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PLANOSOLS IN THE IICHAMPAGNE HUMIDEI!
REGION, FRANCE
A MULTI-APPROACH STUDY

D. BAIZE

AbstT a,ct

This article is devoted to acid soils with strong differentiation
that have developed in sedimentary clay material of the early
Cretaceous period (Champagne Humide, France).

Macro and micromorphological, granulometric, physico-chemical
and mineralogical studies were conducted on seven profiles select-
ed from an initial 60 pits. Also, the soil water regime was in-
vestigated in situ over a 5-year period by simple procedures using
piezometers, tensiometers and neutron measuring devices; 200 to
420 mm of rainfall are removed annuâlly by lateral flow as a
temporary shallow wâter,-table.

Four isoquartz balances were established, indicating that these
soils became differentiated as a result of the laterâl translocation
of clay minerals from the upper horizons without significant accu-
mulation in the deeper layers. Initial homogeneity of the parent
mâteriâl was determined by various methods, so that these soils
can be defined as "pedomorphic planosols" whose formation is
not related to a particular climate, buÈ to t\Mo combined site
factors : a slowly permeable clay parent material and a subhor-
izontal topography. Unlike sandy or silty materials, the clây ma-
terials studied here showed an essentially lateral natural drainage,
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I. INTRODUCTION

l.l. Purpose and approach

This paper presents the main approaches and major results of
an extensive overall study of the highÌy acid planosols of Cham-
pagne Humide (southern Paris Basin) which have developed from
cretaceous clay deposits (Baize, 1983). Details on the methods em-
ployed and on general results are given in the three following ar-
ticles : study of particle size distribution (Baize, 1980a), isoquârtz
balances (Baize, 1980b) or soil water regime (Baize, 1984).

The research was conducted by follo',ving a t'multi-approach"

procedure. First, the greatest possible number of independant methods
have been used. In preference, the more comprehensive methods
(such as soil survey) and those for investigating the soiÌ mantle in
situ have been employed. Each independant approach yielded bâsic
data. After critical examination, the latter served to elaborate
partial syntheses. The relevant combination of these syntheses (i.e.
taking into account any apparent contradiction bet'.veen existing
phenomena and results of earlier processes) led to reliable final
conclusions.

Table I shows in part the approaches followed and the methods
and material used. The various study methods have been applied
to a relatively large number of selected represenlâtive profiles. A
sizeable amount of data has therefore been collected. It is also
evident to which point fhese methods differ in terms of site (field
or laboratory) and scale of observations (from micrometre to kilo-
metre). For such ân article, it was also necessary to condense the
obtained results to â great extent. This is why each chapter contains
only an indication of these methods used and an outline of the
major results and partial conclusions.

1.2. Planosols - Previous works

The name planosol was introduced in the 1938 USDA Soil CIas-
sification. This designation is now widespread, especially after its
use at the ihighest taxonomic level in the legend of the FAO-
UNESCO Soil Map of the World (1974).

Dudal (1973) summarized all the studies carried out in the worÌd
until l97l concerning planosoÌs or related soils. Since that time,
several surveys can be mentioned. Most of them have taken place
in Africa or in South America, a few in Europe (Carvalho Cardoso
and Teixeira Bessa, 1973; Conea et al,, 1973; Trashliev et al., 1975;

Feijtel et al., 1988).
Morras (1979), after a book-review, states that the only consis-

tent feature of all planosols appears to be their seasonal waterlog-
ging; this may be related to climatic conditions, topographic posi-
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QUESTION TO
SOLVED

BE METHODS USED STUDY MATERIAL

l. What is the mor-
phology of these
solls, their consti-
tuents, therr wa-
water regime?

medium-scale mapping
soil descriptions; par-
ticle-size and chemi-
cal analysis
X-ray diffraction

about 40,000 ha
60 pits both describ-
ed and sampled

7 profiles

2. Are there pedo-
morphic or litho-
morphic plano-
sols?

arguments relating to
mapping
particÌe-size distri-
bution study
test area study
heavy minerals study

> 1500 auger borings

282 sampled horizons

12 ha, 8 profiles
2 profiles

3. Are there eviden-
ces of illuviation?

microscopic examina-
tion of thin sections

21 horizons from 5

profiles

4. What are the fac-
tors and conditiôns
of the soil water
regime?

IN SITU :

, piezometer and tensio-
meter readings; neu-

;;*;;;.;;;*o----
wêight soil moisture
measurings

LABORATORY MEASU
¡ òu¡¡u ug',ùlLJ
. relationship moisture/

pF

samples from the
two srtes

2 sites for five
years

5. Do material losses
from the E hori-
zons accumulate
vi ithin the S hori-
zons, in invisible
form?

. isoquartz balances .4 profiles

6. What is the compo-
sition of waters in
the subsurface
runoff?

chemical analysis of
rvaters ând suspended

Parricles

. 1l water samplings
from one site (brook)

Table l.
The "mult i-approach" proceeding applied to planosols of Champagne
Humide : ouestions. methods and materiâ1.
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tion or slorM permeabjlity of the parent mâterial. Thus, the mor-
phology of planosols appears to result from convergence, different
soil-forming processes and mechanisms occurring according the
case.

In France, the term planosol was first applied by Favrot and

Legros in 1972. In this particular case, these were "lithomorphic"
planosols in which a heterogeneous double layer material existed,
previous to soil formation. At the same time, Begon and Jamagne
(1973) described planosols and planosolic soils corresponding to the
ultimate stage of rrsols lessivés dégradés'r, in which the slox'ly per-
meable horizons result from considerable clay illuviâtion. Planosols
formed directly from homogeneous clay material have been report-
ed, for the first time, in the Paris Basin (Baize, 1976; Begon et
al,, 1976; Isambert, l9E4).

2. THE ENVIRONMENT : THE NCHAMPAGNE HUMIDEII REGION

The 'rChampagne Humide'r is located in the southeâstern Paris
Basin, France. It ís clearly differentiated from the wine growing
Champagne because it is strictly confined to the outcroPping of
sedimentary strata of the early Cretaceous period. The present
study is only concerned with a part of this region (areas near
Chaource, St. Florentin and Auxerre),

The stratigraphic seqüence (Barremian to Cenomanian) displays
abrupt vertical and lateral lithological variâtions, but clay deposits
remain dominant. Many parent materials result directly from clay
sedimentation. In addition, several materiâls that did not initially
consist of clays were converted into clay.materials due to moderate
\veathering processes; for instance, the "green sands" of the Albian
period were transformed by disintegration of glauconitic pseudo-

sands and the Cenomanian marls by simple decarbonâtation.
Several Iithological facies cân be distinguished among parent

materials : marls, glauconitic or non-Slauconitic calcareous clays,
non calcareous glauconitic clays and continental variegated clays.
From a granulometric point of view, four categories can be recog-
nized in the field : heavy clays, clays with a silty skeleton, clays
with a fine sand-sized skeleton and sandy clays. Thus, there is a

great diversity of materiaÌs exposed to pedogenetic processes, and
this diversity is increased by the variety in mineralogical compos¡-
tions (see below).

The "Champagne Humide" is a gently plain at Io\¡/ altitudes
(120-130 m). Most soils are temporarily waterlogged and show
strong acidity. For this reason, the vegetation consists chiefly of
forest stânds and permanent pastures.
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Local climate is characterized by moderate annual rainfall (630-

7?0 mml, well distributed throughout the year. Ilean annuâl tem-
perature is close to 10.5" C. This predominantly oceanic climâte,
affected by ì,vestern and southwestern winds, has rather mild v/inters
ând temperate summers. Temperature in Auxerre averages 2.5" C
in January (coldest month) and 18.6"'C in July (warmest month).

3. SOILS

The initial basic knowledge was deriûed from medium-scale
mapping (Baize, 1976). Material is described in table l.

3.1. Morphology of the profiles

The studied soils always show horizons poor in clay (silty of
sandy) that overlie clay or sandy-clay horizons. In addition, they
exhibit a strong textural differentiation and an abrupt nearly-hori-
zontal transition bet\¡r'een the two types of horizons.

During field mapping, the upper clayey horizons had been pre-
sumed to be structural horizons rather than the result of illuvia-
tion. This hypothesis was to be tested. Thus, the sequence of hori-
zons can be designated âs : A, E, Eg, S, SC, C (new French nomen-
clature, Référentiel Pédologique, 1988; E = previously A2 and S =

previously (B)).

Some variations exis t ' nevertheless, depending on type of humus,
podzolic evolution in the A horizon, thickness of coarse-textured
E horizons (widest range of 20 to 90 cm; usual range of 35 to 45

cm), waterlogging intensity and hydromorphic properties of the Eg

horizons, aspect and importance of rrmorphological degradationrl
phenomena (Jamagne, 1978; Pedro et al, 1978) at the textural con-
tact, and presence or absence of a clay "bulgerr (highest clay con-
tent in the S horizon):

Hydromorphic features of the Eg horizons vary with each pro-
file. In dry periods (Juie through November), the following features
can be observed: streaks combining light colours and rust-brown
colours, bleached spots or mottling and ferro-manganic nodules of
variable size. In humid periods (January rhrough April), waterlogging
occurs due to temporary subsurface watertables, giving the coarse-
textured upper horizons a nearly sludge state and ephemeraÌ greyish
or greenish colours (gleying is weakly expressed due to the lack of
iron).

rrMorphological degradationrr at the top of the S horizons is evi-
denced by both discoloration and local alteration of the texture.
Volumes of soil material of varying size become differentiated at
the top of the clay horizons. These volumes contain much less òlay
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(hence thèir greâter porosity and looser structure) and much less

iron (hence their whitish colours) than the remâinder of the S hori-
zons. Morphological degradation only occurs in one solum out of
two : it is not a Seneral phenomenon. When clearly visible, such

degradation fluctuates between tr,vo extremes. At last, there are

thin skeletans coating the ped surfaces over the upper 5 to I cm

of the S horizon (designated as Sd sub-horizon). As a maximum,

degradation affects 20 to 60 o/o of the volume of the Sd horizon,

which may be from l0 to 30 cm thick. These degrâded volumes

are, however, preferentially oriented : they extend more deeply

along the vertical fâces of the prismatic peds. This type of glossic-

like degradation is encountered mainly in the soils richest in silt-
sized skeletal grains. This last fâcies is very similar to that ob-

served in the "sols lessivés dégradés'r (CPCS, 1967) on medium-

textured materials.
The S horizons are characterized by : heavy clay or sandy-clay

textures; cubic and/or prismatic structures' which are finer in the

upper part of the horizon; presence of many ochre or rust-coloured
spots that are clearly visible on the beige, grey of green matrix;
moderate and constant humidity contrasting with the winter water-
Iogging öf the E horizons. Other features can also be observed in

some exceptional profiles: slanted slickensides, few thin reddish

or brownish clay coatings, and grey coatings.
The C horizons consist of slightty weathered cretaceous sedi-

ments that have been llttle affected by soil-forming processes'

There are four criteria of field identification. If the parent-rock

contains CaCOa, the C horizons are not fully decarbonâted and

show fequently"a calcic Cca sub-horizon in their upper part' The

passage from S to C horizons is sometimes gradual and is charac-

ie.ired Uy loss of structure. The C horizons have only a coarse and

weakly developed prismatic structure' Whatever the season, these

deep horizons appear to be dry. Lâstly, the clayey geological sedi-

ments become cleârly recognizable on the base of their colour
(blackish, brownish or slate-coloured) and o{ their 'rsoapyrr of "rub-
beryrr touch, It is only ât this depth that the Slauconitic green

sands maintain their sandy texture, the glâuconite grains being in-
tact ând well individuali zed'

3.2. Mineralogical dâta of the clay fraction

The parent rock shows a diverse mineralogical composition'

Within each profile, few qualitative differences are noted between E,

S and C horizons. A more thorough study (separating clay frâction
into granulometric sub-fractions) points to three main stâtements:

- the E horizons exhibit a relative accumulation of the

coarsest clays (0,2 - 2 um) and o1 qiartz, kaolinite and titani-
ferous minerals; n4



I much less
of the S hori-
lum out of
isible, such
, there are
r5toScm
maxlmum,
Sd horizon,
)d volumes
)re deepÌy
ype of glossic-
rhest in silt-
:o thât ob-
Lmedium-

or sandy-clay
finer in the
rust-coloured

'een matnx;
winter \¡/ater-
observed in

hin reddish

ceous sedi-
lrocesses.
parent-rock
rnated and

:ìd is charac-
¡ a coarse and
3ASOn, theSe
ological sedi-
)ir coÌour
lpy or "ruD-
itic green
rins being in-

rposition.
red between E,
clay fraction
statements:
of the
ite and titani-

124

- from the bottom to the top of the glauconiferous profiles,
the finest glauconites show a geochemical evolution : pro-
gressive opening of the layers with âcquisition of swelling
properties ('rtransformation smectitesrr, Robert ând Barshâd,
1973) and âlong with a loss of potassium, magnesium and
iron;.
- concerning the Flogny profile, vermiculiti zation of the illites
has been established, a significant loss of potassium affecting
the finest particles. The genesis of rrtransformation smectitesrl
seems to have been inhibited in the Eg horizon by the fixa-
tion of probâbly aluminous ions.

The clay minerals currently found in planosols of the Cham-
pagne Humide are mainly inherited from cretaceous sedimentation.
Only those clay minerals that result from the transformation or
neoformation are of pedogenetic significance, but it is difficult to
point them out as they remain a minority "drowned" in the oriSinal
heritage,

Planosolization is not related to one type of phyllite mineral in
particular, âlthough it affects 2:l minerals much more than kaoli-
nite. The 2:l minerals seem nevertheless to be more weatherable
and/or smaller and/or more mobile.

3.3. Majo¡ analytical data

The forested planosols bf the Châmpagne Humide show an acid
or strongly acid pH in wàter. Aìl A and E horizons as Ì¡ell as most
deeper horizons are below pH 5.5. The highest acidity level is found
in the "podzol-liketr humus-rich A horizons (pH in water < 4.0). Base

saturation values remain lower than 65 o/o in the A ând E horizons
(usually < 30 "/"), and range from 8 to 100 o/o in the S horizons, de-
pending on the parent material (table 2).

CEC values obtained for the clay fractions show a systematic
decrease in the E horizons. This might be due to the interlayer po-

sition of aluminous compounds bÌocking a number of exchange
sltes,

Ratios of total iron to clay content suggest a relative accumu-
lation of iron in the Eg horizons. Furthermore, the hiShest total
iron levels are usually encountered in Sd or S horizons, Consequent-
ly, there is some absolute accumulation of iron in the uppermost
S, horizon.

Ratios of free to:total iron clearly indicate that weathering in-
creases from the bottom to the top of the profiles. The same ap-
plies to ratios of Al extracted with Tammrs reâgent to total Al
levels. The horizons closest to the abrupt textural change (Eg, Sd

or S¡) contain the bighest amount of exchangeable aluminium.
Finaily, AIJ* plays a dominant part in the E horizons where its
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level exceeds that of basic cations,
A major gradient therefore exists bet\Meen (i) slightly acid

(sometimes calcareous), saturated or weakly desaturated, slightly
\Meathered C horizons devoid of free aluminium; (ii) clayey, acid,
more or less desaturated, increasingly \Meathered S horizons contain-
ing considerable amounts of exchangeable and "free" alumin¡um;
(iii) coarse-textured, highly acid (organic protons and AIJ*), strongly
desaturated and highly weathered A and E horizons,

Table 2.
Some physico-chemical data of planosols in the Champagne Humide.
(Note : nothing is mentioned concerning the C horizons because of
their large variability).

Horizons Clay content
\"/.)

CEC of the
horizon*
(nel100g)

Base satura-
ration (o/o)

(forest)

CEC of the
clay fraction
(mel100g)

A,E&Eg

Sd, S¿Y SC

5to26
mostly 10

to 18

32 to 60

ltoI

8to24

l0 to 65
mostly l0
to 30

I to 100

5to39
mean = 14

l6 ro 56
mean = 36

* ât pH 7, saturation with NH4AC

3.4. Additional field data

During soil survey and profile pit examination, severâl major
facts have been registered. First, an everyday field observation
from December to May showed temporary shallow watertables cir-
culating above slowly permeable ôlay Iayers. Not only is waterlogging
visible in any pit or hole, but also water circulation does (rather
fast in spite of the slight slopes). For instance, the deeply rutted
forest tracks become small active b¡ooks.

Secondly, during summertime, the clayey S horizons, although
locâted at small depth, are never dry and show no obvious shrinkage.
In fact, these horizons are sheltered from evaporation because they
are under tree cover, thick litter and silty or sandy suiface layers.

3.5. Conclusions

It is obvious that the above-described soils correspond exactly
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to the concept of planosol (Dudal, 1973; FAO-UNESCO, 1974], be-
cause of their morphology and of their peculiar type of temporary
subsurface waterlogging.

4. LITHOMORPHIC OR PEDOMORPHIC PLANOSOLS?

A prerequisite to a pedogenetic inLerpretation',¡r'as to find out
whether the strong texturâl differentiation was due to some initial
abrupt lithological discontinuity (cretaceous sedimentâtion or recent
deposit), or to a particulâr soil-forming process in situ. In the first
câse, it wouLd be possible to speak of "lithomorphic" planosols
(Favrot and Legros, 1972); in the second case, these soils could be
referred to as "pedomorphic'r planosols. To elucidate this point, ar-
guments relating to mapping or pârticle size distribution have been
used.

4.1. Arguments relating to mapping

A first qualitative argument was provided by medium-scale map-
ping. During the survey, the textural vâriations of the E horizons
were shown to be well correláted \Mith the lithological facies of the
geological layers appearing in successive outcrops (fig. f).

In fact, field surveys on E horizons show rapid textural varia-
tions, on a decametric scale. The observed textures range continuous-
Iy from pure meilium san'd to sandy silt loam. This excludes the hy-

ALEt^t{

ÂPTt^¡t

BABREIIIAN

Fig. 1.

Texturâl variations of the Eg horizons are well corr.elâted with
the lithological facies appearing in successive outcrops (schematic
preseûtation) :

- I and 3 = medium sand over glauconitic rrgreen sands"

= silty sand over grey clays with a fine-silty skeleton;
= sandy silt loam over slightly calcareous yellow clays;
= fine sand over variegated sandy clays;
= sandy silt over variegated clays with a fine-silty

skeleton.

-5
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pothesis of a shallow deposit of remote origin. Furthermore, the
details of these variations can only be understood in relation to
the detailed facies variations of the geological sequenie. For ex-
âmple, sandy-textured surface horizons (n" 1 and 3, fig. l) always
overlay deep green sandy-clay horizons, whereas silty loamy tex-
tures overtay the aptian yellow clays (n" 4).

Rapid variations vrithin the cretaceous sedimentation are the
only cause of granulometric variability in surface horízons. This is

a major argument in favour of the rather strict âutochtony of the
A and E horizons. Consequently, the Ìatter seem to have had the

same parent material as the deeper clay horizons.

4.2. Study of "granulometric skeletons"

This study (Baize, 1980a) was conducted on a large number of
samples (282 horizons), with the interest exclusively been oriented
towards the sand and silt fractions. The clay fraction was excluded
by calculation because the < 2um fractions are more mobile (verti-
cal or lateral translocation), more sensitive to geochemicâl degra-
dation, and because they may occur within the horizons as a result
of the in situ weâthering of coarser particles (disintegration of
glauconitic pseudo-sands or micro-division of the fine silt-sized
iUites). Six granulometric fractions could be used (table 3). These

values, expressed as â percentage of their sum, served as a basis

for comparing horizons,of the same profile ('rvertical'r comparisons,
fig. 2) or horizons of different sites ("horizontal" comparisons).

Table 3.
Calculation of the "écart brut" (Eb) between two horizons, j:e. the
sum of differences of the six granulometric fractions (absolute values
in per cent). Example : Héry profile.

Hori-
zon

LF
(2-20,yml

LG
(20- 50

!1rI)

SFI
Í50-100
umJ

SF2
(100-
200 um)

SGI
(200-
500 um)

SG2
(500-
2000 um)

Sd

13.0
12.3

37.1
42.O

28. I
24.t

6.8
3.4

0.9
0.E

0.1 Eb= 16.53.4 0.7 4.9 4.0 3.4

As a first qualitative approach, diagrams were constructed! For
the purpose of simplification, they onÌy compared the Eg and Sd

or Sr horizons of each profile (two samples vertically close, but
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Fig. 2-

Comparisons between "granulometric skele-
tonsrr (V.C. = vertical comparisons; H.C. l,
2,3 = hor¡zontâl comparisons).

placed on either side of the abrupt textural change). Among the 55

studied pâirs, similar material wâs found in 53 cases besides I
doubtful case, and I certâin case of heterogeneity.

Afterwards, a quantitative index termed "écart brut'r (Eb) was
calculated (table 3). Many treatments were applied to this index,
but only one result ìr'ill be mentioned, namely the distribution of
the rrécart brut'r obtâined by vertical comparison within the 55

profiles. Some forty sites'showed Eb indices lower than 20. It was
felt that this result indicated a good homogenèity in particle size
distribution. For the other profiles, however, there are no clear
answers due to the lack of references for this kind of index.

4.3. Study of a small test area

This study was made in three steps : mapping over 95 ha,
sampling of l7 E horizons, and then sampling of 8 profiles located
within a l2-ha polygon. In order to examine the I E and S pairs,
the 120 'récarts bru,ts" that distinguish the "granulometric skeletons"
of the 16 horizons have been calculated. The E and S horizons of
a same profile generally showed rather low Eb indices, lower than
those calculated between two horizons of two distinct profiles.
This, however, is not an âbsolute rule : the two horizons most
similar in terms of particle size distribution are derived from elu-
viated horizons of two remote sites. Then, the profiles rMere geo-
graphically relocated in relation to each-other in order to compare
spatial proximity with mathematical proximity. Of the 15 relations
examined in this vr'ay, 14 show that the E and S horizons of the
same profile are more similar than the E and S horizons in closely
sDaced Drofiles.
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In conclusion, there is a variability from one site to another
over very small distances but a relatively strong genetic link with-
in each profile.

4.4. Heavy minerals

A study of the heavy minerals in four profiles pointed to the
cretaceous nature of all E and S horizons. This fact, once again'

excludes the hypothesis of an allochtonous deposit of remote
origin.

4.5. Conclusion - Nelv question

The cretaceous sedimentation appears to be quite heterogeneous

with abrupt field variations, especially in pârticle size distribution.
All qualitative and quantitative arguments converge to one and the

same conclusion : the rapid and substantial changes from one site
to the next contrast with the close similarities between horizons

of a same profile located on either side of the abrupt textural
change ("planic contactrr). A number of technical and Pedologic dif-
ficulties were encountered. A good initial uniformity in pârticle
size distribution could however be demonstrated in over fifty pro-

files, hence in the majority of the soils considered. Differentiation
of the surface horizons poor in clay is therefore not related to
some ori8inal sedimentary discontinuity or recent deposít, but re-
sults from soil formation in situ. This had to be elucidated before
pursuing any research on the evolution of this type of planosol' We

are dealing with pedomorphic planosols.

The above considerations lead to a further question: does the

strong textural differentiation result from relative clay accumulatton
in a S horizon, or does it result from absolute clay accumulation
in a BT horizon due to argilluviâtion?

5. MICROMORPHOLOGY

Regarding the distribution of clay, observations of thin sections

in five profiles revealed a nearly total lack of argillans and ferri-
argillans (usually indicating clay illuviation) in the clayey S horizons'

The few cutan-like features seem râther to be diffusion or stress

cutans, but they are of little imPortance considering the textural
differentiation of the soils. The very few typical illuviation cutans

were found in the Eg and Sd horizons rather in the clay-rich S

hor¡zons.
In addition, thin section examination allowed recognition, at the

microscopic level, of some features âlready observed in the field,
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e.g. conversion of glauconite grains into yello}r'-greenish poorly
limÞid plasma, stress cutans and vo-sepic plasmic fabric along
fissures corresponding to slickensides, iron impregnation and nodula-
tion representing the rust-coloured spots typical of waterlogging or
weathering, and |tmorphological degradationrr at the top of the S

horizons associated with the disappearance of the clayey plasma.

Consequently, the planosols of Champagne Humide do not appear
to have undergone significant clay illuviation. Additional evidences
must, however, be provided in support of this statement (see

chapter 7).

6. WATER REGIME

Two forested sites have been selected in order to understand
the u/ater dynamics under the best possible natural conditions.
Several independant in situ methods were used from May 1977 to
January 1982, as well as laboratory tests (table 1). The results ob-

lained on both the FiERY and PONTIGNY si'tes were in Sood agree-
ment, except for a few slight differences. For lack of fôom, only
the main results will be presented here. Any reader interested by

more detailed results can refer to Baize (1983; 1984).

Climatic water balances were calculated. They indicate a con-
siderable soil water deficit in 1978 (July to November), a smaller
one in 1979 (July to September), a slight shortage in September
1980 and 1981, and no deficit in 1977. Winter rrater surplusses

were determined as being 178 mm, 306 mm, 217 mn,2E2 mm

and > 162 mm respectively for each winter period. [n summer,
natüral drainage may have occurred in August 1977. In June 1981'

a considerable water surplus is pointed out by calculâtion : 45 mm

during the first lo-day period, ll mm during the third.
The presence of water in short piezometers pointed to the

existence of a subsurface wâtertable, hence to waterlogging of the
coarse-textured E horizons. This shallow watertâble apPears every
year in January, February and March. It v,¡as observed once in late
December 1980, in May 1979, on 10 June and l0 August 1981' but
was not detected in April nor during the other months. It could not
be determined whether the watertable is continuousÌy present in
winter. Three long periods of watertable existence hâve nevertheless
been identified : 20 days from 24 January to 14 February 1979; 63

days from 9 January to 14 March 1980 and 22 days in j.anuary 1981.

The shallow watertable was present for less than 8 days in May

1979, March 1980 and December 19E0.

The absence of a subsurface watertable may be as ephemeral
as its presence, e.g. it could be observed on 27 December 1980

l3l



and I January l98l but not on 30 December l9E0'

81 neutron moisture measurements have been carried out be-

tween May 1977 and Januâry 1982, i'e' an average of one every 2l

áuvt fo. iearty s years. To study variations in the course of time'

thå raw readings have been expressed in a standârd form as a

percentage of the total variation throughout the 8l measurements

ior each horizon (0 o/o = min. reading; 100 o/o = max' reading)' In

such a way, the horizons can exhibit four different states :

- drY (raw readings < 30 o/o);

- wåt (raw readings > 65 o/o):: very close to field capacity;

- transitional : rewetting or dry¡ng;

- waterlogged (raw readings exceeding 80 o/o) :excess of

water satuiating all the voids, especially packing voids'

channels and macroPores'

There was a good correlation between these raw values and the

p."a"na" of a- subsurface watertable detected with the short piezo-

meters.
Temporary waterlogging wâs only encountered at depths of l5'

25 and 35 cm in the two srtes (A and E horizons)' At these depths'

the wet state corresponds to raw data rânging from 65 to 80 'olo'

whereas the u'aterlogged state woilld be evidenced by higher per-

""nrug"r. 
None of the horizons occurring under the "plânic contact'l

exhibits a waterlogged state 
"vhich 

differs from the wet state'
"'" 

Ài;;. calibratin'! the.raw data and converting them inlo volu-

a.tri" aoiatrr". u*ounta, the soil moisture contents could be cal-

culatedforeachmeasuringdate(expressedinmm).Table4Shows
which is possibly a favouraDle period' Between l0 November 1978

u"i-ã¿ lå.uu.y'lg7g, 142 mm of rainfall were recorded' It may Þe

ä".iÃàa trt", i03 mm of water re'ð/etted the soil ând. that 39 mm

*ãr"--."."t"¿ laterally (or evapotransPired) because they did not

reach the C horizons. From 24 January 1979 till May 1979' 335 mm

"i-.à-ì"rr 
were recorded' Of these 335 mm' 15 mm are assumed

iå i'ã". .onrtiUuted to the soil rewetting, whereas 320 mm were

Iaterallydrained,evapotranspirationbeingProbablynegligibleat
this period, under deciduous trees'

Vàrious field and laboratory measurements were used in esta-

blishing some kind of volumetric balance at extreme moisture

;;;*;t (assuming that the total porosity remained constant)' such

balances demonstrate :

- the large water capacity available in the E horizons Þ 24 o/oli

- the small water capaciti available in the S horizons (7 to

8 o/o) and their high content of strongly retained water;

- the very small volumes occupied by air during periods of

maximum molsture content (l'å and 4 o/o in the S horizonsì 3

to 7 o/o in the E horizons)' At these times' aeration is there-
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Table 4.
Water balance during a rewetting period. Example : Héry profile
(undèr deciduous forest).

fore very weak and the medium becomes reducing, In the
driest periods, mâximum air volume in the S horizons remains
low (9 and ll o/o).

The relationship between matric potential (pF) and moisture
weight has been studied, Measurements were made on undisturbed
and undried soil samples (collected 

^in the field, using 1000 cmr
cylinders), and peds of about 5 cmr, Between pF 2.0 and 3.5, for
the E horizons, moisture values obtained on cylinders disagree with
those found on peds. It mây be inferred that there is a rather
coarse porosity (between 0.5 and l5 pm) corresponding probably to
inter-aggregate and/or biologicâl voids.
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Horizon 10.1 1. 1978
(date of max.
drying) water
amount in mm.

0

24.01.t979
increasing of the
water amoun¡
since l0.l 1.78

+68mm

+33mm

+ 2mm

.- 2mm

21.05.1979
increasing of the
lvater amount
since 24.01.79

A+E
40 cm
S+SC

130 cm
cl

170 cm
C2+ C3

230 cm

70 mm

313 mm

107 mm

140 mm

RAINFALL : 142 mm

+ 3 mm

+12mm

-4mm

-5mm

335 mm

15 mm in the soil103 mm in the soil
profile to a

depth of
about 170 cm

39 mm are laterally
removed or
evapo-
transpired

profile to a

about 130 cm

320 mm are ìaterally
removed or
evapo-
transpired

LATERAL RUNOFFSOIL WATER STORAGE
RECONSTITUTION



This discrepancy does not occur ¡n the S horizons, because such
voids do not exist at this pF range of common occurrence in the
field. In the clayey horizons, only slight moisture variations are
noted between pF 1.0 and 2.5. These horizons have few voids > 5pm;
in other words, they are slowly permeable in all seasons.

In conclusion, all the horizons exhibit their lowest moisture level
in autumn, as â result of evapotranspiration and prolonged water
deficit, Eârly in r¡/inter, the rain rewets and saturates the E hori-
zons, and rewets the upper part of the S horizons. If small cracks
exist in autumn within these layers, they rapidly close due to re-
wetting and swelling. By late winter and early spring, the rain still
saturates the E horizons, but penetrates no longer or very sloìvly,
into the S horizons. Most of the water excesses are quickly carried
awây lâterally by temporary subsurface watertables. The C horizons
do not seem to be reached by precipitation water. The constânt
moisture content of these ',veakly structured horizons indicates a

slow water transit.
Those detailed studies have only confirmed and quantified the

facts which have been observed during mapping. The abrupt tex-
tural change is the main cause of the essentially lateral water
movements. Conversely, this lateral soil water dynamics is invoÌved
in the existence of the planosolic morphology (see chapter 9,4.).

7. ISOQUARTZ BALANCES

7.1. The method : its choice and aims

The purpose of introducing these balances was to elucidate
clearli, whether the materials that hâd left the upper horizons had
moved laterally of vertically, and whether the clay horizons result
from absolute or from relative accumulation of clay (Baize; 1980b).

In an "open" system such as the soil mantle, the different com-
positions of the current horizons do not provide enough information
on material gain of loss in each horizon. Such gains or losses can
be determined either by hydrochemical and hydrological procedures
for the investigation of current movements, or by chemical-mineral-
ogical methods demonstrating absolute variations, in the course of
time, of such or such constituent within a profile reÌative to an
invariable constituent. One advantage of the isoquârtz balance is

that it relies on a constituent which is stable in temperate climates
and abundant in the studied soils, hence subject to only slight esti-
mation errors.

The material balances, \¡/hich are established in relâtion to the
presumably invaríable quartz content, enabled us to evaluate abso-
lute gains or losses of the major horizons relative to their.. original

t34



i, because such
rrence in the
riations are
few voids > 5 um;
sons.
t moisture level
longed water
ls the E hori-
f small cracks
se due to re-
g, the rain still
r very srorffly,
quickly carried
The C horizons

lhe constant
r ¡ndicates a

uantified the
â h.r rñt fêr-

,eral rvater
nics is involved
hapter 9.4.).

) elucidate
:r horizons had
horizons result
(Baize; 1980b).
different com-

ugh inform ation
or losses can

ical procedures
hemical-m i nera I-
the course of

)lative to an
tz balance is
nperate climates
cnly slight esti-

'elation to the
evaluate abso-
o their original

134

1x

IN THE BEGINNING

Hypothesis:
Pârent material was
homogeneous and
strictly identical with
the current reference
horizon in all
Tespects.

IN THE MEANTIME

Hypothesíß :
- Quartz has remain-

ed insoluble.
- Neither erosion nor

new deposit has
occurred.

TODAY

Alr.aLA tic a,L kno w L e d,g e

o.1 :
- thickness,
- uurÃ qeuù¡Ly,

- âr1ârr7.^nfÞñf

- mineralogical and
chemical amoutrts
per cent.

- particÌe size distri-
bution.

FOR EACH HORIZON
+

CURRENT WEIGHTS
CALCULATION

ORIGINAL WEIGHTS CALCULATION
v

LOSSES OR GAINS DETERMINATION
(Weights for a I dm2 column, in absolute vaÌues)

Fig. 3.
Principles in establishing the isoquartz balances.
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state. They also express the entire pedologic evolution throughout
the period of time required for the profilers differentiâtion. Several
processes distinct from those currently involved, may have occurred
successively or conflictually. The global values obtained may re-
present the algebraic sum of different types of gains and losses.

Thus, the chemical-mineralogical and hydro-chemical methods yield
complementary rather then similar informations.

7.2. Principles and execution

The method used is derived directly from MarshalÌ and Haseman
(1942), who had chosen zircon as a basic invariâble constituent- It
allows the calculation of absolute weights of the various horizons of
a pedon. Unlike the usual isoquartz expressions, this method takes
into account the relative thicknesses of the horizons, so that one

can compare the gains and losses possibly occurring at vârious
depths of a profile. This type of balance relies on four hypotheses

or conditions r¡/hich cannot be readily verified in natu¡e (figure 3).

First, it was necessary to determine the quartz contents of the
main horizons. This preliminary work was not easy because the
quartz could not be directly detertnined. It required complex and

often "acrobatic" mineralogical reconstructions which were made as

follows : (i) evaluation of the type of minerals present in significant
amount (X-ray diffraction, microscopic examination, DTA); (ii) quan-

titâtive determination of the minerals other than quartz (thermo-
gravimetric analysis, mägnetic separation of the grain glauconite,
chemical analysis, etc); (iii) percentage determination of the quartz
either by selective dissolution of the phyllite minerals (Kiely and

Jackson, 1965), or by simple calculation (o/o guartz = 100 - alt
other minerals). Various methods of calculation independant of each

other have been used in order to be virtually certain of the good

agreement between converging results'
Knowing the current weight ând the original weight (before dif-

ferentiation) of each horizon, it was possible to calculate their
global weight change. It was then easy to compare the current
weight of an element, a mineral or a granulometric fraction (= Z),

with the original weiSht of Z and to infer the gains or losses of Z.

7.3. Results

A first isoquartz balance \Mas made on a mineralogically simple
soil (quartz + glâuconite only) : the HERY profile. Another three
balances were then established on soils showing different particle
size distrlbutions and mineralogical compositions. In these three
cases, it has been proceeded under less favourable conditions (com-

plex mixtures of many minerals, less analytical data), but according
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t5

décarb.

O 2:1 gl R

IIÊRY

Fig. 4.
Diagrammatic presentation of the isoquartz balances calculâted
for HERY and PONTIGNY profiles (Q = quartz; 2.1 = glauconite +
illites; gl = grain glauconite; k = kaolinite; R = another minerals
and materials).

to the same principles as those adopted for the HERY profile.

7.3.1. Hêru wolile
Quartz contents have been evaluâted in six different ways. The

following values (weighted averages) have been retained : 80.0 o/o

in Eg, 39.2 o/o in S, 47.6 o/o in SC and 47.8 o/o in C horizons, The
Eg horizon was considered to be representâtive of all the clay-poor
upper horizons (down to a depth of 45 cm), and the S and SC

horizons of the 45-75 add 75-130 cm soil layers respectively.
The global weight balance (table 5) already provides interesting

information : the E horizons appear to be strongly impoverished
(40 o/o weight loss), whereas the S horizon is markedly enriched
(22 o/o Eainl. The 0.4 o/o gain noted in the SC horizon is not signi-
ficant. The results concerning the six major chemical constituents
(table 6) fully confirm the Slobal balance : strongly impoverished
E horizons, and markedly enriched S horizon. But irrespective of
whether are considered totâl weights of oxides, material losses in
the E horizons are never compensated by the Sains in the S hori-
zon (figure 4).
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Table 5.
Global weight ând thickness balânces (Weights expressed in hgldm", bulk

density measured v/ith membrane densitometer) in the Héry profile'

Table 6.
Balance of the 6 major chemical constituents (expressed in oxides)

in the Héry profile. Weight Sains or losses (hg/dm¿, upper line) ând

as â percentage of the original weight (in brackets). The gains in
S are not at all equivalent to the losses in E.

sto2* Al2o3 Fe2O3 Kzo Mgo CaO

E

S

SC

-23.s6
ç28o/o)

+ 2.56
(+ I I o/o)

- 1.09

\- 2oh)

-s.62
l-7 37o)

+ 1.44

\+67%)

+0.03
(+0.5olo)

-8.41
\-7 6o/0)

+1.02
(+33o/o)

-0.39
ç 5v.)

ç78'/.)
+0.10

\+ l2o/o)

+0.02
(+ 1olo)

-1.23
(-88o/o)

+0.08

\*2Lo/o)

-0.08
(_ 8olo)

-0.27
(- 8 5olo)

-0.04
l-43vo)

-0.04
(- 18 o/o)

* As quartz is supposed inYariant, it is soÌely combined SiO2'

Table 7 shows the chemical composition of mâterials lost in the

E horizon to be very similar to both that of the 8râin glauconite

and that of the < 2 um fraction of the reference C horizon. This

similârity reveals an impoverishment in 2: I clay minerals. This im-
poverishment may result from lateral movement of particles out of

the profile, or from total geochemical degradation of the cÌay mi-
nerals associated with the removal of all residues.

l3E

Hori-
zon

I
Present
thick-
ness

tcml

2

Present
bulk
dens it)¡
(g/cm')

3

Present
weight
(hc/d^2)

4

Original
weisht
(he/ã-2)

Difference
4-3 4-3/4
(hg/". \k)
drn")

5

Original
thickness
(cm)

6

Thickness
differ-
ence
5- I
(cml

Eg

S

SC

ct

45

30

54

40

l.5 t

1.28

r.48

1.61

67.95

38.40

81.40

64.40

1 13.61

31.48

8l .07

64.40

-45.66 -40o/o

+ 6.92 +22ok

+ 0.33 + 0.4olo

00

70.6

19.6

50.4

40

-25.6

+10.4

+ 4.6

0
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Table 7.
Chemical composition of the materials lost in the E horizons and
comparison with that of the < 2 um fraction of the reference hori-
zon in the Hérv Drofile.

Oxide
Losses in E horizons Reference C horizon

Weight Chemical
hg/dm' composition

Grain
glauconite < 2 um
100-200 um fraction

sio2
Al2o3
Fe2O3
Kzo
llgO
CaO
Na2O
1io2
sum:

- 23.56 56.87
- 5.62 13.57
- B.4l 20.30
- 2.34 5.65
- 1.23 2.96
- 0.27 0.6s

- 41.43 100.00

56.48 5s.27
tt.1l 16.59
21.90 18.39
6.50 s.7 t
3.05 3.3E
0.90 0.12
0. 16 0.1 I
O.ls 0.44

100.85 100.01

,lgo

Gains in the S horizons consist of 49. Vo SiQ2, 27.7 Vo Al2O3,
19.6 o/o Fe2O3, 1.9 o/o K2O and 1.6 o/o M8O' This composition is diffi-
cult to intèrpret because it has been obtained from figures of low
absolute value, likely.to be affected by strong relative errors.

The glauconite consisting of unweathered grains was isölated with
a magnetic separator and its chemical composition determined. So,

it wâs possible to estimate the glauconite contents of the silts and
sands in the four major horizons. The isoquartz balances of this
grain glauconite and of all the 2:l phyllite minerals (particles of
all sizes) are shown in table 8. They indicate that the glauconitic
pseudo-sands disappear from the bottom to the top of the profile,
and that the 2:1 phyllite minerals represent almôst the entire
losses of the upper horizons, and most of the gains of the S hori-
zon. This causes no surpiise, since we mentioned earlier that the
mineralogical composition of the soil is confined to the quartz +

glauconite association.
Therefore the rrclay-content bulge" observed in the HERY profile

does not result from absolute clay accumulation due to argilluviation,
but from the combination of three phenomena of unequal ¡mpor-
tance : (i) marked conversion of the Slauconite grains into clay, an

upward moving process that increases with decreasing depth; (ii)
considerable clay impoverishment of the upper horizons, a process
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Table L
Isoquartz balance of grain glauconite and of the sum of 2:l clay
minerals (including grain glauconite) in the Héry profile. wéight
gains and losses as a percentage of the original weiSht'

laterally directed but leading to the progressive lowering of the
claypan; and (iii) slight accumulation of illuviated clay, confined to
the top of the S horizon. Thus, the clay horizons of the HERY
profile are essentially v\¡eathered S horizons.

7.3.2. Other proliles

The detailed results concerning three other Profiles will not be

presented here : PONTIGNY (developed from a sandy and glauconi-

Table 9.
Estimated total wei8ht gains or losses of the four studied profiles
(he/dm").

140

Hori-
zotl

Grain glauconite
(silts + sands)

Sum of the 2:1

clay minerals
Global weight
gains or losses of
the horizon
(cf. table 5)hg/dm2 o/o hg/dmz o/o

E

S

òL

- 29.7 - 92

- 4.4 -49
- l 1.3 - 49

- 43.9 - 84

+ 5.5. + 36

- 0.3 - l

- 45.7 hg/dm2

* 6.9 hg/dm2

* 0.3 hgldm 2

Profile HERY PONTIGNY REBOURSEAUX FLOGNY

Horizons

E | - 45.7 E:-30.2 Eg1 : - 30.2
Eg2 : - 8.5

E3S:- 6.8
Sl :- 1.8

52 :- 2.9
SC1 : - 3.1

Eg : - 38.1

S

SC

+ 6.9

+ 0.3

e

s2

+ 5.4

+ 3.1 s2

reference
horizon

C1 (8lau-
conitic
loamy

sand)

C2Ca (de-
carbonated)
(silty clay)

SC2 (clây) C2 rclay
with 3,6 %

CaCO3)
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tic mârl of the upper Albian); REBOURSEAUX (cenomanian clay);

FLOGNY (aptian calcareous clay). The estimated Y/eight gains and

losses of these soils are listed in table 9.

7,4. Conclusions

The four studied pröfiles show the following features : (i) maior

loss of material in the E horizons (30 to 45 o/o of the ori8inal
weight); (ii) material gains in the upper part of the S horizons
(except at REBOURSEAUX); (iii) these Sains remain limited and do

not compensate for losses in the E horizons. Thus, the materials

lost in the surface horizons seem to have left the profiles' This

lost material seems to consist only of particles < 2 um (60 to
82 o/o of the original fraction).

S. ANALYSIS OF THE SUBSURFACE RUNOFF

At HERY, water samples were collected in a small pond which

is the natural drainage way of the surface watertables. l l samplings

r¡r'ere made at 6 winter dates and I summer date. PH range was

4.8-6.8, resistivity 9,300-12,600 Ohm/cm, and the amount of ma-

terial in suspension 2'7 to 32.2 mg/I. The presence of Ca, Mg, K
and Na in solution is related to the bio-Seochemical cycle, whereas

the relatively abundant dissolved silica (10.5 to 20.0 mgll SiO2)

might result from current' weathering of the crystal lattices of
some silicates.

A 60-1 sample was collected in February 1982 and the material
in suspension sgparated by centrifugation at 50,000 g. The centri-
fugate only consisted of pârticles < 2 um very similâr in composi-

tion to the fine-clay fraction (< 5um) of the E horizons of the

HERY profile. Furthermore, the XRD curves obtained with these

residues showed similar features (presence of glauconite, smectites,
interstratified minerals, ând kaolinite) to those of the E horizons'

Water samplings were taken from little brooks. Thus, it is pos-

sible to answer the following question : what has happened with
the clays lost by E horizons? These suspended materials have been

drained through the hydrographic net\¡/ork. ft must be noticed that,
within the region, all the latest alluvial deposits are clâys or heavy

clays, in small as in large valleYs.

9. GENERAL SYNTHESIS - SOIL GENESIS

In order to understand both formation and dynamics of these
planosols, numerous approaches were used : m acro-morphological

l4t
t40

FLOGNY

Eg : - 38.1

s1

SO + 7.1

C, (clay
wäh 3,6 o/o

CaCO3)



observations, microscopic examinations of thin sections, arguments
related to mapping or to particle size distribution, determination
of heavy minerals, samplings of the subsurface runoff, analysis of
the weâthering complex, isoquartz baÌances, study of the soil water
regime (based on various procedures). Each of them yielded data
which were critically examined, enabling a partial synthesis to be
drawn. The latter can be summarized as follows:

l. Originally, the pârent materials were homogeneous;
2. today, the soils are developing in a medium marked by

strong mineral acidity;
3. 'rmorphological degradationrr (of variable importance) occurs

at the interface between Eg and S horizons;
4. only the finest clay minerals seem to be affected by

weathering;
5. the profiles show str,ong textural differentiâtion (clay in-

dices S/E range from 2.4 to 5.2, mean = 3.3);
6. the upper horizons have been strongly impoverished in clây;
7. there has been little vertical clay illuviâtion within the S

horizons, only in their upper part;
8. the soìl water dynamics is essentially lateral;
9. each year, 200 to 400 mm rain are removed by subsurface

watertables;
10. the lateral runoff carries away (in brooks) some amount of

clay in suspension.
To draw final conclusions about soil genesis, it was necessary

to overcome some appârent contradictions between current pheno-
mena (items above 2, 8, 9 et l0) and the integrated effects of
earlier successive or simultaneous processes (items 4, 5, 6 and Z),

9.1. Hypothetical reconstruction of soil evolution

The textural evolution will be artificially presented separately
from the physico-chemical evolution. The former can be subdivided
ln tnree sta8es :

STAGE 1. From a clay material, creâting of a physical and bio-
Iogical macro-porosity down to an I'abrupt structural change'r. Be-
ginning of the lateral water circulation = beginning of clay im-
poverishing (cf. 'rpélosols brunì fiés").

STAGE 2. Gradually the impoverishment increases, the t'structural
changerr deepens and turns into an "abrupt textural changer'.

STAGE 3. The E horizons show an increasing porosity, while S
horizons remain slowly permeable. The lateral water flow tncreases
and impoverishing becomes self-accelerating. The planosolic morpho-
Ìogy becomes more and more pronounced.

The physico-chemical evolution can be described as follows:
STAGE l. Beginning of pedologic srructuration and of weathering
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of weathering

(iron release). Decarbonatation (if calcareous parent material). Clay
formation from grain glauconite (case of the albian "green sandsrr).

STAGE 2, Deepening of the three above-mentioned processes.
Beginning of the base desaturation. Clay minerals remain stable,
Tendancy to waterlogging of the surface horizons by rainfall.

STAGE 3. Occurrence of first real hydromorphic features at a

shallow depth. Reduction/reoxidization cycles. Increase of the base
desaturation and beginning of aluminizâtion. Progressive opening of
the micaceous clay layers.

STAGE 4. lncrease of waterlogging. Rather strong mineral aci-
dity. Secondary illuviation resulting in the degradation at the top
of S horizons (in such a desaturated and temporarily reducing me-
dium, clay is dissociated from iron ând is âble to be removed se-
parately).

STAGE 5. Acidity and waterlogging continue to increase. Begin-
ning of total acido-ferrolysis of some clay minerals. Podzolization
is possible at the surface (due to alteration of the vegetation),
but is not at all inevitable,

A number of factors can inhibit these evolutions or limit the
downward movement of the abrupt textural change. These factors
are as follows: (i) presence of CaCO3 in the parent material (up-

ward movement of Ca** as a result of the bio-geochemical cycle);
(ii) clay contents > 50 o/o (in such a case, there is a large amount
of clay to be desaturated, removed or dissolved); (iii) slowly per-
meable parent material (bimodal particle size distribution, stratified
and dense sedimentation), as a result of which all processes "hit"
against a true claypen, water dynamics is only lateral, and the
deepening of the abrupt texturaÌ change is much slower.

On the other hand, some factors accelerate the soil differentia-
tion: (i) occurrence of sulfides in the parent material, the oxida-
tion of which will cause the early release of a strong mineral aci-
dity (occurrence of jarosite in the C horizons of some soils on

'rgreen sands"); (ii) presence of materials that are less rich in clay
or more permeable; (iii) areas showing more intense water flow,
hence faster clay impoverishment.

9.2. Comparison with other types of soils under humid temperate
climates

No comparisons rvere made with other types of planosols that
developed under other climates, in a totally different environment
from that of the Champagne Humide. Instead, the present plano-
sols were compared with two types of soils of common occurrence
in northern France, which developed under the same humid temperate
climate, in similar topographicâl positions, but on rather different
materials (table l0) : rrsols lessivés dégradéstr, differentiated from
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loessic materials in the northeastern Paris Basin (Jamagne, 1973,
1978; Pedro et al., 1978), and rlpélosols brunifiésrt, formed from the
Lorraine triasic clâys (Nguyen Kha, 1973, 1975, 1976).

Circles in table 10 indicate the processes that tend to develop
along a vertical line, hence to "go deeper" into the solum in the
course of time (all forms of weathering). Vertical arrows indicate
all essentially vertical translocations of material (vertical illuvia-
tions), while small horizontal arrows refer to trânsfers laterally
directed as â result of the presence of a claypan. The two chrono-
sequences on the left hand side share a number of common fea-
tures. Their essential difference lies in the early occurrence of
lateral movements in the case of soils overlying clays. The "pélo-
sols brunifiés" can be considered as poorly developed soils that have
only reached a primitlve stage, but probably take place in the
phylum leading to planosols.

9.3. Dominant factor of soil genesis

Parent material rather than local climate plays a predominant
role in the formation of the planosols in the Champagne Humide,
The early ând definitive trend of soil genesis towards planosolic
morphology and behaviour is specifically due to the occurrence of
slowly permeable, sedimentary clay parent materials. Unlike the
sandy or silty materials, where soil genesis develops ínitially (and

for a long time) along â verticâl ax!s, the clay materials examined
in this study showed ah essentially lateral dynamícs.

9.4. Relationships between morphology and behaviour

As mentioned previously, the planosolic morphology no\Y genera-
tes almost exclusively lateral water movements. Conversely, Ùhis

lateral water flow has something to do with the existence of a
planosolic morphology. Today, under highly acid, hence unfavourable
physico-chemical conditions, fìne clays are carried away in suspension
by water at the rate of 3 to 32 ritg/I. These clay minerals show the
same chemical composition and the same XRD curves as the finest
clays extracted from the Eg horizons. Besides, the water balances
reveal that 200 to 420 mm of rainfall are drained laterally each
year as temporary subsurface wâtertables. Thus, clay impoverishing
still affects the upper horizons in current times. This process has
probably existed for several thousands of years, and is the primary
agent in the formation of the planosols studied here.

9.5. Classification

The clay-impoverished horizons of the FAO legend (1974) per-
fectly correspond to the definition of the E horizons, but not all of
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them deserve to be qualified as "albic" due to their ochre colour.
This is a minor âspect. The planosols studied in this paper actuâlly
belong to the Planosols soil unit. The base saturation rate, deter-
mined by ammonium acetate (threshold at 50 o/o), is used in identi-
fying eutric or dystric property of these soils. According to this
criterion, some profiles such as the FLOGNY one, cânnot be classi-
fied as dystric, even though its acidity is evidenced by KCI pH

lower than 4 (including the clay S horizons)! This raises questions
once again as to the determination of CEC by ammonium âcetate
at pH 7 for acid soils.

With.reference to Soil Taxonomy (1975) the author does not
agree to designâte às argillic B horizons those clay horizons whose
formation was little affected, or unaffected by clay illuviation,
and which are chiefly inherited from sediments. These soils, or at
least most of them, would be listed among Albaqualfs.

The French classi ficationi i and in particular the C.P.C.S. system
(1967) could not satisfâctorily take into account these soils. The
new typology (Référentiel Pédologique, 2nd approximation, 1988)

recognizes the concept of PLANOSOLS and defines three units of
them (= REFERENCES). So, the studied soils can be referred to as

"PLANOSOLS PEDOMORPHES, drappauvrissement, dystriquesrr.
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Les Planosols de Champagne Humide, France : Etude multi-appro-
ches

Rêsumé

Des sols acides, fortement différenciés se sont développés â

pârtir de sédiments argiÌeux crétacés en Champagne Humide.
Des études granulométriques, physico-chimiques, minéralogiques

et micromorphologiques ont été menées sur 7 solums sélectionnés ã

partir de 60 fosses. Le régime hydrique des sols a êté suivi pendant

5 ans. 200 à 420 mm de pluies sont évacuées latéralement chaque
année par des nappes perchées temporaires.

4 bilans isoquartz ont confirmé gue la forte différenciation
texturale résulte de lrentrainement latérâl de particules argileuses
hors des horizons de surface, sans accumulation notable dans les
horizons orofonds.

La formation de ces planosols "pédomorphes" est liée à deux

facteurs stationnels ; roches-mères argileuses peu perméables et
position sub-horizontale. A la différence des mâtériaux sableux et
Ìimo¡eux, ces matériaux ârgileux connaissent dès lrorigine une dyna-
mique hydrique essentiellement latérale.

Planosols uit de vochtige Champagne streek, Frankrijk : een brede

benadering

Sa,nenud,tting

Op de kleiige sedimenten van het Krijt in de vochti8e Champagne

streek hebben zich zure, sterk gediffentieerde bodems ontwikkeld.
Granulometrische, fysico-chemische, mineralogische en micromor-

fologische studies rMerden uitgevoerd op 7 geselekteerde profielen.
Het bodem vochtregime ervan werd gevolgd gedurende 5 jaar. Hier-
bij werd aangetoond dat 200 tot 420 mm neerslagwater per jaar via
laterale weg wordt geiivacueerd langs tijdelijke sruwwaterlagen.

De 4 uitgevoerde iso-kwarts balansen hebben aangetoond dat de
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sterke textuur-differentiâtie het gevolg is van een laterale afvoer
van kleideeltjes uit de oppervlaktelagen, zonder dat hlerbii een
noemenswaardige accumulatie optreedt in de diepere horizonte¡.

De vorming van deze 'rpedomorfe" planosols wordt Seassocieerd
met 2 specifieke lokatie-gebonden faktoren: een weinig doorlatend
klei-substraat en een subhorizontale ligging. In vergeliiking met de

zandige en lemige materialen, vertonen deze klei-afzettingen vanaf
het begin een overwegend laterale vochtdynamiek.
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