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E s s a i d e s y n t h è s e d e s d o n n é e s a c q u i s e s s u r l a g e n è s e 

e t l ' é v o l u t i o n d e s m a r q u e u r s p é t r o g r a p h i q u e s d a n s l e s b a s s i n s h o u i l l e r s (*) 

R e v i e w o f t h e f o r m a t i o n a n d e v o l u t i o n o f p é t r o g r a p h i e m a r k e r s in c o a l b a s i n s (*) 

par A. B O U R O Z (**), D.A. SPEARS (***) et F. ARBEY (****) 

R é s u m é . — La présence de marqueurs pétrographiques d'épaisseur relativement mince a été observée depuis 
longtemps dans les séries houillères (au sens large, c'est-à-dire quel que soit leur âge : Carbonifère, Permien, Oligo
cène du Japon, Tertiaire des Montagnes Rocheuses américaines, etc...)- L'originalité de ces marqueurs est due 
essentiellement à deux facteurs : leur aspect lithologique (couleur souvent claire, absence de schistosité, diaclases 
normales à la stratification des terrains encaissants, présence continue sur des surfaces considérables) et leur 
composition pétrographique (minéraux d'altération ou de néoformation toujours très bien cristallisés tranchant par 
leurs habitus variés avec la très grande monotonie des minéraux d'origine détritique constituant les terrains sédi-
mentaires encaissants) [***·*) Après un rappel des contextes sôdimentaires dans lesquels sont inclus ces niveaux 
et de quelques phénomènes d'explosion volcanique actuels ou très récents, analogues à ceux qui ont dû leur donner 
naissance, la présente étude a pour but de faire le point sur leurs compositions physico-chimiques dont la variété 
est à la base de la classification que nous avons établie. C e s compositions sont la résultante de divers processus 
d'altération ou de néoformation : phénomènes de drainage, de lessivage à l'intérieur de ces niveaux, entraînant le 
départ ou l'apport et la redistribution de certains éléments chimiques constitutifs des verres volcaniques ou d'autres 
éléments comme les feldspaths, l'ensemble aboutissant à des phénomènes de d i a g e n è s e p r é c o c e en m i l i e u o u v e r t ; 
à tous ces phénomènes se surimpose celui de la pédogenèse, mais uniquement dans les bassins ou fractions de 
bassin à houille autochtone, ce qui peut entraîner, pour un même niveau, des évolutions physico-chimiques différentes 
suivant qu'il a été soumis ou non à l'action de la pédogenèse . Enfin, nous montrerons que l'étude des éléments en 
trace peut constituer une méthode fiable pour différencier à coup sûr l'origine (volcanique ou sédimentaire) des mar
queurs pétrographiques en général et plus particulièrement celle des marqueurs profondément altérés. A la lumière 
des observations faites, nous ferons l'historique et la critique des classifications success ives dont ces niveaux ont 
été l'objet et nous préciserons pour terminer, les conclusions d'ensemble qu'on peut tirer de la présente étude. 

Abstract. — The p r e s e n c e of relative thin pétrographie markers has b e e n recorded for a long time in coal-
bearing strata (in the w i d e s t sense, that is irrespective of the age : Carboniferous, Permian, Oligocène of Japan, 
Tertiary of the Rocky Mountains in N. America, e t c . ) . The originality of the markers is due essentially to two fac
tors : their lithological a s p e c t (often light coloured, a b s e n c e of bedding, joints normal to the stratification of the enclo
sing b e d s , p r e s e n c e over c o n s i d e r a b l e d i s t a n c e s ) and their pétrographie composition (altered minerals or new 
minerals always well crystallised in various forms in c o n t r a s t to the g r e a t monotony of the detrital minerals consti
tuting the enclosing sedimentary rocks) (*****) After a recall of the sedimentary context in which the b e d s are 
to be found, and of p r e s e n t or very r e c e n t explosive volcanic activity analogous t o t h o s e that g a v e rise t o the b e d s , 
the p r e s e n t study s t r e s s e s their composition, the variation of which is the b a s i s of the classification w e have esta
blished. The compositions are the result of d i v e r s e alteration p r o c e s s e s or neoformations : phenomena of drainage, 
of leaching from the interior of the b e d s , causing the e l e m e n t s contained by volcanic g l a s s or other s o u r c e s such 
a s feldspars, t o b e either gained, lost or redistributed, the whole bringing about the phenomena of early diagenesis 
in an open s y s t e m ; all t h e s e phenomena are superimposed by those of p e d o g e n e s i s , but only in the basins or 
p a r t s of b a s i n s with autochtonous c o a l s . This will c a u s e , for the same bed, a different chemical evolution depending 
whether or not the b e d w a s subjected to the action of p e d o g e n e s i s . Finally, w e will s h o w that the study of trace 
e l e m e n t s c o n s t i t u t e s a reliable method t o differentiate the origin with certainty (volcanic or sedimentary) of the 
pétrographie markers in general and more particularly for those which have b e e n profoundly altered. In the light 
of the o b s e r v a t i o n s made we will g i v e the history and appraise s u c c e s s i v e classifications s u g g e s t e d for the b e d s and 
finally we will specify all the conclusions that are to be drawn from the p r e s e n t study. 

(*) Le t e x t e o r i g i n a l d e c e t t e é t u d e a é t é r é d i g é par A. B o u r o z , e x c e p t é 
le p a r a g r a p h e c o n c e r n a n t l e s é l é m e n t s e n t r a c e , r é d i g é par D . A . S p e a r s . 
L e s o b s e r v a t i o n s d e t e r r a i n s d a n s l e s e x p l o i t a t i o n s m i n i è r e s e t l e s 
é t u d e s p é t r o g r a p h i q u e s au m i c r o s c o p e p h o t o n i q u e qui s e t r o u v e n t à 
la b a s e d e la c l a s s i f i c a t i o n d e s cinèrites u t i l i s é e d a n s c e t r a v a i l , s o n t 
d e A. B o u r o z . La d é t e r m i n a t i o n d e s é l é m e n t s e n t r a c e p a r s p e c t r o m é t r l e 
f l u o r e s c e n c e X e t l ' I d e n t i f i c a t i o n d e l ' i l l i t e 1M par d i f f r a c t i o n X o n t 
é t é f a i t e s par D A. S p e a r s à la F a c u l t é d e s S c i e n c e s d e S h e f f i e l d ; il 
a é g a l e m e n t é t a b l i c e r t a i n s d i a g r a m m e s d ' a n a l y s e a u x r a y o n s X. 
D ' a u t r e s d i a g r a m m e s a i n s i q u e la v é r i f i c a t i o n d ' a n a l y s e s c h i m i q u e s à 
la m i c r o s o n d e é l e c t r o n i q u e o n t é t é r é a l i s é s par F. A r b e y à la F a c u l t é 
d e s S c i e n c e s d ' O r s a y . 

(**) 110, a v e n u e F é l i x - F a u r e , 75015 P a r i s , F r a n c e 

( · * * * ) L a b o r a t o i r e S é d i m e n t o l o g i e , U n i v e r s i t é P a r i s XI, 9 1 4 0 5 O r s a y , Fr. 

( * * * * · ) C ' e s t c e d e r n i e r c a r a c t è r e qui j u s t i f i e l ' a p p e l l a t i o n d e - mar

q u e u r s p é t r o g r a p h i q u e s - qu i l eur o é t é d o n n é e . 

[*) The original text of this study has been written by A . Bouroz, e x c e p t 
the section concerning t r a c e elements written by DA. Spears. The field 
observations and those with the optical microscope which form the 
base of the cinérite classification used in this study a r e those of 
A. Bouroz. The trace element analyses by X-ray fluorescence spectro
metry and the Identification of ! M illite by X-ray diffraction as been 
done by D.A. Spears in the Geology Department, University of Shef
field. Other X-ray diffractograms and chemical analysis verifications 
with microprobe have been produced by F. Arbey at the Faculty of 
Science, Orsay. 

(·**) Department of Geology. University of Sheffield, Mappin S t r . , 
Sheffield SI, 3 J D , England. 

(****·) It is this last characteristic which justifies the name - pétro
graphie markers - given to them. 
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INTRODUCTION 

L'exis tence d e s marqueu r s p é t r o g r a p h i q u e s 
e s t c o n n u e depu i s long temps (Termier, 1888) 
et leur utilisation comme n iveaux- repè res pour 
e s s a y e r de r é s o u d r e les p r o b l è m e s de cor ré 
lation s t ra t ig raphique es t éga l emen t t r è s ancien
ne (Schmitz-Dumont 1894). Les théor i e s é m i s e s 
au sujet de leur origine s ' appuyaien t , sur tout au 
débu t d e s r e c h e r c h e s , b e a u c o u p plus sur d e s 
h y p o t h è s e s v ra i s emblab l e s mais incont rô lées , 
plutôt que su r la réalité, au demeuran t fort 
complexe , d e s faits o b s e r v a b l e s , et le plus grave 
défaut de ce r t a ines d ' en t re el les était que leurs 
au teu r s les voulaient exc lus ives d e t ou t e s les 
au t r e s . 

Une c a u s e fondamenta le d 'e r reur d a n s l 'ap
préciat ion de l 'origine d e s marqueu r s pé t rogra
ph iques e s t v e n u e de ce que l'on a c o n s i d é r é 
pendan t t r è s long temps la plupart d ' en t re eux 
c o m m e étant formés exc lus ivement de kaolinite 
( tons te ins d e s au t eu r s a l lemands) . Ceci a é t é 
par t icul ièrement vrai d e s b a s s i n s houillers para-
l iques de tous â g e s et no tamment du grand 
bass in wes tpha l ien du NW de l 'Europe. C o m m e 
d 'aut re part, c e s niveaux pa ra i s sa ien t intime
ment liés à la p h a s e phy togène de la séd imen
tation houillère (kaolin-kohlentortstein), on en 
avait tout na ture l lement conclu qu' i ls é ta ient 
d 'origine séd imen ta i r e bana le (Schüller e t al., 
1956) ; quan t à l 'origine de la kaolinite, elle était 
r e c h e r c h é e à jus te titre mais t rop sys t éma t ique 
ment parfois, d a n s l 'érosion d e s so l s ayant 
subi une forte p é d o g e n è s e (Erhart, 1956). 

C e p e n d a n t , l 'é tude de ce r t a ins m a r q u e u r s 
p é t r o g r a p h i q u e s du bass in d e s C é v e n n e s (Mas
sif Centra l , France) , a p p e l é s loca lement " go-
re s ", avait mont ré t r è s tôt que la kaolinite 
pouvait en ê t re to ta lement a b s e n t e e t que leurs 
cons t i tuan ts avaient une origine volcanique in
d iscutable (Termier, 1888) ; ce t te observa t ion fut 
amplemen t confi rmée u l té r ieurement (Bouroz, 
1966 ; Bouroz e t al., 1969) en ce qui c o n c e r n e 
la plupart d e s m a r q u e u r s d e s b a s s i n s s t épha -
niens français . 

La kaolinite é tan t p r é s e n t e à la fois d a n s 
cer ta ins m a r q u e u r s p é t r o g r a p h i q u e s (en propor
tion p r e s q u e exclusive) et d a n s les s é d i m e n t s 
les plus bana l s d e s s é r i e s houi l lères (en propor
tion variable) , une é t u d e s ta t i s t ique de la p ré 
s e n c e de ce t te kaolinite d a n s les s é d i m e n t s 
s tér i les inclus d a n s la houille ou à son voisi

nage immédiat avait paru ind i spensab le à l'un 
de nous (Bouroz, 1964). 

I. — COMPOSITION 
DES INTERCALAIRES STERILES 
D'UNE C O U C H E DE HOUILLE 

Ce t t e é tude a c o n s i s t é à p a s s e r sys témat i 
quemen t à l 'analyse diffractométrique aux rayons 
X, d e s échant i l lons de la totalité d e s toits , d e s 
in tercala i res et d e s murs de q u e l q u e s s é q u e n c e s 
du bass in wes tpha l ien du Nord de la France e t 
d 'une s é q u e n c e du bass in de Carmaux, soit en 
tout cen t -onze échant i l lons . Il s 'agit, d a n s le 
p remier cas , d'un bass in para l ique et d a n s le 
deuxième, d'un bass in limnique in t ramontagneux, 
mais tous les deux à houille au toch tone e t à 
p r é s e n c e c o n s t a n t e de so l s de végé ta t ion dans 
les murs et de radice l les d a n s tous les inter
ca la i res s té r i l es . Les a n a l y s e s font appara î t re 
une différence fondamenta le en t re les deux t ypes 
de b a s s i n s ; abs t rac t ion faite d e s quar tz (plus 
ou moins a b o n d a n t s ] e t d e s f e ldspa ths (rares) , 
on c o n s t a t e les faits su ivan t s : 

a) en bassin paralique, les intercalai res ont 
une composi t ion pé t rog raph ique qui pe rmet de 
les c l a s s e r en deux g r o u p e s dist incts , le pre
mier se c o m p o s a n t de s h a l e s mixtes à illite-
muscovi te dominante (pouvant var ier de 7 0 à 
90 % ) et de kaolinite (celle-ci a t te ignant au 
maximum, 3 0 % ) , le deux ième s e c o m p o s a n t de 
kaolinite pure à plus de 9 5 % ( tonsteins) , les 
au t r e s é l é m e n t s n 'é tant p r é s e n t s qu 'à l 'état de 
t r a c e s ; 

b) en bassin limnique à houille au toch tone , 
tous les in tercala i res sont p r e s q u e exclus ive
ment à kaolinite, que ce soit les s h a l e s d 'origine 
détr i t ique ou bien les c inér i tes a l t é rées qui 
p r é s e n t e n t le m ê m e faciès pé t rog raph ique que 
les t ons t e in s d e s b a s s i n s pa ra l iques ; la diffé
renciat ion ent re c e s deux s o r t e s de niveaux 
pouvant s e faire g r â c e à l 'habitus d e s quartz (*), 
ce qui e s t la plupart du t e m p s suffisant, ou par 
l 'analyse d e s é l é m e n t s en t r ace . D 'aut re part, 
d a n s les deux t ypes de bass in , les s h a l e s du 
toit sont à illite ou muscovi te for tement domi
nantes , la kaolinite n 'é tant géné ra l emen t p ré 
s e n t e qu 'à l 'état de t r a c e s . 

(*] Quartz magmatiques dans les cinérites, quartz émous-
sés dans les shales d'origine détritique. 
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INTRODUCTION 

The existence of pétrographie markers has 
been known for a long time (fermier, 1888) and 
their use as bench markers to solve stratigra
phie problems is also very ancient (Schmitz-
Dumont, 1894). The early theories to explain 
their origins were based very much on reasona
ble but untested hypotheses, rather than the 
reality of the complex observations. The most 
serious fault of some of the hypothesis was 
that their authors excluded all other possibilities. 

For a long time, fundamental cause of error 
in the appreciation of the origin of the pétro
graphie markers was based on a consideration 
that majority were formed of kaolinite (tonsteins 
of the German authors). This has been parti
cularly true of paralic coal basins of all ages 
and notably the Westphalian paralic coal mea
sures of NW Europe On the other hand the 
beds appeared to be closely linked with the 
formation of the coal (" kaolin-kohlentonstein ") 
and it was naturally concluded that the origin 
was also sedimentary (Schûller et al., 7956). 
The origin of the kaolinite was sought, perhaps 
too systematically sometimes, in the erosion of 
soils that had undergone strong pedogenetic 
alteration (Erhart, 1956). 

However, the study of certain pétrographie 
markers in the Cévennes Basin (Massif Central, 
France) locally called " gores ", had shown that 
kaolinite could be totally absent and their consti
tuents had an incontestable volcanic origin (Ter-
mier, 1888). This observation was amply confir
med in later work (Bouroz, 1966; Bouroz e t al., 
1969) and applies to most of the markers in the 
French Stephanian basins. 

Because kaolinite was present in some pétro
graphie markers (almost exclusively) and in the 
ordinary sediments of the coal series (in varia
ble proportions) a statistical study of the kao-
linite's abundance in the sediment included in 
and associated with the coal had appeared 
indispensable to one of us (Bouroz, 1964). 

I. — COMPOSITION 
OF THE INTERBEDDED SEDIMENTS 

IN A COAL SEAM 

This study was based on a systematic X-ray 
analysis of roofs, floors and interbedded sedi

ments from several sequences in the Westpha
lian of NW France and from a sequence from 
the Carmaux Basin. A total of 111 samples 
was examined. The former were deposited in 
a paralic basin and the latter in an intermontaine 
limnic basin, both with autochthonous coals, and 
with soils and rootlets present between the 
coals. 

The analyses reveal fundamental differences 
between the two types of basin, excluding quartz 
(variable abundance) and feldspar (rare) which 
are .-

a) in the paral ic bas ins , the interbedded sedi
ments in the coals have a petrographic compo
sition which belongs to one or other of two dis
tinct groups, one consisting of a mixture domi
nated by illite-muscovite (varying from 70-90%) 
and subsidiary kaolinite (maximum of 30 %) and 
the other consisting of more than 95 % kaolinite 
(tonsteins) with other components only present 
in trace amounts ; 

b) in the limnic bas ins , the interbedded sedi
ments associated with autochthonous coals are 
exclusively composed of kaolinite wheter they 
be shales of detrital origin or the altered ashes 
which are petrographically the same as the 
tonsteins of the paralic basins. Differentiation 
between the two types is generally achieved by 
the habit of the quartz (*) or alternatively by 
trace clement analyses. 

On the other hand the roof shales in both 
types of basin are composed dominantly of 
illite-muscovite, with generally only trace 
amounts of kaolinite present. From this it is 
possible to make some deductions : 

1° In the paralic bas in , the fact that there 
are two groups of mudrock interbedded in the 
coal, one of almost pure kaolinite composition 
and the other with iliite dominating and that 
there are not intermediate compositions, sug
gests the two groups have different origins 
otherwise intermediate compositions would have 
been found statistically. The beds of pure kao
linite cannot therefore be of sedimentary origin 
in the paralic basins. On the other hand pedo
genesis was very active (rootlets are very nu-

(*) Magmatic quartz in the cinérites, rounded quartz in 
the detrital s h a l e s . 
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On peut tirer q u e l q u e s déduc t ions de ce 
qui p r é c è d e : 

1° E N B A S S I N P A R A L I Q U E , le fait qu'il y ait deux 
familles d ' in tercala i res , l 'une à kaolinite prati
q u e m e n t pure e t l 'autre à illite dominante et 
qu'il n 'exis te p a s d ' in terca la i res à composi t ion 
intermédiaire , s u p p o s e une origine différente 
pour c h a c u n e de c e s deux familles, sinon on 
aurai t dû t rouver s ta t i s t iquement t ou t e s les 
compos i t ions in termédia i res m a n q u a n t e s : les 
niveaux à kaolinite pure ne peuven t donc p a s 
ê t re d 'origine séd imenta i re d a n s les b a s s i n s 
pa ra l iques . 

D 'aut re part, la p é d o g e n è s e pour tant t r ès 
active (radicel les t r è s n o m b r e u s e s ) n'a p a s 
permis une kaollnisation a v a n c é e de l'illite, ce 
qui s emb le indiquer que l 'acidité du milieu était 
insuffisante : le bass in é tant ouver t sur la mer, 
les concen t r a t ions en ac ides humiques ne pou
vaient p a s a t te indre d e s taux suffisants. 

2 ° E N B A S S I N L I M N I Q U E , la kaolinlsation p r e s 
que complè te de t o u s les intercalai res pos tu le 
une acidi té t r ès forte (concen t ra t ions importan
t e s d ' ac ides humiques du fait d'un bass in p re s 
que fermé). A C O N T R A R I O , le p a s s a g e d 'une cou
che de cha rbon à son toit, p rovoqué pa r une 
s u b s i d e n c e partielle, renouvel le l 'eau, diminue 
la concent ra t ion en ac ides humiques e t tue la 
végé ta t ion sur p lace , d 'où l ' ab sence de radicel
les d a n s les toits ( p é d o g e n è s e inexistante) et, 
corré la t ivement , conserva t ion en leur état, s a n s 
al tération, d e s micas d'origine détr i t ique. 

D 'aut re part, il ex is te une différence d 'ordre 
séd imen to log lque importante en t re les b a s s i n s 
pa ra l iques et les b a s s i n s l imniques. 

a) D a n s U N B A S S I N L I M N I Q U E , il peut coex i s t e r 
d a n s le même t e m p s e t par sui te de dif férences 
d a n s les p ro fondeurs de l 'eau, d e s a i res impor
t a n t e s et j u x t a p o s é e s où s e d é p o s e n t d a n s les 
u n e s , de la houille au toch tone e t d a n s les au
t res , de la houille en t i è r emen t a l lochtone . Ceci 
a é t é o b s e r v é d a n s le bass in du Dauphiné 
(Bouroz, 1962) et d a n s les b a s s i n s d e s C é v e n -
n e s e t de Dec izes ; la fig. 1 illustre les obse r 
va t ions faites d a n s le bass in du Dauph iné : elle 
fait appara î t re la not ion de P R O F O N D E U R L I M I T E 

a u - d e s s o u s d e laquelle il n'y a p a s de poss ib i 
lité d ' implantation de vie act ive pour les v é g é 
taux hygrophi les d e s tou rb iè re s houil lères (*). 
En c o n s é q u e n c e , une cinéri te s e d é p o s a n t d a n s 
un tel bass in subira d e s a l té ra t ions différentes 
suivant la profondeur d e s eaux car, aux modifi
ca t ions phys ico-ch imiques pr imaires e n t r a î n é e s 
par sa chute d a n s un milieu a q u e u x à forte 

(*) Un exemple de la réalité de cette P R O F O N D E U R LIMITE 

est donné par le bassin campanien de Gardanne (France) : 
tous les intercalaires inclus dans les accumulations phyto-
gènes sont formés de bancs calcaires ou marneux à faune 
limnique parfois abondante ; les sais de végétation et radi
celles sont totalement absents (Vetter, 1980). Il s'agit donc 
bien là d'accumulations phytogènes d'eau profonde dans 
lesquelles les courants pourront classer les débris végé
taux suivant leur nature (pollens, spores, cutines, bois) alors 
qu'en bassin paralique autochtone, un tel classement n'existe 
pas. Ce classement pourra avoir aussi au départ, une 
influence sur le résultat final de la hou i II if ication (inkohlung). 

1 0 0 0 m e n v i r o n 2 0 0 0 m environ reconnus 

\/V Houille 
hypautoch tone 

Houille a l loch tone 

toit à faune limnique 

Zone des sols de végétation 
à stigmaria et radicelles 

Vie végétale possi ble 

Zone des argiles sableuses 
à slumping et des lentilles de grès 

Profondeur d'eau trop grande pnur possibilité de vie végétale 

• « n n n n n n n i n B » - Intercalaires à radicelles 
Intercalaires à menus débris végétaux flottés (Faciès de toit) 
Intercalaires à faciès de toit,à faune limnique ou à 
stratification ent recroisée 

Fig. 1. — Grande Couche de La Mure (Dauphiné, France - Stephanien A) (d'après Bouroz, 1962]. 
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merous) but nevertheless kaolinisation of the 
illite has not been achieved, which seems to 
indicate insufficient acidity in the environment. 
The basin was open to the sea and the concen
tration of humic acids was unable to rise suffi
ciently. 

2° In the l imnic b a s i n , almost complete kaoli
nisation of the interbedded mudrocks in the coal 
suggest a high acidity (humic acids were con
centrated because the basin was almost closed). 
On the other hand, the passage from coal to 
roof measures caused by partial subsidence 
renews the water, lessens the humic acid con
centration and kills the vegetation on the spot, 
hence the absence of rootlets in the roofs (pedo
genesis absent). Related to this, there is the 
preservation of the detrital illite-muscovite 
without alteration. 

On the other hand, there is an important 
sedimentological difference between the paralic 
and the limnic basins. 

a) In a limnic b a s i n , it is possible for impor
tant zones to coexist and to be juxtaposed at 
the same time, due to differences in depth of 
water. In certain zones the autochthonous coals 
were deposited and in other, coals entirely 
allochthonous. This has been observed in the 
Dauphine Basin (Bouroz, J 962J and more recent
ly in the Cevennes Basin. Figure 1 illustrates 
the observations made in the Dauphine Basin, 
and it shows the notion of limited depth below 
which it is not possible for hygrophilic vegeta

tion of the coal forming peat bog to grow(*). 
In consequence an ash deposited in such a 
basin will alter differently according to the water 
depths, associated with the primary physical 
chemical changes brought about by its fall into 
an aqueous environment concentrated in humic 
acids, there is superimposed, in the zones of 
autochthonous coal accumulation, a supplemen
tary alteration due to pedogenetic activity (es
sentially leaching of K ions). This r e s u l t s in 
the s a m e a s h h a v i n g a dif ferent p e t r o g r a p h i c 
c o m p o s i t i o n from o n e z o n e to a n o t h e r in the 
s a m e basin, or in different basins (PI. IX, 
fig. 7, 2). 

b) In a paral ic b a s i n , o n the contrary, pedo-
genie action is the general rule. Beyond the 
shallow fresh water zones, with actively growing 
vegetation which will later cover the whole of 
the basin and where the ashes will be entirely 
kaolinised, the zones corresponding to the deep 
zones of the limnic basins here belong to the 
marine realm. 

(*) A convincing exemple of this limiting depth is given 
by the Campanian basin of Gardanne (France). All the 
interbedded s e d i m e n t s included with the coal accumulation 
in the basin, are formed of b e d s of pure limestone or marl 
with a limnic fauna occasionally abundant ; soils and 
rootlets are totally a b s e n t (Vetter. 1980). It is indeed 
therefore a question of deep water allochthonous coal 
accumulation in which water currents will be able to clas
sify plant debris according to their nature (pollen, spore, 
cuticle, wood) when such a classing is not existing in an 
autochthonous paralic basin. Also, this classing will b e able 
to influence the final result of coalification (inkohlung). 

I - — a b o u t 1 0 0 0 m . — 
I w 
| A u t o c h t h o n o u s c o a l 

about 2 0 0 0 m . r e c o g n i s e d 

Al lochthonous c o a l 

Roof with a limnic fauna Roof 

I Zone of soils with | 

| stigmaria and rootlots | 

jGrowth of vegetation possiblej 

Zone of slumped sandy 

mudrocks with sandstone lenses 

Water depth too great for vegetation growth 

•«n3Trni]IIinx«»- Intercalations with rootlets 

"Tz>- Intercalations with drifted plant debris (roof facies) 

Intercalations of the roof facies, with a limnic fauna or cross-stratified 

Fig. 7. — Grande Couche of La Mure (Dauphine, France - Stephanian A) (from Bouroz, 1962). 
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acidité, s e su r impose ra , mais d a n s les z o n e s à 
houille au toch tone seu lement , une altération sup
p lémenta i re due à l 'action p é d o g é n é t i q u e de la 
végé ta t ion ( p o m p a g e d e s ions K +). // e n r é s u l t e 
q u ' u n e m ê m e c i n é r i t e p o u r r a a v o i r d e s c o m p o 
s i t i o n s p é t r o g r a p h i q u e s d i f f é r e n t e s d ' u n e r é g i o n 
à u n e a u t r e d ' u n m ê m e b a s s i n , o u e n t r e b a s s i n s 
d i f f é r e n t s (Pl. IX, fig. 1 e t 2) . 

b) D a n s u n b a s s i n p a r a l i q u e , a u c o n t r a i r e , 
l 'action p é d o g é n é t i q u e e s t la règle géné ra l e et 
en d e h o r s d e s a i res peu p ro fondes à e aux dou
c e s et à vie végé t a l e act ive qui r e p r é s e n t e r o n t 
u l té r ieurement la totali té de la sur face du futur 
bass in houiller et où les c inér i tes s e ron t ent iè
rement kaol in isées , les z o n e s c o r r e s p o n d a n t 
aux a i res p ro fondes d e s b a s s i n s l imniques, ap
par t iennent ici, par définition, au domaine marin 
(except ionnel lement , une cinéri te se d é p o s a n t 
d a n s un toit pourra ne p a s ê t re to ta lement kaoli-
nisée) , 

II. — QUESTIONS DE TERMINOLOGIE 

Les appe l la t ions les plus a n c i e n n e s em
p loyées pour d é s i g n e r les m a r q u e u r s pé t rogra
ph iques d e s formations houi l lères sont incontes 
t ab lement les mots t o n s t e i n et g o r e . Le premier 
a d é s i g n é long temps d e s niveaux exc lus ivement 
kaol iniques , quant au s e c o n d , il e s t d'un u s a g e 
t r è s local isé (formations houi l lères du SE de la 
France) et dés ignai t à l 'origine tout niveau argi
leux induré ne p r é s e n t a n t p a s de sch i s tos l t é ; 
il n'a donc p a s de réelle va leur spécif ique. 

Quand l 'origine vo lcanique d'un grand nom
bre de m a r q u e u r s p é t r o g r a p l r q u e s a c o m m e n c é 
à ê t re mise en év idence , on a vu appara î t re les 
mots tuf et c i n é r i t e ; l ' accept ion du premier cou
vre d e s formations te l lement v a r i é e s que l'au
teur qui l'a utilisé pour la p remiè re fois d a n s s a 
classification (Masek, 1963) a e n c o r e utilisé con
jo intement le mot tons te in pour la définition de 
s e s d ivers types . Quan t au mot cinérite a s s o c i é 
à une é tude de tonste in , il e s t apparu un an 
aupa ravan t (Bouroz, 1962), l 'auteur admet t an t 
implicitement une c o m m u n e origine vo lcanique 
aux deux s o r t e s de niveaux. 

Une dizaine d ' a n n é e s plus tard, les a u t e u r s 
nord-amér ica ins ont c o m m e n c é à publier d e s 
é t u d e s conce rnan t d e s m a r q u e u r s pé t rographi 
q u e s p r é s e n t s dans les formations houil lères 
ter t ia i res d e s M o n t a g n e s R o c h e u s e s . A la sui te 
de n o m b r e u s e s é t u d e s phys ico-ch imiques mais 

a p p a r e m m e n t s a n s é tude s y s t é m a t i q u e de l ames 
minces , ils ont ass imilé c e s m a r q u e u r s à d e s 
c e n d r e s vo l can iques a l t é r é e s (Bohor, 1976) et 
les ont a p p e l é e s k a o l i n i c - b e n t o n i t e s ou K - b e n -
t o n i t e s , t r adu i san t ainsi la profonde altération 
sub ie pa r c e s niveaux (*) et s'ils ont employé 
le mot bentoni te , c ' es t par ré fé rence aux nom
b r e u s e s format ions d 'origine vo lcan ique d é p o 
s é e s en milieu marin, c o n n u e s aux Etats-Unis. 

Enfin, d ' au t r e s a u t e u r s é tudiant les manifes
ta t ions vo lcan iques c o n t e m p o r a i n e s ou p é n é -
c o n t e m p o r a i n e s (Ninkovich e t a l . , 1978) ont dé 
nommé les niveaux de c e n d r e s vo lcan iques à 
g r ande ex tens ion géog raph ique , du te rme de 
t e p h r a - l a y e r , mais ce dern ie r n'a é t é utilisé jus
qu'ici que d a n s les é t u d e s t éphrochronolog i -
q u e s de matériel récent . 

Finalement, pour d i v e r s e s ra i sons , il nous 
s emb le qu'il faille exc lure les appe l la t ions sui
v a n t e s : 

1° Tonstein, t rop a t t aché à la notion d e p r é s e n c e 
de kaolinite p ra t iquement pure . 

2° K-bentonite , t rop lié à d e s formations p r e s 
que exc lus ivement mar ines . 

3° Tuf, t rop généra l , appl iqué depu i s long temps 
à d e s format ions t rop va r i ée s . 

4° Téphra- layer , appl iqué jusqu' ici à d e s d é p ô t s 
de c e n d r e s vo lcan iques r é c e n t e s . 

Pour t o u t e s c e s ra i sons , tout au long de la 
p r é s e n t e é tude , c ' es t le t e rme c i n é r i t e qui a é t é 
exc lus ivement re tenu. 

III. — DEGRE DE FIABILITE 
D E S MARQUEURS PETROGRAPHIQUES 

SUIVANT LEUR ORIGINE 

Suivant qu 'un marqueur s e r a d 'origine séd i -
menta i re ou volcanique , son ex tens ion g é o g r a 
phique e t s a fiabilité s e r o n t t r ès différentes. 

1) Les m a r q u e u r s d 'or igine séd imen ta i r e (ton-
s te ins , d 'origine détr i t ique). 

Les a n a l y s e s aux rayons X d e s in tercala i res 
d e s c o u c h e s de houille d e s b a s s i n s para l iques 
ont mont ré que les tons te ins d 'origine séd imen
taire peuven t ê tre c o n s i d é r é s c o m m e statist i
q u e m e n t inexis tants . C e p e n d a n t , et t r è s e x c e p -

(*) en partie, vraisemblablement p^r pédogenèse. 
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II. — QUESTION OF TERMINOLOGY 

The oldest names used to describe the petro-
graphic markers in coal-bearing sequences are 
without doubt tonsteins and gore. The firsi 
has been applied for a long time to beds exclu
sively of kaolinite, while the second has a very 
local usage (coal formations in the SE of 
France) and which was originally used for indu
rated argillaceous beds without bedding ; it does 
not have, therefore, true specific value. 

When the volcanic origin of a great number 
of petrographic markers began to be seen, the 
words tuff and cinerite were used ,- the meaning 
of the first covers formations more varied than 
the latter and was used for the first time in 
a classification (Masek, 1963) but again utili
sing jointly the word tonstein to define the 
various types. As for the word cinerite asso
ciated with the study of a tonstein it appeared 
one year before (Bouroz, 1962), the author 
accepting implicitly a common volcanic origin 
of the two sorts of bed. 

Ten years later the N. American authors 
began to publish their studies on petrographic 
markers in the Tertiary coal bearing formations 
of the Rocky Mountains. Based mainly on X-ray 
diffraction and scanning electron microscopy 
they attributed the beds to altered volcanic 
ashes (Bohor, 1976) and called them kaolinitic-
bentonites or K-bentonites expressing in this way 
the profound alteration the beds (*) had under
gone, and utilising the word bentonite by refe
rence to numerous volcanic formations known 
in the U.S.A. and deposited in a marine envi
ronment. 

Finally, other authors have studied contem
poraneous or near contemporaneous volcanic 
eruptions (Ninkovitch et a!., 1978) with a great 
geographic extension, the beds of ash have been 
designated tephra-layer but this term has only 
been utilised in tephrochronological studies of 
recent material. 

In summary, for diverse reasons, it seems 
to us that the following names should be 
excluded : 

1° Tonstein, too linked to the idea of a practi
cally pure kaolinite composition. 

2° K-bentonite, associated with formations 
exclusively marine. 

C) In part, in all likelihood, hy p e d o g e n e s i s . 

3° Tuff, too general applied for a long time to 
very varied formations. 

4° Tephra layer, applied until now to the beds of 
recent volcanic ashes. 

For all these reasons, throughout the present 
study it is the term cinerite which is exclusively 
retained. 

111. — THE RELIABILITY 
OF PETROGRAPHIC MARKERS 

AS A FUNCTION OF THEIR OR!GIN 

If a marker is sedimentary or volcanic, it fol
lows that its geographic extension and its relia
bility will be different. 

1) Markers of S e d i m e n t a r y Origin 
(detrital tons te ins) . 

X-ray analyses of the interbedded markers 
in coals from paralic basins have shown that 
tonsteins of sedimentary origin are statistically 
insignificant. However, and very exceptionally, 
their possible presence can be found (e.g. ton
stein Horeb Westphalian B in the Pas-de-Calais), 
they differ from kaolinised cinerites (volcanic 
tonsteins) in a clear difference in the habit of 
the kaolinite crysta's. In the cinerites, vermi-
cules of kaolinite are abundant and very well 
developed because of the glass in an uncom-
pacted medium. The kaolinite of sedimentary 
tonsteins has an elongate habit, with irregular 
badly formed flakes derived directly from the 
alteration of original illite and muscovite (under 
the microscope the difference is striking). The 
accumulation of this type of kaolinite is very 
exceptional and the origin of this material is 
indeed to be found in the break up and erosion 
of soils subjected to extensive pedogenetic 
action. Certain soils of the Namurian and the 
base of the Westphalian A in the North of 
France (English fireclays) would constitute a 
potential source for such kaolinite, and one has 
a process conforming v/ith the theory of Erhart 
(1956). 

In any case a sedimentary tonstein is closely 
linked to the sedimentary conditions existing in 
the sedimentary basin at that time and hence 
the stratigraphic value is limited. The great 
diversity of the palaeotopography and drainage 
in a great basin prevents the same kind of 
sediment being carried everywhere at the same 
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t i o n n e l l e m e n t , o n p e u t c o n s t a t e r l e u r p o s s i b l e 

p r é s e n c e ( t o n s t e i n H o r e b d u W e s t p h a l i e n B d u 

P a s - d e - C a l a i s , p a r e x e m p l e ) . I l s s e d i f f é r e n c i e n t 

d e s c i n é r i t e s k a o l i n i s é e s ( " t o n s t e i n s " d ' o r i g i n e 

v o l c a n i q u e ) p a r u n h a b i t u s n e t t e m e n t d i f f é r e n t 

d e s é d i f i c e s c r i s t a l l i n s d e l a k a o l i n i t e . A l o r s q u e 

d a n s ( e s c i n é r i t e s , l e s v e r m i c u l e s d e k a o l i n i t e 

s o n t a b o n d a n t s e t t r è s b i e n d é v e l o p p é s p a r c e 

q u e n é o f o r m é s à p a r t i r d e v e r r e s d a n s u n m i l i e u 

n o n e n c o r e c o m p a c t é , l a k a o l i n i t e d e s t o n s t e i n s 

d ' o r i g i n e s é d i m e n t a i r e p r é s e n t e u n h a b i t u s a l l o n 

g é , e n l a m e l l e s m a l f o r m é e s e t i r r é g u l i è r e s , 

d é r i v é e s d i r e c t e m e n t d e l ' a l t é r a t i o n d e s f o r m e s 

c r i s t a l l i n e s d e s i l l i t e s e t d e s m u s c o v i t e s o r i g i 

n e l l e s ( a u m i c r o s c o p e , l a d i f f é r e n c e d ' a s p e c t e s t 

f r a p p a n t e ) . 

L ' a c c u m u l a t i o n d e c e g e n r e d e k a o l i n i t e e s t 

t o u t à f a i t e x c e p t i o n n e l l e e t l ' o r i g i n e d e c e 

m a t é r i e l s e t r o u v e v r a i s e m b l a b l e m e n t d a n s l e 

d é m a n t è l e m e n t e t l ' é r o s i o n d e s o l s d e v é g é t a 

t i o n a y a n t s u b i u n e p é d o g é n è s e p r o l o n g é e . C e r 

t a i n s s o l s d u N a m u r i e n e t d e l a b a s e d u W e s t 

p h a l i e n A d u N o r d d e l a F r a n c e ( é q u i v a l e n t s d e s 

fire-clays a n g l a i s ) p o u r r a i e n t c o n s t i t u e r u n e s o u r 

c e p o s s i b l e d ' u n e t e l l e c o n c e n t r a t i o n d e k a o l i 

n i t e e t l ' o n s e t r o u v e r a i t l à e n p r é s e n c e d ' u n 

p r o c e s s u s c o n f o r m e à la r h e x i s t a s i e d ' E r h a r t 

( 1 9 5 6 ) . 

D e t o u t e f a ç o n , u n t o n s t e i n d ' o r i g i n e s é d i 

m e n t a i r e e s t i n t i m e m e n t l i é a u x c o n d i t i o n s s é d i -

m e n t o l o g i q u e s i n s t a n t a n é e s r é g n a n t d a n s l e 

b a s s i n r é c e p t e u r e t c ' e s t c e q u i e n l i m i t e l a 

v a l e u r d ' u t i l i s a t i o n : l a g r a n d e d i v e r s i t é d e l a 

p a l é o g é o g r a p h i e e t d u r é s e a u h y d r o g r a p h i q u e 

d ' u n g r a n d b a s s i n n e p e r m e t t r a p a s d ' a p p o r t e r 

e n m ê m e t e m p s e t p a r t o u t l e m ê m e g e n r e d e 

s é d i m e n t s ; u n t o n s t e i n d ' o r i g i n e d é t r i t i q u e a u r a 

n é c e s s a i r e m e n t u n e e x t e n s i o n g é o g r a p h i q u e 

l i m i t é e , p o u r r a p a s s e r l a t é r a l e m e n t à d e s f o r m a 

t i o n s d e c o m p o s i t i o n l i t h o l o g i q u e d i f f é r e n t e e t 

s e r a t o u j o u r s p l u s o u m o i n s t r a n s g r e s s i f ; il n e 

p o u r r a d o n c ê t r e f i a b l e q u e t r è s l o c a l e m e n t . 

2 ) L e s m a r q u e u r s d ' o r i g i n e v o l c a n i q u e ( c i n é 

r i t e s ) 

L e s c i n é r i t e s s o n t c o n s t i t u é e s p a r d e s d é p ô t s 

p l u s o u m o i n s é p a i s s u i v a n t l e s c a s , d e c e n d r e s 

o u d e l a p i l l i p r o v e n a n t d ' e x p l o s i o n s v o l c a n i q u e s 

d e f o r t e p u i s s a n c e . C e m a t é r i e l a r r i v e d a n s u n 

b a s s i n o u u n g r o u p e d e b a s s i n s p a r v o i e a é r i e n 

n e e t n ' a a u c u n l i e n , a u m o m e n t d e s a c h u t e , 

a v e c la p h a s e s é d i m e n t a i r e e t la n a t u r e d e s 

s é d i m e n t s d ' o r i g i n e d é t r i t i q u e e n c o u r s d e d é p ô t , 

c e q u i c o n f è r e a u x c i n é r i t e s u n e o r i g i n a l i t é 

p é t r o g r a p h i q u e é v i d e n t e . L a s e u l e c o n d i t i o n p o u r 

u n e b o n n e c o n s e r v a t i o n d e s c i n é r i t e s , e s t q u ' a u 

m o m e n t d e l e u r c h u t e , l e m i l i e u s é d i m e n t a i r e 

s o i t d a n s u n e p h a s e r e l a t i v e m e n t c a l m e p o u r 

q u ' i l n ' y a i t p a s u n r i s q u e d e m é l a n g e a v e c d e s 

m a t é r i a u x s é d i m e n t a i r e s b a n a l s , d û à u n e é v e n 

t u e l l e t u r b i d i t é l o c a l e . F i n a l e m e n t , u n d é p ô t d e 

c e n d r e s o u d e l a p i l l i a u r a u n e e x t e n s i o n p a l é o 

g é o g r a p h i q u e q u i n e d é p e n d r a q u e d e l a p u i s 

s a n c e d e l ' e x p l o s i o n v o l c a n i q u e , d e la q u a n t i t é 

d e m a t é r i e l é j e c t é e t d e l a f o r c e e t d e l a d i r e c 

t i o n d e s v e n t s d o m i n a n t s a u m o m e n t d e l ' e x p l o 

s i o n ; d ' a u t r e p a r t , l a g r a n d e d i v e r s i t é p h y s i c o 

c h i m i q u e d u m a t é r i e l v o l c a n i q u e d ' u n e é r u p t i o n 

à l ' a u t r e e t l e s t r è s n o m b r e u x t y p e s d ' a l t é r a t i o n 

o b s e r v é s d a n s l e s b a s s i n s f o n t q u e l e s n i v e a u x 

c i n é r i t i q u e s p r é s e n t e n t d e s c a r a c t è r e s p é t r o -

g r a p h i q u e s b i e n i n d i v i d u a l i s é s e t e x t r ê m e m e n t 

v a r i é s , c e q u i r e n d l e u r e m p l o i t r è s e f f i c a c e 

p o u r r é s o u d r e l e s p r o b l è m e s d e c o r r é l a t i o n à 

l o n g u e d i s t a n c e . 

L a d e s c r i p t i o n d e q u e l q u e s e x p l o s i o n s v o l c a 

n i q u e s d e g r a n d e m a g n i t u d e p e r m e t t r a d e m e t t r e 

e n é v i d e n c e l a r é a l i t é d e s t o n n a g e s é n o r m e s m i s 

e n j e u e t d e m o n t r e r q u e c e s t o n n a g e s p e u v e n t 

c o u v r i r d e s s u r f a c e s d o n t l ' o r d r e d e g r a n d e u r e s t 

d u m i l l i o n d e k m 2 , c e q u i s e r a l a m e i l l e u r e j u s t i 

f i c a t i o n d e la f i a b i l i t é d e s c i n é r i t e s d a n s l e u r 

e m p l o i p o u r l e s c o r r é l a t i o n s à l o n g u e d i s t a n c e . 

a ) Bezymianny (Kamchatka, 1956). 

L e v o l c a n B e z y m i a n n y , d a n s l a p r e s q u ' î l e d u 

K a m c h a t k a , c o n s i d é r é c o m m e é t e i n t d e p u i s p l u 

s i e u r s s i è c l e s , d o n n a e n 1 9 5 6 d e s s i g n e s p r é m o 

n i t o i r e s d e r é v e i l , c e q u i p e r m i t a u x v o l c a n o l o 

g u e s r u s s e s d e m e t t r e e n p l a c e d e s é q u i p e s 

d ' o b s e r v a t i o n s u r s o n p o u r t o u r . L e 3 0 m a r s , à 

1 7 h . 11 m i n . 5 s e c , u n e p r e m i è r e e x p l o s i o n , d e 

d i r e c t i o n o b l i q u e ( 4 5 ° v e r s l ' E s t ) , e n v o y a d e s 

é j e c t i o n s à 3 5 k m d ' a l t i t u d e ; 2 0 m i n u t e s p l u s 

t a r d , u n e d e u x i è m e e x p l o s i o n p r o p u l s a d e n o u 

v e a u x p r o d u i t s à 4 5 k m d e h a u t e u r ; l e s c e n d r e s 

f u r e n t p o u s s é e s p a r l e s v e n t s v e r s l a m e r d e 

B e r i n g , m a i s s u r l a p r e s q u ' î l e , l e d é p ô t d e c e n 

d r e s o c c u p a u n e a i r e d e 4 0 0 k m d e l o n g e t d e 

1 5 0 k m d e l a r g e . L ' é r u p t i o n f u t s u i v i e p a r d e s 

c o u l é e s b o u e u s e s (lahars) p u i s p a r l ' é m i s s i o n 

d ' u n e n a p p e à b l o c a u x [agglomerate flow). L ' e n 

s e m b l e d e s p h é n o m è n e s é r u p t i f s c e s s a à l ' a u 

t o m n e 1 9 5 6 . L a p u i s s a n c e d e c e t t e é r u p t i o n a 

é t é é v a l u é e à 2 , 2 X 1 0 " e r g s ( G o r s h k o v , 1 9 5 9 ) . 
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time. A detrital tonstein has therefore by neces
sity a limited geographic extent. It will pass 
laterally into lithologically different formations 
and It will also be transgressive to some extent. 
It is therefore only of local reliability. 

2) T h e V o l c a n i c M a r k e r s ( C i n e r i t e s ) . 

The cinerites are composed of variable 
thickness of ash and lapilli from volcanic erup
tions of great power. This material arrives in a 
basin, or group of basins, airborne and is unrela
ted as it falls with the sedimentary fades and 
the detrital sediments being deposited. This 
gives to the ash a distinctive petrographic 
appearance. The only conditions for good pre
servation is that at the moment of fall, the sedi
mentary environment is in a relatively calm 
phase, so that there is no risk of mixing with 
ordinary sedimentary material, due to a possi
ble local turbulence. Finally a deposit of ash 
or of lapilli will have a palaeogeographic exten
sion which only depends on the power of the 
volcanic explosion, the quantity of the material 
ejected, and the force and direction of the pre
vailing winds at the time of the explosion. On 
the other hand, the great diversity in original 
volcanic composition and the great variation in 
types of alteration observed in the basins gives 
to the cinerite horizons a distinctive but varied 
petrography, which makes them extremely use
ful for correlation over long distances. 

The descriptions of major volcanic explosions 
demonstrate the vast quantities involved and 
how this material can cover areas as large as 
7.0 X W6 km2, which is the best justification for 
the reliability of the cinerites in long distance 
correlation. 

a) B e z y m i a n n y ( K a m c h a t k a , 1956) . 

The Bezymianny volcano in the Kamchatka 
peninsula, considered extinct for several centu
ries gave warning signs of reawakening in 1956, 
which enabled the Russians to send a team of 
observers. On 30th March, at 17.00 IT 5" a 
first explosion at an oblique angle (45° towards 
the east) sent debris to a height of 35 km, 
20 minutes later a second explosion sent new 
debris 45 km high. The ash was blown by 
winds to the Bering Sea, but on the peninsula, 
the ash deposit occupied an area 400 km long 
by 150 km wide. The eruption was followed 
by lahars (coulees boueuses), then by an agglo

merate flow (nappe a blocaux). All the volcanic 
activity stopped in the Autumn of 7956 . The 
power of this eruption was estimated at 2.2 X 
7CP e r g s ( G o r s h k o v , 7 959J. 

b) Q u i z a p u (Chi l e , 1 9 3 2 ) . 

The Quizapu volcano in the Chilian Andes 
exploded violently on 10th April, 1932, sending 
debris to a very great altitude where the prevai
ling winds are from the Pacific. The ash was 
deposited over a large area of South America 
(the Argentine, Uruguay, Southern Brasil and 
Paraguay). Larsen published a detailed study 
of the sequence of volcanic events, the extent 
of the ash fall and its thickness (Larsen, 1937). 
This study was later summarised in another 
publication (Bouroz, 1972). 

The maximum extent of the ash deposit 
towards the NE was more than 3,000 Km (east 
of Rio de Janeiro) its thickness varied from 
50 mm to 10 mm over a distance of 1,200km in 
the direction of elongation from the volcano (a 
greater distance than that which separates the 
Saar Coalfield in Germany from the coalfields in 
the English Midlands). The total volume based 
on the isopachs of the observed thicknesses 
has been estimated at 13.10° m* of ash products. 
The total weight of the ash is a little more than 
8.109 tonnes taking into account the apparent 
density (0.644) of the deposit measured after 
arrival. One sees then that in favourable con
ditions for preservation (quiet water lakes or 
lagoons) and over such distances, a deposit of 
volcanic ash has every chance of remaining 
recognisable in the geological formation which 
will later contain it and where it will be a good 
stratigraphic marker. 

c) T o b a ( S u m a t r a , Q u a t e r n a r y ) . 

A recent study (Ninkovich e t al., 7 9 7 8 ) gives 
exact observations on the last eruption of the 
volcano Toba (NW of Sumatra). We will review 
the parts of it which appear the most interesting 
to us in the framework of our study. The obser
vations have been made both on the Island of 
Sumatra and by piston cores on the sea floor in 
the Bay of Bengal and in the Indian Ocean south 
of India and Sri Lanka (see fig. 2). 

K-Ar age dating gives an age of 75,000 
years; the eruption seems to have had two 
phases represented In samples from the cores 
nearest to the island by a lower bed 5-12 cm 
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b) Quizapu (Chili, 1932). 

Le volcan Quizapu, s i tué d a n s la part ie chi
l ienne de la Cordil lère d e s Andes , a exp losé 
b ru ta lement le 10 avril 1932, envoyan t d e s pro
duits d 'éject ion à t r è s hau te alti tude, d 'où les 
ven t s dominan t s venan t du Pacifique les répan
dirent su r une part ie importante de l 'Amérique 
du Sud (Argentine, Uruguay, sud du Brésil et 
du Pa raguay) . Larson a publié une é tude détail
lée de la chronologie de l 'extension géograph i 
que et d e l ' épa i s seur du d é p ô t de c e n d r e s 
(Larson, 1937) ; ce t t e é tude a é té r é s u m é e ulté
r ieurement d a n s une autre publication (Bouroz, 
1972). 

L 'extension maximale du d é p ô t de c e n d r e s 
v e r s le NE a é té supé r i eu re à 3.000 km (Est de 
Rio de Janeiro) ; son é p a i s s e u r variait de 50 
à 10 mm sur une élongat ion de 1.200 km à partir 
du volcan (d i s tance supé r i eu re à celle qui s é p a r e 
le bass in houiller de la Sa r re , en Allemagne, d e s 
b a s s i n s d e s Midlands, en Angle ter re) . Le volu
me total, calculé d ' a p r è s les i s o p a c h e s d e s 
é p a i s s e u r s o b s e r v é e s , a é t é éva lué à 13 mil
l iards de mè t r e s c u b e s de produi ts cendreux . 
C o m p t e tenu de la dens i té a p p a r e n t e du d é p ô t 
(0,644) m e s u r é e peu a p r è s l 'arrivée au sol d e s 
c e n d r e s , le poids total du matériel é jec té e s t 
d'un peu plus de 8 milliards de t o n n e s . On voit 
donc que d a n s d e s condi t ions favorables de 
conse rva t ion a p r è s son dépô t ( lacs ou l agunes 
à faibles cou ran t s ) et su r de te l les d i s t ances , 
un d é p ô t de c e n d r e s vo lcan iques a t ou t e s 
c h a n c e s de res t e r r e conna i s s ab l e u l té r ieurement 
d a n s la formation géo log ique qui le cont iendra 
e t pourra cons t i tue r un bon marqueu r strat i-
g raph ique . 

c) Toba (Sumatra, Quaternaire). 

Une é tude r écen te (Ninkovich et al., 1978) 
d o n n e d e s obse rva t i ons p r é c i s e s su r la dern iè re 
érupt ion du volcan Toba (NW de Sumat ra ) . 
Nous en r é s u m e r o n s les é l é m e n t s qui nous 
p a r a i s s e n t le plus in té ressan t d a n s le c a d r e de 
notre p ropre é tude . Les o b s e r v a t i o n s ont é t é 
fai tes à la fois sur l'île de Suma t r a et par 
c a r o t t a g e sous-mar in d a n s le golfe du Benga le 
e t dans l 'Océan Indien, au Sud de l'Inde et 
de Ceylan (voir fig. 2). 

Une datat ion par K-Ar donne aux produi ts 
de l 'éruption un âge de 75.000 ans . L'éruption 
s e m b l e avoir eu deux p h a s e s , matér ia l i sée d a n s 
les c a r o t t a g e s les moins d is tan ts de l'île, par un 

lit inférieur de 5 à 12 cm d ' é p a i s s e u r , formé de 
c e n d r e s e t de lapilli de 1 à 4 mm, et d'un lit 
supé r i eu r variant de 10 à 30 cm, c o m p o s é d 'é lé
m e n t s plus fins mais p r é s e n t a n t un g rano-
c !a s semen t t r è s net ; le lit supé r i eu r e s t sur
monté d 'une zone b io -per tu rbée con t enan t en
core d e s c e n d r e s t r ès fines. Par compara i son 
avec les obse rva t i ons t e r r e s t r e s , le lit inférieur 
g ros s i e r peut ê t re cor ré lé avec la p remière 
p h a s e de l 'éruption qui e s t c a r a c t é r i s é e par un 
d é p ô t plinien d e p o n c e s ; quan t au lit supér ieur , 
il e s t formé par un coignimbrite ash-fall deposit, 
qui a a c c o m p a g n é la deux ième p h a s e de 
l 'éruption, matér ia l i sée à t e r re par la mise en 
place d 'une ignimbrite. D a n s les c a r o t t a g e s 
les plus é lo ignés , on a o b s e r v é la p r é s e n c e 
de la deux ième p h a s e seu lement . Une es t ima
tion p ruden te du volume d e s c e n d r e s donne 
environ 1.000 ki lomètres c u b e s de produi ts 
é j ec t é s . Il e s t v ra i semblab le que les c a r o t t a g e s 
négatifs e t les var ia t ions d ' é p a i s s e u r d a n s les 
c a r o t t a g e s positifs son t d u s à l 'influence d e s 
c o u r a n t s sous -mar in s . Enfin, la d e n s i t é m e s u r é e 
sur les échant i l lons c a r o t t é s de c e n d r e s s ' é l ève 
à 1,1 - 1,3, c e qui montre que ces dépôts ne sont 
pas encore compactés à l'heure actuelle après 
75.000 ans et malgré un recouvrement sédimen-
taire. Par compara i son avec le Quizapu, où la 
dens i té d e s c e n d r e s su r le cont inent était de 
0,644, on p e u t e s t imer qu 'une chute de c e n d r e s 
d a n s l 'eau condui t à une réduct ion de moitié d e s 
v ides intersti t iels par rappor t à une chute d a n s 
l'air. 

Su r un plan plus généra l , ce t t e p e r s i s t a n c e 
d e s v ides interstit iels, même a p r è s que le niveau 
de c e n d r e s ait é té recouver t pa r d e s a p p o r t s 
b io - séd imenta i res ou é l a s t iques ( ces de rn ie r s 
venan t du continent) , cons t i tue une obse rva t ion 
t rès importante pour l 'évolution d'un tel niveau, 
c 'es t -à-d i re pour le débu t de s a d i a g e n è s e e t 
ceci pour deux ra i sons : 

1° D'une part, le niveau pourra être le siège 
d'une circulation d'eau plus ou moins intense 
permettant en même temps l'altération (par dis
solution) du matériel d'origine volcanique et 
éventuellement un apport microclastique ou chi
mique allogène. 

2° D'autre part, l'existence de vides repré
sentant au départ 50 % du volume du niveau, 
permettra à d'éventuelles néoformations cristal
lines de se développer très librement entre les 
éléments d'origine volcanique et avant que 
l'ensemble ne subisse une compaction impor-
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Fig. 2 . — Map s h o w i n g the d i s t r i b u t i o n of t h e Toba tephra layer in d e e p - s e a c o r e s T h i c k n e s s e s of the t e p h r a l a y e r 
a r e s h o w n in p a r e n t h è s e (from N i n k o v i c h e t al. , 1 9 7 8 1 

F:g. 2. C a r t e m o n t r a n t la d i s t r i b u t i o n de la c i n é r i t e du T o b a e n c a r o t t a g e s sous-marins p r o f o n d s . L e s é p a i s s e u r s 
d e la c i n é r i t e sont Indiquées entre p a r : n ; h è s e s ( d ' a p r è s N i n k o v i c h e t al., 1 9 7 8 ) . 

in thickness, farmed by ash and lapilli 1-4 mm 
in size, and by an upper bed, varying from 
10-30 cm in thickness composed of finer ma
terial with normal graded-bedding. On top 
of the upper bed is a bioturbated zone con
taining very fine ash. In a comparison with the 
land based observations, the lower coarse bed 
can be related to the first phase of the eruption, 
which is caracterised by a plinian pumice fall. 
As for the upper bed, it formed in the second 
stage of the eruption which produced an ignim-
brite on the land and is therefore a co-ignim-
brite ash fall. In the most distant cores only 
the presence of the second stage has been 
recorded. A conservative estimate of the 
volume of the cinders would be about \ ,000 km3 

of ejected debris. It is likely that some varia
tion in thickness of cores is due to submarine 
currents. Finally, the density measured on the 
ashes from the piston cores is 1.1-1.3, which 
s h o w s that t h e s e depos i t s a re still not fully 

c o m p a c t e d after 75,000 y e a r s and in spi te of a 
sed imen ta ry cover . In comparison with the 
Quizapu, where the density of the ash on the 
land was 0.644, we estimate that an ash fall in 
water leads to a reduction by half of the empty 
pore spaces compared with a fall in air (a slower 
fall in water and less friction between the ash 
particles). 

More generally, this persistence of empty 
pore spaces even after the ash bed has been 
covered by biological debris or elastics (the 
latter coming from the land), is a very important 
observation concerned with its evolution, that is 
in early diagenesis and for two reasons : 

1° On the one hand, the bed could be the 
focus of wa te r circulation of varying intensity 
allowing both al teration (by dissolut ion) of the 
volcanic material and eventual ly precipitat ion of 
allogenic material or introduction of fine gra ined 
e las t ics . 
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tante. C e c i p o u r r a i t e x p l i q u e r p o u r q u o i l e s t r è s 

b e l l e s n é o f o r m a t i o n s c r i s t a l l i n e s q u ' o n o b s e r v e 

d a n s l e s c i n é r i t e s n ' o n t p a s é t é b r i s é e s ou 

d é f o r m é e s p a r u n e c o m p a c t i o n u l t é r i e u r e , c a r 

e l l e s o n t c o n t r i b u é à r e m p l i r l e s v i d e s p r é 

e x i s t a n t s e t à r e n d r e m é c a n i q u e m e n t h o m o g è n e 

l ' e n s e m b l e du n i v e a u . 

IV. — C O M P O S A N T S D E S C I N E R I T E S 

D E S B A S S I N S H O U I L L E R S 

L e s c i n é r i t e s d e s b a s s i n s h o u i l l e r s , t e l l e s 

q u ' o n p e u t l e s o b s e r v e r a c t u e l l e m e n t , s o n t d e s 

r o c h e s h o m o g è n e s , d e d e n s i t é v o i s i n e d e 2 ,3 , 

n e p r é s e n t a n t p a s d e s c h i s t o s i t é m a i s au c o n 

t r a i r e u n e t e n d a n c e à s e f r a g m e n t e r p a r d i a -

c l a s e s n o r m a l e s a u p l a n g é n é r a l d e la s t r a t i f i 

c a t i o n ( d ' o ù le n o m d e " s c h i s t e s c u b i q u e s " 

q u ' o n l e u r a p a r f o i s d o n n é ) , l e u r c o u l e u r e s t 

t o u j o u r s c l a i r e d a n s u n e s é r i e s t é r i l e , m a i s p o u 

v a n t f o n c e r e t m ê m e d e v e n i r n o i r e q u a n d la 

c i n é r i t e e s t i n c l u s e d a n s u n e c o u c h e d e h o u i l l e 

( c o l o r a t i o n d u e a u x a c i d e s h u m i q u e s ) ; e l l e s 

p e u v e n t p r é s e n t e r un g r a n o c l a s s e m e n t d e l e u r 

b a s e v e r s l e u r s o m m e t . 

L e s c i n é r i t e s p r é s e n t e n t g é n é r a l e m e n t d e s 

é p a i s s e u r s c o n s t a n t e s , d e l ' o r d r e d e q u e l q u e s 

d é c i m è t r e s à q u e l q u e s c e n t i m è t r e s ( e x c e p t i o n 

n e l l e m e n t , e l l e s p e u v e n t a t t e i n d r e p l u s i e u r s 

m è t r e s ) . La d i m e n s i o n d e l e u r s c o m p o s a n t s p r é 

s e n t e u n e c e r t a i n e h o m o g é n é i t é : d ' a p r è s la 

n o m e n c l a t u r e a d m i s e , o n o b s e r v e s o i t d e s " la

pilli " ( > 2 m m ) , s o i t d e s " c e n d r e s g r o s s i è r e s " ' 

(2 m m - 0 ,062 m m ) , s o i t d e s " c e n d r e s f i n e s " 

( < 0 ,062 m m ) ; a p r è s l e u r d é p ô t e t s o u s l'in

f l u e n c e d e la d i a g é n è s e e t d e s a l t é r a t i o n s s u b i e s , 

c e s lapilli o u c e n d r e s s e s o n t t r a n s f o r m é e s e n 

un c e r t a i n n o m b r e d ' é l é m e n t s qu i c o n s t i t u e n t 

l e s c i n é r i t e s i n d u r é e s t e l l e s q u ' o n p e u t l e s o b 

s e r v e r à l ' h e u r e a c t u e l l e . La d i v e r s i t é d e c e s 

é l é m e n t s c o n s t i t u t i f s e t l e s p r o p o r t i o n s d i v e r s e s 

d a n s l e s q u e l l e s i ls p e u v e n t s e m é l a n g e r , a 

p e r m i s d ' e n p r o p o s e r u n e p r e m i è r e c l a s s i f i 

c a t i o n ( B o u r o z , 1966) , c o m p l é t é e u l t é r i e u r e m e n t 

p a r d e s o b s e r v a t i o n s c o m p l é m e n t a i r e s ( B o u r o z , 

1972) . C e t t e c l a s s i f i c a t i o n e s t b a s é e s u r la n a t u r e 

e t l e s p r o p o r t i o n s r e l a t i v e s d e s é l é m e n t s c o n s t i 

t u t i f s s u i v a n t s : 

1° Débris de verres volcaniques: p a r o i s d e 

b u l l e s b r i s é e s , é c h a r d e s a c é r é e s , e n f o r m e d e 

I, T, Y, X, e t c . , b u l l e s e n t i è r e s i s o l é e s o u 

a c c o l é e s , p o n c e s . 

2° Quartz : f a c e s a u t o m o r p h e s , r e l i q u a t s m a g m a 

t i q u e s , p e r l e s , m é n i s q u e s , a i g u i l l e s , f i s s u r e s 

d e r e t r a i t , d ' u n e f a ç o n g é n é r a l e m ê m e h a b i -

t u s q u e l e s q u a r t z r h y o l i t i q u e s . 

3° Feldspaths : o r t h o c l a s e s e t n o t a m m e n t s a n i -

d i n e s a v e c l e u r s f i s s u r e s d e r e t r a i t c a r a c t é 

r i s t i q u e s , p l a g i o c l a s e s ; t o u s c e s f e l d s p a t h s 

p r é s e n t e n t d e s s t a d e s p l u s o u m o i n s a v a n c é s 

d ' a l t é r a t i o n . 

4° Eléments anguleux microcristallins : l e u r 

c o m p o s i t i o n v a r i e a v e c le c h i m i s m e d u v o l c a n 

é m e t t e u r ; c e s o n t , s o i t d e s f e l s i t e s (à l 'or i 

g i n e , s u b s t a n c e m i c r o c r i s t a l l i n e c o r r e s p o n 

d a n t à u n m é l a n g e d e q u a r t z e t d e f e l d s p a t h ) , 

s o i t à d e s lapilli a n g u l e u x , d ' u n e c o m p o s i t i o n 

c h i m i q u e m o i n s a c i d e q u e l e s f e l s i t e s e t s e 

d é v i t r i f i a n t p a r n é o f o r m a t i o n m i c r o p h y l l i t e u -

s e s a p p a r a i s s a n t d a n s la m a s s e . La diffé

r e n c e e n t r e c e s d e u x s o r t e s d ' é l é m e n t s a p p a 

ra î t au m i c r o s c o p e p o l a r i s a n t : e n l u m i è r e 

n a t u r e l l e , l e s f e l s i t e s s o n t b l a n c h e s e t o n t 

l ' a s p e c t d u q u a r t z ; e n l u m i è r e p o l a r i s é e , e l l e s 

a p p a r a i s s e n t m i c r o c r i s t a l l i n e s , d a n s l e s 

b l a n c s e t l e s g r i s d u q u a r t z ; e n l u m i è r e n a t u 

r e l l e , l e s lapilli s o n t b l a n c s o u b e i g e s e t 

p a r a i s s e n t p a r f o i s p l u s ou m o i n s m a m e l o n 

n é s ; e n l u m i è r e p o l a r i s é e , ils s o n t m i c r o -

c r i s t a l l i n s a v e c d e s t e i n t e s d e p o l a r i s a t i o n 

du d e u x i è m e o r d r e ( p h y l l i t e s à 10 À ) . 

5° Biotites : l e s b i o t i t e s s o n t p r e s q u e t o u j o u r s 

a l t é r é e s m a i s e n c o r e p a r f a i t e m e n t r e c o n n a i s -

s a b l é s . E l l e s p e u v e n t c o n s t i t u e r j u s q u ' à 5 0 % 

d u p o i d s d ' u n e c i n é r i t e . 

6° Eléments ovoïdes arrondis : lapilli o u c e n d r e s 

g r o s s i è r e s f o r m é s à l ' o r i g i n e d e s u b s t a n c e 

v i t r e u s e , m a i s p o u v a n t p r é s e n t e r t o u s l e s 

d e g r é s d ' a l t é r a t i o n . 

C ' e s t e n s e b a s a n t s u r la p r é s e n c e ou l ' a b 

s e n c e e t l e s p r o p o r t i o n s r e l a t i v e s d e c e s é l é 

m e n t s qu ' i l a é t é p o s s i b l e d e d é f i n i r l e s c i n q 

t y p e s p r i n c i p a u x d e c i n é r i t e s , m a i s c o m m e t o u t e 

c l a s s i f i c a t i o n , c e l l e - c i c o m p o r t e u n e p a r t d ' a r b i 

t r a i r e e t n ' e s t q u ' u n e s i m p l i f i c a t i o n c o m m o d e e t 

c e r t a i n e s c i n é r i t e s p e u v e n t p r é s e n t e r u n m é l a n 

g e d e s c a r a c t è r e s d e d e u x o u p l u s i e u r s t y p e s 

é l é m e n t a i r e s . 

V . — C H I M I S M E , 

A L T E R A T I O N S ET N E O F O R M A T I O N S 

D e s é t u d e s d é t a i l l é e s d e c i n é r i t e s p o u v a n t 

ê t r e c o n s i d é r é e s c o m m e c a r a c t é r i s t i q u e s d e s 
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2° On the o the r hand, the ex i s t ence of pore 
s p a c e s r ep resen t ing 50 % of the initial volume 
of the bed will permit the free deve lopmen t of 
neoformed crys ta ls , b e t w e e n the volcanic gra ins 
and before it all u n d e r g o e s an important com
paction. This could explain why the very beauti
ful neoformed crystals seen in cinerites, have 
not been broken or deformed by a later com
paction. The crystals have helped to fill what 
were previously voids and have thus made the 
whole of the bed mechanically homogeneous. 

IV. — COMPOSITION 
O F THE CINERITES IN COAL BASINS 

Cinerites in coal basins, as we now observe 
them, are homogeneous rocks, with a density 
of about 2.3, lacking fissility with on the con
trary a tendency to break normal to the stratifi
cation (hence the name cubic shales occasio
nally given to them). The colour is always pale 
in barren measures, but it can be darker and 
even become black when the cinerite is in a 
coal bed (the colouring is due to humic acids). 
They can show normal graded bedding. 

Cinerites generally have a constant thick
ness ranging from a few decimetres to several 
centimetres (in exceptional cases they can be 
several metres thick). The dimension of their 
components show a certain homogeneity. Ac
cording to the nomenclature, one observes 
either lapilli (> 2 mm) or coarse ash (2 mm-
0.062 mm) or fine ash (< 0.062 mm). During 
diagenesis, following deposition, the lapilli or 
ash fragments are changed into a certain num
ber of elements which make up indurated cine-
rite a s we now see them. The different consti
tuent elements and the varying proportions in 
which they occur led to an initial classification 
(Bouroz, 1966) later completed with complemen
tary observations (Bouroz, 1972). This classifi
cation is based on the nature and relative pro
portions of the following .-

1° Volcanic g l a s s debr i s : broken bubble walls, 
pointed shards, with a shape I, T, Y, X, etc., 
bubbles entirely isolated or adjoining, pumice. 

2° Quar tz : magmatic relicts, isomorphous faces, 
pearl shaped, crescent shaped, needle like, 
contraction cracks, in a general way the same 
habit as the quartz in rhyolites. 

3° Fe ld spa r s : orthoclase and notably sanidine 
with their characteristic contraction cracks, 

plagioclases. All the feldspars show more 
or less advanced stages of alteration. 

4° Microcrystal l ine angular gra ins : their compo
sition varies with the chemistry of the erup
ting volcano, they are either felsites (in origin 
a microcrystalline material corresponding to 
a mixture of quartz and feldspar) or angular 
lapilli less acid in composition than felsites 
and devitrified by neoformation of fine grained 
clay appearing in the mass. The difference 
between these two kinds of material appears 
under the polarising microscope as follows ; 
in natural light, the felsites are white and look 
like quartz ; in polarised light, they appear 
microcrystalline in the whites and greys of 
quartz ; in natural light, the lapilli are white 
or beige and occasionally seen more or less 
undulating, in polarised light they are micro-
crystalline with second order polarisation 
colours (10A clays). 

5° Biotites : biotites are almost always changed 
but still perfectly recognisable. They can 
constitute as much as 50 % by weight of a 
cinerite. 

6° Oval or rounded gra ins : lapilli or coarse 
grained ashes formed at the same time as 
the glass, and showing all degrees of alte
ration. 

Based on the presence or absence and rela
tive proportions of these elements, it has proved 
possible to define 5 principal types of cinerite 
but as in every classification it is in part arbi
trary and it is only a convenient simplification. 
Some cinerites therefore contain a mixture of 
characters of two or more elementary types. 

V. — CHEMISTRY, ALTERATIONS 
AND NEOFORMATIONS 

Detailed studies of type cinerites will be 
presented. Each time an effort will be made to 
determine primary components either unaltered 
or partially altered and what results from almost 
complete alteration and neoformation. Every 
time we will first recall the definition of the type 
being considered. 

1) The Ciner i tes of Type I. 

The characteristic petrographic (PI. I, fig. 1, 
3; PI. II, fig. 1-4; PI. Ill, fig. 1 and 2) and che-
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t y p e s auxque l s e l les appa r t i ennen t s e r o n t pré
s e n t é e s . On e s s a y e r a c h a q u e fois de dé termi
ner ce qui peut ê t re c o n s i d é r é c o m m e const i 
tuants pr imaires , p a s ou à peine a l t é rés et ce 
qui résul te de t ransformat ions plus ou moins 
complè t e s par forte al tération ou par néofo rma-
tion ; c h a q u e fois, nous rappe l l e rons d 'abord la 
définition du type cons idé ré . 

1) Les c inér i tes de type I. 

Les ca rac t é r i s t i ques p é t r o g r a p h i q u e s (Pl. I, 
fig. 1, 3 ; Pl. Il, flg. 1 à 4 ; Pl. III, fig. 1 e t 2) et 
phys ico-ch imiques d e s c inér i tes de type I son t 
les su ivan tes : 

a) A s p e c t m a c r o s c o p i q u e . 

Roche b lanchâ t re ou beige clair ( m ê m e s 
te in tes que les rhyolites), souven t friable, à 
granulométr ie t r ès fine, l égè remen t r u g u e u s e au 
toucher , p r é s e n t a n t parfois une zonation en 
b a n c s é l émen ta i r e s de l 'ordre de q u e l q u e s mil
l imètres . 

P r é s e n c e poss ib le de lits plus ou moins 
nombreux de " lapilli d ' a c c r é t i o n ", c e s lapilli 
ayant un d iamètre suivant le plus grand axe, de 
l ' o r d r e d e 5 m m o u m o i n s . 

La formation de c e s lapilli (Brousse , 1964) 
e s t due à la condensa t i on à haute altitude de la 

v a p e u r d 'eau émise par le volcan, condensa t i on 
qui agg lomère les par t icules py roc la s t iques en 
s u s p e n s i o n d a n s l'air ; s p h é r i q u e au moment de 
sa formation, le lapilli s 'aplat i t au moment de 
sa chute au sol ou d a n s l 'eau (sect ion elliptique 
en lame mince) (Pl. Il, fig. 3). 

L ' épa i s seur d e s c inér i tes de type I peut 
a t te indre p lus ieurs m è t r e s (fig. 3), on les a 
confondues parfois avec d e s b a n c s de g r è s 
b lancs fins. Elles peuven t p r é s e n t e r parfois à 
leur b a s e une mince b a n d e d 'argi le b lanchât re , 
j aunâ t re ou ve rdâ t r e , t r è s r iche en microphylli-
t e s n éo fo rmées semblan t provenir de la pe rco-
lation d e s c o m p o s a n t s les plus fins et les plus 
so lub les à t r ave r s la cinéri te su r incomban te (*). 

b) A s p e c t m i c r o s c o p i q u e . 

E l é m e n t s f o n d a m e n t a u x : accumula t ions de 
débr i s de v e r r e s vo lcan iques b r i s é s ( é c h a r d e s 
en I, T, Y, X, e t c . ) , f r agments de parois de 
bulles, bul les en t i è re s i so lées ou a c c o l é e s entre 
el les , p o n c e s m o u s s u e s ou excep t ionne l lement 
f ib reuses (Pl. Il, fig. 1). Parfois, lapilli d 'accré
tion (Pl. I, fig. 1 ; Pl. Il, fig. 3). 

(*) Dans certaines études de gisement, il est arrivé 
autrefois qu'on ait attaché une grande importance à ces 
niveaux en tant que niveaux-repères, en négligeant le 

banc de grès " surincombant, c'est-à-dire la cinérite qui 
lui avait donné naissance. 

MESSEIX 

2êma Bande au mur 

d'Amélie 

CÉVENNES ST ETIENNE 

Gore entre 11Br5» 

et 12 é2» Grüner 

S H A L E G R E S E U X 

S A N D Y S H A L E 

G R E S . S A N D S T O N E 

Fig. 3 . — Cinerite de Type I ä lapilli d'accretion correlee entre divers bassins du Massif Central (Stephanien B). 

F ' 9 - 3 . — T Y P E I C I N E R I T E W I T H A C C R E T I O N A R Y L A P I L L I C O R R E L A T E D B E T W E E N D I F F E R E N T B A S I N S I N T H E M A S S I F C E N T R A L ( S T E P H A N I A N B ) . 
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mical features of cinérites of type I are as 
follows : 

A) APPEARANCE IN HAND SPECIMEN. 

Whitish rock or light beige (same shades as 
rhyolites), often crumbly and very fine grained. 
Slightly rough to the touch, showing occasio
nally a stratification of the order of a few milli
metres. Possible presence of beds with fairly 
numerous ACCRETIONARY LAPILLI whose longest AXES 
are about 5 mm or less. The formation of these 
lapilli (Brousse, 1964) is due to condensation at 
high altitudes of the steam emitted by the vol
cano. This condensation agglomerates the air
borne pyroclastic particles producing spherical 
lapilli which were flattened when they fell to 
the ground or into the water (elliptical cross 
section in thin section, PI. II, fig. 3). 

Cinérites of Type I can be several metres 
thick (fig. 3). They have sometimes been con
fused with beds of fine white sandstone. Some
times at their base there is a thin bed of shale, 
pale yellow, green or white in colour, very rich 
in neoformed clay minerals which seem to have 
come from the most soluble and fine compo
nents in the overlying ash (*). 

B) APPEARANCE UNDER THE MICROSCOPE. 

ESSENTIA] COMPONENTS : accumulations of bro
ken volcanic glass (shards shaped in I, T. Y, 
X, ETCJ, fragments of walls of bubbles, bubbles 
entirely isolated or adjoining, pumice foamy or 
exceptionally fibrous (PI. II, fig. 1) occasionally 
accretionary lapilli (PI. I, fig. 1 ; PI. II, fig. 3). 

ACCESSORY COMPONENTS : quartz of typical 
volcanic origin, orthoclase and plagioclase (more 
or less altered) of the same size as the vitro
clastic components (about 50-200 pm). In thin 
section the accessory components represent 
less than 1 % of the total observed field. 

RARE COMPONENTS : small crystals of zircon 
and apatite. 

The vitroclastic elements have kept a cha
racteristic form, but with a strong magnification 
one observes that the ancient glass is reorga
nised into extremely fine flakes of neoformed 
clay (illite or kaolinite) and that these flakes are 

(") In certain studies of the deposits, great importance 
was previously attached to these b e d s , while neglecting the 
overlying ash which produced it. 

perpendicular to the edges, that is to the elonga
tion of the vitroclastic elements, without having 
deformed the latter : the neoformation of clay 
inside the vitroclastic elements took place 
without volume change (PI. II, fig. 4). 

THE FIRST ALTERATION PHENOMENON OBSERVED IN 
AN ASH OF TYPE I IS EITHER A PRIMARY ILLITISATION 
OR A PRIMARY KAOLINISATION OF GLASS, PROVIDED 
THAT THE LATTER ARE POTASSIC OR CALCIC-SODIC IN 
ORIGIN. 

The ash composed of finely pulverised (less 
than 50 pm) vitroclastic elements is finely bed
ded. In thin section as a result of compaction 
there is an aggregate extinction, all the neo
formed crystals lying parallel in a direction 
normal to the compaction (PI. II, fig. 2 ; PI. Ill, 
fig. 1). 

Later, as a function of physical chemical 
conditions in the environment and of the amount 
of leaching or of pedogenesis which the bed 
has undergone, there is the development in 
the clay mass of striated microvermicules 
either of illite or of kaolinite (PI. Ill, fig. 2); 
these appear to be part of the clay mass as 
true " cysts ". These secondary neoformations 
appear in a bed already compacted, and 
there is a change in volume. At their edges 
can be seen anomalous birefringence which 
seems to signify a certain disruption in the 
development of these new growth. When 
this kind of change extends through the whole 
ash, the vermicules are entangled with either 
illite or kaolinite (i.e. this last case, krlstal-
tonstein according to Schüller's classification). 
All trace of the volcanic origin of bed has now 
disappeared. 

C) RESULTS OF THE CHEMICAL ANALYSES. 

The detailed study of an ash of Type I will 
allow us to be exact about the chemical and 
mineralógica! composition of this kind of marker. 
The cinérite in question is that between the 
eleventh and the twelvth Grüner seams, towards 
the base of the Stephanian B in the Saint-
Etienne coal basin (Bouroz, 1978). It is a bed 
1.35m thick, situated between two bed of more 
or less sandy shale (fig. 3). The contact of the 
ash with the enclosing formations is sharp, 
without gradation, which seems to indicate that 
the very brief deposition of the ash took place 
at a time when detrital sedimentation was not 
very active. Detailed observations in sections 
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Éléments accessoires : quartz d 'or ig ine v o l 
c a n i q u e t y p i q u e , o r t h o c l a s e s e t p l a g i o c l a s e s 
(p lus ou m o i n s a l t é r é s ) , d e m ê m e tail le q u e l e s 
é l é m e n t s v i t r o c l a s t i q u e s ( d e l 'ordre d e 50 à 
200 m i c r o m è t r e s ) . En lame m i n c e , c e s é l é m e n t s 
a c c e s s o i r e s r e p r é s e n t e n t m o i n s d e 1 % d e l 'en
s e m b l e du c h a m p o b s e r v é . 

Eléments rares .- p e t i t s c r i s t a u x d e z i r c o n e t 
d'apati te . 

L e s é l é m e n t s v i t r o c l a s t i q u e s ont g a r d é u n e 
forme c a r a c t é r i s t i q u e m a i s à fort g r o s s i s s e m e n t 
on o b s e r v e q u e l ' a n c i e n n e m a t i è r e v i t r e u s e s ' e s t 
r é o r g a n i s é e e n e m p i l e m e n t s d e f eu i l l e t s e x t r ê 
m e m e n t f ins d e p h y l l i t e s ' n é o f o r m é e s (illite ou 
kaol inite) e t q u e c e s f e u i l l e t s s o n t p e r p e n d i c u 
la ires aux b o r d s , c ' e s t - à - d i r e à l ' a l l o n g e m e n t d e s 
é l é m e n t s e x - v i t r o c l a s t i q u e s s a n s avoir d é f o r m é 
c e s d e r n i e r s : la n é o f o r m a t i o n d e c e s p h y l l i t e s 
s ' e s t faite en i s o v o l u m e à l ' intérieur d e s é l é 
m e n t s v i t r o c l a s t i q u e s (Pl. Il, fig. 4) . 

Le premier phénomène d'altération observa
ble dans une cinérite de type I est, soit une illiti-
sation primaire, soit une kaolinisation primaire 
des verres, suivant que ces derniers étaient à 
l'origine, potassiques ou calco-sodiques. 

D a n s l e s c i n é r i t e s c o m p o s é e s d ' é l é m e n t s 
v i t r o c l a s t i q u e s f i n e m e n t p u l v é r i s é s ( in fér ieurs à 
50 m i c r o m è t r e s ) , c e s d e r n i e r s p r é s e n t e n t un 
a s p e c t f i n e m e n t lité qui s e traduit e n lame m i n c e , 
à la s u i t e d e la c o m p a c t i o n du n i v e a u , par u n e 
ext inc t ion e n b l o c d e la l ame , t o u s l e s c r i s t a u x 
n é o f o r m é s é t a n t p a r a l l è l e s en tre e u x e t n o r m a u x 
à la p r e s s i o n d e c o m p a c t i o n (Pl. Il, fig. 2 ; Pl. III, 
fig. 1). 

U l t é r i e u r e m e n t , e n f o n c t i o n d e s c o n d i t i o n s 
p h y s i c o - c h i m i q u e s du mil ieu e t du d e g r é d e 
l e s s i v a g e ou d e p é d o g e n è s e sub i par le n i v e a u , 
on a s s i s t e à la n a i s s a n c e d a n s la m a s s e phyll i-
t e u s e , d e n o u v e l l e s n é o f o r m a t i o n s e n a m a s s t r i é s 
m i c r o v e r m i c u l é s , s o i t d'illite, s o i t d e kaol in i te 
(Pl. III, fig. 2) ; c e s a m a s p a r a i s s e n t inc lus d a n s 
la m a s s e p h y l l i t e u s e c o m m e d e v é r i t a b l e s 
" k y s t e s " e t c e s n é o f o r m a t i o n s s e c o n d a i r e s , 
a p p a r a i s s a n t d a n s un n i v e a u dé jà c o m p a c t é , n e 
s e font p a s e n i s o v o l u m e : sur leur pourtour , 
on o b s e r v e d e s a n o m a l i e s d e b i r é f r i n g e n c e qui 
s e m b l e n t traduire u n e c e r t a i n e g ê n e d a n s le 
d é v e l o p p e m e n t d e c e s n o u v e a u x a m a s . L o r s q u e 
c e g e n r e d 'a l térat ion atte int la tota l i té d e la 
c inéri te , o n s e t r o u v e e n p r é s e n c e d e v e r m i c u l e s 
e n c h e v ê t r é s s o i t d'illite, s o i t d e kaol in i te ( d a n s 

ce dernier cas, Kr is ta l - tonste in d e la classifica
t ion d e S c h ü l l e r ) t o u t e t r a c e d e l 'origine v o l c a 
n i q u e du n i v e a u a y a n t d i s p a r u . 

c) Résultats des analyses physico-chimiques. 
L 'étude d é t a i l l é e d 'une c inér i t e d e t y p e I 

v a p e r m e t t r e d e p r é c i s e r la c o m p o s i t i o n ch imi 
q u e et m i n é r a l o g i q u e d e ce g e n r e d e m a r q u e u r . 
Il s 'ag i t d e la c inér i t e s i t u é e en tre l e s c o u c h e s 
1 1 B e t 1 2 e Grüner , v e r s la b a s e du S t e p h a n i e n B 
du b a s s i n houi l l er d e S a i n t - E t i e n n e ( B o u r o z , 
1978) . C ' e s t un n i v e a u d e 1,35 m d ' é p a i s s e u r , s i 
t u é en tre d e u x b a n c s d e s h a l e s p l u s ou moins 
g r é s e u x (fig. 3) ; le c o n t a c t d e la c inér i t e a v e c l e s 
t e rra ins e n c a i s s a n t s e s t net , s a n s i n t e r p é n é t r a 
t ion, c e qui s e m b l e ind iquer q u e le d é p ô t t rè s 
bref d e la c inér i t e s ' e s t e f f e c t u é p e n d a n t un 
t e m p s o ù la s é d i m e n t a t i o n t e r r i g è n e l o c a l e étai t 
t r è s p e u a c t i v e . D e s o b s e r v a t i o n s d é t a i l l é e s d a n s 
l e s t r a v e r s - b a n c s e t l e s s o n d a g e s a y a n t r e c o u p é 
la c i n é r i t e ont m o n t r é q u ' e l l e était t o t a l e m e n t 
e x e m p t e d e r a d i c e l l e s : e l l e n'a d o n c p a s subi 
d 'a l térat ion p é d o g é n é t i q u e p o s t é r i e u r e à s o n 
d é p ô t e t s a c o m p o s i t i o n c h i m i q u e a dû t r è s p e u 
var ier . L e s c o u c h e s d e houi l l e qui e n c a d r e n t la 
c inér i t e ( 1 1 E e t 1 2 e Grüner) ont, d a n s le g i s e 
m e n t é t u d i é , d e s i n d i c e s d e M.V. ( c e n d r e s d é d u i 
t e s ) d e l'ordre d e 2 9 % pour la c o u c h e s u p é 
rieure e t d e 2 5 à 27 % ( s u i v a n t les s i l l o n s ) p o u r 
la c o u c h e infér ieure : il n'y a d o n c p a s eu d e 
m é t a m o r p h i s m e p o s t é r i e u r au d é p ô t d e s c o u 
c h e s d e c h a r b o n . 

Au m i c r o s c o p e , on o b s e r v e q u e c e t t e c inér i t e 
e s t f o r m é e p r e s q u e e x c l u s i v e m e n t d ' é c h a r d e s 
d ' a n c i e n s v e r r e s qui ont g a r d é leur f o r m e e x t é 
r ieure m a i s qui s o n t c o m p o s é e s i n t é r i e u r e m e n t 
d ' e m p i l e m e n t s d e f i n e s l a m e l l e s d e phyl l i t e s 
d o n t l ' a l l o n g e m e n t e s t normal a u x b o r d s d e s 
é c h a r d e s e t d o n t l e s t e i n t e s d e p o l a r i s a t i o n e n 
lame m i n c e s o n t du deuxième ordre, c e qui 
e x c l u t la p r é s e n c e d e kaol in i te a b o n d a n t e . 

A p r è s a n a l y s e s par diffraction X (fig. 4a ) , 
e f f e c t u é e s par l'un d e n o u s (D .A. S.) , il s 'ag i t 
e s s e n t i e l l e m e n t d 'une phyl l i te ident i f iable à 
Villite IM; il s 'y a joute e n v i r o n 1 5 % d e 
s m e c t i t e ( p r é s e n c e d e 0,8 % d e M g O d a n s l 'ana
l y s e c h i m i q u e ) , f ormant a v e c l'illite un inter
stratif ié (*). L'identification de l'illite 1 M est 

(*) Un diffractogramme effectué dans la cinérite de la 
Couche V de Carmaux (équivalente de la cinérite étudiée 
ici) donne un résultat du même ordre mais avec un peu 
plus de smectite (25 %). 
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and from drilling through the cinerite have shown 
that it was totally devoid of rootlets. It has not 
therefore undergone pedogenetic alteration after 
its deposition and its chemical composition must 
have varied very little. The coal seams associa
ted with the cinerite (eleventh and twelvth Gru-
ner) have in the studied deposit a volatile matter, 
V.M. (ash deducted) of the order of 2 9 % for 
the upper seam and of 25 27 % (following the 
beds) for the lower seam. There has not been 
later metamorphism of the coal beds. 

Under the microscope we see that ash is 
formed almost exclusively from splinters of an
cient glass which have kept their exterior form 
but which internally consist of mass of fine clay 
flakes orientated normal to the sides of the 
splinters and giving second order polarisation 
colours in thin section which excludes the pre
sence of abundant kaolinite : it is essentially a 
clay identified as 1M illite (fig. 4a). A little smec
tite (bout 15% of the whole) is added to it 
forming a mixed layer clay with the illite. This 
o b s e r v a t i o n is v e r y i m p o r t a n t for it d e m o n s t r a t e s 
the p o s s i b i l i t y of d i r e c t pr imary n e o f o r m a t i o n of 
1 M illite from v o l c a n i c g l a s s dur ing e a r l y 
d i a g e n e s i s (*). It is necessary to add that in 
this cinerite, in thin section, we observe splin
ters of vitroclastic origin and more rarely accre-
tionary lapilli. Quartz and feldspar, 20 pm or 
less, are very rare and account for very much 
less than 1 % of the thin sections. 

The chemical composition of the tuff between 
the eleventh and twelfth Gruner seams is .-

S 1 0 2 A 1 2 ' 0 F e j O j C a O M g O K 2 0 N a 2 0 T g n n l o s s T o t a l 

7 3 , ' + n . ' t 2 , 6 1 , 3 0 , 8 3 , 3 2 , 5 9 9 , 7 

The high proportion of S / O z in the rock 
connects this to the rhyolite family, that is to a 
very acid volcanism which we know can be 
very explosive. This high silica content appears 
in the X-ray analyses as strong quartz peaks 
suggesting an elevated quartz content in the 
rock(**). T h e r e is an a p p a r e n t c o n t r a d i c t i o n 
b e t w e e n t h e h igh p r o p o r t i o n of q u a r t z i n d i c a t e d 
by the X-ray a n a l y s e s a n d t h e f a c t that th i s 

(*) A diffractogram of the tuff a s s o c i a t e d with the V 
seam of Carmaux (equivalent to the bed s t u d i e d here) g i v e s 
a comparable result but with a little w o r e s m e c t i t e (25 %). 

(*') This proportion has b e e n valued approximately at 
4 0 % by S . Caillére (in Bouroz e t a t , 1969). 

quartz is prac t i ca l ly inv i s ib le u n d e r the m i c r o 
s c o p e . 

The presence of a phantom quartz in the 
cinerites and tonsteins had already been sug
gested (Bouroz, J 9 6 5 ; Prouvost e t al., 7 969J but 
the problem has only been resolved thanks to 
Louis Bougneres work infortunately interrupted 
in 1978 (***). 

Bougneres, who had studied the Carbonife
rous cinerites for a long time with one of us 
(A. B.), was interested on the other hand in the 
problem of the origin of miners' silicosis. Against 
the failure of the initiated silicosis experiments 
made in different laboratories in France and 
abroad on animals and with quartz of any origin, 
Bougneres had the fundamental intuition to think 
that miners' silicosis could be caused by micro-
crystalline quartz in the tuffs. To try to show 
this, he established statistics for the French 
basins on the percentage of the recognised 
silicosis cases in relation to the tonnage exploi
ted in the beds, either containing or not con
taining cinerites. Briefly we give here the essen
tials of the Bougneres work (for the details, you 
need to refer to his posthumous thesis). 

In the Provence Basin where the coal (dark 
lignite) was deposited in limestone or marl, and 
where there are no cinerites, m i n e r s ' s i l i c o s i s 
d o e s not e x i s t . On the other hand, in the M e s -
seix Basin two beds of coal were exploited in 
1963 situated below the Amelie Seam. They 
are referred to as the first and second beds 
below the Amelie Seam. The roof of the second 
bed consists of a 5 -6 m of a type I cinerite, 
which is the equivalent in Messeix of the cine
rite between the eleventh and twelfth Gruner 
Seams at Saint-Etienne (fig. 3; fig. 4b). After 
extraction of the coal and collapse of the roof, 
that is of cinerite behind the working face, the 
atmosphere was filled with dust. Figure 5 de
monstrates the connection between the gradual 
extraction of this bed and the appearance and 
increase in the number of cases of miners' 
silicosis. In detail the two trends are closely 
parallel but with a six year's offset, representing 
the necessary time for the evolution and appea
rance of pathological signs of the disease. 

(""') Louis Bougneres died in 1978, before the comple
tion of his work. Because of the importance of his results 
and to recognise his initiation of them, a posthumous 
doctor's thesis has been compiled from the maunscripts 
he left (Bougneres, 1979). 
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très importante car elle démontre la possibilité 
de néoformation primaire directe de c e genre 
d'illite à partir des verres volcaniques dans des 
conditions de diagenèse précoce. Il f au t a j o u t e r 

q u e d a n s c e t t e c i n é r i t e , o n n ' o b s e r v e p r a t i q u e 

m e n t e n l a m e m i n c e , q u e d e s é c h a r d e s d ' o r i g i n e 

v i t r o c l a s t i q u e e t , p l u s r a r e m e n t , d e s lapilli d ' a c -

c r é t i o n ; l e s q u a r t z e t l e s f e l d s p a t h s , d e l ' o r d r e 

d e la v i n g t a i n e d e m i c r o m è t r e s o u m o i n s , s o n t 

t r è s r a r e s e t r e p r é s e n t e n t b i e n m o i n s d e 1 % 

d e la s u r f a c e t o t a l e d e s l a m e s m i n c e s é t u d i é e s . 

La c o m p o s i t i o n c h i m i q u e d e c e t t e c i n é r i t e e s t 

la s u i v a n t e : 

S i0 2 A1 2 0 ? Fe20-j c a 0 M̂O K?0 Na ?0 Perte au feu Tatal 

7 3 , ^ 11,'f 2,-6 1 , 3 0 , 8 3 , 3 2 , 5 9 9 , 7 

La t r è s f o r t e p r o p o r t i o n d e S i 0 2 d a n s la c i n é 

r i te r a t t a c h e c e l l e - c i à la fami l le d e s r h y o l i t e s , 

c ' e s t - à - d i r e à un v o l c a n i s m e t r è s a c i d e d o n t o n 

s a i t qu ' i l p e u t ê t r e f o r t e m e n t exp los i f . C e t t e 

t r è s f o r t e p r o p o r t i o n d e s i l i c e c r i s t a l l i s é e s e 

m a n i f e s t e d a n s l e s a n a l y s e s a u x r a y o n s X p a r 

la p r é s e n c e d e s r a i e s du q u a r t z d ' u n e n e t t e t é e t 

d ' u n e i n t e n s i t é t e l l e s q u ' e l l e s p o s t u l e n t la p r é 

s e n c e d ' u n e p r o p o r t i o n é l e v é e d e c e m i n é r a l 

d a n s la r o c h e (*) : o n s e trouve donc en pré
sence d'une contradiction évidente entre la pro
portion élevée de quartz indiquée par l'analyse 
aux rayons X et le fait que ce quartz est prati
quement invisible au microscope optique. 

La p r é s e n c e d ' u n q u a r t z " f a n t ô m e " d a n s 

l e s c i n é r i t e s e t l e s t o n s t e i n s a v a i t d é j à é t é s u g 

g é r é e a n t é r i e u r e m e n t ( B o u r o z , 1 9 6 5 ; P r o u v o s t 

et al., 1969) , m a i s le p r o b l è m e n ' a é t é v é r i t a b l e 

m e n t r é s o l u q u e g r â c e a u x t r a v a u x d e L o u i s 

B o u g n è r e s , m a l h e u r e u s e m e n t i n t e r r o m p u s e n 

1 9 7 8 (**) . 

B o u g n è r e s , qu i a v a i t é t u d i é l o n g u e m e n t a v e c 

l 'un d e n o u s (A. B.) l e s c i n é r i t e s du C a r b o n i 

f è r e , s ' i n t é r e s s a i t d ' a u t r e p a r t a u p r o b l è m e d e 

l ' o r i g i n e d e la s i l i c o s e d e s m i n e u r s . D e v a n t l ' in

s u c c è s d e s e x p é r i e n c e s d e s i l i c o s e p r o v o q u é e 

f a i t e s e n d i v e r s l a b o r a t o i r e s , t a n t e n F r a n c e q u ' à 

l ' é t r a n g e r , s u r d e s a n i m a u x e t a v e c d e s q u a r t z 

d ' o r i g i n e q u e l c o n q u e , B o u g n è r e s e u t l ' in tu i t ion 

(*) Cette proportion a été évaluée approximativement 

à 4 0 % par Caillère [In Bouroz et al., 1969). 

(**) Louis Bougnères est décédé en 1978 avant d'avoir 

pu terminer ses travaux. Devant l'importance de leurs résul

tats et pour lui en reconnaître la paternité, une thèse pos

thume de doctorat a été rédigée d'après les manuscrits 

qu'il avait laissés (Bougnères, 1979). 

f o n d a m e n t a l e d e p e n s e r q u e la s i l i c o s e d e s mi

n e u r s p o u v a i t ê t r e p r o v o q u é e p a r l e s q u a r t z 

m i c r o c r i s t a l l i n s d e s c i n é r i t e s ; p o u r e s s a y e r d e 

le d é m o n t r e r , il fit é t a b l i r d e s s t a t i s t i q u e s d a n s 

l e s b a s s i n s f r a n ç a i s s u r le p o u r c e n t a g e d e s c a s 

r e c o n n u s d e s i l i c o s e p a r r a p p o r t a u x t o n n a g e s 

e x p l o i t é s d a n s d e s c o u c h e s c o n t e n a n t o u n o n 

d e s c i n é r i t e s . N o u s r é s u m e r o n s ici l ' e s s e n t i e l 

d e s t r a v a u x d e B o u g n è r e s ( p o u r le d é t a i l , o n 

v o u d r a b i e n s e r e p o r t e r à s a t h è s e p o s t h u m e ) . 

D a n s le b a s s i n d e P r o v e n c e où le c h a r b o n 

( l ign i t e no i r ) s ' e s t d é p o s é e n mi l i eu c a l c a i r e o u 

m a r n o - c a l c a i r e e t o ù il n ' y a p a s d e c i n é r i t e , 

la silicose des mineurs n'existe pas. P a r c o n t r e , 

d a n s le b a s s i n d e M e s s e i x , o n a v a i t e x p l o i t é à 

p a r t i r d e 1 9 6 3 d e u x c o u c h e s d e c h a r b o n s i t u é e s 

a u m u r d e la c o u c h e A m é l i e , a p p e l é e s V e e t 

2 e B a n d e s a u m u r d ' A m é l i e ; le to i t d e la 2 8 

B a n d e e s t c o n s t i t u é p a r 5 à 6 m d ' u n e c i n é r i t e 

d e t y p e I, qu i e s t l ' é q u i v a l e n t à M e s s e i x , d e la 

c i n é r i t e e n t r e 1 1 e e t 1 2 e G r ü n e r à S a i n t - E t i e n n e 

(fig. 3 ; fig. 4 b ) ; a p r è s a b a t a g e d u c h a r b o n , o n 

p r o v o q u a i t l ' e f f o n d r e m e n t du to i t , c ' e s t - à - d i r e d e 

la c i n é r i t e , p a r f o u d r o y a g e à l ' a r r i è r e d e s c h a n 

t i e r s , c e qu i e n t r a î n a i t l ' e m p o u s s i é r a g e d e l ' a t m o 

s p h è r e d e c e u x - c i . La fig. 5 e s t d é m o n s t r a t i v e du 

l ien e x i s t a n t e n t r e la m i s e e n e x p l o i t a t i o n g r a 

d u e l l e d e c e t t e c o u c h e e t l ' a p p a r i t i o n e t l ' a u g 

m e n t a t i o n du n o m b r e d e c a s d e s i l i c o s e c h e z 

l e s m i n e u r s : l e s d e u x c o u r b e s o n t un p a r a l l é 

l i s m e é t r o i t j u s q u e d a n s le d é t a i l , a v e c un 

d é c a l a g e d e s ix a n n é e s , r e p r é s e n t a n t le t e m p s 

n é c e s s a i r e à l ' é v o l u t i o n e t à l ' a p p a r i t i o n d e s 

m a n i f e s t a t i o n s p a t h o g è n e s d e la m a l a d i e . 

D e v a n t c e s r é s u l t a t s s i g n i f i c a t i f s , B o u g n è r e s 

fit l e s r e m a r q u e s s u i v a n t e s : 

1° L e s t r a v a u x d e P r o u v o s t e t P o n c h e l l e 

m o n t r e n t l ' e x i s t e n c e , d a n s l e s c i n é r i t e s e t l e s 

t o n s t e i n s d ' o r i g i n e v o l c a n i q u e , d ' u n q u a r t z s u b 

m i c r o s c o p i q u e d o n t la t a i l l e e s t d e l ' o r d r e d u 

m i c r o m è t r e ; e n t e n a n t c o m p t e d e l ' e x i s t e n c e 

d e q u a r t z v i s i b l e s au m i c r o s c o p e o p t i q u e , « il 

n e s e m b l e p a s , e t c e c i e s t i m p o r t a n t , q u e la 

d i s t r i b u t i o n d e s q u a r t z s o i t h o m o g è n e d a n s 

l ' é c h e l l e d e s d i m e n s i o n s ; n o u s a v o n s a u c o n 

t r a i r e d e u x g r o u p e s d i s t i n c t s » ( P r o u v o s t e t 

P o n c h e l l e , 1969) . 

2° Le q u a r t z s u b m i c r o s c o p i q u e n ' e s t p a s 

d ' o r i g i n e v o l c a n i q u e : « il n e p e u t p r o v e n i r d e 

l ' e x p l o s i o n qu i a d o n n é le q u a r t z v i s i b l e a u 

m i c r o s c o p e c a r il n ' e s t p a s p o s s i b l e d ' e n v i s a g e r 

le d é p ô t c o n j o i n t d e d e u x c e n d r e s v o l c a n i q u e s 
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de granulomét r ïe e t d 'or igine différentes s a n s 
défier les lois d e la probabil i té ». 

3° Le quar tz s u b m i c r o s c o p i q u e n ' es t p a s 
d 'origine e x o g è n e (détr i t ique) ca r les a n a l y s e s 
d e s c inér i tes mont re ra ien t d a n s ce cas , un enri
c h i s s e m e n t en silice par rappor t au chimisme 
d e s l aves c o n c o m i t a n t e s . Or, il en e s t tout au t re 
ment et un a p p a u v r i s s e m e n t en silice par rap
port aux compos i t i ons d e s r o c h e s vo lcan iques 
e s t le c a s le plus généra l (Bouroz et al., 1969). 

4° Le quar tz s u b m i c r o s c o p i q u e ne peut ê t re 
qu ' au th igène , c ' es t -à -d i re résul tant de la cristal
lisation d 'une silice s e c o n d a i r e i ssue d e s é lé
ments minéraux d e s c inér i tes . La seu le t ransfor
mation minérale su scep t i b l e de fournir un e x c é 
dent de silice e s t celle d e s produi ts d 'al tération 
du ve r re vo lcan ique en minéraux argileux moins 
r iches en silice que le ve r re vo lcan ique . C e 
quar tz au th igène aura donc la même f réquence 
que les minéraux argileux e u x - m ê m e s ; d a n s 
toute cinérl te du Houiller renfermant d e s miné
raux argileux, la présence du quartz authigène 
est constante. Son a b o n d a n c e d é p e n d à la fois 
de l 'acidité du ve r r e vo lcan ique et de la nature 
d e s minéraux argi leux néofo rmés . 

A ce quar tz au th igène , B o u g n è r e s (dont nous 
v e n o n s de reprodu i re l 'essent ie l de s e s idées) 
a donné le nom de quartz néogénique et l'a 
défini ainsi : Le quartz néogénique des cinérites 
du Houiller est un quartz authigène dont la 
présence est constante dans ces niveaux. Il 
représente la silice excédentaire libérée par la 
formation des minéraux argileux à partir des 
produits d'altération des verres volcaniques 
(Pl. I, fig. 5). 

M restai t à v isua l i ser ce quar tz n é o g é n i q u e . 
D e s a n a l y s e s d 'une cinéri te de B r a s s a c (France) , 
faites au mic roana lyseu r ionique ( laboratoire de 
volcanologie du P r o f e s s e u r Brousse , Facul té 
d 'Orsay) , ont mis en év idence d e s p l ages de 
quartz dont les d imens ions var ient en t re 1 et 
4 mic romè t re s . D 'aut re part, d e s a n a l y s e s faites 
au labora to i re de minéralogie de la Faculté de 
Lille avec un m i c r o s c o p e é lec t ron ique à haute 
résolut ion, ont permis à Ponsol le et P rouvos t de 
met t re en é v i d e n c e d a n s les tons te ins Patr ice 
et Laurence (bass in du Pas -de -Ca la i s , France) 
la p r é s e n c e de fibres de quar tz .- " . . .accompa
gnant les p l aque t t e s t r a n s p a r e n t e s de kaolinite, 
on t rouve de t r è s pe t i tes fibres dont les dimen
s ions s e s i tuent au tour de q u e l q u e s dixièmes 

de micromètre en longueur et de q u e l q u e s cen
t i è m e s en l a r g e u r " (Ponsol le e i al., 1 9 8 0 ) : il 
s 'agi t là du quartz néogénique de B o u g n è r e s . 

En r é sumé , d a n s leur état actuel e t à condi
tion qu 'e l les n 'a ient p a s subi d 'act ion p é d o 
géné t ique , les c inér i tes de type I que n o u s 
a v o n s é t u d i é e s s e c o m p o s e n t d 'une accumula 
tion de matér iaux d'origine vo lcan ique d a n s la
quelle les minéraux pr imaires i s sus du volcan 
(quartz, fe ldspa ths) cons t i tuent g é n é r a l e m e n t 
une quant i té t r è s faible par rappor t à l ' ensemble . 
L 'essent ie l d e s c inér i tes p o t a s s i q u e s de type I 
e s t cons t i tué pa r deux fractions, l 'une, la plus 
importante , c o m p o s é e de néoformat ions de 
minéraux argileux (phyllites à 10À inc luses d a n s 
les vo lumes d e s anc iens ve r re s ) , l 'autre, c o m p o 
s é e de quar tz néogén ique en fines aiguilles 
microcris ta l l ines , p rovenan t de la cr is tal l isat ion 
de la silice en e x c è s c o n t e n u e d a n s les v e r r e s ; 
c e s deux néoformat ions sont c o n c o m i t a n t e s (*). 

L'évolution ul tér ieure d e s néoformat ions 
phyl l i teuses d e s c inér i tes de type I d é p e n d r a 
d e s condi t ions phys ico-ch imiques e t écologi 
q u e s auxque l les e l les s e ron t s o u m i s e s d a n s 
leur milieu de dépô t . Si une cinéri te de type I 
subit une p é d o g é n è s e et un l e s s ivage p r o l o n g é s 
(absorpt ion d e s ions K+ et N a + par les v é g é 
taux), les phyllites à 10 À p o t a s s i q u e s s e t r an s 
formeront p lus ou moins c o m p l è t e m e n t d ' abord 
en leverriéri te (Pl. VII, fig. 4), puis en phylli tes à 
7 À (kaolinite) pour aboutir f inalement à de la 
kaolinite pure ; on s e t rouve a lors en p r é s e n c e 
de Kristalltonstein dont l 'origine vo lcan ique peut 
ne plus ê t re év iden te au m i c r o s c o p e op t ique , 
mais r e s t e indiscutable quand il e s t poss ib l e 
d 'établir la corrélat ion de ce gen re de niveau 
en t re d e s b a s s i n s différents. 

Pour met t re en év idence l ' impor tance de 
l'action p é d o g é n é t i q u e su r ce qui était origi
nel lement d e s c inér i tes , nous d o n n e r o n s les 
compos i t ions ch imiques de q u e l q u e s t o n s t e i n s 
du bass in du Nord - P a s - d e - C a l a i s (France) . 

Il s 'agit d ' abord du tonste in Laurence , qui 
s e t rouve inclus d a n s une c o u c h e de houille à 
l 'ouest du bass in mais s ' e s t d é p o s é parfois 
d a n s une s é q u e n c e stéri le , jus te au toit d 'une 
couche ( ap rès s u b s l d e n c e partielle), à l 'est . Les 

(*) Bien entendu, si la cinérite originelle est calco-
sodique, ce sont des phyllites à 7 A [kaolinite) qui se 
formeront. 
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PRÉVALBTLCFL (-NOMBRE D'OLIVIERS SIIICDLIQIIBS/'NOMHRE INIAL D OUVRIERS ) 

Prod*-" Z'S'Bïndi/Prod'J" T O I B I B 

PRODJELION ; FIN % 
- — - - — 

• 1 1 F 1 E 1 1 1 Î 1 1 1 ? 1 1 1 L " 

I 9 6 0 S ! 6 2 S3 6 4 6 5 6 6 6 7 6 8 6 9 70 71 72 73 74 75 76 

Fig. 5 . — M i n e s d e M e s s e i x 

R e l a t i o n e n t r e e x p l o i t a t i o n d ' u n e c o u c h e à c i n é r i t e e t 

s i l i c o s e d e s m i n e u r s ( d ' a p r è s B o u g n e r e s , 1 9 7 9 ) . 

Fig. 5 . — Mines of M e s s e i x . 
Relationship b e t w e e n exploitation of a coal with a cinérite 

and silicosis of the miners (after B o u g n è r e s , 1979). 

In view of these important results, Bougneres 
made the following observations : 

7 ° The work of Prouvost and Ponchelle show 
the existence in cinerites and volcanic tonsteins 
of submicroscopic quartz, of the order of 1 pm, 
together with quartz visible in the optical micro
scope " It does not seem, and this is important, 
that the quartz distribution is homogeneous with 
respect to grain size, we have on the other 
hand two distinct groups " (Prouvost and Pon
chelle, 1969). 

2° The submicroscopic quartz is not of 
volcanic origin .- " It cannot come from the explo
sion which produces the quartz visible under 
the microscope for it is not possible to imagine 
the deposit consisting of two volcanic ashes of 

different grain size and origin without defying 
the laws of probability ". 

3° The submicroscopic quartz is not exogenic 
(detrital) in origin for the cinerite analyses 
would show an enrichmet in silica relative to the 
concomittant lavas. It is in fact otherwise and 
impoverishment in silica relative to the volcanic 
rocks is the general case (Bouroz E T A L . , 7 9 6 9 ) . 

4° The submicroscopic quartz can only be 
authigenic, that is resulting from the crystalli
sation of secondary silica coming from the mine
rals of the cinerite. The only mineral transfor
mation which may well supply a surplus of silica 
is that produced by the changing of the volcanic 
glass into a clay mineral less rich in silica than 
the volcanic glass. This authigenic quartz will 
then be as frequent as the clay minerals them
selves. In all cinerites from within coal seams 
there is a constant presence of authigenic quartz. 
Its abundance depends both on the acidity of 
the volcanic glass and on the nature of the neo-
formed clay minerals. 

To this authigenic quartz, Bougneres (whose 
essential ideas we have just reproduced) has 
given the name of neogenic quartz and defined 
it thus : 

N E O G E N I C Q U A R T Z O F T H E C O A L M E A S U R E S C I N E 

R I T E S I S A N A U T H I G E N I C Q U A R T Z W H I C H I S E V E R P R E 

S E N T I N T H E S E B E D S . I T R E P R E S E N T S T H E S I L I C A 

R E L E A S E D B Y T H E F O R M A T I O N O F T H E C L A Y M I N E R A L S 

P R O D U C E D B Y T H E A L T E R A T I O N O F V O L C A N I C G L A S S . 

It remains to describe this neogenic quartz. 
Analysis of a cinerite from Brassac (France) 
made by ion-probe (volcanic laboratory of Prof. 
Brousse, Faculty of Orsay) showed a range of 
quartz with the dimensions varrying from 1-4 pm. 
in addition, analyses made in the mineralogy 
laboratory of the University of Lille with a high 
resolution electron microscope enabled Ponsolle 
and Prouvost to show that in the Patrice and 
Laurence tonsteins (Pas-de-Calais Basin, France) 
quartz fibres are present " ...accompanying the 
transparent plates of kaolinite one finds very 
small fibres whose dimensions are around a few 
tenths of a micrometer in length and a few hun
dredths in width" (Ponsolle E T A L . , 7 9 8 0 ) . This 
is the N E O G E N I C Q U A R T Z of Bougneres. 

In summary, in their present state and pro
vided that they did not undergo pedogenic 
action, cinerites of type I studied by us are 
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c o m p o s i t i o n s c h i m i q u e s e n s o n t l e s s u i v a n t e s 

( A l e x a n i a n , 1959) : 

S 1 0 2 A l j O ^ T i 0 2 F e j O j C a O M s O ^ 0 N a j O 

O u e s t : 53 4 2 1,0 Z , 5 0 ,1 0,8 1,53 0 ,5 

E s t : 71 22 1 ,0 2,3 0 ,1 1,6 3,22 0 ,65 

L ' i m p o r t a n c e d e l ' a c t i o n p é d o g é n é t i q u e s e 

t r a d u i t p a r u n e d i m i n u t i o n d e m o i t i é d e s p r o p o r 

t i o n s d e K-JO e t d e M g O e t u n e b a i s s e i m p o r 

t a n t e d e la p r o p o r t i o n d e S i O z . 

L e s a n a l y s e s d e s d e u x a u t r e s t o n s t e i n s d u 

b a s s i n du P a s - d e - C a l a i s c o n f i r m e n t c e qu i p r é 

c è d e . Il s ' a g i t d e s t o n s t e i n s M a x e n c e e t E s p é 

r a n c e , i n c l u s t o u s d e u x e n c o u c h e d e h o u i l l e 

( A l e x a n i a n , 1959) : 

S 1 0 2 A 1 2 0 3 T 1 0 2 F e 2 0 3 C a O M ß O K 2 0 N » 2 0 

M a x e n c e : 5 2 38 0,72 1,3 0,4 0,7 0,25 0 ,45 

E s p é r a n c e : 53 41 0 ,95 1,0 0,2 0 ,2 0,17 0 ,30 

C e s d e u x t o n s t e i n s , i n c l u s d a n s d e s c o u c h e s 

d e c h a r b o n a u t o c h t o n e , a y a n t d o n c s u b i u n e 

p é d o g e n è s e p r o l o n g é e , p r é s e n t e n t d e c e fait d e s 

t e n e u r s e n K 2 0 e t N a 2 0 t r è s f a i b l e s , t r è s infé

r i e u r e s à c e q u e s o n t c e s t e n e u r s d a n s u n e 

c i n é r i t e p e u a l t é r é e c o m m e c e l l e d o n t n o u s 

a v o n s d o n n é l ' a n a l y s e p l u s h a u t ( c i n é r i t e e n t r e 

1 1 e e t 1 2 e G r ü n e r , S a i n t - E t i e n n e ) . La c o m p a 

r a i s o n d e s t e n e u r s e s t s i g n i f i c a t i v e : 

Si0 2 A l 2 0 j K 2 0 N a 2 0 

C i n é r i t e 1 1 e m ° - 1 2 e r a e G r U n e r : 73,4 11,4 3,3 2,5 

M a x e n c e : 52 38 0 ,25 0,45 

E s p é r a n c e : 53 4 l 0,17 0 ,30 

e t p o u r t a n t l ' o r i g i n e v o l c a n i q u e d e s t o n s t e i n s 

M a x e n c e e t E s p é r a n c e e s t i n c o n t e s t a b l e p u i s 

q u ' o n l e s r e t r o u v e d a n s le b a s s i n d e S a r r e -

L o r r a i n e ( M a x e n c e = T 3 e t E s p é r a n c e = T4), o ù 

ils p r é s e n t e n t le f a c i è s t y p e II à c a u s e du g r a n o -

c l a s s e m e n t i n t e r v e n u e n t r e l e s d e u x b a s s i n s 

( B o u r o z , 1967) . C ' e s t d o n c b i e n l ' a c t i o n p é d o 

g é n é t i q u e qu i e s t r e s p o n s a b l e d e s d i f f é r e n c e s 

c o n s t a t é e s , c o m m e d a n s le c a s du t o n s t e i n 

L a u r e n c e . 

2) L e s c i n é r i t e s d e t y p e 11. 

L e s c i n é r i t e s d e t y p e II (Pl . III, fig. 3 e t 4 ; 

Pl. IV, fig. 1 à 4 ; Pl. V, fig. 1 e t 2) s e d i s t i n g u e n t 

d e c e l l e s d e t y p e I p a r la p r é s e n c e , é v i d e n t e au 

m i c r o s c o p e o p t i q u e , d e q u a r t z e t d e f e l d s p a t h s 

s o u s f o r m e m a c r o c r i s t a l l i n e , d ' é l é m e n t s a n g u 

l e u x d e f e l s i t e s e t , p l u s r a r e m e n t , d e b i o t i t e s 

p l u s o u m o i n s a l t é r é e s ; l ' e n s e m b l e d e c e s 

m a c r o - é l é m e n t s p e u t r e p r é s e n t e r j u s q u ' à 6 0 % 

du c h a m p d ' u n e l a m e m i n c e , le r e s t e é t a n t c o n s 

t i t u é p a r u n e a c c u m u l a t i o n d e f ins d é b r i s d e 

v e r r e s v o l c a n i q u e s e n t o u s p o i n t s c o m p a r a b l e s 

à c e q u ' o n o b s e r v e d a n s l e s c i n é r i t e s d e t y p e I. 

L e s p r o p o r t i o n s r e l a t i v e s v a r i a b l e s d e s d i v e r s 

m a c r o - é l é m e n t s d ' u n e c i n é r i t e à l ' a u t r e , s o n t 

l ' i nd i ce d ' u n e v a r i a t i o n du c h i m i s m e l u i - m ê m e , 

qui d e v i e n t m o i n s a c i d e q u e d a n s le t y p e I ( l a v e s 

c o r r e s p o n d a n t a u t y p e II : r h y o d a c i t e , d a c i t e , 

t r a c h y a n d é s i t e , e x c e p t i o n n e l l e m e n t r h y o l i t e ) . A u -

d e l à d ' u n e c e r t a i n e é p a i s s e u r , le d é p ô t d e c e 

g e n r e d e c i n é r i t e e n t r a i n e un g r a n o c l a s s e m e n t 

d o n n a n t l ' i m p r e s s i o n d ' u n e c i n é r i t e d e t y p e I 

r e p o s a n t s u r u n e c i n é r i t e d e t y p e II. 

L e s c a r a c t é r i s t i q u e s p é t r o g r a p h i q u e s e t p h y 

s i c o - c h i m i q u e s d e s c i n é r i t e s d e t y p e II s o n t l e s 

s u i v a n t e s : 

a) A s p e c t m a c r o s c o p i q u e . 

R o c h e b l a n c h â t r e o u b e i g e r e s s e m b l a n t a u x 

c i n é r i t e s d e t y p e I, m a i s p r é s e n t a n t u n e g r a n u l o -

m é t r i e m o i n s fine ; s u r c a s s u r e f r a î c h e , la r o c h e 

p a r a î t t r è s r u g u e u s e a u t o u c h e r . L ' é p a i s s e u r d e 

c e t y p e d e c i n é r i t e n ' e x c è d e g é n é r a l e m e n t p a s 

q u e l q u e s d é c i m è t r e s . 

b) A s p e c t m i c r o s c o p i q u e . 

E l é m e n t s f o n d a m e n t a u x : q u a r t z d ' o r i g i n e ty 

p i q u e m e n t v o l c a n i q u e , a n a l o g u e s à c e u x du 

t y p e I, m a i s d e d i m e n s i o n s p l u s g r a n d e s (Pl . IV, 

fig. 1, 2, 3 ) . 

O r t h o c l a s e s e t p l a g i o c l a s e s p a r f o i s t r è s 

a b o n d a n t s , p r é s e n t a n t s o i t u n e b o n n e c o n s e r 

v a t i o n o u b i e n d e s d e g r é s d ' a l t é r a t i o n p l u s o u 

m o i n s p o u s s é s (Pl . III, fig. 4 ) . 

E l é m e n t s a n g u l e u x d e f e l s i t e s , p a r f o i s t r è s 

a b o n d a n t s (Pl . IV, fig. 1, 2, 3 ) . 

E l é m e n t s a c c e s s o i r e s : B i o t i t e s p a r a i s s a n t 

p a r f o i s t r è s f r a î c h e s o u b i e n p r é s e n t a n t d e s 

d e g r é s d ' a l t é r a t i o n d i v e r s . 

E l é m e n t s v i t r o c l a s t i q u e s i d e n t i q u e s à c e u x 

du t y p e I ; b u l l e s p a r f o i s a b o n d a n t e s (Pl . III, 

fig. 4 ) , le t o u t c o n s t i t u a n t u n f o n d e n r o b a n t l e s 

é l é m e n t s f o n d a m e n t a u x e t p r é s e n t a n t t o u s l e s 

s t a d e s d ' a l t é r a t i o n p h y l l i t e u s e d é c r i t s à p r o p o s 

du t y p e I. 

E l é m e n t s r a r e s .- P e t i t s c r i s t a u x d ' a p a t i t e 

e t d e z i r c o n (Pl. I, fig. 6 ; Pl . IV, fig. 3 ) . 

L e s v a r i a t i o n s d e c o m p o s i t i o n p a r m i l e s c i n é 

r i t e s d e t y p e II p e u v e n t ê t r e t r è s g r a n -
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composed of an accumulation of volcanic mate
rials in which the primary minerals ejected from 
the volcano (quartz, feldspars), generally cons
titute a negligible fraction of the whole. Essen
tially, Type I potassic cinerites consist of two 
fractions, one — the most important — consist 
of neoformed clay minerals (10A clays enclosed 
in fragments of ancient glass) and the other 
made up of neogenic quartz in fine microcrys-
talline needles, derived from the crystallisation 
of the excess silica contained by the glass. 
These two neoformations occur together (*). 

Subsequent evolution of the neoformed clays 
in Type I cinerites will depend on the ecological 
and physical-chemical conditions to which they 
were subjected in their place of deposition. If a 
Type I cinerite undergoes a pedogenesis and a 
prolonged leaching (an extraction of K + and Na+ 

ions by the vegetation) the 10A potassic clay 
will transform, more or less completely at first 
into leverrierite (PI. VII, fig. 4) later into a 7A 
clay (kaolinite) to finally produce a pure kaoli-
nite. This is then a Kristalltonstein, whose vol
canic origin is no longer evident under the opti
cal microscope, but unquestionably volcanic 
when these beds can be correlated between 
different basins. 

To show the importance of the pedogenetic 
action on what were originally cinerites, we give 
the chemical composition of several tonsteins 
from the Pas-de-Calais Basin (France). 

First of all the Tonstein Laurence, which is 
found in a coal seam in the west of the coal
field, but in the east it occurs in a sterile 
sequence just above a coal (after partial subsi
dence). The chemical composition are as fol
lows (Alexanian, 1959) : 

S i 0 2 A l 2 0 j T i 0 2 I > 2 0 ? C a O M g O K 2 < 3 N a 2 0 

W e s t : 

E a s t I 
53 

71 

42 

22 

1,0 2,5 0,1 0,8 1,53 0,5 

1,0 2,3 0,1 1,5 3,22 0,55 

The importance of the pedogenic action is 
shown by a reduction of half of the KzO and 
MgO proportions and an important reduction in 
the proportion of S1O2. 

The analyses of two other tonsteins of the 
Pas-de-Calais Coalfield confirm the above. It 
concerns Maxence and Espérance Tonsteins, 

(*) Of course if the original cinerite is calcic-sodic, 
the neoformation which occurs is 7A clay (kaolinite.). 

both of which occur in coal seams (Alexanian, 
1959): 

S 1 0 2 A 1 2 0 3 I i 0 2 FSjOj C a O MgO K 2 0 

M a x e n c e : 

E s p é r a n c e ! 
52 

53 

38 

41 
0,72 

0,95 
1,3 
1.0 

0,4 0,7 0,25 0,45 

0,2 0,2 0,17 0,30 

These two tonsteins are included in autoch
thonous coal seams and have undergone pro
longed pedogenic alteration. Demonstrating 
this fact are the low contents of K 2 . O and Na20, 
very much lower than in the little altered cine
rite that we cited above (cinerite between the 
11th and 12th Grüner seams, Saint-Etienne). The 
comparison of the concentrations is noteworthy : 

S i 0 2 A 1 2 0 3 K g O 

C i n e r i t e 1 1 e m e - 1 2 , ! m e G r ü n e r : 7 3 , 1 1 , ^ 3,3 ?,5 
38 0,25 0,45 

41 0,17 0,30 
M a x e n c e : 52 

E s p é r a n c e · : 53 

and yet the volcanic origin of the tonsteins 
Maxence and Esperance is incontestable since 
they are also found in the Saar-Lorraine Coal
field (Maxence = T3 a n d Esperance = T4) where 
they occur as Type II fades because a grain 
size grading takes place between the two coal
fields (Bouroz, 1967). It is indeed pedogenic 
action which is responsible for the demonstrated 
differences, as in the case of the Laurence 
Tonstein. 

2) T h e C i n e r i t e s of T y p e II. 

The cinerites of Type II (PI. Ill, fig. 3 and 4 ; 
PI. IV, fig. 1-4 ; PI. V, fig. 1 and 2) are distin
guished from those of Type I by the presence, 
seen with the optical microscope, of quartz "and 
feldspars in a macrocrystalline form, angular 
fragments of felsites and more rarely, biotites 
more or less altered. These macro-elements 
represent up to 60 % as seen down the micro
scope. The rest is made up of an accumulation 
of fine volcanic glass debris comparable in all 
respects with what Is observed in Type I cine
rites. The relative proportions of the macro
elements vary from one cinerite to another, 
they are an indication of the variation in the 
chemistry itself, which is less acid than Type I 
(lavas corresponding to type II are rhyodacite, 
dacite, trachyandesite and exceptionally, rhyo-
lite). Beyond a certain thickness, the deposit 
of this kind of cinerite carries a grain size which 
gives the impression of a Type I cinerite resting 
on a Type II. 
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d e s e t l e u r c o n f è r e n t s o u v e n t a u m i c r o s c o p e 

un f a c i è s p é t r o g r a p h i q u e o r i g i n a l , c e qu i r e n d 

l e u r e m p l o i t r è s e f f i c a c e p o u r r é s o u d r e l e s 

p r o b l è m e s d e c o r r é l a t i o n ; p a r e x e m p l e , le t o n -

s t e i n T4 d e la S a r r e ( é p a i s s e u r 70 c m , W e s t -

p h a l i e n C ) p r é s e n t e e n l u m i è r e n a t u r e l l e e t p o l a 

r i s é e le f a c i è s s u i v a n t : p r é s e n c e d e p e t i t s q u a r t z 

e t d e f e l s i t e s , à l ' e x c l u s i o n d e f e l d s p a t h s (Pl. IV, 

fig. 1, 2, 3 ) . Au c o n t r a i r e , u n e s e c t i o n d a n s u n e 

c i n é r i t e d u S t é r i l e d e R i c a r d d e s C é v e n n e s 

( é p a i s s e u r 2 8 c m , S t é p h a n i e n B) m o n t r e la p r é 

s e n c e d e g r o s q u a r t z é c l a t é s , d e f e l s i t e s , m a i s 

a u s s i d e g r a n d e s b i o t i t e s t r è s a l l o n g é e s (Pl . III, 

fig. 3 ) . 

c) Résultats des analyses physico-chimiques. 

T r o i s é c h a n t i l l o n s d e c i n é r i t e s d e t y p e II o n t 

fait l ' o b j e t d ' a n a l y s e s p h y s i c o c h i m i q u e s : u n e 

c i n é r i t e p o t a s s i q u e ( c i n é r i t e au m u r d e la C o u 

c h e XII d e S a i n t - F l o r e n t , b a s s i n d e s C é v e n n e s , 

F r a n c e ) , u n e c i n é r i t e c a l c o - s o d i q u e ( i n t e r c a l a i r e 

e n v e i n e n° 11 d e B iba ï , b a s s i n d e l ' I sh ika r i , 

J a p o n ) e t u n e c i n é r i t e a y a n t s u b i u n e t r è s f o r t e 

p é d o g e n è s e ( t o n s t e i n H e r m a n c e , b a s s i n du P a s -

d e - C a l a i s , F r a n c e ) . 

La c o m p a r a i s o n d e s r é s u l t a t s d ' a n a l y s e s 

m o n t r e r a l e s d i f f é r e n c e s e n t r e l e s p r o c e s s u s 

d ' a l t é r a t i o n s u b i s p a r c e s c i n é r i t e s , e n r e l a t i o n 

a v e c l e u r c o m p o s i t i o n c h i m i q u e e t s u i v a n t l e u r 

p o s i t i o n d a n s le c y c l e s é d i m e n t a i r e a u m o m e n t 

d e l e u r d é p ô t . 

1) Cinérite au mur de la Couche XII de Saint-

Florent (Cévennes, France). 

C e t t e c i n é r i t e p r é s e n t e u n e é p a i s s e u r d e 30 

c e n t i m è t r e s . Elle s e t r o u v e p e u e n d e s s o u s d e 

la c o u c h e ( v o i r fig. 6) e t c o n s t i t u e la l imi te c h o i 

s i e e n t r e l e s z o n e s 2 e t 3 ( S t é p h a n i e n i n f é r i e u r ) 

d e la s é r i e s t r a t i g r a p h i q u e du b a s s i n d e s C é v e n 

n e s ( G r a s , 1 9 7 0 ) . 

D u fait q u ' e l l e s ' e s t d é p o s é e e n d e s s o u s d e 

la p r o f o n d e u r l imi te d e la v i e v é g é t a l e , e n 

p é r i o d e d ' a l l o c h t o n i e r é g n a n t d a n s c e t t e p a r t i e 

du b a s s i n ( a b s e n c e t o t a l e d e s o l s d e v é g é t a t i o n 

e t d e r a d i c e l l e s d a n s la s t a m p e c o n t e n a n t la 

C o u c h e XII), le f a ib l e d e g r é a p p a r e n t d ' a l t é r a 

t ion d e s e s é l é m e n t s c o n s t i t u t i f s e t n o t a m m e n t 

d e s n o m b r e u x f e l d s p a t h s c o n t e n u s , a v a i t fai t 

c h o i s i r c e t t e c i n é r i t e p o u r r é a l i s e r u n e m e s u r e 

d ' â g e a b s o l u ( B o u r o z , R o q u e s , V i a l e t t e , 1 9 7 2 ) , 

l ' â g e m o y e n m e s u r é s ' e s t r é v é l é ê t r e d e 3 0 0 

- ! - 10 MA. 

C o u c h e XII de S t . F l o r e n t 
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La c o m p o s i t i o n c h i m i q u e d e la c i n é r i t e e s t 

la s u i v a n t e : 

S 1 0 2 A l j O j
 r = 2 ° 3 F e 0

 M s ° C a 0 K 2 ° N a

2 ° 

6 2 , 5 1 9 , 0 2 , 7 0 , 7 5 2 , 3 5 0 , 6 0 h - , 1 0 0 , 7 5 

T i 0 2 P 2 0 5 M n O P e r t e a u f e u T o t a l 

0 ,35 0 , 2 0 T r a c e 7 , 1 0 1 O 0 , h - 0 

C e t t e a n a l y s e m o n t r e q u e c e t t e c i n é r i t e c o r 

r e s p o n d a u c h i m i s m e d ' u n e r h y o l i t e a l c a l i n e 

r i c h e e n p o t a s s i u m e t e n a l u m i n i u m , a v e c u n e 

f o r t e p r é d o m i n a n c e d e K 2 0 s u r N a 2 0 , c e qu i 

d é t e r m i n e r a la n a t u r e d e s n é o f o r m a t i o n s p h y l -

l i t e u s e s . 

En l a m e m i n c e , o n o b s e r v e un f o n d d ' é l é 

m e n t s v i t r o c l a s t i q u e s b r i s é s a u mi l i eu d e s q u e l s 

d e s b u l l e s e n t i è r e s , i s o l é e s ou s o u d é e s e n t r e 

e l l e s , s o n t a b o n d a n t e s (Pl . III, fig. 4 ) . L e s q u a r t z 

e t l e s f e l d s p a t h s s o n t é g a l e m e n t a b o n d a n t s , c e s 

d e r n i e r s c o m p o r t a n t q u e l q u e s p l a g i o c l a s e s m a i s 

s u r t o u t d e s o r t h o c l a s e s ( s a n i d i n e s e t m i c r o -

c l i n e s ) , c e qu i e x p l i q u e la f o r t e t e n e u r e n K2O 

d e l ' a n a l y s e c h i m i q u e . O n o b s e r v e é g a l e m e n t 

d e r a r e s b i o t i t e s t r è s a l t é r é e s . 

L ' a n a l y s e a u x r a y o n s X d o n n e u n d i a g r a m m e 

c o m p l e x e , é t a n t d o n n é la r i c h e s s e e n é l é m e n t s 

d i v e r s d e c e t t e c i n é r i t e . La p h a s e p h y l l i t e u s e e s t 

c o m p o s é e d ' i n t e r s t r a t i f i é s à 10 e t 14À, o ù l e s 

f e u i l l e t s à 10A ( e n p a r t i e m a g n é s i e n s ) r e p r é 

s e n t e n t d e 8 0 à 9 0 % d e l ' e n s e m b l e ; il s ' a g i t 

d ' u n m é l a n g e d e b i o t i t e , d ' i l l i te 1M e t d ' u n p e u 
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The pétrographie and chemical characteris
tics of the Type II cinérites are as follows : 

a) A p p e a r a n c e in Hand S p e c i m e n . 

White or beige rock resembling Type I cine-
rites but coarser grained. On the freshly broken 
surface, the rock is rough to the touch. This 
type of cinérite generally does not exceed a few 
decimetres in thickness. 

b) A p p e a r a n c e u n d e r the Mic roscope . 

Fundamenta l c o m p o n e n t s : quartz, typically 
of volcanic origin, analogous to those of Type I, 
but much larger (Pl. IV, fig. 1, 2, 3). 

Orthoclase and plagioclase occasionally very 
abundant, showing either good conservation or 
else varying degrees of alteration (PI. Ill, fig. 4). 

Angular grains of felsite, occasionally very 
abundant (Pl. IV, fig. 1, 2, 3). 

A c c e s s o r y c o m p o n e n t s : biotites appear oc
casionally very fresh or with variable alteration. 

Vitroclastic grains identical to those of 
Type I ; bubbles sometimes abundant (PI. Ill, 
fig. 4) all enclosing the fundamental grains and 
showing all stages of clay alteration described 
in Type I. 

Rare c o m p o n e n t s : small crystals of apatite 
and zircon (Pl. I, fig. 6 ; Pl. IV, fig. 3). 

The variation in the composition of Type II 
cinérites can be very great, which often gives 
them a distinctive pétrographie appearance, thus 
making them very good for resolving correla
tions problems. For example, the Tonstein T4 
of the Saar (thickness 40 cm, Westphalian C) 
is distinctive in natural and polarised light 
because of the presence of small quartz and 
felsite grains and the absence of feldspars (Pl. IV, 
fig. 1, 2, 3). On the other hand, a section of a 
cinérite from the Stériie of Ricard, Cévennes 
(thickness 28 cm, Stephanian B) shows the pre
sence of large broken quartz grains, and fel-
sites ; but also large very elongate biotites 
(PI. Ill, fig. 3). 

c) Resu l t s of the Chemica l Ana lyse s . 

Three cinérite samples of Type II have been 
chemically analysed .- a potassic cinérite (ciné
rite from the floor of Seam XII, Saint-Florent, 
Cévennes Basin, France), a calcic-sodic cinérite 

(interbedded in Seam No. 11, Bibai, Ishikari 
Basin, Japan) and a cinérite which has under
gone intense pedogenesis (Hermance Tonstein, 
Pas-de-Calais Coalfield, France). 

Comparing the analytical results will show 
the differences between the alteration processes 
undergone by the cinérites in relation to their 
chemical composition and with respect to their 
position in the sedimentary cycle at the time of 
deposition. 

1) Cinérite from the Floor of Seam XII, Saint-

Florent (Cévennes, France). 

This cinérite is 30 cm thick. It occurs a little 
below the seam (fig. 6) and has been chosen 
as the boundary between Zones 2 and 3 (Lower 
Stephanian) of the stratigraphie succession in 
the Cévennes Basin (Gras, 1970). 

From the fact that it was deposited below 
the limiting depth for vegetation growth in the 
allochthonous period in this part of the basin 
(total absence of soils and of rootlets in the se
quence containing the XII Seam) the slight alte
ration experienced by the constituents, and 
notably the numerous feldspars made this ciné
rite a choice for absolute age determinations 
(Bouroz, Roques, Vialette, 1972). The average 
age was found to be 300 ± 10 Ma. 

The chemical composition of the cinérite is 
as follows : 

S 1 0 2 A l g O ^ F e g C ^ F e O MgO Ca.0 KgO 

62,5 19,0 2,7 0,75 2,35 0,60 *t,10 0,75 
T i 0 2 P 2 D 5 MnO I e n n l o s s T o t a l 

0,35 0,20 T r a c e 7 ,10 100,<+0 

This analysis show that the cinérite corres
ponds to the composition of an alkali rhyolite 
rich in potassium and aluminium with a predo
minance of K?0 over Na20 which will determine 
the nature of the clay neoformation. 

In thin section, one sees broken vitroclastic 
fragments in the middle of which bubbles are 
common, isolated or fused together (PI. Ill, fig. 4). 
Quartz and feldspars are equally abundant, the 
latter composed of some plagioclases but main
ly orthoclase (sanidine and microcline) which 
explains the high concentration of K20 in the 
chemical analyses. Also are seen rare biotites 
very much altered. 
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d e s m e c t i t e : la biot i te e s t p r é s e n t e e n l a m e 
m i n c e s o u s f o r m e t r è s a l t é r é e , quant à l'illite 
1 M, e l l e s ' o b s e r v e s o u s f o r m e d e f i n e s l a m e l l e s 
n é o f o r m é e s à l ' intérieur d e s p a r o i s d e s b u l l e s 
e t d e s é l é m e n t s v i t r o c l a s t i q u e s b r i s é s , c o n s t i 
tuant d e s e m p i l e m e n t s à t e i n t e s d e b i r é f r i n g e n c e 
du d e u x i è m e ordre . C e s n é o f o r m a t i o n s à partir 
d e s v e r r e s s o n t e n t o u s p o i n t s i d e n t i q u e s à 
c e l l e s qui ont é t é d é c r i t e s à p r o p o s d e s c i n é -
r i tes d e t y p e I. 

On observe donc que l'altération en eau 
profonde, d'une cinérite potassique de type II 
conduit essentiellement à la néoformation d'illite 
7 M à partir des verres volcaniques. 

C o m m e d a n s l e s c i n é r i t e s d e t y p e I, c e s n é o 
f o r m a t i o n s d o i v e n t s ' a c c o m p a g n e r d e l 'appari
tion d e quartz n é o g é n i q u e m a i s l ' a b o n d a n c e d e s 
é l é m e n t s c o n s t i t u t i f s e t leur v a r i é t é n e p e r m e t 
p a s ici d'en c a l c u l e r la propor t ion . Q u a n t à la 
kaol in i te , e l l e e s t t o t a l e m e n t a b s e n t e , a u s s i b ien 
o p t i q u e m e n t qu'à la d i f f rac tographie X. 

2) Cinérite dans la couche n° 7 7 d e Bibai 

(Hokkaido, Japon). 

C e t t e c inér i t e s e p r é s e n t e s o u s forme d'un 
interca la ire d e 3 c m d ' é p a i s s e u r , d e c o u l e u r 
b l a n c h e , d ' a s p e c t g r a n u l e u x fin m a i s a v e c un 
l é g e r g r a n o c l a s s e m e n t (la g r o s s e u r d e s g r a i n s 
e s t v a r i a b l e m a i s t o u j o u r s infér ieure à 0,5 mm) . 
L ' é p a i s s e u r e n e s t t r è s r é g u l i è r e e t s o n c o n t a c t 
au c h a r b o n , ne t e t s a n s i n t e r p é n é t r a t i o n . 

Elle e s t m a s s i v e , à c a s s u r e c o n c h o ï d a l e e t 
s a n s a u c u n e s c h i s t o s i t é , c e qui la d i f f érenc i e 
d e s a u t r e s i n t e r c a l a i r e s d e la c o u c h e qui s o n t 
f o n c é s ou noirs a v e c d e n o m b r e u x f i lets d e 
c h a r b o n inc lus . D e plus , il y a a b s e n c e t o t a l e 
d e r a d i c e l l e s et d e s o l s d e v é g é t a t i o n d a n s 
la s é r i e s t r a t i g r a p h i q u e ( c h a r b o n s a l l o c h t o n e s 
d ' e a u p r o f o n d e , c o m m e d a n s b e a u c o u p d e b a s 
s i n s j a p o n a i s ; B o u r o z , 1962) . 

En l a m e m i n c e , p lus d e 6 0 % du c h a m p e s t 
c o n s t i t u é par d e s f r a g m e n t s a n g u l e u x d e p l a g i o -
c l a s e s p r é s e n t a n t , pour c e u x qui ne s o n t p a s 
trop a l t é r é s , la m â c l e d e l a l b i t e ; p l u s rarement , 
l ' é l é m e n t f e l d s p a t h i q u e s e p r é s e n t e e n n o d u l e s 
c o n s t i t u é s par un a g r é g a t d e f ines a i g u i l l e s 
e n c h e v ê t r é e s d e f e l d s p a t h . D a n s l e s c a v e r n e s 
p r o v o q u é e s par l 'altération d e s f e l d s p a t h s , o n 
o b s e r v e un r e m p l i s s a g e d e kaol in i te m i c r o c r i s 

tal l ine (Pl. V, fig. 1, 2 ) ; la m a j e u r e part ie d e la 
p â t e e s t c o n s t i t u é e par d e la kaol in i te m i c r o c r i s 
ta l l ine d a n s l a q u e l l e il y a q u e l q u e s v e r m i c u l e s 
d e kaol in i te e n l a m e l l e s e m p i l é e s n o r m a l e m e n t 
à l ' a l l o n g e m e n t . O n o b s e r v e a u s s i q u e l q u e s 
p e t i t e s p l a g e s d e c a l c i t e (a l térat ion d e l 'anor-
thi te) ; q u a n t au quartz , il e s t p r a t i q u e m e n t 
a b s e n t ( m o i n s d e 1 % du c h a m p d e s l a m e s 
m i n c e s ) . 

La c o m p o s i t i o n c h i m i q u e e s t la s u i v a n t e : 

S i 0 2 A l 2 ° j F E 2 ° 3 T 1 0 2 M e ° C a 0 K 2 ° N A 2 ° P - A U F E U T O T A L 

5 5 2 1 T r a c e 0 , 5 1 , 6 6 , 2 0 , 3 0 5 , 1 5 1 0 , 2 1 0 0 , 2 V 

L ' a n a l y s e a u x r a y o n s X ( B o u r o z , 1965) a 
m o n t r é la p r é d o m i n a n c e d e l a b r a d o r e t la pré 
s e n c e d e quartz , d e kaol in i te e t d'un p e u d'hy-
drob io t i t e (illite 1 M). C o m p t e t e n u d e l ' a n a l y s e 
c h i m i q u e , on p e u t é v a l u e r a p p r o x i m a t i v e m e n t 
la c o m p o s i t i o n d e la c inér i t e c o m m e sui t : 

P l a g i o c l a s e ( labrador) . . > 6 0 % 
Quartz 15 % 
Kaol in i te 1 5 % 
H y d r o b i o t i t e < 5 % 

La p r é s e n c e d e 1 5 % d e quartz , c ' e s t - à - d i r e 
d e s i l i c e c r i s t a l l i s é e , a l o r s q u e c e quartz e s t 
p r a t i q u e m e n t i n d é c e l a b l e au m i c r o s c o p e opt i 
q u e , ind ique qu'il do i t s 'ag ir d e quartz n é o g é n i 
q u e f o r m é a u x d é p e n s du l a b r a d o r e n m ê m e 
t e m p s q u e la kaol in i te . O n sa i t q u e l a l b i t e , 
[SiaAI 0 8 ] N a , un d e s c o m p o s a n t s du labrador , 
s ' a l t ère s u i v a n t la formule ( B r o u s s e , 1975) : 

4 ( 3 i . 3 A 1 0 )Na + I H j O ->• ( S (OH) j ) A l ^ ( OH ) g + B S i 0 2 + 2 ^ 0 

c ' e s t - à - d i r e q u ' a p r è s é v a c u a t i o n d e 2 N a 2 0 d a n s 
l e s e a u x c ircu lant d a n s la r o c h e , o n p e u t r é s u 
m e r l 'altération d e l a l b i t e par le s c h é m a su i 
v a n t : 

100 albite -> 4 9 kaol in i te + 45 ,7 quartz 

O n arrive à un s c h é m a a n a l o g u e e n c e qui 
c o n c e r n e l 'autre c o n s t i t u a n t du labrador , l 'anor-
tite [ S U A U O s j C a , à c e c i p r è s q u e le C a O r e s t e 
d a n s la r o c h e s o u s f o r m e d e C O a C a g r â c e à 
la p r é s e n c e d e C 0 2 d i s s o u s d a n s l e s e a u x d e 
c ircu lat ion (la p r é s e n c e d e p l a g e s d e c a l c i t e a 
e f f e c t i v e m e n t é t é c o n s t a t é e d a n s l e s l a m e s ) . 

On constate donc qu'en eau profonde, une 
cinérite calco-sodique de type II s'altère norma
lement par néoformation de kaolinite, de quartz 
et de calcite. 
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X-ray analyses give a complex picture, 
expressing the high concentrations of diverse 
elements in this cinérite. 

The clay component is made up of inter-
stratified 10Â-14Â layers where the 10Â layers 
(partly magnesium) constitute 80-90 % of the 
whole. There is a mixture of biotite, 1M illite 
and a small amount of smectite. In thin section 
the biotite shape is very changed, and the 1M 
illite occurs as fine neoformed lamellae in the 
interior of the bubble walls and in the broken 
vitroclastic elements producing aggregates with 
second order interference colours. These neo-
formations from the glasses are identical in all 
respects to those described in the Type I ciné-
rites. 

O n e o b s e r v e d that in d e e p w a t e r t h e v o l c a n i c 
g l a s s in a p o t a s s i c c inér i t e of T y p e II a l t e r s 
e s s e n t i a l l y to n e o f o r m e d 1M illite. 

As in the Type I cinérites the neoformations 
must be accompanied by the appearance of neo-
genic quartz, but it is not possible to calculate 
its proportion because of the variation in the 
abundance and variety of the essential elements. 
Kaolinite is totally absent both optically and 
by X-ray diffraction. 

2) Cinérite in the 11th Seam of Bibai, Hokkaido 

(Japan). 

This cinérite is present within the seam and 
is 3 cm thick. It is white in colour and has a 
fine grained aspect, but with fine graded bed
ding (the size of the grains is variable but always 
less than 0.5 mm). The thickness is constant 
ant the contacts with the coal are sharp. It is 
massive, with a conchoidal fracture and without 
fissility, which distinguishes it from other inter-
bedded sediments. These are also darker or 
black with numerous coal inclusions. Further
more there is a total absence of rootlets and 
soils in the stratigraphie succession (deep water 
allochthonous coals as in many of the Japanese 
basins, Bouroz, Î965J. 

In thin section, more than 60 % is composed 
of angular fragments of plagioclases in which 
the a'bite twin can be seen if the alteration is 
not too extreme. More rarely the feldspathic 
element shows itself in nodules built up by 
aggregate of fine needles entangled with feld

spar. In spaces caused by the feldspar altera
tion there is an infilling of microcrystalline, kao
linite (PI. V, fig. 7, 2). The biggest part of the 
mixture is made up of microcrystalline kaolinite 
in which there are several vermicules of kaoli
nite with flakes stacked normal to the elonga
tion. There are also small bands of calcite (alte
ration of anorthite) and quartz is practically ab
sent (less than 1 % in thin section). 

The chemical composition is as follows : 

S i 0 2 A l j Q - j F e 2 0 j T i 0 M S ° C a 0 K 2 ° N a

2 ° I s n n l ° s s T o t a l 

5 5 2 1 T r a c e 0 , 5 1 , 6 0 , 2 0 , 3 0 5 , 1 5 1 0 , 2 1 0 0 , 2 7 

X-ray analyses have shown (Bouroz, 1965) 
the predominance of labradorite and the pre
sence of quartz, kaolinite and a little hydro-
biotite. From the chemical analysis the approxi
mate composition of the cinérite is : 

Plagioclase (labradorite) > 60 % 
Quartz 75 % 
Kaolinite 75 % 
Hydrobiotite < 5 % 

The presence of 15 % quartz, that is of crys
tallised silica, which is practically indistinguis
hable in the optical microscope, indicates neo-
genic quartz formed from labradorite at the same 
time as the kaolinite. It is known that albite 
(S'hAIOs)Na one of the components of labrado
rite, alters according to the formula (Brousse, 
1975): 

4 : S i 3 A 1 0 B ) N a +• 4 H 2 0 -* ( S i - 4 0 L Q (OH) j ) A I ^ tOH ) fi + S S i O j + 2 N a 2 0 

that is following the loss of 2Na20 in the circu
lating water in the rock, the alteration of albite 
may be summarised by the following scheme : 

100 albite -» 49 kaolinite + 45.7 quartz 

If one considers the other component of 
labradorite, anorthite (S/^A/sOsJCa, o n e arrives 
at an analogous scheme in which nearly all the 
CaO is retained in the rock in the form of C a C 0 3 

thanks to the presence of C 0 2 in the circulating 
water (the presence of bands of calcite was 
recorded in thin section). 

W e c o n c l u d e that in d e e p w a t e r a c a l c i c -
s o d i c c iner i te of T y p e II c h a n g e s normal ly with 
t h e n e o f o r m a t i o n of kao l in i te , n e o g e n i c quartz 
and c a l c i t e . 
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3) Tonstein Hermanee (Bassin du Nord - Pas-

de-Calais, France). 

Le tonste in Hermanee , c o m m e t o u s les ton-
s te lns c o n t e n u s d a n s les c o u c h e s de houille 
du grand bass in paral ique du NW de l 'Europe, 
s ' e s t d é p o s é en eau peu profonde, d a n s d e s 
condi t ions de p é d o g e n è s e in tense ( seu ls les 
tons te ins de ce bass in d é p o s é s en eau profonde, 
c 'es t -à-di re immédia tement a p r è s une subs i -
d e n c e partielle importante , é c h a p p e n t à ce t te 
règle ; ils sont t r è s peu nombreux) . 

Dans les lames minces du tonste in Her
manee , le c h a m p es t p r e s q u e en t i è remen t const i 
tué par d e s a m a s et d e s vermicu les de kaolinite 
et par d ' anc ienne fels i tes en t i è remen t micro-
kaol in i sées . Le quar tz obse rvab l e au micro
s c o p e opt ique r e p r é s e n t e moins de 1 % du 
champ d e s lames . 

La composi t ion chimique du tonste in Her
manee e s t la su ivante (Alexanian, 1959) : 

S i 0 2 A l 2 0 - j F « i 2 0 3 Ç a " M g ° N a £ 0 K £ 0 T i 0 2 T o t a l 

5 5 ' • l 1 , 0 0 , 1 0 , 3 0 , 2 1 0 , 2 8 0 , 5 0 9 8 , 3 9 

Une obse rva t ion impor tante peu t ê t re faite 
à p r o p o s de cet te ana lyse : la p é d o g e n è s e a fait 
d e s c e n d r e les propor t ions de N a a O et de K 2 0 , 
r e s p e c t i v e m e n t à 0,21 et 0,28 % , c 'es t -à-dire à 
d e s p ropor t ions t r è s inférieures à ce qu 'e l les 
sont d a n s les c inér i tes a l t é r é e s en eau profonde 
(4,10 de «¡¡O d a n s la c o u c h e XII de Saint-Florent 
et 5,15 de N a 2 0 , c o u c h e n° 11 de Bibai) e t ce 
n 'es t p a s un c a s isolé : sur 28 a n a l y s e s effec
t u é e s su r d e s tons t e in s du Pas -de -Ca la i s (Alexa
nian, 1959), a u c u n e ne donne de propor t ions de 
N a 2 0 s u p é r i e u r e s à 0,75 % et s e u l e s 5 a n a l y s e s 
donnen t une proport ion de K 2 0 supé r i eu re à 
1 %• 

D a n s l 'analyse chimique, la silice et l'alu
mine r e p r é s e n t e n t à e l les deux 96 % de l'en
semble de la roche ; d 'aut re part, les 41 % 
d'alumine sont tous inclus d a n s la kaolinite 
puisqu'il n'y a p a s d ' au t res phyllites o b s e r v a 
bles et son t donc c o m b i n é s à 4 8 , 3 % de silice 
(d ' ap rè s la formule chimique de la kaolinite) ; 
si on tient compte de 1 % de quar tz au maxi
mum o b s e r v a b l e en lame mince, il r e s t e d a n s 
le tons te in 5 5 — (48,3 + 1 ) = 5,7 % de silice 
qui pourra ient r e p r é s e n t e r le quar tz n é o g é n i q u e . 
Ce t t e h y p o t h è s e e s t d 'autant plus fondée que 
la p r é s e n c e du quartz néogén ique vient d 'ê t re 
o b s e r v é e d i rec tement d a n s le tonste in He rmanee 
ainsi que d a n s les tons t e in s Patr ice , Maurice, 

Laurence e t Florence du m ê m e bass in (Ponsol le 
e t Prouvost , 1980). 

Par co mp a ra i so n avec les c inér i tes d é p o s é e s 
en p h a s e a l lochtone du cycle séd imenta i re , on 
cons t a t e que la p é d o g e n è s e , par sou t i r age d e s 
ions K + et Na + , enrichit c o n s i d é r a b l e m e n t une 
cinéri te en kaolinite e t on peut t irer de ce t te 
observa t ion , une conclus ion t r è s importante : 
Quels que soient le type et la composition chi
mique originels des cinérites, l'action pédogéné
tique tend à faire disparaître les différences et 
à uniformiser le chimisme résiduel vers une 
kaolinisation presque complète. D'autre part, 
la présence de quartz néogénique est un phéno
mène à peu près général dans toutes les ciné
rites, même dans celles qui sont le plus altérées 
par la pédogenèse, ce qui tendrait à prouver que 
cinérites et tonsteins kaolinisés ont la même 
origine. 

C e p e n d a n t , si les condi t ions d 'al tération 
d 'une cinéri te ont pu coïncider avec d e s poss i 
bilités de dissolution du quar tz ( teneur en 
H 4 S i 0 4 inférieure à 6 p.p.m. d a n s les eaux de 
circulation), la t eneur en silice cristall ine peut 
diminuer d 'une façon importante (Fritz et al., 
1973 ; Millot et al., 1977). 

3) Les c inér i tes de type III. 

Les c inér i tes de type III (Pl. V, fig. 3 et 4 ; 
Pl. VI, fig. 1 à 4 ; Pl. VII, fig. 1 à 4 ; Pl. VIII, fig. 1, 
2, 4) s e c o m p o s e n t e s sen t i e l l emen t d 'une accu
mulation de c e n d r e s ou de lapilli plus ou moins 
anguleux de forme irrégulière ; il s 'y ajoute du 
quar tz d 'habi tus rhyolitique typique, d e s bioti tes 
et d e s p o n c e s , l ' ensemble de c e s é l é m e n t s é tant 
e n r o b é d a n s d e s débr i s v i t roc las t iques . 

a) A s p e c t macroscopique. 

Roche de couleur beige, gr i se ou brune ; elle 
peut ê t re noire si elle e s t c h a r g é e de mat iè res 
humiques (dépôt à l ' intérieur d 'une couche ) . Les 
cinér i tes de type III ne sont p a s f r équen tes et 
ceci e s t dû v ra i semblab lemen t au fait qu 'e l les 
dér ivent d'un vo lcan i sme moins ac ide dont on 
sait que les manifes ta t ions exp los ives son t 
moins f r équen tes et moins for tes que cel les d e s 
vo lcans à chimisme rhyolitique. 

Les c inér i tes de type III p r é s e n t e n t f réquem
ment un g r a n o c l a s s e m e n t t r ès net (Pl. VI, fig. 1 
et 2) mais e l les peuven t auss i p r é s e n t e r une 
texture h o m o g è n e fine : a v e c l ' augmentat ion de 
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3) Hermanee Tonstein (Pas-de-Calais Coalfield, 

France). 

The Hermanee Tonstein, like all the tonsteins 
contained in coals in the major paralic basin of 
NW Europe, was deposited in shallow water in 
conditions of intense pedogenesis (only those 
tonsteins in that basin, which were deposited 
after an important partial subsidence are excep
tions to this rule ; they are few in number). 

In the thin sections of the Hermanee Ton
stein, the field of view is almost entirely made up 
of masses and vermicules of kaolinite and by 
ancient felsites entirely kaolinised. The obser
vable quartz is less than 7 % . 

The chemical composition is as follows 
(Alexanian, 1959) : 

S i O a A l 2 0 j l"e 20-j C a O M g O N a ¿ 0 K ¿ 0 T i 0 2 T o t a l 

55 * H 1,0 0,1 0,3 0,21 0,28 0,50 98,39 

The most important observation that we can 
make about this analysis is that pedogenesis 
has reduced the proportion of Na20 and of K 2 0 
to 0.21 and 0.28 % respectively, that is very 
much lower proportions than in cinérites altered 
in deep water (4.10% K20 in the Seam XII of 
Saint-Florent and 5.15% of Na20, bed No. 11 
of Bibai). This is not an isolated case: of 
28 analyses carried out on Pas-de-Calais ton
steins (Alexanian, 1959) none give proportions 
of Na20 greater than 0.75 % and only 5 analy
ses give a proportion of K 2 0 greater than 1 %. 

In chemical analyses, silica and alumina toge
ther represent 96 % of the whole of the rock ; 
on the other hand, the 41 % of alumina is all 
included in the kaolinite, since no other clay 
minerals were observed, and is therefore equi
valent to 48.3 % of silica (based on the chemical 
formula of kaolinite), if there is not more than 
1 % quartz observed in thin section, there 
remains in the tonstein 55 — (48.3 + 1) =5,7% 
of silica which could represent the neogenic 
quartz. This hypothesis is substantiated by the 
recent record of neogenic quartz in the Herman
ee Tonstein and also in the Patrice, Maurice, 
Laurence and Florence Tonsteins of the same 
basin (Ponsolle and Prouvost, 1980). 

By comparison with the cinérites deposited 
in the allochthonous phase of the sedimentary 
cycle, we realise that the pedogenesis, by lea

ching K+ and Na* ions, enriched considerably 
an ash in kaolinite and one can draw from this 
a very important conclusion : w h a t e v e r t h e o r i 

g ina l t y p e a n d c h e m i c a l c o m p o s i t i o n of t h e c i n e -

r i t e s , p e d o g e n e t i c a c t i o n t e n d s t o m a k e t h e 

d i f f e r e n c e s d i s a p p e a r a n d t o a c h i e v e a u n i f o r m 

r e s i d u a l c h e m i s t r y c o r r e s p o n d i n g t o a n a l m o s t 

c o m p l e t e k a o l i n i s a t i o n . O n t h e o t h e r h a n d , t h e 

p r e s e n c e of n e o g e n i c q u a r t z is a n a l m o s t g e n e 

ral p h e n o m e n a in all t h e c i n e r i t e s e v e n in t h o s e 

w h i c h a r e m o s t a l t e r e d b y p e d o g e n e s i s , w h i c h 

w o u l d t e n d t o p r o v e t h a t c i n e r i t e s a n d t o n s t e i n s 

h a v e t h e s a m e o r i g i n . 

However, if the conditions of ash alteration 
coincide with possible dissolution of the quartz 
(concentration of HiSid less than 6 p.p.m. in 
the circulating water) the content of crystalline 
silica will diminish in a very important fashion 
(Fritz e t al. , 1973 ; Millot e t al. , 7977) . 

3) T h e C i n e r i t e s of T y p e III. 

The cinerites of Type III (PI. V, fig. 3 and 4 ,-
PI. VI, fig. 1-4; PI. VII, fig. 1-4; PI. VIII, fig. 1, 
2, 4) are composed essentially of an accumu
lation of ashes and angular and irregular lapilli; 
quartz of a typically rhyolitic habit, biotites and 
pumice. These constituents are enclosed in 
vitroclastic debris. 

a ) A p p e a r a n c e in H a n d S p e c i m e n . 

A rock beige, grey or brown in colour. It 
may be black if rich in humic substance (depo
sited within a coal seam). The cinerites of 
Type III are not frequent and that is probably 
due to the fact that they are derived from less 
acid volcanism, whose explosions are less fre
quent and weaker than those with a rhyolitic 
chemistry. Type III cinerites often show a very 
clear graded bedding (PI. VI, fig. 7, 2) but they 
can also show a fine homogeneous texture, the 
further away from the emitting volcano, the finer 
the deposits are. 

b) A p p e a r a n c e u n d e r t h e M i c r o s c o p e . 

F u n d a m e n t a l C o m p o n e n t s : 

7° In those with graded bedding : 

Angular ash or lapilli, formed of microcrys-
talline material (ancient glass), with second 
order polarisation colours (PI. VI, fig. 3). 
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la d i s t a n c e au v o l c a n é m e t t e u r , l e s p r o d u i t s 

d é p o s é s s o n t d e p l u s e n p l u s f ins . 

b) Aspect microscopique. 

Eléments fondamentaux : 

1° D a n s l e s n i v e a u x à g r a n o c l a s s e m e n t : 

C e n d r e s ou lapilli a n g u l e u x , f o r m é s d ' u n e 

s u b s t a n c e m i c r o c r i s t a l l i n e ( a n c i e n s v e r r e s ) p o l a 

r i s a n t d a n s l e s t e i n t e s du d e u x i è m e o r d r e 

(Pl . VI, flg. 3 ) . 

Q u a r t z a n a l o g u e s à c e u x d e s t y p e s I e t II, 

m a i s p o u v a n t p r é s e n t e r p a r f o i s d e s p l a g e s d ' a l 

t é r a t i o n : d i s s o l u t i o n s u i v i e d ' é p i g é n i s a t i o n ) (Pl. I, 

flg. 2 ; Pl . VI, fig. 4 ) . 

A b o n d a n c e d e g r o s v e r m i c u l e s ( j u s q u ' à 1 o u 

2 m m d e l o n g u e u r ) , d e p h y l l i t e s e n f e u i l l e t s 

e m p i l é s , c e s f e u i l l e t s é t a n t c o n s t i t u é s s o i t p a r 

d e l ' illite 1M n é o f o r m é e , s o i t p a r d e la k a o l i n i t e , 

s o i t p a r un m é l a n g e é p i t a x i q u e d e s d e u x (Pl . VII, 

fig. 4 ) , s u i v a n t a b s e n c e o u p o s s i b i l i t é d ' a c t i o n 

p é d o g é n é t i q u e s u r la c i n é r i t e . 

2° D a n s l e s n i v e a u x à t e x t u r e f ine : 

A b o n d a n c e d e v e r m i c u l e s d e p h y l l i t e s n é o 

f o r m é e s : illite 1M, k a o l i n i t e , l e v e r r i é r i t e , c o m m e 

d a n s l e s n i v e a u x à g r a n o c l a s s e m e n t (Pl . VIII, 

fig. 1 e t 2 ) . 

Eléments accessoires : 

1° D a n s l e s n i v e a u x à g r a n o c l a s s e m e n t : 

R a r e s f e l d s p a t h s p l u s ou m o i n s a l t é r é s . 

E l é m e n t s f e r r o m a g n é s i e n s t o u j o u r s t r è s 

a l t é r é s . 

P o n c e s e t é l é m e n t s v i t r o c l a s t i q u e s . 

B i o t i t e s p l u s ou m o i n s g o n f l é e s e t a l t é r é e s . 

2° D a n s l e s n i v e a u x à t e x t u r e f ine : 

Q u a r t z a c i c u l a i r e s t r è s p e t i t s . 

E l é m e n t s v i t r o c l a s t i q u e s . 

Eléments rares .- z i r c o n e t a p a t i t e ( d a n s l e s 

d e u x s o r t e s d e n i v e a u x ) (Pl . I, fig. 6 ) . 

c) Résultats des analyses physico-chimiques. 

N o u s a n a l y s e r o n s s u c c e s s i v e m e n t d e u x c i n é -

r i t e s d e t y p e III, l ' u n e d o n t l ' a l t é r a t i o n n ' a p a s 

d é p a s s é le s t a d e d e la n é o f o r m a t i o n d e m i c r o -

p h y l l i t e s e n i s o v o l u m e ( c i n é r i t e a u to i t d e la 

c o u c h e 17 d e S a i n t - J e a n , C é v e n n e s ) , l ' a u t r e 

a y a n t s u b i d e s a l t é r a t i o n s d i f f é r e n t e s e n d e u x 

p o i n t s é l o i g n é s m a i s d a n s la m ê m e c o u c h e 

( c i n é r i t e d e la c o u c h e O l g a d e L a v a b r e i l l e , 

C é v e n n e s ) . 

1 ) Cinérite de la couche 17 de Saint-Jean 

(Cévennes, France). 

C ' e s t u n e c i n é r i t e d e 37 c m d ' é p a i s s e u r , 

s i t u é e d a n s le to i t d e la c o u c h e , qu i e s t p e u 

é p a i s s e (fig. 7) . Elle s ' e s t d é p o s é e d a n s un toi t , 

d o n c a p r è s u n e s u b s i d e n c e p a r t i e l l e a y a n t i n t e r 

r o m p u la f o r m a t i o n d u c h a r b o n e t e n d e s s o u s 

d e la p r o f o n d e u r l imi te d e la v i e v é g é t a l e . D e 

c e fait, e l l e n ' a p a s s u b i d e p é d o g e n è s e e t e n 

c o n s é q u e n c e , s o n a l t é r a t i o n n ' a p a s é t é t r è s 

p o u s s é e . 

Au m i c r o s c o p e , o n o b s e r v e e s s e n t i e l l e m e n t 

d e s q u a r t z m a g m a t i q u e s e t d e n o m b r e u x lapilli 

a u g u l e u x à m i c r o p h y l l i t i s a t i o n e n i s o v o l u m e ; il 

s ' y a j o u t e d ' a s s e z n o m b r e u s e s b i o t i t e s e t d e s 

é l é m e n t s f e r r o - m a g n é s i e n s t r è s a l t é r é s (Pl . V, 

fig. 3 , 4 ) . 

L ' a n a l y s e c h i m i q u e d o n n e la c o m p o s i t i o n 

s u i v a n t e : 

S i 0 2 Al^O^ FaaCvj CaO MgO K 2 0 N a 2 0 Perte au feu Total 

55 ,0 18,2 7,6 1,9 2 , 2 5,5 0 , 2 - 9,6 1 0 0 , 2 

La p r o p o r t i o n é l e v é e e n F e 2 0 3 e s t d u e à la 

p r é s e n c e d e b i o t i t e s e t d e f e r r o - m a g n é s i e n s 

a s s e z a b o n d a n t s . 

L ' a n a l y s e a u x r a y o n s X m o n t r e l e s r a i e s d u 

q u a r t z e t c e l l e s d ' u n e phy l l i t e à 10A. Au m i c r o 

s c o p e o p t i q u e , l e s q u a r t z s o n t e f f e c t i v e m e n t 

a b o n d a n t s ; q u a n t a u x lapilli , ils c o n s t i t u e n t 

l ' e s s e n t i e l d e la r o c h e e t m o n t r e n t u n e t e x t u r e 

f o r m é e d ' u n a g r é g a t d e p h y l l i t e s m i c r o c r i s t a l 

l i n e s à t e i n t e s d e p o l a r i s a t i o n du d e u x i è m e 

o r d r e , m a i s l ' e x t r ê m e p e t i t e s s e d e c e s p h y l l i t e s 

e x c l u t la p o s s i b i l i t é d ' u n e s s a i d e d é t e r m i n a t i o n 

s u r un é l é m e n t c r i s t a l l i n p r i s i s o l é m e n t (*). 

La p r o p o r t i o n r e l a t i v e m e n t é l e v é e d e K 2 0 

i n d i q u e q u e la m a t i è r e v i t r e u s e in i t ia le d e s 

c e n d r e s d e v a i t c o r r e s p o n d r e à u n e p r é d o m i 

n a n c e d ' o r t h o c l a s e s v i r t u e l s m a i s la dévi t r i f i 

c a t i o n e t l ' a l t é r a t i o n d e s v e r r e s d a n s le mil ieu 

a c i d e d e la l a g u n e h o u i l l è r e a c o n d u i t à la n é o 

f o r m a t i o n d i r e c t e d e p h y l l i t e s à 10À s a n s q u ' o n 

p u i s s e a d m e t t r e a u t r e c h o s e q u ' u n e d i a g e n è s e 

p r é c o c e , l e s i n d i c e s d e t e n e u r e n m a t i è r e s v o l a 

t i l e s d e s c h a r b o n s d e c e t t e r é g i o n du b a s s i n 

(*) compte tenu de l'ensemble des analyses effectuées 

dans le cadre de cette étude, il est hautement probable 

qu'il s'agit ici aussi d'illite 1M. 
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Q U A R T Z A N A L O G O U S T O T H O S E I N T Y P E I A N D I I 

B U T S O M E T I M E S W I T H B A N D S O F A L T E R A T I O N A S A 

R E S U L T O F E P I G É N E S I S ( P I . I , F I G . 2 ; P I . V I , F I G . 4 ) . 

A B U N D A N C E O F L A R G E V E R M I C U L E S ( A B O U T 7 O R 

2 M M I N L E N G T H ) O F C L A Y I N S T A C K E D F L A K E S . T H E 

F L A K E S A R E C O M P O S E D O F E I T H E R N E O G E N I C I L L I T E , O R 

K A O L I N I T E O R A M I X T U R E O F B O T H ( P I . V I I , F I G . 4 ) 

D E P E N D I N G O N T H E A B S E N C E O R P O S S I B I L I T Y O F P E D O -

G E N I C A C T I O N O N T H E C I N E R I T E . 

2 ° I N T H O S E W I T H A F I N E T E X T U R E : 

A B U N D A N C E O F N E O F O R M E D V E R M I C U L E S , 1 M 

I L L I T E , K A O L I N I T E , L E V E R R I É R I T E , L I K E T H A T I N T H E G R A 

D E D B E D S ( P I . V I I I , F I G . 1 , 2 ) . 

A c c e s s o r y C o m p o n e n t s : 

7° I N T H O S E W I T H G R A D E D B E D D I N G : 

R A R E F E L D S P A R S M O R E O R L E S S A L T E R E D . 

F E R R O M A G N E S I A N S A L W A Y S A L T E R E D . 

P U M I C E A N D V I T R O C L A S T I C G R A I N S . 

B I O T I T E M O R E O R L E S S E X P A N D E D A N D A L T E R E D . 

2 N I N T H O S E W I T H A F I N E T E X T U R E : 

Q U A R T Z A C I C U L A R A N D V E R Y S M A L L . 

V I T R O C L A S T I C G R A I N S . 

Rare C o m p o n e n t s : 

Z I R C O N S A N D A P A T I T E ( I N B O T H S O R T S O F B E D 

( P I . I , F I G . 6 ) . 

c) Resul ts of the Chemical Ana lyse s . 

W E W I L L A N A L Y S E S U C C E S S I V E L Y T W O T Y P E I I I 

C I N É R I T E S , O N E W H O S E A L T E R A T I O N H A S N O T G O N E 

F U R T H E R T H A N T H E S T A G E O F I S O V O L U M E N E O F O R M A -

T I O N O F V E R Y F I N E G R A I N E D C L A Y ( C I N É R I T E F R O M T H E 

R O O F O F S E A M 7 7, S A I N T - J E A N , C É V E N N E S ) A N D T H E 

O T H E R W H I C H S H O W S I N T W O L O C A L I T I E S O F T H E S A M E 

B E D A L A T E R A L D I F F E R E N C E I N T H E A L T E R A T I O N ( C I N E -

R I T E I N T H E O L G A S E A M , L A V A B R E I L L E , C É V E N N E S ) . 

1) C I N É R I T E I N T H E 1 7 T H S E A M , S A I N T - J E A N ( C É V E N 

N E S , F R A N C E ) . 

T H I S I S A C I N É R I T E 3 7 C M T H I C K , S I T U A T E D I N T H E 

R O O F O F T H E S E A M , W H I C H I S N O T V E R Y T H I C K ( F I G . 7 ) . 

I T W A S D E P O S I T E D I N T H E R O O F , A F T E R P A R T I A L S U B S I 

D E N C E H A D I N T E R R U P T E D T H E C O A L F O R M A T I O N B U T 

B E L O W T H E D E P T H L I M I T F O R V E G E T A T I O N L I F E . B E 

C A U S E O F T H I S , I T H A S N O T U N D E R G O N E P E D O G E N E S I S 

A N D C O N S E Q U E N T L Y I T S A L T E R A T I O N H A S N O T P R O G R E S 

S E D F A R . 

U N D E R T H E M I C R O S C O P E T H E Q U A R T Z I S S E E N T O 

B E T Y P I C A L L Y V O L C A N I C A N D N U M E R O U S A N G U L A R 

L A P I L L I H A V E B E E N C O N V E R T E D T O F I N E G R A I N E D C L A Y 

W I T H O U T C H A N G E I N V O L U M E . 

I N A D D I T I O N T H E R E A R E N U M E R O U S B I O T I T E S A N D 

F E R R O M A G N E S I U M M I N E R A L S W H I C H H A V E B E E N V E R Y 

A L T E R E D ( P I . V, F I G . 3 , 4 ) . 

C H E M I C A L A N A L Y S I S G I V E S T H E F O L L O W I N G C O M 

P O S I T I O N : 

S i 0 2 A 1 £ 0 5 F e - j O - j c a 0 M g O K j O N a 2 0 I B n n l o c n T o t a l 

5 5 , 0 1 8 , 2 7 , 6 1 , 9 2 , 2 5 , 5 0 , 2 9 , 6 1 0 0 , 2 

T H E H I G H P R O P O R T I O N O F F e 2 0 ; , I S D U E T O T H E 

P R E S E N C E O F B I O T I T E S A N D O F F A I R L Y A B U N D A N T F E R R O -

M A G N E S I A N G R A I N S . 

X - R A Y A N A L Y S E S s h o w s Q U A R T Z P E A K S A N D 

P E A K S F R O M A 70 A C L A Y M I N E R A L . U N D E R T H E 

O P T I C A L M I C R O S C O P E Q U A R T Z I S E F F E C T I V E L Y A B U N 

D A N T . T H E L A P I L L I M A K E U P T H E M A I N P A R T O F T H E 

R O C K A N D S H O W A T E X T U R E D E V E L O P E D B Y A N A G G R E 

G A T E O F M I C R O C R Y S T A L L I N E C L A Y W I T H S E C O N D O R D E R 

P O L A R I S A T I O N C O L O U R S B U T T H E E X T R E M E S M A L L N E S S O F 

T H E S E C L A Y P A R T I C L E S E X C L U D E S A M O R E E X A C T D E T E R 

M I N A T I O N O F T H E M I N E R A L S I N V O L V E D ( * ) . 

T H E R E L A T I V E L Y H I G H E R C O N C E N T R A T I O N O F K 2 0 

s h o w s that T H E I N I T I A L G L A S S Y M A T E R I A L C O U L D C O R 

R E S P O N D T O A P R E D O M I N A N C E O F O R T H O C L A S E . H O 

W E V E R , T H E D E V I T R I F I C A T I O N A N D A L T E R A T I O N O F T H E 

G L A S S E S I N T H E A C I D E N V I R O N M E N T O F T H E C O A L 

L A G O O N L E D T O T H E D I R E C T N E O F O R M A T I O N O F I O A 

C L A Y S W I T H O U T A N Y T H I N G O T H E R T H A N A N E A R L Y D I A -

G E N E S I S B E I N G A D M I S S A B L E . T H E V O L A T I L E M A T T E R 

I N T H E C O A L I N T H I S R E G I O N O F T H E C É V E N N E S B A S I N 

( 2 0 - 2 2 % ) I S O P P O S E D T O T H E I D E A O F M E T A M O R -

P H I C A C T I O N . 

2) C I N É R I T E I N T H E O L G A S E A M ( C É V E N N E S , F R A N C E ) . 

T H E N A M E O F O L G A O F L A V A B R E I L L E I S T H E N A M E 

K E P T , A F T E R T H E N A T I O N A L I S A T I O N O F C O A L M I N E S , I N 

O R D E R T O S T A N D A R D I S E T H E N A M I N G O F T H E S A M E 

S E A M E X P L O I T E D U N D E R D I F F E R E N T N A M E S B Y D I F F E 

R E N T C O M P A N I E S I N T H E S A M E A R E A : S E A M G O F 

R O C H E B E L L E , O L G A O F L A V A B R E I L L E , S E A M N O . 7 O F 

F O N T A N E S A N D S E A M 1 7 O F D R U L H E S ( G R A S , 1 9 7 0 ) . 

T H I S C O A L C O N T A I N S A C I N É R I T E 1 3 - 1 8 C M T H I C K 

B E T W E E N T H E M I D D L E A N D L O W E R B E D S I N T H E S E A M 

("] According to all the analyses made in this study, it 
IS in all likelihood, 1M illite. 
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Couchs G de Rachebelle (Olga) 

CÉVENNES 

Couche 17 de Drulhes( Olga) 

CÉVENNES 
Couche 17 de Saint-Jean 

CÉVENNES 

'f--.'4' 

Shale fin (illite) 

d'intervention de la subsidence 

Shale charbonneux 

Cinén le 

1ypeID".(C/fab%de K. ) A 
Nombreux vermicules de kaolinite 

quelques vermicules de levemd n te, 

rares quart? 

Shale d radicelles 

( i II ite ± kao hnisée i 

Grès à stigmana 

Shale gréseux fin 

(quartz détritique H 

Cinérite 

Type m. I 7,1% de K ) 

Nombreux ve rm ir u I e s d'illite 1 M 

néoformée , rares quartz 

d'i nterventicnk 

G refi, 

( pas de sol de végétation ) 

A A A A 
A A A 

A A A A 
A A A 

A A A A 
A A A 

A A A A 
A A A 

A A A A 

S i 

Shale à ill ite 

Shale à i II i le 

très fin 

Cinérite 

Type H.15.5% ce K ) 

Très nombreux lapilli 

à très petits éléments d'illite 

naissante dans le verre originel 

quartz assez abondant, 

rares biotites 

Si d ëri te 

de la subsidence 
Shale fin à rad i r.el 

11 lli te al terée ) 

Shale gréseux 

à radicelles 

Flg. 7. — Composition des Couches G de Rochebelle, 17 de Drulhes et 17 de Saint-Jean 

( profondeur limite d'implantation des végétaux). 

DES CÉVENNES ( 2 0 - 2 2 % ) S'OPPOSANT À LA POSSI
BILITÉ D'ADMETTRE UNE ACTION MÉTAMORPHIQUE 
QUELCONQUE. 

2) Cinérite de la couche Olga de Lavabreille 

(Cévennes, France). 

LE NOM D'OLGA DE LAVABREILLE EST CELUI QUI A 
ÉTÉ RETENU APRÈS LA NATIONALISATION DES HOUILLÈ
RES POUR UNIFORMISER LES APPELLATIONS D'UNE 
MÊME COUCHE EXPLOITÉE SOUS DES NOMS DIFFÉ
RENTS QUAND IL Y AVAIT DANS LE BASSIN PLUSIEURS 
COMPAGNIES D'EXPLOITATION PRIVÉES : COUCHE G 
DE ROCHEBELLE, COUCHE OLGA DE LAVABREILLE, 
COUCHE 1 DE FONTANES ET COUCHE 1 7 DE DRULHES 
(GRAS, 1970) . 

CETTE COUCHE CONTIENT UNE CINÉRITE DE 1 3 À 
1 8 CM D'ÉPAISSEUR SITUÉE ENTRE LES TIERS MOYEN 
ET INFÉRIEUR DE SON OUVERTURE (FIG. 7) . DEUX 
ÉCHANTILLONS DE CETTE CINÉRITE ONT ÉTÉ ANALYSÉS 
(BOUROZ et al., 1969) ET CETTE ÉTUDE AVAIT MIS EN 
ÉVIDENCE QUE LA CINÉRITE AVAIT ÉVOLUÉ DIFFÉREM
MENT SUIVANT QU'ELLE S'ÉTAIT DÉPOSÉE AU N E DU 
BASSIN (DRULHES ET LAVABREILLE) OU AU S W (ROCHE
BELLE). AYANT REPRIS LES ÉLÉMENTS DE CETTE ÉTUDE 
ET NOTAMMENT CEUX DES CONDITIONS SÉDIMENTO-

LOGIQUES, ON A PRÉCISÉ QUE LA RÉGION N E DU 
BASSIN ÉTAIT UNE RÉGION À CHARBONS ALLOCHTONES 
ET CELLE DU S W , À CHARBONS AUTOCHTONES ET À 
SOLS DE VÉGÉTATION. 

LA CINÉRITE AYANT EU ÉVIDEMMENT PARTOUT UNE 
COMPOSITION CHIMIQUE CONSTANTE AU MOMENT DE 
SON DÉPÔT (AUX FAIBLES VARIATIONS PRÈS QUE L'ON 
CONSTATE TOUJOURS DANS UNE ROCHE QUELCONQUE, 
SI HOMOGÈNE QU'ELLE PUISSE PARAÎTRE), C'EST DONC 
BIEN AUX CONDITIONS SÉDIMENTOLOGIQUES DIFFÉ
RENTES QU'IL FAUT ATTRIBUER LES VARIATIONS DE COM
POSITION CHIMIQUE DE LA CINÉRITE EN DES POINTS 
DIFFÉRENTS DU GISEMENT. 

LES RÉSULTATS D'ANALYSE CHIMIQUE SONT LES 
SUIVANTS : 

Couche G de Rochebelle (CHARBON AUTOCHTONE 
ET SOL DE VÉGÉTATION). 

S10 2 A1 2 0 ? r e 2 0 3 CaO MgO K20 Na 20 Perte au feu Total 

^5,3 35,5 2,0 0,8 0,05 0.55 0,3 15,8 100,5 

COUCHE 17 de Drulhes (CHARBON ALLOCHTONE). 

Si0 2 A1 20 3 F s 2 0 3 OaO MgO K20 Na 20 Pertu au feu Total 

^3,3 32,9 1,6 2,3 0,2 7,10 0,5 12,3 100,2 
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C O U C H E G D E R O C H E B E L L E ( O L G A ) 

C É V E N N E S 

0 ta 

C O U C H E 1 7 D E D R U L H E S ( O L G A ) 

C É V E N N E S 

L E V E L OF THE 

F I N E SHALE( ILL ITE) 

INTERVENTION OF S U B S I D E N C E 

C A R B O N A C E O U S S H A L E 

C O U C H E 1 7 D E S A I N T - J e a n 

C É V E N N E S 

O 20 cm 

C I N E R I T E T Y P E MICO 5 5 % OF K ) 
FREQUENT V E R M I C U L C S OF K A O L I N L T E , 
S O M E V E R M L C U L E S OF L E V E R R I E R I T E 
RARE QUARTZ 

S H A L E WITH ROOTLGTS(LLLITE * K A O L I N I T I S E D ) 

S A N D S T O N E WITH S T I G M A N A 

SILTY S H A L E C D E T N T A L QUARTZ • ILLITE) 

CINÓRLTE T Y P E 111(7 .1% OF K ) 
F R E Q U E N T V C R M I C U L E S OF NEOFORMED 
1 M ILLITC, RARE QUARTZ 

S A N D S T O N E ( N O S O I L ) 

Q 

L O V E / OF YI 

AT 
E 
0) 
O> 
O 

•O 
AI 

O . 

A A A 
A A 

A A A 
A A 

A A A 
A A 

A A A 
A A 

A A A 

I L 

S H A L E WITH ILLITE 

S H A L E WITH FINE G R A I N E D ILLITE 

C I N E R I T E T Y P E 111(5 .5% OF K ) 
V E R Y F R E Q U E N T LAP IL I I W I T H V E R Y 
SMALL ILLITE G R A I N S G R O W I N G I N T H E 
ORIGINAL G L A S S , QUARTZ FAIRLY 
A B U N D A N T , B I O T I T E S RARE 

THE I N T E R V E N T I O N OF S U B S I D E N C E 

F I N E S H A L E WITH ROOTLETS 
(ILLITE A L T E R E D ) 

S A N D Y S H A L E WITH ROOTLETS 

F I G . 7. — C O M P O S I T I O N O F S E A M O F G O F R O C H E B E L L E . 1 7 O F D R U L H E S A N D 1 7 O F S A I N T - L E A N 

( M A X I M U M D E P T H O F V E G E T A T I O N G R O W T H ) . 

P R O F I L E ( F I G . 7 ) . T W O S A M P L E S O F T H I S C I N E R I T E H A V E 

B E E N A N A L Y S E D ( B O U R O Z e t al . , 1 9 6 9 ) W H I C H S H O W 

T H A T T H E A S H H A D E V O L V E D I N A D I F F E R E N T W A Y A F T E R 

D E P O S I T I O N I N T H E N E O F T H E B A S I N ( D R U L H E S A N D 

L A V A B R E I L L E ) C O M P A R E D W I T H T H E S W ( R O C H E B E L L E ) . 

R E S U M I N G A G A I N T H I S S T U D Y A N D N O T A B L Y C O N S I 

D E R I N G S E D I M E N T A R Y C O N D I T I O N S , I T I S C E R T A I N T H A T 

T H E N E R E G I O N O F T H E B A S I N I S A N A R E A O F A L L O C H -

T H O N O U S C O A L S A N D T H E S W O F T H E B A S I N I S A N 

A R E A O F A U T O C H T H O N O U S C O A L S A N D S O I L S . 

T H E C I N E R I T E H A D E V E R Y W H E R E T H E S A M E C H E 

M I C A L C O M P O S I T I O N A T T H E M O M E N T O F D E P O S I T I O N 

( W I T H F E E B L E V A R I A T I O N O N E N O T E S I N A N Y R O C K , 

H O W E V E R , H O M O G E N E O U S I T M A Y A P P E A R ) . I T I S 

T H E R E F O R E , I N D E E D T O T H E D I F F E R E N T S E D I M E N T A R Y 

C O N D I T I O N S T H A T W E M U S T A T T R I B U T E L A T E R A L V A R I A 

T I O N O F T H E C H E M I C A L C O M P O S I T I O N O F T H E C I N E R I T E . 

T H E C H E M I C A L A N A L Y S E S A R E A S F O L L O W S .-

S e a m G - R o c h e b e l l e ( a u t o c h t h o n o u s C O A L 

A N D S O I L ) . 

S I 0 2 A 1 2 0 ? R E 2 ° 3 C a O H g O K £ 0 V A £ 0 I s n " l o s s T o t a l 

^ 5 , 3 3 5 , 5 2 , 0 0 , 8 2 , 2 0 , 5 5 0 , 3 1 5 , 8 1 0 0 , 3 

17th S e a m - D r u l h e s ( A L L O C H T H O N O U S C O A L ) . 

S i 0 2 A 1 2 0 ? F e 2 0 3 C a O H g O K £ 0 N a 2 0 I B n N L O H 3 T o t a l 

^ 3 , 3 3 2 , 9 1 , 6 2 , 3 0 , 2 7 , 1 0 0 , 5 1 2 , 3 1 0 0 , 2 

T H E O N L Y R E A L L Y S I G N I F I C A N T D I F F E R E N C E B E T 

W E E N T H E T W O A N A L Y S E S I S T H E D E C R E A S E I N K 2 0 

W H I C H I S R E D U C E D , B E C A U S E O F P E D O G E N E T I C A C T I O N 

F R O M 7 . 1 0 T O 0 . 5 5 % , a V A R I A T I O N O F 1 2 9 0 % . 

C A O I S A L S O R E D U C E D , B U T T O A L E S S E R E X T E N T 

2 8 7 . 5 % ( I T I S A Q U E S T I O N O F W H I C H E L E M E N T S A R E 

P R E F E R E N T I A L L Y E X T R A C T E D F R O M T H E S O I L A S T H E 

V E G E T A T I O N G R O W S ) . T H E V A R I A T I O N O F M N O A N D 

O F N A - O C A N N O T B E C O N S I D E R E D S I G N I F I C A N T , 

A L T H O U G H T H E D I F F E R E N C E S A R E I N T H E D I R E C T I O N O F 

I M P O V E R I S H M E N T . T H E S M A L L P E R C E N T A G E I N C R E A S E 

O F T H R E E O T H E R E L E M E N T S I S A L S O N O T S I G N I F I C A N T . 

A S I T I S A P E R C E N T A G E , T H E I M P O R T A N T D E C R E A S E I N 

KiO I S C O M P E N S A T E D B Y A S L I G H T P R O P O R T I O N A L 

I N C R E A S E O F T H E I N E R T E L E M E N T S . 

O F C O U R S E , T H E D I F F E R E N C E S B E T W E E N T H E T W O 

C H E M I C A L A N A L Y S E S A P P E A R S I N T H I N S E C T I O N S A S 

A D I F F E R E N C E I N T H E A S P E C T A N D P E T R O G R A P H I C 

C O M P O S I T I O N . 
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La s e u l e d i f f é r e n c e v r a i m e n t s i gn i f i ca t ive 
e n t r e l e s d e u x a n a l y s e s e s t c e l l e qui c o n c e r n e 
la d iminut ion d e K 2 Ô qui p a s s e , du fait d e l 'ac
tion p é d o g é n é t i q u e , d e 7 ,10 à 0 ,55 , so i t u n e 
var iat ion d e 1.290 % . O n p e u t y a jouter c e l l e 
d e C a O qui d iminue d a n s u n e m e s u r e m o i n d r e : 
2 8 7 , 5 % (il s 'ag i t là d e s é l é m e n t s q u e l e s v é g é 
taux p u i s e n t p r é f é r e n t i e l l e m e n t d a n s le so l au 
c o u r s d e leur c r o i s s a n c e ) . L e s v a r i a t i o n s d e 
M n O et d e N a 2 0 ne p e u v e n t ê tre c o n s i d é r é e s 
c o m m e s i g n i f i c a t i v e s b ien q u e s e p r o d u i s a n t 
a u s s i d a n s le s e n s d e l ' a p p a u v r i s s e m e n t . La 
fa ible a u g m e n t a t i o n du p o u r c e n t a g e d e s t r o i s 
a u t r e s é l é m e n t s n ' e s t p a s s i g n i f i c a t i v e non p lus : 
l e s c a l c u l s é t a n t p r é s e n t é s en p o u r c e n t a g e , la 
forte d iminut ion du K 2 0 e s t c o m p e n s é e par u n e 
l é g è r e a u g m e n t a t i o n d e s é l é m e n t s s t a b l e s . 

B i e n e n t e n d u , la d i f f é r e n c e c o n s t a t é e e n t r e 
l e s d e u x a n a l y s e s c h i m i q u e s s e traduit e n l a m e 
m i n c e par un a s p e c t e t u n e c o m p o s i t i o n p é t r o -
g r a p h i q u e s d i f f érent s (b ien v i s i b l e s sur l e s p lan
c h e s p h o t o g r a p h i q u e s et d é t a i l l é s c i - d e s s o u s ) . 

Couche G de Rochebelle. — L e s d e u x c o n s t i 
t u a n t s p é t r o g r a p h i q u e s pr inc ipaux d e la c inér i t e 
s o n t la kaol in i te e t le quartz , il s 'y a joute q u e l 
q u e s b i o t i t e s e n c o r e r e c o n n a i s s a b l e s m a i s a y a n t 
déjà s u b i un c o m m e n c e m e n t d'al térat ion par 
g o n f l e m e n t . D e s l a m e s m i n c e s j o i n t i v e s f a i t e s 
du s o m m e t à la b a s e d e la c inér i te m o n t r e n t un 
g r a n o c l a s s e m e n t t r è s net , l e s quartz é tant t o u s 
r a s s e m b l é s à la b a s e du n i v e a u e t p r a t i q u e m e n t 
a b s e n t s a u - d e s s u s ; ils s o n t à a r ê t e s v i v e s , par
f o i s à f a c e s a u t o m o r p h e s e t d o n c d 'or ig ine typi
q u e m e n t v o l c a n i q u e . La kaol in i te s e p r é s e n t e la 
plupart du t e m p s e n b â t o n n e t s a r q u é s s t r i é s 
b l a n c h â t r e s tout à fait c a r a c t é r i s t i q u e s , d e tail le 
v a r i a b l e . O n o b s e r v e q u e l q u e s v e r m i c u l e s d e 
l everr iér i t e dont l e s f eu i l l e t s d e kaol in i te e t 
d'illite s o n t inters trat i f iés d 'une f a ç o n d é s o r d o n 
n é e ; l 'a l térat ion d e s f e u i l l e t s d'illite e s t p l u s ou 
m o i n s a v a n c é e , c e r t a i n s d 'entre e u x p r é s e n t a n t 
e n c o r e d e s t e i n t e s d e po lar i sa t ion du d e u x i è m e 
ordre t r è s f r a n c h e s (Pl. VII, fig. 3 e t 4) (fig. 7) . 

Couche 17 de Drulhes. — L e s l a m e s m i n c e s 
f a i t e s d a n s la c o u c h e 17 d e D r u l h e s (ainsi q u e 
d a n s la c o u c h e O l g a d e Lavabre i l l e e t la part ie 
e s t d e la c o u c h e 1 d e F o n t a n e s ) p r é s e n t e n t un 
f a c i è s p é t r o g r a p h i q u e h o m o g è n e . D e s s é r i e s d e 
l a m e s j o i n t i v e s m o n t r e n t le m ê m e g r a n o c l a s s e 
m e n t (Pl. VI, fig. 1 à 4 ; Pl. VII, fig. 1 e t 2) (fig. 7), 
a v e c a c c u m u l a t i o n d e s quartz à la b a s e du 
n i v e a u , c e s quartz p r é s e n t a n t l e s m ê m e s h a b i t u s 

d 'or ig ine v o l c a n i q u e . Q u e l q u e s b i o t i t e s e n v o i e 
d'a l térat ion m a i s e n c o r e Ident i f iab les s o n t pré
s e n t e s d a n s l e s l a m e s ; quant a u x v e r m i c u l e s 
d e phy l l i t e s n é o f o r m é e s , ils s o n t t r è s g r o s à la 
b a s e du n i v e a u m a i s d e v i e n n e n t d e p l u s e n p lus 
p e t i t s v e r s le s o m m e t ; ils m o n t r e n t d a n s l 'en
s e m b l e , d e t r è s b e l l e s t e i n t e s d e po lar i sa t ion 
du d e u x i è m e ordre . C e s v e r m i c u l e s s e m b l e n t 
avo ir une d o u b l e o r i g i n e : l e s p l u s g r o s p a r a i s 
s e n t i s s u s du g o n f l e m e n t e t d e l 'a l térat ion d e s 
b i o t i t e s pr ima ire s p r é s e n t e s d a n s le n i v e a u ; on 
sa i t q u e le p r e m i e r s t a d e d e l 'altération d e s b io
t i t e s e s t l'illite 10Â (B r o u s s e , 1 9 7 5 ) ; le s t a d e 
s u i v a n t d e l 'altération b iot i t ique ( inters trat i f iés 
illite 10 - v e r m i c u l i t e 14) n'a p a s é t é atteint , l e s 
t e i n t e s d e po lar i sa t ion r e s t e n t c e l l e s d e l'illite. 
C e c i s e m b l e indiquer q u e l 'al térat ion d e la c i n é 
rite e n mil ieu p h y t o g è n e a l l o c h t o n e s ' e s t a r r ê t é e 
à un s t a d e p e u a v a n c é (fig. 4 d) ; a j o u t o n s q u e 
l e s v e r m i c u l e s g é a n t s d'illite n é o f o r m é e p e u 
v e n t a t t e indre j u s q u ' à 2 m m d e l o n g u e u r . Q u a n t 
aux v e r m i c u l e s p l u s p e t i t s p r é s e n t s sur tout d a n s 
la moi t ié s u p é r i e u r e d e la c inér i te , où l'on n'ob
s e r v e p a s d e quartz, ils s e s o n t f o r m é s d i r e c t e 
m e n t à partir d e v e r r e s p l u s ou m o i n s f i n e m e n t 
p u l v é r i s é s ( g r a n o c l a s s e m e n t ) : l e s l a m e s pré
s e n t e n t un e n c h e v ê t r e m e n t d e v e r m i c u l e s d'illite 
1 M s a n s a u c u n autre c o m p o s a n t p é t r o g r a p h i q u e , 
c e qui fait qu'à s a partie s u p é r i e u r e , la c inér i te 
i l l i t isée ne m o n t r e p l u s a u c u n e t r a c e d e s o n 
or ig ine v o l c a n i q u e (Pl. VI, fig. 2) . P o u r c o m p l é t e r 
le t a b l e a u , l ' a n a l y s e a u x r a y o n s X m o n t r e la 
p r é s e n c e d'un p e u d e kaol in i te , m a i s e l l e n 'e s t 
p a s d é c e l a b l e e n l a m e s m i n c e s . 

En r é s u m é , on p e u t s c h é m a t i s e r le p r o c e s 
s u s d e s n é o f o r m a t i o n s e t d é g r a d a t i o n s d a n s u n e 
cinérite potassique de type III d e la f a ç o n su i 
v a n t e : 

V e r r e s -> ( n é o f o r m a t i o n s ) - » Illite 1M - » 
Leverr iér i te - » Kaol ini te 

B i o t i t e s -> ( d é g r a d a t i o n s ) —» Illite 1M -> 
Leverr iér i te -> Kaol in i te 

l'illitisation e s t f o r t e m e n t d o m i n a n t e q u a n d l'alté
ration intervient e n e a u p r o f o n d e o ù s e s m o t e u r s 
s o n t p u r e m e n t p h y s i c o - c h i m i q u e s ( n é o f o r m a t i o n s 
d u e s au l e s s i v a g e ) ; la kaol in i te ( e n p a s s a n t par 
le s t a d e d e la l everr iér i te ) appara î t e n s u i t e e t e s t 
d'autant p lus d o m i n a n t e q u e l 'action p é d o g é n é 
t ique a é t é p lus i n t e n s e ( s o u t i r a g e d e s i o n s K 
par l e s v é g é t a u x ) . 

En tout c a s , d a n s l ' e n s e m b l e d e s c o u c h e s 
dont n o u s v e n o n s d ' é tud ier l e s c i n é r i t e s e t o ù 
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S e a m G of R o c h e b e l l e . — T H E T W O P R I N C I 

P A L P É T R O G R A P H I E C O M P O N E N T S O F T H E C I N É R I T E A R E 

K A O L I N I T E A N D Q U A R T Z . T O T H E S E A R E A D D E D S O M E 

B I O T I T E S S T I L L R E C O G N I S A B L E B U T A L R E A D Y S U F F E R I N G 

C H A N G E O F S H A P E B Y E X P A N S I O N . C O N T I N U O U S 

T H I N S E C T I O N S F R O M T H E T O P T O T H E B A S E O F T H E 

C I N É R I T E S H O W A V E R Y C L E A R G R A D I N G , T H E Q U A R T Z 

B E I N G C O N C E N T R A T E D A T T H E B A S E O F T H E B E D A N D 

P R A C T I C A L L Y A B S E N T A B O V E . T H E Q U A R T Z S H O W S 

G O O D E D G E S , O C C A S I O N A L L Y I D I O M O R P H I C A N D T H E R E 

F O R E T Y P I C A L L Y V O L C A N I C I N O R I G I N . K A O L I N I T E U S U A L 

L Y A P P E A R S A S S M A L L C U R V E D R O D S S T R E A K E D 

W H I T I S H V E R Y C H A R A C T E R I S T I C A L L Y , A N D O F V A R I A B L E 

S I Z E . T H E R E A R E A F E W V E R M I C U L E S O F L E V E R R I È -

R I T E W H O S O F L A K E S O F K A O L I N I T E A N D I L L I T E A R E M I X E D 

I N A R A N D O M M A N N E R . T H E A L T E R A T I O N O F T H E I L L I T E 

F L A K E S I S M O R E O R L E S S A D V A N C E D , S O M E O F T H E M 

S T I L L G I V E V E R Y C L E A R S E C O N D O R D E R P O L A R I S A T I O N 

C O L O U R S ( P L . V I I , F I G . 3 A N D 4 ) ( F I G . 7 ) . 

S e a m 17 of D r u l h e s . — T H E T H I N S E C T I O N S 

M A D E F R O M S E A M 1 7 O F D R U L H E S ( A S I N T H E O L G A ) 

S E A M O F L A V A B R E I L L E A N D I N T H E E A S T E R N P A R T O F 

S E A M 1 O F F O N T A N E S ) S H O W A H O M O G E N E O U S 

P É T R O G R A P H I E C H A R A C T E R . C O N T I N U O U S T H I N S E C 

T I O N S S H O W T H E S A M E G R A D I N G ( P L . V I , F I G . 1 - 4 ; 

P I V I I , F I G . 1 A N D 2 ) ( F I G . 7 ) , W I T H A N D A C C U M U 

L A T I O N O F Q U A R T Z A T T H E B A S E O F T H E B E D . T H I S 

Q U A R T Z S H O W S T H E S A M E H A B I T O F V O L C A N I C O R I G I N . 

A F E W B I O T I T E A R E P R E S E N T , P A R T I C U L A R L Y A L T E R E D , 

B U T S T I L L R E C O G N I S A B L E . T H E N E O F O R M E D C L A Y V E R 

M I C U L E S , A R E V E R Y B I G A T T H E B A S E O F T H E B E D 

B U T B E C O M E P R O G R E S S I V E L Y S M A L L E R T O W A R D S T H E 

T O P . T H E Y S H O W V E R Y G O O D S E C O N D O R D E R P O L A 

R I S A T I O N C O L O U R S . T H E S E V E R M I C U L E S S E E M T O 

H A V E A D O U B ' E O R I G I N , T H E L A R G E S T S E E M T O H A V E 

D E V E L O P E D F R O M T H E P R I M A R Y B I O T I T E S B Y A L T E R A 

T I O N A N D I N F L A T I O N . IT I S K N O W N T H A T T H E F I R S T 

S T A G E I N T H E A L T E R A T I O N O F T H E B I O T I T E S I S 1 Q Â I L L I T E 

( B R O U S S E , 1 9 7 5 ) . T H E N E X T S T A G E O F B I O T I T E A ' T E R A -

T I O N ( I N T E R S T R A T I F I E D 1 0 Â I L L I T E - 1 4 À V E R M I C U L I T E ) H A S 

N O T B E E N A T T A I N E D , B E C A U S E T H E P O L A R I S A T I O N C O 

L O U R S A R E T H O S E D U E T O I L L I T E . T H I S S E E M S T O I N D I 

C A T E T H A T A S H A L T E R A T I O N I N T H E A L L O C H T H O N O U S C O A L 

E N V I R O N M E N T S T O P P E D B E F O R E IT R E A C H E D A N A D V A N 

C E D S T A G E ( F I G . 4 D ) . L E T U S A D D T H E G I A N T N E O 

F O R M E D V E R M I C U L E S O F I L L I T E C A N R E A C H A L E N G T H O F 

A L M O S T 2 M M . A S T O T H E S M A L L E R V E R M I C U L E S P R E 

S E N T I N T H E T O P H A L F O F T H E C I N É R I T E W H E R E Q U A R T Z 

I S N O L O N G E R V I S I B L E , T H E Y W E R E F O R M E D D I R E C T L Y 

F R O M G L A S S M O R E O R L E S S F I N E L Y P U L V E R I S E D ( G R A 

D E D ) A N D P E R H A P S F R O M V E R Y S M A L L P R I M A R Y B I O 

T I T E S T H A T A L T E R A T I O N H A S D E S T R O Y E D . T H E S E C T I O N S 

S H O W A C O N F U S I O N O F 1 M I L L I T E V E R M I C U L E S W I T H O U T 

A N Y O T H E R P E T R O G R A P H I C C O M P O N E N T , W H I C H M E A N S 

T H A T I N I T S U P P E R P A R T T H E A S H A L T E R E D T O I L L I T E 

A N D N O L O N G E R S H O W S A N Y T R A C E O F I T S V O L C A N I C 

O R I G I N ( P I . V I , F I G . 2 ) . T O C O M P L E T E T H E P I C T U R E , 

T H E X - R A Y A N A L Y S E S S H O W T H E P R E S E N C E O F A L I T T L E 

K A O L I N I T E , B U T T H I S I S N O T O P T I C A L L Y V I S I B L E I N T H I N 

S E C T I O N S . 

I N S U M M A R Y T H E A L T E R A T I O N A N D N E O F O R M A T I O N S 

O F A P O T A S S I C A S H O F T Y P E I I I M A Y B E S C H E M A T I 

C A L L Y S H O W N A S F O L L O W S : 

G L A S S - > ( N E O F O R M A T I O N S ) - » 1 M I L L I T E — > 

L E V E R R I E R I T E — > K A O L I N I T E 

B I O T I T E S — » ( W E A T H E R I N G ) - » 1 M I L L I T E — » 

L E V E R R I E R I T E - > K A O L I N I T E 

L L L I T I S A T I O N I S V E R Y D O M I N A N T W H E N A L T E R A T I O N 

T A K E S P L A C E I N D E E P W A T E R W H E R E T H E D R I V I N G 

F O R C E S A R E P U R E L Y C H E M I C A L . K A O L I N I T E A P P E A R S 

A F T E R W A R D S ( I T P A S S E S T H R O U G H T H E L E V E R R I E R I T E 

S T A G E ) A N D D O M I N A T E S IF P E D O G E N I C A C T I O N W A S 

I N T E N S E ( E X T R A C T I O N O F K ~ I O N S B Y T H E V E G E T A T I O N ) . 

I N A N Y C A S E S , A L L T H E C I N É R I T E S W E H A V E S T U D I E D 

A R E A S S O C I A T E D W I T H C O A L S W H O S E V O L A T I L E % D O E S 

N O T V A R Y , 2 0 - 2 2 % A N D D I F F E R E N T I A L M E T A M O R P H I C 

A C T I O N C A N N O T B E I N V O K E D T O R E V E R S E L O C A L L Y T H E 

A L T E R A T I O N P R O C E S S A N D T H E S C H E M E K A O L I N I T E — » 

I L L I T E S U G G E S T E D P R E V I O U S L Y I N C E R T A I N T H E O R I E S 

C A N N O T B E S E R I O U S A D M I T T E D H E R E ( * ) . 

d) The p r o b l e m of quartz e p i g é n e s i s . 

I T R E M A I N S T O E X P L A I N A P A R T I C U L A R P H E N O M E 

N O N S E E N I N T H I S C I N É R I T E I N T H E R E G I O N S O F L A V A 

B R E I L L E A N D D R U L H E S ; o n e n o t i c e s an e p i g e n e t i c 
r e p l a c e m e n t of quartz by m i c r o v e r m i c u l e s of 
illite by d i s s o l u t i o n of all or part of the s i l i ca 
and i s o v o l u m e r e p l a c e m e n t by this n e o f o r m e d 
illite ( P I . I , F I G . 2 ; P I . V I , F I G . 4 ) ( * * ) . 

T H E O R I G I N O F T H I S P H E N O M E N O N R E Q U I R E S T H E 

C O N C E N T R A T I O N O F S I L I C A I N T H E P O R E W A T E R S T O B E 

S U F F I C I E N T L Y L O W S O T H A T IT C A N I N C R E A S E A N D A T 

T H E S A M E T I M E , T H E C O N C E N T R A T I O N O F K * I O N S I N 

T H I S W A T E R S H O U L D B E S U F F I C I E N T L Y H I G H T O A L L O W 

I L L I T E N E O F O R M A T I O N S F R O M T H E D I S S O L V E D E L E M E N T S . 

C) Of course an illitisation of kaolinite is always possi
ble locally in the coal basin due to mineralising solutions 
rising from depth along fractures. 

("*) This phenomena has been observed elsewhere ; 
notably in the cinerites of the Julie and Mas-Dieu Seams 
(Cevennes), in the 3rd Bcaubrun Scam (Saint-Etienne) and in 
the Seam below the Grande Couche of La Mure (Dauphine). 
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l e s i n d i c e s d e m a t i è r e s v o l a t i l e s s o n t h o m o g è 
n e s e t d e l ' o r d r e d e 2 0 - 2 2 % , a u c u n e a c t i o n 
d e d i a g e n è s e p r o f o n d e o u m é t a m o r p h i q u e n e 
p e u t ê t r e i n v o q u é e p o u r i n v e r s e r l o c a l e m e n t l e s 
p r o c e s s u s d ' a l t é r a t i o n e t le s c h é m a k a o l i n i t e —» 
illite m i s e n a v a n t p a r c e r t a i n e s t h é o r i e s , n e 
p e u t ê t r e a d m i s s é r i e u s e m e n t ici (*) 

d ) Le problème de l'épigénisation des quartz. 

Il r e s t e à e x p l i q u e r un p h é n o m è n e p a r t i c u 
l ie r o b s e r v é d a n s c e t t e c i n é r i t e , d a n s l e s r é g i o n s 
d e L a v a b r e i l l e e t d e D r u l h e s : o n constate une 
épigénisation des quartz par des microvermi-
cules d'illite, par dissolution de tout ou partie de 
la silice et son remplacement en isovolume par 
cette illite néoformée (P l . I, fig. 2 ; Pl . VI, 
fig. 4 ) ( " ) . 

La g e n è s e d e c e p h é n o m è n e s u p p o s e à la 
fo i s q u e la t e n e u r e n s i l i c e d e s e a u x d e c i r c u l a 
t i on s o i t s u f f i s a m m e n t f a ib l e p o u r a d m e t t r e u n e 
a u g m e n t a t i o n d e c e t t e t e n e u r e t , d ' a u t r e p a r t , 
q u e la t e n e u r e n i o n s K + d e c e t t e e a u s o i t suffi
s a m m e n t é l e v é e p o u r p e r m e t t r e la n é o f o r m a t i o n 
d ' i l l i te à p a r t i r d e s s e u l s é l é m e n t s d i s s o u s c a r 
il n e s ' a g i t p a s ici d ' u n e a l t é r a t i o n d ' u n m i n é r a l 
q u e l c o n q u e e t d e s a t r a n s f o r m a t i o n e n un m i n é 
ral d ' u n e fami l l e v o i s i n e , m a i s b i e n d ' u n e n é o 
g e n è s e c o m p l è t e d ' u n m i n é r a l t r è s d i f f é r e n t d e 
c e l u i qu ' i l r e m p l a c e . En fait , il s ' a g i t là d ' u n 
p r o b l è m e qui r e s s o r t i t à la t h e r m o d y n a m i q u e . 

R a p p e l o n s d ' a b o r d q u ' u n e c i n é r i t e p r é s e n t e , 
a u m o m e n t d e s o n d é p ô t , d e s v i d e s d e l ' o r d r e 
d e 5 0 % ( N i n k o v i c h et al., 1978) , d a n s l e s q u e l s 
l e s e a u x d e r u i s s e l l e m e n t , p e u m i n é r a l i s é e s à 
l ' o r i g i n e , p o u r r o n t c i r c u l e r a s s e z l i b r e m e n t . S ' a t -
t a q u a n t à d e s m i n é r a u x d e g e n è s e r é c e n t e ou à 
d e s v e r r e s qu i s o n t p a r n a t u r e , i n s t a b l e s , c e s 
e a u x p o u r r o n t d i s s o u d r e c e r t a i n s d e l e u r s c o m 
p o s a n t s e t l e s t r a n s p o r t e r p l u s o u m o i n s loin à 
l ' i n t é r i e u r d e la c i n é r i t e , p r o v o q u a n t r é g i o n a l e -
m e n t s o i t un e n r i c h i s s e m e n t , s o i t un a p p a u v r i s 
s e m e n t e n c o n s t i t u a n t s c h i m i q u e s d i v e r s . En 
r é s u m é , p r e s q u e d è s s o n d é p ô t , u n e c i n é r i t e 
p o u r r a ê t r e le s i è g e d u n e d i a g e n è s e p r é c o c e 

(*) Bien entendu, une illitisation de la kaolinite sera 
toujours possible localement dans un bassin houiller, à ta 
faveur de fractures permettant l'apport d'éléments minérali-
sateurs venant de la profondeur, mais le phénomène ne 
pourra être que très localisé aux alentours de ces fractures. 

(**) Ce phénomène a été observé également ailleurs : 
cinérites des couches Julie et Mas-Dieu (Cévennes), 3" 
Beaubrun (Saint-Etienne), Banc de mur de la Grande Cou
che de La Mure (Dauphlné), notamment. 

qui o b é i t à d e s r è g l e s e t d é p e n d d e c o n d i t i o n s 
p h y s i c o - c h i m i q u e s t r è s c o m p l e x e s m a i s t r è s 
p r é c i s e s . 

U n e é t u d e c o m p l è t e d e s c o n d i t i o n s d ' é v o l u 
t ion e t d ' é q u i l i b r e d e s m i n é r a u x a é t é p u b l i é e 
p a r G a r r e l s e t C h r i s t ( 1965) e t l e s m é t h o d e s d e 
c a l c u l t h e r m o d y n a m i q u e c o n c e r n a n t c e r t a i n e s d e 
c e s c o n d i t i o n s o n t é t é p r é c i s é e s p a r H e g e l s o n 
( 1 9 6 9 ) . C e s m é t h o d e s d e c a l c u l o n t é t é a d a p t é e s 
p a r Fri tz e t T a r d y (1973) p o u r a p p l i c a t i o n à 
l ' é t u d e d e s c o n d i t i o n s d e g e n è s e e t d e s t a b i 
l i té d e s s i l i c a t e s d e la s u r f a c e , à la t e m p é r a t u r e 
d e 2 5 ° C e t à la p r e s s i o n d e 1 a t m o s p h è r e ; 
c e s a u t e u r s o n t é g a l e m e n t p r é s e n t é un d i a g r a m 
m e d e s t a b i l i t é d e q u e l q u e s s i l i c a t e s qui a é t é 
r e p r i s d a n s u n e p u b l i c a t i o n u l t é r i e u r e (Mil lot 
e t al., 1977) . L ' i n t é r ê t d e c e s t r a v a u x p r o v i e n t d e 
c e q u e l e s c o n d i t i o n s d e g e n è s e e t d e s t a b i l i t é 
d e s s i l i c a t e s d é f i n i e s p a r Fr i tz e t T a r d y n o u s 
p a r a i s s e n t s ' a p p a r e n t e r à c e l l e s d o n t on p e u t 
p e n s e r q u ' e l l e s r é g n a i e n t d a n s un b a s s i n houi l 
l e r e n c o u r s d e d é p ô t , m a i s s a n s q u ' o n p u i s s e 
p r é t e n d r e à un p a r a l l é l i s m e é t r o i t , c a r l e s h y p o 
t h è s e s d e d é p a r t n e s e r a i e n t p a s l e s m ê m e s 
e t l e s c a l c u l s , a u d e m e u r a n t for t c o m p l e x e s , 
s u s c e p t i b l e s d e d i v e r g e r p l u s ou m o i n s , d ' a u t a n t 
p l u s q u e l e s c a l c u l s é t a b l i s s a n t le d i a g r a m m e 
p a r t e n t d ' e s p è c e s m i n é r a l e s b i e n d é f i n i e s a l o r s 
q u e l e s c i n é r i t e s f r a î c h e s c o m p o r t e n t u n e fo r t e 
p r o p o r t i o n d e v e r r e s , c ' e s t - à - d i r e d ' é l é m e n t s 
a m o r p h e s . M a i s le g r a n d m é r i t e d e c e d i a g r a m 
m e , p o u r n o u s , e s t qu ' i l e x i s t e e t on c o n s t a t e 
q u e c e r t a i n e s d e s e s d o n n é e s p e r m e t t e n t d e 
c o m p r e n d r e p o u r q u o i le p h é n o m è n e d ' é p i g é n i -
s a t i o n du q u a r t z p e u t é v e n t u e l l e m e n t s e p r o d u i r e 
e t d e p r é c i s e r l e s c o n d i t i o n s p h y s i c o - c h i m i q u e s 
n é c e s s a i r e s à s a r é a l i s a t i o n . C ' e s t p o u r q u o i 
n o u s p e n s o n s qu ' i l e s t i n t é r e s s a n t d e p r é s e n t e r 
c e d i a g r a m m e s u c c i n c t e m e n t . 

Diagramme de stabilité des silicates phylliteux. 

C e d i a g r a m m e a é t é c a l c u l é à p a r t i r d e s 
e s p è c e s m i n é r a l e s s u i v a n t e s : m i c r o c l i n e , m u s c o -
v i t e , illite, m o n t m o r i l l o n i t e , k a o l i n i t e e t g i b b s i t e . 
Il c o n c e r n e d e s e s p è c e s m i n é r a l e s b i e n d é f i n i e s 
c o m m e le m i c r o c l i n e , la m u s c o v i t e , la k a o l i n i t e 
e t la g i b b s i t e e t d e s e s p è c e s à f o r m u l e c h i m i q u e 
v a r i a b l e c o m m e l'illite e t la m o n t m o r i l l o n i t e . Le 
c a l c u l du d i a g r a m m e a u t i l i s é le m i c r o c l i n e c a r 
il é t a i t n é c e s s a i r e d e p a r t i r d ' u n e f o r m u l e c h i 
m i q u e d é f i n i e ( m i c r o c l i n e = SiaAI Os K) ; e n c e 
qu i c o n c e r n e l e s c i n é r i t e s , la p l u p a r t d ' e n t r e 
e l l e s s o n t f o r t e m e n t p o t a s s i q u e s ( c o m m e un 
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It is not a question of alteration of just any 
mineral and of its transformation into a mineral 
of a neighbouring family, but indeed of a com
plete neogenesis of a mineral very different 
from that it replaces. Indeed there is a pro
blem here which concerned thermodynamics. 

Let us remember that an ash at the time of 
deposition contains about 50 % pore volume 
(Ninkovitch ET AL., 1978), in which mobile waters, 
initially with low concentrations, will be able to 
circulate quite freely. There is attack of the 
minerals of recent origin and the glasses which 
are unstable. The porewaters will be able to 
dissolve certain of their components and to 
transport them differing distances into the inte
rior of the ash, causing either an enrichment or 
an impoverishment of the different elements. 
Thus, almost at the time of deposition, an ash 
can be the seat of an early diagenesis which 
obeys rules and depends on chemical condi
tions which are very complex but very exact. 

A complete study of the conditions of evo
lution and of equilibrium of minerals has been 
published by Garrels and Christ (1965). The 
methods of thermodynamic calculation concer
ning certain of these conditions has been cove
red in detail by Hegelson (1969). These methods 
of calculation have been adapted by Fritz and 
Tardy (1973). These authors have also presen
ted a stability diagram of some silicates which 
was referred to in a later publication. The inte
rest in this work stems from the fact that the 
conditions of silicate genesis and stability des
cribed by Fritz and Tardy appear to us to be 
similar to those thought to have existed in a 
coal basin at the time of deposition, but not 
necessarily exactly the same, for the initial 
starting point would not be the same and the 
calculations, complex as they may be, likely to 
diverge to some extent all the more since the 
diagram is established on well defined mineral 
species, whereas the fresh cinerites contain a 
high proportion of glass, that is of amorphous 
material. 

The great merit of this diagram for us, is 
that some of what it shows permits us to under
stand how the phenomenon of the epigenetic 
quartz can eventually be produced and also 
to discover the necessary chemical conditions. 
That Is why we think it is of interest to succinc
tly present this diagram. 

Clay STABILITY DIAGRAM. 

This diagram has been calculated from the 
following mineral species ; microcline, musco-
vite, illite, montmorillonite, kaolinite and gibbsite. 
It is concerned with well defined mineral species 
such as microcline, muscovite, kaolinite and 
gibbsite, and with species of a variable chemical 
formula, such as illite and montmorillonite. 

In the cinerites, the elementary chemical 
components are the same as those utilized in 
the diagram. 

Also we will assume that the relative posi
tion of the clay stability zones as they appear 
on the diagram remain valid for the ashes after 
the glass has crystallised. The diagram is com
posed of the following elements (fig. 8). 

ON THE ABSCISSA, concentration of the silica 
in solution, expressed as a log H,SiOt ; the solu
bility of the silica in water is independent of the 
pH until values greater than pH 9. These values 
are not present in the flowing waters of a coal 
basin (presence of humic acids). We will assu
me that the solubility remains independent of 
the pH. 

There exists a single value which is log 
HtSiO* = — 4 , which corresponds to a silica 
solubility of 6 p.p m. or 6 milligrammes per litre. 
This single value constitutes the solubility limit 
of quartz : AT LESS THAN 6 P.P.M., QUARTZ IS SOLUBLE. 

ON THE ORDINATE, is shown the logarithm of 
the linked K* and H* ion activities, namely : 

LOG — — = LOG — = LOG K + + PH 
A H + 

H + 

high values on the ordinate correspond to high 
concentrations of K* and to elevated pH values, 
variables which are not independent. 

EQUILIBRIUM CONDITIONS. 

7"RIE first condition of equilibrium is the stabi
lity limit of quartz, S / 0 2 = 6 p.p.m. The order 
equilibrium conditions form the stability limits 
of each mineral compared with its neighbours, 
that is to say, that they delimit surfaces which 
are the stability fields of this mineral, in rela
tion to its neighbours. It is along these equili
brium boundaries that one mineral recrystallises 
to another according to the variation in the 
concentrations in solution of S / 0 2 , K + and H + 
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g r a n d n o m b r e d ' a n a l y s e s c h i m i q u e s l e p r o u v e n t ) 

e t l e s c o m p o s a n t s c h i m i q u e s é l é m e n t a i r e s m i s 

e n j e u s o n t l e s m ê m e s q u e c e u x u t i l i s é s d a n s 

l e d i a g r a m m e ; a u s s i n o u s a d m e t t r o n s q u e l e s 

p o s i t i o n s r e l a t i v e s d e s a i r e s d e s t a b i l i t é d e s 

m i n é r a u x p h y l l i t e u x t e l l e s q u ' e l l e s a p p a r a i s s e n t 

d a n s l e d i a g r a m m e r e s t e n t a p p r o x i m a t i v e m e n t 

v a l a b l e s d a n s l e c a s d e s c i n é r i t e s a p r è s c r i s t a l 

l i s a t i o n d e l e u r s v e r r e s . 

L e d i a g r a m m e c o m p o r t e l e s é l é m e n t s s u i 

v a n t s ( f i g . 8 ) : 

En abscisse, c o n c e n t r a t i o n d e l a s i l i c e e n 

s o l u t i o n , e x p r i m é e e n l o g h L S i O * ; la s o l u b i l i t é 

d e la s i l i c e d a n s l ' e a u e s t i n d é p e n d a n t e d u p H 

j u s q u ' à d e s v a l e u r s s u p é r i e u r e s à p H 9 , m a i s 

c e s d e r n i è r e s v a l e u r s n e s e p r é s e n t a n t p a s 

d a n s l e s e a u x d e r u i s s e l l e m e n t d ' u n b a s s i n 

h o u i l l e r ( p r é s e n c e d ' a c i d e s h u m i q u e s ) , n o u s 

a d m e t t r o n s q u e c e t t e s o l u b i l i t é r e s t e i n d é p e n 

d a n t e d u p H . Il e x i s t e u n p o i n t s i n g u l i e r q u i e s t : 

l o g H 1 S 1 O 4 = — 4 , q u i c o r r e s p o n d à u n e s o l u b i 

l i t é e n s i l i c e d e 6 p . p . m . o u 6 m i l l i g r a m m e s p a r 

l i t r e ; c e p o i n t s i n g u l i e r c o n s t i t u e l a l i m i t e d e 

s o l u b i l i t é d u q u a r t z : à des teneurs inférieures 
à 6 p.p.m., le quartz se dissout. 

En ordonnée e s t p o r t é l e l o g a r i t h m e d u r a p 

p o r t d e s c o n c e n t r a t i o n s e n i o n s K + e t e n i o n s H*, 

s o i t : 

a 
K* K* 

l o g = l o g — = l o g K + + p H 

l e s v a l e u r s é l e v é e s d e s o r d o n n é e s c o r r e s p o n 

d e n t d o n c a u x f o r t e s c o n c e n t r a t i o n s e n K + e t 

a u x p H é l e v é s , v a r i a b l e s q u i n e s o n t p a s i n d é 

p e n d a n t e s . 

Droites d'équilibre. 
L a p r e m i è r e d r o i t e d ' é q u i l i b r e e s t l a l i m i t e 

d e s t a b i l i t é d u q u a r t z : S i 0 2 = 6 p . p . m . 

L e s a u t r e s d r o i t e s d ' é q u i l i b r e c o n s t i t u e n t l e s 

l i m i t e s d e s t a b i l i t é d e c h a q u e m i n é r a l v i s - à - v i s 

d e s e s v o i s i n s , c ' e s t - à - d i r e q u ' e l l e s d é l i m i t e n t 

d e s s u r f a c e s q u i s o n t l e s c h a m p s d e s t a b i l i t é 

d e c e m i n é r a l p a r r a p p o r t à s e s v o i s i n s ; c ' e s t 

l e l o n g d e c e s d r o i t e s qu'à l'équilibre, u n m i n é 

r a l r e c r i s t a l l i s e e n u n a u t r e s e l o n l a v a r i a t i o n 

d e s t e n e u r s d e l a s o l u t i o n e n S i 0 2 , K" e t H + . 

B i e n e n t e n d u , u n t e l d i a g r a m m e n e d i t r i e n s u r 

l e s v i t e s s e s d e r é a c t i o n ; d ' a u t r e p a r t , n o u s 

a v o n s s i g n a l é q u e c e r t a i n s m i n é r a u x ( i l l i t e , m o n t -

m o r i l l o n i t e ) o n t d e s c o m p o s i t i o n s c h i m i q u e s 

v a r i a b l e s : e n c o n s é q u e n c e , l a p o s i t i o n d e s d r o i 

t e s d ' é q u i l i b r e p o u r r a c h a n g e r l é g è r e m e n t s u i 

v a n t l e s f o r m u l e s d e s c o m p o s i t i o n s c h i m i q u e s 

r e t e n u e s p o u r l e s c a l c u l s , m a i s l e s p o s i t i o n s 

r e l a t i v e s d e s p l a g e s d e s t a b i l i t é n e c h a n g e r o n t 

p a s ( * ) . 

E n r é s u m é , c e d i a g r a m m e p r é c i s e l a n a t u r e 

d e s n é o f o r m a t i o n s p o s s i b l e s d a n s l e s c o n d i t i o n s 

d e l a s u r f a c e , c ' e s t - à - d i r e d a n s d e s c o n d i t i o n s 

t r è s v o i s i n e s d e c e l l e s o ù s e t r o u v a i e n t l e s c i n é 

r i t e s p e u a p r è s l e u r d é p ô t e t a v a n t l e u r e n f o u i s 

s e m e n t à g r a n d e p r o f o n d e u r . Il p e u t p e r m e t t r e 

é g a l e m e n t ( a v e c l e s r é s e r v e s é m i s e s p l u s h a u t ) 

d ' e x p l i q u e r c e r t a i n e s o b s e r v a t i o n s f a i t e s d a n s 

l e s c i n é r i t e s e t l e s t o n s t e i n s q u i e n s o n t d é r i v é s : 

1 ° L a p o s s i b i l i t é d e d i s s o l u t i o n d u q u a r t z 

e x p l i q u e p o u r q u o i l a c o m p o s i t i o n c h i m i q u e d e 

c e r t a i n e s c i n é r i t e s t e l l e s q u e n o u s p o u v o n s l e s 

a n a l y s e r a c t u e l l e m e n t , p r é s e n t e u n d é f i c i t e n 

s i l i c e p a r r a p p o r t a u x t u f s o r i g i n e l s : d a n s l e s 

t y p e s III e t IV, l ' a l u m i n e p e u t p r é s e n t e r 3 2 à 

3 5 % d u p o i d s t o t a l , c e q u i e s t n e t t e m e n t o l u s 

é l e v é q u e d a n s n ' i m p o r t e q u e l s l a v e o u t u f 

( 2 2 % e s t u n m a x i m u m q u ' e n r e n c o n t r e d a n s 

l e s p h o n o l i t e s ) . 

2 ° L e s c o n s é q u e n c e s d e l a c o e x i s t e n c e d e 

d e u x s o r t e s d e p h é n o m è n e s q u i n e p a r a i s s e n t 

p a s l i é s a p r i o r i e n t r e e u x , s ' e x p l i q u e n t p a r l e 

d i a g r a m m e : d ' u n e p a r t , l a d r o i t e v e r t i c a l e à 

6 p . p . m . c o n s t i t u e la l i m i t e d e s o l u b i l i t é d u 

q u a r t z q u i d e v i e n t s o l u b l e p o u r d e s v a l e u r s 

i n f é r i e u r e s à 6 p . p . m . ; d ' a u t r e p a r t , l e c h a m p d e 

s t a b i l i t é d e c e r t a i n e s p h y l l i t e s ( i l l i t e s p a r e x . ) 

e s t e n t i è r e m e n t o u p r e s q u e e n t i è r e m e n t ( s u i v a n t 

la f o r m u l e c h i m i q u e r e t e n u e p o u r l ' i l l i t e ) s i t u é 

d a n s l e c h a m p d e s o l u b i l i t é d u q u a r t z . La super
position partielle de ces deux champs explique 
les phénomènes observés d'épigénisation du 
quartz par de l'illite en isovolume. 

3° U n e a u t r e c o n c l u s i o n i m p o r t a n t e q u ' o n 

p e u t t i r e r d u d i a g r a m m e e s t la d é m o n s t r a t i o n 

d e la possibilité de néoformation directe à par
tir des verres volcaniques, de phyllites à 10À 
sans qu'il faille passer par l'intermédiaire de la 
kaolinite. C e l l e - c i p e u t é g a l e m e n t s e f o r m e r 

(*) Nous remercions !e Professeur Georges Millot d'avoir 
bien voulu nous conseiller sur l'interprétation du diagramme 
et les applications qu'on pouvait en faire. 
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log[K+]+pH 

13.0-

11.0-

9.0-

Z o n e 
d e s o l u b i l i t é Z o n e d n s t a b i l i t é 

d u q u a r t z 

M U S C O V I T E " 

' · . ILLITE 

7.0 H 

5.0 

3.0 H 

1.0 H 

.1.0 H 

-3.0 H 

-5.0 

G I B B S I T E 

d u q u a r t z 

M I C R O C L I N E 

M D N T M D R I L L O N I T E 

: K A O L I N I T E -

-6.0 
—r~ 
-5.0 -4.0 -3.0 

I 
6ppm S i 0 2 

-2.0 -1.0 0.0 

Fig. 8. — Diagramme de Tardy et Fritz, stabilité des miné
raux à 25° C et 1 atm. en fonction du pH des teneurs en 

K + e t H.SiO, (d'après Millot et al., 1977). 

Fig. 8. — D i a g r a m of Tardy a n d Fritz, s t a b i l i t y of m i n e r a l s 
a t 25° C a n d 1 a t m . a s a f u n c t i o n of pH, a c t i v i t y K* 

a n d H S i O i (after Millot et al., 1977). 

Of course such a diagram says nothing about 
the speed of reaction. On the other hand, we 
have pointed out that some minerals (illite, 
montmorillonite) have variable compositions, 
consequently the equilibrium conditions will vary 
slightly according to the chemical formulae used 
in the calculations, but the relative positions of 
the stability fields will not change (*). 

Thus this diagram shows precisely the nature 

of the possible neoformatlons under surface 

(*) W e thank Professor Georges Mi/lot for having advi
sed u s o n t h e i n t e r p r e t a t i o n of t h e d i a g r a m a n d t h e appli
c a t i o n s t h a t c a n b e m a d e . 

conditions, that is in conditions very close to 
those in which the ashes found themselves a 
short time after deposition aid bsfore burial to 
great depths. It can also explain (with the 
restrictions given above) observations made on 
the cinérites and the tonsteins which are deri
ved from them : 

1° The possibility of quartz dissolution ex
plains why the present chemical composition 
of certain tonsteins is defficient in silica compa
red to the original cinérites. In Types 111 and IV 
alumina can be 32-35 % by weight which is 
clearly higher than in any lava or tuff (22 % 
is the maximum encountered in phonolites). 

2° The c o n s e q u e n c e s of the e x i s t e n c e of two 
s o r t s of phenomena which do not seem connec
ted a priori is explained by the diagram ; on the 
one hand, the vertical straight line of 6 p.p.m. 
constitute the solubility limit of quartz, which 
becomes solub'e for values below 6 p.p.m., on 
the other hand the stability fields of certain clays 
(e.g. illite) is completely or almost completely 
(according to the chemical formula used for illite) 
situated in the field of quartz solubility. The par
tial supe rpos i t on of the two fields expla ins the 
isovolume ep igene t i c r e p l a c e m e n t of quar tz by 
illite. 

3° Another important conclusion that can be 
drawn from the diagram is the demonstration 
of the possibility of direct neoformat ion of 10.A 
clays from volcanic g l a s s without the need to 
p a s s through in termedia te kaolinite. This can 
also form directly from the glass, but the neo
formation of these clays corresponds, in each 
case, to chemical conditions in the environment 
which exclude the formation of the other two. 
But if these conditions should vary, the exis
ting clay would be changed into another. On 
the other hand, if the process should stop for 
any reason before it had entirely finished, the re 
would be an interstratified mineral (e.g. lever-
riérite). This is the case in the cinérite in the 
G seam of Rochebelle which has not been 
entirely kaolinised. 

4) The Cinér i tes of Type IV. 

Type IV cinérite (Pl. VIII, fig. 3; Pl. IX, 
fig. 7 -4 ; Pl. X, fig. 1) are characterised by a 
very clear predominance of biotites over all 
the other grains. This characteristic corres
ponds to a less acid chemistry of the emitting 
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d i r e c t e m e n t à p a r t i r d e s v e r r e s , m a i s l a n é o 

f o r m a t i o n d e c e s d i v e r s e s p h y l l i t e s c o r r e s p o n d 

p o u r c h a c u n e d ' e l l e s , à d e s c o n d i t i o n s p h y s i c o 

c h i m i q u e s p r é c i s e s d u m i l i e u q u i e x c l u e n t l a 

f o r m a t i o n d e s d e u x a u t r e s . M a i s s i c e s c o n d i 

t i o n s v e n a i e n t à v a r i e r , il y a u r a i t t r a n s f o r m a 

t i o n d e l a p h y l l i t e e x i s t a n t e e n u n e a u t r e ; p a r 

c o n t r e , s i l e p r o c e s s u s v e n a i t à s ' a r r ê t e r p o u r 

u n e r a i s o n q u e l c o n q u e a v a n t q u ' i l n e s o i t e n t i è 

r e m e n t t e r m i n é , o n s e t r o u v e r a e n p r é s e n c e 

d ' i n t e r s t r a t i f i é s ( l e v e r r i é r i t e p a r e x e m p l e ) . C ' e s t 

l e c a s d e la c i n é r i t e d e G d e R o c h e b e l l e q u i 

n ' a p a s é t é e n t i è r e m e n t k a o l i n i s é e ( P l . V I I , f i g . 4 ) . 

4 ) L e s c i n é r i t e s d e t y p e I V . 

L e s c i n é r i t e s d e t y p e IV ( P l . VI I I , f i g . 3 ; P l . IX, 

f i g . 1 à 4 ; P l . X, f i g . 1) s e c a r a c t é r i s e n t p a r u n e 

p r é d o m i n a n c e t r è s n e t t e d e s b i o t i t e s s u r t o u s 

l e s a u t r e s é l é m e n t s . C e t t e c a r a c t é r i s t i q u e c o r 

r e s p o n d à u n e m o i n s g r a n d e a c i d i t é d u c h i m i s m e 

d u v o l c a n é m e t t e u r ( c o r r e s p o n d a n t à d e s l a v e s 

d e la f a m i l l e d e s d a c i t e s e t d e s a n d é s i t e s ) . L a 

p r o p o r t i o n d e b i o t i t e s p e u t a t t e i n d r e j u s q u ' à 

5 0 % d u p o i d s d e l a r o c h e , c o m m e c e l a a p u 

ê t r e c o n s t a t é à p r o p o s d e c e r t a i n e s c e n d r e s d u 

V é s u v e , p a r d e s c a r o t t a g e s e f f e c t u é s e n m e r 

A d r i a t i q u e ( V a n S t r a a t e n , 1 9 6 7 ) . L e r e s t e d e s 

c o m p o s a n t s d ' u n e c i n é r i t e d e t y p e IV c o m p r e n d 

d e s v e r r e s , d e s q u a r t z , d e s f e l s i t e s e t , p l u s r a r e 

m e n t , d e s f e l d s p a t h s . 

a ) A s p e c t m a c r o s c o p i q u e . 

R o c h e g r i s e , b r u n e o u n o i r e , c l a i r e e n s t é r i l e , 

f o n c é e o u n o i r e q u a n d e l l e s e t r o u v e i n c l u s e 

d a n s u n e c o u c h e d e h o u i l l e E l l e p e u t ê t r e g r e 

n u e o u f i n e s u i v a n t la p r o p o r t i o n d e q u a r t z 

c o n t e n u . C e g e n r e d e n i v e a u a t t e i n t r a r e m e n t 

p l u s d e 1 0 c m . 

b ) A s p e c t m i c r o s c o p i q u e . 

E l é m e n t s f o n d a m e n t a u x : b i o t i t e s t r è s a b o n 

d a n t e s , p l u s o u m o i n s a l t é r é e s ; q u a r t z c i n é r i -

t i q u e s t y p i q u e s d a n s l e f a c i è s g r e n u . 

E l é m e n t s a c c e s s o i r e s : p o n c e s , f e l s i t e s , f e r -

r o - m a g n é s i e n s a l t é r é s d a n s l e f a c i è s g r e n u , 

Q u a r t z a c i c u l a i r e s d a n s l e f a c i è s f i n . 

E l é m e n t s r a r e s : p e t i t s c r i s t a u x d e z i r c o n e t 

d ' a p a t i t e . 

c ) R é s u l t a t s d e s a n a l y s e s p h y s i c o - c h i m i q u e s . 

L a p r é s e n c e d e la b i o t i t e e n g r a n d e q u a n t i t é 

r e n d n é c e s s a i r e d e r a p p e l e r q u e l s p e u v e n t ê t r e 

s e s d i v e r s m o d e s d ' a l t é r a t i o n e t d a n s q u e l l e s 

c o n d i t i o n i l s p e u v e n t s e p r o d u i r e . 

L a f o r m u l e d e la b i o t i t e e s t c o m p l e x e : 

[ S i 3 - 2 . 5 A l a - i , 5 0 , o ( O H ) = ] ( M g , F e , A I ) , K . 

S o n a l t é r a t i o n n e s ' o p è r e p a s s u i v a n t u n 

p r o c e s s u s s i m p l e , m a i s p a s s e p a r d e s s t a d e s 

s u c c e s s i f s q u ' o n p e u t s c h é m a t i s e r a i n s i ( B r o u s 

s e , 1 9 7 5 ) : 

1 ° L a b i o t i t e p e r d d ' a b o r d s o n i o n K, r e m 

p l a c é p a r d e s c a t h i o n s ( N a , M g ) s u i v a n t le 

s c h é m a : 

b i o t i t e - > m i c a h y d r a t é ( i l l i t e 1 0 À ) - > i n t e r 

s t r a t i f i é s ( i l l i t e 1 0 A - v e r m i c u l i t e 1 4 A ) 

—» v e r m i c u l i t e 1 4 A . 

2° I n t e r v i e n t e n s u i t e l ' é l i m i n a t i o n d e M g e t 

d e F e . 

3° E n f i n , a p r è s d é p l a c e m e n t d e A l , a b o u t i s 

s a n t a u s c h é m a s u i v a n t : 

v e r m i c u l i t e t r i o c t a é d r i q u e —* v e r m i c u l i t e 

d i o c t a é d r i q u e , 

d e u x é t a p e s f i n a l e s p e u v e n t i n t e r v e n i r s u i v a n t 

q u ' o n a S i d i s p o n i b l e o u n o n d a n s l e s s o l u t i o n s : 

s i l e m i l i e u e s t à p H é l e v é , o n a : 

v e r m i c u l i t e —» m o n t m o r i l l o n i t e 

s i l e p H e s t f a i b l e ( m i l i e u a c i d e ) , o n a : 

v e r m i c u l i t e —> k a o l i n i t e . 

D ' a p r è s n o s o b s e r v a t i o n s , il e s t t r è s r a r e 

d ' i d e n t i f i e r l a m o n t m o r i l l o n i t e e t l a v e r m i c u l i t e 

d a n s l e s c i n é r i t e s a l t é r é e s d e s b a s s i n s h o u i l l e r s , 

s a n s d o u t e à c a u s e d u p H t o u j o u r s f a i b l e d u 

m i l i e u . F i n a l e m e n t , c ' e s t e n c o r e l a t e n e u r e n 

i o n s K q u i v a d é t e r m i n e r l e s t a d e a u q u e l s ' a r r ê 

t e r a l ' a l t é r a t i o n d e s b i o t i t e s (* ) : s i l ' i o n K r e s t e 

a b o n d a n t , l ' a l t é r a t i o n s ' a r r ê t e r a à u n s t a d e p r é 

c o c e e t l ' o n a u r a : b i o t i t e - » i l l i t e 1 M ; p a r c o n 

t r e , s i l ' i o n K e s t é l i m i n é p a r l a p é d o g e n è s e , o n 

a u r a : b i o t i t e —> i l l i t e 1 M —» k a o l i n i t e , s c h é m a d é j à 

o b s e r v é d a n s l e s c i n é r i t e s d e t y p e III. L ' a l t é r a 

t i o n d e s b i o t i t e s s e p r o d u i t d ' u n e f a ç o n t o u t à 

f a i t c a r a c t é r i s t i q u e : il y a g o n f l e m e n t d e l e u r s 

f e u i l l e t s e t l e u r r e m p l a c e m e n t p a r d e s f e u i l l e t s 

p a r a l l è l e s , s o i t d ' i l l i t e 1 M a u p r e m i e r s t a d e d e 

l ' a l t é r a t i o n , s o i t d e k a o l i n i t e q u a n d l ' a l t é r a t i o n 

e s t p l u s p o u s s é e ; c e g o n f l e m e n t p e u t f a i r e a u g 

m e n t e r j u s q u ' à d i x f o i s l ' é p a i s s e u r d e la b i o t i t e 

(*) Voir Brousse, 1975, p . 213. 
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volcano (corresponding to lavas belonging to 
the dacite and andésite families). The biotite 
proportion can reach up to 50 % by weight of 
the rock, like that proved in the case of cer
tain ashes from Vesuvius by the drill cores 
taken in the Adriatic Sea (Van Straaten, 1967). 
The remaining components of Type IV ash inclu
de glass, quartz, felsites and more rarely, feld
spars. 

a) A p p e a r a n c e in Hand S p e c i m e n . 
Rock grey, brown or black ; light coloured 

in sterile measures, dark or black when found 
in a coal bed. It is granular or fine depending 
on the proportion of quartz. This kind of bed 
is rarely more than 10 cm thick. 

b) A p p e a r a n c e unde r the Mic roscope . 
Fundamental C o m p o n e n t s : Biotites are very 

abundant more or less altered. Quartz typical 
of the cinerites in coarse fades. 

Acces so ry C o m p o n e n t s : Pumice, felsites, 
ferro-magnesian minerals altered in the coarse 
fades. Accicular quartz in the fine fades. 

Rare C o m p o n e n t s : Small crystals of zircon 
and apatite. 

c) Resul ts of the Chemical Ana lyses . 
The presence of abundant biotite makes it 

necessary to recall different methods of altera
tion and in what conditions they are produced. 

The formula of biotite is complex .-

[Si.-«. sAli-i. f lO,oCOH)!] (Mg, Fe, AI) 3K. 

The alteration does not follow a simple 
process, but passes through successive 
stages which can be schematically represented 
(Brousse, 1975). 

1° The biotite loses K which is replaced by 
the cations (Na, Mg) following the scheme : 

biotite -» hydrated mica (10Â illite) —> inter-
stratified (10À illite - 14Â vermiculite) 
—» 14À vermiculite. 

2° Next comes the elimination of Mg and Fe. 

3° Finally, after the displacement of AI, 
ending in the following scheme : 

trioctahedral vermiculite -> dioctahedral 
vermiculite, 

two final stages come next, depending whether 
Si is available in solution or not : 

if the environment has a high pH : 
vermiculite -» montmorillonite 

if the environment has a low pH (acid): 
vermiculite —» kaolinite. 

Based on our observations, it is very rare 
to identify montmorillonite and vermiculite in 
altered cinerites from coal basins, doubtlessly 
because the pH remained low. 

Finally it is again the concentration of K 
which will determine the stage at which biotite 
alteration will stop (*) ; if K ion remains abun
dant, alteration will stop at an early stage, and 
we will have .-

biotite -> 1M illite 

on the other hand, if K ion is eliminated by pedo
genesis one will have the following succession : 

biotite -> 1M illite —» kaolinite 

alteration observed in Type III cinerites too. 

The alteration of biotite takes place in a 
characteristic way, there is expansion of the 
grains and replacement by parallel flakes, either 
of 1M illite during the first stage of alteration 
or of kaolinite when the alteration is more ad
vanced. This expansion can increase the thick
ness of the original biotite by as much as ten-
times (PI. IX, fig. 4). When the alteration is 
very advanced (very active pedogenesis) the 
iron of the biotite is found as specks of iron dis
seminated between the neoformed kaolinite fla
kes, or else it can be found together with magne
sium in the form of siderite or of magnesite in 
elongated masses between the kaolinite grains 
(PI. IX, fig. 4). These phenomena are not obser
ved when the biotite alteration stopped at an 
early stage (neoformation of 1M illite). As for the 
other components of Type IV cinerites, their alte
ration is the same as in the other and notably 
the transformation of glass to neoformed 1M 
illite. 

We will give the analyses of two Type IV 
cinerites. 

1) Cinerite of the 1st Ricard Seam (Cevennes, 
Stephanian B) (Fig. 9). 

The cinerite of the 1st Ricard seam has not 
the same petrographical fades in the west part 
of its field (Ricard region) or in the east (Oules 

(*) See Brousse, J 9 7 5 , p . 213 
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originelle ; quand l 'altération e s t t r ès p o u s s é e 
( p é d o g e n è s e t rès active), le fer de la biotite s e 
re t rouve s o u s forme de m o u c h e t u r e s d 'oxyde de 
fer en t re les feuillets de kaolinite néoformée ; 
il peut auss i s e retrouver , ainsi que le m a g n é 
sium, s o u s forme de sidéri te ou de magnés i t e , 
en a m a s a l longés ent re les feuillets de kaolinite 
(Pl. IX, fig. 4). C e s p h é n o m è n e s ne s ' obse rven t 
p a s quand l 'altération de la biotite s ' e s t a r r ê t ée 
à un s t a d e p r é c o c e (dégradat ion en illite 1M). 
Quan t aux au t re s c o m p o s a n t s d e s c inér i tes de 
type IV, leur al tération es t la même que d a n s 
les c inér i tes d e s a u t r e s types et no tamment la 
t ransformat ion d e s v e r r e s en illite 1M néoformée . 

Nous d o n n e r o n s les ana lyses de deux échan
tillons de cinér i tes de type IV. 

1) Cinérlte de Ve Couche Ricard (bassin des 

Cévennes, Stéphanien B) (fig. 9). 

Cet te cinéri te n'a p a s le même faciès pét ro-
g raph ique suivant qu 'on l 'observe d a n s l 'ouest 
de son c h a m p (région de Ricard) ou d a n s l 'est 
(région d e s Ouïes) ; d a n s la région d e s Ouïes , à 
p é d o g e n è s e t rès active, les bioti tes sont en t iè re
ment kaol in i sées a lors que dans la région de 
Ricard, à c h a r b o n s a l lochtones , l 'altération d e s 
bioti tes s ' e s t a r r ê t é e au s t a d e de l'illite 1M 
(Pl. VIII, fig. 3). La composi t ion chimique d'un 
échanti l lon pré levé dans une région intermé
diaire e s t la su ivante : 

S i 0 2 A l j O j C a O M g O K j O N a 2 0 P . s u f e u T o t a l 

^ 5 , 3 3 2 , 6 3 , ^ o,g 0 , 5 1 , 2 0 , 6 1 5 9 9 , 5 

L'analyse aux rayons X indique la p r é s e n c e 
du quartz, de l'illite et de la kaolinite. Com
me d a n s ce r t a ines cinéri tes de type III on 
c o n s t a t e un p o u r c e n t a g e d ' A I 2 0 3 ne t t ement plus 
é levé que d a n s n ' importe quelle lave : l 'alté
ration a ent ra îné ici auss i l 'élimination d 'une 
fraction importante de la silice (cf. d iagramme 
de Tardy et Fritz). 

2) Tonstein Patrice (bassin du Nord - Pas-de-

Calais, Westphalien C). 

C e tonste in e s t une cinérite de 3 à 7 cm 
d ' é p a i s s e u r p r é s e n t e dans tout le bass in du 
Nord de la France , en Belgique (Petit-Hornu), 
en S a r r e (T 2 1/2), et en Lorraine (T 280) ; par
tout, il p r é s e n t e le même faciès pé t rograph ique 
à bioti tes a l t é r ée s t r ès a b o n d a n t e s (Bouroz, 
1967), les au t r e s é l é m e n t s identifiables en lame 

mince é tant r a r e s : peti ts quar tz ac icula i res 
no tamment . 

L 'analyse chimique c i -après e s t celle d'un 
échanti l lon p rovenan t de l 'est du Pas -de -Ca la i s 
(France) (Alexanian, 1959) : 

S i 0 2 A 1 2 0 3 F B 2 0 3 H g O C a O K 2 0 N a 2 0 T i O 

5 0 ^ 0 2 , 0 1 , 2 1 , 7 0 , 2 0 , 3 3 1 , 2 5 

Cet t e cinéri te e s t incluse en c o u c h e de 
houille d a n s t o u s les b a s s i n s où elle a é té ren
con t rée et a é t é s o u m i s e à une forte action 
p é d o g é n é t i q u e (b a s s in s à houilles au toch tones ) , 
c ' es t pourquoi les t e n e u r s en N a z O et K z O sont 
t ou t e s les deux t r è s faibles. La proport ion relati
vemen t é l evée d ' A I 2 0 3 montre q u ' a p r è s altéra
tion de la cinérite, là aussi , une part ie de la 
silice originelle a é t é d i s sou te ; l 'analyse aux 
rayons X a montré la p r é s e n c e de kaolinite bien 
o r g a n i s é e et de quartz ; ce dern ie r n ' é t an t pra
t iquement p a s identifiable en lame mince, il 
était normal de p e n s e r qu'il pouvai t s 'agir de 
quartz néogénique : effectivement, la p r é s e n c e 
de ce dern ier a pu ê t re é tabl ie r é c e m m e n t 
(Ponsol le et al., 1980). 

5) Les c inér i tes de type V. 

Ce type de cinérite (Pl. X, fig. 2, 3, 4) se 
rencont re ra rement d a n s les s é r i e s houil lères. 
Cela tient s a n s doute à ce qu'il e s t issu d'un 
chimisme rela t ivement peu acide , c o r r e s p o n d a n t 
à un vo lcan i sme g é n é r a l e m e n t peu explosif. Les 
é l émen t s consti tutifs de ce type se c o m p o s e n t 
de lapilli ou de f ragments o v o ï d e s de c e n d r e s 
s a n s ang les vifs, ce qui s emb le indiquer qu'ils 
é ta ient e n c o r e p r è s de la p h a s e liquide au mo
ment de leur éjection d a n s l ' a tmosphère . 

a) A s p e c t macroscopique. 

Roche beige , gr ise ou noire, suivant la pro
portion de mat iè res humiques c o n t e n u e s . La 
texture parait h o m o g è n e du fait que la roche e s t 
formée p r e s q u e un iquement d ' é l émen t s plus ou 
moins ar rondis jointifs. Le quar tz e s t t r è s peu 
abondan t ou to ta lement absen t . L ' épa i s seur de 
ce gen re de niveau e s t g é n é r a l e m e n t inférieure 
à 10 cm. 

b) Aspect microscopique. 

Eléments fondamentaux : Nodu le s plus ou 
moins ar rondis , ou ovo ïdes , ou anguleux émous -
s é s , lités, formés à l 'origine, d 'une s u b s t a n c e 
v i t reuse i so t rope . 
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region); in the east, where the pedogenesis is 
very active, the biotites are entirely kaolinised, 
while in the west, where the coal is allochtho-
nous, the biotites alteration does not pass 
beyond the illite 1M stage (PI. VIII, fig. 3). 

The chemical composition of a sample co
ming from an intermediate region, is as follows .-

S i 0 2 A 1 2 C ^ C a O M g O K 2 0 N a 2 0 I g n n l o s s T o t a l 

^ 5 , 3 3 2 , 5 3 , 4 0 , 9 0 , 5 1 , 2 0 , 6 1 5 9 9 , 5 

The X-ray analysis of the sample shows 
quartz, 1M illite and kaolinite. 

As in some Type III cinerites, there is a 
percentage of Al-Os clearly higher than in any 
lava. Alteration has eliminated by solution an 
important fraction of the silica. If we refer to 
the observations made in thin section, we rea
lise that illite is dominant in the west and kaolinit 
is dominant in the east. The difference being 
due to variable pedogenetic action from one 
part of the basin to the other. 
2) Patrice Tonstein (Pas-de-Calais, Westpha-

lian C). 
This tonstein is a cinerite 3-7 cm thick pre

sent in the whole of the coal-field in North 
France, in Belgium (Petit-Hornu), in the Sarre 

basin (T2 1/2) and in the Lorraine (T280). Every
where it presents the same pétrographie fades 
of very abundant altered biotites (Bouroz, 1967). 
Other components in thin sections are rare, 
notably small accicular quartz grains. 

The following chemical analysis is of a spe
cimen from the east of the Pas-de-Calais 
(France) (Alexanian, 1959): 

S i 0 2 A 1 2 0 ? F e 2 0 ? M g O C a O K ^ O T i O 

5 0 4 0 2 , 0 1 , 2 1 , 7 0 , 2 0 , 3 3 1 , 2 5 

This cinérite is included in the coal seam in 
all the coalfields where it has been found and 
has been subjected to a strong pedogenic action 
(autochthonous coal basin) that is why the 
contents of Na.O and K>0 are both very low. 
The relatively high proportion of AI-<Oa shows 
that after the ash alteration, part of the silica 
was dissolved. X-ray analyses have proved the 
presence of well crystallised kaolinite and of 
quartz. The latter being practically unidenti
fiable in thin section. It was normal to think it 
was a question of n e o g e n i c q u a r t z . The pre
sence of this latter was recently identified 
(Ponsolle e t a l . , 7 9 8 0 ) . 

5 ) T h e C i n é r i t e s o f T y p e V . 

This type of cinérite (Pl. X, fig. 2, 3, A) is 
rarely met in the coal series. That is doubt
lessly because it comes from an ash not very 
acid corresponding to volcanoes generally only 
a little explosive. The components of this type 
consist of lapilli or of ovoid ash vithout sharp 
angles which seem to indicate that they were 
near the liquid phase when they were ejected 
into the atmosphere. 
a ) A p p e a r a n c e in H a n d S p e c i m e n . 

Rock beige, grey or black, depending on the 
content of humic matter. The texture appears 
homogeneous due to the fact that the rock is 
formed a'most entirely of joined fragments more 
or less rounded. Quartz is not very abundant 
or tota'ly absent. The thickness of this kind 
of bed is generally less than 10 cm. 
b ) In T h i n S e c t i o n . 

E s s e n t i a l c o m p o n e n t s : Nodules, more or less 
rounded, or sub-angular, layered, formed at the 
origin of a glassy isotropic material. 
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E L É M E N T S A C C E S S O I R E S : pe t i t s quartz a c i c u -
la ires , v e r m i c u l e s d'illite ou d e kaol in i te , t r è s 
p e u a b o n d a n t s e n t r e l e s n o d u l e s . 

E L É M E N T S R A R E S : pe t i t s c r i s t a u x d e z i r c o n e t 
d 'apat i te . 

L e s n o d u l e s ( a n c i e n s v e r r e s , s c o r i e s , ou 
p o n c e s ) f o r m e n t la p r e s q u e total i . té d e la r o c h e . 
La plupart d e s n o d u l e s s o n t i s o t r o p e s ou p r e s q u e 
i s o t r o p e s , d ' a u t r e s s o n t le s i è g e d 'une r é o r g a n i 
s a t i o n p l u s ou m o i n s a v a n c é e , al lant d e l 'appa
rition d e q u e l q u e s b â t o n n e t s i s o l é s d'illite ou 
d e kaol in i te en p e t i t s f e u i l l e t s e m p i l é s d a n s la 
m a s s e I so t rope d e s n o d u l e s , j u s q u ' à u n e t r a n s 
format ion c o m p l è t e d e la m a t i è r e v i t r e u s e e n 
u n e m a s s e m i c r o v e r m i c u l é e d'illite o u d e k a o 
linite ; à la l imite, le g o n f l e m e n t produi t par l e s 
n é o f o r m a t i o n s c o n d u i t à un é c l a t e m e n t du n o 
dule , l e s v e r m i c u l e s p o u v a n t s ' e n é v a d e r e n 
part ie au d e h o r s ( p h é n o m è n e fac i l i té par l ' ex i s 
t e n c e d e v i d e s d a n s u n e c inér i te non e n c o r e 
c o m p a c t é e ) (Pl. X, fig. 4) . 

C e r t a i n s d e c e s n i v e a u x ( g r a u p e n - t o n s t e i n s 
d e s a u t e u r s a l l e m a n d s ) ne p r é s e n t e n t p l u s a u c u 
n e t r a c e d 'une or ig ine v o l c a n i q u e i n d i s c u t a b l e , 
tant leur a l térat ion e s t c o m p l è t e par s u i t e d 'une 
p é d o g e n è s e i n t e n s e ; c e p e n d a n t , l e s c o r r é l a 
t i o n s qui ont pu e n ê tre f a i t e s e n t r e d e s b a s s i n s 
d i f f é r e n t s ( t o n s t e i n M a u r i c e du N o r d - P a s - d e -
C a l a i s , t o n s t e i n T3b d e la S a r r e , T o n s t e i n 301 
d e Lorraine) ( B o u r o z , 1967) m o n t r e n t q u e leur 
m i s e e n p l a c e n'a pu s ' e f f e c t u e r q u e p a r v o i e 
a é r i e n n e : il e s t i m p e n s a b l e e n effet , d ' a d m e t t r e 
q u e l e s m é c a n i s m e s d e l ' éros ion e t d e la s é d i 
m e n t a t i o n b a n a l e s a ient pu a p p o r t e r au m ê m e 
m o m e n t , sur d e s é t e n d u e s c o n s i d é r a b l e s e t d a n s 
d e s b a s s i n s d i f férents , un m ê m e n i v e a u a u s s i 
m i n c e e t d 'une te l le or ig ina l i té p é t r o g r a p h i q u e 
(Pl. X, fig. 2) . 

c) R É S U L T A T S D E S A N A L Y S E S P H Y S I C O - C H I M I Q U E S . 

N o u s ne d i s p o s o n s p a s d ' a n a l y s e d e c i n é 
rite d e t y p e V n'ayant p a s subi d e p é d o g e n è s e : 
c e l l e d e B l a n z y a d i s p a r u par s u i t e d e l 'exploi 
tation à c ie l o u v e r t d e s o n g i s e m e n t ( n o u s n'en 
p o s s é d o n s q u e l e s l a m e s m i n c e s (Pl. X, fig. 3 
e t 4) ; d e m ê m e , n o u s n ' a v o n s p l u s d 'échant i l 
l o n s d 'une c inér i te d e c e type , p r é l e v é s e n 1957 
à T a k a m a t s o u (Japon) ( B o u r o z , 1962) . N o u s ne 
d o n n e r o n s q u ' u n e s e u l e a n a l y s e , c e l l e du t o n 
s t e i n M a u r i c e , du b a s s i n du P a s - d e - C a l a i s , é q u i 
v a l e n t du t o n s t e i n T3b du b a s s i n d e la S a r r e 
( B o u r o z , 1967) . 

T O N S T E I N M A U R I C E ( P A S - D E - C A L A I S , W E S T P H A -

L I E N C ) . 

La c o m p o s i t i o n c h i m i q u e d e c e t o n s t e i n e s t 
la s u i v a n t e ( A l e x a n i a n , 1959 ) : 

S i 0 2 A l j i l j F e 2 ° j KgO CaO K ^ O N a 2 0 T 1 Ç > 2 

5 3 3 8 1 , 0 0 , 5 0 , 1 0 , 3 0 0 , 3 5 0 , 8 6 

C o m m e pour l e s a u t r e s t o n s t e i n s a n a l y s é s 
ici, l 'act ion p é d o g é n é t i q u e a e n t r a î n é la dimi
nut ion d e s t e n e u r s e n K 2 0 e t e n N a 2 0 t r è s e n -
d e s s o u s d e 1. O n c o n s t a t e u n e f o i s d e p lus , 
q u e c e t t e p é d o g e n è s e e n t r a î n e u n e k a o l i n i s a t i o n 
to ta l e ou p r e s q u e t o t a l e du matér ie l d 'or ig ine 
v o l c a n i q u e e t c o n d u i t à u n e v é r i t a b l e uniformi
s a t i o n d e s c o m p o s i t i o n s c h i m i q u e s r é s i d u e l l e s 
d e s t o n s t e i n s , quel q u e s o i t le t y p e or ig ine l d e 
la c inér i te a l t é r é e . 

L ' a n a l y s e aux r a y o n s X a d o n n é u n e forte 
p r é d o m i n a n c e d e kao l in i te a v e c un p e u d e 
quartz e t d e s t r a c e s d'illite. L ' a n a l y s e c h i m i q u e 
p e r m e t d e c a l c u l e r a p p r o x i m a t i v e m e n t q u ' a p r è s 
c o m b i n a i s o n d e la to ta l i t é d e IAI2O3 a v e c c e 
qui e s t n é c e s s a i r e c o m m e S i 0 2 p o u r former la 
kaol in i te (un Al p o u r un S i ) , il r e s t e 1 4 % d e 
s i l i c e l ibre. C e t t e s i l i c e a y a n t é t é d é t e c t é e par 
l e s r a y o n s X, e l l e e s t p r é s e n t e s o u s f o r m e d e 
quartz , m a i s c o m m e c e quartz e s t inv is ib le au 
m i c r o s c o p e o p t i q u e , il s ' ag i t là a u s s i d e Q U A R T Z 

N Ê O G É N I Q U E , c o m m e c e l a a é t é o b s e r v é ( P o n s o l l e 
e t AL., 1980) . 

VI — S Y N T H E S E D E S O B S E R V A T I O N S 
ET D E S A N A L Y S E S 

D e l ' e n s e m b l e d e s o b s e r v a t i o n s f a i t e s au 
m i c r o s c o p e e t d e s a n a l y s e s c h i m i q u e s e t aux 
r a y o n s X, o n p e u t tirer d e s e n s e i g n e m e n t s qui 
p e r m e t t e n t d e clarif ier l e s i d é e s q u ' o n p e u t s e 
faire s u r l e s d i v e r s m o d e s d 'a l térat ion d e s c i n é -
r i tes e t d e s t o n s t e i n s . 

1° En c e qui c o n c e r n e l e s c i n é r i t e s qui n'ont 
p a s sub i d 'a l t éra t ions a u t r e s q u e c e l l e s r é s u l 
tant d e leur i m m e r s i o n e n e a u p r o f o n d e a c i d e 
( c i n é r i t e s d é p o s é e s e n s é q u e n c e s s t é r i l e s ou 
e n c o u c h e d e c h a r b o n a l l o c h t o n e ) , o n p e u t dire 
q u e : 

a) Pour u n e forte propor t ion d ' i o n s K d a n s 
la c o m p o s i t i o n c h i m i q u e , l e s p r e m i è r e s n é o f o r 
m a t i o n s qu'on o b s e r v e s o n t c e l l e s d e I'i7//te 1 M . 

b) Pour u n e forte propor t ion d ' i o n s Na, l e s 
n é o f o r m a t i o n s qu 'on o b s e r v e s o n t c e l l e s d e la 
K A O L I N I T E . 
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A c c e s s o r y C o m p o n e n t s : Small accicular 
quartz grains. Vermicules of ¡Hite or of kaolinite, 
not very abundant between the nodules. 

R a r e C o m p o n e n t s : Small crystals of zircon 
and apatite. 

The nodules (ancient glass, scoria and pu
mice) form almost the whole rock. Most of the 
nodules are isotropic or near isotropic, others 
have reached various stages of reorganisation 
ranging from the appearance of a few isolated 
rods of illite or small flakes of kaolinite piled 
together In the isotropic mass of the nodules, 
to a complete transformation of the glassy mate
rial to a mass of microvermicules of illite or 
kaolinite (PI. X, fig. 4). In the extreme alteration 
the inflation produced by the neoformations 
leads to the disruption of the nodules and the 
vermicules extending beyond the nodule (a phe
nomena facilitated by the existence of voids in 
an ash not completely compacted). 

Some of these beds (graupen tonsteins of 
the German authors) do not show any trace of 
the indisputable volcanic origin, so comprehen
sive is the alteration after intense pedogenic 
action. However, the correlations which have 
been made between the different basins (Mau
rice Tonstein, Pas-de-Calais, Tonstein T3b, Sar-
re, tonstein 301 in the Lorraine, Bouroz, 1967) 
shows that they must have been air-borne ; 
indeed it is difficult to conceive that the mecha
nisms of erosion and of ordinary sedimentation 
were able to produce at the same time, over 
considerable distances and in different basins, 
the same thin bed with such petrographic origi
nality without defying the laws of probability 
(PI. X, fig. 2). 

c) R e s u l t s of t h e C h e m i c a l A n a l y s e s . 

W e do not have at our disposal Type V 
chemical analyses which have not undergone 
pedogenic action. That at Blanzy disappeared 
during opencast mining (we only possess thin 
sections of it). Similarly we have no more 
samples of an ash of this type taken in 1957 
from Takamatsou, Japan (Bouroz, 7962J. W e 

will give only one analysis, that of the Maurice 
tonstein, from the Pas-de-Calais Coalfield, equi
valent to the tonstein T3b in the Sarre Coalfield 
(Bouroz, 1967). 

M a u r i c e T o n s t e i n ( P a s - d e - C a l a i s , W e s t p h a -

l ian C ) . 

The chemical composition of this tonstein is 
as follows (Alexanian, 1959) : 

S i 0 2 A 1 2 0 3 F e g O - j M g O C a O K ^ O U ^ O T i 0 2 

5 3 3 8 1 , 0 0 , 5 0 , 1 0 , 3 0 0 , 3 5 0 , 8 6 

As in the other tonsteins analysed here, 
pedogenic action has reduced the K 2 O and / V a 2 0 

concentrations very much below 1 %. We see 
once more that pedogenesis brings about a total 
or near total kaolinisation of material of volca
nic origin and leads to a uniformity of the final 
chemical composition of the tonsteins irrespec
tive of the original type of ash. 

X-ray analysis reveals dominant kaolinite 
with little quartz and some traces of illite. 
Chemical annalyses allows us to calculate ap
proximately that after combining the whole of 
A I 2 O 3 with the S 1 O 2 necessary to form kaolinite 
(an Al for a Si), there remains 14 % free silica. 
This silica has been detected in the X-ray 
analyses but it is not visible down the optical 
microscope and therefore there is neogenic 
quartz, as it was observed recently (Ponsolle 
e t al. , 7980J. 

VI. — S Y N T H E S I S O F T H E O B S E R V A T I O N S 

A N D A N A L Y S E S 

From all the observations made under the 
microscope, from chemical analyses and by 
X ray analyses, we obtain information which 
allows us to clarify the ideas on the different 
methods of alteration of cinerites and tonsteins. 

1° Concerning cinerites which have not un
dergone alteration other than those resulting 
from their immersion in deep, acid water (cine
rites deposited in sterile sequences and in 
allochthonous coal seams) one can say that .-

a) If the concentration of K ions is high in the 
chemical composition, the first neoformations 
seen are those of 1M illite. 

b) If the concentration of Na ions is high, the 
neoformations seen are those of k a o l i n i t e . 

2° In those in which pedogenesis follows, 
there is kaolinisation of the ash at first gradual, 
then general and then complete by leaching of 
K, Na and part of the silica by the vegetation. 

3° In all the cinerite beds, crystallisation of 
glass and alteration of feldspars into clay mine
rals (1M illite or kaolinite) is always accompa
nied by the formation of n e o g e n i c q u a r t z . 
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The above observations are schematically 
shown on fig. 10. On the other hand in fig. 11, 
two seams from the Cevennes basin are shown, 
and one seam from the Carmaux basin respecti
vely, the Grande Couche des Oules and the 
Mas-Dieu Seam (Cevennes) and Seam I (Car
maux). These three seams contain three cine-
rites (represented by a, b and c) whose corre
lations can easily be established. 

This figure shows the importance of the idea 
of l imi ted d e p t h on the growth of the vegetation. 
Following the position of the cinerites with 
respect to limited depth, we realise that they 
are illitised when they are below it and kaoli-
nised pedogenetically when they are above it 
(see also the fig. 12.- location of the main 
french coal basins). 

VII. — T O N S T E I N S 
O F S E D I M E N T A R Y O R I G I N 

The ordinary sedimentary material (feldspars, 
muscovites, illites, biotites) is kaolinised in the 

same chemical conditions as the constituents of 
the cinerites (PI. I, fig. 7 and 8) and it is possi
ble to find in coal sequences tonsteins of sedi
mentary origin. However, having formed from 
the supplies of terrigeneous sediment, they are 
subject to its laws and cannot have a paleogra-
phical extension greater than the normal litho-
logical components of a coal bearing sequence. 
They are only useful for local correlation pro
blems and must be used carefully for as with 
the other beds in the sequence, they are trans-
gressive and do not form an absolute chrono
logical " top ". 

The sedimentary tonsteins present to our 
knowledge two fades: 

1) In a coaly shale there can be kaolinite 
neoformation from muscovites and illites, but the 
neoformed kaolinite is not present in well formed 
vermicules but in irregular masses enclosing 
grains incompletely changed, the whole appea
ring as neoformations distorted in their deve
lopment. This is due to the fact that a shale is 

Couche î de Sainte-Marie 

CARMAUX 

( hypau toch tonous) 

Grande Couche des Oules 

CEVENNES 

( mixed ) 

Sandy shale 

Carbonaceous shale with 
rielntal i llite 

Shale with kaolinitised clay 

Type IV with large Kaolinite vermicules 

Type I with a mass of neoformed kaolinite 

Carbonaceous shale with illitetkaolinitisod b 
Type IV with large vermicules _ 
of kaolinite C 

Shale with kaolinitised clay 
Shale with clay±kaolinltlsed 

Shale with carbonate and kaolinite 

Sandy shale with stigmana and rootlets 

Sandy shale 

Sandy shale 

Shale with rootlets 

Couche Mas-Dieu de Laval 

CEVENNES 

( a I lochtonous ) 

0 1 m 

1 h-

Shale with rootlets 

Type IV with kaolinitised biotites a 

Shale with ruutlets 

Carboraceous shale 

Type I with a mass of neoformed 

kaolinite b 

Type IVwithIM illite, neoformed vermicules 

Carbonaceous shale C 

Sandy shale without soil and rootlets 

Very fine shale 

Type IV with biotites ± illitised 

Type I with rare rods ol neoformed illite 

Type IV with abundant vermicules 
of neoformed illite IM 

Sandy shale without soil 

Fig. 11. — Relation between the depth of vegetation growth ( ) 
and the mode of alteration of the cinerites. 

IRIS - LILLIAD - Université Lille 1 



2° D è s q u e la p é d o g e n è s e i n t e r v i e n t , o n a s 

s i s t e à u n e k a o l i n i s a t i o n d ' a b o r d g r a d u e l l e p u i s 

g é n é r a l e e t c o m p l è t e d u m a t é r i e l c i n é r i t i q u e p a r 

a b s o r p t i o n d e s i o n s K e t N a , a i n s i q u e d ' u n e 

p a r t i e d e la s i l i c e p a r l e s v é g é t a u x . 

3 ° D a n s t o u s l e s n i v e a u x c i n é r i t i q u e s , la 

c r i s t a l l i s a t i o n d e s v e r r e s e t l ' a l t é r a t i o n d e s 

f e l d s p a t h s e n p h y l l i t e s (illite 1M ou k a o l i n i t e ) 

s ' a c c o m p a g n e n t t o u j o u r s d e la n é o f o r m a t i o n d e 

quartz néogénique. 

Le d i a g r a m m e d e la fig. 10 s c h é m a t i s e l ' en 

s e m b l e d e s o b s e r v a t i o n s c i - d e s s u s . 

D ' a u t r e pa r t , d a n s la fig. 1 1 , o n a r e p r é s e n t é 

d e u x c o u c h e s du b a s s i n d e s C é v e n n e s e t u n e 

c o u c h e du B a s s i n d e C a r m a u x : G r a n d e C o u c h e 

d e s O u ï e s e t c o u c h e M a s - D i e u ( C é v e n n e s ) e t 

c o u c h e i ( C a r m a u x ) . C e s t r o i s c o u c h e s c o n t i e n 

n e n t c h a c u n e t r o i s c i n é r i t e s ( r e p é r é e s a, b e t c ) 

d o n t l e s c o r r é l a t i o n s o n t pu ê t r e é t a b l i e s a i s é 

m e n t . 

C e t t e f i g u r e fait a p p a r a î t r e l ' i m p o r t a n c e d e 

la n o t i o n d e profondeur limite d ' i m p l a n t a t i o n d e 

la v i e v é g é t a l e : s u i v a n t la p o s i t i o n d e s c i n é r i t e s 

p a r r a p p o r t à c e t t e p r o f o n d e u r l imi te , o n c o n s 

t a t e q u ' e l l e s s o n t i H i t i s é e s q u a n d e l l e s s e t r o u 

v e n t a u - d e s s o u s d ' e l l e e t k a o l i n i s é e s p a r p é d o 

g e n è s e q u a n d e l l e s s e t r o u v e n t a u - d e s s u s (vo i r 

a u s s i la fig. 12 : l o c a l i s a t i o n d e s p r i n c i p a u x 

b a s s i n s h o u i l l e r s f r a n ç a i s ) . 

VII. — L E S T O N S T E I N S 

D ' O R I G I N E S E D I M E N T A I R E 

Le m a t é r i e l s é d i m e n t a i r e b a n a l ( f e l d s p a t h s , 

m u s c o v i t e s , i l l i tes , b i o t i t e s ) e s t k a o l i n i s a b l e d a n s 

l e s m ê m e s c o n d i t i o n s p h y s i c o - c h i m i q u e s q u e l e s 

c o m p o s a n t s d e s c i n é r i t e s (P l . I, fig. 7 e t 8) e t il 

e s t p o s s i b l e d e t r o u v e r d a n s l e s s é q u e n c e s 

s t r a t i g r a p h i q u e s h o u i l l è r e s , d e s t o n s t e i n s d ' o r i 

g i n e s é d i m e n t a i r e ; é t a n t f o r m é s à p a r t i r d e s 

C o u c h e î d e Sainte-Marie 

CARMAUX 

( h y p a u t o c h t o n e ) 

Grande Couche des Ouïes 

CÉVENNES 

( m ixte ) 

0 4 m 

Shale gréseux 

Shale à phyllites kaolinisées 

Shales charbonneux 

à illite détritique 

Type IVà gros vermicuies 

de kaolinite 

TyoelàBmasdekaohnitc nëoformée 

Shale charbonneux à illite±kaolinisëe 

lypelVâ gros vermicuies 

de kaolinite 

Shale à phyllites kaolinisées 

Shale à phy II ites ± kaol i n i sées 

Shale carbonate à kaolinite 

Shale gréseux à stigrrara 

et radicelles 

Shale gréseux 

Shale gréseux 

Shale à radicelles 

Couche Mas-Dieu de Laval 

CÉVENNES 

( a l l o c h t o n e ) 

Shale à radicelles 

Type TVà biotites kaolinisées a 

Shale à radicelles 

Shiile charborneux 

Type là amas de kaolinite nëoformée ^ 

—j Shale t rès fin 

TypelVàillitelM néoformée 

en vc rmicu les 

Shale charbonneux 

Shale gréseux sans sol de végétation 

ni radicelles 

Type F/à biotites 

± altérées i II i tisées 

Type 1 à rares bâtonnets 

d'ilhte néoformée 

T y p e IV à verm icu les abondants 

d'illite néoformée 1 M 

Shale gréseux sans sol de 

végétation ni radicelles 

Fig. 11. — • Relation entre la profondeur limite d'implantation des végétaux (-

et les modes d'altération des cinérites. 
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a p p o r t s de la séd imenta t ion ter r igène , ils obé i s 
s en t à s e s lois et leur ex tens ion pa léogéogra 
phique es t c o m p a r a b l e à ce l les d e s au t res com
p o s a n t s l i thologiques d 'une sé r ie s t ra t igraphique 
houillère. Ils ne peuven t donc servir que loca
lement à r é s o u d r e les p r o b l è m e s de corrélat ion 
et doivent ê t re e m p l o y é s avec p rudence car au 
même titre que les au t r e s formations de la 
s é q u e n c e en c a u s e , ils son t t r ansgress i f s e t ne 
cons t i tuent p a s un " top " chronologique absolu . 

Les tons te ins d 'origine séd imenta l re peuven t 
p résen te r , à no t re c o n n a i s s a n c e , deux faciès : 

1) Dans un sha le houiller, il peut y avoir 
néoformation de kaolinite à partir d e s m u s c o -
vi tes et d e s illites mais , d a n s ce cas , la kaolinite 
néoformée ne se p r é s e n t e p a s en vermicules 
bien formés mais en a m a s plus ou moins irrégu
liers e n r o b a n t e n c o r e d e s r e s t e s de feuillets de 
micas incomplè tement t r ans formés , l ' ensemble 
donnan t l ' a spec t de néoformat ions con t ra r iées 
d a n s leur déve loppemen t . Ceci es t dû à ce qu 'un 
sha le es t déjà p r e s q u e en t i è rement compac t é 
d è s a p r è s son dépô t qui e s t lent et que les 
c i rculat ions d 'eau s'y faisaient difficilement ; les 
tons te ins ainsi formés ont un faciès ne t tement 
différent de celui d e s c inér i tes kaol inisées (Pl. I, 
fig. 7). 

2) A partir de l 'érosion d'un banc argileux, il 
peut s e former un niveau c o m p o s é d ' amas allon
g é s d'argile an té r i eu rement kaol inisée mais le 
faciès en e s t ne t t ement différent de celui d e s 
c inér i tes de type V, car c e s a m a s ont d e s tailles 
t r è s h é t é r o g è n e s et ne sont p a s jointifs (Pl. I, 

fig. 8). 

D'une façon géné ra le , tous les intercalaires 
en couche de houille d a n s un bassin paralique 
son t cons t i t ués (cinéri tes e x c e p t é e s ) par d e s 
s h a l e s fins imperméab le s à tou te circulation d e s 
eaux e t de ce fait, on n'y o b s e r v e géné ra l emen t 
qu 'un débu t de kaolinisation, celle-ci n 'é tant 
j amais complè te . Par contre , d a n s les bassins 
limniques, où la séd imenta t ion es t en moyenne 
plus g r o s s i è r e et les a p p o r t s s éd imen ta i r e s plus 
var iés , on o b s e r v e a s s e z souven t la kaolinisa
tion de la plupart d e s c o m p o s a n t s des interca
laires ( fe ldspaths et bioti tes surtout) mais la 
p r é s e n c e de quartz é m o u s s é s et de r e s t e s de 
muscov i t e s et d'illites d 'origine ne t tement détri
t ique, ne pe rmet p a s de confondre ce gen re de 
niveau avec une cinérite. 

L'altération d e s c inér i tes s ' a c c o m p a g n a n t 
toujours de néoformation de quartz néogén ique . 
on aurait pu p e n s e r que la p r é s e n c e ou l 'absen
ce de ce type de quartz permet t ra i t de diffé
rencier les c inér i tes kaol in i sées d e s tons te ins 
d 'origine séd imenta i re : en effet, d a n s la t rans
formation de la muscovi te en kaolinite, il n'y a 
p a s libération d ' ions Si e x c é d e n t a i r e s pouvant 
d o n n e r du quartz néogén ique pu i sque le rapport 
Si/AI e s t le même d a n s les formules chimiques 
d e s deux minéraux. 

Mais le t e s t ne sera i t va lable qu 'à la condi
tion d 'ê t re sûr que le niveau ait é té formé uni
q u e m e n t de muscovi te (ce qui e s t év idemment 
impossible) , car le moindre appor t de fe ldspaths 
ferait appara î t re par altération, du quar tz néo
gén ique . 

VIII. — LES ELEMENTS EN TRACE 
DANS LES CINERITES ET LES TONSTEINS 

Dans les b a s s i n s houillers para l lques , les 
lits de c e n d r e s vo lcan iques fines sont , à de ra res 
excep t ions près , a l t é rés en kaolinite. Ainsi qu'il 
a é té noté plus haut, les e x a m e n s au micro
s c o p e opt ique ne fournissent p a s toujours des 
p r e u v e s conva incan t e s d 'une origine volcani
que et d ' au t r e s moyens d'identification ont été 
r e c h e r c h é s . L'origine volcanique d'un d e s ton
s te ins ayant la plus g r ande ex tens ion d a n s les 
s é r i e s houil lères ang la i se s a é t é établie à partir 
de : a) le co r t ège res t re int de minéraux lourds, 
formé de zircon et d 'apat i te , qui e s t ca rac té 
ristique d e s ben ton i tes (Weaver , 1963) ; b) le 
p a s s a g e latéral à un interstratifié illite-smectite, 
avec peu de kaolinite, ce qui cons t i tue un 
a s s e m b l a g e typique d e s K-bentonl tes ; c) l 'as
pect du n iveau et s e s e x t e n s i o n s latérales , 
ca rac t é r i s t i ques d e s c h u t e s de c e n d r e s , ainsi 
que cela a é t é d iscu té plus haut d a n s cet te 
é tude ; d) la géochimie d e s é l émen t s en t race , 
qui e s t inhabituelle pour d e s r o c h e s séd imen
ta i res mais est , d 'une cer ta ine manière , ca rac 
tér is t ique d e s roches vo lcan iques (Spea r s , 1971). 
Ce t a s p e c t de la ques t ion e s t d i scu té avec 
que lques détai ls , d a n s ce p a r a g r a p h e . 

Les tons te ins auxque l s il e s t fait ré férence 
c i - d e s s u s sont connus c o m m e é tant le supra-
Wyrley-Yard tonstein dans le bass in houiller du 
Sud-Staf fordshi re ( = sub-High Main tonstein du 
Not t inghamshire = Stafford tonste in du North-
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already almost entirely compacted after its slow 
deposition and water circulates there with diffi
culty, tonsteins thus formed clearly have a diffe
rent fades from that of kaolinised cinerites 
(Pi. I, fig- 7). 

2) From the erosion of a clay bed ; it forms 
a bed composed of elongate clays entirely kaoli
nised, but their appearance is clearly different 
from that of Type V cinerites for these heaps 
have a very variable size and are not joined 
(PI. I, fig. 8). 

Generally all the intercalated beds in a coal 
seam in a paralic basin are formed (except cine
rites) by fine grained shales impermeable to the 
circulation of water and therefore only the begin
ning of kaolinisation is observed, never the 
complete kaolinisation. 

On the other hand, in the limnic basins where, 
on average, sediment is coarser and the sedi
mentary supply more varied, kaolinisation of the 
majority of the components is often observed 
(especially feldspars and biotites) but the pre
sence of rounded quartz grains and the remains 
of detrital muscovite and illite prevents confusion 
with a cinerite. The alteration of cinerites is 
always accompanied by neogenic quartz. Pos
sibly then one would think that the presence or 
absence of this type of quartz would permit 
differentiation between kaolinised cinerites and 
tonsteins of sedimentary origin but in fact, in 
the transformation of muscovite to kaolinite, 
silica is not liberated to give neogenic quartz 
since the SijAI ratio is the same in the chemical 
formulas of booth minerals. But this would 
only be appropriate on the condition that the 
bed had formed entirely of muscovite (which is 
obviously impossible) for a small amount of 
feldspars would cause neogenic quartz to appear 
as a result of alteration. 

VIII. — TRACE ELEMENTS 
IN TONSTEINS AND CINERITES 

In the paralic coal measures, the thin volcanic 
ash beds have, with very few exceptions, alte
red to kaolinite. As noted earlier, examination 
with the optical microscope does not always 
provide convincing evidence of the volcanic 
origin and other means of identification have 

been sought. The volcanic origin of one of the 
most extensive tonstein horizons in the British 
Coal Measures was established from : a) the 
restricted heavy mineral suite consisting of zir
con and apatite which is diagnositic of bento-
nites (Weawer, 1963) ; b) the lateral passage into 
a mixed-layer illite-smectite with minor kaolinite, 
which is an assemblage typical of K-bentonites ; 
c) the bed form and lateral extent are characte
ristic of ash falls, as discussed earlier in this 
paper and d) the trace element geochemistry is 
unusual for sedimentary rocks but in certain 
respects is characteristic of volcanic rocks 
(Spears, 1971). This aspect is discussed in 
some detail in this section. 

The tonsteins referred to above is known as 
the supra-Wyrley Yard tonstein in the South 
Staffordshire Coalfield (= sub-High Main ton
stein, Nottinghamshire, = Stafford tonstein, 
North Staffordshire = Sharlston Muck, York
shire, see bibliography in Spears, 1971). This 
horizon was first detected because of the 
high level of radioactivity in gamma-ray bore
hole logs (Ponsford, 1955, p. 37). The level 
of activity recorded was comparable with the 
major marine horizons and was significantly 
greater than the normal non-marine measu
res with which the tonstein was associated. 
Furthermore the isotope of potassium, K 4 0 , which 
contributes to the gamma activity of typical sedi
ments is absent from the tonstein. Therefore 
the difference between this tonstein and the nor
mal sediments would be even greater if the 
contribution of potassium was excluded. The 
U concentration in the tonstein was found to be 
11.7 p.p.m. and the thorium concentration 43.9 
p.p.m. (Spears, 1971). The Th concentration is 
unusually high for clay rich rocks, with the 
exception of bentonites, that is clays developed 
from volcanic ash. In igneous rocks both U 
ant Th increase from basic to acid. Th concen
trations are in the range 0.5-2.0 p.p.m. in basic, 
increasing to the 10-20 p.p.m. range in acid 
igneous rocks. Th is a very insoluble element 
and the determined value in the tonstein is 
readily explained by loss of more mobile ele
ments from an acid ash. The distribution of 
radioactivity in the specimens was established 
using a sensitive emulsions. 

Zircons and the kaolinite were found to be 
responsible for the radioactivity and most of the 
U was thought to be associated with the former 
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Staffordshire = Sharlston Muck du Yorkshire ; 
voir bibliographie dans Spears, 1971). Cet hori
zon a été détecté le premier à cause du haut 
niveau de radioactivité dans les études par 
rayons X, des logs de sondage (Ponsford, 1955, 
p. 37). Le niveau d'activité mesuré était compa
rable à celui des principaux niveaux marins et 
significativement plus élevé que celui des dépôts 
non-marins avec lesquels le tonstein était habi
tuellement associé. Bien plus, l'isotope du po
tassium 4 0 K qui contribue à l'activité gamma 
des sédiments typiques, est absent du tonstein. 
Par conséquent, la différence entre ce tonstein 
et des sédiments banals aurait même été plus 
grande si l'influence du potassium n'avait été 
exclue. La concentration U dans le tonstein a 
été trouvée égale à 11,7 p.p.m. et la concentra
r o n Th égale à 43,9 p.p.m. (Spears, 1971). 

La concentration Th est anormalement élevée 
pour une roche riche en minéraux argileux, 
excepté pour les bentonites qui sont des argi
les issues de cendres volcaniques. Dans les 
roches ignées, les teneurs en U et Th augmen
tent toutes deux, des roches basiques aux ro
ches acides. Les concentrations sont de l'ordre 
de 0,5-2,0 p.p.m. dans les roches basiques, aug
mentant jusqu'à 10-20p.p.m. dans les roches 
acides. Th est un élément très insoluble et la 
valeur constatée dans le tonstein est facilement 
explicable par la perte d'éléments plus mobiles 
des cendres acides. La répartition de la radio
activité dans les échantillons a été établie par 
l'emploi d'émulsions sensibles. 

Les zircons et la kaolinite ont été trouvés 
responsables de la radioactivité et l'on peut 
penser que la plus grande partie de U est 
associée aux premiers et de Th à la seconde 
(Spears, 1971). Il a été établi ainsi qu'en dépit 
d'une forte altération et de la perte d'éléments 
majeurs, les éléments en trace pouvaient être 
retenus au cours de l'altération des cendres, 
que cela soit dû à une association avec des 
minéraux résistants, ou à une solubilité faible 
et un manque de mobilité s'ils étaient associés 
initialement avec des minéraux instables ou avec 
des verres. 

On pense que la conservation de Th peut 
être importante mais que U non associé initia
lement avec le zircon, a pu être éliminé sous 
forme d'uranyl. La teneur significative d'un élé
ment dépend ainsi de l'importance de sa réten
tion et aussi d'une concentration initiale consi

dérée comme caractéristique d'une composition 
volcanique spécifique. 

Le travail sur le tonstein de supra-Wyrley 
Yard fut complété par Spears et Rice (1973) 
pour inclure d'autres éléments en trace. La pré
sence des éléments fut établie avec une micro
sonde et en analysant des fractions séparées 
( < 2 /¿m et liqueur dense de d > bromoforme). 
En plus de U et de Th, de fortes concentrations 
en Pb, Sn, Bi, Y, et Be furent observées ainsi 
que de faibles concentrations en Cr, V, Ni, Co, 
Cu et Ti, tout cela correspondant à une cendre 
de composition acide. On a trouvé que les 
concentrations étaient comparables à celles des 
roches ignées et la rétention quantitative des 
éléments était due aussi à leur association avec 
les fractions peu altérables du niveau ou à la 
formation de produits insolubles comprenant la 
kaolinite et des sulfures diagénétiques. Dans 
les basaltes, Cr, V, Co et Ni sont associés à la 
magnétite qui est un minéral résistant aux alté
rations et, par conséquent, on peut s'attendre à 
de fortes concentrations de ces éléments si 
le tonstein provient de cendres basiques. Des 
concentrations élevées en Be et faibles en Cr 
dans un certain nombre de tonsteins de la Sarre 
ont suggéré à Stôffler (1963) pour ceux-ci une 
origine dérivée de cendres rhyolitiques. 

Les roches ignées basiques sont également 
riches en Ti et ce dernier est peu sensible aux 
processus d'altération. De très fortes concen
trations en T1O2 (3-7 %) ont été observées par 
Strauss (1971) dans quelques-uns des tonsteins 
des bassins houillers du Nottinghamshire-Derby-
shire. Des teneurs comparables ont été obser
vées dans les tonsteins de l'Ecosse par Price 
et Duff (1971), ce qui attire l'attention sur une 
similitude avec les basaltes alcalins locaux. Les 
liens avec l'activité volcanique ont été notés 
antérieurement dans le bassin houiller de Fife 
par Francis (1961) et Francis et Ewing (1961). 
Ces auteurs ont reconnu qu'il y avait un pas
sage latéral des pyroclastes aux tonsteins. La 
composition du magma était principalement celle 
d'un basalte alcalin et les volcans étaient petits 
et d'activité de courte durée ; l'extension latérale 
de ces tonsteins n'excédait généralement pas 
40 km (Francis, 1969). Le rapport T iO- /A I 2 0 3 , 
qui reste constant durant l'altération, a été utilisé 
par Spears et Kanaris-Sotiriou (1976) pour carac
tériser les tonsteins formés à partir de cendres 
basiques et acides et pour les distinguer des 
sédiments normaux. Cette approche fut étendue 
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and Th with the latter (Spears, 1971). It was 
thus established that in spite of extensive alte
ration and loss of major elements, that trace 
elements could be retained during ash alteration 
either due to the association with the resístate 
minerals or to low solubility and lack of mobility 
if associated initially with unstable minerals and 
glass. The retention of Th is thought to be 
quantitative, but U not initially associated with 
zircon may have been lost as the uranyl ion. 
The interpretative value of an element thus de
pends on the extent of its retention and also 
on the initial concentration being diagnostic of 
a specific volcanic composition. 

The work on the supra-Wry ley Yard tonstein 
was extended to include other trace elements by 
Spears and Rice (1973). Element location in 
the rock were established with the microprobe 
and by analysing separated fractions (< 2 pm 
and SG > bromoform). In addition to U and 
Th, high concentrations of Pb, Sn, Bi, Y and Be 
were recorded and low concentrations of Cr, V, 
Ni, Co, Cu and Ti all of which correspond to an 
ash of acid composition. Concentrations were 
found to be comparable with igneous values 
and quantitative retention of the elements was 
achieved by either association with the resístate 
fraction or the formation of insoluble reaction 
products including kaolinite and diagenetic sul
phides. In basalts Cr, V, Co and Ni are asso
ciated with the magnetite which is a resístate 
mineral and therefore high concentrations would 
be anticipated, if the tonstein formed from a 
basic ash. High Be and low Cr concentrations 
in a number of tonsteins from the Saar Coal
field suggested to Stbffler (1963) derivation from 
a rhyolitic ash. 

Titanium is also enriched in basic igneous 
rocks and is immobile in the alteration process. 
Very high 770 2 concentrations of 3-7 % were 
noted by Strauss (1971) in some of the tonsteins 
from the Nottinghamshire-Derbyshire Coalfields. 
Comparable values were recorded in Scottish 
tonsteins by Price and Duff (1969) who drew 
attention to the similarities with the local alkali 
basalts. The link with the volcanic activity had 
been noted earlier in the Fife Coalfield by Fran
cis (1961) and Francis and Ewing (1961). These 
authors had recognised that there was a lateral 
passage from pyroclastics into tonsteins. The 
magma composition was dominantly alkali basalt 
and the volcanoes were small and short-lived. 
The lateral extent of these tonsteins generally 

does not exceed 40 km (Francis, 1969). The 
T/O2/A/2O3 ratio, wich remains constant during 
the alteration, was used by Spears and Kanaris-
Sotiriou (1976) to identify tonsteins formed from 
basic and acid ash and to distinguish these 
from normal sediments. This approach was 
later extended (Spears and Kanaris-Sotiriou, 
1979) using Ti/AI, Cr/AI, Zr/AI and Ni/AI in a 
multivariate discriminant analysis based on the 
three rock groups above plus intermediate vol-
canics. Tonsteins from the paralic coal measu
res in NW Europe, were then classified into the 
four groups using the normalised trace elements. 
It is necessary to express the results as a 
ratio to overcome the prob'ems of concentration 
changes due to the loss of mobile elements. The 
tonsteins fall into two main groups, one group 
formed from basic volcanic ash containing varia
ble amounts of detrital sediment, and the main 
group formed from acid volcanic ash which thus 
substantiated the conclusions of Bouroz (1965) 
and Bouroz et al. (1969). The former group 
would appear to be restricted to Britain asso
ciated with essentially local eruptions. The 
latter group, which includes most of the French 
and German tonsteins, and some of the British, 
are thought to cover extensive areas, compara-
b'e with the recent ash falls described earlier 
and to have a common source, possibly in the 
Vosges or Black Forest as suggested by Bouroz 
(1967). 

Analyses of five cinérítes are presented in 
the accompanying table (following page). 

The analyses are presented in order of de
creasing silica content and increasing alumina 
content, with the first two analyses very similar 
to rhyolite concentrations. The quartz content 
is noteworthy and is indeed sub-microscopic in 
size, as noted earlier. The mean TiOz/AUO* 
ratio for these samples is 0.015 ± .007 which 
is characteristic of an ash of acid composition. 
This ratio is also comparable with the majority 
of tonsteins in the paralic coalfields (Spears 
and Kanaris-Sotiriou, 1979, fig. 4). There is a 
major difference however, if the TiOz/AlnO? 
ratio is plotted against the quartz content becau
se the quartz content in the tonsteins is charas-
teristically low, as in other bentonites (Schultz, 
1962), except where there is an increment of 
normal detrital sediment (the presence of 2M 
mica confirms the detrital input) whereas the 
quartz content in the cinérites is certainly not 
uniformly low. The trace elements, Ni, Co, V, 
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plus tard (Spears et Kanaris-Sotiriou, 1979) en 
utilisant les rapports Ti/AI, Cr/AI, Zr/AI et Ni/Ai 
dans des analyses différentielles basées sur les 
trois sortes de roches ci-dessus, plus des roches 
volcaniques intermédiaires. Les tonsteins des 
bassins paraliques du NW de l'Europe furent 
alors classés en quatre groupes basés sur les 
éléments en trace normalisés. Il est nécessaire 
d'exprimer les résultats par des rapports pour 
maîtriser les problèmes de changement de con
centration dus à la perte des éléments mobiles. 
Les tonsteins se classent en deux groupes 
principaux, un groupe formé à partir de cendres 
volcaniques basiques, contenant des proportions 
variables de sédiments détritiques et un groupe, 
le plus important, formé à partir de cendres 
volcaniques acides, justifiant ainsi les conclu
sions de Bouroz (1966) et de Bouroz et al. 
(1959). Le premier groupe semblerait limité à 
l'Angleterre, associé essentiellement à des érup
tions locales ; l'autre groupe, qui inclut la plupart 
des tonsteins français et allemands et quelques-
uns des anglais, sont estimés couvrir des aires 
étendues, comparables aux chutes récentes de 
cendres décrites au début de la présente étude, 
et avoir une origine commune, vraisemblable
ment à partir des Vosges ou de la Forêt-Noire, 
ainsi que cela a été suggéré par Bouroz (1967). 

Les analyses de cinq cinérites sont présen
tées dans le tableau I. 

Les analyses sont présentées dans l'ordre 
décroissant des teneurs en silice et dans l'ordre 
croissant des teneurs en alumine avec, pour 
les deux premières analyses, une similitude avec 
les concentrations des rhyolites. La teneur en 
quartz est remarquable et ce quartz est d'une 
taille sub-microscopique, ainsi que cela a été 
indiqué plus haut. La moyenne du rapport TiO>/ 
A I 2 O 3 , pour ces échantillons, est de 0,015 ± 
007, qui est caractéristique d'une cendre de 
composition acide. 

Ce rapport est comparable aussi à celui de 
la majorité des tonsteins des bassins paraliques 
(Spears et Kanaris-Sotiriou, 1979, fig. 4). Il y a 
cependant une différence majeure si le rapport 
T 1 O 2 / A I 2 O 3 est rapporté à la teneur en quartz 
parce que cette dernière est caractéristique-
ment basse dans les tonste ;ns, comme dans les 
bentonites (Schultz. 1962), excepté là où il y a 
un accroissement des sédiments détritiques (la 
présence de mica 2 M confirme l'apport détriti
que) alors que la teneur en quartz dans les 

N" d ' « o h a a t l l l o n 

T o t a l 5 1 o 2 v 79 . t 76.2 61 . 9 59.3 47 .4 

( o i l i c » l i . U r · « q u a r t z %) (50.0) (45.2) (37.41 ( 2 3 . 3 ) (4.4) 

A 1 2 ° 3 % 12.56 13.89 17 .26 25.20 34.62 

T i o 2 
% 0.09 0.16 0.44 0. 33 C .09 

Ni pprn 2 3 7 10 12 

Ca pptn 17 3a 12 4 1 

V ppm 1 s 35 38 41 

Cr ppm 21 22 46 58 54 

Zn ppm 37 11 52 13 6 

Cu ppm 7 2 12 4 4 

Eh ppm 153 122 154 314 107 

Sr ppm 94 167 73 36 129 

Y ppE 43 25 98 ia 52 

Zr ppm iao 126 192 loa 290 

Pb ppm 92 55 38 20 22 

E l ppm 59a 49o 465 523 353 

Tableau I 

Echantillon 1 Cinéri te en t re 11" et 12" Grùner 
(Saint -Et ienne) . 

Echantillon 2 Cinér i te en C o u c h e V (Carmaux) . 

Echantillon 3 Cinér i te Gore B (Decazevi l le) . 

Echantillon 4 Cinér i te mur de la C o u c h e Katia 
( C é v e n n e s ) . 

Echantillon 5 Cinér i te dans la G r a n d e C o u c h e 
d e s O u ï e s ( C é v e n n e s ) . 

(Analysés en spec t romé t r l e f l uo re scence X 
par le Dr Kanar is -Sot i r iou) . 

cinérites n'est certainement pas uniformément 
basse. Les éléments en trace Ni, Co, V, Cr et 
Cu, qui sont concentrés dans les roches ignées 
basiques, sont tous présents à des concentra
tions typiques des roches volcaniques acides. 
Excepté Co, ces éléments ne décroissent pas 
avec l'augmentation de l'altération, démontrant 
ainsi la stabilité de leur comportement. Il y a 
une diminution dans les concentrations de Pb 
dans le cas d'une altération, ainsi que dans 
celles de Zn. Dans les tonsteins, ces éléments 
sont retenus en association avec les sulfures 
diagénétiques. Il est possible que dans les ciné
rites, les activités diagénétiques de réduction du 
soufre soient insuffisamment élevées. Les mê
mes analyses discriminatoires utilisées pour 
classer les tonsteins peuvent être appliquées 
aux cinérites. En utilisant les rapports Ti/AI, 
Cr/AI, Ni/AI et Zr/AI et les teneurs différentiel
les calculées (Spears et Kanaris-Sotiriou, 1979, 
tableau 4), les cinérites se classent comme 
roches éruptives acides. 
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9ampla Number l 2 3 
Element Cinérites (n -5 Element Cinérites (n - 5) Ac •ID Tamt«tns In .- 21] d/95» Cor.lldsn-u Liail 

Total SiÔ  79.7 76.2 61.9 59. 3 47.4 Mi 6 2 4 178= 13 0-65 

(frea silica - quartz*) (50.0) (45.2) (37.4) (23. 3) (4.4) 
Co 14 * 15 7È é a.45 

% 12.56 13.89 17.26 25. 20 34.82 
V 24 1 19 25= 34 • .07 

34.82 
Cr 40 * 19 26= 29 C.87 

t 0.09 C.16 0. 44 0. 33 Q . 0 9 Zn 24 * 20 47= 63 0.29 

Nl ppm 2 3 7 10 1 2 Cu G = 4 21= 35 • . 37 

CO PP» 17 3a 12 4 1 ar> 17C * 33 25= 4fi 2.27 

V ppm 1 5 35 38 41 
Sr loa ± 51 933=1630 • -SB 

21 22 
y 47 1 31 

ISO * 71 

65 = 60 Q.22 
Cr ppm 21 22 46 58 54 

Zr 

47 1 31 

ISO * 71 122 = 57 0.53 
Zn PP» 37 11 52 13 6 Zn PP» 13 

Pb 46 5 29 61 = 3 1 0.53 

Cu 

Rb 

ppm 

ppm 

7 

153 

2 

122 

12 

154 

4 

314 

4 

107 

0.34 = 0.23 0.40 = 0.2b 0.27 • 

Sr ppm 94 157 73 36 129 Table ii 
Y ppm 43 25 98 18 52 

zr ppm 180 126 192 108 290 
element concentrations m/o/d unless shown otherwise. 

Pb ppm 92 55 38 20 23 
mean values ± standard deviation. 

Ba ppm 598 490 465 523 359 
A/95 % 

Ba ppm 

A/95 % confidence limit = difference between the means A/95 % 

divided by confidence limit. 
Table 1 

/f this /s > 7, upper and lower confidence limits for the 
difference does not include 0 and the popu-

Sample 1 Cinèrite between the 11th and 12th Gruner lation means are 'unlikely to be the same. 
(Saint-Etienne). 

Sample 2 Cinerite in seam 5 (Carmaux). 

Sample 3 Cin6rite from Gore B (Decazeville). 
Sample A Cinerite in the floor of the Katia Seam 

(Cevennes). 

Sample 5 Cinerite in the Grand Seam (Cevennes). 

(Analysed by X-ray fluorescence spectrometry 
by Dr. R. Kanaris-Sotiriou). 

Cr and Cu, which are concentrated in basic 
igneous rocks, are all present at concentrations 
typical of acid volcanics. With the exception of 
Co these elements do not decrease with increa
sing alteration thus demonstrating their immo
bile behaviour. There is a decrease in the Pb 
concentrations on the table with alteration, and 
also Zn. In the tonsteins, these elements were 
retained associated with diagenetic sulphides. 
Possibly in the cinerites the diagenetic activi
ties of reduced sulphur species were insuffi
ciently high. The same discriminant function 
analysis used to classify the tonsteins may be 
applied to the cinerites. Using the Ti/AI, CrjAI 
and Zr/AI ratios and the calculated discriminant 
function values (Spears and Kanaris-Sotiriou, 
1979, Table 4), the cinerites classify correctly 
as acid igneous. 

The trace elements in the cinerites are com
pared with those in the acid derived tonsteins 
in the table II. 

In the table, some of the standard deviations 
are greater than the mean values indicating a 
non-normal distribution. The significance of the 
difference between the sample means has 
therefore been calculated on a logarithmic scale. 
The only element which differs significantly is 
Rb, which is mobile but is retained along with K 
in the cinerites. This table demonstrates that 
not only are the cinerites and acid tonsteins 
very similar, but also that the trace elements as 
a group are much less mobile than are the 
major elements. 

The trace elements have been used to con
firm the volcanic origin of many tonsteins and 
to determine the original ash composition. The 
igneous rock groups used are broad and greater 
subdivision is now desirable. The problem of 
recognising a'tered pyroclastic is not only of 
interest to tonstein workers. Pearce and Cann 
(1973) used immobile elements to identify the 
tectonic setting of basic igneous rocks. This 
was extended by Winchester and Floyd (1977) 
to cover all volcanic rock groups and discrimi
nation was achieved on a number of diagrams 
by plotting immobile element ratios against 
either other ratios or single element concen
trations. The plot of Nb/Y against Zr/TiO? was 
used by Huff and Turkmenoglu (1981) to identify 
the original ash composition of K-bentonites. 
On the same diagram the analyses of British 
tonsteins either fall in the alkali basalt field or 
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Les éléments en trace dans les cinérites 
sont comparés avec ceux des tonsteins acides 
qui en sont dérivés, dans le tableau II. 

Elément Cinéri i.f <9 !n - 5) " O P . s4;, acides C n = 3 ' ) 
¿V??3* I.-.t-rvaU* 

Ni 6 - 4 17H- 13 0.65 

Ca 1-1 15 7- 6 0.15 

V 24 ± 19 2b = 34 G.07 

Cr 40 13 26- 29 0.37 

Zìi 2-1 20 J7- 63 0. 29 

Cu â - 1 21 = 35 0.37 

Fb 33 25* 43 2. 27 

sr 1QO 5L 993±L63Q o. aa 

Y 47 - 31 É5 - So 0.22 

Zr ISO - 71 122 t 57 0. 53 

Pb 46 ± 29 61 * 31 0. 59 

T i o 2 % 0.34 *- 0. 23 C.4C i 0.26 0.27 

Tableau II 

concentrations exprimées en /u.g/g (p.p.m.) sauf spécification 

contraire, 

valeurs moyennes ± écart-type. 

A / 9 5 % d intervalle de confiance = différence entre les 

moyennes, divisée par l'intervalle de confiance. 

Plus ce rapport se rapproche de 1, moins il y a de chances 

que les moyennes soient les mêmes dans les 

deux faciès. 

Dans ce tableau, quelques écarts-types sont 
supérieurs à la moyenne et indiquent une distri
bution anormale. Le seuil de signification de la 
différence entre les moyennes des échantillons 
a été calculé en échelle logarithmique. Le seul 
élément qui diffère d'une manière significative 
est le Rb, mobile, il suit le K dans les cinérites. 

Ce tableau montre aussi, non seulement que 
les cinérites et les tonsteins acides sont très 
semblables, mais encore que le groupe des 
éléments en trace est moins mobile que celui 
des majeurs. 

Les éléments en trace ont été utilisés pour 
confirmer l'origine volcanique de nombreux ton
steins et pour déterminer la composition des 
cendres originelles. Les groupes de roches 
ignées utilisées sont nombreux et des subdivi
sions plus grandes sont actuellement désirables. 
Le problème de l'identification des pyroclastes 
altérés n'intéresse pas que les chercheurs étu
diant les tonsteins. Pearce et Cann (1973) ont 
util isé les éléments stables pour préciser la mise 
en place tectonique des roches ignées basiques. 
Cela a été étendu par Winchester et Floyd (1977) 
à tous les groupes de roches volcaniques et le 
classement fut complété sur de nombreux dia

grammes en déterminant le rapport des éléments 
de comportement stable aux concentrations d'au
tres éléments simples. Le rapport de Nb/Y à 
Zr/TiOi a été utilisé par Huff et Turkmenoglu 
(1981) pour déterminer la composition de la 
cendre originelle d'une K-bentonite. Sur un 
même diagramme, les analyses des tonsteins 
anglais se placent dans le champ, soit des 
basaltes, soit dans celui des rhyolites ou des 
rhyodacites-dacites. Sur cinq cinérites analy
sées, quatre appartiennent au champ des rhyo
lites et une à celui des rhyodacites-dacites, ce 
qui confirme ainsi la similitude générale des 
cinérites et des tonsteins acides. Dans les étu
des des roches d'épanchement modernes, la 
transition des rhyolites aux rhyodacites et aux 
dacites est souvent caractérisée par une aug
mentation des éléments cristallins et une dimi
nution concomitante des verres. Cela peut être 
accentué par le classement et c'est pourquoi 
une variation latérale dans la composition des 
cendres est possible. 

IX. — ETUDE CRITIQUE 
DES DIVERSES CLASSIFICATIONS 
DE CINERITES ET DE TONSTEINS 

Les nombreuses études dont ont été l'objet 
les marqueurs pétrographiques ont abouti à des 
classifications que nous allons rappeler suc
cinctement avant d'en discuter les valeurs rela
tives. Chronologiquement, elles ont été publiées 
par les auteurs suivants : Schüller (1951), Schül
ler (in Schüller et Hoehne, 1956), Bouroz (1962), 
Masek (1933), Bouroz (1936, 1972), Dopita et 
Kralik (1967, 1969). 

Nous en rappellerons les données en nous 
inspirant, en partie, d'une publication précé
dente (Bürger, 1979). 

1) Classifications antérieures. 

Schüller (1951): 

1) Mecanische sedimente 

(a) gewöhnliche tonsteine (fossile tone) 

(b) kaolinitsteine 

(c) bentonitsteine 

2) (Bio-) chemische sedimente 

(a) graupentonsteine 

(b) kristalltonstelne 

3) Volkanogene sedimente 

tuffsteine (fossile dichte tufte) 
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in the rhyolite, rhyodacite-dacite fields. Of the 
five clnérite analyses, four fall in the rhyolite 
field and one in rhyodacite-dacite field, which 
thus confirms the general similarity of the ciné-
rites and the acid tonsteins. In studies of mo
dern tephra the transition from rhyolite to rhyo-
dacite and dacite is often achieved by an increa
se In the crystal content and a concomitant 
decrease in the glass content. This may be 
achieved by sorting and therefore a lateral 
variation in the ash composition is possible 

IX. — C R I T I C A L S T U D Y 

O F D I F F E R E N T C I N E R I T E 

A N D T O N S T E I N C L A S S I F I C A T I O N S 

The numerous studies made on the pétro
graphie markers have resulted in classifications 
that we are going to recall briefly, before discus-
ing their relative values. Chronologically they 
have been published by the following authors .-
Schüller 1951), Schüller (in Schüller and Hoehne, 
1956), Bouroz (1962), Masek (1963), Bouroz 
(1966, 1972), Dopita and Kralik (1967, 1969). 

We shall recall the data, partially from an 
anterior publication (Burger, 1979). 

1) A n t e r i o r c l a s s i f i c a t i o n s . 

Schüller (1951) : 

1) Mecanische sedimente 
(a) gewöhnliche tonsteine (fossile tone) 
(b) kaolinitsteine 
(c) bentonitsteine 

2) (Bio-) chemische sedimente 
(a) graupentonsteine 
(b) kristalltonsteine 

3) Volkanogene sedimente 
tuffsteine (fossile dichte tufíe) 

This classification, tending to classify the 
tonsteins according to origin was replaced by 
his other classification, as follows : 

Schüller (in Schüller and Hoehne, 1956) : 

A - Körnige tonsteine 
1) Kristalltonsteine (numerous crystals of kaolinite and 

occasionally of leverriérite) 
2) Graupentonsteine (grains of kaolinite finely crystal

lised and nearly isotropic optically) 
3) Pseudomorphosen-tonsteine (which is, essentially, 

composed of microcrystalline kaolinite pseudomor-
phing silicates such as micas and feldspars) 

B - Dichte tonsteine 
(tonsteins composed almost exclusively of a fine 
paste, nearly isotropic of kaolinite, illite but very 
rarely montmorillonite) 

C - Tonsteinâhnliche Detritussedimente 
(composed principally of broken micas : biotite, 
muscovite, chlorite). 

This classification, based originally on the 
study of the tonsteins from the Ruhr and Sarre 
Basins, is used at present by the German school 
and by numerous researchers elsewhere. Ac
cording to the publications of its author and those 
of Hoehne, the sedimentary origin of the ton
steins became to them a true dogma. Conse
quently, this classification appeared to them to 
answer correctly all the questions that one couid 
ask at that moment. 

Bouroz (1962) : 

1) Ortho-tonstein («, P) 
2) Strato-tonstein f > i , a,, B) 
3) Crypto-tonstein 
4) Meta-tonstein 
5) Cata-tonstein 

(for the definitions please go to the original 
publication). 

This classification was established by the 
author at time when he only had as his field of 
study the basin in the north of France. It was 
of course not sufficient to obtain a view of the 
whole question, based as it was by force of 
circumstances on a paralic basin. However, the 
author felt it necessary to publish this classifi
cation in response to that of Schuller's, because 
it seemed so incapable of answering a number 
of questions, of which this was the main one ; 
how it was possible to admit an orthodox sedi
mentary origin for such thin beds, so widely 
spaced geographically and of such a contras
ting pétrographie composition, while the sedi
mentary conditions prevalent at a given moment 
in a very big basin are extremely heterogeneous 
and transgressive with respect to one another. 

Masek (1963 : 

7J Tonsteins with crystals (corresponding to tuffs with 
biotite) 

2) Tonsteins with grains (lapilli tuffs) 
3) Tonstein compact (tuffs with kaolinised ash) 
A) Tonsteins with pseudomorphs (tuffs with quartz and 

sanidine crystals). 
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Cette classification, tendant à classer les 
tonsteins d'après leur origine, a été remplacée 
par son auteur, par la classification suivante : 

Schüller (in Schüller et Hoehne, 1956) : 

A - Körnige t ons t e ine 

1) Kris ta l l tonsteine (à nombreux cr i s taux d e kaolinite 
et, occas ionne l l emen t , de leverriéri te) 

2) G r a u p e n t o n s t e i n e (à g ra ins de kaolinite f inement 
cr is ta l l i sés e t op t iquement p r e s q u e i so t ropes ) 

3) P s e u d o m o r p h o s e n - t o n s t e i n e (qui, pour l 'essent ie l , s e 
c o m p o s e de p s e u d o m o r p h o s e s d e kaolinite micro
cristalline en s i l ica tes te l s que micas ou felds-paths) 

E - Dichte tons i e ine 

(Tonste ins c o m p o s é s à peu p r è s exc lus ivement d 'une 
pâ te p r e s q u e i so t rope d e kaolinite, d'illite ou par-
fols, mais t r è s ra rement , de montmoril lonite) 

C - Tons te inähnl iche D e t r i t u s s e d i m e n t e 

(Cons t i tués pr inc ipa lement par d e s micas b royés , 
biotite, muscovi te , chlori te) . 

Cette classification, basée à l'origine sur 
l'étude des tonsteins du bassin de la Ruhr et du 
bassin de la Sarre, est utilisée actuellement par 
l'école allemande et de nombreux chercheurs 
d'autres pays. D'après les publications de son 
auteur et celles de Hoehne, l'origine sédimen-
taire des tonsteins constituait pour eux un véri
table dogme ; par conséquent, cette classifica
tion leur paraissait répondre correctement à tou
tes les questions qu'on pouvait se poser à ce 
moment-là. 

Bouroz (1962)-

1) Or tho- tons te in (<*, fi) 

2) S t ra to - tons te in (a,, ß) 

3) Crypto- tons te in 

4 ) Meta- tons te in 

5 ) Ca ta - tons te in 

[pour les définitions, on voudra bien se reporter 
à la publication originale). 

Cette classification a été établie par son 
auteur alors qu'il ne disposait comme champ 
d'étude, que du bassin du Nord de la France. 
C'était, bien entendu, notoirement insuffisant 
pour avoir une vue d'ensemble de la question, 
ses recherches se limitant, par la force des 
choses, à un bassin paralique seulement. 

Cependant, l'auteur avait tenu à publier cette 
classification en réaction contre celle de Schül
ler, tellement celle-ci lui avait paru incapable de 
répondre à un certain nombre de questions, dont 

la principale était la suivante : comment était-il 
possible d'admettre une origine sédimentaire 
banale pour des niveaux aussi minces, aussi 
étendus géographiquement et de composition 
pétrographique aussi constante, alors que les 
conditions sédimentologiques régnant à un ins
tant donné dans un très grand bassin sont extrê
mement hétérogènes et transgressives d'un point 
à un autre. 

Masek (1963): 

1) Tons te ins à c r i s taux ( c o r r e s p o n d a n t à d e s tufs à 
biot i tes) 

2) Tons te ins è gra ins (tufs à lapilli) 

3) Tons t e ins c o m p a c t s (tufs d e c e n d r e s v i t r e u s e s kao-
l inisées) 

4) Tons t e ins de p s e u d o m o r p h o s e (tufs cristal l ins à 
quar tz e t san id ines ) . 

Cette classification est la première à se réfé
rer explicitement à l'origine volcanique de ces 
niveaux par leur assimilation à des tufs. Mais 
il nous parait regrettable qu'elle continue à 
employer le terme tonstein, car ce mot a été 
longtemps considéré comme synonyme de ni
veau d'origine sédimentaire à kaolinite large
ment dominante. 

Bouroz (1966, 1972) : 

La classification de 1972 est celle qui a été 
exposée tout au long de la présente étude ; celle 
de 1966, dans laquelle il n'y avait pas encore 
de type V, traduisait une première approche de 
la question, son auteur n'ayant eu qu'à partir 
de 1964, l'ensemble des bassins houillers fran
çais, comme champ d'activité. 

Ce sont les cinérites des bassins stépha-
niens du Massif Central qui, par la fraîcheur 
remarquable qu'elles avaient conservée dans 
les formations à charbon allochtone des gise
ments, ont permis de confirmer la véritable 
origine de ces marqueurs pétrographiques et 
c'est leur très grande variété qui a permis 
d'arriver à une classification qui paraît relati
vement complète, dans l'état actuel de la 
question. 

Dopita et Kralik (1967, 1969): 

1) Type T (tuf, tuffite) - tufs à c r i s taux a l t é r é s et phyl-
lit isès. 

2) Type KT (kristal l tonstein) - tufs vitreux p r e s q u e ent iè
rement phyll i t isés. 
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This classification is the first to refer speci
fically to the volcanic origin of these beds by 
inclusion of tuff. But it appears regrettable 
that he continued to use the term tonstein which 
had for a long time been considered synonymous 
with a b e d dominated by kaolinite but of sedi
mentary origin. 

Bouroz (1966, 1972) : 

The classification of 1972 is that used throu
ghout the present study. The classification of 
1966, in which Type V were unrepresented, re
presented a first approach to the problem and 
it was only after 1964 that the author became 
involved with material from all the French Coal
fields. Thus, the cinerites of the Stephanian 
Basins of the Massif Central which by the remar
kable freshness that they had retained during 
the formation of allochthonous coals, enabled 
the true origin of these pétrographie markers 
to be established, and it is their very great 
variety which enabled a classification to be 
produced, which looks relatively complete in the 
present state of knowledge. 

Dopita and Kralik (1967, 1969): 

I ) Type T (tuff) - tuffs with crystals altered to day 
2) Type KT (kristailtonstein) - tuffs with glass almost 

entirely converted to clay. 

These authors have equally recognised the 
ash origin of the beds they have studied, but it 
seems that they have not dealt with sufficient 
numbers to be able to build an exhaustive 
classification. 

2) C o m p a r i s o n o f S c h i i l l e r ' s ( 1 9 5 6 ) a n d B o u r o z ' s 
( 1 9 7 2 ) C l a s s i f i c a t i o n . 

It is interesting in the present stage of 
research, to try to harmonise these two classi
fications, and to consider why they appear, at 
first sight, to be so dissimilar. The fundamental 
cause responsible for this difference must be 
sought in the depositional conditions of the mate
rial studied and retained as a basis of classifi
cation. While the Bouroz classification (1972) 
stressed principally on beds having not under
gone extreme alteration (beds whose tuff origin 
was easily recognisable because they were 
deposited in sterile sequences or in the alloch
thonous coals of limnic basins), Schuller's 1956 
classification relied on the tonsteins of the 
Sarre Basin. Now we know that the material in 

that basin has been subjected to intense pedo-
genic activity which has resulted In an almost 
total kaolinisation of the original materials wha
tever its original chemical composition. This 
particular process of alteration appears to us 
so important that it would in itself justify the 
replacement of Schüllers kaolinkohlentonstein 
by the term kaolinpedogenesetonstein, especially 
as, if the tonsteins preferentially occur in beds of 
coal (but not always), this is due to a question 
of probability, as has already been demonstrated 
(Bouroz, 1970). This apparent connection (*) 
results from the fact that In any sedimentary 
coal sequence, the time for the accumulation of 
the coal represent a very high percentage of 
the total time of deposition of the sequence .-
69 % for the Westphalian C of Pas-de-Calais, 
87 % for the Stephanian in Carmaux. There is 
also the fact that volcanic explosions occur in 
a very uncertain manner with respect to time 
(Chalard, 1967). It is to be expected that the 
ashes will be most numerous in the sedimen
tary phase which represents the longest rela
tive time (phase of organic accumulation). It 
remains to consider each term in Schuller's 
classification and to find out what it corresponds 
to in the Bouroz classification. 

Kristalltonsteine. — When the bed is compo
sed entirely of kaolinite vermicules often without 
optically visible quartz, there is complete kaolini
sation either of a cinerite of Type I or of a 
cinerite of Type III, a long way from its place 
of emission (PI. VIII, fig. 4). 

If one observed quartz with a rhyolitic habit 
and angular grains corresponding to altered 
feldspars or to altered fclsites kaolinised with 
no change in volume, it is a question of Type II 
cinerites (PI. IV, fig. 4). 

Graupentonsteine. — These are generally 
Type V cinerites, with the accumulation or roun
ded lapilli corresponding to less acid ashes in 
which ones observes only a little quartz (PI. X, 
fig- 2). 

(') In the bibliography of the note by Burger (1979) the 
translation into German of the Bouroz note (1970) has been 
the subject of a mistranslation by the translator : in the title 
of the original note, the word " apparent " is used in the 
sense of fortuitous, but it has been translated by evident 
which means in the title translated into German the oppo
site of what its author meant in French. It is true that this 
mistranslation makes the title of the note conform better 
with the sedimentary origin of the tonsteins. 
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Ces auteurs ont également reconnu l'origine 
cinéritique des niveaux qu'ils ont étudiés, mais 
il ne semble pas qu'ils aient disposé de niveaux 
suffisamment nombreux pour pouvoir bâtir une 
classification exhaustive. 

2) Comparaison des classifications Schüller 
(1956) et Bouroz (1972). 

Il paraît intéressant, au stade actuel des 
recherches, d'essayer d'harmoniser ces deux 
classifications et de rechercher pourquoi elles 
paraissent à première vue, si dissemblables. 

La cause fondamentale qui se trouve à l'ori
gine de cette dissemblance doit être recherchée 
dans les conditions de gisement du matériel 
étudié et retenu comme base de classification. 
Alors que la classification Bouroz (1972) s'est 
appuyée principalement sur des niveaux n'ayant 
pas subi, la plupart du temps, d'altération très 
poussée (niveaux dont l'origine cinéritique était 
facilement reconnaissable parce qu'ils s'étaient 
déposés souvent en séquences stériles ou dans 
les couches de houilles allochtones des bassins 
limniques), la classification de Schüller (1956) 
s'est appuyée dès l'origine, sur les tonsteins 
du bassin de la Sarre. Or, on sait que le 
matériel de ce bassin a été soumis à une pédo
genèse intense dont le résultat a été d'entraîner 
une kaolinisation presque intégrale du matériel 
originel, quelle que soit la composition physico
chimique initiale de ce dernier. Ce processus 
d'altération particulier nous paraît tellement im
portant qu'il justifierait à lui seul de remplacer, 
dans le cadre de la classification de Schüller, 
le terme kaolinkohlentonstein par le terme 
kaolinpedogenesetonstein, d'autant plus que si 
les tonsteins se rencontrent préférentiellement 
(mais pas toujours) dans les couches de houille, 
cela est dû à une question de probabilité comme 
cela a déjà été démontré (Bouroz, 1970) : cette 
liaison apparente (*) résulte du fait que, dans 
une séquence sédimentalre houillère quelcon
que, les temps cumulés de dépôt des couches 
de houille représentent un pourcentage très 

(*) Dans la bibliographie de la note Burger (1979), la 
traduction en allemand du titre de la note Bouroz (1970) a 
fait l'objet d'un contresens de la part du traducteur : dans le 
titre de la note originelle, le mot « apparent - est pris dans 
le sens de • fortuit -, mais il a été traduit par - évident ·, 
ce qui fait dire au titre traduit en allemand, le contraire de 
ce que son auteur a voulu dire en français. Il est vrai que 
ce contresens fait mieux cadrer le titre de la note avec la 
théorie de l'origine sédimentaire des tonsteins. 

élevé du temps total de dépôt de la séquence : 
69 % pour le Westphalien C du Pas-de-Calais, 
87 % pour le Stephanien de Carmaux. Comme 
d'autre part, les explosions volcaniques se ré
partissent dans le temps, d'une façon aléatoire 
(Chalard, 1967), il est normal que les cinérites 
soient plus nombreuses dans la phase sédi
mentaire qui représente le temps relatif le plus 
long (phase d'accumulation phytogène). 

Il reste à analyser chaque terme de la clas
sification Schüller et à rechercher à quoi il 
correspond dans la classification Bouroz. 

Kristalltonstein. — Lorsque le niveau est 
composé uniquement de kaolinite vermiculée, 
avec ou sans quartz optiquement visible, il s'agit 
de la kaolinisation intégrale d'une cinérite de 
type I ou de type III, très éloignée de son lieu 
d'émission (Pl. VIII, fig. 4). 

Si l'on observe la présence de quartz d'habi-
tus rhyolitique et d'éléments anguleux corres
pondant à d'anciens feldspaths ou à d'anciennes 
felsites kaolinisés en isovolume, il s'agit de 
cinérites de type II (Pl. IV, fig. 4). 

Graupentonsteine. — Il s'agit généralement 
de cinérites de type V, accumulation de lapilli 
arrondis correspondant à des cinérites d'un chi-
cisme relativement peu acide dans lesquelles 
on observe peu de quartz (Pl. X, fig. 2). 

Dichte tonsteine. — Il s'agit de cinérites de 
type I extrêmement fines, dans lesquelles les 
cristallisations sont rares. L'accumulation des 
débris vitroclastlques et la compaction ultérieure 
entraînent généralement un litage et une orien
tation unique des composants microcristallins, 
ce qui produit une extinction en masse des 
minéraux en lumière polarisée (Pl. Il, f ig. 2). 

Les trois termes précédents de la classifi
cation de Schüller traduisent d'une façon directe 
et précise ce que l'on peut observer au micro
scope polarisant, principalement dans les ton
steins des bassins de la Sarre et de la Ruhr et 
c'est la raison pour laquelle ces termes ont 
connu, et à juste titre, un grand succès auprès 
de tous ceux qui s'étaient intéressés à l'étude 
des tonsteins. Mais il n'en a plus été de même 
avec l'apparition du terme - Pseudo-morphosen 
Tonstein » introduit dans la classification de 
Schüller pour tenir compte d'observations nou
velles qui ne permettaient plus de faire rentrer 

IRIS - LILLIAD - Université Lille 1 



Dichte tonsteine. — These are Type I cine-
rites extremely fine grained in which secondary 
crystallisation is rare. The accumulation of 
vitroclastic debris, with later pressing together 
usually causes a preferred orientation of the 
elements which produces aggregate polarisa
tion colours in thin section (PI. II, fig. 2). 

The three preceding terms of Schuller's clas
sification are interpreted directly and exactly 
with what is observed under the polarising mi
croscope, mainly in the tonsteins for the Sarre 
and Ruhr Coalfields and that is why these terms 
have rightly been accepted by all those interes
ted in the study of tonsteins. However (*), it is 
not the same with the term " pseudo-morphosen 
tonsteine " introduced into Schuller's classifica
tion to account for new observations which no 
longer made it possible to place the beds in 
question into one of the three initial terms of 
the classification. 

Pseudomorphosen tonsteine. — In this new 
variety of tonstein, its essential has been defined 
as " kaolinite pseudomorphs in silicates " (Bur
ger, 1979). In the explanation of the plates 
accompanying this last note, the author indicates 
the existence of kaolinite pseudomorphs in feld
spars or micas, admitting without discussion 
nor explanation the reality of these pseudo
morphs and the sense in which, according to 
him, they are produced. 

A pseudomorph is a change by which a mine-
ral while keeping its exterior form, is replaced 
by another. In other words, it is what we have 
called in the present study isovolume alteration. 
And It is because of this that pseudomorph of 
kaolinite in feldspar, like those recorded in 
Burger's paper (1979) (PI. 2, p. 10) we appear 
to interpret the phenomenon in a wrong manner. 
In effect the angular grain (feldspar) is the pri
mary mineral and the infilling mineral (kaolinite) 
is the residue from the alteration of the feldspar, 
for how can we seriously admit that kaolinite 
which remains optically microcrystalline, should 
suddenly take an angular shape corresponding to 

(') It is quite strange to realise (Burger, 1979) that it 
is partly the study of the cinerites associated with the 
seams Olga, No. 17 de Drulhes and Mas-Dieu from the 
Cevennes Basin, which brought Schüller and Hoehne to the 
idea pseudomorphosen tonsteine, so that they interpreted 
what they saw in these beds into the theory of the sedi
mentary origin of the tonsteins. Yet it is a question of 
completely typical cinerite (PI. VI, fig. 1-4; PI. VII, fig. 1, 2). 

a feldspar crystal, when there is not yet optically 
any trace of feldspar in the mass. This interpre
tation contrary to the phenomenon of the pseudo
morphs only appears explicable with great effort, 
in the Schuller's classification, in order to agree 
with the suggestion of a sedimentary origin of 
the tonsteins as a general rule. 

It is the same with the pseudomorphs of kao
linite in mica (Burger, 1979, PI. 3, 6, 7,8) even 
though in this case, the phenomena are more 
complex. It is known that muscovite can be 
transformed into kaolinite by leaching of the 
K f ion and that conversely a supply of the same 
ion can bring about the transformation of the 
kaolinite into ////re, but this last phenomenon 
is usually seen only very locally in the indura
ted beds in the immediate neighbourhood of 
fractures providing a supply of mineralising ele
ments. The seemingly most significant case is 
that of the cinerites of Type IV, where one obser
ves numerous crystals of biotite in various 
stages of kaolinisation. The complexity of the 
biotite structure makes completely improbable 
the converse phenomenon, that is of neofor-
mation from kaolinite. In the context of the coal 
sequence a simultaneous supply of the ions, 
K, Mg, Fe and Al as well as an important falsing 
of the temperature would be necessary. 

The kaolinised biotites, which are so charac
teristic of some tonsteins (Patrice Tonstein of 
the Pas-de-Calais, tonstein T2 7/2 of the Sarre, 
for example), must be considered as coming 
from alteration of a cinérite of Type IV abundant 
in primary biotites, but certainly not resulting 
from a " pseudomorphose " changing kaolinite 
into biotite (which would be necessary in the 
hypothesis of a sedimentary origin of the kao
linite). More so since these two tonsteins are 
found in 40 % V.M. coal seams which are known 
not to have exceeded a temperature of 80° C at 
any time during diagenesis (Karweil, 1973). 

In summary, Schuller's classification seems 
to have been considered as representing one 
moment in the history of studies on tonsteins, 
but unable to explain now the totality of the 
phenomena of alteration observed in these beds, 
on the one hand, because it has been based 
initially and almost exclusively on the study of 
beds greatly altered by pedogenesis and on the 
other, because in trying to integrate important 
new observations into this classification the 
notion of pseudomorphs is used in a completely 

IRIS - LILLIAD - Université Lille 1 



les niveaux en question dans un des trois ter
mes initiaux de cette classification (*). 

Pseudomorphosen tonsteine. — Dans cette 
nouvelle variété de tonstein, l'élément essentiel 
a été défini comme des " pseudomorphoses de 
kaolinite en s i l i ca tes" (Bürger, 1979). Dans les 
explications de planches accompagnant cette 
dernière note, l'auteur indique l'existence de 
pseudomorphoses de la kaolinite en feldspaths 
ou en micas, admettant sans discussion ni expli
cation (à la suite des auteurs qu'il cite), la réa
lité de ces pseudomorphoses et le sens dans 
lequel, selon lui, elles se produisent. 

Or, une pseudomorphose est une modifica
tion par laquelle un minéral peut, en conservant 
sa forme extérieure, être remplacé par un autre. 
C'est aussi ce que nous avons appelé, dans le 
cours de la présente étude, une altération en 
isovolume. Et c'est pour cela que les pseudo
morphoses de kaolinite en feldspath, telles 
qu'elles sont rapportées dans la note Bürger 
(1979) (Pl. 2 ; 9, 10; Pl. 3 ; 9, 10) nous parais
sent interpréter le phénomène à contresens ; 
en fait, le contour anguleux (feldspath) est celui 
du minéral primaire et le minéral de remplissage 
(kaolinite) est le résidu d'altération du feld
spath, car comment peut-on admettre sérieuse
ment que la kaolinite, qui reste optiquement de 
la kaolinite microcristalline, prenne subitement 
un volume anguleux correspondant à un cristal 
de feldspath, alors qu'il n'y a pas encore opti
quement trace de feldspath dans ce volume. 
Cette interprétation a contresens du phénomène 
de la pseudomorphose ne paraît pouvoir s'expli
quer que par le souci, dans le cadre de la clas
sification de Schüller, de l'harmoniser avec 
l'hypothèse d'une origine sédimentaire des ton-
steins, comme processus général de leur for
mation. 

Il en est de même de la pseudomorphose de 
la kaolinite en mica (Bürger, 1979, Pl. 3 ; 6, 7, 8), 
encore que dans ce cas, les phénomènes soient 
plus complexes. On sait que la muscovite peut 
s'altérer en kaolinite par lessivage de l'ion K+, 

(*) Il est assez curieux de constater (Bürger, 1979) que 
c'est en partie l'étude des cinérites des couches Olga, 
17 de Drulhes et Mas-Dieu du bassin des Cévennes qui 
avait amené Schüller et Hoehne à la notion de Pseudomor
phosen Tonsteine, afin d'arriver à intégrer ce qu'ils voyaient 
dans ces niveaux, dans la théorie de l'origine sédimentaire 
des tonsteins. Or il s'agit de cinérites tout à fait carac
téristiques (Pl. VI, fig. 1 à 4 ; Pl. VII, fig. 1, 2). 

et qu'inversement, un apport du même ion peut 
entraîner la transformation de la kaolinite en 
illite, mais ce dernier phénomène ne s'observe 
généralement que très localement, dans les ni
veaux indurés, au voisinage immédiat de frac
tures permettant un apport d'éléments minéra-
lisateurs. Le cas qui nous paraît le plus signi
ficatif est celui des cinérites de type IV, où 
l'on observe la présence de nombreux cristaux 
de biotite en voie de kaolinisation plus ou moins 
avancée. La complexité de la structure de la 
molécule de biotite rend tout à fait improbable 
le phénomène inverse, c'est-à-dire sa néoforma
tion à partir de la kaolinite dans le contexte 
houiller, car il y faudrait un apport simultané 
d'ions K, Mg, Fe et Al, ainsi qu'une importante 
élévation de température et, sans doute, de 
pression. 

Les biotites kaolinisées qui sont si caracté
ristiques de certains tonsteins (tonstein Patrice 
du Pas-de-Calais, tonstein T21/2 de la Sarre, 
par exemple) doivent être considérées comme 
provenant de l'altération d'une cinérite de type 
IV à biotites primaires abondantes, mais certai
nement pas comme résultant d'une " pseudo
morphose " transformant la kaolinite en biotite 
(ce qui serait nécessaire dans l'hypothèse d'une 
origine sédimentaire de la kaolinite), d'autant 
plus que ces deux tonsteins se rencontrent dans 
des gisements de charbons flambants dont on 
sait qu'ils n'ont à aucun moment, dépassé une 
température de 80° C au cours de la diagénèse 
(Karweil, 1973). 

En résumé, la classification de Schüller nous 
paraît devoir être considérée comme représen
tant un moment de l'histoire des études concer
nant les tonsteins, mais incapable de rendre 
compte actuellement de la totalité des phéno
mènes d'altération observés dans ces niveaux, 
d'une part parce qu'elle a été basée initiale
ment et presque exclusivement sur l'étude de 
niveaux fortement altérés par la pédogenèse et, 
d'autre part, parce que, dans le souci d'intégrer 
d'importantes observations nouvelles dans cette 
classification, elle a utilisé la notion de pseudo
morphose en dénaturant le sens attaché ordi
nairement à ce phénomène. Toutefois, dans les 
bassins paraliques à cinérites entièrement kaoli
nisées, il est commode de continuer à se servir 
des trois premiers termes de la classification de 
Schüller parce qu'ils rendent bien compte de la 
typologie de ces niveaux et parce que l'altéra
tion profonde qu'ils ont subie ne permet plus de 
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Fig. 12. — C a r t e mont ran t la localisat ion d e s pr incipaux b a s s i n s houil lers f rançais . 

Seu l s ont é t é f igurés les b a s s i n s ac tue l l emen t explo i tés et ceux ayant fait l 'objet d 'exploi ta t ions ou de r e c o n n a i s s a n c e s 
approfondies par s o n d a g e s c a r o t t é s , c e s t r en te d e r n i è r e s a n n é e s . Tous, sauf les b a s s i n s de l 'Aumance et de G a r d a n n e , 

con t i ennen t d e s c inér i tes ayant é té é t u d i é e s et, le c a s échéan t , c o r r é l é e s (Bouroz, 1967, 1970). 

Fig. 12. — Map showing the location of the main french coal basins. 
Only the basins actually worked and those having been worked or well studied by core-drilling this last thirty years, 
are represented. All of them but the Aumance and Cardanne basins contain cinerites having been studied and, as the 

case may be, correlated (Bouroz, 1967, 1970). 
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les rattacher avec certitude à un type donné de 
cinérite. 

X. — CONCLUSIONS 

Nous résumerons les observations qui res-
sortent de la présente étude en y ajoutant 
quelques autres, faites antérieurement mais qui 
nous paraissent importantes pour une interpré
tation cohérente du problème traité. 

1° Le milieu sédimentaire d'accumulations 
phytogènes est un milieu acide (acides humi-
ques). D'autre part, les eaux de ruissellement 
entrant dans un bassin houiller en voie de for
mation étant elles-mêmes (sauf rares excep
tions) peu minéralisées, cela contribue à mainte
nir constamment un pH faible dans ce milieu. 

2° Dans un bassin houiller, les périodes 
d'accumulation des charbons représentent un 
temps beaucoup plus long que celui nécessaire 
au dépôt de tous les autres sédiments plus 
grossiers (poudingues, grès, etc..) (Bouroz, 
1970). Il en résulte que le dépôt d'une cinérite 
ou d'un tonstein (cinérite kaolinisée) se fera 
préférentiellement dans les charbons pour une 
raison purement statistique : les explosions vol
caniques ayant une répartition aléatoire dans 
le temps, les dépôts qu'elles engendrent seront 
plus nombreux dans les sédiments houillers 
dont les temps de dépôt sont les plus longs. 
// n'y a donc aucune liaison nécessaire d'ordre 
génétique entre une couche de houille et la 
présence d'une cinérite, même kaolinisée, en 
son sein. 

3° Une cinérite qui vient de se déposer dans 
un bassin houiller constitue un milieu ouvert où 
les vides forment environ 50 % du volume total 
de la roche (*) et ce milieu restera ouvert pen
dant un temps relativement long, même lorsque 
la cinérite aura été recouverte par de nouveaux 
sédiments (Ninkovich et al., 1978). Elle pourra 
donc être le siège d'une circulation d'eaux aci
des qui s'attaqueront facilement à un matériel 
volcanique frais et instable (verres notamment), 
entraînant une dissolution et une migration des 
éléments chimiques et leur réorganisation pos-

(*) Dans le cas des cinérites formées de lapilli ou de 
cendres grossières. 

sible en minéraux néoformés, phénomène dont 
on sait qu'il peut se produire dans les conditions 
de température et de pression régnant à la sur
face (Fritz et al., 1973; Millot et al., 1977). La 
présence de vides importants dans la roche faci
litera cette diagenèse précoce, ce qui explique 
la présence de très belles néoformations cris
tallines. Le développement même de ces néo
formations et la compaction finale du niveau 
fermeront ensuite le milieu et, les circulations 
d'eau s'arrêtant, la cinérite ne subira plus de 
modifications. 

4° L'épigénisation du quartz en isovolume 
par de l'illite démontre que cette illite peut se 
néoformer à partir des éléments dissous dans 
les eaux de circulation, dans les conditions de 
température et de pression voisines de celles 
de la surface, pendant la période plus ou moins 
longue précédant l'oblitération complète des 
vides internes de la cinérite. De même, la réor
ganisation en Isovolume, des verres à l'intérieur 
des échardes vitroclastiques en feuillets d'illite 
1 M, telle qu'elle a été observée et vérifiée par 
l'analyse aux rayons X, est une autre démons
tration de la réalité de cette néogénèse précoce 
de l'illite 1 M aux dépens du matériel cinéritique. 

5° Cette néoformation de l'illite exige que 
les composants chimiques nécessaires se trou
vent réunis dans le matériel cinéritique et no
tamment que les verres soient potassiques. A 
contrario, quand le matériel est calco-sodique, 
c'est la néoformation directe de la kaolinite qui 
interviendra (cf. couche 11 de Bibaï). C'est donc 
la présence ou l'absence de l'ion K qui déter
minera la nature des premières néoformations 
dans une cinérite. 

6° Les néoformations cristallines à partir des 
verres volcaniques et les altérations de miné
raux tels que les feldspaths ou les biotites 
s'accompagnent généralement de la néoforma
tion de quartz néogénique (Bougnères, 1979). 

7° L'importance de la pédogenèse a été mise 
en évidence par la comparaison des composi
tions chimiques et des faciès pétrographiques 
d'une même cinérite ; suivant qu'elle se sera 
déposée au-dessus ou en-dessous de la pro
fondeur limite d'implantation des végétaux, on 
constate que ces compositions et ces faciès 
sont totalement différents, la pédogenèse abou
tissant à une kaolinisation plus ou moins com
plète du matériel cinéritique, quelle qu'en soit 
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different sense to that normally employed. 
However, in the paralic basins where the ashes 
are entirely kaolinised it is convenient to conti
nue to make use of the first three terms of 
Schuller's classification because they explain 
well the typology of these beds and because it 
is no longer possible to attach with certainty 
these beds, entirely degraded, to a given type of 
cinerite. 

X. — CONCLUSIONS 

The essential points which come from this 
study merit a detailed summary for they give 
the key of an exact interpretation of observed 
phenomena : 

1° The sedimentary environment of coal accu
mulation is an acid environment (humic acid). 
On the other hand, the flowing water entering 
into a coal basin, being themselves (with rare 
exception) not very mineralised, helps to main
tain a constant low pH in this situation. 

2° In a coal basin, the period of coal accu
mulation represents a much greater time span 
than that necessary for the deposition of all 
other, coarser sediments (conglomerates, sand
stones, etc.) (Bouroz, 1970). The result is that 
the deposition of the cinerite or a tonstein (kao
llnised cinerite) would by preference be in the 
coals purely on statistical grounds : volcanic 
explosions having a random nature with respect 
to time, the deposits that they produce will be 
more numerous in the coal sediments whose 
deposrtional time is the longest. There is then 
no necessary generic connection between a 
coal seam and the presence within it of cinerite 
even kaolinised. 

3° An ash, just deposited in a coal basin, 
constitutes an open system where voids form 
about 50 % of the total volume of the rock (*) 
and that environment will stay open for a relati
vely long time, even when the cinerite has been 
covered by new sediments (Ninkovitch et al., 
7978). It could then be the scene of a circula
tion of acid waters which will readily attack 
fresch and unstable volcanic material (notably 
glass) causing a dissolution and a migration of 
elements, and their possible reorganisation into 

(') When cinerites are formed of lapilii or coarse 
grained ashes. 

neoformed minerals. A phenomena known to be 
produced in the temperature and pressure con
ditions present at the surface (Fritz et al., 7973 ; 
Millot et al„ 7977;. 

The presence of 50 % of voids in the rock 
will facilitate this early diagenesis which explains 
the presence of beautiful neoformed crystal in 
cinerites. The development of the neoformed 
crystals and the final compaction of the bed 
will close the pore spaces, preventing the circu
lation of water, and the cinerite will no longer 
be modified. 

4° The isovolume epigenetic replacement of 
quartz by illite demonstrates that this illite can 
be neoformed from the elements dissolved in 
circulating waters at temperatures and pressure 
conditions close to those on the surface, during 
a period of variable duration before the com
plete obliteration of the voids inside the ash. 
Similarly, the isovolume reorganisation of the 
glass inside the vitroclastic shards by layers of 
7M /7//te, which has been observed and veri
fied by X-ray analysis, is another demonstration 
of the reality of this early neogenesis of the 
1M illite at the expense of ash material. 

5° This neoformation of the illite demands 
that the necessary chemical components are 
found together in the ash material and notably 
that the glasses are potassic. On the other 
hand, when the material is calcic-sodic, it is the 
direct neoformation of kaolinite which will occur 
(compare seam No. 17 of Bibai). It is the pre
sence or absence of the K ion which will deter
mine the nature of the first neoformation in a 
cinerite. 

6° All crystalline neoformations from volcanic 
glass and all the mineral changes involving mi
nerals such as feldspar or biotite are accom
panied by the formation of neogenic quartz 
(Bougneres, 1979). 

7° The importance of pedogenesis has been 
demonstrated by comparing chemical composi
tions and the petrographic appearance of the 
same cinerite. Depending whether it has been 
deposited above or below the maximum depth 
at which vegetation is established we find that 
the composition and the appearance are totally 
different, the pedogenesis producing a more or 
less complete kaolinisation of the ash material 
whatever its original chemical composition. If 
pedogenic action is very strong from the begin
ning (shallow water depth), the alteration of a 
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la composition chimique originelle. Si l'action 
pédogénétique est dès le début très forte (pro
fondeur très faible de l'eau), l'altération d'une 
cinérite potassique peut ne pas passer par le 
stade de l'illitisation et être kaolinisée directe
ment par soutirage intensif de l'ion K par les 
végétaux. 

8° La détermination des éléments en trace 
peut constituer un moyen précis de déterminer 
l'origine soit sédimentaire banale, soit volca
nique d'un tonstein, quel que soit son degré 
d'altération (Spears et al., 1979). 

Les longues recherches qui ont abouti à la 
rédaction de cette étude ont respecté le pré
cepte de Buffon : « Réunissons des faits pour 
avoir des idées ». Elles se sont toujours gardé 
de se référer à une théorie préconçue, cela 
aurait pu entraîner le risque d'une interprétation 
tendancieuse des faits pour tenter de les faire 
entrer dans le cadre de la théorie indûment 
privilégiée. Au contraire, au cours de nos re
cherches, chacun des faits a été observé objec
tivement pour lui-même et tous se sont finale
ment agencés d'eux-mêmes logiquement pour 
former un ensemble d'enchaînements cohérents. 
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potassic ash cannot pass through the illitisation 
stage and is kaolinised directly by intensive lea
ching of K ion by the vegetation. 

8° Trace element determinations can give a 
precise method of determining the origin either 
ordinary sedimentation or volcanic of a tonstein 
and the original ash composition whatever its 
degree of alteration (Spears e t al., 1979). 

The long researches which are successfully 
joined together in this study has respected 

Buffon's precept : " L e t u s a s s e m b f e facts so 
as to get ideas ". Reference to a preconceived 
theory has always been guarded against, for 
that could have risked a tendentious interpre
tation of the facts in order to attempt to put them 
into the framework of a wrongly favoured theory. 
On the contrary during our research each fact 
has been observed objectively in itself, and all 
have been finally put togheter in a logical way 
to form an ensemble of linking, consistent, 
facts. 
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Fig. 1. — Lapilli d'accrétion. Cinérite entre 11" et 12° 
Grüner. Gr. = 7. 

Origine : Bassin de Saint-Etienne. 
Etage : Stephanien B. 

Fig. 2. — Quartz épigénisé par de l'illite 1M néoformée. 
Cinérite de la couche 17 de Drulhes. Gr. = 100. 

Origine : Bassin des Cévennes, 

Etage : Stephanien A. 

Fig. 3. — Accumulation de fragments de verres volcaniques 
brisés. Cinérite entre 11" et 12" Grüner. Gr. = 170. 

Origine : Bassin de Saint-Etienne. 

Etage : Stephanien B. 

Fig. 4. — Quartz magmatique. Cinérite de la Couche G de 
Rochebelle. Gr. = 100. 

Origine : Bassin des Cévennes. 
Etage : Stephanien A. 

Fig. 5. — Fibre de quartz néogénique. Tonstein Laurence. 
Gr. = 7.000 (d'après Ponsolle et ai, 1980). 

Origine : Bassin du Nord - Pas-de-Calais. 
Etage : Westphalien C. 

Fig. 6. —• Zircons (séparés par liqueur dense, après broya
ge). Cinérite de la Couche 17 de Drulhes. Gr. = 100. 

Origine : Bassin des Cévennes. 
Etage : Stephanien A. 

Fig 7. — Feuillets d'illite détritique altérée avec vermicules 
de kaolinite néoformée. Tonstein Horeb (d'origine 
södimentaire). Gr. = 60. 

Origine : Bassin du Nord - Pas-de-Calais. 
Etage : Westphalien B. 

Fig 8. —• Amas détritiques allongés de kaolinite micro
cristalline. Tonstein Talence (d'origine sédimentaire). 
Gr. = 60. 

Origine : Bassin du Nord - Pas-de-Calais. 
Etage : Base du Westphalien D. 

Fig. 1. — Accretionary lapilli. Cinerite between the 11 th and 
12th Grüner, x 7. 

Origin : Saint-Etienne Basin. 

Stage : Stephanien B. 

Fig. 2. — Quartz replaced by neoformed IM illite. Cinerite 
of the 17th seam of Drulhes. X 100. 

Origin : Cevennes Basin. 

Stage : Stephanien A. 

Fig. 3 — Accumulation of broken fragments of volcanic 
glass. Cinerite between the 11th and 12th Grüner. 
X 170. 

Origin : Saint-Etlenne Basin. 
Stage .- Stephanian B. 

Fig. A. — Magmatic quartz. Cinerite in the Seam G of 
Rochebelle. X 100. 

Origin . Cevennes Basin. 
Stage : Stephanian A. 

Fig. 5. — Authigenlc quartz fibre. Tonstein Laurence. 
X 7,000 (from Ponsolle et al., 1980). 

Origin . Nord - Pas-de-Calais Basin. 
Stage : Westphalian C. 

Fig. 6. — Zircons (separated with heavy liquids, after crus
hing). Cinerite of Seam 17 of Drulhes. X 100. 

Origin . Cevennes Basin. 
Stage : Stephanian A. 

Fig. 7. — Flakes of detrital illite altered with vermicules 
of neoformed kaolinite. Tonstein Horeb (sedimentary 
origin). X 60. 

Origin: Nord - Pas-de-Calais Basin. 
Stage : Westphalian B. 

Fig. 8. — Several masses of detrital, elongate microcris-
talline kaolinite. Tonstein Talence (sedimentary ori
gin). X 60. 

Origin : Nord - Pas-de-Calais Basin. 

Stage : Base of Westphalian D. 
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1. — Type I. Cinérite formant toit de la 2° Bande au 
mur de la Couche Amélie (épaisseur; 5 à 6 m). 

Accumulation de fragments de verres volcaniques 
brisés (pédogenèse absente). Gr. = 200. LP. 

Origine : Bassin de Messeix, 
Etage : Stephanien B. 

2. — Type I. Cinérite formant mur de la Couche 
Champclauson (Epaisseur: 6cm). 

Litage d'éléments vitroclastiques fins compactés 
avec néoformations d'amas allongés de kaolinite 
microcristalline (pédogenèse active). Gr. = 200. L.P. 

Origine : Bassin des Cévennes. 
Etage : Stephanien B. 

3. —• Type I. Détail de la figure 1. 

Lapilli d'accrétion : agglomérat de débris de verres 
volcaniques brisés de même nature que ceux qui 
composent l'ensemble de la cinérite. Gr. = 20. L.P. 

4. — Type I. Cinérite entre 11* et 12" Grüner (épais
seur : 1 ,35 m ) . 

Vésicule (fragment de ponce) montrant la néofor
mation d'empilements d'illite 1M normalement aux 
parois du vésicule (pèdogenèse absente). Gr. = 300. 
L.P. 

Origine : Bassin de Saint-Etienne. 
Etage : Stephanien B. 

Fig. 1. — Type /. Cinerite forming roof of the second Band 
below the Amelie Seam (thickness: 5-6 m). 

Accumulation of broken fragments of volcanic glass 
(pedogenesis absent), x 200. C r o s s e d nicols. 

Origin : Messeix Basin. 
Stage : Stephanian B. 

Fig. 2. — Cinerite below the base of Champclauson Seam 
(thickness : 6 cm). 

Unit of vitroclastic grains well compacted with 
elongate m a s s e s of neoformed kaolinite (pedogene
sis active), x 200. C r o s s e d nicols. 

Origin : Cevennes Basin. 
Stage : Stephanian B. 

Fig. 3. — T y p e /. Detail of the figure 1. 

Accretionary lapilli : agglomerate of broken volcanic 
debris of the same kind as the cinerite as a whole. 
X 2 0 . Crossed nicols. 

Fig. 4. — Type I. Cinerite between 11th and 12th Gruner 
(thickness: 1.35 m). 

Shard (fragment of pumice) showing the neoforma-
tion of s t a c k s of 1M illite lamellae, normal to the 
sides of the shard (pedogenesis absent). X 300-
Crossed nicols. 

Origin : Saint-Etienne Basin. 
Stage : Stephanian B 
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PLANCHE III PLATE III 

Flg. 1. — Type I. Oriente dans la Couche Mas-Dieu de 

Laval (niveau b de la fig. 11) (épaisseur: 5cm). 

Litage compacté d'éléments vitroclastiques très fins 

polarisant en bloc ; très rares néaformations d'illite 

1M en bâtonnets striés (pédogenèse absente). Gr. 

= 50. LP. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. I. — Type I. Cinérlte In the Mes-Dieu Seam of Laval 
(bed o of the fig. MJ (thickness : Sem). 

Compacted vitroclastic fragments with aggregate 
polarisation ; very rare neoformed 1M lllite as stria
ted rods (pedogenesis absent). X 50. Crossed 
nicols. 

Origin : Cevennes Basin. 
Stage : Stephenian A. 

Fig. 2. — Type I. Cinérlte dans la Couche I de Sainte-Marie 

(niveau b de la fig. 11) (épaisseur: 5 cm, même 

n veau que le précédent). 

Litage compacté d'éléments vitroclastiques très fins 

polarisant en bloc ; amas néoformés de kaolinite 

vermiculée (pédogenèse active). Gr. = 50. Lumière 

polarisée. 

Origine : Bassin de Carmaux. 

Etage : Stephanien A. 

Fig. 2. — Type I. Cinérite in the Seam I of Sainte-Marie 
(bed b of the fig. 11) (thickness : 5 cm, same bed as 
fig. j ; . 

Compacted bedding of very fine vitroclastic elements 
with aggregate polarisation ; heap of vermicules of 
neoformed kaolinite (pedegenes/s active). X 50. 

Crossed nicols. 

Origin : Carmaux Basin. 
Stage : Stephanian A. 

Fig. 3. — Type II. Cinérite dans le Stérile de Ricard 

(épaisseur : 7,5 cm). 

Nombreux fragments anguleux de felsites kaolini-

sées ; nombreux feldspaths potassiques (d'après 

analyse) ; quartz magmatiques dont certains craque

lés ; quelques biotites très allongées, partiellement 

kaolinisées ; fond constitué par un litage d'éléments 

vitroclastiques très fins (pédogenèse absente). Gr. 

= 40. LP. 

Origine : Bassin des Cévennes. 

Etage : Stephanien B. 

Fig. 3. — Type II. Cinérite in the Stérile of Ricard (thick
ness : 7.5 cm). 

Numerous angular fragments of kaolinised fe/s/te ; 

numerous K feldspars (after analysis) ; magmatic 
quartz with some cases fractures ; a few very 
elongated biotites, partially kaolinitised, background 
made up of very fine vitroclastic fragments (pedo
genesis absent). X 40. Crossed nicols. 

Origin : Cevennes Basin. 
Stage : Stephanian B. 

Fig. 4. — Type II. Cinérite sous la Couche XII de Saint-

Florent (épaisseur : 24,5 cm). 

Très nombreux vésicules et fragments de ponce ; 

nombreux feldspaths potassiques ; quartz assez 

abondants ; fond d'éléments vitroclastiques lités 

(Milte IM et interstratifiés magnésiens d'après les 

analyses aux rayons X) (pédogenèse absente). 

Gr. = 120. LP. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig 4 — Type II. Cinérite below the Xllth Seam of Saint-
Florent (thickness: 24.5cm). 

Very numerous shards and fragments of pumice ; 
numerous K-feldspars ; quartz quite abundant ; back
ground made up of bedded vitroclastic fragments 
(1M illite and interstratified magnesium, using X-
rays) (pedogenesis absent). X 120. Crossed nicols. 

Origin : Cevennes Basin. 
Stage : Stephanian A. 
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1. — Type II. Tonstein T4 (épaisseur: 70cm). 

Cendre volcanique grossière composée de nombreux 
fragments anguleux (quartz ou felsites) ou arrondis 
(perles de quartz) ; fond cryptocristallin rougeâtre ; 
rares vermicules bruns de kaolinite (pedogenèsa très 
active). Gr. = 50. Lumière naturelle. 

Origine : Siège Saint-lngbert, Bassin de la Sarre. 
Etage : Westphalien C. 

2. — Type II. Môme lame mince que dans la Fig. 1. 

En lumière polarisée, les quartz restent blancs ou 
sont éteints ; les felsites apparaissent microcristal
lines (teinte grise) ; le fond est isotrope (noir) avec 
quelques feuillets de kaolinite (brun clair). Gr. = 50. 
L.P. 

3. — Type II. Tonstein T4 (épaisseur : 70 cm). 

Nombreux fragments anguleux de felsites microcris
tallines ; quartz magmatiques ; fond d'éléments vitro-
clastiques lités kaolinisés ; un cristal de zircon et 
un cristal d'apatite (pédogenèse très active). Gr. 
= 150. L.P. 

Origine : Siège Saint-lngbert, Bassin de la Sarre. 
Etage : Westphalien C. 

4. — Type II. Tonstein Constance (épaisseur : de 
20 cm à l'Est à 10 cm à l'Ouest du bassin). 
(Ce tonstein est l'équivalent des tonsteins Erda de 
la Ruhr et T5 de la Sarre). 

Nombreux fragments anguleux de felsites kaolini-
sées ; quartz magmatiques ; plages de calcite néo
formée ; fond d'éléments vitroclastiques lités kaoli
nisés (pédogenèse très active). Gr. = 500. L.P. 

Fig. I. — Type II. Tonstein T4 (thickness: 70cm). 

Coarse grained volcanic ash made of numerous 
angular fragments (quartz or felsites) or rounded 
(quartz pearl) ; reddish cryptocristalline background ; 
rare brown vermicules of kaolinite (pedogenesis very 
active). X 50. Natural light. 

Origin : Saint-lngbert colliery, Sarre Basin. 
Stage : Westphalian C. 

Fig. 2. — Type II. Same thin section as Fig. I. 

With crossed nicols, quartz remain white or are 
extinct; felsites appear microcristalline (grey tint); 
background is isotropic (black) with some lamellae 
of kaolinite (light brown), x 50. Crossed nicols. 

Fig. 3 — Tonstein T4 (thickness ; 70 cm). 

Numerous angular fragments of microcristalline fel
sites ; magmatic quartz ; background of bedded kao-
linitised vitroclastic fragments; a zircon ; an apa
tite (pedogenesis very active), x 750. Crossed 
nicols. 

Origin : Saint-lngbert colliery, Sarre Basin. 
Stage . Westphalian C. 

Fig. 4. — Type II. Tonstein Constance (thickness : from 
20 cm in the east to 10 cm in the west of the basin). 
(This tonstein is the same as tonsteins Erda (Ruhr 
Basin) and T5 (Sarre Basin). 

Numerous angular fragments of kaolinitised felsite ; 
magmitic quartz ; areas of neoformed calcite ; back
ground of bedded kaolinitised vitroclastic fragments 
(pedogenesis very active), x 500. Crossed nicols. 

Origine : Bassin du Nord - Pas-de-Calais. 
Etage : Westphalien C 

Origin : Nord - Pas-de-Calais Basin. 
Stage : Westphalian C. 
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Fig. 1. — Type II. Cinér l te d a n s la C o u c h e n° 11 de Bibaï 
( é p a i s s e u r : 3 cm). 

T rè s n o m b r e u x lapiHi angu leux f e l d s p a t h i q u e s fo rmés 
e s s e n t i e l l e m e n t de l ab rado r s ( p é d o g e n è s e a b s e n t e ) . 
Gr. = 40. L.P. 

Origine : Mines d 'Akabira, Bass in de l'Ishikarl (Japon). 

Etage : P a l é o c è n e . 

Fig. 2. — Type II. Cf. Fig. 1 (détail) . 

Lapilli mont ran t l 'al tération typique d e s p l a g i o c l a s e s 
( fe ldspa ths c a l c o - s o d i q u e s ) -. c a v e r n e s de d issolu t ion 
d a n s la m a s s e d e s l ab radors , rempl ies de néofor
mat ions de kaolinile microcr is ta l l ine ; q u e l q u e s peti
t e s p l a g e s d e ca lc i te néofo rmée aux d é p e n s d e 
l 'anorthi te d e s l abradors . Gr. = 150. L.P. 

Fig. 3. — Type III. Cinér i te au toit de la C o u c h e 17 de 
Saint -Jean ( é p a i s s e u r : 37 cm). 

Très nombreux lapilli a n g u l e u x formés d u n e sub 
s t a n c e v i t r euse en voie de réorgan isa t ion micro-
phyl l i teuse (phyllite à 10Â) ; q u e l q u e s quar tz magma
t iques ( p é d o g e p è s e a b s e n t e ) . Gr. = 20. L.P. 

Or ig ine : Bass in d e s C é v e n n e s . 

E tage : S t e p h a n i e n A. 

Flg. 4. — Type III. Cf. Fig. 3 mais b a s e du niveau. 

Lapilli angu leux en voie d e dévitrification : réorgani 
sa t ion en mlcrophyl l i tes à 1 0 Â ; quar tz m a g m a t i q u e s 
typ ique . Gr = 35 . L.P. 

Fig. 1. — Type //. Cine'rite in the 11th Seam of Bibai 
thickness :( 3 cm). 

Very numerous angular feldspathic lapilll formed 
essentially of labradorite (pedogenesis absent). 
X 40. Crossed nicols. 

Origin : Akabire Mines, Ishikari Basin (lapan). 
Stage : Palaeocene. 

Fig. 2. — Type //. Compare Fg 1 (detail). 

Lapilli showing typical alteration of plagioclases 
(Ca-Na feldspars) : dissolution holes in the body of 
the labradorite, filled with neoformed microcristalline 
kaollnite ; some little areas of neoformed calcite 
after the anorthite of the labradorite. X 150. 
Crossed nicols. 

Fig. 3. — Type ///. Cin6rite in the roof of the 17th Seam 
of Saint-Jean (thickness .- 37 cm). 

Very numerous angu la r lapilli formed of g l a s s in the 
process of reorganisation to fine clay (10 A clay 
mineral), s o m e magmatic quartz (pedogenesis ab
sent). X 20. Crossed nicols. 

Origin .- C e v e n n e s Basin. 
Stage : Stephanian A. 

Fig. 4. — Type III. Cf. Fig. 3 but base of bed. 

Angular apilli in the process of devitrification ; reor
ganisation into fine 10A clay; typical magmatic 
quartz. X 35. C r o s s e d nicols 

IRIS - LILLIAD - Université Lille 1 



Mém. Soc. Géol. du Nord Pl. V 

IRIS - LILLIAD - Université Lille 1 



IRIS - LILLIAD - Université Lille 1 



Planche VI 

Plate VI 

IRIS - LILLIAD - Université Lille 1 



Fig. 1. — Typs III. Cinérite dans la Couche Olga de Lsva-

brellle (épais.: 13cm) (partie inférieure du niveau). 

A partir des débris de verres volcaniques, très nom

breuses néoformations de phyllites en empilements 

à teintes de polarisation du 2° ordre et formés 

d'illite IM ; quelques fragments (lapilli) anguleux 

miirocristallins bruns ; quelques quartz magmatiques ; 

fond cryptocristallin brun foncé (pédogenèse ab

sente) Gr. = 16. LP. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. 2. — Type III. Cinérite dans la Couche Olga de Lava-

breille (épais.: 13cm) (partie supérieure du niveau). 

A partir de très petits débris de verres volcaniques, 

très nombreuses néoformations de phyllites en bâ

tonnets ou vermicules striés à teintes de polarisa

tion du 2" ordre et formés d'illite 1M; fond micro

cristallin brun-rougeâtre ; pas de quartz par suite du 

granoclassement (pédogenèse absente). Gr. = 16. 

L.P. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. 3. — Type III. Cinérite dans la Couche Olga de Lava-

breille (épaisseur: 13cm). 

Quartz magmatiques avec début d'épigénisation par 

de l'illite 1M ; lapi'li plus ou moins anguleux formés 

d'une substance brune se réorganisant en gros 

feuillets néoformés à peu près parallèles d'illite 1M, 

polarisant en bleu-vert du 2" ordre (pédogenèse 

absente). Gr. = 30 L.P. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. 4. — Type III. Cinérite dans la Couche 17 de Drulhes 

( = Olga), partie inférieure (épaisseur: 17cm). 

Quartz magmatiques fortement épigénisés par de 

l'illite 1M; édifices phylllteux néoformés complexes 

constitués par un mélange d'illite IM et d'interstrati-

fiés (d'après analyse aux rayons X) (pèdogenèse 

absente). Gr. = 40. L.P. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. I. — Type / / / . Cinérite In the Olga Seam of Lava-
breille (thickness: 13 cm), lower section of the 
bed. 

Initially volcanic glass debris, very numerous stacks 

of neoformed clay with second order polarisation 
colours and formed of IM ¡Hite ; some angular 
brown microcristalline fragments (lapilli) : some mag-
matic quartz ; cryptocristalline darkbrown back
ground (pedogenesis absent). X 16. Crossed niçois. 

Origin : Cévennes Basin. 
Stage : Stephanian A. 

Fig. 2. — Type III. Cinérite in the Olga Seam of Lava-
breille (thickness : 13 cm), upper section of the bed. 

Initially very fine grained volcanic glass debris, 
very numerous neoformations of clay in rods or 
striated verm<cules with second order polarisation 
colours and formed of 1M illite ; microcristalline 
reddish-brown background ; no quartz because of 
the gaded-bedding (pedogenesis absent). X J6. 
Crossed niçois. 

Origin : Cévennes Basin. 
Stage : Stephanian A. 

Fig. 3. — Type / / / . Cinérite in the Olga Seam of Lava-
breille (thickness: 13cm). 

Magmatic quartz with the beginning of epigénesis 
by microcristalline 1M illite ; lapilli, more or less 
angular, formed of a brown microcristalline substance 

reorganising into large sheets of 1M illite more or 
less parallel, blue-green second order polarisation 
colours (pedogenesis absent). X 30. Crossed niçois. 

Origin . Cévennes Basin. 
Stage : Stephanian A. 

Fig. 4. — Type Í//. Cinérite in the 17th Seam of Drulhes 
(= Oiga), lower section (thickness: 17cm). 

Magmatic quartz strongly replaced by 1M illite ; com-
plex neoformed books made of a mixing of 1M illite 
and smectite (after X-ray analysis) pedogenesis 
absent). X 40. Crossed niçois. 

Origin . Cévennes Basin. 
Stage : Stephanian A. 
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PLANCHE VII PLATE VII 

Flg. 1. — Type III. Clnérite dans la Couche 17 de Drulhes 
( = Olga) (épaisseur: 17cm), partie inférieure. 

Gros vermlcule néoformé complexe ; illite 1M + 
interstratifié magnésien (pédogenèse absente). Gr. 
= 40. L.P. 

Origine : Bassin des Cévennes. 
Etage : Stephanien A. 

Fig. 2. — Type III. Clnérite dans la Couche 17 de Drulhes, 
(épaisseur: 17cm), partie moyenne. 

Nombreuses néoformations primaires de vermicules 
d'illlte 1M à partir de débris de verre volcanique; 
quelques quartz magmatiques en partie épigenisés 
par de l'lllite 1M microcristalline (pédogenèse ab
sente). Gr. = 40. L.P. 

Origine : Bassin des Cévennes. 
Etage : Stephanien A. 

Fig. 3. — Type III. Cinérite dans la Couche G de Roche-
belle (= Olga) (épaisseur: 18cm). 

Bâtonnets striés, normalement à l'allongement, de 
kaollnite presque pure ; quelques petits amas micro-
cristallins de kaolinite ; quelques quartz magmati
ques ; fond crypte-cristallin (éteint) (pédogenèse ac
tive). Gr. = 35. L.P. 

Origine : Bassin des Cévennes. 
Etage : Stephanien A. 

Fig. 4. — Type III. Cf. Fig. 3 (détail). 

Leverriérite typique ; ancienne néoformation primaire 
d'empilements de feuillets d'illite 1M presque entiè
rement kaollnlsés par pédogenèse ; les quelques 
feuillets ou éléments à teintes de polarisation du 
2" ordre (bleu-vert) représentent les restes de 
l'illite 1M primaire non encore kaolinisés (pédoge
nèse active). Gr. = 120. L.P 

Fig. 1. — Type III. Cinerite in the 17th Seam of Drulhes 
(= Olga) (thickness: 17cm), lower section. 

Large, complex neoformed vermicule ; 1M illite and 
Mg smectite (pedogenesis absent). X 40. Crossed 
nicols. 

Origin : Cevennes Basin. 

Stage : Stephanian A. 

Fig. 2. — Type III. Cinerite in the 17th Seam of Drulhes, 
(thickness: 17cm), middle section. 

Numerous primary neoformations of 1M illite vermi
cules after volcanic glass debris; some magmatic 
quartz in the process of altering to microcristalline 
1M illite (pedogenesis absent). X 40. Crossed 
nicols. 

Origin . Cevennes Basin. 

Stage : Stephanian A. 

Fig. 3. — Type ///. Cinerite in the G Seam of Rochebelle 
(— Olga) (thickness: 18cm). 

Nearly pure vermicule of kaolinite striated normal to 
the elongation ; some small masses of microcris
talline kaolinite; some magmatic quartz; crypto-
cristalline (feeble) background (pedogenesis active). 
X 35. Crossed nicols. 

Origin : Cevennes Basin. 

Stage : Stephanian A. 

Fig. 4. — Type ///. Cf. Fig. 3 (detail). 

Typical leverrierite , ancient neoformation of books 
of 1M illite sheets nearly entirely kaolinitised du
ring pedogenesis; some sheets or areas show 
second order polarisation colours (blue-green) repre
senting the remains of the primary 1M illite not 
kaolinitised (pedogenesis active). X 120. Crossed 
nicols. 
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PLANCHE Vili PLATE VIII 

Fig. 1. — Type III. Cinér i te d a n s le " Banc de M u r " s o u s 
la G r a n d e C o u c h e d e La Mure ( é p a i s s e u r : 3 cm). 

Très n o m b r e u x ve rmicu le s s t r iés jointifs d'illite 1M 
d a n s un fond de s u b s t a n c e humique d 'or ig ine 
a l loch tone ; r a r e s quar tz m a g m a t i q u e s é p i g é n i s é s 
par d e l'illite IM. Gr. = 40. Lumière nature l le . 

Or ig ine : Bass in du Dauph iné . 

Etage : S t e p h a n i e n A. 

Fig. 2. — Cf. Fig. 1 (détail) . 

Néoformat ions pr imai res de v e r m i c u e s d'illite 1M 
(be l les t e in tes de polar isa t ion du 2 e o rdre) d a n s 
une bouillie v é g é t a l e a l loch tone en c o u r s d e d é p ô t ; 
formation de vé r i t ab l e s " Interstrat if iés " d e feuillets 
d'illite e t de p l a g e s d e mat iè re humique ( p é d o g e n è s e 
a b s e n t e ) . Gr. = 120. L.P. 

Fig. 3. — Type IV. Cinér i te dans la 1™ C o u c h e Ricard 
( é p a i s s e u r : 8 cm). 

N o m b r e u s e s ex biot i tes n 'ayant p a s d é p a s s é leur 
p remier s t a d e d 'a l térat ion ( t ransformat ion en hydro-
bioti te) : il ne s 'agit p a s ici de néofo rmat ions mais 
d ' une s imple d é g r a d a t i o n par l e s s ivage d 'une par t ie 
d e s ions K, s a n s a u c u n e act ion p é d o g é n é t i q u e ; 
qua r t z m a g m a t i q u e s ; q u e l q u e s individus microcr i s 
tallins b runs (lapilli a l t é rés ) ( p é d o g e n è s e a b s e n t e ) . 
Gr. = 40. L.P. 

Or ig ine : Bass in d e s C é v e n n e s . 

E tage : S t e p h a n i e n Β. 

Fig. 4. — Type IM. Tonste in M a x e n c e ( = Tonste in T3 du 
Bass in de la Sa r re ) ( é p a i s s e u r : 5 c m ) . 

Très nombreux b â t o n n e t s ou ve rmicu le s d e kaolinlte 
( = Krlstal l tonstein de la classif icat ion de Schül ler ) , 
ayan t subi une p é d o g e n è s e p ro longée ( l ' ana lyse d e s 
é l é m e n t s en t r a ce indique qu'il s 'agi t bien d 'une 
a n c i e n n e cinér i te) ; q u e l q u e s quar tz d 'or igine mag
mat ique confirment l 'origine c inér i t ique du niveau 
( p é d o g e n è s e act ive) . Gr. = 160. L.N. 

Or ig ine : Bass in du Nord - Pa s -de -Ca l a i s . 

E tage : W e s t p h a l i e n C. 

Fig. I. — Type III. Cinérite in the "Banc de Mur" under 
the Grande Couche de La Mure (thickness .- 3 cmj . 

Very numerous joined, striated vermicules of 1M 
illite in a background of humic substance (alloch-
thonous) ; rare magmatic quartz with epigénesis by 
1M illite. x 40. Natural light. 

Origin ; Dauphiné Basin. 
Stage : Stephanian A. 

Fig. 2. — Cf. Fig. 1 (detail). 

Primary neoformed vermicules of IM illite (good 
second order polarisation colours) forming in an 
allochthonous mash of vegetation ; formation of 
sheets of IM illite truly " interstratified " with bands 
of humic substance (pedogenesis absent). X 120 
C r o s s e d nicols. 

Fig. 3. — Type IV. Cinérite in the 1st Seam Ricard (thick
ness : 8 cm). 

Numerous former biotites which have not past their 
first stage of alteration (transformed into hydro-
biotite) : they have not been subjected to neofor-
mation but a simple degradation by leaching of s o m e 
of K ions, without any pedogenetic action ; magmatic 
quartz ; some individual microcristalline brown areas 
(altered lapilli) (pedogenesis absent). X 40. Cros
sed nicols. 

Origin : Cévennes Basin. 
Stage . Stephanian B. 

Fig. 4. -— Type III. Tonstein Maxence ( = Tonstein T3 of 
the Sarre Basin ) (thickness : 5 cm). 

Very numerous rods or vermicules of kaolinite 
(Kristalltonstein of Schüller classification), in a bed 
which has been subjected to a prolonged pedoge
nesis (the trace element analyses indicate that ¡I 
was a cinerite); some magmatic quartz grains con
firm the volcanic origin of the bed (pedogenesis 
active). X 760. Natural light. 

Origin : Nord - Pas-de-Calais Basin. 
Stage : Westphalian C. 
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Fig, 1. — Type IV. Cinérlte dans la Couche Mas-Dieu 

(niveau a de la fig. 11) (épaisseur: 8cm). 

Nombreuses ex biotites légèrement gonflées dégra

dées en illite 1M; quarts magmatiques; quelques 

individus microcristallins bruns (lapilli altérés) (pédo

genèse absente). Gr. = 13. L.P. 

Origine : Bassin des Cévennes. 

Etage : Stephanien A. 

Fig. 2. — Ex Type IV (kaolinisé). Cinérite dans la Couche 

I de Sainte-Marie (niveau a de la fig. 11) (épais

seur : 8 cm). 

Nombreux vermicules striés de kaolinite blanchâtre ; 

quelques ex biotites gonflées kaolinisées encore 

reconnaissables ; quelques quartz magmatiques ; fond 

cryptocristallin foncé (pédogenèse t r è 9 active). Gr. 

= 13. L.P. 

Origine : Bassin de Carmaux. 

Etage : Stephanien A. 

Les fig. 1 et 2 montrent les différences d'altération 

d'une même cinérite suivant qu'il y a pédogenèse 

ou non. 

Fig. 3. — Type IV. Tonstein Graziella (épaisseur: 3cm). 

Très nombreuses ex biotites gonflées kaolinisées 

avec quelques feuillets colorés par de la matière 

humique ; nombreux petits quartz magmatiques géné

ralement aciculaires ; phénomène de slumping entre 

cette cinérite de Type IV et un niveau argileux fin 

kaolinisé qui pourrait représenter une deuxième 

phase volcanique (de Type I) ayant suivi la pre

mière (cf. double éruption du Toba). Gr. = 20. L.N. 

Origine : Bassin du Nord - Pas-de-Calais. 

Etage : Westphalien A. 

Fig. 4. — Type IV. Cinérite dans la Couche J de Sainte-

Marie (épaisseur: 14 cm). 

Exemple typique d'altération totale des biotites par 

pédogenèse très active : disparition complète des 

feuillets de biotite remplacés par des feuillets de 

kaolinite avec gonflement de l'ensemble ; mouche

tures d'oxyde de fer entre les feuillets de kao

linite ; concentration du magnésium sous forme 

de magnésite parallèlement aux feuillets de kaoli

nite ; quelques quartz magmatiques ; fond micro-

cristallin de kaolinite (pédogenèse très active). Gr. 

= 150. L.P. 

Origine : Bassin de Carmaux. 

Etage : Stephanien A. 

Fig. 1. — Type IV. Cinerite in the Seam Mas-Dieu (bed a 
in fig. 11) (thickness: 8cm). 

Numerous former biotites slightly expanded by degra
dation in 1M illite; magmatic quartz; some indi

vidual microcristalline brown areas (altered lapilli) 
(pedogenesis absent). X 13. Crossed nicols. 

Origin : Cevennes Basin. 
Stage . Stephanian A. 

Fig. 2. — Former Type IV (kaolinitised). Cinerite in the 
I Seam of Sainte-Marie (bed a of fig. 11) (thick
ness : 8 cm). 

Numerous striated vermicules of whitish kaolinite ; 
some expanded, kaolinitised, but still recognizable 
former biotites ; some magmatic quartz ; dark micro
cristalline matrix (very active pedogenesis). X 13. 
Crossed nicols. 

Origin : Carmaux Basin. 

Stage : Stephanian A. 

Fig. I and 2 show the difference of alteration in 
the same cinerite according to the presence or not, 
of the pedogenesis. 

Fig. 3. — Type IV. Tonstein Graziella (thickness: 3cm). 

Very numerous expanded former biotites, entirely 
kaolinitised with some sheets coloured by humic 
substance ; numerous small magmatic quartz grains, 
generally acicular; slumping between this Type IV 
cinerite and a clayey bed, kaolinitised, which could 
represent a second volcanic phase (Type I) having 
followed the former (cf. Toba double eruption). 
X 20. Natural light. 

Origin .- Nord - Pas-de-Calais Basin. 

Stage .- Westphalian A. 

Fig. 4. — Type IV. Cinerite in the Seam J of Sainte-Marie 
(thickness: 14 cm). 

Typical exemple of total alteration of the biotites 
by very active pedogenesis: complete disappea
rance of biotite layers and their replacement by 
kaolinite sheets with expansion of the whole ; spots 
of iron oxyde between the sheets of kaolinite ; con
centration of magnesium in the form of magnesite, 
parallel to the kaolinite sheets ; some magmatic 
quartz; matrix of microcristalline kaolinite (pedoge
nesis very active). X150. Crossed nicols. 

Origin : Carmaux Basin. 
Stage : Stephanian A. 
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Fig. 1. — Type IV. Tonstein T (épaisseur: 3cm). 

Très nombreuses ex biotites presque entièrement 

kaolinisées, partiellement colorées par de la matière 

humique ; très rares feuillets à teintes de polarisa

tion du 2° ordre (restes d'illite 1M ?) ; quelques 

quartz magmatiques ; fond microcristallin de kao-

linite (pédogenèse active). Gr. = 40. L.P. 

Origine : Bassin de Lorraine. 

Etage : Stephanien A. 

Fig. 2. — Type V. Tonstein T3b (épaisseur : 7 cm). 

Très nombreux lapilli de forme ovoïde ou arrondie 

formés d'un ancien verre en voie de kaolinisation 

plus ou moins avancée (petites lamelles de kaoli-

nite naissante, s'organisant parfois en petits vermi-

cules) ; rares quartz magmatiques (pédogenèse acti

ve). Gr. = 40. L.P. 

Origine : Bassin de la Sarre. 

Etage : Westphalien C. 

Fig. 3. — Type V. Cinérite dans la Carrière Sainte-Marie 

(épaisseur : 6 cm). 

Très nombreux lapilli de forme irrégulière arrondie, 

formés d'un ancien verre en voie de kaolinisation 

plus ou moins avancée suivant les individus ; assez 

nombreux quartz magmatiques anguleux ou acérés ; 

quelques restes altérés de biotite (pédogenèse 

active). Gr. = 16. L.P. 

Origine : Bassin de Blanzy. 

Etage : Stephanien B. 

Fig. 4. — Type V. Cf. flg. 3 (détail). 

La plupart des lapilli contiennent de la kaolinite 

microcristalline ; d'autres ont été le siège d'une kao

linisation beaucoup plus intense : néoformation de 

vermicules de kaolinite blanchâtre en amas ayant 

non seulement rempli tout le volume des lapilli, 

mais s'en étant évadés au dehors, dans les vides 

interstitiels initiaux de la cinérite ; quartz magmati

ques ; ex biotites altérées (pédogenèse active). 

Gr. = 40. L.P. 

Fig. 1. — Type IV. Tonstein T (thickness: 3cm). 

Very numerous former biotites almost entirely kaoli-
nitised, partially coloured by humic matter; very 
rares layers with second order polarisation colours 
(residual 1M illite?); some magmatic quartz: matrix 
of microcristalline kaolinite (active pedogenesis). 
X 40. Crossed nicols. 

Origin : Lorraine Basin. 
Stage : Stephanian A. 

Fig. 2. — Type V. Tonstein T3b (thickness . 7 cm). 

Very numerous lapilli either oval or round formed 
of an ancient glass in a more or less advanced 
stage of kaolinisation (small lamellae of neoformed 
kaolinite, occasionally organised into small vermi
cules) ; rare magmatic quartz grains (active pedo
genesis). X 40. Crossed nicols. 

Origin : Sarre Basin. 
Stage : Westphalian C. 

Fig. 3. — Type V. Cinerite in the Sainte-Marie Opencast 
(thickness : 6 cm). 

Very numerous lapilli with irregular rounded forms, 
formed of an ancient glass in the process of kaoli
nisation, more or less advanced following the indi
vidual grains; quite numerous magmatic quartz 
grains angular or pointed ; some remains of altered-
biotites (pedogenesis active). X 16. Crossed nicols. 

Origin : Blanzy Basin. 
Stage -. Stephanian B. 

Fig. 4. — Type V. Cf. fig. 3 (detail). 

Most of the lapilli contain microcristalline kaolinite, 
others have reached a more advanced stage of kao
linisation : neoformatlons of of-white kaolinite ver
micules not only filling all the volume of the 
lapilli, but escaping outside into the initial pore 
spaces of the cinerite ; magmatic quartz; altered 
biotites (pedogenesis active). X 40. Crossed 
nicols. 
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