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A B S T R A C T

Th<:  Cambr i  au  geosync l  ina l  sed imet t ts  o f  th t '  Har l  ech  l )on te ,  \ i ' a l  es  ,
c o n s i s t  o f  a . n  a . l  1 - e r n a t j . o n  o f  n u r l d J ' s a r r r i s t o n i t  b e d s  ( g r a " - r ' r , t a c k e s )

a"nd s l ra le  c i r . :pos i+ ;s .  In  rnan-v  ca .ses  t i re  fo rmeL s11o$,  g ra t l lnB.  Th is

lvas  z i l rear l l '  nen l ioned 
' i r i .  p ,A Í r .Ey  (1930) .  Undor  g r -ad ing  o t re r  unr le r -

s { - a n d s  b r i e f l ; ' t h e  d r : c r e a s e  o f  g r a j n  s i : r e :  i n  t t i e  s a . m e  b e d  f r o n i

the  base Lo lvar r l s  the  top .

KunNrr  anc i  l ' l i c l ron  t ru  r  (1950)  anr i  Kr i t . : r , t r t ' t  l : . .1  one i  n  I  a . t  e r  ! ' ) i t J )É ! rs
d e s c r i l r r :  g r a d e c l  b e c l s  a n d  e r p i a i n  h r i w  i . u r b i d i  t , ;  c i r r l e n t  s  f o r t i t  i i

mecharr isrn lhat rvou I d be calrabl e oí cau si ng grari i  ng.
S m a l l  s c a l e  c l o s s  b e r d c l i n g  ( m a i n J ) ' o Í  r i p i r l e  t l ' p e )  i s  c o r r r -

parà t ive , ly  comrnn in  the  f  ine  gra ined s t ra ta  o f  the  Ha, r le 'ch  Dome.

F  r o r n  t h e  d i p  o f  t h e  I a m i n a e  a  r o u g h  d i , r e c t , i o n  o f  s u p p l  y  o  Í  t h e

rna ter ia l  can  be  es t imated .  In  our  cases  the  source  la ] '  in  the  S\ { .

I f  m a n y  m e a s u r e m e n t s  a r e  a v a j . l a b l e  i t  a D p e a r s  p o s s i b l e  t o  e s t i -

n raLe L i re  oc i ,a r r t  o f  L i re  c l i rec t ion  o f  sunp lJ ' .  The compara t ive  w ide

scat te r  in  the  or ienbat ion  o f  the  es t imated  cur ren t  axes  is  caus-

e d  b - v  t h e  c u r r e n t  t ' i p p l e s .  T h e s e  I  a t t e r  r r e v e r  r u n  s t r i c t l l '
para l  I  e l  to  each o ther .  F lence,  the-v  a re  no t  exac t ly  per - f rend lcu l  a r

r o  t h e  a x i s  o f  t h e  c u r r e n t  a t  a l l  p o i n t s .

A  n o r e  a c c u r a t e  m e t h o d  f o r  e s t i m a t i n s  t h e  d r r e c t i o n  o f  s u p p l J '
c . f  t h e  m a t e r i a l  i s  f o u n d  i n  t h e  o r i e n t a t i o n  o f  t h e  l o n g e s t  a x e s

of  the  e longated  pebb les  (ma in l -v  c luarLz  and fe ldspar ) .  I t  appear -
e d  i n  t h e  f i e t d  t h a t  t h e  m a c r o s c o p i c  g r a i n s  i a y  w i t h  t h e i r  l o n -
g e s t  a x e s  p a r a l l e l  t o  t h e  a x i s  o f  t h e  c u r r e n t .  T l i e  m o r e  d i . s t i n c t

t h e  g r a d i n g  i n  t h e  b e d  i s ,  t h e  b e t t e r  t h e  o r i e n t a t i o n  m e n t i o n e d
t c n d s  t o  b e ;  a l t l i o u g h  i u  i n t e r r c a l a t e r l  n o n - g r a r l e d  g r i t  b e d s  a n

or ien ta . t ion  tna l '  a lso  occur .

I t  appe,ars  tha . t .  t i re  mean o f  a l  I  esb i ina ted  : ; tage i i i rec  b ions  (o f '

í  í r l t ^s : r  on) f  i t i  s  ta . i Je-q  u 'e re  o r ien ta t ion  occut -s )  i s  r r * .  B , :o  p l . ,  w i th
a  s t a r r r l a r r l  c l e v i a t i o n  o f  5 ,  5 o .  T h e  c u r r e n t ,  a s  w e  a l  r e a r 1 1 -  k n o w ,

cante  I  rom the  St ï .  For  tJ rc  Fh inog-  und Barmouth  Gr i  t , s ,  s tages  i  n
r , ; h i c l i  g r a d i n g  i s  v r : r ' - r ' f r e r l u e n l ,  t h e  r e s p e c t i v c  s t a g e  r l i r e c t i o n

c 'an  l re  cs t imat ,c r r i  rnor€r  €xêc t ly  t l i an  the  va lue  g iven a l tove ,  bercause

L h e  r e s p e c t i v e  s t a . n d a r d  C e v i a t i o n s  a r e  s n a l  l e r .  I n  t h i s  c a s e  t h e

s l a g t  c l i r t : c t i o n  i s ;  r ' e s p e c t i v e l y  N . ? , 0 o  E .  a n d  N . 9 , 3 o  E .  w i t h

s tanr la rc l  r lev ia t ions  o f  1 ,0o  anc l  1 ,  30 .

F u r t h e r ,  i t  a p p e a r s  t h a t  w i t h i n  L h e  t w o  s t a g e s  m e n t i o n e d  t h e

h1pothes is  o f  equa l  s ta t ion  d i rec t ions ,  fo r  the  separa te  s ta t ions

m u s t  b e  r e . j e c t e d .  P r e s u m a b l y  t h i s  i s  t h e  r e s u l t  o f  s m a l l  l o c a l

d e v i a t i o n s  1 n  t h e  d i r e c t i o n  o f  s u r r p l y .  H o w e v e r ,  n o  s i g n i f i c a n t
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c . l i f f e rences  occu r  be tween  the  s i x  de te rm ined  s tage  d i rec t i ons .
I t  fur t i rer  apDears that  the f ine graded mater ia l ,  which has to

be  e ra rn ined  w i th  a id  o f  a  s t rong  l ens  o r  m ic roscope ,  aJso  sho l s
or ientaf ion of  the longest  axes and that  serv icable deternÍnat ion
can  be  o l r t a i nec l .  I t  appea rs  t ha t  p ropo r t i ona l  1y  more  spec i - rnens
oí- :cu1 1o5, , l ' , t  53%) which show ei ther  no or  ind is t inct  or ientat ion.
A l so  t he  resu l t  i s  l ess  accu ra te ,  i n  compar i son  w i th  t he  mac ro -
s c o p i c  o b s e r v a t i o n s .  S t i l 1 ,  t h e  e s t i m a t e  o f  t h e  c u r r e n b  a x i s  i s
rnore eract  than that  obta ined f rom current  bedding.  So,  the stage
d i r e c t i o n  o f  t h e  R h i n o g  G r i t s  ( d e t e r m i n e d  m i c r o s c o r r i c a l J y )  i s
N .  5 ,60  F .  w i t h  a  s tanda rd  c l ev ia t i on  o f  3 ,50 .  I t  i s  even  poss ib le
to ascer ta in that  the current  d i rec. t ion remained constant  dur ing
sed imen ta t i on  o f  t he  ma te r i a l  f r om the  base  to  t he  t op  o f  t he
same bed.  Only once an observat ion was made which shows an or ien-
t a t i o n  o f  t h e  e J o n g a t e d  g r a i n s  p e r p e n d i c u l a r  t o  t h e  e s t i m a t e d
curreht  ax is .  But  that  mlcroscopic measurement  belonged to a la-
minated f ine gra ined top par t  of  a graded bed.

\ f i t h  t he  rne thod ,  desc r l bed  above ,  i t  i s  on l J '  poss ib le  t o  f i x
t he  ax i s  o f  t he  cu r ren t ,  bu t  no t  i t s  d i rec t i on .  Howeve r ,  i t  ap -
pea rs  t ha t  t he  coa rse  pebb les  (a t  t he  base  o f  a  g raded  bed  e .g . )
nra-v s lant  downwa,rds in  the d i rect ion of  the current .  Hence,  i t  is
poss ib le  i n  t he  i dea l  case  to  de te rm ine  f rom the  pebb les  no t  on l y
the current  ax is  but  a lso i ts  d i rect ion.  In  the f ine gra ined ma-
ter ia l  the d j .p of  th is  imbr icat ion is  not  predominant ly  downcur-
rent .  Hence,  no conclus ion can be drawn concerning the d i rect ion.

F low  mark ings  a re  aJso  su i t ab le  f o r  de te r rn in ing  the  cu r ren t
ax is  as wel l  as i ts  d i rect ion,  because thei r  or ientat ion is  par-
a l l e l  t o  t he  cu r ren t  ax i s  wh i l e  t he  upcu r ren t  s i de  i s  t he  deep -
es t .  The  accu racy  o f  t he  resu l t  i s  g rea te r  t han  tha t  ob ta . i ned
from the current  bedding.  The mean of  the seven est i .mated stage
d i rec t i ons  by  t h i s  me thod  i s  N .  6 ,108 .  w i t h  a  s tanda rd  dev ia t i on
o f  3 , 4 0 .

I n t e r n a l  d e f o r m a t i o n  ( e . g .  c o n v o l u t e  b e d r l i n g )  i n  t h e  f i n e
grained mater ia l  is  common. Dist inct  s lumps are very rare.

There is  p lenty of  ev idence showing that  only  the lorvest  s tage
of  the Cambr ian,  the Dolwen Gr i ts  (A) ,  are shal lor , r  u 'ater  deposi ts .
I n  i h i s  s t a g e  o n  f i n d s ,  a m o n g s L  o t h e r  t h i n g s ,  t l l a t  l h r .  i r r e g u l a r
d iagona l  l am ina t i on  i s  on  a  i a rge  sca le  and  nay  run  th roug j r  t he
who le  t h i ckness  o f  a  bed .  A l so  t he i l i r ec t i onso f  supp l i . o f  t he  ma-
t r : r i i r l  va ry  g rea t ) y .  Coa rse  g raveJ  i s  sca t te led  i n  t he  I am inae ,
s i  ightJy accumulated at  the base.  Grading does ncr t  occ l i r ,  nor  are
there s l ta le r leposi ts  between the grayrvacke becls .  The th ickness of
t he  Ja ; ' e r s  i s  i r r egu la r ' .  A l l  t hese  fea tu res  i nd i ca te  a  sha l l ow
water  envi ronnrent .

I n  o the r  s tages  the rse  fea tu res  a re  absen t  and ,  i ns tead  the
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n i n e d  s t a g e  d i r e c t i o n s .
1  mater ia l ,  wh ich  has  to

m i c r o s c o p e ,  a l s o  s h o w s
ierv lcab l  e  de terminat  ion
, i o n a l  1 1 '  m o r e  s p e c i r n e n s

i n d i s t  i n r  t  o r i  e n L a t  i o r r .
ra r lson  w i th  the  nacro-
o f  t h e  c u r r ê n t  a x i s  j s

t  b e d d i n g .  S o ,  t h e  s t a g e
ed rn  i  c ro  sc  o f r  i  r .a l  I  f ' )  i  s

5 0 .  I t  i s  e v e n  p o s s i b l e
e m a i n e d  c o r r s t a n t  d u r i n g
b a s e  t o  t h e  t o p  o f  t h e
l e  w h i c h  s h o w s  a n  o r i e n -
c u l a r  t o  t h e  e s t i m a t e r l
e m e n t  b e l o n g e d  t o  a  J a -
bed.
L s  o n l y  p o s s i b l e  t o  f i x
rc t lon .  l lowever ,  i t  ap-
e  o f  a  g raded bed e .  g .  )
e  c r l r r e n f .  H e n c e ,  i t  i s
om the  pebbJ es  no t  on l  J
In  the  f ine  gra ined ma-
predominant ly  downcur -

ncern ing  the  t ' l i rec t ion .
e t e r m i n i n g  t h e  c u r r e n t
e i r  o r i e n t a t i o n  1 s  p a r -
' r e n t  s i d e  i s  t h e  d e e p -
, e r  t h a n  t h a t  o b t a . i n e d

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

b e d d i n g )  i n  t h e  f i n e
3 are verJ rare.
t  on ly  the  lo rves t  s tage
;hal I  ou, u'ater deposi ts.
Lgs ,  tha t  the  i r regu l  a r
nc l  nay  run  bhrough the
ns  o f  supp l i .  p f  the  mi r -
t t e r e d  i n  t h e  l a m i n a e ,
loes  no t  occur ,  nor  a re
beds.  The th i  c :kn  ess  o  f

" e s  i n d i c a t e  a  s h a l l o w

s e n t  a n d ,  i n s t e a d  t h e

f o l  I  o w i n g  a r e  e n c o u n t e d .  R e t w e e n  t h e  g , I ' i r d e d  i r t ' r l s  s l t a l  t  1 1 1 . r  '  1 '  :

g e n e r a l  1 y  o c c r t r .  F o s s i l s  a r e  e x t r e t n e l l  t ' l r r ' .  T l t l t ' r '  i :  l r l  r  i t l . r  r r 1

s n i a l I  s c a l e  ( ' u r r e n t  h e d d l n g .  A q v  r i 1 ' r p l t ' s  o ( r a t t r r i n g  a r i '  a l t r i l i s  r l j s -

t i n c t  c u r r e n t  r i l f  l  e s .  T h e  s o u r c t :  o f  t l t c  t l t a t t i ' i a l  i  s  c ' o n s l l t n l  t ; ,

t h e  S . S l ï .  G r a d e d  b c r i s  u ' i t h  a l I  t l p i c r i i . l  i e a r t t r e s ,  s r . t c h  a s  c o t t s l i i r , i

t h i c l i n e s s ,  n ' i d e  e r t e n t ,  f  I  o w  n t a r k i t t l s ,  I o l t r l  t ' r t s l s ,  i r o t t v o l  r . t i e  i r r ' ,  i -

d i n g ,  s h a l e  i r t c l t t s i o n s ,  s o m e  s l l l l n p  s t I r l l c L u r c ,  t ' i t ' ,  e r c  f l e q t t t ' n 1

i n  s o r n e  o f  t h e  s t a g e s  a n d  o c c u r  l e s s  o í t r n  l l t  t l t c  r . r l l i r t ' s .  A l  I  t l t t l s e

1 ' , : t ' r t r c s  p o i n f  I n  r l o n p  r t i t i e t ' .

T i io  l - ro t tom re l  ie f  ho lv t : r 'e r ,  i vas  p I 'es l rn iA i i l l  : i . l  i t :h t l s  l l s \  r Í " t l { -

I  a l  o r  t h e  - s l o p e  J e s s  D r o n o u n c ' e ( l  d t r t ' i t r g  s t l r l i n e u l . a t i \ l r l  r '  j  L h t :

l l a n g a n e , ' s e  G r o u p  ( l t ) ,  t h e  V i g r a -  ( , I  ,  )  a n d  t h e  F f  r : s t i n i o g  F i  a ; l s ;
( K ) .  T h e r - r '  c o n t a i n  f  e w e r  g r a d e d  b e d s ,  u ' l i i  I  e r  t h e  c r o s s  i ; c r l  i l j n r -

s h o w s  a  g r e a t e r  d i v e r s i t J  i n  t h e  c l i r e c t i o n s  o f  s u n n l ) .

ï r e  g r a i n  s i z e ,  t h e  t h i c k n e s s  o f  t h e  b e d s  a n d  t h e  r l i r e c t i o n  o f

t h e  t u r b i d i t y  c u r r e n t s  i n  t h e  S o u t h e r n  p a r t  a r e  p r a c t i c a J l J '  t i l e
same as  those in  the  Nor thern  I - .a r t  o f  the  Har l  ech  Donre .  I {ence,  i t

can  be  assumed tha t  the  deepest  po in t  o f  t i re  geos5.nc l ine  laJ  Ínore
t o  t h e  N . N E . ,  f o r  o t h e r w j - s e  t h e  d e p o s i t s  r v o u l d  s h o w  a  c h a n g e  r n

t h a t  d i r e c t i o n ,  w h e r e  t h e  c u r r e n t s  w o u l d  t e n d  t o  s t a g n a t e .  B e -

cause the  cur ren ts  came f rom the  S.S11 ' .  dur ing  the  rvho le  Cambr ian
(w i th  the  except ion  o f  the  Do lwen Gr i ts )  the  source  -  o r  in  o t l ie r
words  the  Precambr ian  landmass wh ich  sunn l ie r l  the  sed iment  -  must
a l s o  h a Y e  l a i n  i n  t h a t  d i , r e c t i o n .
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