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Abstract. The name Flandrian is now used to indicate deposits of the Flandrian transgression
or of the Holocene as a whole, in particular in Anglo-Saxon literature. As most geological
connotations, Flandrian has changed significance and chronostratigraphic age since it was created 
in 1885 by R trro r  ana v a n  d e n  B r o e c x .

A t th a t time, Flandrian was a pleistocene “assise” which occurred at the end of long series 
of quaternary  and tertiary stages. Therefore, ic completed and still completes the geological 
tradition o f the cenozoic sequence.

Substages of the Flandrian, as Calais and Dunkerque, are generally used, although there 
only exist type areas of both series instead of type localities. Work is going to define the type
section in both areas of the Flemish Coastal Plain. It would be useful to re-establish the
Flandrian stage on basis of these new investigations, as the last chronostratigraphic member of a 
continuous series in the cenozoic stratigraphical sequence.

Zusammenfassung. Der Name „Flandrian“ wird heutzutage, insbesondere in der angelsäch
sischen L iteratur, verwandt, um Ablagerungen der Flandrischen Transgression oder des Holozäns 
als Gesamtes zu benennen. Wie die meisten geologischen Namen hat „Flandrian“ sowohl seine 
Bedeutung als auch sein chronostratigraphisches Alter seit seiner Erstverwendung durch R u t o t  
und v a n  d e n  B r o e c k  (1885) geändert.

In jener Zeit bedeutete „Flandrian“ eine pleistozäne Schicht, die am Ende einer langen Serie 
von Q uartä r- und Tertiärstufen vorkam. Somit schloß und schließt es noch immer die geologische 
Tradition der känozoischen Sequenz ab.

Im allgemeinen werden Unterteilungen des „Flandrian“, wie z. B. Calais und Dunkerque, 
gebraucht, obw ohl es von beiden Gruppen nur Typregionen und keine Typlokalitäten gibt. Man 
arbeitet daran , das Typenprofil in beiden Gebieten der flämischen Küstenfiäche zu bestimmen. 
Auf der Basis dieser neuen Erkenntnisse wäre es empfehlenswert, die „Flandrian“-Stufe als 
letztes chronostratigraphisches Glied in der kontinuierlichen Serie der stratigraphischen känozo
ischen Sequenz wieder einzuführen.

1 U s e  o f  th e  F lan drian

T he te rm  “ F la n d r ia n ” ¡s th e  fa r  m ost w id e ly  know n co n n o ta tio n  w hich is used in the 
u tm o st c o n fu s io n  since it  w as reb ap tized  by D u bo is  in 1924, h a lf  a  c e n tu ry  ago.
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E specially  in  the A nglo-S axon  lite ra tu re  the nam e is la rge ly  a d o p ted  to ind ica te  
deposits of th e  en tire  post-g lacial p e rio d  in  coasta l areas m ain ly , aiso how ever, fo r 
con tinen ta l deposits. M an y  references a re  k n o w n  from  the B ritish  Isles a n d  th e  U . S. A ., 
as w ell as fro m  A u stra lia  and  N ew  Z ea lan d  ( Z e u n e r , W r i g h t , F a i r b r i d g e , F l i n t , 

G il l , S u g g a t e , W e s t , S h o t t o n ).

In  the sam e span  o f  tim e, the term  w as h igh ly  am ended , how ever, by  the French 
and  B elgian au th o rs  w ho w ere p erm an en tly  co n fro n ta ted  w ith  the deposits of the type 
area  o f the F la n d r ia n  which is in  the Flem ish C oasta l p la in : ex tend ing  from  S angatte  
n ear C alais (F rance) to  the Scheldt E s tu a ry  in  Z eeuw s-V laanderen  (T he N etherlands). 
A ctually , it  has fa llen  in com plete disuse, in  F rance , B elgium , T he N e th e rlan d s  an d  G er
m any  since W o rld  W a r II . H ere, term s as “ C ala is” and  “D u n k e rq u e ” a t  the level of 
F orm ation  superseded  th e  conno ta tion  F la n d r ia n , a lbe it som e French au tho rs  m ay use it 
w tih  reference  to  C alais deposits ( S o m m é  1969; C o q u e  1972) on ly  o r to C alais and 
D u nkerque  deposits  to g e th e r ( S o m m é  1972, 1973, 1975).

T herefo re , th e  term  “ F la n d r ia n ” is m ore  safely  used by those investigators in 
connection  w ith  the general post-g lac ia l sealevel rise: the F landrian  transgression. So 
they  escape th e  fa c t o f  g iv ing this te rm  a precise meaning.

I t  is c lea r th a t  much o f  the confusion in  the term ino logy  o f the F la n d r ia n  was due 
to  the fa c t th a t  the  nam e was "m isused” p e ll-m ell in the ch ronostra tig raph ic , lith o s tra ti- 
g raphic an d  gene tic  sense. F u rtherm ore , even  w h en  used in  one o f the  a fo re  m entioned 
m eanings, i t  d id  n o t cover e ither the  sam e tim e span, the sam e series of deposits, no r 
the  sam e p h ase  o f  sea level rise. A c tu a lly , there  does n o t exist a ty p e  section o f  the 
F land rian , even  n o t  a  type  section o f the C ala is a n d  D unkerque deposits. O ne can only  
speak o f a  F la n d r ia n  type  area.

T herefo re  F la n d r ia n : a fo rm ation  o r  ju s t a  ch ronostra tig raph ic  nam e to sto re  deposits 
o f d iffe ren t n a tu re  an d  origin?

This is so m ew h a t the w ay  i t  w as used on such official docum ents as th e  G eological 
M ap o f F ran ce  a n d  Belgium . W hereas on  th e  French m aps “ F lan d rien ” is to ind icate  
holocene deposits  o f  the F lan d rian  m arin e  transgression , one w ill find back exac tly  the 
sam e nam e o n  th e  B elgian m aps as fo r th e  pleistocene, L ast-G lacia l, eolian , fluviatile  
o r/an d  m arin e  sa n d  loam , crag o r/an d  peat deposits which m ay  be affected  b y  perig lacial 
phenom ena as w ell.

We believe th a t  no  fu r th e r com m ents a re  required . B ut if  one is to consider th a t  the 
French defin itio n  w as derived  from  the o rig in a l Belgian one, he w ill quickly realize 
th a t  it is a b o u t tim e to get w o rld -w id e  inves tiga to rs  o f the H olocene, a le r t ab o u t the 
k in d  o f p o llu te d  sed im en t they  a re  dealing  w ith .

The p re sen t s ta te  o f  th e  p rob lem  is ra th e r  p a rad o x a l: on  a w o rld  w ide scale, the 
term  F la n d r ia n  is o f general use, w h ile  on  th e  local basis C alais and  D u nkerque  have 
gained m ore  p o p u la r i ty  am ongst N o rth w e s te rn  E uropean  geologists a n d  geographers. 
T herefo re , it  w as  s tro n g ly  fe lt by  the la s t m entioned  group th a t a tho rough  recon
sidera tion  o f  the  F la n d r ia n  was necessary if  n o t notorious
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2 H is to r ic a l  r e v ie w  o f  th e  n a m e  “ F la n d r ia n ”

2.1 The B elgian “Flandrien”

T he term  “ F la n d r ie n ” w as in tro d u ced  in  1885 by R u t o t  a n d  V a n d e n b r o e c x , aimosc 
h a lf  a c e n tu ry  befo re  D u b o i s '  red efin ition  (1924), to conno ta te  th e  re la tiv e ly  th in , p re- 
holocene u p p e r  m an tle  or" sand  in  N o rth e rn  Belgium, ly in g  in  the c o n tin u ity  or the 
D utch  co versand . N o  re la tion  w ith  deposits or" the Flemish coasta l p la in  existed so fa r . 
O fficially  i t  sh o u ld  be repo rted  in  the geological legend or" D ecem ber 1S91 as “ F land rien  
(q4)” being th e  upperm ost m em ber o f  th e  “ Q u ate rn a ire  in fé rie u r” o r  “D ilu v ien ” . The 
“ F lan d rien ” o r  Sands of F landers a re  n o w  considered to be o f fluv ia tile  o rig in  co n tra ry  
to the o rig in a l in te rp re ta tio n  of D u m o n t  (1839) w ho p leaded  in fa v o u r  o f a m arine 
origin. In  A p ril 1S96, considerable changes occurred  in the  G eologica l Legend and  the 
m eaning o f  th e  “ F lan d rien ” w as en la rged . In  fa c t this w as g rea tly  due  to  recent in 
vestigations c a rr ie d  o u t in  the B elgian  coasta l p la in  leading to  the recogn ition  by both  
R u t o t  a n d  M o u r l o n  of the “ F la n d r ie n ” in this p a r t o f B elgium  as w ell. M oreover, 
in  borings ju s t N o r th  o f  G hent, the “ F la n d r ie n ” was fo und  to co n ta in  am ongst others 
“C orbicula flu m in a lis” and  “ C ard ium  ed u le” a t  a  dep th  o f m ore th a n  15 m below  the 
surface, w hich m ade it  possible to  m ak e  a d istinction  betw een  an  u p p e r con tinen ta l 
(original) F la n d r ie n  an d  a low er m a rin e  F lan d rien  ( R u t o t  1897).

D espite  th e  m ost rem arkab le  d esc rip tio n  o f the boring o f O ostende  by D e v a l q u e  

(1860) w ho  c rea ted  the “ Assise d ’O ste n d e ” in  which D o l l f u s  h ad  recognised a t  a  dep th  
o f 25 to 33 m  C orbicu la  flum inalis ( M u l l e r ) a lready  in  1884, no re la tio n  w as established 
by  M o u r l o n  (1896) w ith  the new  fossil findings. Y et D o l l f u s  h ad  a lread y  p u t fo rw a rd  
the  “p le istocene” (qua te rna ire  in fé rieu r) age o f these “m arin e  sands o f O ostende” on 
basis o f a  th e ir  m alaco log ical co n ten t as w ell as the ir presence u n d e rn ea th  w eathered , 
co n tin en ta l lo am  layers sim ila r to  those  fo u n d  a t the surface in  th e  ad jacen t loess area 
outside the  co asta l p la in . A bove the  w ea th e red  loam  layers sealing  the “ Assise d ’O st
ende” , y o u n g er m arine  fossil bearing  sands, p ea t and  surface clay  a n d  sands w ere found  
which D o l l f u s  ad h ered  to the “ te r ra in  m o d ern e” .

In  fa c t th ey  respectively  co incide  w ith  th e  p resently  ca lled  C ala is deposits under, 
and  D u n k e rq u e  deposits above the  p e a t layer.

I t  is c lea r th a t  if  D o l l f u s ’ d esc rip tio n  an d  in te rp re ta tio n  h ad  been tho rough ly  con
sidered a n d  u n d ers to o d , the F la n d r ia n  w o u ld  have existed w ith o u t any  com plex sto ry .

W hat c o u ld  be so d ifficult th a t  le f t  confusion  in R u T o ris  m in d  du rin g  tw en ty  five 
years, u n ti l  he  discovered a tH o F S T A D E  (N o r th  o f Brussels), sands a t  d ep th  contain ing  
C orbicula flum ina lis  in  liv ing p osition  (1910). L et us exp la in  the th reads o f  his thoughts.

A fte r  a n  in itia l long silence, R u t o t  (1900) rejects v igou rously  D o l l f u s ’ p o in t o f 
view  en tire ly , s ta tin g  th a t  in  the O o sten d e  boring  C orbicula  flum ina lis  does n o t occur 
in  situ n o r  th a t  th e  w ea th ered  lo am  shou ld  be accounted  fo r  th e  equ ivalen t o f the 
H esbayen  lo am  w hich instead  is a  lo a m y  facies o f the F lan d rian . In  this new  ligh t all 
sedim ents b e low  th e  m ain  p ea t lay e r, d o w n  to  the te r tia ry  substra tum , are  o f F lan d rian  
stage age.

T his over-sim p lifica tion  o f the s tra tig ra p h ic a l sequence in  th e  coastal p la in  lead to 
serious e rro rs . F irs t, th e  coastal p la in  facies o f the  F lan d rian  was ex ten d ed  b y  A . R u t o t
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(1900) to  sands co n ta in in g  C ardium  edule  in the h iilv  region sou th  o f C oasta l P la in  
and belonging to  the Y zer basin a long  th e  F rench-B elgian border. These sands are the 
la te r to  be ca lled  “ Izenberge  Sands” o f H o ls te in ian  stage age (T a v e r n i e r  a n d  d e  H e i n -  

z e l i n  1962, P a e p e  &  R .  Y a n h o o r n e  1975).
E ast o f  Bruges, the co n tin u ity  o f the F lan d rian  w as established a long  the “ G olfe de 

G and” (1897) o r  th e  F lem ish  valley  ( T a v e r n i e r  1943) from  w here a t  p resen t i t  is know n 
th a t the u p p e r p a r t  is o f  perig lac ia l W eichselian orig in , w hereas the  lo w er C orbicu la  flum i
nalis bearing  sands an d  gravels belong to th e  O ostende F o rm atio n  o f  E em ian  age 
( T a v e r n i e r  1943, 1946, 1948, 1954, d e  M o o r  1963 and P a e p e  1967). B oth  deposits are 
occurring  below  a m o d em  o r  holocene peat.

Thus a p p e a re d  in  th e  F lan d rian  sedim ents o f  d iffe ren t n a tu re  an d  o rig in , and  no t 
a t least o f  d if fe re n t age and  clim atic period.

N ew  em phasis w as g iven to the F lan d rian  a f te r  th e  d iscovery  o f sand  layers w ith  
bivalve specim ens o f  C orbicula  flum inalis  a t  H o f s t a d e  (1909). T his lead  to a  renew ed 
in te rp re ta tio n  o f  the borings executed a t  Leffinghe, M iddelkerke , D enderm onde  and 
especially O o sten d e  o f w hich R u t o t  (1910) now  recognized the correctness o f  D o l l f u s ' 

earlier in te rp re ta tio n  in  considering  an  O ld  Q u a te rn a ry  o r  “M oséen” age fo r  th e  low er 
m arine deposits o f th e  C oasta l P la in  and  in  restric ting  the F la n d r ia n  to the sedim ents 
above w ith  th e  ex cep tio n  o f  the p e a t an d  overly ing  p o ld e r sands an d  clays.

I t  is n o te w o rth y  th a t  equal to the boring  a t  O ostende, th e  layers w ith  C orbicula  
flum inalis  a t  H o f s t a d e  occurred  u n d e rn ea th  first, a  hesbayen loam  an d  second, a 
“ m arine” F la n d r ia n  deposit in  the sense o f R u t o t  (1910).

F rom  th is p e rio d  also dates back th e  general assim ilation o f th e  c o n n o ta tio n  F lan d rian  
to deposits w hich a re  o ften  re fe rred  to  as C alais a t  present. W ith  reg a rd  to  the low er- 
lying sands a n d  g ravels, w ith  C orbicula flum inalis, the o rig inal “Assise d ’O stende” of 
D e w a l q u e  (1868) has thus been reestablished, h o w ever w ith o u t p recision  o f  its age, n o r 
of its u p p e r b o u n d a ry .

In s tead  o f be ing  a  new  p o in t of dep a rtu re , ne ither the officia l geological legend no r 
R u t o t ' s  fu r th e r  p u b lica tions an d  pro jects w ill give m ore a tte n tio n  to th is problem , 
than  before. In s te a d  R u t o t  w as try in g  u n d e r th e  influence o f new  theories fro m  ab ro ad  
to a d a p t his q u a te rn a ry  subdivision  to  the c lim atic  classification o f  P e n c k  5c  B r ü c k n e r  

(1910) o r  to  th e  archeo-geological subdiv ision  o f C o m m o n t  (1912).
A fte r the  X I  G eolog ica l C ongress he ld  a t Stockholm  in  1910, the  F lan d rian  thus 

became in c o rp o ra te d  in to  the  W ürm  G lac ia tion  which co rre la tio n  w as aban d o n ed  in  
1920, in  fa v o u r  o f  an  assim ilation  o f  th e  F la n d r ia n  w ith  th e  u p p e rm o st “ ergeron” o f 
the Som m e v a lle y  w hich  chronologically  is to  be considered o f U p p e r  M oustérien  age. 
D uring  a ll these new  ad ap ta tio n s  th e  F la n d r ia n  rem ained of m a rin e  o rig in  u n til H a l e t  

(1922) d rew  th e  a tte n tio n  to the fa c t th a t  the m arine F lan d rian  w as lim ited  to the 
present co asta l p la in . O u tside  the coasta l p la in , he  considers deposits w ith  C orbicula  
flum inalis as be long ing  to  deposits o f  a  la rg e  de lta  o f U pper P liocene  o r  L o w er P le isto 
cene age.

In  H a letu s  m in d  th e  “F la n d r ia n  transg ression” had  sta rted  n o t ea rlie r th an  the end 
of the P le istocene  o r  even beginning o f th e  H olocene.



R . P a e p e , J .  S o m m é , N .  C u n a t  a n d  C . B a e t e m a n

2.2 T h e  F ren ch  “ F land rien”

I t  is in  th e  sam e line o f th o u g h t th a t  D u b o is  (1924) locates th e  “ F lan d rian  tran s
gression” in  th e  tim e span of E nd -P le istocene-H o locene-M idd le  Ages, as the fifth  trans- 
gressive sed im en ta ry  cycle of D e p e r e t  (1918) just a fte r  th e  M o n astir ien . H is field or 
inves tig a tio n  is restric ted  to the coasta l p la in , an d  in p a rtic u la r  to  th e  area of C alais 
fo r th e  m id d e i s tra tig raph ie  layers w hich are  cropping  o u t against th e  A rtesian  dom e: 
he also has m ad e  an  a ttem p t to give a new  in te rp re ta tio n  to  the q u a te rn a ry  deposits or' 
the bo rings fro m  O ostende, M idde lkerke , Leffinghe and V lissingen.

D u b o i s  (1924) was w ell aw are  o f th e  fac t th a t R u t o t  (1897) h ad  grouped  under the 
sam e c o n n o ta tio n  “ F landrien” , the basa l m arin e  sands w ith  C orbicu la  flum inalis  M u l l e r , 

the w ea th e re d  loam s and  the low er p a r t  o f the upper m arine  sands o f  m odern  age in  
D o l l f u s '  d escrip tion  o f the boring  o f  O ostende (1884). Y e t he uses it  again  an d  ex 
tends th e  F la n d r ia n  to the top  w ith  g revb lue  m arine sands w hich occu rred  on the Belgian 
G eological m a p  as “sables gris b leu” (a ir  1) or" m odem  age and  im m edia te ly  appearing  
under th e  ho locene  peat lay e r (p resen tly  ca lled : surface peat).

T hus d o in g  D u b o is  (1924) is den y in g  R u t o t ’s reconsidera tion  o f  the  beds w ith  C or
bicula flu m in a lis  a fte r  the findings o f  H o f s t a d e  (1910). T h e  reasons herefore  m ust be 
searched in  a  series o f studies w hich w e n t on  since 1900 a lread y  w ith  regard  to this 
specific fossil itse lf and to its presence in  m arine-estuarine  deposits in th e  N etherlands, 
D a n m a rk  a n d  G erm any, and  w hich h a d  n ev e r been seriously  considered  b y  R u t o t . F irst 
o f a ll, D u b o i s  does no t consider C orbicu la  flum inalis  a rep resen ta tiv e  fo r  any  specific 
in te rg lac ia l phase. Since it  is an  eu rv th e rm  species no c lim atic  significance m ay  be 
a ttr ib u te d  to  it. As to the presence o f  -this fossil in  s im ila r deposits o f  neighbouring  
coun tries, D u b o i s  states, th a t L o r i e  (1903) h ad  proposed to  co rro ía te  the m arine F lan 
d rian  w ith  th e  m arine eemian deposits o f  V lissingen. These eem ian deposits characterized 
by  the  p resen ce  o f B ittium  re ticu la tum  a n d  Tapes virgineus, are a t  th a t  m om ent adhered  
to  a  p re -R iss ian , p robably  the  T y rrh e n ia n  in terg lacial.

T he a tt r ib u tio n  o f the F la n d r ia n  to  th e  Eem ian w as ex ten d ed  to  N o rth e rn  France 
by B r i q u e t  (1906, 1907, 1908) w hose believe it  w as th a t E em ian  w as idencical to the 
W ürm ian . A s w e have seen above, R u t o t  (1910) indentifies F lan d rian  to  the W ürm ian  
as w ell, b u t  re la tes his eolian B ra b a n tia n  loess to  the E em ian  in te rg lac ia l which had 
becom e R iss-W ü rm  a t th a t tim e.

T h e  ass im ila tio n  of the F la n d r ia n  to  the E em ian is con tested  by  the D an ish  investi
g a to r N o r d m a n n  (1908) w hose task  i t  h ad  been to m ake a  rev ision  o f the faun istical 
co n ten t o f  th e  classical borings: L effinge, Vlissingen, M id d e lk erk e  and  O ostende.

H is  conclusions w ere: “N o  ca rac te ris tic  species o f  th e  E em ian  occurs in  the F lan d rian  
except f o r  T apes aureus var. eem iensis  N o r d m a n n  b u t w hich occurs o n ly  as 6 w orn  
fragm en ts a n d  tw o  un typ ica l b iv a lv e s” . F lan d rian  an d  E em ian  th o u g h  bo th  o f tem per
a te  o rig in , a re  n o t identical.

D u b o i s  w as quite h ap p y  to s ta te  th a t  this rejection  b y  N o r d m a n n  added  to  the 
re ju v en a tio n  o f  the F land rian  w hich  he  cla im ed  on basis o f  the co n tin u ity  w hich existed 
betw een  th e  F lan d rian  an d  th e  u p p e rm o st grey sands. F u rth e rm o re , the presence of a  
m o lar o f  E . prim igenius  a t  the base o f  th e  boring o f  C oquelles u n d e r 15 m of m arine
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peary  sedim ents, co n ta in in g  neo lith ic , g a llo -rom an  an d  even  X I I I  th  cen tu ry  im ple
m ents, covered  in  tu rn  b y  y ounger m arin e  sands la id  to th e  assum ption  o f  an  E nd - 
P ie istocene-H olocene age.

D u b o i s '  assum ption  was in  fu ll ag reem ent w ith  H a l e t ’s sta tem en t, m ade tw o years 
before, a b o u t th e  age o f  the F land rian .

T he c o n tin u ity  in  sed im en tary  ev o lu tio n  a n d  tim espan  a re  a t the base o f  the renew ed 
creation  o f th e  one sing le  continuous F la n d r ia n  cycle inc lud ing  th ree  subseries:

— L ow er F landrian  (Assise a 'O stende): betw een  —15 an d  —50 m w ith  g rea t abundance  
o f C orbicula flum ina lis;  co rresponding  to th e  Sengiaciai o f  D an m ark .

— M iddle F landrian  (Assise de C alais): be tw een  0 an d  —15 m  a n d  w ith  fa u n a l assem
blage sim ila r to  the present (Z irphaea  crispata, O strea edulis); co rrespond ing  to 
L ittorina  an d  T apes  phase.

— U pper F landrian  (Assise de D unkerque):  a b o u t sea level w ith  p resen t fau n a  (M y a -  
arenaria); co rrespond ing  to th e  M y a  arenaria  phase.

The id en tity  o f  th e  O ostende series is based on C orbicula  flum inalis  w hich occurs in 
situ  as w ell as the presence (in several borings, O ostende, C oquelles, C alais) a t  the u p p er 
lim it of these series o f  a “ loam  o r p e a t lay e r betw een —15 m  and  —20 m d ep th , in fe r
ring  a s tan d still in  the positive tren d  o f  the  F la n d r ia n  transgression, v iz . a  sh o rt nega
tive one” .

T he id e n tity  o f th e  D unkerque series w as based on the presence o f a ga llo -rom an  
p ea t fo rm atio n  ( =  su rface  peat) a  its base.

H erea fte r , it  is D u b o i s  (1930) h im self w ho w ill change th e  chronologic m eaning of 
his o rig inal “ F la n d r ie n ” , a  concep t w hich he is still advoca ting  in 1946. H e reb y  and  in 
the line o f th o u g h t o f  D e p e k e t , the “ F la n d r ie n ” is considered as the fifth  ag g rad a tio n  
phase fo llow ing  on the M onastirian , a n d  thus o f fu ll L ast G lacia l in  age. T his F land rien  
should  have  las ted  fro m  50,000 B .C . ti ll a b o u t 6000 B .C. H ence  th e  subdiv ision  o f the 
“F lan d rien ” s. 1., is as fo llow s: “Assises d ’O sten d e” , de C alais (== F lan d rien  s. s tr.), “ de 
D unkerque” ; b u t as is s ta ted  by D u b o i s  (1946) i t  m ost p ro b ab ly  w ill be necessary to 
extend th e  “ Assise d 'O s ten d e” again , to w ard s  th e  base of th e  “ F lan d rien  s. 1.” as our 
know ledge a b o u t it  w ill h ave  g row n  in  th e  fu tu re . *

I t  is fina lly  the m ean ing  of B r i q u e t  w hich dom inates m ost the French “ F lan d rien ” 
investigators. H o w ev e r, on  the French geological m aps of the n o rth e rn  French coastal 
p la in , the “ F la n d r ie n ” is subd iv ided  in to  C alais a n d  D unkerque.

2.3 T he end o f the Flandrian in  the Flanders

In  Belgium th ere  w as som e reac tio n  to o ; in  1931, a t  the occasion o f  som e new  cored 
borings n ear th e  F rench bo rd er w hich H a l e t  w as lucky to s tu d y , he  also v igourously  
attacked the concep t o f  D u b o i s '  F la n d r ia n  an d  rejects entirely  the  idea  o f  an y  possible 
subdivision, q u o tin g  th a t  the p e a t h o rizo n  a t  th e  lim its betw een  th e  O ostende-C ala is 
an d  C ala is-D u n k erq u e  series are  n o t con tinuous a n d  th a t severa l p e a t ho rizons are 
found  to  exist be low  th e  m ain  p e a t a t  th e  base o f  th e  D u nkerque  series.

* see page 30
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As a consequence, a n  U p p er pleistocene F lan d rian  age w as p ro p o sed  ag a in  fo r all 
m arine sands , O ostende and  C alais, below  the m ain p ea t la y e r ; a  ho locene age fo r all 
those ab o v e  th e  peat.

O ne sh o u ld  rem em ber th a t in  th e  B elgian G eological L egend , a ll  fo rm e r conno ta tions 
inc lud ing  th e  F la n d r ia n  w ere abolished  since in  D ecem ber 1922, P leistocene  an d  H o lo 
cene w ere  in tro d u c e d  instead o f “ Q u a te rn a ire ” and  “ M o d ern e” .

I t  c lea rines  w h y  in a  series o f sh o rt notes abou t find ings o f C orbicu la  flum ina lis  a t 
S t.-D en ijs-W estrem  (1933), T em pleuve (1937) and  E scanaffles (1939) H a l e t  w ill never 
m en tion  th e  n am e  o f  F lan d rian  again .

T a v e r n i e r  uses the term  F lan d rian  again, first in the sense o f  R u t o t , in his publi
ca tion  on  p e rig iac ia l phenom ena (1940), la te r in  a  com bined  R u t o t  — D u b o is  — H a l e t  

defin ition  as o f  1943 w hen describing the deposits o f the F la n d r ia n  transgression. For 
the first tim e , a re la tio n  is established betw een the F la n d r ia n  a n d  th e  U pper-H o locene , 
m ore e sp ec ia lly  w ith  the A tlan ticum  as to the age o f this tran sg ression .

In  th e  sam e line o f thought, the m a in  p ea t lay e r w as considered  to be Subboreal, and 
the D u n k e rq u e  transgression, S u ba tlan ticum  in age.

T he p e a t  a t  dep th  separating  the  F lan d rian  deposits fro m  th e  u n d e rly in g  deposits 
w ith  C o rb icu la  flum inalis  is accoun ted  fo r B oreal in  age. T a v e r n i e r  in tro d u ced  U p p er 
F la n d r ia n  to  designate a ll sedim ents o f  Post-G lacia l H o lo cen e  age  a n d  L ow er F land rian  
fo r a ll W ü rm -G la c ia l sediments.

D eposits  w ith  C orbicula flum inalis  th en  belong in T a  v e r n i e r ’s o p in io n  to  the  Riss- 
W ürm  o r  E em ian  m arine  transgression, as w ell as th e ir  c o n tin e n ta l equ ivalen ts (1943).

In  1946 , h o w ev e r he rejects his ow n earlie r o p in ion  in  considering  the “ Assise 
d ’O ste n d e ” w ith  C orbicula flum inalis  as a n  in te rstad ia l o f  the W ü rm ian , inc lud ing  all 
deposits o f  th e  F lem ish  V alley.

T hus he  re tu rn s  to D o l l f u s ’ in te rp re ta tio n  w here “ O o sten d e” o f  W ürm  in te rstad ia l 
age a lm o s t equa ls  “ Q u ate rn a ire  in fé rie u r” , “ C alais” of H o lo cen e  age, the "Q u a te rn a ire  
su p érieu r”  a n d  sep a ra ted  from  th e  W ü rm  deposits by  th e  in te rc a la te d  loam  layers of 
L a te  G la c ia l age (“  =  T ard ig lac ia ire ). I t  is the first reap p ea ran ce  in  B elgium  o f  th e  term  
"C a la is” .

As o f  n o w , C alais w ill on ly  be used to assign deposits o f  th e  F la n d r ia n  transgression 
equal to  th e  L itto r in a  littorea  transgression  o f the B altic . T h e  D u n k e rq u e  deposits 
( T a v e r n i e r  1948) w ill no t be in c luded  to th e  F lan d rian , thus going back to  R u t o t  

and H a l e t . T h e  first subdivision in to  three phases o f th e  D u n k e rq u e  transgression is 
announced .

T h e  im p o rta n c e  o f T a  v e r n i e r ’s w o rk  refers to the defin ite a n d  undub ious separa tion  
o f the O o s ten d e , C alais and  D u n k e rq u e  deposits.

T h e  O o s te n d e  series w ill fu r th e r  develop from  W ürm  In te rs ta d ia l (1946, 1948) to 
E em  in te rg la c ia l ( T a v e r n i e r  1954, 1957), th e  C alais series to  deposits o f th e  F lan d rian  
A tla n tic  tran sg ression  and  the D u n k erq u e  series, to  deposits o f  the  D u nkerque , Sub- 
a tlan tic  tran sg ression .
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2.4 T h e  In te rn a t io n a l  “F lan d rian ”

In  his fam ous b o o k  “ D a tin g  the P as t” , Z e u n e r  (1946) recom m ends the use o f “ D u b o i s '  

term , F la n d r ia n , fo r  th e  rise o f the sea from  the  lo w  level o f the L ast G lac ia tio n  to  the 
co m p ara tiv e ly  h ig h  level o f the p resen t d a y  . . I t  ex tends from  slig h tly  befo re the 
P ost-G lac ia l t i ll P resen t.

W r i g h t  (1937) also refers to D u b o i s '  defin ition  in th e  th ird  ed itio n  o f his book 
“The Q u a te rn a ry  le e  A ge” : “ In  1924 D u b o i s  described under the fo rm a tio n a l nam e 
F lan d rian  a series o f  deposits lying m ain ly  below  sea level and fo rm ing  the m aritim e 
p la in  o f F lan d e rs , a n d  these deposits have  recen tly  been show n by  C h a p u t  (192S) to 
have  a  w ide  d is tr ib u tio n  along the w hole A tlan tic  coast o f  F rance. T he su rface o f the
p lane rises 3— (■ m etres  above m ean sea-level, a n d  the base o f the deposits rests on
C retaceous o r  T e r t ia ry  beds a t a  d ep th  o f  20—30 m etres” .

W r i g h t  a lso  rem em bers to  D u b o i s '  subd iv ision  into a  Low er, M idd le  an d  H ig h e r
F lan d rian  w ith o u t re fe rrin g  to the O ostende, C ala is and D unkerque.

F l i n t  (1957) in  his “ G lacial an d  P leistocene G eology” rem em bers to  the use in 
E urope o f the n a m e  F lan d rian  to conno ta te  “ sedim ents deposited  b y  the m arine  tra n s
gression th a t  has  accom pan ied  the last m a jo r deg lac ia tion” (cfr. D u b o is  1924 an d  1930).

W e s t  (1 9 6 8 ) c le a rly  separates th e  enrono- a n d  lith o -s trad g rap h ic  te rm  w hich is the 
F lan d rian  fro m  th e  conno ta tion  L ate  W eichselian, w hile he  aiso uses i t  com m only  fo r 
co n tin en ta l a n d  m arin e  deposits.

W e co u ld  go o n  to  rep o rt on  th e  use in  the  A nglo-Saxon litté ra tu re , b u t one is 
a lready  co n v in ced  th a t  the need o f such s tra tig ra p h ie  term  w as fe lt w o rld -w id e .

A t th e  m o m en t th e  te rm  was launched in  th e  A nglo-Saxon lite ra tu re , i t  w as rejected  
in its ty p e -a re a , th e  Flem ish (French-B elgian-D utch) coastal p lain . T he French investi
gators co n tin u e  to  use it  in  d iffe ren t w ays: e ith e r in the sense o f Br iq u e t , o r  in  the 
m eaning o f H o lo cen e  deposits o r still as the eq u iva len t o f  th e  postg lac ia l transgression 
(T ers  1 9 73).

W o l d s t e d t  n e v e r  m entions i t  in  his fom ous w orks “D as  E isze ita lte r” (1954) and  
“ Q u a r tä r” (1969 ), n o r  do the G erm an holocene, m arine investigators as a w hole.

In  th e  N e th e r la n d s  w here m arine H o locene  deposits bu ild  u p  to  m a jo r p a r t  o f the 
W estern  p a r t  o f  th e  coun try , “F la n d r ia n ” w as used  fo r th e  last tim e b y  B e n n e m a  in 
1954.

In  th e  m ean tim e , C alais and  D u n k erq u e  series were com m only  used b y  th e  Soil 
Survey  C e n tre  o f  B elgium  under im pulse o f  T a v e r n i e r , ever since 1948. F rom  here, the 
tw o term s g a in  th e  D u tch  holocene ag a in  a n d  w as officialized by  d e  J o n g  5c H a g e m a n  

1960 in  th e  o ffic ia l legend of the G eologica l M ap  o f The N etherlands.
As a  c re a tio n  fro m  the same au th o r, th e  H olocene N o rth  Sea F o rm a tio n  w as p re

sented to  the m em bers o f the H olocene C om m ission o f  IN Q U A  in  1970. I t  com prises 
three m em bers: C a la is , D unkerque an d  H o lla n d  P ea t m em ber.

R enew ed  in v es tig a tio n  lead to  the recogn ition  o f a t  least five C ala is a n d  fou r 
D unkerque levels, sep a ra ted  one from  a n o th e r  b y  a level of th e  H o lla n d  p e a t ( H a g e 

m a n  1960, J e l g e r s m a  1961, W i g g e r s  1962, R o e l e v e l d  1974).
N e w  in v e s tig a tio n  in  the C alais reg ion  ( S o m m é  1972, e t al.), and  the B elgian  Flem ish
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coastal p la in  ( P a e p e  1971, 1974 a n d  B a e t e m a n  1974) lead  to the sam e conclusions 
abou t th e  existence o f several se d im e n ta ry  phases, which results h t  observations of 
N . W. G e rm an y  (S a d o w s k i i  & S t r e i f  1974) and  N . W . E n g land  ( T o o l e y  1974).

3 T h e  F la n d r ia n  P ro b lem

3.1 T h e  confusion  ab o u t th e  F la n d r ia n  first results from  the fa c t th a t this te rm  is 
used in  th e  A nglo-Saxon w orld  to in d ica te  the post-g lacial deposits solely w hile in 
D u b o i s ’ o p in io n  it  s ta rted  a lre ad y  a t  th e  end  o f  the Pleistocene. H en ce  there is a  chrono
s tra tig ra p h ic  confusion  abou t its w o rld -w id e  use a t  the presen t. I f  the F land rien  w ere 
to be lim ited  to  the H olocene, then  th e  P leistocene-H olocene b o u n d a ry  has to be recon
sidered  firs t ( M o r n e r  1969).

3.2 In  th e  sense as described ab o v e  th ere  is also a lith o -s tra tig rap h ic  confusion, for 
the “ O o sten d e  series” do n o t belong  to  the sam e cycle of sed im en ta tion  o r  even sea 
level rise as th e  “ C ala is” and  “D u n k e rq u e ” . P a e p e  et al. (1971, 1972, 1973) have  show n 
the existence o f perig lacial deposits w ith  frost-w edges an d  cold p e a t in  betw een the 
“ D u n k e rq u e  series” and the “ O o sten d e  series” a t Brugge, M eetkerke  an d  O udenbu rg  in 
the B elg ian  C o asta l plain.

In  th e  O ostende series, Tapes senescens v a r . eemiensis an d  C orbicu la  flum inalis w ere  
fo und  in  situ  (bivalves) in  w a d  deposits  overly ing  o ld e r coversands. E a rlie r P a e p e  

(1965) h a d  discovered the first b iv a lv e  o f  Tapes senescens var. eemiensis in a  boring  
a t S ta lh ille  n e a rb y  O ostende.

A ll these findings have  been con firm ed  by m any o th e r au thors ( D e m o o r  1970, 1972, 
N o l f  1974, G u l l e n t o p s  e t al. 1974). T herefo re  the F lan d rien  deposits are  lim ited 
to w ard s  th e  base, by the lo w er b o u n d a ry  o f the C alais deposits. T his low er lim it m ust 
thus be  ascerta ined  and  it  v e ry  m uch seems th a t in the C alais area , there are  C alais 
sedim ents p r io r  to  Calais.

3.3 In  th e  Belgian and  French co asta l p la in , there is u sua lly  a thick m ain  peat lay e r 
(as in  th e  C ala is area) betw een  th e  “ C a la is” an d  “D u n k e rq u e” series. We know  th a t 
th e  p e a t  g ro w th  sta rted  ab o u t 4500 B. P . an d  ended  som ew hat ab o u t 2500 B. P . in  the 
B elgian C o asta l P lain . C lay  lenses o ccu r in  this p ea t occasionally . R ecen t studies in the 
C oasta l P la in  how ever revea led  th e  existence o f p rom inen t c lastic horizons subdiv id ing  
the p e a t  in  phases sim ilar to  th e  ones fo und  in the N e th e rlan d s  an d  G erm any . 14C 
datings seem  to coincide in d if fe re n t p a rts  o f the  C oasta l P la in  an d  aiso show  several 
phases o f  C ala is and  D u nkerque  w hich  do n o t ap p ea r in  the 4500—2500 B.P. peat.

As a  consequence w e a re  fa v o u ra b le  to  the idea  o f a  continuous sea level rise from  
the base o f C alais tow ards the to p  o f  the D unkerque. We propose to call this the 
F la n d r ia n .

3.4 T h e  reason  o f m ajo r li th o - a n d  ch rono-stra tig raph ic  confusion  is due to  the fac t 
th a t  th e  paieo-geographic  d is tr ib u tio n  o f  the O ostende, C alais a n d  D unkerque series was
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n o t know n precisely  fo r  long. In  som e a re a ’s C alais deposits w ith  C orb icu la  and  Tapes 
a re  found  from  th e  m ain  p ea t dow n  to  the T e rtia ry  substratum .

In  o th e r p laces, as in O ostende, p a r t  o f  th e  n o n -eroded  O ostende  series w ith  
C orbicula  a n d  Tapes  in  situ, are  fo und  below  the C alais. W h en  p e a t o r  o th e r m arker 
layers do n o t occur a long the  b o u n d ary , it  is d ifficu lt to  d isen tang le  the  tw o facies.

3.5 T he redefin ition  o f the F lan d rian  should  n o t impose a n y  f ru s tra tio n . N um erous 
are  the redefin itions o f geological conno ta tions in  the p re -q u a te rn a ry  a n d  w e know  
th a t E em ian  changed a lo t before its p resen t co n ten t became established.

T herefo re , ra th e r  than  in troduc ing  new  nam es, we p refer “ F la n d r ia n ”  to “ H olocene 
N o rth  Sea fo rm a tio n ” .

F lan d rian  n o t o n ly  has s tra tig rap h ie  p rio rity  to  redefin ition  bu t also orig ined from  
a geological tra d it io n  in  the s tu d y  o f  the C enozoic fo rm ations o f  N o r th  W estern  Europe 
an d  o f B elgium  in  p a rticu la r. Indeed , a f te r  the re tre a t o f th e  T e r tia ry  N o r th  Sea from  
Southw est to  N o rth e a s t Belgium (D iestian  to M erksem ian), Q u a te rn a ry  seas rem ained 
fo r  long in  th e  N o rth e a s t a long the D u tcn-B elg ian  bo rd er th ro u g h o u t the T ig lian , and 
W aalian .

H e re a fte r  the re tre a t tow ards th e  n o rth ea s t cam e to an  end a n d  m arine  ac tiv ity  
becam e m ore im p o rta n t in the v e ry  sou thern  p a r t  o f the N o r th  Sea, as a d irec t conse
quence o f the  op en in g  o f the D o v e r S tra it  som ew here during  the  C ro m erian  ( P a e p e  &: 

S o m m é  1975).
T he tra d it io n  sw itched over to transgression  from  the sou th -w est resu lting  in the 

bu ild ing  up  o f  C rom erian , H o lste in ian , E em ian  an d  finally  F la n d r ia n  deposits in  the 
Flem ish coasta l p la in  o f France, B elgium  an d  the  N eth erlan d s, w hich co n tin u a tio n  is 
found  in  H o lla n d , F riesland, N -W -G erm an y  an d  D anm ark . F la n d r ia n  is the last in 
the trad itio n  o f  a t  least five know n sou thw est N o r th  Sea transg ressions.3

R eferences

A l im e n ,  H . (1967): The Quaternary of France. — In K. R a n k a m a , The Quaternary, Vol. II: 
39-238.

B a e t e m a n , C., G. L a m b r e c h t s  & R. P a e p e  (1974): Autosnelweg B rugge-Calais. Sectie Veurne- 
Franse grens. — Prof. Paper, beig. geol. Survey, 2: 1—55, Brussels.

B e n n e m a , J. (1954): Holocene movements of land and sea level in the coastal area of the 
Netherlands. — Geo!, en Mijnbouw, n. S. 16: 254—264, Den Haag.

B o u r d ie r ,  F., J. d e  H e in z e l in , R. T a v e r n ie r  & S. V a n d e r  H e id e  (1967): Lexique stratigra- 
phique international, Vol. I, Europe, fasc. 4 b, France Belgique, Pays-Bas, Luxembourg: 
Quaternaire. Paris.

B r iq u e t , A. (1906): Notes sur quelques formations quaternaires du Littoral du Pas de Calais. — 
Ann. Soc. Géol. Nord, 35: 211—236, Lille.

— (1906): Contribution à l’étude des origines du réseau hydrographique du N ord de la 
Belgique. — Mém. Soc. belge Géol. 20: 71—88.

— (1907): N ote préliminaire sur quelques points de l’histoire plio-pléistocene de la région 
gallo-belge. — Ann. Soc. Géol. Nord, 36: 2—44, Lille.

3 The term transgression is used here in its original meaning which points a t an increase in geo
graphical extension as a result of displacement of the shoreline.



2S R. P a e pe ,  J. S o m m é , N . C u n a t  and  C. B a e t e m a n

B r i q u e t , A. (190S): Sur une excursion dans le Pleistocene du N ord  de la France en compagnie
de M. le Prof. L e v e r e t t . — Ann. Soc. Géol. Nord, 37: 293—296, Lille.

— (1930): Le littoral du Nord de la France et son évolution morphologique. — Thèse: 439 p., 
Paris.

C o m m o n t , V. (1912): Chronologie ec Stratigraphie des industries procohistoriques, néolithiques 
et paléolithiques dans les dépôts hoiocènes et pleistocenes du N ord de la France. — Congr. 
intern. A nthr. Arch. Préh., 14: 239—254, Genève.

C o q u e , 3 . (1972): Recherches sur les formations quaternaires et le modelé de la Flandre maritime 
dunkerquoise — Cahiers de Géographie physique 1: 45—63, Lille.

d e  J o n g , J. D. 3c B. P. H a g e m a n  (I960): De legenda voor de Holocene Afzettingen op de 
nieuwe Geologische K aart van Nederland, Schaal 1:50.000. — Geol. en Mijnbouw 39: 
644—653, Den Haag.

D e m o o r , G. (1963): Bijdrage tot de kennis van de fysische landschapsvorming in Binnen-Vlaan-
deren. — Soc. beige Ëtud. Géogr. 32, 329—S-33, Brussels.

— in W. d e  B r e u c x , G. D e m o o r  Sc R. M a r é c h a l  (1969): Litostratigrafie van de Kwartaire 
sedimenten in het Oostelijk Kustgebied (Beigie). — Nat. W et. Tydscnr. 51: 125—137, A nt
werpen.

— (1973): Sedimentologie en stratigrafie van enkele pleistocene afzettingen in de Belgische kust
vlakte. — N at. Wet. Tijdschr. 55: 3—96, Antwerpen.

D e p e r e t , C h . (1 9 1 8 — 1 9 22): E ssa i d e  c o o r d in a t io n  c h ro n o lo g iq u e  g é n é r a le  des te m o s  q u a te rn a ir e s .
-  C. R. Ae. Sc. Paris: 166-174, Paris.

D e w a l q u e , G. (1868): Prodrome d’une description géologique de le Belgique. — 442 p., Brussels.
D o l l f u s , G. (1884): Le terrain quaternaire d’Ôstende ec le Corbicula fluminalis M ü l l e r . — Mém. 

Soc. Roy. Maiae. Belg., 19: 3—29, Brussels.
D u b o is , G. (1924): Recherches sur les terrains quaternaires du N ord  de la France. — Mém. Soc. 

Géol. N ord , 8: 353 p., Lille.
— (1930): U n tableau de l'Europe flandrienne. — Livre Jubilaire du Centenaire de la Soc. Géol. 

de France, 1: 261—277, Paris.
D u m o n t , A. (1839): Rapport sur les travaux de la carte géologique pendanc l’année 1839. — Buil. 

Acad. roy. Sciences, 6, 2: 464—185, Brussels.
E d e l m a n , C. H . 3c R. T a v e r n ie r  (1940): Perigiaciale Verschijnselen, meer in het bijzonder in de 

Antwerpse Kempen. — Nac. Wet. Tijdschr. 22: 139—153, Antwerpen.
F a ir b r id g e , R. W. (1961): Eustatic changes in sea level. — Physics and Chemistry of the Earth 4: 

99-185 .
F l i n t , R. F . (1 9 5 7 ) :  Glacial and Pleistocene Geology. — 55 3  p., N ew  York.
G il l ,  E. D. (1971): The Paris Symposium on World Sea levels of the past 11.000 years. —

Q uaternaria  X IV , 9° IN Q U A  Congress: 1—6, Paris.
F Ia l e t , F. (1922): Le Quaternaire dans le N ord de la Flandre belge. — Bull. Soc. belge Géol. 32: 

152—162, Brussels.
— (1933): Sur la présence de couches à Corbicula fluminalis M ü l l e r  aux environs de Saint-

Denis-Westrem. — Bull. Soc. belge Géol. XLHI, 111 — 116, Brussels.
— (1937): La Géologie de la Vallée de l’Escaut, à Tamise. — Bull. Soc. belge Géol., 47: 356—362, 

Brussels.
— (1938): Sur la présence de Corbicula fluminalis M ü l l e r  près de Templeuve. — Bull. Soc. belge 

Géol-, 48: 577—578, Brussels.
— (1939): Sur la présence de "Corbicula fluminalis” dans le Pléîstocène des environs d’Escanaffles.

— Bull. Soc. belge Géol., 69: 233—234, Brussels.
J e l g e r s m a , S. (1961): Holocene Sea level changes in the N etherlands. — Med. Geol. Stichting, 

Serie C, VI—7: 100 p., Maastricht.
L o r ie , J. (1903): Sondages en Zélande et en Brabant. — Bull. Soc. belge Géol., 17: 203—258, 

Brussels.
M a d s e n ,  V., V. N o r d m a n n  3c N. H a r t z  (1908): Eem-Zoneme. Studier over Cyprinaleret og 

ondre Eem Aflejringer i Danmark, Nord-Tyskland og H olland. — Danmarks geo!. Under- 
sogelse, II , 17: 1—302, Copenhagen.

M o u r l o n , M . (1896): Les mers quaternaires de la Belgique, d’apres l’étude géographique des 
dépôts flandriens et campiniens et leurs relations avec les couches tertiaires pliocenes. — Bull. 
Acad. Roy. Belg. Sc. 32, 3me série: 671—711, Brussels.

N o l f , A. (1973): Mollusken uit het marien K wartair te Meetkerke (West-Vlaanderen, België). — 
N at. W et. Tijdschr. 55: 97—120, Antwerpen.



F la n d r i a n ,  a  f o r m a t io n  o r  ju s t  a  n a m e ? 29

P a e p e , R. (1971): Autosnelweg Brugge—Calais -  Kb Houtave, Bredene, Gistel. — Prof. Pacer, 9, 
Belg. Geol. Survey: 59 p., Brussels.

P a e p e , R. Sc  J. S o m m é  (1975): Marine Pleistocene Transgressions along the Flemish Coast (Bel
gium and France). — IGCP report N o 2, Salzburg, 1974.

P a e p e , R. 2c  R. V a n h o o r n e  (1 9 6 7 ) :  Stratigraphy and Palaeobatany of the Late Pleistocene in 
Belgium. — M emoir Geological Map of Belgium, 8: 96  p., Brussels.

— — (1972): M arine Eemian Deposits at Meetkerke (Belgian Coastal Plain). — Prof. PaDer 7:
PP* 13-— — (1975): The Q uaternary of Belgium in its relationship to the stratigraphical legend of the 
geological map. — Memoir Geological Map of Belgium 18, in  press, Brussels.

P a e p e ,  R .,  R .  V a n h c o r n e  2c  D . D e r a y m a e x e r  (1 9 7 2 ) :  Eemian Sediments near Bruges (Belgian 
Coastal Plain.) — Prof. Paper 9: pp. 12.

P e n c x ,  A. 2c  E. B r u c x n e r  (1901—1909): Die Alpen im Eiszeitalter. — 3 vol., Leipzig.
R o e l e v e l d , W. P. (1974): The Groningen coastal area. — Ph. D . thesis, 249 p., Amsterdam.
R u t o t , A . :  Les origines du quaternaire de la Belgique. — Bull. Soc. belge Géologie 1 1 : 1—40, 

Brussels.
— (1900): N ote sur la positionstratigraphiqüe de la Corbicula fluminalis dans le couches quater

naires du bassin Angio-Franco-Belge. — Mém. Soc. belge Géol., 14: 1—24, Brussels.
— (1910): Sur la  découverte de Corbicula fluminalis à H o f s t a d e .  — Bull. Acad. Roy. Belg. Sc., 

7: 163—169, Brussels.
R u t o t ,  A. 2c E. v a n  d e n  B r o e c k  (1885): N ote sur la nouvelle classification du terrain qua

ternaire de la Basse et Moyenne Belgique. — Bull. Soc. Roy. Maiae, de Belgique, 20: 3—7, 
Brussels.

S h o t t o n , F. (1973): Discussion of the Classification of stages in the British Quaternary. — 
Abstracts IX  IN Q U A  Congress: 325—326, Paris.

S in d o w s k i ,  K .-H . 2c H . S t r e i f  (1974): Die Geschichte der Nordsee am Ende der letzten Eiszeit 
und im H olozän. — In : W o l d s t e d t  2c  D u p h o r n :  Norddeutschland und angrenzende Gebiete 
im Eiszeitalter, 411—131, Stuttgart.

S o m m é ,  J .  (1 9 6 9  a): La plaine maritime. — Septentrion, 1, 3—4: 5 2 —55, Calais.
— (1969 b): La plaine maritime. — In : Géologie du N ord de la France. Ann. Soc. Géol. Nord, 

89: 117-126, Lille._
— (1973): Les form ations quaternaires de la région du Nord. — Ann. Scientif. Univ. Besançon, 

Géol., 3° série, 21: 97—102, Besançon.
— (1975): Les plaines du N ord de la France et leur bordure, étude géomorphologique. — Thèse, 

790 p., Paris.
S o m m é ,  J .  2c M . C a b a l  (1 9 7 2 ) :  La plaine maritime dans la région d ’Ardres (Pas de Calais) et le 

site archéologique des Noires-Terres. — Cah. Géogr. phys., 1: 29—43, Lille.
S u g g a t e , P. (1968): Post-Glacial sea-level rise in the Christchurch metropolitan area, New Zea

land. — Geol. en Mijnbouw, 47: 291—297, D en Haag.
T a v e r n ie r ,  R . ( 1 9 4 3 ) :  De Kwartaire afzettingen van Belgie. — Nac. Wet. Tijdschr. 2 5 : 1 2 1 —137, 

Antwerpen.
— (1946): L’évolution de Bas-Escaut au Pléistocène supérieur. — Bull. Soc. belge Géol. 5 5 :  106— 

125, Brussels.
— (1948): Les formations quaternaires de la Belgique en rapport avec l’évolution morphologique 

du pays. — Bull. Soc. belge Géol., 57: 609—641, Brussels.
— (1954): Le quaternaire. — In: Prodrome d’une description géologique de la Belgique, 565—589, 

Brussels.
T a v e r n ie r , R. 2c J. d e  Fî e i n z e l i n  (1962): De Cardiumlagen van West-Vlaanderen. — N at. Wet. 

Tijdschr. 44: 49—58, Antwerpen.
T e r s , M. (1973): Les variations du niveau marin depuis 10.000 ans, le long de littoral atianeique 

français. — Le Q uaternaire, IX o Congrès IN Q U À , CNRS Paris: 114—135, Paris.
T o o l e y , M. J. (1974): Sea level changes during the last 9000 years in North-W est England. — 

Geogr. 140: 18—42, London.
V a n d e n b e r g h e ,  J . ,  N . V a n d e n b e r g h e  2c  F. G u l l e n t o p s  (1 9 7 4 ): Late Pleistocene and Holocene 

in the neighbourhood, of Brugge. — Med. Kon. Acad, w et, Lett, en Sch. K. België, 36, 3: 
3—77, Brussels.

W e s t , R. G. (1968): Pleistocene Geology and Biology. — 377 p., London.
W ig g e r s ,  A. J . ,  F. H . d e  J o n g  2c  K. Sp a n j e r  ( 1 9 6 2 ) :  De Bodemgesteldheid van de Noordoost- 

polders D irectie der Ijssehneerpolders, Rapp, en Mededelineen inzake de Droogmaking O nt
ginning en Sociaai-Economische Opbouw der Ijsseimeerpolders, N r. 33: 139 p.



3C R. P a e p e , J . S o m m é ,  N . C u n a t  and C. B a e t e m a n

W o l d s t e d t , P. (1954): Das Eiszeitaicer. — 3 vol., Scuttgart.
-  (1969): Q uartär. — 256 p., Stuttgart.
Z e u n e r , F. (1946): Dating the Past. — 474 p., London.

M a p s

Carte géologique détaillée de la France à  1/30.C00
— Boulogne—Calais: 1964, 4° édition
— Calais—D unkerque: 1876, Io édition (Dunkerque), 1878, Io édition (Calais), 1939, 2° 
édition

Carte géologique de la France à 1/50.CC0 =
Cassel X X III-3 , 1968; Guiñes X X II-3 , 1971; Marquise XXI-3, 1971.

Légende de la C arte géologique de la Belgique à 1/40.000
— Io édition 1892 (Ann. Soc. géol. de Belgique, X IX , 107—120)
— 2° édition 1896 (Bull. Soc. belge de Géologie, X)
— 3° édition 1900 (Bull. Soc. belge de Géologie, XIV)
— 4° édition 19G9 (Ann. des Mines, X IV)
— 5° édition 1929 (Ann. de Mines, X X X , l rc Liv.)

A d d en tu m  to page 23:

In  1930, B r i q u e t  re fe rrin g  to the d efin ition  o f 1896 on the Belgian G eologica l Legend, 
pleads in  fa v o u r  o f  p reserv ing  F la n d r ia n  to  a ll m arine deposits o f the  coastal plain 
beneath  the m a in  p e a t lay e r level. A c tu a lly , he distinguished a m a jo r b reak  a t  th is level 
in the positive  p o st-g lac ia l sea level rise, p lead ing  :n fav o u r o f a d is tin c tio n  berween 
F land rian  a n d  D u n k e rq u ian  transgressions an d  sediments. W ith  reg a rd  to  the absolute 
age, the F la n d r ia n  is post-g lacial w hich he believes to have s ta rted  a b o u t 7,000 y. ago 
w hen co m p ared  w ith  the  L itto  v in a  tran sg ression  of the B altic ; the D u n k e rq u ian  tran s
gression w o u ld  h a v e -s ta r te d  o n ly  in  the  IV th  cen tu ry  a fte r  th e  R o m an  occupation .

Typescript received M ay 15cil 1975

(



>

i

n .



I '  '

!
*


