o n of c l a y
m i n e r a l s and weathering mean of c l a y s were c a l c u l a t e d as per t h e
p r o c e d u r e of Ghosh and Datta (1972) and Jackson and shermann (1953)
r e s p e c t i v e l y . The Ca s a t u r a t e d f i n e c l a y s were used for DTA a n a l y s i s . The AI2O., was used as an i n e r t m a t e r i a l with chromel a l u mel thermocouple with r a t e of h e a t i n g a t 10 C m i n - 1 u p t o 1000°C.
R e s u l t s and D i s c u s s i o n . The X-ray d i f f r a c t o g r a m s of fine c l a y s of
V e r t i s o l s o i l s e r i e s were e x h i b i t e d s i m i l a r p a t t e r n i n d i c a t i n g
s i m i l a r c l a y m i n e r a l assemblage. The s m e c t i t e was dominated(8597 per c e n t ) w i t h small q u a n t i t y of k a o l i n i t e (3-12 per c e n t ) w i t h
weathering mean of 8.3 t o 9 . 1 . The XRD p a t t e r n s of Greene and
Kelly t e s t (Li saturated)showed i n t e n s e peak a t 18.3 8 and low
i n t e n s i t y peak a t 9.3 A confirmed t h e dominance of b e i d e l l i t e
over m o n t m o r i l l o n i t e in V e r t i s o l s of Maharashtra. The DTA curve
of f i n e c l a y s i n d i c a t e d sharp endothermic peak a t 180^0 and s e c ond d e h y d r o x y l a t i o n peak a t 540°C a l s o confirmed the dominance of
b e i d e l l i t e . The XRD p a t t e r n s of c o a r s e c l a y s of V e r t i s o l s o i l
s e r i e s confirmed t h e mixture of p h y l l o s i l i c a t e s such as s m e c t i t e
(14.8 t o 40 per c e n t ) , k a o l i n i t e (14.7 t o 35 per c e n t ) , q u a r t z (10
t o 23 per c e n t ) , i l l i t e (4.6 t o 25 per c e n t ) , f e l d s p a r s (5.5 t o
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11.6 per cent), chlorites (3 to 10.6 per cent) and Vermicullite
(4.8 per cent). A wide variation in the extent of different clay
minerals was noticed in coarse clay fraction with a weathering
mean of 7.5 to 8.1 which indicated low intensity of weathering
than fine clays. Similar clay mineral assemblage was also reported by Pal and Deshpande (1987). Thus XRD and DTA investigations
on clay mineralogical composition of Vertisol soil series indicated that fine clays predominated with beidellite species of smectite over montmorillonite with little chlorotization and non
micaceous nature. The coarse clay fraction was micaceous and
showed wide variation in clay mineral assemblage than fine clays
of Vertisols of Maharashtra,India.
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A Study on the Cause of the Formation of Vertisols
in Fujian Province, China
Z h u Hejian,

Zheng Jianmin and T a n Binhua Fujian Normal University,

Fuzhou,

China

Introduction. The zonal soil in the south subtropical zone of Fujian is lateritic red earth. A
type of dark clayey soil which was historically defined as lateritic red earth has developed on
the weathering product of the basalt. Through investigations it has been indicated that the features of this soil are markedly different from the lateritic red earth and we defined the soil as
typical Chromudert.Cl3 This vertisol together with the lateritic red earth is distributed as complex zones in form. Why can the two types of the soils with extremely different properties be
present simultaneously in a same bio-climate zone? To solve such a problem we carried out
studies on the cause of the formation of the vertisol in this zone. And now, we have found the
relationships between the formation of the vertisols in this region and the parent materials.
Materials and methods. Soil samples were collected from 10 profiles of soils developed from
basalt weathering product in the investigated region. The profiles that were taken included: 5
profiles developed from the weathering product of dark-black porous basalt, 3 profiles from the
weathering product of the red dense basalt and 2 profiles from the weathering product distributed in the intermediate zone between the two basalts mentioned above. The investigation
site was located in the coastal area of Fujian.
Results and Discussion. The basalt in this region, which erupted during the end of the Tertiary and the beginning of the Quaternary, belongs to a part of the first stage of the Futan
Group. Field observations have shown that the weathered parent materials of the basalt can be
divided into two types, namely red dense basalt and dark-black porous basalt. The former
erupted earlier than the latter and therefore underlay the latter.
The contents of Si0 2 , CaO, MgO, K 2 0, Na 2 0, P 2 0 5 and MnO were higher in the darkblack porous basalt than in the red dense basalt, while the contents of Fe 2 0 3 and Al203were
lower in the former than in the latter. Therefore, the Si0 2 /Fe 2 0 3 , Si0 2 /Al 2 0 3 , and Si0 2 /
R 2 0 3 of the former are higher than those of the latter, which indicates that the weathering degrees of the former's weathering product were lower than those of the latter's.
Based on the evaluation of the soil chemical and physical properties, the formation of ver-
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tisols may be related directly to the weathering products of the dark- black porous
basalt. According to the drill-log of the Futan Group basalt, it has also been reported that there
was brown-black montmorillonite clay layer developed over the baseplate of porous basalt. The
weathering product of the porous basalt has relatively high content of Si0 2 , CaO, MgO, K 2 0
and Na 2 0. It was reported that vertisols could be formed by the synthesis of the abundant soluble silic and bases in weathering products. This demand can be satisfied by porous basalt. The identification of thin sections also showed that this sort of weathered parent material belongs to
the weathering product of olivine basalt in which most of the olivine had been altered and
there was a large amount of fine aggregate of crypto-crystaline that belongs to montmorillonites around the pores. The substratum was some devitrified vitric materials in which most of
basic feldspars had become montmorillonites. This may be attributed to the fact that the porous
basalt usually was created in the top of basalt stratum. As the uppermost magma was exposed
directly to the air, it was cooled much more quickly than that of the lower layers. Therefore,
much of the vitric material formed in the surface layer as a result of the various components in
the top layer magma having cooled without enough time for the regular combination (or crystallization) to take place. The vitric materials are a kind of consolidated substance that is uncrystallized and unstable. They would gradate into crystallized particles with the increase of the
geological age, that is , the recrystallization or devitrification of the vitric material. Frequently, in the process of vitrification extensive montmorillonization would occur simultaneously to create a large quantity of montmorillonitic minerals. In addition, there were relatively high contents of dark minerals, such as olivine, pyroxene etc. in the olivine basalt in
which the olivine makes up more than 5 0 % . In the secondary changes of these minerals with
high content of Fe and Mg, a considerable amount of montmorillonitic minerals would also
generate. A large amount of montmorillonitic minerals that were created would provide a substance base for the formation of vertisols. This is a main reason that explains the development
of vertisols from the weathering product of dark-black porous basalt.
Thereby, it can be considered that the vertisols in this region are a type of lithogenic soil
of which the vertic characteristic development delayed and retarded the allitic process of the
soils in this zone and resulted in the formation of the distinctive soil groups. This is the reason
why the vertisols with low weathering degrees and distinctive characteristics may occur in the
sub-tropical regions where allitic soils are widely distributed.
Literature Cited.
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Mineralogical Survey of Manganese Oxides in the
Case of Earthen Material Movement and Deposition
M. Vidal*, C. Vizcayno**, J. Benayas**, and C. Roquero***.
E.T.S.I. Agronomos, 27002-Lugo, Spain*, Centro de Ciencias
Medioambientales, 28006-Madrid, Spain**. E.T.S.I. Agronomos, 28040
Madrid, Spain
Introduction. Mineralogical characterization of manganese oxides by structural methods becomes
difficult and incomplete due to is low content in the soil, reduced crystallinity and disordered
nature, and as frequent overlappings are present between its spacings diagnosis and those
corresponding to other present silicates. However, a good relationship has been established between
the typology of these oxides, its morphology and the environmental conditions which favour the
accumulation of some of these oxides(l). This work means a contribution to a mineralogical survey
of manganese oxides that appear, under the form of varnish, recovering surfaces of mud walls of
some rural constructions, and the knowledge of which should favour that relative to the movement
of these oxides on the soil. As distinct from other type of formations such as desert varnish,
manganese dendrites, stream deposits or those which appear in caves, rock cracks or in subglacial
deposits, these manganese coating of approximately 100 /im thick, being frequent, have not been
sufficiently studied.
Materia] and Methods. A dark colour N5/0 coating was selected(Munsell colour) which covered
a mud wall surface 2.3 m high by 15 m wide, in the locality of Coomonte(Zamora, Spain). The
mud wall constituve matrix or base material has a 7.5YR 5/6 colour, a loam texture, 6.7% useful
water and remarkable acidity(pH in water=5.3). The soil temperature regime is mesic and that of
the moisture is of the xeric type, most of the years there is an excess of water on the soil during
the winter months. The clayish nature of the soils and the existence of a subjacent clayish mioceno
generates suspended water layers of a temporary nature and inducers of a hydromorphy regime
characteristic of these soil. The mineralogical characterization was carried out by X ray diffraction
and infrared spectroscopic absorption in varnish samples which were manganese oxides-enriched
through water dispersion with ultrasounding and subsequent collection of the heaviest fraction; the
darkest grains were selected with the aid of a binocular loupe. The X-ray diffraction patterns were
obtained in a PW/1130 Philips diffractometer, using Ka radiation of Cu and graphite
monochromator, analyzing samples on desoriented power. The absorption spectroscopy in the
infrared was carried out in a Perkin-Elmer 600 equipment, on tablets prepared with 3.0 mg of
sample and 200 mg of BrK. The differential spectra were obtained between the oxide-enriched
sample(vamish) and the mud wall base material. The punctual semiquantitative chemical analysis
was carried out through an SEM Zeiss DSM 960, equipped with a X-ray dispersive energy
microanalyzer(EDX) Link 5118.
Results and Discussion. In the first place the good result reached with the concentration
pretreatment of manganese oxides through the sample dispersion in water with ultrasound should
be emphasized. The X-ray analysis of the samples in desoriented power of this type of residual is
shown in Figure n° 1. The mineralogical association is mainly composed of quartz , mica-ilite and
kaolinite. The presence of vernadite is confirmed by the 0.311, 0.239 and 0.142 nm which result
from the diagnosis of this phase of manganese oxides. The lack of 0.727 basal reflection
corroborates, on the other hand, the absence of birbessite as constituent of this type of laying. The
infrared spectrum of Figure n°2 corresponds to the differencial spectrum obtained, at the same time,
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through the difference between the corresponding to the residual of the varnish sample treated with
ultrasounding and the basal material or matrix of mud wall annuling between both the deep
absorption band of approximately 1000 cm' due to silicates. In short, this spectrum gives us the
absorption bands corresponding to the manganese oxides present in the varnish. The 578, 498 and
438 cm' frequency bands are
578 KB,.
Figure n ° 2 . Infrared
veraadite diagnosis(2), while in the
case of birnessite the bands
corresponding to Mn-0 vibrations
present two maxima to slightly higher
frequencies(510 and 470 cm 1 ). The
1384 cm-1 deep band is that originated
by NH 4 \ retained by the clay of the
mud wall base material. These last
1500
TOO
500 curl
results confirm the predomain of «KM 3500 3000 2500 2000
veraadite in this type of surface
deposit, although in other punctual
studies, however, the presence of
^ 33
Figure n " 1 . *
birnessite and rancieite are
0,239
X - r a y diffraction
mentioned(3). The semiquantitative
chemical analysis with the SEM of the
surface zone of the varnish reveals the
following elemental composition:
MgO = 2 , 6 % ;
A l 2 0 , = 19,4%;
Si02 = 29,8%;
K20 = l , 8 % ;
MnO.=41.0% and FeO=3,9%.
Regarding the genesis of this type of
coatings can be affirmed that water of the soil always act as vehicle for colloidal suspension and
a carrier of the Mn(ll) and Fe(II) originating during mineral alteration. Due to the readier oxidation
of iron under pH acid conditions and Eh reducer values , a separation of these two elements during
capillary emigration is possible, with the manganese oxide finally precipitating onto the surface of
the mud wall. The development of these varnish is relatively rapid(40-50 years) as can be seen by
the antiquity of the constructions on which these dark doublings appear. According to
Chukhrov(1980)(4), a prerequisite for the neoformation and precipitation of the veraadite is the
rapid oxidation of the Mn+2, which prevents the formation of more stable manganese oxide phases.
All this suggests that this type of varnish might coexist throughout the development of the
veraadite, of rapid oxidation, and precipitation, with birnessite and rancieite phase which require
more time.
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A Study of the Crystalline Components of Some
Salt-Affected Soils of the State of Gujrat, India
B.S. Kapoor*, Anjali, and S.C. Goswami, Department of Chemistry,
of Delhi, Delhi-UO 007, India.

University

Introduction. About 12 hundred thousand hectares of a total of 7 million hectares of salt-affected
soils in India lie in the Gujrat State. Since most of these soils are potentially productive, increasing
efforts are being made to bring them under cultivation. It is now well recognised that for a proper
utilization of the soils for agricultural purposes, prior knowledge of the nature and content of the
clay minerals present is essential. As the information on the clay mineral make up of these problem
soils of Gujrat is scanty, the present investigation was aimed at obtaining the same.
Materials and Methods. 23 soil samples from the experimental farm of district Kheda, Gujrat
were received (courtesy, Dr. G.P. Bhargava, CSSRI, Anand, Gujrat) for the clay mineralogical
studies.
The electrical conductivity of these salt-affected profile samples varied from 6.5 to 33.5 ds/m.
The soil pH ranged from 7.2 to 8.4.
After removing the carbonates and organic matter from the air dried soil (20g) sample, the same
was fractionated into clay, silt and sand (1). Free iron oxides were removed by the CBD
method (1). The homoionic clays were obtained by treatment with IN solutions of K and Mg
chlorides.
Parallel-oriented aggregates were prepared on glass slides and subjected to X-ray diffraction
(XRD) analysis. Ethyleneglycol was used for solvating the samples. The XRD patterns of the
glycolated and heated (550° C) samples were used for semi-quantitative determinations of the clay
mineral constituents. The method used for these estimations is based on that of Gjems (2) with the
modification (3) that the same background curve was used for both the glycolated and heated
samples.
Results and Discussion. The soil clays were found to be dominated by the smectitic minerals.
Next in abundance were the mixed-layer minerals followed by chlorite, micas and vermiculite.
Traces of kaolinite, and primary minerals like quartz and feldspars were also detected. The relative
abundance of the clay minerals (taken as 100) present in these soils is shown in Table 1.

30

Table 1. Semi-quantitative estimates of clay minerals
Profile

KH- 1
KH-2
KH-3
KH-4

Smectite

Mineral (%)
Mixed •layer Chlorite

Vermiculite

Hike

61-78
35-48
42-67
56-75

09-17
14-25
11-25
08-17

0-14
5-17
0-9
0-7

4-7
9-18
5-9
0-8

04-13
08-27
09-24
13-18

A perusal of the data (Table - 1) indicates that the amount of mica is relatively much less than that
of the mixed-layer and expanding minerals. It is well known that the genesis of most of the secondary
minerals can be traced back to mica as the parent material. It is therefore logical to believe that the
mixed-layer minerals, vermiculite and smectite have formed at the expense of micas the amount of
which is consequently depleted.
The intensity ratio of the (001) and (002) reflections of illite indicated it to contain mainly the
dioctahedral variety (muscovite-like) with small amounts of the trioctahedral (biotite-like) one also.
The results of heating at 550° C which did not show any increase in the intensity of the (002)
reflection of illite at the 0.5 nm position (although the first and third order illite reflections showed
considerable enhancement in intensity) suggest that vermiculite and smectite which collapsed on
heating to 1.0 nm spacing are predominantly trioctahedral in character. These observations suggest
that the formation of the secondary minerals has resulted from the preferential degradation of the
trioctahedral mica, that is, biotite which is known to be more vulnerable to weathering than its
dioctahedral counterpart.
The aforesaid weathering sequence may be represented as follows :
-K
Biotite

> Mixed - layer minerals

» Vermiculite

> Smectite
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Structural and Chemical Particularities in the Thermal
Reactio ns of Ctay s
Salah A. Tahoun, Soils Department.El-Zagazig
Vniv.,El-Zagazig,Egypt.
Karhnat-EhSayedr Physics-Bcpartment; -AinShams Univ.- -Csiru; Egypt.
INTRODUCTION: The transformation of clay minerals at high temperatures is of interest to
many research workers. The reaction is relevant to DTA curves of clays, perogenesis of
rocks, and production of cement, porcelain, and bricks. The phase rule concept was used
to explain the proceeding of the reaction, but many inconsistencies were encountered. It was
realized later that the products of solid topochemical reactions are determined not only by
their thermodynamic feasibility but also by some kinetic considerations (McConnell, 1975).
As such, it is likely that minor structural/chemical particularities may promote or suppress the
development of possible high temperature phases. This work was undertaken to investigate
some of these particularities in clay minerals.
MATERIALS AND METHODS: Homoinic saturation systems of the less than 2 micron
fraction of kaolinite, antigorite, and montmorillonite were heated for 4 hours at progressively
elevated temperatures up to 1200"(.'. The heated material of each system was ground in an
agate mortar after adding a few drops of alcohol. Thenafter, a smear of the paste was
mounted on a glass slide, left in open air to dry, and was subsequently examined by x-ray
diffraction.
RESULTS AND DISCUSSION : Kaolinite showed the effect of heating at 400°C where the
intensity of the basal diffraction orders began to fade out At 52S°C, no diffraction effects
were observed with a concomitant increase in background absorption due to the formation of
metakaolinite (Nash, 1963). This phase prsisted over a fairly wide range of temperature. It
was partially transformed at 850"C to spinel and at 1100"C , a well developed mullite phase
is present Antigorite is rather slow in showing the effect of heating and it did not develop
a nieta-antigorite phase. At 650°C, faint peaks from embryonic high temperature phases can
be traced in the XRD pattern. The fairly intense peaks in the specimen heated at 850°C are
indicative of olivine and enstatite. The relative abundance of these two phases was greater
at 1100"C' as indicated by peak intensities.
A collapsed structure with a basal spacing of 10 A was the initial product when
montmorillonite was heated, and a trace of the mineral withstood heating at 800"C. However,
several transformations were concomitant with the gradual decomposition of montmorillonite.
Hematite was produced when Fe-montmorillonite was heated beyond 600"C. At 800°C,
anorthite appealed in the Ca-system, whereas B spodumene appealed in the Li-system. No
crystalline K-high temperature phase was developed in the K system.Cristobalite began to
appear in all systems at 800°C, and this phase was most abundant at 1200°C. Spinel
incorporates the structural Mg of the clay at 800°C with peaks at 2.44 and 2.02 A in all
systems except Ca which developed u cordierite. At more elevated temperatures, spinel was
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transformed into mullite and u cordierite was transformed into cordierite.

The dehydroxylated relics of kaolinite were sluggish in transforming to high temperature
phases compared to that of antigonte . It is' likely that octahedral Mg migrates more
freely than Al in the relics , and therefore , it can place itself such as to react with
fragmented tetrahedral units to form olivine; and enstatite .
Some adjacent tetrahedral layers of mnntmorillonite should have undergone
reorientation to produce cristobalite (Grim ,1968). However , the reaction occurred at
an unually low temperature . This is probably due to the catalytic mineralizing of the
abundant exchangeable ions of montmorillonjte (Grattan-Bellew and Litvan , 1978). In
the presence of exchangeable Ca, reorientation of adjacent layers produced anorthite.
The formation of anorthite indicates that Ca ions enjoyed an extended freedom to
migrate within the silicate matrix of heated niontmorillonite . Exchangeable K which fits
snuggly in the hexagonal cavities of the matrix was not able to migrate , and thus , no
crystalline K high temperature phase was formed .
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Behaviour of d-Spacing of 1.4 nm-Minerals in the Rhizosphere
Soil of a Grassland Supplied with Cattle Slurry
S. Susuki. Kitasato University, Towada-city, Aomori, 034 Japan.

Introduction.
The intensity ratio of 1.4 and l.Onm peaks of the clays collected from the
rhizosphere soil of a grassland decreased with the contents of roots. It is presumed that the conditions of the rhizosphere has an effect on removing Al-hydroxy interlayers of Al-vermiculite and/or Al-montmorl1lonlte(suect1te).
Cattle slurry, which increased with demands of animal husbandry products, is
supplied as liquid manure in garasslands of dairy areas in Hokkaido and Tohoku
districts, the northern part of Japan, it has much organic and inorganic ions.It
is supposed that the ions are accumulated near the surface of the roots by suction of water. On the other hand, it is known that the organic acid exudates
from the roots of rice plants.
The author has researched the behavior of the dspacings of Al-vermicullte
and/or AI-montmori1lonite(smectite) in the rhizosphere soil of a grassland
supplied with cattle slurry and discussed the effects of the grass root action
and cattle slurry in the rhizosphere on it.
Materials and Methods.
The grassland was situated in Shibecha(43'N, 144'E) in Hokkaidoh district, the
northern part of Japan. The annual rainfall and mean temperature are about 1,000
mm and 8*C respectively, and it is covered with snow or frosted in winter. The
soil is classified as Typic Kuroboku soils(Umbrlc Andosols, Melanudands). It was
renovated by brush-breaker and offset hallow system in August Ï990 and the vegitation of it is consisted of Phleum platense L. (Timothy), Lolium perenne L. (perennial ryegrass) and Trifolium repens L. (white clover).
Slurry is spread about 2. 25t/10a(as N:P:K=4. 4:3. 0:10. 7t/10a) in every year.
Surface Soil samples were collected from S-p!ot, C-pIot and SC-plot which were
supplied with slurry, chemical fertilizer and both slurry and chemical fertilizer respectively Each field moist soil sample was fractionated to the soil contacted to the root surface(R-part:rhizosphere soil) and the other part of soil
(N-part:non-rhizospher soil) by hand-shaking.
The fractionated soil sample was digested by hydrogen peroxide and agitated
by the ultrasonic vibration. Clay fraction which was less than 2#m in diameter
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was dispersed in acidic or basic solutions and collected by sedimentation.
The d-spaclngs of crystalline clay ninerals were determined by X-ray diffraction after the dissolution treatment by Nadithionitecitrate-blcarbonate(Na
l)CB)or the successive dissolution treatment by Na-DCB, Na-oxalate and Na-cltrate
(Na-DOC). The clay sanples were saturated by potassium chloride or magnesium
chloride solution and heated 350C and 550C or solvated by glycerol before X-ray
diffraction.
Results and Discussion.
1. Crystal Iine Clay Mineral Composition of Samples:AI-vermiculite was dominant
and Al-nontnorillonite, chlorite, illite and kaolin minerals were subdoninant in
both R and N parts of every plots. It was deducted thai the Most part of 1.4 nm
peak consisted of Al-vermiculite.
2.The d-spacing of 1.4nm peak after Na-DCB treatment: Both Mg-20C and K 200,
clays were 1.40nn in both R- and N-parts of M-plot, supplied with neither cattle
slurry nor chemical fertilizer. Mg-20C clays of both S-plot and SC-plot, supplied with cattle slurry, expanded to 1.45~1. 47nm, K-20C clays of them shrinked
to l.32~1.38nm except 1.40nm in R-part of SC-plot. On the other hand, all the
d-spacings of C-plot, supplied with chemical fertilizer, were 1.40nn. It was
same as those of M-plot.
It was supposed that the d-spacing of Al-vermiculIte and Al-montmorillonite
were expanded and shrinked by some organic ions of cattle slurry.
3.The d-spacing of 1.4nm peak of K-20C clay after Na-DOC treatment: Most part
of the 1.4nm peak of Al-vermiculIte of R-part of both S- and SC-plots shfted to
l.Onm after Na-DOC treatment, though that of N-part did only to 1.3nm. The ratio
of peak heights of 1.4nm/1.0nm was 0. 4~0. 6 in the R-plots and 0. 8~1.3 in the Nplots. In spite of the conditions of fertilizers it was about 0.5 in the R-part.
It was supposed that the interlayered Al of Al-vermiculite or montmori1lonite
in the R-part was removed more easy than that in the N-part and shrinked to 1.0
nm by fixation of K saturated.
Conclusion
The d-spaclng of Al-Interlayt red vermiculite and montmori1lonite in the rhizosphere soil of a grassland supplied with cattle slurry tend to expand or shrink easily in comparison with those with the chemical fertilizer.
Al-vermiculite or montmori1lonite in the rhizosphere(R-part) is removed its
interlayered aluminum and shrinked K in the interlayer more easy than those in
the non-rhizospher (N-part) by Na-DOC treatment.
The results mentioned above were presumed to the effect of cattle slurry and
root action in the rhizosphere respectively.
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Model Relating the Particle Size Distribution and Mineralogy of
Gypso-Calcareous Soil to the Hydraulic Properties
A. Zeiliguer, and Mera Dia. MGMI, 19 Pryanishnikof Street, Department of
Research, Moscow Hydromelioratif, 127550Moscow, Russia.
Introduction. Different soils according to their specific nature
manifest unlike reaction on percolation of pore solution.
Simulation of this processes is based on utilization of the
phenomenological differential equations of water and solute
transfer. The soil water transfer is described with the help of
soil hydraulic properties partly determining the soil solute
transfer with the localization in soil pore space of the
precipitation and/or dissolution and exchange sites. In their
turn, these physico-chemical processes change Soil Pore Space
(SPS) and physic and hydraulic properties of soil. So, this may
lead to the problem of describing of a complex structure of soil
porous medium.
For predicting the change of the soil hydraulic properties in
relation of the gypsum and calcite contents the model of
was
proposed. This investigation continues working out of a system of
heuristic Soil Porous Medium (SPM) models that allows the
estimation of the hydraulic properties of the different types of
soil.
Materials and Methods.
The solonthak of the Djizak Steppe of
Uzbekiston with different contents of gypsum and calcite at
different depth was used to validate the "gypso-calcareous" soil
model. Physico-chemical soil data (size distribution and density
of soil particles, micro- and macro- aggregates, gypsum and
calcite crystals), which were used for validation of this model,
were obtained with the help of the direct routine and special
field and laboratory procedures.
The soil water retention of different horizons of the djizak
Steppe solontchak was measured with laboratory method. At the
first stage the soil samples were slowly saturated with water
solution to avoid the gypsum and calcite crystal dissolving. At
the second stage these water saturated soil samples were drained
on the porous ceramic plates till equilibrium with a sequence of
negative-pressure steps, the outtrasfer of water being measured.
Theory. The more detailed study finds out some characteristic
properties typical for both heterogeneity of percolating abilities
of some (SPS) components and their variability from physical and
chemical reactions starting just on a border of soil solution and
solid phase contacts.
To solve the problem it is supposed to consider tho SPS as a
complex
system
unity,
comprising
some
inter
communicated
subordinated porous subsystems of one or several levels. The
proposed models of SPM are based on the principle of having
additive soil water retention of the various pores subspaces.
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In accordance with the reported concept six following models of
SPM have been elaborated. Conventional names of these models
reflect their specificity. The model of "structureless" SPM
presents SPS as a single continuum consisting entirely of
subsystem of convective transport pores. The model of "structural"
SPM subdivides SPS into subspaces of convective and dead-end
pores. The model of "aggregated" SPM differentiates SPS between
inter-aggregate subspace of transport pores and intra-aggregate
subspace with distinction of transport and dead-end pores.In
general, volumes of these two subspaces depend on aggregate water
content. The model of "swelling" SPM differentiates SPS into
subspaces of inter-peds non-capillary pores, intra-peds transport
and dead-end capillary pores with separated and common volume
depending on ped water content. The model of "solonetz" SPM is
based on any of the above models connecting the change in the
absorbed base composition with montmorillonite water retention.
The estimation of the soil water retention from the particle and
crystal size distribution in a gypso-calcareous soil required the
working out of a new representation of the SPM. This model allowed
to make the prediction of the change of soil physic properties of
the soil pores space and their textural intra- and interaggregate subspaces in relation to gypsum, calcite content and
localization of the precipitation/dissolution site.
Modified Viebul's function was introduced in the Burdine's and
Mualem's models for predicting the water conductivity of additive
pore subspaces. This led us to closed-form equations containing
incomplete gamma function. For computing this function it was
adjusted with the system of the analytical expressions. The
Veibul's soufi water retention of the soil pore subspaces were
fitted to the simulated water retention.
Results and Discussion. The laboratory soil experimental data
shows that on one hand gypsum and calcite precipitation segregate
within the soil pore spaces with calcite within the textural
inter-aggregate
and
gypsum
within
textural
intra-aggregate
subspaces. On the other hand, gypsum and calcite particle size
crystal with large size for gypsum and small ones for calcite.
The analyses of the appearance of the soil water retention show
that their certain functions are sensible at the gypsum and
calcite contents. Quantitatively, the model results of the
estimation of soil water retention is in good agreement with the
laboratory data. The computation experience to predict soil water
retention and conductivity demonstrates the tendency of the
evolution of the soil hydraulic properties.
The
study
of
the
"gypso-calcareous"
SPM
model
confirms
availability of this model for estimating the soil water retention
according to gypsum and calcite content and crystal size
distribution.
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Introduction. Although the relationship between the different forms of
potassium, K, and the mineralogie and/or textural characteristics of soils
are relevant in order to determine K potential fertility and also to predict
the nutrient's dynamics and absortion in farm soils (1), works on this field
are scarce in the international bibliography and do not exist in national
records.
The purpose of this work was to determine the degree of importance of the
textural fraction and its mineralogical characteristics on the contents of
exchangeable, Ki, and nonexchangeable, Knol, in different Argentine soils.
Materials and Methods. Selected Argentine soil orders were: Mollisoll,
Entisol, Ultisol, Andisol; their origin being, Ramallo.Ra; Marcos Juarez,MJ;
La Conaulta.LC; Gral. Virasoro,V; and San Martin los Andes,A; respectively.
Textural separation: The textural fractioning procedure (sand, silt, clay).
50 grams of each textural fraction were obtained from every soil.
Chemical determinations: Chemical determinations were carried out on the
textural fractions (sand, silt and clay) obtained
from each soil:
exchangeable Ki (NH4CH3C00 pH7 IN; (10) and nonexchangeable b o l , difference
between (HN03) IN, 10' boiling), and Ki. Mineralogical characteristics of
each fraction were also determined by X-ray diffraction. Determinations of K
were made by flame photometry.
Results and Discussion. Table 1.shows the contents of Ki and Knoi in
each textural fraction, -a). Kl: contributions to soil Ki were: 73-80% for
clay; 8-18% for silt and 2-10% for sand. The highest levels of Ki were always
found in the clay fraction. The level in silt amounts loosely to 10% of the
clay fraction whereas in sand that level is still lower, except in the case
of Mollisoll-MJ, and Entisol, with contents similar to silt. These results
are related with the cation exchange capacity of each textural fraction.
Similar values were found for Mollisolls from the Pampean Argentine(2). - b ) .
Knoi: the contribution of each textural fraction of Knoi varying more than in
the case of Ki. For clay, silt and sand, percents found were 35-68%; 25-52%
and 4-25% respectively. Results show that, in this case, clay was not always
responsible for the largest contribution: e.g., in Mollisoll-MJ and Entisol,
the silt fraction is responsible for over 50% of the contribution. This is
natural since, first, Knoi amounts present in the silt of these two soils are
very large, as much as one half the amount found in clay. Second, the
quantity of silt present in the soil is important, amounting to 62% and 47%
respectively of the total of particles in the soil (texture).
The mineralogical characteristics of textural fractions are shown in Table
1. - a) Kl: it may be observed that the highest levels were in the clay
fraction. The values of Ki are related to the CEC of the predominating
minerals in the textural fraction. Thus for Andisol, Mollisoll-R, MollisollMJ, Entisol and Ultisol, the contents were respectively: 3.62, 2.60, 1.25,
0.59 and 0.073 ng K/gram of clay.
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CEC levels for amorphous clays, montmorillonite, illlte, chlorite and
kaolinlte are: 140; 80; 40; 20 and 5 Cmolo Kg - 1 of clay respectively.
. - b) Knol: is affected mainly by the contents of primary and secondary
minerals present in each textural fraction. Therefore, the type of mineral is
related both to potassic contents and to particle size, which entails a
specific surface that facilitates ion release.In all soils under study the
clay fraction showed higher levels of Knol. Differences found in silt and
sand, however, were not so great as in Ki. Silt contributed 66%; 51%; 30% and
of the Knol in the clay fraction for Entiaol, Mollisoll-Marcos Juarez,
Mollisoll-Ramallo and finally, Ultisol and Andisol. Sand contents were still
smaller, in close relationship with Knoi levels in silt (r=0.87). Parallel to
these results for KI, Knol contents in clay were related to the presence of
illlte. As other secondary minerals (montmorillonite, chlorite, kaolinlte)
prevail, the contents of Knoi/g of clay decreases.
Literature Cited
(1) Gouldlng, K.W.T. 1987. Potassium fixation and release. In pp. 137-154.
Methodology in soil-K Research. Proc. 20th Colloquium of I.P.I. Baden bei
wein Austria.
(2) Marchi, A.A., M.E. Conti, M.G. Gonzalez and A.M. Villa. 1993. Desorption
velocity of potassium in Mollisolls of Argentine Pampean Region. Commun. Soil
Sci. Plant. Anal. 24 (1-2).
Table 1: Main minerals, Ki and Knol in each textural fraction.
SOILS

CLAY <2u

SILT 50-2M

Mineral

Mineral
Knoi

Knoi
Mollisoll
(Ra)
Mollisoll
(MJ)

Mineral
Ki

Ki

Ki

SAND> 50M

Knoi

Montmorillonite
2.60
1.975

Feldeapare K.
0,34
0,58

Quartz
0.16

Illite
1.25

Quartz-Muscovite
0.10
0.88

Quartz
0.11

1.74

0.47

0.40

Entisol
(LC)

Chlorite
0.593
0.832

Quartz - Micas
0.067
0.563

Quartz
0.055
0.24

Andisol
(A)

Amorphus clays
3.62
1.27

Feldespars K.
0.120
0.130

Lithic Fraga.
0.041
0.07

Ultisol
(V)

Kaolinlte
0.073
0.057

Quartz
0.016
0.016

;i and Knoi: Cmolo

fraction.
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ND
0.019
0.01

Formes et Stabilité du Phosphore de Sols Tropicaux Argileux.
Exemple d'un vertisol.
M. Brossard, ORSTOM, clo Centre
Vandceuvre-lès-Nancy,
France.

de Pédologie

Biologique,
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54501

Introduction. Le statut phosphate des sols cultivés relève de facteurs de pédogénèse et de facteurs
issus des pratiques agricoles. La faible concentration en phosphate dans la solution du sol et une
solubilité peu importante par comparaison aux autres macroelements, fait que 1'on considère généralement le phosphore comme limitant la production biologique de certains sols tropicaux. La gestion de la fertilité phosphatée nécessite des informations quantitatives sur le statut phosphate du
sol, la réponse des plantes aux amendements et/ou fertilisations, et les pratiques culturales pouvant altérer le statut phosphate du sol. Notre propos s'articule sur le premier et le dernier de ces
points.

Matériels. Il est compare deux situations agropédologiques sur vertisol lithomorphe du sud-est de
la Martinique (Petites Antilles). Les échantillons de surface compares proviennent d'une prairie a
Digitaria decumbens (Pangola grass) de 9 ans et d'une parcelle de maraïchage de 11 ans. Ces parcelles ont le même precedent de canne a sucre de tres longue durée.
Methodes. Le phosphore total, inorganique et organique est determine sur échantillons totaux
(profil) et fractions granulométriques (horizons superficiels) (Brossard et Laurent, 1992). Un fractionnement chimique séquenciel du phosphore permet de determiner sur les horizons de surface la
stabilité chimique du phosphore organique et inorganique (methodologie préconisée par TSBF
d'après Hedley et ai, 1982). La determination du phosphore isotopiquement échangeable est faite
par cinétiques d'échange isotopiques et application d'un modèle compartimental mamellaire (Fardeau, 1981 ; Fardeau, 1993). La stabilité biologique du phosphore est approchée par : analyse de
1'activité phosphatasique des sols, mesure de 1'effet en conditions contrölées des vers géophages
Polypheretima elongata sur les ions phosphates extractibles par résines anioniques (Brossard et
al., 1993), et un test plante avec Lolium perene.
Résultats. Avec une fertilisation identique les stocks de phosphore total sont plus faibles sous cultures maratchères. L'érosion en nappe, importante dans ces parcelles peut expliquer cette difference
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comme Ie montre Ie calcul. Les quantités relatives de phosphore organique et inorganique sont dépendantes du mode d'exploitation du sol: Ie P inorganique est abondant sous maraïchage alors que
Ie P organique 1'est sous prairie. Il est mis en evidence une relation lineaire positive entre les quantités de carbone et de phosphore total des horizons superficiels des sols de la region. L'étude de la
repartition des formes organique et inorganique du P dans les fractions granulométriques montre
que les fractions de taille supérieure a 20 |im (débris végétaux et quartz) et la fraction organo-argileuse de taille inférieure a 5 |im qui sont Ie siège des principales differences entre les deux parcelles. Les résultats des extractions séquencielles des formes du P militent pour une adsorption directe
de composes organo-phosphatés issus de débris végétaux ou des produits de 1'activité racinaire et
microbienne sur les colloïdes minéraux, et une immobilisation microbienne des phosphates engrais
et du phosphore racinaire lors des processus de décomposition-humification. Une partie des organo-phosphatés étant résistants a hydrolyse et ne devenant extractibles qu'après destabilisation de la
phase minerale (HC1-HF).
L'étude de la mobilité des ions phosphate montre que les deux échantillons présentent des quantités
de phosphates assimilables voisines. La réserve de phosphore échangeable est faible pour une période supérieure a un an, et est tres élevée pour des durées allant jusqu'a trois mois. Cette réserve
de phosphore inorganique échangeable est supérieure dans Ie sol prairial, résultat compatible avec
ceux obtenus par extractions séquentielles.
Les résultats de 1'activité phosphatasique des sols montre que celle-ci est cent fois supérieure dans
Ie sol prairial, et militent pour un potentiel minéralisateur du phosphore organique important sous
prairie. L'élevage de vers de terre, naturellement presents dans ces sols, a échoué avec Ie sol maraiché. Par contre avec Ie sol prairial les vers induisent un accroissement significatif de la quantite
d'ions phosphate extractibles par résines anioniques du sol. Enfin, Ie test plante montre que la degradation physique importante du sol sous maraïchage de longue durée (Albrecht et al., 1992) est
Ie principal facteur d'une mauvaise croissance alors que Ie sol ne présente pas de contraintes majeures de fertilité phosphatée. Toutefois Ie sol maraicher a une composante biologique du cycle du
phosphore assez altérée. Les deux situations étudiées sont extremes, toutefois elles permettent
d'observer les limites vers lesquelles peuvent tendre les systèmes maraTchers et prairiaux dans ces
types de sols.
Les methodologies employees permettent de tirer des enseignements du point de vue de la gestion
du phosphore. Employees dans la comparaison de divers types de gestion des agrosystèmes elles
permettent de rechercher quelles sont les pratiques culturales qui peuvent être a 1'origine de 1'altération du statut phosphate des sols.
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Heavy metal phosphate formation in soils
J. Cotter-Howells. Departments of Geology and Environmental Biology, University
of Manchester, Manchester M13 9PL, U.K.
Introduction. Phosphates of zinc, cadmium and lead are the most thermodynamically stable
compounds over the Eh and pH range normally encountered in the surface environment1,2.
Formation of these phosphates from the weathering of anthropogenic or natural heavy metal sources
in soils would result in fixation of these metals; the low solubility of the phosphates rendering them
unavailable for uptake by plants or animals. Here, evidence for the formation of pyromorphite,
Pb5(P04),Cl, as a general weathering product of lead compounds in U.K. soils is presented.
Materials and Methods. Soil samples (0-5 cm) were collected from locations chosen to reflect lead
contamination from a variety of sources resident in the soil for differing periods of time.
Historically contaminated samples comprised soils collected from two mining areas (n=6, n=2) and
one smelter locality (n=l). Recently contaminated sites comprised soils London garden soils (n=5)
and one motorway roadside soil.
Soils were separated into high and low density fractions3 using by centrifugation in diiodomelhanc, a heavy liquid (s.g.=3.32). The masses of the resulting soil fractions were recorded
and total lead and phosphorus concentrations determined in each fraction.
Sample grains from the high density separate were made into polished grain mounts suitable for
SEM analysis. Three principle groups of lead-bearing grains were identified using quantitative and
semi-quantitative analysis:
(i) phosphorus-rich and sulphur-poor (indicating pyromorphite)
(ii) sulphur-rich and phosphorus-poor (indicating galena or anglesite)
(iii) both phosphorus- and sulphur-poor (indicating eerussite or lead oxide/hydroxide).
An automated SEM image analysis program4 was used quantify the proportion of pyromorphite
and other lead bearing grains present in the high density fraction. Chemical and area information
were collected for a large number (typically 3,000) of grains, all containing >1 wt.% Pb. Grains
were then classified into three groups based on their chemical associations. Density separates from
mine-waste and the smeller samples were also subject to random orientation powder X-ray
diffraction.
Results and Discussion. Pyromorphite was identified by SEM/EDX analysis in all samples from
Mine-waste I. London garden and the motorway roadside soils. Pyromorphite was not identified
in soils from Mine-waste 2 or the smelter site. XRD analysis revealed galena and eerussite present
in all mine-waste soils and anglesite in the smelter soil; pyromorphite was not detected in any
samples, suggesting that it is amorphous.
The automated SEM/EDX Classification scheme average classification allowed each sample group
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to be expressed as a percentage of the total soil-lead concentration (Figure 1). Pyromorphite was
found to account for a substantial proportion of total soil-lead in Mine-waste 1 samples and is the
dominant lead mineral in most of these samples. Smaller amounts of pyromorphite were present in
the motorway roadside and London garden soils. Pyromorphite has formed in these soils as a
weathering or alteration process in which lead enters into a more thermodynamically stable phase.
The amount of pyromorphite in soils is apparently influenced by the length of time since
contamination and total lead concentration. The greatest amounts of pyromorphite are found in soils
where high concentrations of lead (>10,000 ug/g) have been present for a long period of time (>200
years) e.g. Mine-waste 1, and the least where moderate amounts of lead (< 1,000 ug/g) have been
present for a relatively short time (approx. 50 years) e.g. Motorway roadside and London garden
soils. Hence, total soil-lead concentration and residence time control the percentage of the leadbearing solid phase present as pyromorphite.
However, pyromorphite is virtually absent in Mine-waste 2, where the dominant lead mineral is
cerussile and in the smelter site sample where anglesite is dominant. This indicates that geochemical
factors prevent pyromorphite formation. Either elemental activities in solution are too low for the
precipitation of lead phosphates or soil kinetics prevents their formation.
The amount of vegetation cover is thought to be important in phosphate formation in soils.
Samples with no pyromorphite present tended to be bare exposed soil, whilst those with
pyromorphite present were well vegetated sites. This suggests that soil-forming processes
influencing soil organic matter, microbial populations and root activity are important in the formation
of pyromorphite. Current work is aimed at assessing the geochemical and kinetic controls of
pyromorphite fonnation and also to determine if Zn and Cd form phosphates as thermodynamically
predicted.
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Figure. 1 Classification of soil-lead
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<) Cotlcr-IIowells. J.O. 1993. Efficient separation of high density minerals from soils. Sci. Tot. Environ., 132, 93-98.
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Fe Distribution in a Toposequence of Hydromorphic
Soils. Its Relationship to Plant Roots.
M. Simon*, E. Barahona, I. Fernandez, J.L. Guardiola and A. Iriarte.
Departamento de Edafologia y Quimica Agricola. Universidad de Granada, 18002
Granada, Spain.
Introduction. Soil mottling phenomena are widely used as indicators for soil moisture regime.
The mottling features and the soil moisture regime are not directly related, but they are coupled by
means of complex, interacting soil forming processes (2). The purpose of this study is to contribute
to the knowledge of the relations between mottling features, the soil moisture regime and the
processes controlling Fe distribution in soils saturated with water during more or less extended
periods.
Materials and Methods. A watershed 300 m long located in the topmost part of Sierra de los
Filabres (SE Spain) was divided in three sectors according to the moisture regime. To do this, the
depth to water table was monitored during a period of three years. The highest sector of the basin
has 4% slope, grassland vegetation and the soil is saturated with non-stagnant water less than one
month (15-20 days) per year, moist for 9 months and dry for 3 months (June to August). The
middle sector has 2% slope, it is covered also with grassland vegetation and is saturated with water
up to the surface for 2 months (December and January); during November, February, March and
April the water table oscillates between 40-60 cm from the surface, and between 100-150 cm during
the rest of the year. The bottom of the basin is level. The dominant plant species is Carex nigra and
the freatic tabic reaches to the surface all year long, therefore the soils are permanently saturated
with water.
In each sector a macromorphological description of the soil profile was made. The
micromorphological study was carried out on thin sections, described according to Bullock ct al.
(1985). The total Fe content (Fet) was determined by X-ray fluorescence spectrometry. Dithionite
soluble Fe (Fed) was extracted using Holmgren's method (1967). The iron in the extract was
determined by AAS. Linear traverse spectra and quantitative microprobe analysis of Fe content were
made on selected micromorphological features.
Results and discussion. Soils in the upper sector of the basin have a very homogeneous profile
of Fe content (around 34.5 g k g ' Fet and 22.2 g kg-' Fed). The soil matrix is dark brown 10YR
3/3 (the dry colour is given in all cases) with many small (0.5-lmm 0), circular or elliptical
prominent dark reddish brown ( 2.5YR 3/4) mottles with very sharp boundaries. On thin sections it
can be seen that the mottles have a circular or elliptical hollow center. Sometimes this center is lined
by small cavities that remind a cellular structure. The linear traverse spectrum and the quantitative
microprobe analysis evidence a progressive Fe enrichment from mottle perimeter (72.4 g kg') to
the border of the central cavity (209.0 g kg-').
In the middle sector soils have two morphologically and analitically different layers. The upper 40
cm have an average Fet of 33.0 g kg-' and 23.1 g kg-' Fed, values that are very similar to those
found in the upper sector. The soil matrix is very dark grayish brown (10YR 3/2) with very many
distinct dark reddish brown (5YR 3/3) mottles of irregular forms and clear boundaries. The linear
traverse espectrum and quantitative microprobe analysis yields an Fe content, uniform within the
mottles, of around 55 g k g ' . The Fe content in the grayish brown matrix is lowered to 23.4 g k g ' .
Most roots in this layer show the vascular tissue impregnated with Fe (20.7 g kg-') and a strong red
colour under crossed nicols. Below 40 cm, Fet and Fed diminish to 22.7 g kg-' and 13.1 g kg-'
respectively. The soils matrix is very dark gray (10YR 3/1) and there are less abundant mottles of
similar morphology to that of the overlying layer, but with a light brown colour (7.5YR 6/3). Fe

44

contents, as determined by quantitative microprobe analysis, are 19.8 g kg-1 in the matrix and 48.0
g kg-1 within the mottles.
In the bottom of the basin, the soil is a peat 54 cm deep having a Fet and Fed content of 4.7 g kg 1
and 3.2 g kg-1 respectively. The underlying mineral horizon shows a Fet content of 11.6 g kg"1 and
an Fed content of 1.5 g kg-1. The soil matrix is gray (10YR 5/1) and there is no mottling.
In general, the morphological features as well as the analytical characteristics of the soils show a
close relationship to the soil moisture regime. As the saturation period increases, both the Fet and
Fed tend to decrease, the bleached zones become grayer, their area increases in relation to that of
the mottles and the hue of the mottles becomes progressively yellower. Mottles completely
dissapear when water saturation is permanent. Curiosely enough, although mottling becomes more
distinct as the soil matrix is grayer, the difference in Fe content between mottles and matrix is the
bigger the shorter is the saturation period.There are still two interesting features in these soils that
can be of some bearing for understanding some processes of Fe redistribution controlled by the
presence of plant roots.
The first one is the mottles occurring in the upper well areated zone. As described above these
mottles, as well as their inner central hollow, are either circular or elliptical depending on section
orientation and are therefore related to the tubular extructure of roots. This is confirmed by
remnants, observable in some cases, of celular structures lining the central hole. When comparing
these structures with living roots they can be indentified by its form and size as the root endoderm.
It can still be observed several stages of endoderm decay in which the cells shrink and finally
disappear. These cells, being more resistant to microbiological decomposition, form a hollow
cylinder that remains in the soil even after root disappearance. The remaining tubular pores
constitute well areated zones promoting in some way Fe oxidation and the inflow of Fe2+ formed
during the short waterlogging periods. This would account for the increase in Fe content from
border to center of the mottles. The existence of a sufficiently long dry periode would cause Fe
oxihidroxides to dihydrate with the consequent appearance of red hues (1). The cementation caused
by Fe enrichment and oxidation would explain the stability of the central tubular pores remaining in
the soil once the endoderm cells have completely disappeared.
The second one is the occurrence in the first 40 cm of the middle zone of roots with Fc inpregnated
vascular tissue. In this case Fe 2+ is absorbed by the living roots, incorporated to the plant
biochemical cycle and oxidized as a consequence of the oxigen transport from leaves to roots (3).
This process could be seen as a Fe storage that would account for the high Fet and Fed content of
this layer, similar to that of the upper more aereated sector.
Literature cited.
(1) Barron, V. 1985. Influencia de los oxidos de hierro en el color de los suelos. Tesis Doctoral
Univ. de Cordoba. Espana.
(2) Buoma, J. 1983. Hydrology and soil genesis of soils with aquic moisture regimes.
Developments in Soils Science 11 A. Elsevier. Amsterdam: 253-281.
(3) Jenny, H. 1980. The Soil Resource. Origin and Behavior. Springer-Verlag, New York. 377p.
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F. Elsass, and A. Bruand. (France)
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Junlin Zhao, and Junzhong Cao. (China)
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anuies. J.E. Gonzalez, and N. Fedoroff. (Cuba)
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Banov. (Bulgaria)
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Weathering of Phyllosilicates in Some soil Profiles of
Rajasthan, India
D. Kaushik* P. Kaushik, and S. C. Goswami. Govt. P. G. College, Kota; and
Dyal Singh College, New Delhi, India.

Introduction. It is generally believed that soils in the Chambal Command Area located in the
South Eastern part of the state of Rajasthan are geological layers only, showing little or no
evidence of weathering. Quantitative clay mineralogical investigations of some soil profiles of
this area have been undertaken to ascertain whether the soil horizons are geological layers only
or they have resulted as a consequence of mineral weathering.
Materials and Methods. The geological formations in the area are represented by early paleozoic
age, and comprise of sand stones, shales, and lime stones. Sixteen soil samples representing Alod
Series, Chambal Variant, Kota Variant, and Bundi Series were taken for clay mineral investigations. The 2mm soil samples were cleaned of the carbonates by treatment with a hot acetate buffer
solution of pH 5. The organic matter was destroyed by treating with 30% hydrogen peroxide and
then keeping overnight at 60 deg. C. The oxides of iron and aluminium were removed by the CBD
method (1). The soil suspension was fractionated into clay, silt and sand by sedimentation method.
The parallel-oriented aggregates of the Mg/K-saturated clay and silt fractions were subjected to Xray diffraction (XRD) analysis. The semi-quantitative estimates of the clay mineral constituents in
the clay and silt fractions were based on the method of Gjems (2) with some modification (3).
Optical examination of the sand particles was done with the help of a polarizing microscope.
Results and Discussion. The mechanical composition of the soils revealed that the clay content
increased with depth to a maximum of 55%. Below this depth it decreased till it remained constant.
After it had passed the horizon of maximum accumulation of clay, it never increased again. This
trend is a fair indication that the soil horizons have developed due to pedological changes.
The XRD patterns of the Mg-saturated, glycolated, and heated (550 deg. C) clay samples revealed
the presence of expanding and interstratified minerals together with chlorites, micas, vermiculite,
and traces of 1 : 1 minerals. With the exception of the expanding minerals the clay mineralogy of
the silt fractions was qualitatively similar to that of the clays.
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The semi-quantitative estimates of the clay fractions showed the dominance of the smectites( 50 70 % ) . The mixed-layer minerals were next in abundance (20-30%). The micaceous minerals were
present in smaller amounts (10-20%) only. Vermiculite and chlorite (up to 10%) were the other
minerals present in the clay fraction. Clay mineral distribution in the silt fractions followed a similar
pattern except that the expanding minerals were found to be absent.
In general, the micas showed a decreasing trend downward in the profile. This unexpected
behaviour is due, probably, to the preferential translocation of the finer weathered products
downward in the profile thereby causing an illusory decrease in the mica content with depth because
when the mica content was calculated on a percent soil basis, it showed an increase with depth. It
is therefore believed that the interstratified and other secondary minerals have formed at the
expense of the micaceous minerals rather than chlorite, the other primary mineral present.
Moreover, the amount of chlorite remains more or less constant throughout the profile.
Of the two varieties of micas, namely muscovite and biotite, the latter is known to be more
vulnerable to weathering. Moreover, the K released into the soil solution by the weathered biotite
inhibits the weathering of its dioctahedral counterpart. The observance of flakes of weathered
biotite under optical examination of the sand fractions further supports the view that the secondary
minerals are weatherd products of biotite mica. Thus it may be concluded that the soil profiles of
the Chambal Command Area are not composed of geological layers. There is a concrete evidence,
provided by clay mineralogical investigation, of the pedological changes due to weathering of the
phyllosilicates.
Literature Cited.
(1) Jackson, M.L. 1979. Soil Chemical Analysis- advanced Course. 2nd Edition, 11th Printing.
Published by the author, Madison, Wis. 53705. 895p.
(2) Gjems, O. 1967. Studies on Clay Minerals and Clay Mineral Formation in Soil Profiles in
Scandinavia. Norwegian Forest Research Institute, Vollebekk, Norway. NR 81. Bind XXI. Hefte
4. 415p.
(3) Kapoor, B.S. 1972. Weathering of Micaceous Clays in Some Norwegian Podzols. Clay
Minerals. 9: 383-394.
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Stages of Soil Weathering on Volcanic Rocks of the SouthWest Pacific
Zamotaev I.V., Targulian V. O. Institute of Geography, RAS, Moscow, Russia:
1. A chronological sequence of soils formed from volcanic rocks
was studied on the Tonga Islands of the Pacific. The initial (n*10 2
10 years) and final (n*106 - 10 s years) stages of soil evolution
under similar conditions are alreadry relatively well known. We have
paid more attention to the intermediate stages of soil formation for
a period of n*10 3 - 10 4 years, which are still scarcely described.
The islands of Tonga are remarkable from the point of view of
the age of weathering and soil formation, which are closely related
here to the age and type of every particular island.
2. The consequential stages of soil development on volcanic rocks,
different at the level of soil type were identified.
- Eutric Regosols (aged n*10 years) and Vitric Andosols (aged
n*10 z years) on young holocene volcanic islands;
- Mollic Andosols (aged n*10 3 years) and Chromic Luvisols (aged
n*10 4 years) on the elevated atolls and plicate block islands;
3. At the first stages of development the leading role is performed
by the processes of humification and accumulation of humus, formation
of structure, physical disintegration and dissolution of vitric
material and plagioclases, migration of silt suspensions. The
weathering of the ashy parent rock minerals is accompanied of by
desilication and leaching of calcium and magnesia out of soil profile
and synthesis of AB-allophanes throughout the soil thickness.
4. The third stage brings the completion of the processes of mulltype humus accumulation and weathering of the basic part of vitric
material and plagioclases. The soil thickness becomes partially
deprived of silica and bases. The processes of clay formation
(synthesis of A-allophanes and metahalluasite) and multi-level
structuring (blocky -> prismatic -> granular) are going intensively.
Here start the processes of eluvial and eluvial/illuvial textural
differentiation of the strongly argillated soil thickness.
5. The fourth - quasi-mature state is characterized by completion of
processes of weathering of not only
of vitric and plagioclase
material, but also of monocline pyroxenes, which releases the iron
oxides and brings reddish hue to the soil mass. The main reserve of
the parent ash silicates is exhausted and the aggression of water and
the dissolved organic acids is turned to the clay minerals formed at
the previous stages of weathering. The process of hydrolysis of
allophane/metahalluasite association begins in the upper part of the
soil profile, accompanied by the process migration of humus, clay and
iron oxides to the B horizons.
6. The relative rate of decomposition of minerals grows, while their
"resistance" to weathering falls in the following order: quartz ->
magnetite -> rombic pyroxenes -> olivine ->'monocline pyroxenes ->
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plagioclases -> vitric material. The dissolution of primary minerals
backs stepwise along the given order of "resistance" in the studied
range of soils during a period of 5 - 10 thousand years and is
accompanied by formation of allophane/metahalluasite clays. As the
stock of primary rocks diminishes, the dissolution of the newlyformed unstable allophane/metahalluasite association grows with
subsequent repetitive synthesis of allophanes and metahalluasite. The
above makes evident that the profile of the Chromic Luvisol did not
yet reach the dynamic equilibrium with the environment and is still
evolving.
7. The soil pattern of the studied territory consists mainly of
stadial-immature soils: for the first three stages - due to
incomplete dissolution of the stock of primary minerals and for the
fourth stage - due to incomplete dissolution of the newly-formed
unstable secondary products.
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Efficiency of Weathering in Tropical Climates: Genesis and
Minerology of "Red Soils" in SW-Nepal
P. Wichmann and A. Bronger. Geographisches Institut, Universitdt Kiel, D24118 Kiel, Germany.
The investigations on six selected "Red Soils" of two intramontane basins of hyperthermic
SW-Nepal ought to give a contribution to the discussion about the genesis of these soils
especially the nature and intensity of the soil forming processes. In these soils resp. the
underlying parent material traces of prehistoric cultures have been found. Archaeologists
presumed them to be late paleolithic or perhaps partly already mesolithic. First TL-dates give
an age between 10-20 ka. This allows a limitation of the soil forming factor time to the latest
pleistocene or only holocene, which gives an exceptional chance to get specific informations
regarding time dependency of the nature and intensity of weathering in tropical "Red Soils".
This is of interest for the comparison with relict "Red Soils" of South India which have been
investigated before (1,2).
The methodical work includes chemical and micromorphological analyses and above all
the mineralogical investigations of the sand and silt fractions as well as the clay mineralogy
of the coarse and fine clay fraction including the iron oxides using XRD and DXKD, the last
supported by mössbauer-spectroscopic analyses.
Main results are that the yellowish silty parent material of the soils is considered to be
a fluvial redeposited (partly aeolic?) already strongly weathered soil sediment (Fig. 1). The
primary mineral composition contains only few easy weatherable minerals: around 5 %
feldspars and 10-15 % phyllosilicates which are mostly muscovites. Because the sediments
are not strongly homogeneous only tendencies of the pedogenic mineral weathering could be
stated instead of weathering balances (cf. profile of Lalmatiya (Deokhuri), Fig.1 as an
example). Only surprising little clay mineral formation could be identified. The illites are
predominantly of detritic origin and are inherited as well as the kaolinites. The few nonregular mixed-layered minerals in the fine clay fraction (<0,2 /xm) are regarded as a
possible initial stage of the silicate weathering. The increase in clay content in the subsoil of
some profiles could be identified as a sedimentary inhomogeneity; illuviated clay as
illuviation argillans was usually detected only at the transition from the subsoil to the parent
material, caused by the distinct water surplus during the summer monsoon period. In contrast
to the mainly inherited silicatic weathering products the hematites are proved to be of
pedogenic origin. Therefore the rubefication is an autochthonous and recent process.
Despite the seasonal climate but still udic soil moisture regime the soils better fit into the
concept of Inceptisols rather than in that of Alfisols. They should be classified as Typic
Dystrochrepts. Although the parent material is strongly preweathered (see above) one of the
most important results is that the efficiency of tropical weathering has been overestimated by
far in many cases especially in the geomorphologic literature. Another conclusion is that
rubefication of soils alone is not a reliable indicator for strong pedogenic weathering.
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Micromorphological and Mineralogical Research of
Pedogene Basaltic Weathering Under Special Consideration
of Three-Layer clay Minerals
T. Poetsch. Department of Geography, University of Hamburg, 20146
Hamburg, Germany
Introduction. The Vogelsberg (Germany) is one of the greatest continuous basalt zones of
European continent. Field observations in this area reveal that weathering and soil formation
basalt heavily alters according to site(4). Therefrom result the different basalt varieties.
means of a specific example of the western Vogelsberg the dependence of basalt weathering
its mineral constituents is shown.
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Material and Methods. The soil profile in question has been choosen from a longer outcropped succession of profiles from an edge of a basaltic quarry (3). Microsections have been
produced from the samples. While the microsections have been studied by polarisation phaseand interference - contrast microscopic methods, the results were proved by X-ray diffraction.
Results and Discussions. The fresh basalt contains the following minerals: olivine, augite,
magnetite, apatite, biotite plagioclase and analcime . Some further minerals must be added, as
the olivines have partly been serpentinized and iddingsitized by hydrothermal alteration.
In the weathered profile under research the analcime has proved especially instable. By
pedogene weathering the analcime transforms stepwise to secondary sheet silicates. On behalf
of the refractive index and birefrigence value of this new fomation it is assumed that the
clay minerals in question belong to the smectite group. This result was proved by X-ray
diffraction.
Besides the smectites very thin silica gel crusts have been observed as characteristic new
formations which can be represented especially clearly by phase- and interference contrast
(1).
Obviously the instability of the analcimes play a decisive role in basalt weathering by which
smectite and silica gel come into being.
Literature Cited.
(1) Altemiiller, H.-J., 1974. Mikroskopie der Boden mit Hilfe von Dünnschliffen. In: H. Freund
(Editor), Handbuch der Mikroskopie in der Technik IV/I2: 309-367.
(2) Pichler, H. and Schmitt-Riegraf, G. , 1987 , Gesteinsbildende Minerale im Dünnschliff. Enke,
Stuttgart, 230 pp.
(3) Sabelberg, U. , Mavrocordat, G., Rohdenburg, H. and Schönhals E., 1976. Quartar-gliederung
und Aufbau von Warmzeit-Kaltzeit-Zyklen in Bereichen mit Dominanz periglazialer
Hangsedimente, dargestellt am QuartSrprofil Dreihausen/Hessen. Eiszeitalter und Gegenwart 27
: 93- 120.
(4) Schircke, W. 1975. Erlauterungen zur Geologischen Karte von Hessen, 1:25 000, Blatt Nr. 5319
Londorf.
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Clay Mineralogy of Weathered Hong Kong Granite
O.A Awoleye, P. Smart, J.R Fryer* and I. McConnochie. Department of
Civil Engineering, The University, Glasgow. U.K. G12 8LT.
%
Department of Chemistry, The University, Glasgow U.K.
Introduction. Most soil properties are determined by the mineralogy of the soil constituents.
In turn, the mineralogy of a soil is dependent on the parent material and weathering
characteristics. While similar parent rocks exist in different parts of the world, soil
weathering and the products of weathering are determined by a complex interplay of factors
which include climate, vegetation, terrain etc. In tropical and subtropical areas of the world,
where weathering conditions are relatively more favourable, the determination of the
mineralogy of the weathering products of rocks is important from the point of view of
agriculture, material sourcing and civil engineering construction.
The work described in this paper is a comprehensive study of the mineralogy of the clay
fraction of weathered Hong Kong Granite using various techniques that allowed a definite
identification of the clay mineral constituents as well as a study of their morphological
characteristics.
Materials and Methods. The soil materials used represented a granitic weathering profile
from a site in Shouson Hill in Hong Kong Island. A description of the soil samples used is
given in Table 1. The decomposition grade and broad descriptive terms given in the table
are in accordance with the Hong Kong Classification System (GCO, 1988). The mineralogy
of the soils was investigated using X-ray diffraction, infrared spectroscopy and transmission
electron microscopy.
Results and Discussion. The X-ray diffraction traces of the clays is shown in Figure 1
while Figure 2 shows the infrared spectra. The major clay mineral identified in the deepest
(least weathered) soil was halloysite (7A). With increased weathering in the shallower soils
the clay mineralogy became a mixture of halloysite and kaolinite with the proportion of
kaolinite increasing with increased weathering until kaolinite became the dominant mineral
in the most weathered (residual) soil. Supporting results from X-ray fluorescence and
scanning electron microscopy led to the conclusion that most of the halloysite in the soil was
formed from the plagioclase while kaolinite resulted mostly from alteration of the halloysite.
Muscovite was indicated as a minor constituent of all the soils, with the proportion of
muscovite decreasing progressively with increasing weathering. Both chlorite and gibbsite
were indicated in the most weathered soil. No presence of allophane was indicated in the
soil contrary to the suggestions of some previous investigations.
Electron microscopy showed the morphology of the halloysite to be rolled-up tubes while the
kaolinite was present in the form of plates. The size of both halloysite and kaolinite particles
decreased with increasing weathering.
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able 1: Description of the samples.
Sample No.

Decomposition Grade

Description of Specimen

404.08

VI, type 1

Yellowish brown. No granitic
fabric left. Quartz grains
in a silty matrix. Contains
roots and voids.

404.07

V, type 5

Strong yellowish brown. Granitic
fabric almost lost and grain
boundaries no longer distinct.

404.06

V, type 4

Yellowish brown. High degree of chemical
decomposition. K-feldspars are gritty, some
hard. Most plagioclases are soft to powdery.
Quartz show some loss of lustre.

404.05

V, type 3

Yellowish grey. Extremely weak normally
weathered granite.
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Figure 1: X-ray diffraction traces of untreated clay
samples (C=chlorite, M = mica, Gi=gibbsite, H=halloysite
K=kaolinite, F=feldspar, Q = quartz). Spacings in nm.
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Figure 2: Infrared spectra of untreated clays.
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WEATHERING AND SOIL MINERAL FORMATION
FROM GRANITIC ROCKS IN MEDITERRANEAN
ENVIRONMENT.
C. Bini \ C. De Siena 2, O. Vaselli \ M. Angelone *.
I) Dept. of Crop Production, University of Udine, Via Fagagna, 208 - 33100
Udine (Italy). 2) Dept. of Soil Science and Plant Nutrition, University of
Florence, P.le delle Cascine, 28 - 50144 Firenze (Italy). 3) Dept., of Earth
Science, University of Florence, Via G. La Pira, 4 - 50121 Firenze (Italy). 4)
ENEA, CRE Casaccia, Geochemistry Laboratory, Via Anguillarese, 301 - 00060
Roma (Italy).
Abstract
Twelve representative soil profiles of the Elba Island (Mediterranean Sea, Italy) were
collected after intensive soil survey aimed at understanding the soil-landscape relationships and at
evaluating the land suitability in mediterranean environment. The soils are mostly inceptisols but,
at sites with steep morphology, entisols are common, while in flat areas organic matter cumulates
at surface, giving raise to mollisols.
The climate of the island is markedly mediterranean, with maT = 16.7 °C and maP=574
mm. Therefore, the soil moisture regime is xeric, and the soil temperature regime is thermic.
The potential vegetation is the mediterranean macchia, with dominating holm-oak,
laurel, cistus and rosemary.
Micromorphological observations of thin sections from undisturbed soil samples and the
related parent material showed a marked homogeneity of the primary mineralogical composition
(quartz, feldspars, mica).
Quartz grains present separate patches of illumination/extinction and some microfissures
filled by opaques.
Alkali feldspar is automorphic perthite with fine veins of albitic intergrowths; small-size
sericite and iron oxides are developed on the crystal surface and along the clivage planes.
Plagioclase -which is more developed than feldspar- is an automorphic oligoclase, but it
is strongly weathered along the twin planes and the fissures.
Mica is a biotite of variable size and composition, with marked pleochroism. It is
chloritized and presents opaque material on the clivage planes.
In the first stage of weathering (horizon C), a close relationship with the fresh rock is
observed: skeletal grains present clean microdivisions, but plasmic material is absent or very scarce.
In the pedological horizons, important structural modifications are observed; skeleton is
formed of mineral grains intensely microdivised and embedded in fairly developed, discontinous
plasmic material. Quartz looks practically unaltered, while other primary minerals are intensely
altered and powdered up to 200 pm size.
The < 2 \im fraction is composed of important secondary minerals which are a product
of the geochemical evolution. They are chlorite, kaolinite, illite, regularly ordered mixed layers
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(I/Chl and I/V). From the bottomsoil to the top, the percentage of chlorite and kaolinite increases,
while that of illite decreases and mixed layers are constant.
The pedogeochemical evolution from the weathered rock to the soil is summarized in
the following sequences of increasing mobility:
a (in the rock): Si, K, Mg, A l < N a < C a , Fe;
b (in the soil): Si< Al< K < N a < M g < Fe<Ca.
The sequences focuse on three important statements:
i -quartz, feldspars and mica can be regarded as resistant minerals;
ii - plagioclases are quite brittle minerals;
iii- the sheet silicate evolution is marked by the position of Mg with respect to K in the two
sequences.
Therefore, the geochemical processes which characterize the first phases of weathering
are the hydrolysis of plagtoclase with mobilization of Ca and Na and the alteration of mafic
minerals, with expulsion of Mg and Fe from the octahedric positions.
A geochemical balance of weathering may be calculated on the basis of the following
items:
- increasing hydratation from rock to soil;
- faint desilication and variations in the contents of Si0 2 and Alfi3, as proved by the SiO/AljOj
ratio;
- more or less intense oxidation of FeO to Fe 2 0 3 ;
- faint decrease of MgO and marked decrease of CaO and NajO, which suggests the vulnerability
of plagioclases;
- Quite constant contents of KjO, which suggest the scarce vulnerability of alkali feldspars.
Literature Cited
(1) Bencini A., Sozzi M., 1986. Oistribuzione dei metalli pesanti nelle magmatiti toscane:
Cu, Pb e Zn in alcune rocce granitiche dell'Elba e di Campiglia M.ma: Rend. Soc. It.
Miner. Petr., 41(2): 261-272.
(2) Dejou J., Guyot J., Robert M., 1977. Evolution superficielle des roches cristallines et
cristallophylliennes dans les regions tempérées. I.N.R.A., Paris, p. 474.
(3) lldefonse Ph., Proust D., Meunier A., Velde B., 1979. Role de la structure dans
l'altération des roches cristallines au sein des microsystèmes. Science du Sol, 239-257.
(4) Marzoni Fecia di Cossato Y., 1991. The biotites of the Monte Capanne intrusion (Elba
Island). PhD Thesis, University of Pisa, Abstract in Plinius, 6: 227-229.
(5) Carta delle Unite di terre dell'lsola d'Elba, 1991. Ministero degli Affari Esteri - Istituto
Agronomico per 1'Oltremare, Firenze, p. 206.
(6) Tardy J., 1973. Formation of clay from granite and its distribution in relation to
climate and topography. Geoderma, 10: 271-281.

58

Weathering of podzolized tills in the vicinity of Ni-Cu
smelters in the Kola Peninsula, Russia
M.L. Raisanen. Geochemistry Department, Geological Survey of Finland,
P.OJBox 1237, 70701 Kuopio.
Introduction. This paper presents results of the pilot study carried out in the vicinity of
the Ni-Cu smelter at Montsegorsk and in the region of Apatity-Kirovsk in the Kola
Peninsula in Russia. Attention is drawn to the geochemical and mineralogical differences
of the podzolized till profiles between the totally destroyed forest area and area with less
forest damage. It is also of interest that characteristics of pre-existing hydroxy-interlayers
may serve as a good indicator of gradual changes of acidification.
Materials and Methods. Podzolized till profiles were sampled from the totally destroyed
forest area in the vicinity of the Ni-Cu smelters at Montsegorsk and from the background
area with less forest damage. A mixture of the silt and clay fraction (<64 um) was used
in the chemical and mineralogical analyses because of the low clay content (<2 pm) of
the podzolized sandy till. The main element (Si, Al, Fe, Mg, Ca, K, Na) content of the
air-dried samples sieved to <64 um were determined with the hot (90°C) aqua regia
method using an inductively coupled plasma spectrometer (Thermo Jarrel Ash PolyscanólE ICP-AES). Extractants used for the XRD-identification of micas and clay
minerals were KC1, dilute NH^NO, acidified to pH 2.3-2.4 (acidified salt extraction), and
NH4 oxalate buffered at pH 3.0 (1,2). Heating temperatures were 200"C and 550"C.
Oriented aggregates were analysed with the Philips dif(Tactometer using Ni filtered Cu ccradiation.
Results and Discussion. According to XRD studies trioctahedral mica and chlorite were
totally weathered from the silt and clay fraction (<64 um) of the eluvial layers of the all
studied profiles. The main element distributions of the profiles also supported the
breakdown of the ferromagnesian minerals during podzolization. The following mixedlayer clay forms occurred from top to bottom in most of the podzolized till profiles: an
expanding three-component interstratification containing mica, vermiculite and smectite
with low levels of interlayering in the eluvial layer, and a non-swelling two-component
interstratification of vermiculite and chlorite with strongly polymerized hydroxy
interlayers in the illuviated (B, BC) layers. In the totally destroyed forest area some
eluvial layers lacking the overlying humus layer had a poorly crystalline chloritealuminous montmorillonite (15 A) side by side with mica-smectite-vermiculite. The
poorly crystalline clay form could artificially adsorb extra hydroxides into the interlayer
sites. Upon the heating at 550°C it partially collapsed to 10 A referring to (he polymerized interlayers. However, the similar polymerization was not obtained in the case of
mica-smectite-vermiculite. It is suggested that the increased weathering of plagioclase
resulted in a short-term chloritization of the poorly crystalline mixed-layer clay in the
barren soil areas via strohger acid load compared to the areas supporting vegetation.
Literature Cited.
(1) Raisanen, M.L. 1989. The acidification of podzolized mineral soils in background
areas and near industrial areas in Finland. Geological Survey of Finland, Report of Investigation 91 (in Finnish, English Summary).
(2) Raisanen, M.L., Tenhola, M. and Makinen, J. 1992. Relationship between mineralogy
and the physico-chemical properties of till in central Finland. Bull. Geol. Soc. Finland
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The Chemical and Physical Weathering of Dioctahedral Micas in
a Vietnamese Soil
M. Hardy*, F. Elsass** and A. Bruand*. * INRA, Centre de recherches dOrléans, SESCPF,
45160 Ardon, France - ** INRA, Station de Science du Sol, 78026 Versailles, France
Introduction. The Vietnamese soils known as grey degraded soils stretch over more
than 30,000 square kilometers. They are developed on materials of various origins weathered to
varying degrees such as the alluvial and colluvial deposits forming the terraces of the Red River
valley. As widely reported in numerous soils developed under leaching conditions, the clay
fraction includes mainly intergrade minerals. The aim of this paper is to describe the nature of
phenomena that occur during the weathering of 2:1 minerals and lead to mineralogical changes.
Materials and methods. Among the five profiles studied previously in the area (1),
Hien Ninh was selected for its large contrast of clay mineralogy since it contains illite at depth and
vermiculite in the surface horizon. The clay fraction was separated and studied by XRD and
transmission electron microscopy equipped with a microprobe providing elementary analyses. In
order to study the interlayer material of vermiculites, selective dissolutions were performed such
as ammonium oxalate treatment followed by three hot Na-citrate treatments. After each treatment,
Si, Al, Fe, and K were determined in extraction solutions and the clay behaviour upon heating was
analysed on XRD traces after each extraction step. SEM was also used to analyse the evolution of
micas in the silt and sand fraction.
Results and discussion. XRD curves of oriented clays, Mg-saturated and air dried,
showed that samples contain vermiculite, illite, kaolinite, quartz, goethite and lepidocrocite. The
1.4 nm peak height increased toward the surface horizon whereas the 1.0 nm peak decreased
showing a transformation of illite into vermiculite. In the deep horizon, a broad 1.2 nm peak
individualized on decomposed diagrams (2), indicated a clear interstratification of the two
components more developed in deep horizons. Samples heated at 400°C show that as the soil
surface is approached, the 1.4 nm peak was less strongly affected by the thermal treatment
indicating the presence of intergrade minerals. After a citrate treatment and heating at 400°C, the
intergrade mineral collapsed almost completely to 1.0 nm.
Oxalate solution removed quantitatively more iron than other cations and iron removed by
this treatment increased regularly toward the surface, indicating more and more amorphous and
poorly-crystallized iron oxides. K, Al and Si extracted by oxalate are more constant within the
profile. The first citrate treatment appeard to be the most efficient for extracting of interlayered
materials. Al extraction ranged from 3.16 mg/g in B23tg to 4.90 mg/g in the plow pan. Fe and K
were also extracted but in a lower range. Significant amounts of extracted Si were interpreted as
an indication that silicates nearer the surface horizons dissolved better during the treatments than
those at depth. The molecular ratios of Al, Fe and K calculated in relation to Si amounts tended to
remain value after the third citrate treatment. These ratios were close to those given by the
chemical composition of 2:1 phyllosilicates usually found in soils. Therefore these elements
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extracted in the third treatment were assumed to come from the silicate layers and their values
were subtracted from the results of chemical analyses of solutions to estimate elements actually
extracted from interlayers of intergrade minerals. Aluminium and iron were the main components
of interlayered materials and the first treatment was the most effective in removing Al and Fe. K
was only extracted by the second treatment and only above the plow pan, in a horizon with low
illite content This means that the potassium should not all be attributed to illitic material, but a
part of non-exchangeable K was associated with vermiculite and particularly in interlayers,
trapped by interlayered materials. Minerals of the <2jim fraction of the plow pan were highly
soluble in citrate in spite of the high quartz content and the low abundance of 2:1 minerals. This
may be explained if extracted Al and Fe are only partly derived from interlayers and most
elements extracted previously constituted poorly-crystallized minerals. The plow pan is also the
horizon where the transition from goethite into lepidocrocite takes place involving a temporarly
reduced state of iron (3). In Hien Ninh, physical weathering such as particle breakdown, and
chemical weathering such as ferrolysis (4) may explain the particular properties of this plow pan.
TEM micrographs showed that particle dimensions differed significantly according to depth.
Thickness of the deep particles varied from 10 nm to 100 run with a wide distribution whereas
thickness of the surface particles varied from 10 nm to 70 nm with most particles in the <20 nm
categories. The same trend was observed for lateral extension. Elementary analyses of particles
containing a lot of potassium gave a dioctahedral composition, a charge deficit of minerals close
to 1, and a mainly aluminous octahedral composition. Physical breakdown during weathering had
occurred by growth of iron oxides in the interlayers of phyllosilicates, favouring clay size crystal
microdivision. This phenomenon also occurred in sand size crystals by slipping along the planes
of layers as shown by SEM.
Conclusions. The evolution of micas in the Hien Ninh soil is controlled both by
physical and chemical weathering.These involved mineralogical changes that could be estimated
by comparing surface and deep horizons. Crystal breakdown occured by slipping of the mica
layers for all particle sizes. Microdivision in the clay fraction was favoured by growth of iron
oxide clusters in interlayers of 2:1 minerals. The chemical weathering of dioctahedral mica was
achieved in several stages i.e., (i) the formation of an interstratified mica-vermiculite, (ii) the
formation of a dioctahedral vermiculite and (iii) the formation of intergrade vermiculite by change
within the chemical composition of the interlayer.
Literature cited. (l)Hardy M. 1993. Influence of geogenesis and pedogenesis on clay
mineral distribution in northern Vietnam soils. Soil Sci.,156:(Under press).
(2)Lanson B. and Besson G. 1992. Qiaracterization of the end of smectite-to-illite transformation:
Decomposition of X-ray patterns. Clays and Clay Min.,40:40-52.
(3)Schwertmann U. and Taylor R.M. 1989. Iron Oxides. In Minerals in soil environments. J.B.
Dixon and S.B. Weed (ed.). Soil Sci. Soc. America, Madison, WL379-438.
(4)Brinkman R. 1970. Ferrolysis, a hydromorphic soil forming process. Geoderma, 3:199-206.
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Basalt weathering as induced by the roots of higher plants
O.N. Fernandes Barros*, and P. Hinsinger. INRA Science du sol, 2 Place
Viala, F-34060 Montpellier Cedex 01, France. ^Present address: Universidade
Estadual de Londrina - CX. Postal 6001, Londrina Cep:86051-970, Brazil.
Introduction. The weathering of rocks in soil environment" ' • c , i " often considered basically as the
result of the sole meteoric weathering processes, especially Ui uopical areas. Recently, however,
besides the accumulation of evidence of biological weathering processes as attributed to
microorganisms, some authors have demonstrated the possible importance of higher plants themselves
as active agents of weathering or neogenesis of silicate minerals (e.g. (1) and (2)). These results raise
the question of the relative contribution of such biological processes in pedological processes of soil
formation.
Materials and methods. An experimental approach was designed to compare the purely
geochemical weathering of a basalt to its biological weathering, with a particular emphasis on rootinduced processes occurring in the rhizosphere. To do so, .10 g-samples of a ground basalt (from
CLARK quarry, near Londrina-PR, Brazil) were leached by a nutrient solution at a rate of 150 ml per
day in the presence or absence of plants. Five treatments were compared: (i) a control treatment
(without plants) where the purely chemical weathering due to the leaching of the nutrient solution was
measured, (ii) and 4 treatments with different plant species where a combination of chemical and
biological weathering was assessed. The 4 species were banana (Musa paradisiaca cv Cavendish
CV901; vitroplants kindly furnished by VITROPIC S.A., France), oilseed rape (Brassica napus cv
Drakkar), white lupin (Lupinus albus cv Lublanc) and maize (Zea mais cv Mona). The nutrient
solution had the following composition: KNO3 5mM, (NH^HPC^ ImM and micronutrients only.
The excess of leaching nutrient solution was continuously removed and collected after 2,4, 6, 8, 15
and 20 days of experiment. After 20 days, the plants were harvested for chemical analysis.
Throughout the experiment, plant roots were growing in close contact with basalt particles and
nutrient solution but remained physically separated from the basalt by a fine polyamide mesh (2). This
procedure allowed an accurrate measurement of the uptake by the whole plants, including the roots.
Ca and Mg in the plant digests and nutrient solutions were assayed by atomic absorption
spectrophotometry, Na by flame photometry and Si, Al and Fe by plasma induced spectrometry.
Results and discussion. The amounts of Si, Ca, Na, Mg, Fe and Al released by the basalt with or
without plants are given in Table 1. These data represent the amounts cumulated over the whole
duration of the experiment (20 days). The values given for the plants are the sum of the amounts
found in the leaching nutrient solutions and the amounts taken up by the plants.
The comparison between the control and the diverse plant treatments show a clear effect of the plants,
whatever element is taken into consideration. In all cases but one (Ca in white lupin), the amounts
released were larger with plants than without. No replication was done so that no statistical
investigation of the significance of these differences could be attempted. However, considering the
quite low variability measured in the plant material prior to the experiment, except for Mg in oilseed
rape, white lupin and maize, it is likely that the release induced by plants was significantly larger than
the release in the control (except for the previous mentionned Ca and Mg measurements).
When comparing the different plant species, maize was most often the one exhibiting the higher
figures, except for Mg and Ca for which banana was above. Oilseed rape gave often the lower results.
However, it is difficult to compare the different plant species at a quantitative point of view because of
their differential growth and different requirements. In each plant treatment, the initial number of
seedlings differed in order to have a similar amount of plant material at the start of the experiment. But
due to relative growth rates which differed widely from one species to the other (ranging from 0.044
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for oilseed rape to 0.195 g g"1 day"1 for maize), the biomass of the different species varied widely
after the 20 days of experiment. At this final stage all the species exhibited symptoms of nutritional
disorders (either deficiencies or toxicities), but the healthiest plants were the monocots (banana and
maize). This suggests that these 2 species might be good candidates for further experiments in similar
conditions. No further conclusion could be drawn about the effect of the different plant species.
Table 1. Amounts of elements released by the basalt after 20 days (in ^mol per 10 g basalt)
treatment
Si
Ca
Na
Mg
Fe
control
3T3
523
8
15
<1
banana
446
392
28
77
37
oilseed rape
358
281
37
24
6
24 .
50
52
white lupin
381
208
126
23
48
maize
546
278
*<dl stands for below detection limit

Al
<dl*

6
3
1
51

When comparing the different elements released with or without plants, a wide range of amounts was
measured. For all the treatments, the highest values of release were obtained for Si and the second
highest for Ca. In most treatments, the lowest release was obtained for Al, followed by Fe. The
release of these elements was particularly low in the control treatment where Al even remained below
the detection limit. According to the molecular ratios between those different elements in the
unweathered basalt, these results suggest that its dissolution was not congruent, either with or without
plants. Fe and Al are known to be poorly soluble, especially in the oxidizing conditions of this
experiment (the nutrient solution was vigorously aerated by bubbling compressed air to avoid any
hypoxic conditions for plant roots). However they may have been dissolved in higher amounts and
thereafter precipitated in secondary phases. X-ray diffraction investigations of the weathered basalt
did not reveal any significant new mineral phase. But, the poor sensitivity of this technique and its
limits for detecting amorphous or poorly organized material do not allow us to discard this possibility.
When comparing the plant treatments to the control without plant, Fe and Al showed by far the larger
biological effect. Higher plants are known to use various strategies to mobilize Fe in the adverse,
oxidizing conditions of most soils (3). Among these, widespread processes consist of the release of
protons or reducing substances (e.g. malate) which can increase the solubility of Fe. An alternative
strategy particularly developped by graminaceous species is based on the release of highly specific
substances called phytosiderophores which can complex ferric Fe and be subsequently transferred
into the root cells. It is likely that some of these mechanisms have been involved here to explain the
discrepancy between the root-induced, biological release and the purely chemical release of Fe. Al,
contrarily to Fe, is known to be toxic for the plants. However, as a trivalent ion, it may be selectively
adsorbed on the cell walls of the root cells. Besides, numerous species excrete organic ions among
which some may complex strongly Al, enhancing its release (e.g. citrate or oxalate).
For Si, Ca, Na and Mg, it is likely that the measurable effect of the plant is related to a shift of the
dissolution equilibrium of basalt components as a consequence of the sink effect of absorbing roots.
However, further investigations arerequiredto define the exact mechanisms involved in the biological
weathering of basalt in the rhizosphere of plant species. These further investigation merit a thorough
attention as this experiment confirms, though in artificial conditions, the important effect of rootinduced weathering as compared to the purely geochemical weathering of a silicate rock as basalt.
Literature cited.
(1) Callot G., Chauvel A., Arvieu J.C., and Chamayou H. 1992. Mise en evidence de kaolinite et de
silice dans les structures cellulaires de 1'épiderme et du cortex de racines de palmier, en forêt
d'Amazonie. Bull. Soc. Bot. Fr. 139. Actual. Bot. 1: 7-14.
(2) Hinsinger P., Elsass F., Jaillard B., and Robert M. 1993. Root-induced irreversible
transformation of a trioctahedral mica in the rhizosphere of rape. J. Soil Sci. 44:535-545.
(3) Marschner H., Treeby M., and Römheld V. 1989. Role of root-induced changes in the
rhizosphere for iron acquisition in higher plants. Z. Pflanzenernahr. Bodenk. 152: 197-204.
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Biological Weathering of Some Italian Rocks Under Mosses
V. Vidrichl, M. Francil, H. W Muller2, M. Michelozzi 1, and P. Fusil. 1 Dipcrtanento
cüScienzaaelSuobeNutrkioriedellaPianla, Universitèuü Firenze, P. le Caserne28,50144 Firenze,
Italia 2lnstiMfürBoaerforxhwgundBaugeobgie, Universtatfür Bodenkultur, Gregor MendelStrasse33.A-U80 Wien, Austria

INTRODUCTION. The rocks and minerals of the earth's surface are affected by atmosphere and living organisms and are broken down by
physical,chemical and biological weathering, Mosses and lichens
play an important role in the weathering of rocks as pedogenetic agents (Jackson and Keller,1970; Jackson 1971; Schatz,1956; Vidrich
et al.,1982; Vidrich et al.,1993). In this paper we investigated
the formation of proto-soil by the action of mosses on different
kinds of rocks of Northern and Central Italy.
MATERIALS and METHODS. The whole samples have been collected: (a)Central Italy in the Chianti region (Antinora=limestone,Carpineto=
sandstone and Pievescola=gabbro-serpentine); (b)- Northern Italy in
the Bolzano and Trento regions (Val Tires and Folgarida=graniteporphyry, Monte Zugna=limestone and Val Concei=limestone-siliceous).
For each sample, 4 to 6 layers were collected as sub-samples.
Aerial part of mosses were in the first layer while the last layer
was the parent rock. The moss vegetable sample was prepared by dividing the aerial part from the root one; the mineral sample was
finely ground into agate mortar and sieved at 4900 meshes/cm2.
The organic matter was determined by ashing into laboratory muffle
furnace at 480°C, before the humidity determination at 105"C was
carried out. The chemical and mineralogical analyses were performed
by means of X-ray fluorescence and diffraction with Philips PW 1410
spectrometer. The ferrous and total iron content were determined by
colorimetric method with orthophenantroline at 510 nm (Roth et al.,
1969). Morphological analyses were done by SEM.
RESULTS and DISCUSSION. The proto-soil formation under moss layers
has been evidenced in different kind of Italian rocks. A breakdown
of primary minerals (mainly silicates) by action of moss root exudates is suggested. Modification and/or neoformation of clay minerals were shown: in Antinora sample by depletion and transformation
of layer-silicate (mica); in Carpineto and Pievescola samples by
weathering of silicates (mainly feldspars) and synthesis of clay
minerals. No differences in mineralogical composition of different
layers were detected in the sample collected in Folgarida; the sample from Monte Zugna showed neo-formation of chlorite.kaolinite and
illite, The first mineral layer under mosses from Val Concei showed
the presence of illite and chlorite. In Val Tires sample, no clay
mineral neoformations were found.
These results suggest that the absence of neoformation of clay mi-
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nerals could be ascribed to the short life of mosses.
The Zr analysis has confirmed that clay minerals are formed in situ
Unlike lichens (Vidrich et al.,1982), no oxalate was found in the
mineral layers under mosses.
LITERATURE CITED.
(1) Jackson T.A.,Keller W.D.(1970). A comparative study of the role
of lichens and inorganic processes in the chemical weathering
of recent Hawaiian lava flows. Am.J. of Sci.269:446-466.
(2) Jackson T.A.(1971). A study of the ecology of pioneer lichens,
mosses and algae on recent Hawaiian lava flows. Pacific Sci.
25:22-32.
(3) Roth C.B.,Jackson M.L.,Syers J.K.(1969). Deferration effect on
structural ferrous-ferric iron ratio and CEC of vermiculites
and soil. Clays and Clay Miner.17:253-264.
(4) Schatz A.(1956). Significance of lichens as pedogenetic (soilforming) agents. Proc.Pennsylv.Acad.Sci.30:62-69.
(5) Vidrich V.,Cecconi C.A.,Ristori G.G.,Fusi P.(1982). Verwitterung toskanischer Gesteine unter Mitwirkung^von Flechten.
Z.Pflanzenemahrung und Bodenkunde 145:384-389.
(6) Vidrich V.,Franci M.,Muller H.W.,Fusi P.(1993). Einfluss von
Moosen auf die Bildung von Initialboden aus verschiedenen Ausgangsgesteinen:erster Beitrag. Agrochimica (in press).
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Impact of Organic Matter on Weathering Rates
under Field Conditions
M. T. Olsson and P.-A. Melkerud. Department of Forest Soils, Swedish
University of Agricultural Sciences, P.O. Box 7001, S-750 07 Uppsala,
Sweden
Introduction. Knowledge of the weathering rate of mineral soils is important because it is
a process that provides the living biomass with base cations and is one of the main
ecosystem-based processes controlling pH in soil and runoff. One of the main factors
controlling weathering rates is organic matter (3). It supplies the system with protons and
reduces the ionic strength of the soil solution, both of which are considered to promote
weathering rates. In Sweden increased biomass harvest from forest ecosystems is seen as
an alternative to fossil fuels for energy generation. However, increased biomass harvest
might reduce organic matter input to soils by an average of 30% which might retard
weathering rates and sustainability of forest production.
Sufficient knowledge of weathering rates under field conditions is still missing, in particular
with respect to the significance of organic matter. The aim of this study was therefore to
elucidate the role of organic matter for chemical weathering rates of mineral soils under
field conditions.
Materials and Methods. Weathering rates were determined by different methods. The main
emphasis was placed on a mineral-bag technique (2,5), i.e. permeable fine-meshed
undecomposable bags with a certain amount of a well-defined mineral, vermiculite and
biotite in the silt fraction and granulated fly ash from biomass combustion, were incubated
in the field during predetermined periods. Biotite was chosen because it is easily
weatherable and rich in Fe which will interact with chelating organic compounds.
Vermiculite represents a common clay mineral in most soils and will reflect the exchange
reactions taking place under different tree species. Before incubation in the field, the
vermiculite was Ca saturated. Fly ash from biomass is used at an increasing rate in Swedish
forestry in order to compensate for base cation leaching. Its dissolution rate is therefore
of crucial interest.
The bags were incubated at sites with different site properties. This report comprises results
from the first set of bags extracted after an incubation period of 24 months. They were
incubated at a depth in soil of around 5 cm, i.e. directly under the O horizon consisting of
mor. The sites were located in southern and in central Sweden on glacial till composed of
predominantly Precambrian basement bedrock material. The till matrix was composed of
approximately 40% quarts, 30% K-feldspars, 20% oligoclases and 10% mafic minerals and
phyllosilicates. The sites were characterized by a loamy sandy texture, Haplic Podzol (1)
and young coniferous stands. Two trials were tested: i) slash removed and ii) slash left
after forest clear cutting. The trials thus represented different quantity and quality of
organic matter. Properties of the organic matter were analysed by potentiometric titration.
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Before and after incubation, the mineral material in the bags were weighed and the
geochemical composition was determined by two methods, i) fusion in lithium borate and
dissolution in nitric acid and ii) dissolution in aqua regia, followed by ICP analysis.
Exchangeable ions were extracted by NH4AC and determined by ICP. The material was also
described by SEM and by XRD. The losses of mineral material and of individual elements
were determined. Analyses refer to material dried at 30°C.
Weathering rates were also determined according to a model by Olsson et al. (4), based
on long-term alteration of soil-geochemical properties and by the integrated soil chemistry
and weathering PROFILE model by Sverdrup & WarfVinge (6), based on kinetics of
chemical weathering.
Results. The results of the mineral bag experiment showed that alterations had taken place
during 24 months. Loss on ignition had increased slightly, suggesting adsorption of water
and ingrowth of organic matter. Fungal hypha were visible in the light microscope.
Geochemical changes comprised decreased amounts of Fe, Ca, Mg and K. The amount of
exchangeable base cations was decreased and the proportions of the base cations were
changed. XRD analyses revealed lattice changes for vermiculite. The results were compared
with modelled weathering rates.
Literature Cited.
(1) FAO-Unesco, 1989. Soil map of the world. Revised legend. ISRIC, Technical paper 20,
Wageningen.
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seminar, held at Wik, Uppsala, 27-28 September 1990. Reports in Forest Ecology and
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Fe oxy hidroxides and clay minerals from a weathered
granitoid in Argentina.
M.C. ramilion. CONICET.Instituto de Geomorfologia y Suelos UNLP,
3 nra. 5841900 La Plata Argentina.
Introduction. Polygenetic profiles which comprise a lower bedrock and a thin upper layer of
colluvial and eolian deposit are present along some hillslopes of Taudilia range. At least two main
pedogenetic episodes separated by a strong erosive process are recognized. The older one, probably
dating back to the Pliocene, developed a soil -weathering profile on a Precambrian ingeousmetamorphic complex. Weathering shows different patterns and degrees of alteration dictated by the
fabric and composition of the bedrock (granitoids, gneiss, migmatites and amphibolites). The erosion
episode truncated these profiles at different dephts, depending on their topographic settings.
Colluvial and eolian Late Pleistocene- Holocene sediments overlie unconformably the quartzitic stone
line. A new pedogenetic interval that continues up to the present time modified these materials and
also it modified the upper part of the soil-weathering profile. Its argillic horizon has been overprinted
on the top of the older kandic-like Bw horizon.
The purpose of this paper is to analyze neoformation products and alteration features that took place
in Cerro El Sombrero, one of the highest hills of the Tandilia System. This basement is made up of a
garnetiferous granitoid and it is exposed in isolated patches Paleozoic cross-stratied quartzites crops
out at the summit of this hill, causing its tabular shape.
Materials and methods. The profile studied is located at an elevation of 335 m above sea level, in
the midslope segment of the western hillside.Physicochemical data were already reported (1). The
clastic eluvial section comprises the upper 40 cm depth; below the weathering sequence appear:
3Bwtb (40-62 cm) and Bwb(62-85 cm) horizons. The lowermost levels comprise saprolite (with
bleached and mottled sections) up to 260 cm depth. Fresh rock was not reached at this depth, but the
material there was much more harder.
Soil samples were taken from genetic horizons and saprolite Bed rock was sampled five meters tar
from the studied profile.Primary minerals were hand-picked from coarse fragments and sand
fractions to SEM-EDAX examinations. Undisturbed samples were used for the thin section
micromorphological observations. For identification of clay minerals XRD analysis has been made.
Clay subsamples were Mg and K-saturated.
Results and Discussion. Granitoid sample is composed by polycrystalline quartz and microcline,
with minor biotite and almandine. These minerals are the same ones found for coarse basic
components at 260 depth. The skeletal grains decrease gradually from bottom to the top of the
weathering profile Cracked quartzs frequently appear, some of which are often grouped into clusters.
Microcline is present with different degree of alteration along the profile. This partem is cross lineal
and cross band in the upper levels and in the greater crystals.Clay size material is around 3% and it
is mainly composed of platy kaolinite with minor smectite and mica. Almandine crystals display an
irregular linear weathering pattern with pellicular congruent dissolution of garnet remnats.SEM
microphotographies show a crystallographic control on the dissolution holes. Isolated remnants of
fresh crystal are engulfed in a ferroginous matrix which is made up of ferrihydrite and lepidocrocite.
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Those minerals grow perpendiculary to the original walls, forming pseudomorphic nodules Biotite
flakes are lightly curvated in the lower section of the profile, but the uppermost displays marked
exfoliation and show partial or total decoloration.
In the mottled zone kaolinite is still predominant, but there is an increasing amount of smectite. Mica
decreases whereas (10-14 ïinterstratified minerals appear. Traces of lepidocrocile were detected by
XRD associated to the clay fraction.
The coarser fraction of the bleached zone is mainly composed of quartz and weathered microcline;
scarce biotite and almandine remnants are still found. The more weathered the granotoid the more
intense is the dissolution of almandine: the Fe released is mobilized and reprecipitates as ferrihydrite,
lepidocrocite and amorphous compunds in septaric, geodic or concentric nodules. Kaolinite, smectite,
mica and (10-14) interlayer minerals are present in the clay fraction.
In the upper part of saprolite the clay fraction is mainly composed of smectite, kaolinite and
halloysite, mixed layer are no more present.
In the lower genetic horizon the fine fraction (20%), which is limited to planar voids or grain
coatings, is slightly anisotropic and partially impregnated with Fe compounds. In the upper one this
fraction is agglomeroplasmic(2) since it is enriched in Fe granules In this horizon the oxyhidroxides
morphologies are variegated (acicular, laminar, alignated helmets or masive coatings). The flake
edges of biotite are degraded and micaceous bunchs can be seen altered into vermiform kaolinite.
Some biotite flakes preserve their micaceous morphology but they are covered by tubular halloysite
aggregates. In this 3Bwbt horizon the clayfractionreaches43% .
The granitoid exhibits a dessagregation which is typical to the weathered coarse grain rocks This can
be due to the pressures of exfoliation of biotite in the first stages of hydrolysis. Almandine is the main
source of Fe; Si and Al could also be realesed. By fast hydrolysis terrihydrite is precipitated on the
almandine which is being dissoluted Lepidocrocite could be simultaneously or subsequently formed.
The lack of well crystallized Fe compounds in spite of the long-time interval involved in the profile
evolution, as well as the dissolution holes of almandine, must be ascribed to biological activity, since
its organic chelates inhibit crystal development Microckne is the main source of the elements needed
tor the neotbrmation of kandites and biotite could also be partially responsible of this process. The
presence of smectite in this acid environment must be ascribed to the impeded drainage This is also
associated to the lepidocrocite mottles The lepidocrocite transformed into goethite in the upper levels
explains the redder hues of the genetic horizons. As some of the Fe-release associates with the
kandites it is assumed that there have been fluctuating conditions of dry and humid periods during
the profile evolution,which is also supported by the ocurrence of mottles.The local hydric recharge,
that takes place into the stratified quartzites at the summit of the Cerro El sombrero, generates these
hydromorphic conditions which are still in progress.
Literature Cited.
(1) Camilión,M, Zarate and Iasi,R 1990.Granitoides,depositos coluviales y desarrollo de suelos
cornplejos en el C El Sombrero, pdo de Loberia,Pcia de Buenos Aires.Ciencia del Suelo,8:211-221.
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Spacial and Temporal Alteration of kaolinite Near
Zhongshan Base, Antarctica
Tianjie Li, Junlin Zhao and Junzhong Cao. Institute of Environmental
Sciences, Beijing Normal University, Beijing 100875, P. R. China
Introduction. As one of the most important secondary compositions of soil,
clay aineral assenblage bears the long-term effect of chemical and eluvial
environment of the soil, therefore clay ninerals are usually used as an
indicator of the climate in which they occur.
Materials and Methods. The 10 soil samples in this study were collected near
Zhongshan Base, Antarctica in 1987. The kaolinite content of the soils is
analysed by X-ray diffraction of the Clay K0.002mm).
Results and Discussion. The analysis shows that kaolinite occurs in all the
samples with the content ranging between 26-57%. Similar to Antartic soils,
kaolinite is a widespread clay mineral in soils of the Arctic(Tedrow, 1977),
Mount Everest and in sediments of Antartic lakes such as Lake Nel la, on
Larsman Hills and Xihu Lake in Fildes Henninsula. As most clay minerals,such
as kaolinite and montnori1lonite, in lake sediments had formed before they
were deposited(Johns and Bower,1978).the temporal variation of clay minerals
in lake sediments can provide some evidence for the deduction of surface
processes.
The historical variatin of some elements, Ti.V.Cr and Ni,whose contents have
a great alteration in rocks of different kinds,in Xihu Lake(spanning
about
4000 years) and Lake Nel la(from surface sediment to 110m deep) shows that
these two lakes have a relatively stable material source. But the temporal
alteration of kaolinite content in Lake Nella and Xihu Lake are quite
evident, 5. 79-23.15% and 26-58% repectively.The commonly found kaolinite in
polar and alpine soils and Antarctic lake sediments has long been the focus
of many researches.
In traditional soil science, kaolinite is the product of deeply weathering
processes and so is considered as the marker mineral of Ultisol and Oxisol
in low latitudes, the temporal and spacial distribution of kaolinite
mentioned above can't be explained by the present climate. The kaolinite in
Antarctic soils and sediments was considered to (1) be the result of a more
favorable climate of the past(Aoki, Saburo and Kaoru Oinuma, 1980; Chamley,
1989),(2) be derived from kaolinite-bearing rocks(Ehrmann,1992),(3)be of ice
-rafted origin(Ehrmann,1992).
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The spacial and teiporal variations of kaolinite indicate that soil solution
•ay be the cause. [H*] ,[H4S104](Krausköpt,1979)and [Mg2*](Varadachari.1992;
Tardy et al. , 1973) all contribute to the lineral-foriing processes. Our
calculation of the 10 soil saaples also proves that the kaolinite content
has close relation (at significant level of 0.05)to pH+lg[Mg 2 *].
According to the discussion above.it can be concluded that (Das the product
of soil cheiical processes, clay lineral foriation is controlled by soil
solution in which the reactions operate and the soil solution favorable for
kaolinite foriation iay occur in broader regions than expected. (2) the tile
for lineral foriation is not so long as usually cosidered(Brinknan,1990) .The
fact that soil solution iay change a lot in a short period of several
decades(Billet et al. , 1990) can account for the spacial and teiporal
distribution of kaolinite on the basis of solution-forming mechnisi of clay
•inerals.
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Synthese et Alteration des Mineraux, Principalement
Dans les Traits Pedologiques de Sols Anciens
J.E. Gonzélez, et N: Fedoroff. Instituto de Suelos, MINAG. Apdo. 8022. C.
Habana, Cuba et Dépt. des sols, INA-PG 78850 Thiverval-Grignon, France.

INTRODUCTION. Pour 1'étude de la genese et fontionnement de sols
de 1'Ile de la Jeunesse a partir du roche-mere
(schiste polimineraux du Jurassique), incluse sa couverture pédologique ont été
en
faites la
caractérization chimico-physico mineralogique
détail, avec lesquels était exposé une hypothese general, qui a
permis reconstruire les principoux types de sols, fonder sur les
traits pédologique presents et appuyé par les donner géologiques,
géomorphologiques, neotectoniques
et
hydrogéologiques
existents.
MATERIEL ET METHODES. Les lames minces de sols et de roches ent
été observées a la loupe binoculaire et au microscope
polarisant
et déscrites suivant Bullock et al, (1985).
Les analyses physiques et chimiques ont été feites selon
Ie
Manuel de Techniques Analytiques de sols de L'Institut
de Sols
(MINAGRI, Cuba, 1980).
Les analyses minéralogiques selon
les techniques classiques par
rayon X, thermiques differentielles, MET et MEB au laboratoire
du CNRA a Versaille, DRSTOM a Paris et a 1'Institut de Sols du
MINAGRI, Cuba.
RESULTATS ET DISCUSSION.
Dans les Acrisols et Planosols mono-bi et poliphasique on établi
1'interrelation
et chronologie
entre Ie materiel
d'origine
complexe et la morphoconstitution
de sols suivant la caractérization des ses compossants et ses traits pedologiques, donné
pour
les cuirasses et dif"férentes types de nodules ferrugineux
aussi que, les différentes manifestations de ces processus dans
les sols, tels comme: leur revétement argileuse, lixiviation,
appauvrissement dans les horizonts elu-iluvieaux qui par rapport
a sa composition minéralogiques et caractères morphologiques ont
permis reconstruire une essai de syntheses sur
1'evolution de
sols et leur repartition dans la zone étudiée par rapport
les
possible change climatiques qui ont été passé au Quaternaires.
Toutes ces la en etroit harmonie avec les études
génerales
faites dans la regions.
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ABSTRACT
SYNTHESIS AND WEATHERING OF MINERALS, ESPECIALLY ON PEDOLOGICAL
TRAITS OF ANCIENT SOILS
On genetic and functional studies of mono-bi and polyphasis Acrisols
and Planosols of the Isla de la Juventud, Cuba, and hypothesis was
formulated about the reconstruction of the principal
soils, taking
in account the presence of certain
pedological
traits and the
information of geologic, geomorphologic, neotectonic and hydrogeolic
results. The interrelation and chronology between the complex parent
material, and the morphoreconstruction of soils were stablished over
the criterios of cuirasses, and ferruginous nodule types. Some
characteristics as clay coating, lixiviation and depletion of
aluvials and illuvial
horizons allowed the reconstruction
of soils
evolution and their relation with the climatic changes of Cuater—
nary, over the geographical
distribution of soils on the studied
zone.
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CHANGES IN THE MINERAL MASS OF
RECLAIMED LANDS WITHOUT HUMUS
COVER
B. Christov*, M. Banov. N. Poushkarov Institute of Soil Science and Agroecology,
Sofia, Bulgaria.
Introduction. The weathering and the soil forming processes represent a complex or a
sequence of phenomena, endless reactions and transformation of substances which
strongly influence the soil forming rock, and change it into soil. The soil forming
processes include: penetration of liquid, solid and gaseous organic materials, export of
these materials from the soil, shifting of the materials (organic and mineral) in the limits
of the soil profile, and transformation of the mineral and organic matters. In relation to
this, the reclaimed lands without a humus cover create ideal conditions for their studi,
caused by the fact that the soil formation processes practically begin with the areas
formation.
Materials and Methods. The object of the study were lands without a humus cover, of a
different age of formation (5,10 and 20 years) and with different lanuse systems - arable
conditions, natural grasslands and forests.
The collected samples were analysed for the contents of total C, media reaction,
exchangeable cations, number of soil microorganisms by physiological groups, total CO2
production and biomass C.
Results and Discussion. There was a different biological activity established in the initial
period of formation of the reclaimed lands and an increase of the type set of
microorganisms with the increase of the reclamation period. The surfase accumulation of
plant residues in reclaimed lands of natural grasslands and forests enables the formation
of a raw-humus horizon - AQ. This is a horizon formed of semi-decayed plant residues,
and on a mineral mass. Underneath in the conditions of reclaimed lands and forests, an
A-type horizon was formed - humus-mineral with a maximum contents of plant roots; it
is darker than the mineral mass below. The formation of a raw-humus tufty horizon of
the Afuft type, directly connected with the down-laying soil forming material, is
characteristic for the reclaimed natural grasslands.
For the arable reclaimed lands there is a stronger arable horizon formed, of the A araD i e type with depht of 20 to 22-25 cm, which in fact is a mineral mass transformed under
the influence of thje cultivated plants and the application of specific agrotechnologies.
The arable horizon is followed by a soil forming rock.
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In conclusion, the reclaimed lands influenced by the soil formation factors, may be
marked in the following way:
reclaimed lands under forest - RA-RA-RC
reclaimed lands under natural grasslands - RA^ft-RC
reclaimed lands under arable conditions - RAarabie-RC
Literature Cited
(l)Rode,A.1961.Soil formation process and soil evolution.
(2)Jenny,H.1958.Role of the plant factor in the pedogenic functions cology. 39.
(3)Jenny,H.1961.Derivation of state factor equations of soils and ecosystems. Soil Sci.
Am. Proc. 25.

According to the indication of the antropogenic and technological elements of
formation of reclaimed lands, we include letter indication "R". Thus we indicate a filled
up or a silted surfase layer used as a substratum for the growth of plants, and also as a
basic soil forming material. In depth, the profile of the reclaimed lands is not
differentiated into diagnostic horizons, characteristic for the nstural lands. To the point,
the surfase horizons are followed by a soil forming rock, which we indicate with RC.
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Origin of clays in soils derived from fractured rhyolitic tuff
in northern New Mexico, USA.
!D.W. Davenport, 2B.P. Wilcox, and 3B.L. Allen. ! ^Department of Agronomy,
Texas Tech University, Lubbock, TX, USA. ^Los Alamos National Laboratory, Los
Alamos, NM, USA.
Introduction The Pajarito Plateau is an area subject to a variety of land uses, which include
recreation (Bandelier National Monument), residential and commercial development, as well as
the various research and associated activities of Los Alamos National Laboratory. Environmental
concerns on the plateau include the safe disposal of wastes and the possible transport of
contaminants into water supplies, sensitive wilderness areas, and population centers. Concerns
also exist over the short- and long-term stability of landscapes in the area, so an understanding of
the processes of weathering, deposition, and water movement is important.
The primary study area is on Mesita del Buey, one of several narrow mesas which make up the
Pajarito Plateau of north-central New Mexico, approximately 130 km north of Albuquerque. The
Pajarito Plateau is a gently-sloping apron of volcanic and sedimentary rocks which extends from
the Jemez Mountains on the west to the Rio Grande on the east. The elevation at the western
margin of the plateau is approximately 2100 m above sea level, and at the eastern margin is about
2012 m. Erosion by intermittent streams has dissected the plateau into a series of finger-like
mesas separated by steep-sided canyons 20 to 40 m deep. The plateau is formed by the Santa Fe
Group (Miocene-Pliocene) and the Bandelier Tuff (Pleistocene) (Ross et al., 1961).
The climate on the Pajarito Plateau is semiarid, with precipitation amounts increasing with
elevation. The town of Los Alamos, at 2259 m elevation, receives 49 cm mean annual
precipitation (Nyhan et al., 1978). The study area is at approximately 2040 m elevation. Roughly
two-thirds of the annual precipitation falls from May to October. The average winter snowfall is
127 cm . The annual mean maximum temperature at Los Alamos is 22°C, and the annual mean
minimum temperature is -4°C.
Fractures in the Bandelier Tuff are of particular interest in that they may be potential conduits for
contaminant transport; they create the potential for very rapid erosion (mass wasting, or rock
falls); and they contain soil materials which may provide information on weathering, erosion,
and pedogenic processes active on the Pajarito Plateau in the past and up to the present time.
The Tshirege Member of the Bandelier Tuff is the uppermost unit and forms the surface of
Mesita del Buey and most of the Pajarito Plateau. It is a series of rhyolitic ash flows containing
glass shards, phenocrysts of sanidine and quartz, and fragments of rhyolite, latite, and pumice
(Purtymun and Kennedy, 1971). It consists of three units which vary in degree of welding,
lithology, and color. The thickness of the Tshirege member ranges from about 62 m at the
western margin of the plateau, to about 36 m at the eastern margin. The ash flows dip 2 to 3
degrees to the southeast (Purtymun and Kennedy, 1971).
The fractures, which are considered to be joints, formed by shrinkage as the ash flows cooled
(Purtymun and Kennedy, 1971). They range in width from about 1mm to 10 cm, cross
boundaries between different cooling units, and intersect other fractures in complex patterns.
Some of the fractures are open below the soil zone, but most are filled with clay and calcium
carbonate. The fill ranges from nearly pure clay to nearly pure carbonate, with various
combinations of the two. It is not known to what depth the fractures may be filled, but some have
been observed to contain fill material to a depth of 10 m.
The objectives of this research were to investigate: (1) the physical, mineralogical and chemical
nature of fracture-filling materials in the Bandelier Tuff, as well as associated surface soils; (2)
the relationships between fracture fills, tuff bedrock, and surface soils of the Pajarito Plateau;
(3) the processes responsible for the development of the fracture fills; (4) the likely sequence of
events leading to the present morphology of the soils and fracture fills.
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Materials and Methods Four major fractures were studied in two large waste disposal
pits. Descriptions were made of the overlying soil profiles and of the fracture-fill material. In
addition to taking bulk samples of the soils and material in the fractures, intact blocks were
removed of fracture fills and surrounding tuff by enclosing in gypsum plaster and removing with
a masonry saw. Thin sections were then prepared from the blocks.
Standard physical and chemical tests were made on the soil and fracture-fill samples.
Clays were concentrated by gravity sedimentation. Coarse and fine clays were separated by
centrifugation. Clays were oriented on glass slides and subjected to (1) Ca 2+ saturation and
glycerol solvation, and (2) K+ saturation at 25°C, 250°C and 550°C for x-ray diffraction (XRD).
Powder samples (< 50 (im) of sands, silts, and of weathered and unweathered tuff were
also analyzed by XRD.
Results and Discussion
X-ray diffraction of powder samples of weathered and
unweathered tuff showed tridymite and sanidine to be the major components, with relatively
minor quantities of quartz and ferromagnesian minerals. The presence of these minerals has been
confirmed by examination of thin sections. The tuff appears to be free of micas, which were not
detected by XRD or in thin section.
Oriented samples of the clay from weathered tuff clearly show the presence of smectite,
kaolinite, and some illite. These minerals were not detectable in unweathered tuff samples.
Quartz was virtually absent from the clay fractions of both weathered and unweathered tuff.
Clays of the soils and fracture-fills were dominated by smectite, with lesser but
significant amounts of illite and kaolinite present. The smectite produced sharper, more intense
XRD peaks with depth, while the reverse was true for illite. Kaolinite was present throughout the
profiles, with little apparent variation in relative quantity or crystallinity. Clay-sized quartz was
present in the upper horizons of the profiles, but decreased with depth.
The mineralogical trends suggest two sources of material for the soils and fracture-fills.
Weathering of the tuff clearly results in the formation of smectite, kaolinite, and probably illite.
The presence of increasing amounts of clay-size quartz as in the silt and finer sand fractions in
the upper horizons suggests additions of wind-blown material.
The increase in smectite with depth suggests a relatively restricted drainage environment
with a concomitant increase in basic ion activity within the fractures. The contrasting increase in
illite toward the surface may indicate the conversion of smectite to illite through fixation of K
near the surface due to plant recycling.
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SILICATE MINERALOGY OF FERRUGINOUS SOILS

OF PENINSULAR INDIA

B.BASAVARAJ AND V.A. K. SARMA University
of Agricultural
Dharwad,India and National
bureau soil
survey
and
planning.
Bangalore,Karnataka,India.
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land
use

Introduction : Soil of the humid tropics are characterized
by
intense
(Lateritic) weathering. In India
the
high
level
laterites are of pliocene or even older period
and
low level
coastal laterites are of recent origin (Wadia 1953). Oxides
and
hydroxydes, dominance of 1:1 layer
silicates
are the
general
mineralogical
features of clays of lateritic
environments.
Rengasamy e_t a_l (1978) reported
iron bearing kaolinite
and
Amorphous
Ferrialumino Silicate
(AFAS) in
some
lateritic
(ferruginous) soils of eastern Mysore plateau. In the present
study investigations on clay mineralogy and genesis of kaolinite
of some selected soils of peninsular India is made.
Materials & Methods
: Profiles of two benchmark
soils of
Karnataka Plateau and one from laterite zone of Kerala
(India)
were selected for study. The two profiles of Karnataka
plateau
represented Vijayapura series and Tyamagondalu series while
the
profile from the laterite zone represented
Nedumangad
series.
Basic characterization of soils was done adopting
established
procedures. Identification and Quantification of silicate
clay
minerals were made by X-ray diffraction
and
physico-chemical
methods respectively.
Result and Discussion

: The three soil series are classified

as

follows :
Vijayapura
Tyamagondalu
Nedumangad

— Typic Kandiustalf
-- Rhodic paleustalf
— Udic Kandiustalf.

The clay fraction of all the three pedons
investigated
contained kaolinite in relatively larger proportions than
other
minerals as indicated by XRD.
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Considerable iron was found
as part of the
amorphous
ferrialuminosilicates. The structural model based on
suggestion
of Krishna Murthi e_t a_l_ (1976) used here to include Fe
consists
of a negatively charged tetrahedrally coordinated silica alumina
phase of formula Si A10 (OH) contaning domains of neutral PeOOH
3
6
4
and an outer positively
charged
hydroxy aluminium
polymeric
component of formula Al (0H)_ ...
n
2 . 5n
Kaolinite was determinied
by NaOH selective
dissolution
analysis of the dehydroxylated AFAS-free clays. Iron
extracted
was considered as part of the structure
if SiO /Al 0
molar
ratio greater than 2 and the SiO /R 0
ratio close to 2 but
higher. Degree of iron substitution varied
in different
pedon
which was related to climate and parent material
(Rao e_t al
1985) .
The content of secondary minerals and amorphous minerals in
the clay of these soils is in confirmity with the other reports.
Regarding,Kaolinite synthesis, it is proposed that its synthesis
through the medium of collasols or amorphous gel is the dominant
pathway cnsidering the earlier reports
(Rengasamy
e_t al . 1974)
and presence of iron in amorphous
ferrialuminosi1icates
and
kaolinite.
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Mineralogical Composition of the Gay Fraction in Sierozems and
Grey-Brown Soils: Problems of their Different Genesis And
Classification
G. Kh. Akhmedov, B. P. Gradusov, and U. M Nasrullayev. .Tashkent University, V.
V. Dokuchaev Soil Science Institute, Moscow, Russia.
INTRODUCTION. Sierozems and grey-brown soils of semi-deserts and
deserts appear to be among the main land fund of Uzbekistan and
the other countries in Central Asia. Intensive land use as related to irrigation causes considerable changes in soils or even
the formation of new ones. Due to the low humus content the soil
fertility is mainly determined by the mineralogical composition
and the finely dispersed material in particular.
MATERIALS AND METHODS. Under study were mineralogical and chemical composition of clay and silt fractions as well as structural
peculiarities of hydromica in soils of Uzbekistan (Andizhan,Tashkent,Bukhara oases,Karshin Steppe and Khoresm) and the other Cent
ral Asian regions such as the valleys of Murgab,Sumbar,Atreck,
Zaunguz Kara-Kum. The X-ray and thermal derivatographic methods
were employed to study the mineralogical composition of the clay
fraction in these soils. The results are given as based on the
own investigations and on the comprehensive analysis of published
data about the soils in Golodnaya Steppe, Turan and oases in
Tajikistan.
RESULTS AND DISCUSSION. Two types of mineral associations have
been distinguished in soils of Central Asia and namely: chloritehydromica and palygorskite (Gradusov,1972). However, earlier they
haven't been divided both into areas and the classification. At
present, it is known that grey-brown soils,containing palygorskite, are attributed to the Usturt plateau and Zaunguz Kara-Kum in
the south-western part of Central Asia. The soils,developed on
deposits of the recent and ancient Atreck valley,contain palygorskite as well. This mineral is considered to be the main one
in grey-brown soils of Karshin Steppe (Travnikova,1980). All these soils occur in regions,where Cretaceous and Neogen deposits
are widespread on the day surface or close to it. Shallow Quarter
nary deposits are usually comprised by detritus rubbish of these
rocks (Soil map in physical and geographical Atlas of the World).
Cretaceous-Neogen sea bassins are believed to be evaporated,thus
containing sedimentary gypsum,magnesium salts and palygorskite.
The following features are recommended to use for elaborating
the soil classification. Sierozems are the soils,characterizing
by chlorite-hydromica clay,which contains KpO (3-4%) and MgO
(not more than 2-5.5?»). Palygorskite is eitKer absent or its content is accounted for 10% and less. On the contrary, grey-brown
soils are enriched with palygorskite (30-40%). Sierozems are derived from alluvial and loess-like deposits; grey-brown soils
are developed on proluvial and deluvial rocks,which are found to
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products of arid litkogenesis on Cretaceous-Tertiary deposits.
According to these features gr,ey-brown soils seem to be analogous to soils of arid subtropical regions in the Near and Middle
East,in Northern Africa. The soils in Algeria,Libya.Syria,Iraq,
Iran,Saudi Arabia and Yemen are reddish in colour and contain
palygorskite.
Soils,containing palygorskite,are widely spread along the ophio
litic belt at the place of ancient oceans of Paleotetis and Tetis
Because of mineralogical composition sierozems may be also similar to soils of Inner Mongolia. The clay of these soils composes
of hydromica and chlorite, the parent rocks are presented by
products of Mesozoic and Paleozqie deposits, transformed due to
kata-and metamorphism.
As a result of soil formation both the sierozems and the greybrown soils are characterized by clay microaggregation owing to
binding with organic compounds. It can be supposed that the less
resistant minerals of biotite-phlogopite type are capable to be
changed into vermiculite structures through mixed-layer formation.
In the course of irrigation the crystallites of clay minerals
are separated from grains of finely dispersed quartz and feldspar resulting in the removal of clay minerals into the middle
part of the soil profile. Grey-brown soils are peculiar by the
weakly .expressed water permeability because of hydrophil palygorskite. This fact as well as the presence of gypsum and easely
soluble salts in these soils make difficulties in their amelioration. It is more advisable to use grey-brown soils under pasture.
Among three soil types, distinguished due to mineralogical
and chemical composition of clays: chlorite-hydromica, palygorskite and smektite, the first one is found to be the most suitable for reclamation and agricultural use. The soils of smektite
type are hardly to be improved.
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Mineralogical Composition of Desert Soils and its
Transformation Due to Irrigation in the Hadramaut Valley of
Yemen
N. P. Chizhikova, N. A. Goneharova, M. P. Verba, AI-Casiri A wad Said.

Dokuchaev. Soil Science Institute, Timiryazev Agricultural Academy, Moscow,
Russia
INTRODUCTION. Under consideration are desert soils in the Hadramaut valley (wadi) of Yemen, whose differences arise from prolonged irrigation and the salinity degree. By using combined methods
of micromorphological, mineralogical and chemical investigations
the structural organization of the soil mass (at macro,-meso-and
microlevel) as well as the soil fabric, inherited from soil-forming rocks, and its change induced by pedogenesis and prolonged
irrigation have been studied in oetail. An attempt has been made
to reveal peculiar mineralogical composition of the eoaise-rdisper
sed phase within the soil profile. The obtained results are briefed in terms of the mineralogical composition of the soil finely
dispersed fraction and the changes in clay and accompanying minerals in the course of soil formation and anthropogenic effects.
MATERIALS AND METHODS. Detail examination has been carried out in
the sequence of desert soils within three regions of the Hadramaut valley (tBe'-ailal, Suveri and Maryama), including virgin
strongly saline soils, desert primitive newly and old irrigated
weakly saline soils and alkaline solonchaks (virgin and irrigated). These soils are attributed to the wadi bed, the middle part
and the piedmont terrace.
Alongside with traditional investigations of the composition and
properties of soils under study, binocular and polarizing microscopes as well as thermographic and X-ray diffraction methods
were employed for solving the tasks to be achieved. The data on
mineralogical composition were mathematically treated by means
of the basic components method, proposed by V.A.Rozhkov (1989).
RESULTS AND DISCUSSION. Anthropogenic aridity of soils, considered as one of global problems, maKes it necessary to move forward
a greater understanding the evolution of some landscape elements
aimed at elaborating environment projection measures on the one
hand, and forecasting the development of the soil cover under
irrigation on the other hand.
Hadramaut wadi is the region, intensively used in agriculture of
Yemen. The salt-affected soils occupy approximately 30-40% there.
It has been established that the desert primitive soils, derived
from schistous alluvial-proluvial deposits, are characterized by
a higher content of carbonates (31-45%), but gypsum accounts only
2.6% in these soils. The soil fabric reveals features, inherited
from soil-forming rocks, which are as follows: schistous deposits
throughout the profile, microheterogeneity of the soil material,
the increased amount of carbonates,a higher degree of soil salinity, microaggregation, fluffy consistence, enrichment with minerals, represented by micas of different chemical composition
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and dispersity. The mineralogical composition of the coarse-dispersed phase in soils is prevailed by minerals of the carbonates
group (calcite, dolomite), quartz, feldspars; clay minerals are
found to be in a lower amount.
The fine-dispersed fraction of soils and deposits composes in a
greater extent of palygorskite (over 50% from the sum of this frac
tion components), hydromicas of sericite type (15-24%), muscovite
magnesium-iron containing chlorites (4-9%), kaolinite (6-9%), sepiolite, mixed-layer formations of two types in the sum not more
than 2%, finely dispersed quartz. These mineral components of
soils and deposits proved to be derived from different-aged parent
rocks (from Paleozoic to Weogene) in the mountain part of Arabian
peninsula, dissected by Hadramaut wadi. As a result of pedogenesis
the structural state of all the components in the clay fraction
became drastically worse, thus showing the transformation of sericites into rectorites.
The behaviour of carbonates, schistous silicates and foremost
mixed-layer formations was changed as affected by anthropogenic
impacts. Active weathering taken place in the course of irrigation appeared to be the main reason for the destruction of these
minerals and partly of the structure of palygorskite and sepiolite. The activity of mechanical disintegration of clastogene minerals such as quartz, feldspar is also evident and clay fractions
became enriched by them.
When grouping the soils according to the effects of anthropogenic factors, a system of reference attributes has been elaborated
thus reflecting the state and transformation of the finely dispersed material in desert soils. They are as follows: destruction of
organo-mineral complexes at a low temperature; destruction of minerals from the carbonates group at a higher temperature; changes
in the content of palygorskite, mixed-layer formations, kaolinite,
aluminium oxides, .dased upon such system of reference attributes
it was possible to employ the principal components method for processing the results obtained. As the main components the areas
of old virgin soils (1) are identified
and then alkaline solonchaks (3). The
soils under irrigation (2) are found .#
to be transitional among them due to
M
these attributes.
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Modelling of Anthropogenically Induced Geochemical
Processes for Soil Stability-Transformation Assessment
Motuzova G.V.% Sointseva N.P., Moscow State University, Faculties of Soil
Science and of Geography, 119899, Russia.
Introduction. The efficiency of environment protection of anthropogenic pressure
depends on the knowledge of mechanisms and results of interactions between the
pollutant and accumulating ecosystem. Only with this approach reliable methods of soil
stability-transformations analysis in case of chemical pollution are possible to be
elaborated. However, literature data are insufficient to adequately identify soil reaction
to impacts; that's why, when analysing intricate non-linear processes of soil-pollutant
interactions and disclosing their mechanisms modelling is used.
Materials and Methods. Several methods of soil-geochemical processes modelling are
applied in Russia.
Method of chronoseauences consists in choosing natural and anthropogenic objects
with different duration of soil transforming processes caused by different technogenic
fluxes. The method is applied for evaluating effects of mining,processing and
metallurgical industries with precise dating of technogenic loads. Similar models are
possible in case of loads measured (chorologic soil sequences). The advantages of the
method consist in embracing the integrity of responses of an object in its natural
environment; the limitations refer to difficulties in specifying particular processes of soil
transformations. The soil status is under control on the entry and exit, whereas the
mechanisms of interactions remain unknown. Soils are performing the "black case"
functions.
Method of terrain experimental modelling follows the scheme "pollutant->doze->time>effect". It was applied in Russia for studying the interactions of raw oil with zonal
tundra, taiga and steppe soils, of heavy metals and acid fallouts with podzolic soils. The
method permits to find any number of objects, to doze out pollutants per a surface
unit, to observe the object from the zero-moment during any time span. The
uncertainty of results concerning reasons of their variability is lower than for the first
method, and the transformations mechanisms are not entirely disclosed as well. High
costs of experiments prove to be a serious limitation.
Method of laboratory (experimental sensu stricto) modelling with soil monoliths and
standard soil samples is widely used. Its advantage consists in disclosing elementary
mechanisms of pollutants interactions with soils under given conditions and in
quantifying both processes and stability of soils. The latter feature enables using the
results obtained for forecasting the pollution consequences and rehabilitation measures
efficiency. Limitations are related to the artificial essence of simulation means.
Results and Discussion. Two examples illustrate the efficiency of man-induced
geochemical processes modelling for evaluating soil vulnerability.

84

Ï.The response reactions of a leached chernozem to the influence of sulphides
containing rock mixtures composing waste heaps in the coal-fields have been modelled.
As soil transformation in nature is promoted by sulphuric acid (produced by sulphides
oxidation), solutions with its various concentrations, corresponding to those observed in
soil chorological sequences, were applied. Gypsum in soils was shown experimentally to
originate from ion exchange reactions. Hence, the development of this process in any
soil with high saturation rate may be forecasted, as well as its speed.
2. Susceptibility of soils to pollution by minor elements and heavy metals was
modelled, and the interface interactions were shown to determine it.In some cases
properties of pollutant conaining solution were dominant, while in the other ones such
were properties of accumulating surface. Experiments showed sorption processes to be
responsible for major interactions of carbonate-free soils (podzolic, Braunerde,
krasnozem) and solutions with Hg,As,Zn in concnentrations O.n mg/1. Sorption
isotherms obtained in the experiment enabled to quantify the process and the soil
vulnerability. The capacity of soils to maintain concentrations of these elements in
solution depends on the soil specific surface, which is a function of texture, organic
matter and clay minerals. Data on these parameters provide for reliable forecasts of
fixed and mobilizable forms of pollutants and of their ratio.
The importance of soil solution properties for soil pollution by heavy metals was
exemplified by experiments with iron. A system of thermodynamic equations permitted
to calculate probable iron concentrations, which were verified by data on really polluted
soils. Thus, joint application of various methods of man-induced geochemical processes
modelling contributes to a more comprehensive understanding of natural situations and
to more precise assessment of soil vulnerability.
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Similarity of Ferric Compounds in Clays of
Hydrothermal Origin, some Laterite and Plinthic Soils
L.S.Uyina, L.O.Karpachevsky, T.S.Gendler. Department of Soil Science, Moscow State
University. Russia, 119899, Moscow, Lenin Hills.
Introduction. Ferric compounds of laterites and ferrous plinthic clay soils are usually
considered to be the products of the hydrogenic accumulation and weathering during the
pedogenesis.
Theory. Our of years investigations of soil ferric compounds and data obtained by other
investigators allow to state that fine-dispersed particles of goethite/hematite and amorphous
ferric hydroxides are the products of hypergenous weathering and pedogenesis. The particles
of the larger size with insufficient defects of crystal structure can't be formed in the soils. As
usual they are inherited from the crust of weathering, lithogenic clays or are of the allochtonic
origin. Data on phase composition of the ferric compounds in the red-coloured crusts of
weathering are of the principle significance.Plinthic clays and laterites origin through
weathering or hydrothermal processes is a matter of complicated discusion. Coarse grained
particles, as well as high temperature minerals-ferrites, iron sulfides and some others
prevailing or present can testify their hydrothermal origin or heating as result of postvolcanic
activity and lithogenic consentration of iron, which preceded weathering and pedogenesis
processes.
Materials and methods. The following objects were studied: laterites and hydrothermic ferric
deposits of Western Georgia, plinthic soils of Khabarovsky region, soils formed on volcanic
ash and hydrothermal clays of Kamchatka. The methods of Moessbauer spectroscopy,
thermomagnetic analyses.and if it was necessary soil chemical extraction analyses were
applied. The essential transformation of phase composition was observed during the storage
of the ground samples. Therefore the measurements were made with interval of 1 and 3 years.
Results. Hydrogoethite (<20 nm) and amorphous ferric hydroxide (AFH) mainly occur in
West Georgian pisolitic laterite horizons. Thermomagnetic analyses show the presence of
magnetite and iron sulfides. The most oxidated samples of the iron concretions contained
magnetite only. Sulfide-magnetite association of minerals and crystalline ferric hydroxides
were also determined in the contemporary ferric hydrothermal deposits of the same region.
Plinthites of Khabarovsky region (as well as the clays of Kamchatka) are featured by bright
colour of clays. The colour ranges from red and cherry to brown-ochric.This basically
depends on content and correlation of coarse crystal goethite and hematite, particles of smaller
size and AFH. The association of diagnostic minerals obtained by thermomagnetic method
includes: monoclinic and hexogonal pirhotites, pyrite, magnetite, oxidized magnetite and
maghemite. The soil horizons above ferric plinthic layer contains mostly fine-dispersed
paramagnetic compounds and no sulfides.A few amount of pedogenious magnetite testifies the
oxidation regime of this soils. Sulfides are also absent in volcanic ash soils of Kamchatka with
no features of hydrothermal effect but primary magnetite and titanmagnetite are showed to be
presented there. Fine and ultrafine dispersed particles of ferric hydroxides as the result of
pedogenic transformation determine the brown-ochric colour homogenization of the soil
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profile of the ochric volcanic soils. Magnetite is stabile in automorphic ash soils.On the
contrary, the clays of hydrothermal origin and heating derived of volcanic ash are usually
characterized with bright colours and contain sulphides and coarse grained
goethite/hydrogoethite and hematite. However,sulfide-magnetite assocciation of minerals
occurs relatively often, especially in clays and ashes of thermal fields and muddy boilers.
Oxidated magnetite and maghemite may also present as intermediate products of hydrothermal
oxidation of magnetite to hematite. Some clays of hydrothermal origin have different content
of ultrafine- dispersed particles of iron and finally oxidated sulfidic iron phases that are similar
to soil"s one. This complicates the origin recognition of red colored samples in the other
regions. The gradual oxidating of pyrite and pirhotite is observed during the powder samples
storage in the laboratory! On the contrary to special laboratory heating and natural soil
oxidation, only paramagnetic compounds are observed to form during this prosses, that
affectes in appropriated thermomagnetic curves of Is(T) and Irs (T) .Thermostable magnetite
formation takes place during laboratory heating if thermomagnetic analyses of fresh iron
sulfide containing samples is applied.
Discussion. The investigation confirmed that there is no evidence of coarse grained goethite
(hydrogoethite) and hematite particles formation during pedogenesis. Magnetite in soils may
be of pedogenic and lithogenic origin. The soil mechanism of magnetite synthesis is a matter
of further discussion. The obtained results show that soil pedogenic magnetite may be formed
and conserved as an intermediate product of sulfides and titanomagnetite transformation.
Weathering and pedogenic transformation of laterites, plinthites and hydrothermal clays is
accompanied by gradual oxidation, hydratation, and dispersion of paleohydrothermal
synthesis products and specific soil products accumulation: AFH,fine-dispersed goethite
and/or (hydro-) goethite /hematite. However, generally, lithogenic coarse grained particles
of goethite and hematite'are very stable during soil transformation and determine their
red-lithogenic colour. Similarity of particle size and phase content of ferric compounds,
presence of hydrothermal clays diagnostic minerals gives an evidence of significant age of
geological processes resulted in laterite and plinthite horizons formation in Western Georgia.
Later these ferric lithogenic complexes were buried by allochtonic loam deposits of different
thickness.Therefore they occur at different depths. During pedogenesis all primary (relatively
to soil) minerals are weathered in crusts of weathering and transform into roentgenamorphous
and highly dispersed compounds due to soil processes, which determin brown-ochric and
brown-yellow with red-shade colour.
Conclusions. 1) Only fresh samples must be analysed for laterite and plinthite red-colour
crusts of weathering origin determination. 2) Fine-dispersed compounds (ferric amorphous
hydroxide and dispersed goethite/hematite) are the final products of pedogenesis of ferric
compounds. They determine brown and ochric colours and reddish shades of soil horizons.
3) Sulfide- magnetite association in complex with well-crystallized goethite and hematite occur
in some plinthic soil and laterites testifies that they had passed paleohydrothermal stage of
prepedogenic lithogenesis. 4) Magnetite.oxidated magnetite and ferric maghemite in soils are
intermediate metastable lithogenic products oxidation of compounds such as sulphides and
titanomagnetites.

87

RELATIVE AGE ESTIMATION OF SEVERAL QUATERNARY
DEPOSITS
BASED ON THE IRON OXIDES FORMS RATIOS IN < 2 mm, SILT AND
CLAY FRACTIONS.
I. Sanchez-Carpintero*,
M. Vidal** and J. Gaubeka***.
*UNED, 31006Pamplona(Spain),
**E.T.S.I. Agrónomos, 27002-Lugo(Spain),
***Universidad de
Navarra, 31080-Pamplona(Spain)
Introduction. The distribution of different forms of iron oxides is a useful criterion to estimate
chronological differences among soil materials. Thus, it has been founded(l) a good correlation
between the nature of the iron oxides in the soils of a chronosequence of fluvial terraces in
northwestern Italy and the age of the edaphical formations which were developed from them. This
study tries to extend the uses of the forms of iron oxides and its distribution as possible indexes of
its age in relation with the different kinds of quaternary deposits (terrace soils, morraines, glacis
and coluvions) located in the strip of the Basque Mountains(Pyrenean Mountains-Spain), as well as
to estimate which of the three used textural fractions -the < 2 mm soil, silt and clay- turns out to
be most significant.
Material and Methods. The study area is located between the formations of the septentrional
piedmont of the Aralar Mountain Ridge(Navarra and Guipuzcoa-Spain) and the meridional slope
of the occidental Pyrenean Mountains(Huesca and Navarra). From different accumulation deposits,
a total of 24 samples were selected: 7 from coluvions, 7 from morrainic sediments, 8 from horizons
belonging to two red soils developed on fluvioglacier terrace and 2 from stratified slope deposits.
The red soils of fluvioglacier terrace are the only dated ones(2), assigned to the Mindel-Riss
Age(Middle Plistocene). One of these soils was covered by a posterior aloctone process that caused
a fossilization of the original edaphic formation. The relation between the edaphogenesis of these
red soils and the formation of the morrainic complex of the upper side of the fluvioglacier terraces
system has been approach by(3), getting to prove the asynchrony development between both kinds
of formations; the morrainic sediments are associated to the Riss glaciation or a posterior one.
Concerning the rest selected samples, there are not any published works specifying their
chronology. The coluvial samples were picked up, in all cases, fron a mean depth of 40-50 cm and
from several points of different altitude, collected in the distal sector of Aralar Mountains
piedmonts. They deal with detrital deposits of big extension, with thickness occasionally reaching
about 5-6 m, constituted by angulous clasts of decimetric and centrimetric dimensions and
calcareous blocks included in a sandy matrix. Two of the morrainic samples are located, likewise,
in the surroundings of that ridge. They are deposits constituted by blocks and clasts of calcareous
material, included in silt and sandy matrix with the typical sedimentary structure of tills.
All the samples were air dried and later were conditioned in order to obtain the < 2 mm
fractions. The clay fractions were obtained by floatation with sodium hex a me ta phosphate and
decantation; the silt fraction was prepared according to(4). The extractions of iron forms solubilized
with dithionite-citrate-bicarbonate(Fed) and with ammonium oxalate(Feo) were carried out according
to the methods proposed by (5) and (6) respectively. Total iron was obtained from samples
calcined at 450 °C by sulphuric-hydrofluoric acid attack (7). Iron was measured by atomic absortion
spectrophotometry.

88

Results and Disscusion. The representative ratios of crystalline iron (Fed-Feo)/Fet and active or
low crystallinity iron (Feo/Fed) have been estimated from the obtained values of total free
iron(Fed), amorphous iron(Feo) and total iron(Fet). Everything seems to indicate that there is no
relation between the total iron(Fet) and the deposit age. However, in both red soils, the values of
amorphous iron present the logical ordering that could be hoped: that is, the maximun values are
presented in the superficial horizons and the lower ones on the bottom profile. Concerning the rest
samples of erosion, the amorphous or low crystallinity iron tends to presents high values in the
recent sediments, while the lower values are in the oldest ones. On previous studies(8), it has been
verified that, on < 2 mm soil fraction, the crystalline iron ratio was gradually increased with the
formation age and, in turn, was independent of the litology.
The present comparison between the ratios of crystalline and active iron of the three analysed
fractions corroborates, on the same way, those results. Not only in the < 2 mm fraction but also
in the silt and clay ones can be observed the presence of an interval of cristalline iron. This interval
particularizes, for each of the indicated subtractions, a critical level of chronological discrimination
between the quaternary deposits here studied. On the other hand, it can be deduced from the
obtained results that the silt fraction, in all the studied samples, is the soil fraction where the
differences are better expressed and where the point dispersion is lower as that one wich shows
more reduced values of the variation coefficient.
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(2) Vidal, M. 1991. Los suelos rojos de la cuenca del Ebro: mineralogia y clasificación. Serie de
investigation cientffica. Institute de Estudios Altoaragoneses, Huesca (Espana).
(3) Vidal, M. y Sanchez-Carpintero, I. 1990. Analisis e interpretación de algunas cuestiones que
plantea el complejo de morrenas y terrazas del rfo Aragón(Huesca). Cuaternario y geomorfologla
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FISSION-TRACK DATING OF VOLCANIC ASH
INCORPORATED IN SOIL MATERIAL
PA. Ward III, B J. Carter, R. Burt, and MA. Wilson. Department of
Agronomy, 160 Agricultural Hall, Stillwater, Oklahoma 74078-0507 and Soil
Survey Laboratory, National Soil Survey Center, Federal Building Room 152,
Lincoln, Nebraska 68508-3866
Introduction. Volcanic ash deposits are time marker beds (1,6). Uranium in glass shards
(the primary constituent of volcanic ash deposits) enables absolute age measurements to be
made on the shards by the uranium fission-track dating method (1,5,6). Dating,
characterization of shard physical and chemical properties, and subsequent correlation of
ashes with source volcanoes and other ash deposits make ashes useful for interpreting soil
development within sediments associated with ashes (3,6). Well-correlated volcanic ashes
also enhance interpretations of landscape development for areas in which they are located.
Regional soil and landscape development comparisons are possible when multiple numbers
of well-correlated ash deposits are utilized.
Materials and Methods. Samples for dating were taken from a hand-dug pit in a Zacapu
soil pedon (Euic, isothermic Fluvaquentic Troposaprist) near Cantabria village in Mexico.
Thin (< 2cm) distinct layers of volcanic ash interbedded with thin layers of silt loam-textured
soil and muck were described in the C horizon (Table 1). Analyses by the fission track
dating method included 1) cleaning, 2) irradiation, 3) fission-track exposure, 4) fissiontrack counting and 5) age calculation (1,6). Ages were calculated using a zeta calibration
factor (4).
Results and Discussion. Previously, the authors had applied the method to thick (l-30m)
volcanic ashes from the southern plains states (Oklahoma, Kansas, and Texas) of the United
States (2,6). Ages of deposits from the southern plains states ranged from mid-Pleistocene
to Miocene. The ashes were anticipated to be because of their shallow depth much younger
than ashes studied previously. The inability to identify any spontaneous fission-tracks on the
glass shards supported this hypothesis. The ash in the Zacapu pedon is probably Holocene
to late Pleistocene in age. Problems encountered with the Zacapu ashes included 1)
obtaining enough shards of appropriate size for dating and 2) removal of the significant
organic coatings on the shards which obscured the glass shard surfaces.
Literature Cited.
(1) Boellstorff, J. 1976. The succession of Late Cenozoic volcanic ashes in the Great
Plains. A progress report, p. 37-55. In Stratigraphy and faunal sequences-Meade Co., KS;
Guideb. Annu. Meet Midwest Friends Pleistocene 24th. 22-23 May 1976. Kansas Geol. Surv.
Guideb. Ser. 1. Univ. of Kansas.
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within the Rolling Red Plains using Pleistocene volcanic ash deposits. Geomorphology 3:471488.
(3) Izett, G A 1981. Volcanic ash beds: Recorders of Upper Cenozoic silicic pyroclastic
volcanism in the western United States. J. Geophys. Res. 88:10200-10222.
(4) Naeser, C.W. and K.D. Crowley. 1989. Age equation and statistics of fission-track
dating, p. 2-1 to 2-18. In Fission-track analysis. Theory and applications, short course
manual. Geol. Soc. Am. Annu. Meet. St. Louis, MO. Geol. Soc. Am., Boulder, CO.
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Table 1 - Field Description of Zacapu Soil Pedon
Slope: 0% Elevation: 1920 m Physiography: Lake Plain Mean Annual Precipitation:
800 mm Mean Annual Air Temperature: 18°C Mean Annual Soil Temperature: 18°C
Water Table Depth: 92 cm Moisture Regime: Aquic Landuse: Cropland Natural
Drainage Class: Very Poorly Drained Parent Material: Organic
Horizon
Oa

Depth (cm) Texture
0-32
muck

Color
N2/0

Structure
weak, medium
granular and
subangular
blocky

Consistence
very friable

massive

friable

massive

friable

C

32-46

muck and
silt loam

50%
20%
20%
10%

O'a

46-71

muck

N 2/0, 10%
10YR 6/3

N 2/0,
2.5Y 6/2,
2.5Y5/2,
10YR 6/3

Special Features
Oa: Common, very fine and fine roots; Many, very fine and fine interstitial pores; 10% total
carbon
C: Few, very fine and fine roots; Common,very fine and fine tubular pores; Common,
medium, prominent 10YR 5/4 mottles; Few, prominent, continuous organic coats in root
channels; Alternating layers of silt loam, ash, and sapric material; Ash layers 0.5 to 2 cm
thick; 5% total carbon
O'a: Few, very fine and fine roots; Common, very fine interstitial pores; 15% total carbon
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Synthesis of Hydroxy-Aluminum Intercalated Buserite
and Comparison with Lithiophorite
W. M. Wang and M. K. Wang*. Institute ofAgricultural Chemistry, National Taiwan
University, Taipei, Taiwan, R.O.C.

Abstract. The synthetic buserite treated with «-hexylammonium ion and exchanged with pH 3.67 of
AlClj(O.OlM) solutions, converted to hydroxy-aluminum intercalated buserite (HAIB). HAIB shows tht
d-spacing of 1.0 and 0.5 nm by X-ray diffraction analysis. Transmission electron microscopy, selected
area electron diffraction (SAED) and chemical analysis resulted in the production of 1.0 nm - phyllomanganate . The intercalated manganese octahedron with the layer of Al hydroxides was similar to that
of Al and Mn stacking structure of lithiophorite.
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