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M IN ERALOGICA!.  C O M P O S I T I O N  A N D  O R IG IN  
O F  MARINE CLAYS IN THE P O I T O U  COASTAL 
PLAIN ( F r a n c e )
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1. Introduction

B etween the  estuaries of the Loire and the Garonne, the  French 
A tlantic coast is characterized by several ex tented coastal plains 
(«M arais»  or «m arsh es» ) w ith  a Holoçene subsoil, consisting of 
m arine Scrobicularia-clay (the so-called « b ri » ). In order to gather 
m ore inform ation about th e  origin of th is clay, its m ineralogical 
composition was studied by m eans of X -ray  diffraction on oriented 
clay preparations. The samples originate from  the  « M arais Poite­
vin » and their representativ ity  is supported by  a detailed soil su r­
vey (N u s  1974). In this im portant coastal m arsh the « b ri » can be 
divided into th ree  facies : the greyish brow n recent m arine clay or 
« b ri m arin  récent » close to the shore, the olive grey older m arine 
clay or « b ri m arin ancien » m ore inland, and the  continental facies 
or « b ri continental » in the parts of the coastal plain most rem ote 
from the sea.

2. The mineralogical composition of the « bri »

Figure 1 shows the diffractograms of the « b ri m arin ancien » 
taken  at La Taillée (Vendée) at a depth of one m eter. It clearly 
shows the  presence of well crystallized illite (sharp and high peaks 
at 10.05, 5.03 and 3.34Ä) and kaolinite (7.18 and 3.57Ä). A fter satu­
ration w ith glycol, the broad peak centered around 13Â (visible in 
the  upper curve) moves to the right and reaches a m axim um  in ten­
sity a t 17.1Â. This suggest the  presence of an im portant am ount of

(*) Beidellite belongs to the sm ectite group, th a t also includes m ontmorillonite. 
The distinction betw een both has been m ade by sa tu ra ting  the clay w ith  L i+ , 
and heating  i t  a t 250° C.. A fter th is treatm ent, m ontm orillonite does no t swell 
u p  to  17À after glycol saturation  (G reene-K elly -test, 1953). For the sake of 
simplicity, no fu rth e r distinction has been made betw een beidellite proper and 
the o th er m inerals belonging to th e  beidellite group like saponite and non tro - 
nite. Hence the term  beidellite should be considered h ere  in  its broadest sense.
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« B ri m arin  ancien » (La Tail­
lée) op 1 m  diepte : X -s traa l- 
diffraktogram m en der k lei- 
fraktie.

« Bri m arin  ancien » (La Tail­
lée) at 1 m  depth : X -ray  
diffractogram s of the clay 
fraction.
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« B ri m arin  ancien » (La Tail­
lée) à 1 m  de profondeur : 
diffractogram m es de la frac­
tion argileuse.

/ i
relatively well crystallized beidellite!*), as the peak  is still present 
at 17.8Â after Li+-saturation, followed by heating at 250° C and 
glycol saturation. It should be emphasized tha t the  14À-peak stays 
quite clearly visible. The small peaks betw een 10 and 14Ä are  pro­
bably due to the  presence of small am ounts of open illite(**) an d /o r 
open illite-vermiculite(***) an d /o r open illite-beidellite m ixed layers. 
A fter heating to  550° C, all the clay m inerals collapse to 10-11Ä and 
only a small reflection rem ains near 15Â. This indicates the presence 
of chlorite, of w hich the am ount how ever is too sm all to explain the 
high refraction at 14Ä after glycol saturation; apparently  Vermicu­
lite is responsible for this.

All studied samples of « b ri m arin », tak en  at different depths 
and in different locations of the  M arais Poitevin showed similar

(**) U nlike illite, th a t yields sharp and narrow  peaks, open illite  is characte­
rized (after Mg2+  - o r Ca2+  -satu ration ) by a 10Á -peak  w ith  a « ta il » up to 
11-12 and  even 14À (degrading illite, B row n 1961).
(***) V erm iculite is a clay m ineral th a t opens up  to  14-14.5Â if sa tu rated  w ith 
Ca2+  o r Mg2+ , b u t fails to sw ell more, even after glycol saturation.
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diffractograms. This clearly proves th a t the m arine clay — « bri 
ancien » as well as « b ri récent » — is characterized by a m inera­
logical association th a t rem ains rem arkably  constant in depth and 
over large distances. Pedogenesis does not seem to have influenced 
the clay composition of this recent soils yet(****).
The m ineralogical composition of th e  « b ri » m ay be sum m arized as 
follows :

— dominance of w ell crystallized illite and kaolinite
— some open (w eathered) illite
— some chlorite
— some verm iculite and open illite-verm iculite m ixed layers
— an im portant fraction of generally  ra th e r well crystallized 

beidellite
— some m ixed layers of open illite-beidellite
— very  few or no m ontm orillonite at all.

3. The mineralogical composition of the continental Holocene
deposits

The most obvious source of this hom ogeneous clay is the alluvium  
of the coastal rivers. A fte r being transported  to the sea, it could 
have been deposited as « b ri » along the  coast. To check this possi­
bility, the clay composition of the pu re ly  continental sedim ents of 
the coastal plain has also been analyzed.

F igure 2 shows the X -ray diffractogram s of a sample from  the 
Sèvre alluvium . They reveal a quantitative difference w ith the 
« b ri » ra th e r than  a qualitative one : th e  illite content strongly 
decreases while the beidellite content increases so th a t after glycol 
saturation the  17-19Â peak shows a m uch higher intensity than  the 
main illite peak. All the studied alluvial samples, as well as those 
from the  « b ri continental », showed th is feature; furtherm ore, in 
m ost of th e  samples the abundance of m ixed layer m inerals (es­
pecially illite-verm iculite) caused th e  « flow open » between 10 and 
14Ä.

This alluvial clay m ineral association has been directly inherited 
from the soils on loess and on Jurassic m arls upstream  in the basin, 
as dem onstrated by the study of th e ir clay fraction ( N i j s  1974), 
evidently because the soil erosion provides the m aterial of which 
the alluvium  is bu ilt up. As the  paren t m aterial of those soils never 
contains any beidellite (fig. 3), it is logical to  conclude tha t the 
degradation of illite to open illite, verm iculite, beidellite (and a

(****) Perhaps th e  reduced illite crystallisation in  th e  hum us-rich  top horizon 
of several « b ri »-soils is to be considered as a f irs t step tow ards illite degra­
dation as a resu lt of pedogenesis (D UPU IS e.a. 1965).
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Fig. 2

A lluvium  (Coulon) : 
X -ray  diffractogram s of 
the clay fraction.
A lluvium  (Coulon) : 
X -straa l d iffraktogram - 
m en der kleifraktie.
A lluvions (Coulon) : 
diffractogram m es de la 
fraction argileuse.

Fig. 3

Callovian m arl (M aille- 
zais) : X -ray  d iffracto­
gram s of the clay frac ­
tion.
Calloviaanm ergel (M ail- 
lezais) : X -straa l dif—
fraktogram m en der 
kleifraktie.

M a r n e s  c a l lo v ie n n e s  
(M aillezais) : d iffracto­
gram mes de la fraction 
argileuse.
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range of transitional in terstratified  m inerals) seems to be th e  m ain 
pedological processus taking place in this m aterial during soil fo r­
mation.

4. Relation between marine and alluvial clay — Conclusion

A lthough the clay m ineralogy of m ost riv er basins of the region 
is characterized by a high content of in terstratified  m inerals and 
beidellite, w ith relatively few illite., the m arine clay deposits con­
sist of m uch be tte r crystallized illite, less beidellite and few  m ixed 
layer m inerals. Q ualitatively, the m ineralogical parenthood is quite 
clear, m aking the  hypothesis of a fa r origin of the  m arine clay 
superfluous. P robably  the quantitative differences should be a ttri­
buted to agradation in a m arine environm ent ( M il l o t  1964) of the 
detritical in terstratified  m inerals into illite. This process w ould have 
been lim ited to those clay m inerals in which the illite fram ew ork 
was still ra th e r well preserved (open illite, eventualy in te rs tra ti­
fied w ith  verm icu lite). The structu ra l difference betw een illite  and 
verm iculite proper, as well as beidellite, final product of the  con­
tinental illite w eathering, w ould already be too large to  allow an 
easy agradation. Hence, these m inerals — especially th e  la tte r  — 
are still strongly represented in the presen t m arine m ud deposits 
(V e r g e r  1968) and in the « b ri » of the  coastal marshes.

However, the present alluvial load of the  local rivers i_ ^ ot- 
less m uch too small to explain the  enormous masses of « b ri » w ith 
which the  coastal m arshes are filled up. Most probably th ere  is also 
an im portant supply of m ud  stored ra th e r close to the  shore, on the 
continental fla t (Atlas de France; V e r g e r  1968). There a re  indica­
tions th a t the bu lk  of this m aterial has been deposited th ere  as a 
detritical product from  the Jurassic  m arls during the low  sealevel 
periods of the Pleistocene, th a t w ere also periods of very  strong 
erosion on the  continent in the areas w ith a Callovo-Oxfordian sub­
soil ( N i j s  1974). Originally, the m ineralogical composition of th is 
m aterial m ust have been closely related  to  tha t of the  present 
alluvium. Obviously, the  F landrian  transgression did mobilize these 
m ud masses and — w ith regard  to the preceding rem arks —  one 
m ay a ttrib u te  to  the « b ri » —— notw ithstanding its « m arine » n a tu re  
— a m erely  und irec t continental and local origin.
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Sum m ary

The m ineralogical composition of a w ell chosen set of Holocene m arine clay 
sam ples from  the M arais Poitevin, th e  m ost im portant coastal m arsh  of F rance, 
consists of well crystallized illite and kaolinite, and an im portant am ount of 
beidellite. Chlorite, verm iculite and o ther in terstratified  clay m inerals only 
occur in  sm all amount.

T here is a  clear qualitative parenthood betw een this composition and th a t 
of the recen t alluvium  of th e  local rivers, w hich m akes a fa r origin of the 
m arine clay superfluous. Q uantitatively  however, the alluvium  shows a low er 
illite content and a  dom inance of (m ostly in terstratified) illite w eathering 
products. As a m atte r of fact, the m ineralogical composition of the  alluvium  
has been inherited  from  the soils of the region (developed in Jurassic  m arls), 
characterized by pedogenetical degradation  of illite into open illite, verm iculite, 
beidellite and a large range of in terstra tified  minerals. In m arine environm ent 
agradation in to  illite  of the alluvial minerals, in which the illite fram ew ork 
w as still ra th e r w ell preserved, probably took place; hence the m arine clay 
shows a low er content of in terstra tified  m inerals and a  b e tte r crystallinity. 
F inally, an im portant p a rt of the enorm ous « b ri »-masses m ust consist of 
rem obilized sedim ents stored close to the shore on he continental shelf and 
accum ulated there as a detritical product of Jurassic  m arls during the P leisto ­
cene periods w ith  a low sea-level and characterized by strong erosion on the 
land.

Consequently, the origin of the  bu lk  of the m arine clay or « b ri » in  the 
Poitou coastal p lain  m ay be  considered as (m erely undirectly) continental 
and local.
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Samenvatting

Mineralogische samenstelling en oorsprong van de mariene klei van de kust 
van Poitou (Frankrijk)

Met behulp  van de X -straal-d iffrak tie techniek  w erd  de m ineralogische 
sam enstelling onderzocht van een welgekozen reeks H olocene zeekleimonsters, 
afkomstig u it h e t M arais Poitevin, de grootste van de v ier kustv lak ten  tussen 
de m onding van de L oire en de Garonne. Deze zeeklei of « b ri » bleek  hoofd­
zakelijk te  bestaan  u it goed gekristalliseerd illiet en  kaoliniet, en een belang­
rijke hoeveelheid beidelliet. V erder kw am en nog w at chloriet, verm iculiet 
en geïn terstratifieerde m ineralen voor.

V ergelijkt m en  deze sam enstelling m et die van h e t recen t alluvium  van de 
plaatselijke rivieren, dan  stelt m en een kw alitatieve verw antschap vast, die 
een verne oorsprong van de zeeklei onw aarschijnlijk  m aakt. K w antitatief 
verschilt h e t alluvium  echter door een geringer illietgehalte en een overw icht 
van (m eestal geïn terstratifieerde) illietafbraakprodukten. De k leim ineralen- 
assoeiatie van  h e t alluvium  w erd im m ers overgeërfd van de bodems van  de 
streek (Juram ergelverw eringsbodem s), w aarin  illiet pedogenetisch w ord t om­
gezet to t open illiet, verm iculiet, beidelliet en  een hele gamm a in te rstra tifi- 
katies. V erm oedelijk w erden de kleim ineralen van h e t alluviaal m ateriaal, 
w aarin h e t illietrooster nog tam elijk gaaf bew aard w as gebleven, door agra- 
datie in  m arien  m ilieu w eer to t illiet omgezet; vandaar h e t geringer aantal 
in terstra tifikaties en de betere kristallisatiegraad bij de zeeklei.

Tenslotte m oet een belangrijk  deel van  de enorm e « b ri »-hoeveelheden 
afkomstig zijn  van  de voor de k u st gestockeerde sedim enten, die d aar w erden 
af gezet tijdens de afbraak van de Ju ram ergel op h e t land  gedurende de P leisto­
cene erosiefasen m et lage zeespiegelstand. De zeeklei of « b ri » zou dus een 
(hoofdzakelijk onrechtstreekse) kontinentale en lokale oorsprong hebben.

Résum é

La composition minéralogique et Torigine de l’argile marine des côtes du 
Poitou (France)

La composition m inéralogique d’une  série bien choisie d’échantillons d’a r­
gile m arine prélevés dans le  M arais Poitevin, le m arais côtier le p lus im portant 
de la côte française, a  é té étudiée à l’aide de l’analyse aux  rayons X. Cette 
argile ou « b ri » se compose principalem ent d’illite e t de kaolinite b ien crista l­
lisées, et d’une fraction im portante de beidellite. La chlorite, la  verm iculite et 
d’autres m inéraux  argileux in terstra tifiés ne s’y re trouven t qu ’en faibles 
quantités.

Il y  a une ne tte  paren te té  qualitative en tre  cette composition e t celle des 
alluvions récentes des riv ières locales, ce qui rend  im probable une éventuelle 
origine lointaine du  « b ri» . Cependant, les alluvions en d iffèrent dans ce sens, 
qu ’elles contiennent m oins d’illite tandis que les m inéraux  d’a lté ra tion  de 
l’illite, généralem ent interstratifiés, y  dom inent largem ent. E n effet, la  com­
position m inéralogique des alluvions a été héritée  des sols de la région déve­
loppés dans des m arnes jurassiques e t caractérisés p a r l’apparition d ’illite 
ouverte, de verm iculite, de beidellite e t d’une gamme d’in terstratifiés formés 
aux  dépens de l’illite p a r des processus pédologiques. Ein m ilieu m arin , une
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agradation vers l’illite des m inéraux  alluviaux ayan t conservé une  s truc tu re  
illitique assez in tacte se sera it opérée, d’où la  m eilleure cristallin ité et la  faible 
teneu r en  in terstratifiés du « bri ». F inalem ent, une fraction im portante des 
m asses énorm es de « b ri » doit provenir du rem aniem ent récen t de sédim ents 
accum ulés non loin en  avan t de la côte pendan t les bas n iveaux  m arins du 
Pléistocène contem porains d ’une forte érosion des m arnes ju rassiques du 
continent.

On p eu t donc attribuer au « bri », m algré son caractère m arin , une  origine 
(indirectem ent) continentale e t locale.
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