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I. INTRODUCTION. 

T h i s  paper is to a certain extent a supplement to the communi- 
cation on ' Certain J urassie St,,nta of South Dorse t '  published by 

S " the Geological ~oeletv in 1910, in so far  as i t  contains a study of 
another exposure of" the Junct ion-Bed (Domerian, Whitbian,  
Yeovilian) 1 discovered fa~her  east along the coast; but  it  a lso 

1 I, 5, pp. 61, 64, 82. These numerals in the footnotes throughout refer to 
the Bibliography, w VII, pp. 435-36. 
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gives a sketch of other Jul~ssic strata, the sequence of which 
should be of some importance in connexion with the chronology of 
the Oolite rocks. 

About three-quarters of a mile cast of Thorncombe Beacon 1 
is Eypesmouth, a break in the cliffs where the little stream, the 
Eype (pronounced ' Eep,' to rhyme with sheep) runs into the sea. 
Eas t  of Eypesmouth is a lofty cliff of about a mile extending to 
West  B a y - - t h e  harbour of Bridport. 

The cliff is interesting geologically for three considerable faults : 
one, seen best about a quarter of a mile east of Eypesmouth is 
a faul t  of about 500 feet, bringing down Forest-Marble Beds to 
about the level of u strata (Dumortieria hemera) ; another, 
about the same distance west of West  Bay, brings down beds of 
Fullers' Ea r th  ahnost ver t ical ly-- i t  is a fault  of about 120 feet ; 
the third, immediately west of ~ West  Bay, shows Yeovilian strata 
of D~mortieria hemera or l a t e r - - they  are later than those on the 
west of the c l i f f - - ly ing level with lower beds of Fuller 's Ea r th  : 
a drop as regards the lat ter  of about 1~0 feet. So the middle 
and main portion of the cliff is let down by these faults. (See 
diagram 1, sketch-elevation of Wat ton  Cliff, p. 383.) 

The cliff faces about south-west by south and the faults run 
approximately west and east. The effect of the westerly fault  is 
tha t  destruction of the cliff has been hastened-- there  is a con- 
siderable recess from Eypesmouth to where the fault  is now most 
visible, the cliff having been cleared back roughly along the line 
of fault, except for some more or less tumbled strata at  its foot. 
The line of fault  can be tlaced frmn what may be called ' the  fault-  
corner '  more or less towards Eypesmouth,  where it  disappears 
beneath the sand and shingle of the shore. This faul t  is shown on 
the 1-inch Geological Survey map, Sheet XVII ,  extending inland 
some 8 miles to the foot of the Chalk Downs- - the  Dorset 
He igh t s - -near  Long Bredy. I t  and the other faults run approxi- 
mately parallel to, and are no doubt part  of, the system of the 
Weymouth  Anticline. A ground-plan of the cliff and the faults 
is appended (diagram 2, p. 384). 

In the autmnn of 1916 a large block lying on the platform of 
the ~ault-corner at t racted my attention.~ A portion tha t  had 
been broken off exposed a weathered surface with Tt~ecidellr 
and in some marl connected with them were unfamiliar ammonites 
in a fragmentary condit ion--Hildoeerat ids  presenting almost the 
appearance of those which characterize the discites-beds of the 
Inferior Oolite. Fur ther  search showed specimens of Tetra- 
rhsuJzchia t horncombiensis, nom. nov., 3 evidently derived. 

Here was a case for investigation. The rock from which this 
block had fallen was subsequently located high up in the cliff-face, 
with also other tmnbled blocks lying on a higher platform. Work 

1 I, 5, p. 59. 
This block has disappeared, buried perhaps by a slide of clay. 

:t See later, Palmontological Note, p. 435. 
Q. J.  G.S.  No. 312. 2 ~  
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on these blocks showed tha t  they were in the position of the 
Junct ion-Bed of Down Cliffs to Thorncombe Beacon, described 
in my former paper, l but  t ha t  this exposure of the bed differed 
remarkably from what is found only about three-quarters of a mile 
away to the west. The Eype type consists mainly of strata with 
Grammoceras striatulum (G. striatulum sensu lato + thouar- 
sense and other species)--a thin laver with these fossils was 
seldom present at  the top of the Down Cliffs Junct ion-Bed ; and 
here, at  Eype,  i t  is mainly  a fine white l i thographic stone, 
weathered faces of which show it  to have been laid down as a 
fine white mud in paper-like layers:  i t  is a very finely laminated 
bed. As I had, in my former paper, described at  Burton Brad- 
stock another white li thographic-stone bed, also associated with a 
faul t  and connected with Bridport Sands, the various interesting 
questions which arose will be readily understood. 

FreSher work was done on this  bed and the neighbouring strata 
dm'ing short holidays in the autumns of 1917, 1919, and 1920. A 
preliminary account of these investigations will, i t  is hoped, be 
equally interesting to the Society. 

This paper was commenced on my return in 1917, but  i t  was 
mainly writ ten in the winters of 1918-19, 1919-20. Dur ing  my 
visit to Eypesmouth in 1920, inspection of the bed showed tha t  
another  investigator had taken details of i t ;  a few days after- 
wards there came to Eypesmouth a letter from Mr. J .  F. Jackson, 
enclosing a section. H e  kindly agreed to my  suggestion tha t  the 
account of his quite independent discove~ T and of his researches 
in the Junct ion-Bed of the western area should form an Appendix 
to this  paper.: Therefore, I have divided this communication 
into two par ts :  the present paper, mainly concerned with these 
accounts of the Junc t ion-Bed;  and a proposed later paper, to give 
a fuller s tudy of the main mass of Eype  ( W a t t o n )  Cl i f f - -Ful ler ' s  
E a r t h  to Cornbrash~or  the upper portion of the Lower Oolites. 

I I .  STRAT&L AND ~• DETAILS. 

(A)  W a t t o n  Cl i f f :  t he  m a i n  mass.  3 

The following is a section of the beds exposed in Wat ton  Cliff 
down to the 'marjari tatus  bed,' showing the sequence, with 

i I, 5, pp. 61, 64,  82. 
"2 Mr. Jackson's account in his Section VIII does not seem to bear out my 

statement made above about Grammoceras ; but then he might not feel suffi- 
cient confidence to identify Grammoceras by peripheries and cross-sections 
showing in a rock-mass. His Section IX would appear to deal with a block 
which I have not seen. 

3 The local name for the hill of which the cliff is the face is ' Fourfoot Hill ' 
and for the cliff itself ' Clay Kuapp.' E .C.H.  Day has the name ' Fouffoot 
Hill '  (III, p. 286). It may be suggested that the name is really ' Forefoot 
Hill,' from the tumbled platform at the base of part of the cliff, though this is 
to trespass dangerously near the usual error of folk-etymology. It s e e m s  
advisable to distinguish it as W a t t o n  Cliff, from the name of the farm 
which lies behind it. 
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t h e  pos i t ion  o f  t h e  J u n c t i o n - B e d .  A cons ide ra t i on  of  t h e  pos t  
I n f e r i o r - O o l i t e  s t r a t a  wil l  be reserved fo r  a l a t e r  c o m m u n i c a t i o n .  

Section I--WATTON CLIFF, BETWEEN EYPESMOUTH AND WEST BAY 

(BRIDPORT), DORSET. I 

Beds 1-4 in Thickness. 
the middle part  Seq~ence of Strata. (approximate) 

of the Cliff. in feet 
1. FOREST MARBLE : massive shelly blocks with clay- 

partings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
2. UPPER GREY MARLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
3. (t. MICROMORPH OSTt~EA B E D :  a mass  of  small'] 

oysters rarely 5 ram. long. Pedicle-valve of l 
Dictyott~yris ; fragments of Acanthothiris (A. J 
bradfordie~sis Walker ?). 

b. The '~OVrrI' or ' RH].'5"CIIO.VELLA BED ' :  about I 16 inches thick, mainly brown, crumbly, but 
white and compact for about 2 to 3 inches ~ 5 
from the bottom. Full of specimens of Gonio- I 
rhynchia, 2 often crushed; also occasional ex- I 
amples of Or~ithella sp., crushed. Rarely]  
Terebvat~dc, la#lgto~ensis Walker. 

c. LOWER GREY MARL. 
(/. WHITE lt, IARL. j 

4. LARGE CONCHOIDAL BED : c lays  wh ich  b reak  in to  
large pieces. Measured up the cliff from 5 
to 3 d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 

5. OSTR~:a-,~CC.~L~:~ra CLAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
6, BRACHIOPOD-BEDs ~ : stone bands 6 to 12 inches 

thick separated by clays 18 to 30 inches thick. 
The contents of the stone-bands vary, and their 
sequence is somewhat supposititious . . . . . . . . . . . .  25 

a. 0fiNITIIELLA ~ED. 
b. LARGE SMITHII BED : Rhynchm~elloidea aft. 

smithii, rather large examples without other 
brachiopods. 

C. ACA.VTHOTHIRIS BED : A .  powerstockeJ~sis, Rhyn- 
chonelloidea smithgi, and a large ammonite 
( Parkinsmdtes ?).4 

d. THE GLOBATA BED or TEREBI~.ITffLA BED : S[i~]t- 
rothyris spp.= Terebrat~da cf. t~onida I)avidson 
(T. globata auctt. ~wn Sow.)+T. cf. m~l~ney- 
e~sis S. Buckman. Rhy~cho~elloidea cf. smithii. 

e. SHELLY BED : small forms of RhynchoneZloidea 
cf. smithii. 

I See diagram 1, p. 383. 
For these and other braehiopod names see Bibliography, I, 6. 
Details of the Brachiopod-Beds were mostly obtained from blocks 

scattered on the beach during 1916. In 1917 and 1919 these blocks were 
nearly all buried ; towards the end of my visit in 1920 a high tide removed 
shingle, disclosing the upturned edges of some stone-bands along the line of 
fault  immediately east of Eypesmouth. These gave some help in the inter- 
pretation of the succession ; but, owing to faulting and dislocation, they are 
not too reliable. A detailed section will be given in a later communication. 

4 Now in the Museum of the Geological Survey, Jermyn Street, London. 
2 D 2  
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Seq~eace of Strata. 

6*. OsrREA-h'XO~RI CLAYS : possibly Bed 6 e is a layer  
in these . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The  following beds (7-9) are to  be seen in the 
eastern pa r t  of the  cliff beyond the second 
faul t  : - -  

7. UMBER BED : umber-eoloured clays with a nodular  
band . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

8. SMALL CONCHOIDAL BED : clays with eonchoidal 
f rac ture ,  breaking into small lumps . . . . . . . . . . . . . . .  40 

9, OCHRE BAI~'D: a yellowish marly band about  
1 foot  thick,  seen near  the  top of the  cliff, 
eastern end, rest ing on 

LAMINATED CLAYS : with l ight  bands of somewhat  
calcareous rock. Occasional lumps of pyr i tes  . 50 

Of the follo~dng beds, details for  10 and 11 are 
furnished by  Bur ton  Bradstock.  There  are 
Inferior  Oolite rocks, the Black Rocks, just  out  
to sea west  of the third faul t  (see later,  p. 430). 
Then  par t  of No. 12 is seen immediately east  of 
the third fault ,  and the basal pa r t  of No. 13 is 
found with succeeding beds in the cliff west  of 
the first fault  : 

10. BELE~NITE-CLAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Bajoeian 
Aalenian 11. Limestone-mass of the  Inferior  Oolite . . . . . . . . . . . . . . .  16 

Yeovil ian 12. BRIDPORT SANDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130 

13. DOW~'-CL~FF CLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

14. JUnCTION-BED: fine creamy-white  l i thographic 
stone in paper-like laminm (Grammoceras of 

Whi tb ian  striatulum-tho~arse~se types) and yellowish 
conglomerate,  somewhat  sandy, with derived 
Tetrarhynchi~ thorncombiensis. For  detailed 
section, see later ,  p. 387 . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Domerian 15. THORNCO~IBE SA.~DS l : yellow sands with doggers 35 
16. Blue clay ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

17. MARvaR/r.~rrs BED: a prominent  and easily re- 
cognized datum-line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

18. Dov~-N-C LIFF SANDS. :~ 

[vo l .  l x x v i i i .  

Thickness 
(ap'pvozimate) 

in feet. 

5 

Approximate  to ta l  . . . . . .  624 
m m  

T h e  a e e o m p a n s i n g  d i a g r a m  ( 1 )  e m b o d i e s  a g e n e r a l  s k e t c h  o f  
W a r r e n  Cl i f f .  

1 Name given from their  occurrence at  Thorncombe Beacon. 
The  equivalent  of this a t  Down Cliffs was wrongly placed in my section 

(I, 5, p. 66) copied from Day,  and the thickness  omitted.  The  f should be 
jus t  above g tlmre, and the thickness (6.~ feet)  should be pu t  opposite ; see  
E. C. H. Day,  III ,  p. 285. 

:~ From their  occurrence at  Down Cliffs ; see Day,  as above. 
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The  general  fea tures  of  the  s t ra ta  of this  cliff will be discussed 
in a l a te r  paper. N o w  the  J u n c t i o n - B e d  claims a t t en t ion .  

Diagram. 3 . - - - l~rat ton Clif, near ~BridTort (Dovse 0,, viezv of 
~tnetwn-Bed (Wattou ~Bed) in face, lookin.q northwards. 

Bluish sandy clay, with hard beds 
1. at intervals. Basal Bridport 

Sands or Down- Cliff Clay Differenee 
equivalent. 

in eolour 

2. Junction-Bed. Hard compact 
block, between 

Beds 1 & 3 
Yellow sands of Middle Lias, 

faced on a very steep batter by very noticeable 
an irony conglomerate-bed, con- 

3. tainingbelemnites (slickensided), in the cliff- 
ammonites (Dumortieria, and 
some Whitbian species). Some face. 
20 feet of fault-face visible. 

Blue Clay. Under about a foot 
of clay is Day's margaritatus. 

4. bed- -a  bluish marly stone - 
fallen blocks may be seen under 
the cliff on the left. 

Diagram 4. 

f 
/ . 

Watton Cliff, 

near Bridport : view of Q . . . .  
/ Bluish sandy fault,looking westwards 

( t  clay, with hard 

y layers at intervals 
(., (Basal Bridport Sands 

or Down Clif( Clay 
equivalent) 

Junction-Bed, 
about 5 feet 

F of the 
Middle Lias 

Foundered Block 
of Junction-Bed 
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Diagrams  3, 4, & 5 are sketches to show the general  position of 
the  Junc t ion -Bed .  Of the face view it m a y  be remarked  t h a t  on the  
left ,  as the  J u n c t i o n - B e d  runs out  to the  grassy  slope of the  cliff, 
i t  diminishes in th ickness  and  seems to peter  out  a t  the  surface : 
th is  is possibly due to solution by hulnic acid and the removal  of 
the  c layey capping,  and it accounts  for  the bed not  m a k i n g  a n y  
f ea tu re  in the slope of the  cliff[ However ,  the bed was de tec ted  
in the  ploughed field immed ia t e ly  nor th  of the faul t -corner ,  a 
l i t t le  way down the  hill. 

( B )  The J u n c t i o n - B e d  of W a t t o n  Cliff, or, as it m a y  more 
conven ien t ly  be called, the  W a t t o n  B e d ,  is now described in 
detai led section, the  resul t  of m y  invest igat ion.  F o r  the  results of  
Mr.  J .  F.  Jackson ' s  examina t ion  Appendix  ],  p. 445, should be 
consulted.  

Section II---WATTO~ CLIFF, NEAR BRIDPORT (DORSET). The Junction- 
Bed, generalized section with details from various fallen blocks. 

Thickness in 
Layer 1. Irony scale, l Dumodie,'iae (D. aft. regtdaris S. Buck- 

man, but more distant ribs, D. cf. falcofila Quen- 
stedt sp.) and belemnites (of t r ipart i t~s  style) ...... 0 1 

2. White lithographic stone, weathered at the edge to 
look like paper-shales. Peripheries of ammonites 
of the Grammoceras-~'triatulum type, but scarce�9 
A Dactyloid (No. 3002) cf. Ammoni te s  crasstts Du- 
mortier, non Young & Bird, ' lMssin du Rh6ne' 
vol. iv (1874) pl. xxvii, figs. 5-7, ~on caet. Similar 
forms occur in the variabil is  beds of the Cortes- 
wolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 

3. Yellow conglomerate, whiter towards the base�9 Bro- 
ken fragments of Grammoceras-st~iatulum type, 
belemnites, Tetrarhynchia thorncombiensis. About 
2 inches from the base D~mort ieria sp. 9, and about 
at the base Hildoceras of bifrons type ............... 0 7 

4. White lithographic stone like No. 2, with a conspicuous 
line of Grammoceras of striatulTtrn type in section, 
showing peripheries and partly weathered--mostly 
in the topmost 2 inches. Section of a small ~2~t~- 
t i lns  in the rock--an unusual form with a large 
umbilicus, a cordate whorl-section, the periphery 
somewhat sharpened. Hammatocerc~s of insigne 
type : gastropods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 4 

5. Similar to No. 4, sharply irreglflar at the base. At 
one place the bed is 9 inches thick, at another 
14 inches. Many specimens of Grammoceras 
thouarsense-s tr iatub,m type, about 4 inches from 
the top, in a somewhat muddy yellowish seam 

feet  incl~es. 

1 In one case, irony scale presumably lacking, fine yellow sands rest on 
layer 2. They contain small belemnites like B. q~mdricanalic~datus (Quell- 
stedt), which are also cemented to the top of layer 2. 

A micromorph with rounded whorls, undeveloped as to keel, ribs coarse : 
like the inner whorls of Dumort ier ia  novata S. Buckman, but the ribs rather 
more approximate. 
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Thickness in feet inches. 
resting on lithographic stone--some of them are 
in the lithographic stone. These ammonites are 
mostly lying horizontal, but not in all cases. 1 

At the same horizon as these ammonites a re- 
versed gastropod, Cirrus sp. cf. ' Turbo bertholeti .9 
D'Orbigmy' Moore. 2 Nautilus with squared whorls. 9" to 1' 2" 

Layer 6. Yellowish-brown shelly, more or less conglomeratic 
bed of. variable thickness, running up into the bed 
above? The variation in thickness seems to be 
due to a bodily transported block of the Tetra- 
rhy~chia-thorucombiensis Bed deposited in this 
layer ; specimens of this species broken and whole ; 
belemnites. This bed rests upon yellowish shales 
containing peculiar mieromorph Hildoceratid am- 
monites (see p. 408) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1' 1" to 8" 

7. Partly conglomerate, that is, broken up T. thorncom- 
biensis Bed redeposited, and partly lithographic 
stone. Small Dactyloid ammonites ; at the top 
Rhynet~onella cf. moorei Davidson--a flattish form, 
subcircular, with coarse ribs, reetimarginate. This 
is the horizon yielding T. thorncombiensis in a 
fallen block on the lowest platform under the cliff, 
and Thecide~lm on the weathered top-face ... . . . . . . . . .  0 8 

8. Lithographic stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 3 
9. More or less conglomeratic with a pink tinge, some 

yellow sand-rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
10. Lithographic stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 

Total . . . . . . . . . . . . . . .  5 5 

R e m a r k s  o n  t h e  a b o v e  s e e t i o n . - - F a l l e n  blocks gave a 
th i ckness  of  abou t  5 f ee t  6 inches,  a n d  a b lock measu red  in sit,e in 
t h e  cliff-face gave  a s imi la r  th ickness .  A t t a c h e d  to t he  uppe r  
sm~ace of  some blocks the re  is a cel~ain por t ion  of  s andy  depos i t  
wh ich  real ly  belongs to  t he  sandy  mar ls  above (see d i a g r a m  3) .  

The  i rony  scale wh ich  fo rms  t he  top  of  t h e  J u n c t i o n - B e d  is 
vel T not iceable  in t he  fau l t - face ,  where  th i s  is f o r m e d  by a p a r t l y  
f ounde red  block (see d i a g r a m  5, p. 386) .  I n  th i s  scale were f o u n d  
f r a g m e n t s  of  Dumortieria,  and  the re  are s l ickensided be lemni tes .  
F r o m  th is  scale on a block in the  cliff I ob t a ined  a b roken  a n d  
worn  f r a g m e n t  of Ha~Toceras of ~nul.qraz, i~tm type ,  and  a n o t h e r  
example  came  f r o m  this  top  i rony  scale of  a fa l len block.  

Blocks  of  t he  J u n c t i o n - B e d  on the  beach gave t he  fo l lowing  in- 
fo rma t ion .  Towards  t he  base of  blocks,  especial ly where  pol i shed  
by  wave-ac t ion ,  t he  s tone  has a p ink  t i n g e  very  sugges t ive  of  t he  
p i n k  s tone (bifrons) of t he  W e s t e r n  Cliffs. ~ Some  m a t r i x  sug-  
ges t ive  of  spinatum m a r l s t o n e  was seen, b u t  no fossils.  A large 
Harpoceras of m~tlffravi~rm t y p e  was ob ta ined  f r o m  t h e  base o f  a 
b l o c k - - t h e  spec imen  was in fa i r  cond i t ion ,  b u t  was n o t  l y ing  

1 From ' about middle of Watton Bed,' which would be this layer 5, two 
examples of Sto~morhynchia bothenhamptonensis (Walker)with a yellowish- 
white matrix. 

VII, p. 210 & pl. vi, figs. 7-8. 
From a loose block examples of Stolmor~V~lcbia bouchardi Davidson, with 

a yellow matrix (presumably this bed), were obtained. 4 I, 5, p. 64. 
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horizontally. A striate ~u of fair size was obtained from 
just  belm~/the ~lower?] striatul~lm, laver and a little Zeilleria 
(the so-called ' 14~ldheimia lycetti')" was obtained from this 
strial~thtm laver. 

A comparison of this detailed section of the V~ratton Bed with 
that  of the Junct ion-Bed in the cliffs west of Eypeslnouth 
(Thorneombe Beacon, Doghus and Down Cliffs), as recorded ill 
my previous paper,1 will show how unlike the former is to the 
latter. 

Thus the former is as much as 5~} feet thick, whereas the lat ter  
is about 2 feet, a l though it may amount  to somewhat more 
occasionally. The former is mainly made up of a lithogl,aphic 
stone with Grammoceras-striatuhtm types, derived examples of 
Tetrarh.qnchia tl~or~combie~zsis, and derived hunps of this 
]?hy~chonel/a Bed. The lat ter  shows sometimes about 2 inches 
of the st~'iatulum layer, while the T.-tlwrncombiensis Bed is, 
according to my measurements, some S feet below the Junct ion-  
Bed at Thorncombe Beacon: according to my interpretation of 
Day's measurements at  Down Cliffs, ~ it is more than 18 feet 
below, about which something will be said later. 

Further,  the Watton Bed shows no sign of Marlstone, "3 which is, 
when present, a richly fossiliferous horizon in the Western Cliffs ; 
nor  did I find any strata with the bifrons t)'pe of ammoni te - -  
only examl)les redeposited along with striatul~em forms. 

In the Wat ton Bed there are certain peculiar ~Vhitbian ammo- 
n i t e s - u n f o r t u n a t e l y  in fragmental  T condition, mainly only body- 
chambers. Noth ing  of such forms has been noted for the Junc- 
tion-Bed of the Western Cliffs ; but, of course, all the amlnonite 
fauna of tha t  deposit has not been fully examined, for removal 
of this matrix is very tedious. In the ~Vatton Bed, however, 
there were enough sl~ecimens to a t t rac t  a t tent ion at  once, and 
yet  I imagine tha t  they are unusual for ~Vhitbian deposits of the 
South of England. About tha t  it is inadvisable to speak too 
positively as yet--f i rs t ,  because these ammonites require s tudy;  
and secondly, because the Whi tb ian  ammonite fauna of the South 
of England has been very imperfectly illu.itrated. These ammo- 
nites have something of ~ appearance of certain small species 
from the Je t -Rock of Yorkshire--a t  any rate, they suggest an 
early date in Whitbian,  about exaratum, or even before that.  ~ 
The Thecidellw, which are just below them, call to mind the 
micro-brachiopod horizon below the Fish- and Insect-Beds of the 
South-West  of England. 

These matters will require further study later, see p. 400. 

1 I, 5, p. 64. -" III, p. 285. 
:t I, 5, p. 65. Later observations of s, fallen block suggested some Marl- 

stone matrix used up, but no fossils were found. Naturally, blocks may 
vary considerably in their constituents .  

4 Curiously enough, Mr. J. F. Jackson has found similar ammonites at a 
higher horizon in the Watton Bed; they are in a much better state of pre- 
servation, and h~ve a white matrix. 
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I I I .  TIIE Dx'rI~o OF TIIE Jt'h'CTIOS-BED OF WATTON CLIFF. 

(A) U p p e r  Lias  Success ion in o the r  Areas. 

Ill order to understand tlle evidence of tile Junct ion-Bed of 
Wat ton Cliff, it is necessary to investigate the stl~atal and faunal 
sequences of other areas. And, as this Junct ion-Bed contains 
fauna belonging to dates which range from pre-spinat~tm to 
Dumortie~, ' ia-- in other words, contains fauna of Domerian, Whi t -  
bian, and Yeovilian ~tges--it is necessary to make a somewhat 
extended investigation (1) as to the sequence of the Upper Lias 
(Whitbian,  Yeovil ian);  (2)  as to the Middle Lias of about 
s p i m l t u m  (Domerian) (late in the Junct ion-Bed elsewhere; and 
(3) as to the l)omerian pre-sp inatum beds which are found in 
Thorncombe Beacon. First  and most important,  then, is the 
Upper Lias (Whi tb ian)  succession, so far as the lower part of 
it is concerned. This is given in the following summaries. 

I .  SUCCESSION IN NORMANDY (according to E. Eudes-Deslongchamps). x 

[bifro~s- Marnes moyennes. Amino)tires bifro~ls [Hildoceras spp.] et 
fa~cijbr~tm, serpentin)~s [=Ha~Toceras fa~ciferum et aft.]. 

m~trleyi ? Argile h poissons. 
Leptsena. Couches h Lept~ena : L. moorei, L. liasina, Terebratula glob)~- 
globubina.] li)m, Rby~cho)~ella pygm~ea. " 

II. Succ~.SSlO~ IN THE EARLY PART OF THE UPPER LIAS OF 
IL~INSTEI~ (according to Charles Moore, 1867)fl 

[bo)echa)'di- (6) ' Zone of Rhyncho)~ella bo~tchardii.' 
m~o'legi.] (5) ' The Saurian and Fish Zone.' 

((4) ' Zone of Lepteena [Pse)ldokingena] gra~t~dosa, Spirifera 
I ilminsterensis, and Zellania liassica.' 

' The (3) 'Zone of AlaH~ u~ispinosa.' 
Lepteena i " Zone of Thecidi)~m r~sticum.' 

Beds.' (2) ' Zone of Leptmnet bouchardii, L. moorei'q ' Terebratnla i (the first abundant, the second rare). [. globulina. 
(1) ' Zone of Lept~ena bo~tchardii, L. moorei' ~ Rhynchonella 

~ (and several other Lept~en~e), p. 170. J pygmsea.' 

For the time when it was writ ten this is a remarkably detailed 
record, to our present advantage, and we may be grateful to 
Moore for it. But  it is interesting to note that,  al though he 
gives so much detail with regard t0 these lower beds, he groups 
the sixteen beds above his Saurian zone under the one term ' The 
Upper Cephalopoda Beds,' making only one zone of the basal 
2 inches, and leaving the rest unseparated. Yet now we have 
those beds separated out into some eight or nine zones. There is 
reason to suppose tha t  the zone of _Rh.gnchonella bouchardi  was 
r ightly separated from these by Moore, and, at  any rate for record- 
lng purposes, it should be kel>t distinct. Moore shows that  it is 
post-Saurian B e d - - t h a t  is post-mztr(eyi ,  if the Alderton Fish-Beds 

i v, pp. 60 el seqq. 
c VII, pp. 132, 170 et seqq. 
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are on the  same horizon as his Saurian Bed, which seems likely, 
bu t  is not  ye t  def ini te ly proved. F rom Moore 's  evidence it may  
be j udged  tha t  the Rlq~p~eho~,ella-bot~ehardi Zone is pre-falei-  
f e r u m ;  but  how much  ear l ie r?  Was  it pre-e.r(tralum ? I t s  
absence f rom Yorkshire  and the  failure of exara/um- l ike  ammo-  
nites f rom the  S o u t h - W e s t  of E n g l a n d ,  where Rh!p~cho~tella 
bouchardi  is no t  Ulmsual, seem to indicate  t h a t  i t  is not ac tua l ly  
of exara tum date.  

III. SUCCESSION IN THE UPPER LIAS OF STROUD, GLOUCESTERSHIRE 
(according to E. Witchell). 1 

~.bifrons- [Ammonites~ bifrons, A. serpe~din~s :Harl)oceras f(dciferum 
falcifer~m, et aff.~, A. comm~is [Doctyliocer([s spp.~. Fish-remains 

rare. 
glob~dina.~ TerebratMa glob~dina and Rt~y~cho~elh~ pygmxa in c o n s i d e r -  

a b l e  n u m b e r s .  

IV.  SUCCESSION IN THE UPPER LIAS OF CHURCHDO~VN, GLOUCESTERSHIRE 
(according' to F. Smithe, cited by E. Witehell). ~ 

' Crustacean' [BedS. 
[murlegi. ' Fish-Bed.' 

' Alga-Bed.' 
Lept~e~a. ' Leptsm~a Bed.' 
g~ob~di~ta.~ ' Terebrat~da glob~db~(~ ' [BedS. 

V. SUCCESSION IN THE UPPER LIAS AT A.LDERTON (DuMBLETON), sum- 
marized from various authorities :~ and from personal observations. 

[biJ'rons- 3. Shales with Hildoceras, Harpoceras, Dactylioceras. 
fidciferum. 44 feet. 

m~trlegi. 2. Saurian, Fish- and Insect-Bed: Light-ochre Fissile Bed; 
Ammm~ites m~trlegi, 4 I foot. 

glob~di~a.~ 1. Paper-shales. ' Leptxna Shales." Terebrot~,l~ globMi~a, 
Rhglwho~ella pggmxa, 15 feet. 

This  is the  no r the rnmos t  point ,  I t h ink ,  at  which  the  small 
Terebra tu la  and R]ty~cho~tella have been observed;  bu t  the i r  
range is wide, as i t  extends  into N o r m a n d y .  Therefore  they  are 
good for  da t ing .  I t  is doub t fu l  w h e t h e r / ~ q ) t t e ~ a  has been found  
at  Alder ton  ( D u m b l c t o n ) .  Moore men t ioned  the  Le])toeJ~a Clays 
as 1;5 feet  th ick  the re ;  but  he may  have recognized t h e m  only by 
the  presence of the  Terebrat~tla and  Rh!ptchoJlella. H . B .  Wood-  
ward 's  c i ta t ion of Lel)tce~,a f rom these clays may  have no o ther  
basis t han  Moore's remark .  I have collected ihe Te'rebrat,da 
and Rhj/J~cltonelh~, bu t  have seen no o ther  braehiol)ods there,  and 
Mr.  Linsdal l  Richardson  ment ions  the  two former,  t hough  he does 
not  cite Le])tce~la. 5 Witehe l l ' s  evidence f rom Stroud is to the  
same effect. 

' X I I I ,  p.  25 .  ~ X I I I ,  p.  26. 
:~ VII, p. 149 ; IX, p. 56 ; X, 1, p. 36 ; XIV, p. 267. 
L The following species of ' ~% mmonites murleyi ' have now been publi.~hed. 

M~rlegiceras m~rtegi (I, 8, ccxvi), M. forte (ccxlv), M. (,pt~m (cccxvi). 
:' IX, 1, p. 57. 
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The point is that,  if the various species of Leptwna are absent 
from the thick deposit of Alderton, which contains the minute 
Te,'ebratul(~ and tghyncho~ella, it may be because the Leptcena- 
Beds are not really synchronous with  t'he .qlobulina beds, alfllough 
in places ( Ihnins te r  and Normandy)  the two may be mixed owing 
to paucity of sedimentation. Smithe's record at  Churehdown 
supplies some evidence in this connexion, giving the .qlobuli~a- 
l,ed below LeptoeJta. The data are insufficient, and fur ther  
research is required. But  they show that ,  in the ease of Church- 
down, records from the Le_ptcJta Bed and from the .qlobulina bed 
should be kept separate, and tha t  while the strata of Alderton 
(Dumbleton) and Stroud are known to be of .qlobulina date, they 
are not known to be of Leptcena date. The same may be the ease 
with other localities whence Le2tcna Clays have been cited. 

The next piece of evidence for the separation of the Leptr 
and ylobulina beds would be to find the former without  the latter. 
Moore's records of his finds at  Wha t l ey  come in here : he obtained 
three species of Leptce~a, but makes no mention of Terebratula 
ylobulina nor of Rh.gJ~chonella py.qmwa. 1 He gives a similar 
result for Sandford [Orcas, Somerset]. 

Therefore the faunal analysis works out as follows : ~  

~ORMANDY. ~OMERSET. GLOUCESTERSHIRE. 

Caen. Ihninster. Sandford Whatley. Stroud. Church- Alderton. 
Oreas. down. 

Lept~ena . . . . . .  X X X X ... X ? 

T. #lobulina ... X X . . . . . .  X X X 

These records give at  least sufficient reason for a theory of two 
deposits at two different dates. At  any rate, i t  is necessary to 
keep them dist inct  for recording purposes, and not to credit a 
h)calitv with the possession of the Leptwna Beds e merely on the 
evidence of the Terebratula and Rh.q~chonella. 

Similar mistakes to this we have all made in the pas t - - a  relic of 
the old teaching, which consistently ol)strueted all increase in the 
number of names--of  zones, of genera, or of species. Tha t  was a 
wrong doctrine;  because i t  will now give much more trouble 
than the other course, and impairs the value of many old records. 
I t  is to be hoped tha t  what  may be called the ' analytical  method '  
will be pursued in the future, even if i t  does involve the use of 
l l l a n V  n a l n e s .  

A ~ consideration of tl~ese Upper Lias records suggests the fol- 
lowing succession; but  it is incomplete. There are gaps (non- 

t VII, p.  1 5 7 .  
o. The Leptee~a Beds have a wide range--the South-West of England, 

Normandy, Wiirtemberg; also Sicily, according to the title of a paper by 
(~. G. Gemmellaro, ' Sugli Struti con Leptsena nel Lias Superiore di Sicilia ' 
Boll. Com. Geol. Ital. vol. xvii (1886) pp. 156~ 341. 
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sequences), as is known from other areas, and where these really 
occur is a matter of some surmise : - -  

faIcifer~on, 
bouchardi, 
m~rleyi, 
gra n ulosa, 
Alaria, 
Thecidella rustica, 
Leptsena, 
globulina, 
~'pinat~m. 

(B)  Addi t ional  Detai ls  concerning tile J u:lc'tion-Bed of 
Thorncombe  Beacon.  

One of the most remarkable features of the Junction-Bed is 
that  it may always spring surprises in the matter of its faunal 
contents. This apparently arises from the fact that  fragments of 
so many different beds have been preserved. These fl~gments are 
in many eases quite small, and in other eases it would seem that  
the fragments themselves were disintegrated, but that some of 
their contents became incorporated in other strata. 

During one visit I was fortunate enough to find a small block 
in which were preserved various specimens of ttt~ynchonel[a 
serrata and like forms (Prionorl~yncllia spp.) in a sort of pale 
Marlstone-Rock matrix. This presumably is only a fragment of a 
once widespread bed. One may search many of the ordinary 
Marlstone blocks under Thorneombe without finding it. Walker 
found many specimens of tt]t. serrata at the temporary exposure 
near Bothenhampton. Moore says that  near Ihninster (Somerset) 
the species is found only at  Moolllam 1 ; these Somerset and Dorset 
localities are, I think, the only places where the fossil is known in 
England, and consequently destruction of this bed must have been 
considerable. On the Continent a species allied to R]~. ser~'ata-- 
Prionorl~jnchia ~uinqueplicata (Zieten) is found in Wfirtemberg, 
indicating, perhaps, that an original spread of the bed was to that 
country. This species is also found in England with Rlt. serrata. 

From the same block I obtained a remarkable Terebratulid~ 
somewhat of Terebratula punctata style, but anteriorly suleate, 
and therefore an inverted form. Further search for otl~er blocks 
to yield another example was quite unsuccessful. During my visit 
in 1920 I could not find a single block showing the serra~a bed. 
Mr. Jackson, however, has another inverted example, though it 
is a different species. I hope to deal with these ill a future 
pal~eontologieal portion of this paper. 

Rhynchonellids, small, rather flat, with few coarse pliew, were 
found in this bed : such forms have passed bv the names Rlq/ncbo- 
~ella e.qretta, Rl~. fal lax,  but the identifications are open to doubt. 
Also from this block I extracted examples of (or allied to) 

i V I I ,  p. 164. 
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Rhynchonel la  bouchardi (Stolmorh~nchia spp.).  As Bit. bo~t- 
ehardi was, according to Moore, of '  post Saurian-bed date,  this  
seems to show t h a t  the  serrata bed and  the  bouehardi bed were 
being des t royed toge ther ,  and t h a t  some of the i r  fossils were being 
mixed up. Tile se~wata bed holds evidence of such a mix-up, for  
in this same block were Rhgnchonella (Itomoeorh!lnchia) acuta, 
the  large form,  Quadratirhynehia crassimedia, 1 Q. aft. sphwroi- 
dalis,~ and  o ther  species which  proper ly  belong to the  lower b e d - -  
the  brown marls tone.  [ have seen Rhgnchonella acuta in the  
U p p e r  Lias par t  of the  Junc t i on -Bed .  

For  successful collecting,  i t  is impor t an t  to note the  d is t inct ion 
in ma t r ix  be tween the  pale, r a the r  soft  set rata bed and  the  da rk  
hard  Mar ls tone  below, as i t  is of l i t t le  use to look in the  la t te r  for  
the  special fossils of the former .  The  hard  Mar ls tone  is a fa i r ly  
cons tan t  bed a t  the base of blocks of J u n c t i o n - B e d :  the  serrata 
bed is rarely found,  hav ing  been denuded  f rom the  Mar ls tone  
before the  Upper  Lias was cemen ted  to it. The  planed-off top of 
the  Marls tone  shows the  d e n u d a t i o n :  i t  is also a guide as to 
which  is the upper  par t  of odd Mar l s tone  blocks. 

However ,  this  lower Mar ls tone  is not  necessari ly homogeneous ,  
and  may  be compounded  of beds of various dates.  In  m y  fo rmer  
paper I men t ioned  m y  lack of success in f inding Day's 'Pleuro-  
tomm'ia Bed. a D u r i n g  m y  visit in i 9 2 0  I was successful. A 
Mar ls tone  block about  1 foot  th i ck  gave the  fo l lowing : - -  

(a) Hard, finely ironshot, blue marlstone decomposing to a rusty brown, 
about 3 or 4 inches. 

(b) Hard ironshot in the middle of the bed. 
(c) Hard ironshot in the lower part of the bed, enclosing big blue sand- 

stone-pebbles ; they look like fragments of the Starfish-Bed. See 
later, p 397. 

The fo l lowing  is a rough  sketch of the  faunal  con ten t s  : ~  

Upper 3 or 4 inehes--Ple~rotomaria spp. Specimens so crowded that, in 
the course of the extraction of one, others were broken. Mainly acuminate 
species, but one or two more depressed. See p. 400. 

Just under the Ple~trotomari~e various species of Paltopleuroceras and 
Quadratirh yl~ch ia crassimed ia occur. 

In about the middle of the block a fragment of Ammonites cf. km.ria~us 
Oppel and various lamellibranehs were found, 

In the lower partof  the block, a depressed Plem'etemaria was seen. 

In  ano ther  small  b l o e k - - a  r a the r  soft brown matr ix ,  qui~e 
u n f a m i l i a r - - I  found  a single small  examplo of ano ther  inver ted  
Te reb ra tu l i d :  it  is like Terebratula bakeriw Davidson,  which  
comes f rom the  aeutum bed (Trans i t ion-Bed)  of Norf l lamptonshi re ,  
bu t  very rarely,  only  two or th ree  specimens be ing  known.  ~ 

1 I, 6, ph xiii, fig. 3 a, -" I, 6, pl. xiii, fig. 2. ~ I, 5, p. 83. 
4 Its rarity may be due to the fact that it really comes in the bottom layer 

of the Transition-Bed--the athleticum horizon, which has been almost 
destroyed in Northamptonshire. The finding of a like form in the Junction- 
Bed supports this idea, for TiLtoJ~iceras has not been folmd in this bed, 
although there are evidences of the athleticum fauna. 
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Edward Wilson found, in the Junction-Bed of the Dorset coast 
some 25 years ago, when in company with Mr. Tutcher, a similar 
species : the specimen is now in the Bristol Museum. Accompany- 
mg my example were some unfamiliar Harpoeeratoid ammonites 
which will require further investigation. This bed possibly yielded 
those Daetylioeerates, of about Transition-Bed date, which have 
been obtained from the Dorset coast. 1 

We may now return to .Rh;gnehonella bouehardi: three or four 
examples can sometimes be obtained from a small lump--from 
rock which belongs to the base of the Upper Lias: that is to 
say, it is to be sought for in the blocks immediately above the 
Marlstone, which is congruous with Moore's post-Saurian-Bed 
position. I t  also comes from the Watton Bed, from Ihninster, 
South Petherton, and other places. I t  is a form of fairly wide 
distribution : Thomas Davidson figures an example from Cromarty 
(Scotland); Eudes-Deslongchamps nlentions it from Normandy. 
But all mention and figures of it are not to be trusted. I seem to 
recollect the name being applied to some figured examples which 
have nothing to do with Davidson's species. And I have my doubts 
about the Cromarty shell. 

The widespread occurrence of strata with Rhynehonella bou- 
ehardi indicates a period of perhaps greater quiescence after their 
deposition than had been the ease with some previous deposits. 
But the bouchardi deposit did not escape wholly, for there are 
some l~rge areas without i t - - I  think ~hat the Cot~eswolds might 
be cited ; and in some cases where _Rh. bouchardi is found, it has 
certainly been taken from its own bed and redeposited. 

I t  is from such evidence as this--some of it particularly frag- 
m e n t a r y - t h a t  a reconstruction of the course of events in the 
matter of deposition had to be made. 

The Dorset coast, then, seems to supply evidence, by fossils and 
sometimes by fragments of strata, for the following sequence :--- 

(6) Harpoceras-fa~ciferum Bed. 
(5) Rhynchonel~a-bouchardi Bed. 
(4) Dactytioceras-athteticum Bed. 
(3) Rhynchone~ta-serrata Bed. 
(2) Pleitrotomaria Bed. 
(1) Spinatum :Bed. 

(C) Ttle Middle Lias (Domer ian)  of Thorncombe Beacon. 

As the Junction-Bed of Watton Cliff contains Domerian strata 
of earlier date than those found in the bed under the Western 
Cliffs, it becomes necessary to give a short summary of these 
deposits. Tile information is required for several reasons, as will 
be seen later. 

Blocks and pebbles scattered along the shore from under Thorn- 
combe Beacon to Eypesmouth show various matrices, and con- 
tain many different fossils. In fact, some of the small pebbles 

i 1 ,5,  p. 83. 
Q. J. G. S. No. 312. 2E 
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yield quite a rich harvest, and are well worthy of investigation. 
Only in certain cases have I been able to attack the beds in 
the cliffs, a very laborious and unsatisfactory task, and therefore 
my information is not so complete as it might be. But, with the 
help of Day's section, it may be possible to work out the main 
sequence--sufficiently, at any rate, for present purposes. 

Table I, below, gives in the two left-hand columns a summary 
of Day's information, with my interpretation of his fossil names in 
square brackets, and in the two right-hand columns are the details 
which I have collected--the sequence and position in certain cases 
being supposititious. 

TABLE I--DOMERIAN (PRE-SPIXArVM) :DEPOSITS, TtIORNCOMBE BEACON. 

S t r a t a .  
Brown sands 

and sandstones. 
(Blocks of 

indurated sand.) 

D a y ' s  Deta i l s .  

F a u n a .  
Ammonites. 

spinatus 
[Amaltheus 
ar,niger ?3 

.dmmoni(es 
beehei. 

[ Anisoloboceras 
nautiliforme.J 

Margarita tus- 
Stone. 

( Ma r#a rita tus- 
Bed.) 

Grey an~t brown 
sands with 
nodules. 

Ammonites 
margaritatus. 

[Amaltheus cf. 
amaltheus 
and other 
species.] 

A.slim bria tus. 
[ L2/toeeras 
j-~mbrialum 
Wright Own 
Sowerby), MOll. 
Lias Atom, 1883, 
pls. lxxi, lxxii= 
L. posOTmbria. 
tuns Prinz- 
Vadasz.~J 

' Masses of 
tlh gnehonell~ 
of small size.' 

' In some places 
lumps composed 
chiefly of the 
stems and arms 
of -P enta crinus 
,]ohnsonii 
Austin.' 

S. S. B u c k m a n ' s  D e t a i l s .  
S t r a t a .  F a u n a .  

Thorncomhe Sands Tetrarhgnchia 
with Tetrarh~nchia. thorncombiensis=-- 
thorneombiensis Bed. 'Rhynchonella 
(The ' I~hynehonolla. northamTtonensi s ' 
northamptonensis' (auctt.) Walker in 
Bed.) Compact Davidson. A thin 
brown nmrly rock sharp-edged Zeil. 
with numerous leria. 
Rhynchonellids, 
which weather out 
cleanly. 

Margaritatus Bed : Amaltheus spp., and 
Yellowish-brown, Lytoceratid, as 
blue-centred, marly cited in col. 2. 
stone. 

Down-Cliff Sands with Numerou.~ small 
massive sandstone- Rh~nehonella~ of 
bed. Pale yellow cuboidal form, with 
witll blue centre, sharp-cutribs. Some 
Mainly untbssili- small Amaltheid~ in 
ferons, but fossils the ydlow stone. 
crowded in certain Many small Areal- 
small portions which theids ill blue peb- 
resist wave-action : bles. Pebbles with 
these supply the numerous tYagments 
fossiliferous pebbles, of crinoids in a blue 
The yellow pebbles sandstone perhaps 
can be as,signed to this helong here. 
bed with fair cer- 
tainty;  but  the blue 
may be mistaken fbr 
Starfish-Bed or for 
Shell.Bed, or vice t'ersa. 
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D a y ' s  Details. 
S t r a t a .  F a u n a .  

The Starfish-Bed. Ophioderma. 

The Shell-Bed 
immediately 
underlies the 
Starfish- Bed. 

Mudstone, with 
nodular concre- 
tions and shells. 

Rich in Conchi- 
fera. 

Ammonites 
margaritatus. 

[Amaltheus spl). ] 
A. thouarsensis. 
[ Seguenzice~'as 
el. alffoeianum.~ 

Marls, with a Ammonites of 
layer of small several species. 
nodules. 

S. S.  B u c k m a n ' s  Details. 
S t r a t a .  F a u n a .  

Blue somewhat marly Ophioderma. 
sandstone. 

The black nodule-bed. Amaltheids. 
(Bluish marly stone, 
with black nodules.) 

Light.blue clay. 
Dark blue conchoidal Fragmentary Areal. 
clay, with two lines thehls in the nodules. 
of small nodules near Body-chambers of 
the top. dmaltheus aft. eleve- 

landieus, dmmonites 
of. boseensis and like 
forms in the clay in 
line with the nodules 
( Trayophylloeeras 
aft'. loseombei d. Sow- 
erby sp. ~derived ?]). 

The Three Tiers. A. mar.qaritatus. The Three Tiers form 
A. loscombii. ' The Ledge.~,' which 
A. fimbriatus, show on the tbreshore 

under the eastern end 
of Thorncombe Bea- 
con at low tide. (Hard 
blue s~mdstone.) 

Most of the hard beds mentioned ill Table I are separated by 
t h i ck  masses of unfossil iferous or poorly fossiliferous sands or clays 
(see Day) .  F r o m  the  J u n c t i o n - B e d  to his ' blocks of i ndura t ed  
sand, '  which  I take  to be the  T.-thorncombiensis Bed, D a y  makes  
18 fee t  at  Down Cliffs and  f rom the  J u n c t i o n - B e d  to the  Marls tone-  
Bed  92} fee t ;  whereas m y  measurements  a t  Thorncombe  Beacon 
give 8 and 68 fee t  respectively.  More wil l  be said about  this 
difference present ly,  for  i t  is a r a the r  in te res t ing  point. 

In  cer ta in  pebbles of blue sandy mat r ix  I found  small Amal the ids ,  
which  are very similar, if not  identical ,  wi th  Amalthe,~s l~cis 
(Quens ted t ) ,  and  the i r  ma t r ix  cer ta in ly  recalls t h a t  of the  Sealpa 
Sandstone.  In  m y  first paper on Jurass ic  Chronology I proposed 
a zone of Amaltheus  lr 1 placing it d i rect ly  benea th  t h a t  of 
Paltopleuroceras spinatam. Recen t  researches have t ended  to 
conf i rm the  value of the  zone, bu t  have raised considerable doubt  
as to its position. Accord ing  t o t h e  Thorncombe  evidence the first 
zone below t h a t  of P. spinatum is t ha t  Of the  so-called Rhynchonella 
~orthamptone~lsis ( Tetrarhffnchia thorJ~combie~sis) and the  next  
is t h a t  of the marcjaritatus bed wi th  large examples of A mal- 
lheus. The specimens supposed to be .4. lcecis may  come f rom the  

' I, 7, p. 262. 
2 E 2  
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massive sandstone-beds of the Down-Cliff Sands at the latest, but 
may come from the Starfish-Bed or the Shell-Bed. No sign of the 
rest of the fauna which was found in the Scalpa Sandstone in the 
same matrix as that of Amaltheus  lwvis was seen at  Thorncombe. 

I f  A. lxvis  comes from the Starfish-Bed and Seffuenziceras 
from the immediately subjacent Shell-Bed, while there seems to 
be some 200 feet between A. lxv is  and Seguenziceras at Raasay 
in the Sealpa Sandstone, 1 a very interesting position would be 
reached, but one quite analogous to what is found in other cases. 
Some 200 feet would have to be added where now is little or no 
deposit. The already thick strata of the Domerian on the Dorset 
coast would still lack representatives of a time-interval equal to 
some 200 feet of deposit. The length of time required for the 
deposition of the Domerian is thus likely to increase to a large 
figure: it is already considerable. 

These points cannot be pursued now, but they show where 
further work is required. I t  is obvious that  the complication of 
the Domerian succession will be much greater than has been 
expected, and that the dating of the Scalpa Sandstone may have 
to be considerably modified. But that will not be at all a simple 
matter :  it will immediately raise many other questions, among 
them perhaps that of local denudation of the Scalpa Sandstone-- 
and that presents difficulties. 

The Domerian succession disclosed by Thorncombe may be stated 
as follows : - -  

(7) Paltople~eroceras spinatum. 
(6) ' Tetrarh gnchia thorncornbiensis.' 
(5) Lytoceratid (the margaJ~tat~,s bed). 
(4) Cuboidal Rhynchonellids. 
(3) Starfish-Bed (= ? Amaltheus la~vis). 
(2) Seg,~te~ziceras. 
(1) Amalthe~s deveta~dicus. 

This sequence is, in all probability, incomplete for the Domerian 
strata of Thorneombe Beacon--because, for one thing, it has not 
yet been possible to extinct from their matrix all the specimens 
collected,--and it is certainly incomplete so far as the full 
Domerian sequence is concerned. Faunal elements of the 
Hebrides and Yorkshire are missing, and will have to be accounted 
for;  but, more important still, faunal elements of the Ihninster 
district and of Normandy-- tha t  is, faunal elements immediately 
north and south of Dorset--are lacking. 

Some interesting examples of this are the following:--A~da- 
cothiqris resupinata and A. moorei occur at  Ilminster and in 
Normandy. The absence from the Dorset-coast sections of Tere- 
bratula [Ault~cothyris 3 resul /nata  (including T. [A.~ ~noo,'ei 
presumably) is particularly noted by Day. e Walker mentions 
this, and says nothing to the eontlary.~ My experience is the 

1 I, 7, p. 261.  z III,  p. 293,  :~ XII, p. 442.  
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same. Yet Walker found eight specimens of the first and one 
of the second at Bothenhampton. Now, it is faMy certain that 
these forms occupy a rather low position in the si)inatum zone 
- - lnay even indicate a deposit which is actually of pre-spinatum 
date. If  so, the exl)lanation of tim geographical record is easy 
- - th is  earlier bed, or some of its contents, is preserved at  Bothen- 
hampton; and the bed is certainly present at other places, but 
it and its contents have been lost from the coast-sections. 

On the other hand, Walker notices particularly that  not a 
fmglnent of Rh.q~cho~lella acltla rewarded his work at  Bothen- 
hampton. Considering that it is a not uncommon fossil at  the 
coast-sections iu certain eases, and that  it is a usual fossil of Marl- 
stone localities, this is rather remarkable--more especially as what 
seem to be its customar~ ~ associates were found by Walker. Here 
further analyses may be particularly interesting, with this addi- 
tional reason--that  there are two forms of Rh. acuta--a small form, 
to which the name was originally applied, and a large form. There 
is reason to think that the small forIn is not actually the young 
(the brephomorph) of the large form, but that it is earlier in da te - -  
is an earlier stage (an anamorph) of the large form. I f  so, small 
forms and large could be used as chronological indices, the small 
form possibly marking a fairly early Marlstone (sioiJ~alu'm) date ; 
while the large forln certainly marks a particularly late date, 
although it must be earlier than Rh. se~'~'ata, for it occurs where 
the ser~'ala deposit has been lost. Is it to be assumed that  there 
was no record of either of these two dates at Botheuhampton ? 

I t  is, I think, correct to say that  the small form ranges from the 
Dorset coast to the Hebrides; but, before such a statement could 
be made positively, a critical study would be necessary : for there 
must be a true brephomorph of the large form, and this must 
be so similar to the presmned adult small form that  they would 
only be distinguishable bv what would be regarded as very trivial 
features. This shows why it is so necessary in palmontology 
to be precise in noting and naming quite small details, if the 
full value from the different forms is to be obtained, so as rightly to 
apprehend what they indicate regarding the history of deposition 
and denudation. I f  small biological details be passed over without 
notice, much of considerable chronological value may be lost. 

I t  follows, then, that if the idea be correct that  the two 
differently-sized forms of Rhg~lc]~o~ella acuta indicate different 
dates, the finding of the large forni may be taken as fair 
evidence for the later date; but the finding of the small form 
is not necessarily good evidence for the earlier date,--not unless 
we work out precisely whether the small form is a brephomorph 
or an anamorph, a labour only to be accomplished when the 
respective distinguishing characters have been properly ascer- 
tained. Proof that the anamorph and the large form lived at 
different dates should be found bv faunal analysis, as well as by 
direct observation. The former ~should reveal areas where the 
anamorph existed by itself without any trace of the large form;  
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while the lat ter  would find small forms occupying strata at a lower 
horizon than the large forms. This shows how much scope there 
is for fur ther  work. 

Mr. J .  W. Tutcher  has kindly supplied the following identifica- 
tions of gastropods and scaphopods which I have been able to give 
him, as the result of chance collecting during various years at  and 
near Thorncolnbe Beacon. Some of the labels require a l i t t le 
interpretation, because in earlier years I was necessarily less 
conversant with the details of the sequence or the matrices of odd 
blocks : - -  

'Junction-Bed, bi.fro~,s layer.' 
Discohelix du~keri Moore. 

' Junction-Bed.' 
Trocl~ ~s r, odulat~,s Moore. 

' Rhyncho~e~la-serrata Bed.' 
Trochus l ineatus Moore. 

' Ple~tvotomaria Bed.' ~See p. 394~ 
Pleurotomaria mirabil is  Deslongchamps. 
Pteurotoma ria cf. s~tbnodosa Goldfuss-- possibly the form recorded 

by Day as P. precatoria Deslongchamps. 
' Marlstone' [ =spinat~tm ?]. 

Amberleya cf. ga~r A. d'Orbigny. 
' Sp ina tum. '  

Troch,ts cf. flexicostat~ts Moore. 
'Lower part of Marlstone' [see p. 394~. 

Plev rotomaria mira bilis Deslongchamps. 
'Margar i ta tus  zone' [=possibly the T.-thor~combie~,sis Bed ' .  

Crgptxnia  cf. soIarioides (J. Sowerby). 
' Margaritat~ts ' [possibly margaritat~,s bed]. 

Ceritbimn liassic~tm Moore. 
A,apt~ rus cinct ~ts Moore. 

' Massive Sandstone-Bed.' 
Turbo aciculus (Stoliczka). 
De~dalium e~ongat~tm Moore. 

' With Ama ltheus cf. l~ecis, pebble on beach, near Eypesmouth.' 
Denta l ium elongatum Moore. 

'Pebble on beach, Eypesmouth, below margaritatus [bed], possibly 
Starfish-Bed.' 

Acta~o~dna ilminstere~sis Moore. 

(D) A n a l y s e s  of  the  J u n c t i o n - B e d s ,  and Theo r i e s  
as to the  W a t t o n  Bed.  

From the faunal sequences arrived at in the foregoing studies, 
and from the results which have been already obtained and 
published elsewhere, 1 it is possible to present a detailed list of 
successive hemer~e, noting at the same time which of these 
hemerm are represented by the fauna of the Junct ion-Bed at 
various places. But,  as a preliminary, it is advisable to present an 
epitome of Walker 's  section at Bothenhampton.  

About 2 miles somewhat east by north of Wat ton Cliff was the 
site of an exposure of the Junct ion-Bed at Shipton Long Lane, 

1 I, 7, p. 276. 
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B o t h e n h a m p t o n ,  de sc r i bed  b y  J .  F .  W a l k e r  in 1892.1 T h e  
f o l l o w i n g  m a y  be c o n s t r u c t e d  f r o m  his de sc r ip t i on  : -  

Section III--SHIPTON LONG LANE, BOTHENI=[AMPTON ( J .  F. Walker). 

T h i c k n e s s  i n  f ee t .  
1. ' White stone. A m m o n i t e s  g e r m a n i  [ g e r m a i n i ]  

(D'Orbigv.y) '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
[s tr iatTd~em.]  2. 'Brown stone. A m m o n i t e s  (Gn 'ammoceras )  thou-  

a r s e n s i s  (D'Orbigny), R h y n c h o n e l l a  j u r e n s i s  
ear. b o t h e n b a m p t o n e n s i s  ' . . . . . . . . . . . . . . . . . . . . . . . .  1 

[bif l 'ons.~ 3. ' Brown conglomerate, often with pink stone at 
the base. A m m o n i t e s  ( H i t d o c e r a s )  bifro~ts, 

. t 'agciferum. worn specimens of H a r p o c e r a s  j 'a lc i fer~tm,  
b o u c h a r d i ,  ll, h y n c b o n e l l a  b o u c h a r d i  '. . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Harpoceratoid 4. ' Marlstone. R h .  s e r r a t a '  in  the upper 3 inches. 

@erra ta) .  ' R h .  t e t r a h e d r a '  and many other brachiopoda 
[spinat~on-] .  in the lower part  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

The  poss ib le  f a u n a l  sequence  a s c e r t a i n e d  b y  the  f o r e g o i n g  s tud ies  
m a y  n o w  be g iven  and  resu l t s  colnpared,  e 

TABLE I[--FAu.WAL CONTENTS OF TH~ JUNCTIO.~-BlgD. 

I , o e a l i t i e a .  

(Western Cliffs, 
H e m e r ~ e .  Thorncombe, etc. Bothenhampton. Watton. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f- moorel  . . . . . . . . . . . . . . . . . .  
I Ca tu l l oce ras  . . . . . . . . . . . .  

D u m o r t i e r i a  . . . . . . . . . . . .  
H a m m a t o e e r a s  . . . . . . . . .  

Y~OVILIAN. -~ dis f iansum . . . . . . . . . . . . . . .  
I s t r u c k m a u n i  . . . . . . . . . . . .  

pedicure . . . . . . . . . . . . . . . . . .  
] eser i  . . . . . . . . . . . . . . . . . . . . .  
L s t r ia  t u l u m  . . . . . . . . . . . .  

v a r i a b i l i s  . . . . . . . . . . . . . . .  
l i l l i  . . . . . . . . . . . . . . . . . . . . .  
b r a u u i a n u m  . . . . . . . . . . . .  

f i b u l a t u m  . . . . . . . . . . . . . . .  
b i f rons  . . . . . . . . . . . . . . . . . .  
s u b c a r i n a t a  . . . . . . . . . . . .  
p s e u d o v a t u m  . . . . . . . . . . . .  
f a l c i f e r u m  . . . . . . . . . . . .  
bouehard i  . . . . . . . . . . . . . . .  

"~VHITBI/tN. "~ e x a r a t u m  . . . . . . . . . . . . . . .  

murle~/i  ................. 
t e n u i e o s t a t u m  . . . . . . . . .  
Lept~ena . . . . . . . . . . . . . . .  
g lobu l iua  . . . . . . . . . . . . . . .  
a e u t u m  . . . . . . . . . . . . . . . . .  
a t h l e t i e u m  ............... 
Harpoceratoid 

L ( se r ra ta  bed) ... . . . . .  
[ P l e u r o t o m a r i a  . . . . . . . . .  

I)O.MERtAN. s p i n a t u m  . . . . . . . . . . . . . . .  
T.  t horneomb iens i s  ... 

X 
;.~ x 

X X 

x x x 
. . . . . .  x 4 

x x x 
x x x 
. . .  . . .  ?5  

?6 

X 

x x 
x 
x x 
. . .  . . .  X 

1 XII ,  p. 441. 
' See also the hemeral table given in Appendix II. 
'~ A m m o n i t e s  9 e r m a i ~ i .  4 Mr. Jackson's discovery. 
s Sm~ll Hildoceratid ammonites. 6 Thecidel~s~, 
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Table I I  records the faunal contents of the ,Junction-Bed at  
three places-- I  have drawn upon Mr. Jackson's evidence for one 
date (sztbcarinatum) in regard to Wat ton  Cliff , --and it  shows 
that ,  while there is substantial  agreement between sections of tile 
Western Cliffs and of Bothenhampton,  yet  tha t  Wat ton  Cliff 
differs considerably from both. This divergence is more noticeable 
than a mere list of fossil contents would indicate;  for the points 
tha t  are most strikingly in contrast between Wat ton  Cliff and the 
other sections are, so far as Wat ton  Cliff is concerned, 

(1) The contimfity through most of the Watton Bed of white-stone 
deposits. 

(2) The considerable thickness of strata in which forms of Grammoceros- 
striat~tum type are found. 

(3) The presence of the Thecidell~e and tmfamiliar Hildoceratids. 
(4) The absence of the Marlst~)ne-Rock bed--serrata and associated beds. 
(5) The presence of the Tetrarhynchia-thor,wombien~is Bed and many 

derived examples of that fossil. 

These points are illustl~ted in Table I I  and diagrams 6 & 7. 
The section at  Bothenhampton is near a line of fault, parallel 

to and north of the Wat ton  Cliff (Eype)  Fault ,  heading in the 
direction of Thorncombe Beacon. The Junct ion-Bed of Bothen- 
hampton reproduces the Thorncombe type, and shows Marlstone 
at  the base. The Junct ion-Bed of Wat ton  Cliff is closer to the 
axis of the Weymouth  Anticline, and shows not only denudation 
and destruction of the Marlstone, but denudation carried down 
many feet lower-- to below the flbtrarh.q~chia-thorncombie~lsis 
Bed (diagram 6, p. 402). 

Now, Day's measurements (see above, p. 397) were made at  Down 
Cliffs, 1 and by the increase in thickness it can be estimated tha t  
his exposure was some ~250 feet--approximately 6 fur longs- -  
to the west of mine;  it  would, owing to the trend of the coast, 
take him some distance far ther  away from the axis of the 
Weymouth  Anticline, and this would account for the greater 
thickness which he obtains between the Junct ion-Bed and the 
marffaritahes bed. The following sections (diagram 8, p. 404) 
are placed in order from west to east, which direction, though not 
a t  true r ight  angles to the anticlinal axis, is sufficient to illustrate 
the effect of it. 

Thus in the Down-Cliffs section, as there are some 92 feet 
between the Junct ion-Bed and the marffaritar bed, in the 
middle section about 68 feet, and at  Wat ton  Cliff about 40 feet, 
the Tetrarhynchia-thorncombiensis Bed must have disappeared 
in the post-Marlstone denudation immediately east of Thorn- 
combe Beacon, and the denudation has, at  Wat ton  Cliff, been 
carried down into the pre-Tetrarhynchia-thorneombiensis-Bed 
Sands (diagrams 8 & 9, pp. 404, 405). 

The Madstone Rock is only preserved at Thorncombe B e a c o n ~  

There is reason to think that he took details, if not measurements, from 
Doghus as well as from Down Cliffs--the latter name originally covered both. 



Diagram 7 . - -  ~'aunal  compariso~t. 
(Ver t i ca l  scale : i inch = 2 . f e e t . )  

B.Watton Cliff 
///////A ' 

A.Western Cliff: 
~'////////////////k 

~ ' ~  Strata with 
s t r i a t u l u m  forms, 
often missing in 
the Western Cliffs 

Diagram 8.---Comparative sections at  Thorncombe :Beacon and 
tVa t ton  Cliff,  on the scale o f  3 0 f e e t  to the inch. 

Blue Clay 
M arEari tatus .  
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not at Down Cliffs nor at Watton Cliff; this implies slight syn- 
elination of the Thorneombe area at the time of post-Marlstone 
denudation, just sufficient to preserve the thin bed. But therc 
was a pre-Marlstone denudation--the presence of big blue 
sandstone-pebbles in the marlstone of the Junction-Bed of 
Thorneombe Beacon is evidence for that. The matrix of these 
pebbles suggests that they come from the Starfish-Bed; they 
certainly did not come from the ,mar.qaritatus bed. Taking the 
data of denudation ascertained in the above sections--that is, about 
30 feet to a mile,--then the Starfish-Bed was elevated to the line 
of erosion some 5~ miles from Thorneombe Beacon. The main axis 
of the Weymouth Anticline runs out to sea some 7 miles south of 
Thorneombe Beacon. Another mile and a half would involve a 
further 45 feet, which would be insufficient to bring the Three 
Tiers--the next hard bed--to the sm'faee along the axis. 

The fact that  the mar.qaritatus bed is not found in pebbly 
condition, while the Tetrarh,gnchia-thorncombiensis Bed is found 
as pebbles in Watton Cliff (and probably it is the Starfish-Bed 
that  furnished the pebbles for the Junction-Bed of Thorncombe 
Beacon), may suggest that  movements of post-mar#aritattts-bed 
time allowed that  bed to be covered up and protected by thor~t- 
combiensis or pre-thorncombiensis.bed deposits. 

I t  will thus be seen that the Watton Bed is a deposit of excep- 
tional interest geologically : it would also be rich palteontologically, 
if one had the means of breaking up the massive blocks. That it 
is different from the Thorncomhe Beacon Junction-Bed, only about 
7 furlongs away to the west, is due to the fact that it really belongs 
to a different piece of terr i tory-- to what was some half-mile 
nearer the anticlinal axis. This little b~msverse difference is more 
important than a considerable lateral distance, as is shown by the 
similarity of the Down Cliffs (Thorncombe) and Bothenhampton 
Junction-Beds, which are from 2~ to 3 miles apart, but along the 
same line of fold. 

The movements of the Weymouth Anticline and the distribution 
of strata which they produced in the English Channel suggest 
an interesting line of enquiry--as to the present-day distribution 
of stl~ta out to sea. Some 20 years ago I collected certain data 
on the subject; but there has not yet been any opportunity of 
working out details, and the enquiry must be deferred for the 
present. However, such an enquiry should have a certain pl,~c- 
tical bearing. The distribution of areas of hard rocks-- that  is, 
areas of sandstone or limestone--is important to fishermen, as 
affording good ground for the setting of their lobster-pots. A 
geological investigation should indicate likely places to sound for 
such areas, and might lead to the discovery of some which are not 
yet known to the fishermen : they had, at the time I speak of, just 
made a chance discovery of a new ground. 

To return to the Junction-Bed--i t  is evident from the various 
sections that  the Weymouth Anticline was in a state of constant 
movement with consequent denudation making non-sequences. 
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Yet the non-sequences are not always ssnchronous in the different 
sections. 

The main feature of the Wal ton  Bed is tile amount  of deposit 
containing forms of G;'ammoceras-striatulum type, which, how- 
ever, there is reason to suppose, are redeposited specimens. Yet 
the main mass of the Wat ton  Bed is a hardened paper-shale---thin 
lamime of very line mud,- - indicat ing a slowly-accumulating tranquil  
deposit. These statements ai)pear to conflict : so does the state- 
ment  about tranquil l i tv with the observation that  some ammonites 
are found more or less on edge, and tha t  fairly large blocks of 
Tetrarhynchia-tho;'neombiensis Bed have been redeposited in the 
Wat ton  Bed. 

The reason for supposing tha t  the forms of st'riatuhtm type are 
redeposited are the fo l lowing : - -At  Bothenhampton J. F. Walker 
found striatulum forms in a brown bed, and a species of later date 
(Ammonites.qermaini) in white stone. The striatuhtm forms of 
the Wal ton  Bed show evidence of a yellowish-brown matrix, 
al though theyare  found in a very white lithographic stone. Asso- 
ciated with the striatuht m forms are species of t la  m matoceras--one 
form of the H. insiqne type found in the rock itself and another 
(a rare and 1)eeuliar form somewhat removed from insiyne, but 
certainly a Hammatoce;'as) was found on the lower 1)latform loose : 
the matrix of the Wat ton  Bed, however, is unmistakable. Now, 
Hammatoceras is of considerably later date than the slriatubrm 
forms, as may be seen from the synopsis on p. 401 (Table I I ) .  
I t  is presumably of about the same date as the Ammonites 
[/ermMni quoted by Walker,  but is of pre-Dumor/ieria age. 
Therefore, the evidence appears to show tha t  the forms of stria- 
lulum type which arc found in Bed 4 are redeposited in strata 
of Hammaloeeras date. 

In the laver above, No. 3, is found evidence of a still later 
horizon, Dumo~'tieria. The specimen belongs to a species with 
coarse, rather distant ribs, anti is closely allied to Dumortieria 
nocata S. Buekmau (p. 387). But  in this laver there is very 
I)lain evidence of redeposition al)art from the st:'iatuhtm forms': 
there is Hildoceras of bifrons type, which is a species solne five 
homeric earlier than stri(rtulum forms and some eleven hemerw 
earlier than DumoJ'tieria; and there are specimens of 7}tra- 
i'h.qnchia thorncombiensis, which is some twenty hemerae earlier 
than striatuhtm and some twents-six earlier than" Dumortieria. 

I t  is evident, then, tha t  the fossils which the Wat ton  Bed yields 
ave not to be trusted as evidence of the date of its deposition. 
And there is further  evidence on this head in the finding of Ha~To- 
eeras a f f . f ,  leife,um (mul.qraeium) in the top of tlle bed (p. 388). 
Therefore, it is only possible to date the bed bv the latest fossils 
which it contains. 

Wha t  is, however, of considerable interest is the faunal 
in version : - -  

H, rpoceras at the top of the bed. 
Hildocera.s aft. bifrons in layer 3. 
G~'ammoceras of striat~d~l,m type in layers 4 & 5. 
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This is an exact reversal of their true sequence. The possi- 
bility of such inversion had been already surmised from consider- 
ation of other cases. 1 

The important point is, however, that the evidence of ammonites 
is not to be trusted too implicitly in certain cases : it shows that 
special care has to be taken in reading records. That there was 
such an inversion might be explained on the supposition that, as 
the latest bed (that of striat~tl~tm date) was destroyed, its removal 
exposed an earlier bed (biJ)'o~s) which, in tul'U beingremo~'ed, gave 
opportunity for the denudation of .faleiferu.~. But this is only 
a part of the history : it is fairly evident that strata of these dates 
and of others were ~ all exposed to denudation at the same time. 
Thusfaleiferttm contributed to the fauna of the lower part of one 
fallen block ; b()5"ons (so far as the evidence of pink matrix goes) 
was laid under contribution for layer 9 ; thorncombiensis provided 
anaterials for layer 3, and for various earlier layers. While the 
middle and upper parlb of the bed was being laid down, however, a 
stratum which yielded striatulum forms was being considerably 
raided to provide materials, though i~ was not the only bed from 
which they were obtained. 

The latest date for the deposition of the WatSon Bed is deter- 
mined by the date of the superimposed areno-argillaceous stratum 
(No. 13 )2 :  the Watton Bed was laid down before that date. 
This sandy stratum is, from its position, presumably a less argilla- 
ceous representative of the Down-Cliff Clay which caps the 
Junction-Bed in the cliffs west of Eypesmouth; or it may be the 
equivalent of the basal part of the Bridpmg Sands, which in 
Burton Cliff assmne a bluish colour in their lower part. But, 
again, these basal Bridport Salads may be really a less argillaceous 
condition of Down-Cliff Clay. 

The Down-Cliff Clay has yielded 1)ttmortieria, "~ the irony scale at 
the base of tile Watton-Cliff sandy stratum has also yielded D~tmor- 
tieria, the basal Bridport Sands at Burton have given no evidence. 
Tlle Watton Bed is, therefore, earlier than the Dumortieria 
hemera, in the main. But an early form of Dumortieria occurs 
in the Watton Bed, layer "3 ; the irony scale which caps that bed 
and the complete lithic change between the Watton Bed and 
the sandy stratum point to a non-sequence of greater or less dura- 
tion. I t  is to be concluded that tlle Dumortieria hemera contains 
really more episodes than our present time-scale allows for : first, an 
episode of early Dumortieria, during which calcareous conditions 
of lithographic-stone deposition obtained--a tranquil deposition of 
fine sediment resembling paper-shales ; secondly, an episode of 
possible denudation while a lithic change was accomplished ; thirdly, 
the episode of argillaceous or areno-argillaceous conditions of the 
Down-Cliff Clay and its equivalents, passing higher up into 

I, 9, p. 74, footnote 1. 
2 S e c t i o n  I, p. 8 8 2 .  
a I,  2, p. 5 1 9  ; I, 5, p. 64 .  
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the completely arenaceous conditions of the middle part of the 
Bridport Sands. In this third episode Dumortieria ranges up some 
60 feet in the Down-Cliff Clay, 1 and i t  may range as far again 
into the Bridport Sands before Catulloceras appears, while there 
is about 170 feet before evidence of moorei is obtained. ~ 

The other supposition is tha t  the upper part of the ~Vatton 
Bed was deposited contemporaneously with the Down-Cliff Clay. 
This is possible, but it follows that  a curiously limited horizontal 
extension of the lithographic-stone deposit in a westerly direction 
would have to be allowed, and, moreover, would have to be accounted 
for ;  because north-eastwards, so far as the Bothenhampton evi- 
dence goes, there is reas6n to suppose considerable horizontal range 
of lithographic-stone conditions. 

On this theory the non-sequence between the Warren Bed and 
the sandy stratum might  correspond to the time of deposition of 
the upper part of the Down-Cliff Clay. 

So far, then, as our present time-scale allows, the three upper 
layers of the Wat ton  Bed were deposited in the earliest part  of 
the Dumortieria hemera. The laver below, which contains 
Hammatoceras, could be dated as ttctmmatoceras hemem, which 
precedes DumortieNa. The layer below (No. 5), which contains 
striatuhtm forms, can be dated as certainly later than striatulum 
hemera;  but  whether it can be dated as contemporaneous is a 
question for consideration later. 

In this layer I obtained a reversed gastropod (Cirrus) ,  th inking 
i t  to be a new record ; but  Moore has already figured and described '~ 
a similar form as Turbo bertholeti from the 'Upper  Lias at 
Compton ~near Sherborne, Dorset~ . . . from the highest bed of tha t  
place in association with 3mmonites walcottii.' There is reason 
to suppose at  Compton and the neighbourhood a close association 
of Grammoceras-striatulum forms with A. walcottii i~cf. bifrons~, 
owing to paucity of sediment, erosion, or both; therefore the evi- 
dence is not necessarily against  this gastropod being a conteml)orary 
of striatulum forms. ~ 

The peculiar Hildoceratid ammonites of laver (i have some 
resemblance to species which occur in the Jet-l~ock of the York- 
shire Upper Lias (e.varatttm hemera), as, for instance, Ammonites 
ruqatulus and A. multifoliatus Simpson; there is also likeness 
to A. simili's Simpson, but this is perhaps from the .faleiferum 
horizon. The species of Eleffantuliceras, E. eleffanttdttm and 
E. ot, atMmn (Simpson), ' Yorkshire Type-Ammonites '  if, pls. xciii 
& cvi, may also be cited as similar, but they are thicker:  they are 
from Jet-Rock, e.raratum hemera. 

I, 5, p. 64.  -" I, 5, p. 64 .  
VII, p. 210 & pl. vi, figs. 7-8. 

4 There is little doubt that, at Compton, Moore worked a higher (later) 
deposit of Upper Lias than at Ilminster. Analysis of his finds should show 
this. The forms common to Ilminster and Compton would presumably be 
from the lower bed ; those peculiar to Compton might be expected to indicate 
the higher bed. 
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I t  is rather  tempting to assign to the rock tha t  date, because it 
would bring the Theciclellc~ of the top of layer 7 into line with 
Moore's zone of Thecidium rusticum (p. 390). But  there seem to 
be difficulties in this cou r se : - - (1 )  there is lithographic stone in 
layers 8 & 10 below ; (2) there is pink rock suggestive of bifro~s 
date in layer 9;  and (3) the possibility tha t  the Harpoceras aft. 
mulgravium found in a fallen block (p. 388) came from about tile 
horizon of layer 8 or even below it. 

The ammonites of layer 6 may have been derived, especially as 
Mr. Jackson has found similar peculiar Hildocemtid ammonites 
in far  better condition nearly in the top of the bed (corresponding 
to layer 3, or possibly 4). His  specimens are in quite unworn 
condition, showing no signs of derivation, yet it seems quite 
impossible to imagine tha t  they were contemporaries of Hammato- 
ceras--that is contrary to all our experience : there is admittedly 
a difficulty here. As to Thecidellce, the 3" can only have been 
derived if the whole slab to which the), are at tached had been 
derived. This is possible ; but  it is also possible tha t  the Thect- 
dellw are a different species and of a different date from Thecidella 
r~tstica : they are too much weathered to make any determination 
of species satisfactory. And, even if such were made, our know- 
ledge of the range of Thecidell~e is admit tedly very incomplete : 
possibly several Whitbian horizons yield Thecidell~, but there has 
been, since Moore's time, too little systematic search for them. 
The washing process, by which alone they can be obtained in 
satisfactory condition, is particularly tedious ; and there are cases, 
as their occurrence in this calcareous Wat ton  Bed shows, where 
it could be applied only with much difficulty. 

I f  it be supposed tha t  the peculiar Hildoeeratids are i~ situ in 
the lower part, or not much removed from their original position, 
tha t  they were at  least deposited originally in a lithographic-stone 
matrix, then we are confronted with a difficult position, and the 
following theories may be put forward to account for the facts. 
A recapitulation of the facts may be helpful : they are : - -  

(1) A laminated l i thographic-stone bed about  5�89 feet  thick shows in 
the face of Wa t t on  Cliff, separating Yeovilian from Domerian 
sandy deposits. 

(2) I t  is in the same position as the Junct ion-Bed of I)o~a~-Thorncombe 
Cliffs; but  it  is quite different in lithic character ,  and disagrees 
great ly  in its fauna. 

(3) The white-stone matr ix  runs through the bed, bu t  there  are other  
matr ices mixed up with it. 

(4) Striat, Tdu,n forms occur in a yellowish matrix,  bu t  are redeposited 
in l i thographic stone ; they are associated with Hammatoceras and 
Dumortieria. 

(5) There  is faunal inversion. 
(6) Certain small species of I l i ldocerat ids  of pre.falcifer~tm aspect  are 

found at  two levels, towards the base and towards the top ;  those 
a t  the top are in the best  condition and in a white-stone matrix.  

(7) A white-stone matr ix  is not  found in the Junct ion-Bed of the western 
cliffs; but  i t  occurs a t  Bothenhampton  and is post-striatuI,~m 
in date. 
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These are the facts which have to be accounted for, anti the 
following theories may be put forward : - -  

(1) The lithoglaphic or white-stone matrix began to be de- 
l)osited in pre-falc~:fe~'u~n time, and its deposition continued until 
tile time of early Dum ortiecia, although there were various breaks 
in the record due to penecontemporaneous erosions. 

(2) The whole of the Watton Bed was laid down at about one 
date, HaJnmc~toceras ( that  is, the base of the Watton Bed corre- 
sponds in date with the upper part of Walker's Bothenhampton 
section--it is post-strielt~d~r wholly) : therefore, it is altogether 
later in date than any part of the Junction-Bed of the Western 
Cliffs, and than all but the last laver of the Bothenhampton 
section. So far as agreement in lii~hic character is concerned, 
this would appear to be correct. So far as faunal contents are 
concerned, nothing that has been found lower than layer z~ is in 
favour of it. 

(3) The Watton Bed consists of two similar deposits of rather 
widely different dates, there was a deposit of, say, pre-falcifer~tm 
date which had the chalucters of white lithographic stone, and 
made up the lowest part of the bed, then there was a break, 
possibly with denudation, while falc~'eru~ and post-falciferu~n 
deposits were being laid down in surrounding areas, as for instance 
in that  of Thorneombe; then followed a time of deposition at 
Watton Cliff, for which materials were obtained fromfalciferum 
and later deposits, from the pre-f(dciferum white-bed deposit, 
and even from the thorncol~sbiensis rock. Afterwards came 
another period of definite lithogl~phic-stone deposition beginning 
in Ha~nJnatoceras hemera (laid down not only at  Watton Cliff, 
but at Bothenhampton), and continuing to the earliest part of 
the Du~lw~'tieri~ hemera. In other words, two deposits of similar 
character, but of widely different dtttes, have coalesced. 

Let us consider these theories : the first theory carries various 
difficulties. That a homogeneous deposit existed for many hemer~e, 
and at the same time shows various non-sequences, is not a diffi- 
culty;  for such a deposit, lasting through more than thirty 
hemerm with various non-sequences, is illustl~ted in my last paper, t 
But the difficulty is to suppose that during all the long time of 
about eighteen hemerm which the fauna of the Watton Bed 
would require for its deposition (that  is, from pre-.f~dciferu~n 
to early Du~nortieria), the white-stone conditions had so remark- 
ably restricted a geographical range--not  extending to the cliffs 
west of Eypesmouth, about 7 furlongs westwards, where different 
conditions of deposit obtained, nor to Bothenhampton, about 
2 miles away to the north-east, until the time of Ha~l~matoceras 
hemera, when white-stone conditions did come in at  that locality. 

Next there is evidence that  white-stone conditions were not 
really continuous. Some small Dactyloids are in a brownish 

t I, 9,  p. lO0. 
Q . J . G . S .  No. 312. 2 v 
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matrix, and the GrammoceJ'as-striatuhtm forms are in a yellowish 
deposit. 

The second theory requires that Hammatoceras or some contem- 
porary should be found low in the V~ratton-Cliff Junction-Bed. This 
theory does not account for the white matrix of the presumed pre- 

falc~erum Hildoeeratids, found by Mr. Jackson towards the top 
of the bed. And it involves the following corollaries: (a) that 
any strata deposited in the Watton-Cliff locality during the 
making of the Junction-Bed of the Western Cliffs and elsewhere 
were broken up and redeposited during tlammatoceras t ime; 
(b) that all such strata were removed, and then that the Hamma- 
toceras sea had access to exposed strata of thorncombiensis, pre- 
exaratum, falciferum, bifrons, striatulum, and other hemera~, in 
order to gather materials for the making of the bed--to a certain 
extent layers 2, 3, & r give evidence that some portions of such 
strata were available for supplies; (e) that all the faunal contents 
of the Watton Bed which are of older date than ttammatoeeras 
have been derived. 

The third them T sounds ~ather elaborate, but it seems helpful 
in many ways: (a) it will account for the pre-falc~ferum Hildo- 
cel-ztids having a white-stone matrix, so that they have the same 
matrix after derivation as that in which they are enclosed; (b) it 
synchronizes this presumed pre-exaratum deposit of fine-grained 
lithographic stone with the paper-shales of North Gloucestershire-- 
as, for instance, Alderton-Dumbleton :and such synchronization 
of two fine-grained, thinly-laminated deposits is latl~er an interest- 
ing point; ( c ) i t  accounts for the absence, except as derivatives, 
of deposits of post-falciferum to pre-Ha,mmatoceras hemer.-e, and 
also for their irregularity ; (d) it brings into accord the commence- 
ment of the second white-stone deposit at Warren Cliff with the 
same deposit at Bothenhampton--there it is post-striatuhtm, 
presumably Hammatoceras; at Watton Cliff it is post-striatuhtm 
certainly Hammatoeeras, so far as layer 4 is concerned. 

If, however, this theory be correct, then there will be the 
following corollaries awaiting acceptance : - -  

(a) The presumed pre-falciferum Hildoeeratids should be found 
in the basal part of the blocks: unfortunately, this basal part is 
the most difficult portion to at tack; (b) this pre-faleiferum 
white-stone deposit has been removed by denudation from the 
Junction-Bed of the Western Cliffs and of other places: there 
certainly is a non-sequence in the required position--both stratal 
and faunal failure ; this is not asking too much, because denuda- 
tion of the pl'e-fale~'e~'um deposits occm's over a eonsidmxble 
area--south of North Gloucestershire they are only preserved in 
patches, and in stratal sequence those are often incomplete ; (e) that 
the main constituents of the Junction-Bed of the Western 
Cliffs were not deposited in the Watton Bed in a regular order, 
but are only represented by chance faunal and stratal elements in 
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disorder; (d) tha t  the second white-stone deposit has practically 
come into contact  with the first one, giving the Wat ton  Bed a 
false appearance of stratal continuity, whereas i t  masks a con- 
siderable non-sequence--say, some dozen or more hemene ; (e) tha t  
the second white-stone deposit which is of two dates at Wat ton  
Cliff--Hammatoceras and earliest D~tmortie~'ia--has been part ly 
removed, so far as the Dumortie~'ia portion is concerned, from 
Bothenhamplxm, and has been wholly removed from the Thorn- 
combe area: there, indeed, removal has gone fu r the r - - i t  has taken 
off the deposit of striat~lum date from Thorneombe Beacon, and 
vet left it  as witness for original del)osition at  the neighbouring 
~Doghus ,,nd Down Cliffs, in places. 

The phenomenon of what may be called s t r a t a l  r e p e t i t i o n - -  
the occurrence of like deposits at~ter greater or less intervals of inter- 
ruption by deposition of strata unlike them-- i s  (luRe well known. 
I t  occurs in two forms which may be called l o c a l  and non-  
l o c a l - - t h e  first is stratal repetition in the same district, the 
second is st.ratal repetition, but  not in the same district ; there is 
stratal repetition in time, al though what mar  be called the 
d e p o s i t i o n a l  f o c u s  has shifted. In the first ease the like 
deposits are superimposed, in the second case they are not. 

Those Jurassic sands of the South-West  of England which 
makes a first appearance in Middle Lias (Domerian),  and continue 
with various changes of locality until early Inferior Oolite 
(AMenian), illustrate remarkably well stratal repetition, both local 
and non-local, as Table I I I  (p. 415) will show. 

Before i l lustrating this point I may sa.y just a word about the 
so-called 'Midford Sands' or ' Oolite-Lias Sands' (Cotteswold, Mid- 
ford, Yeovil, etc. Sands). From what one may read concerning 
li~hological [lithie] evidence about change of \leposit producing 
change of ammonite fauna, and when one sees assumptions made 

�9 tha t  the same formation stretching across country may be taken 
as evidence for the same date, [ fear tha t  the lessons to be 
gathered from the 'Midford  Sands,' the secret of which I un- 
ravelled some years ago, 1 have not yet  been learnt. Here is a 
formation of sand stretching across eounh T for some 90 miles, 
from near Gloucester to the Dorset coast, resting upon clay below 
and capped by limestone rocks above. But  the sand formation 
is not unifor]n in date--as  i t  passes from north to south i t  
gradually becomes later in time. Diagram 10 (p. 41~) will illus- 
trate t h i s - - t he  numbers refer to the hemerm in Table I I I :  but, 
of course, the diagram does not illustl,ate all the complexities due 
to differential thickening of deposits, to peneconteml)oraneous 
erosions, and so on. But  it shows how unreliable a guide the 
lithic character may be. In this case clay, sand, and limestones are 
all being deposited~synehronously during several hemerw without, 
so far as is known, any effect on the ammonite faunas. But  it can 

1 , On the Cotteswold, Midford, & Yeovil Sands, &c.' Q. J. G. S. vol. xlv 
(1889) p. 440. 

2 r 2  
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Diagaam lO.~Non-local stratal repetition. 

(N.) Gloucester. Dorset (S.) 

Seiss  gin. Limestone. Limestone. 

29-27 Limestone. 

26-24 Limestone. 

23-21 Limestone. 

20-18 

17-15 

-> 

lay. 

14-12 Clay. 

/ 

/ Sands. 
J 

/ Q _ _  j / /  

/ / ~" ~"  i ~ C l a y .  

~/ Sands. JClav.  

Clay. 

hardly be supposed that these simultaneous depositions of different 
strata form an isolated case--in fact, there is evel T reason to think 
that the phenomenon is rather frequent. I t  may, however, be 
masked by paucity of exposures and ~ hememl sequences not having 
been so fully worked out. In the ease of paucity of exposures, 
faunal analyses of the contents of a formation should be made. 
I f  they reveal notable discrepancies at certain localities, the 
explanation may be sought in the phenomenon of synchronous 
deposition of clifferent strata--the similar llthic character as 
evidence of date should be regarded with suspicion. 

I t  is not surprising that, in the Midford Sand ease, observers 
disputed fruitlessly for many years as to the position of the Sands. 
But the palwontology of these observers was much at faul t - -a  
name like Ammonites variabilis was applied to species of such 
diverse genera as Haugia, Phlyseogrammoceras, ~leydellia, 
Hammatoceras, Sonninia, and Fissilobiceras. 

I hope to be able to illustrate the phenomena of these Sands 
and synchronous deposits more fully in some subsequent paper of 
this series--lunch of it is written. Meanwhile, I return to the 
subject of stmtal repetition, as illustrated by the geographical 
shifting of the focus of deposition (see Table I I I ,  p. 415). 
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D a t e s .  

JURASSIC CHRONOLOGY. 

TxnL~ III--l)xrEs X,~D LOCALITIF.S 0F Si,~VS. 

L o c a l i t i e s .  
�9 A 

415 

H e ill e 1 ~ ~. 
o 

29. v e n u s t u l a  . . . . . . . . .  X 

28. d i g n a  . . . . . . . . . . . . . . . .  X 

27. [ C o t t e s w o l d i a ]  . .  X 

26. m o o r e i  . . . . . . . . . . . . . . .  X 

25. C a t u l l o c e r a s  . . . .  X 

24,. 1 ) u m o r t i e r i a  . . . .  X 

23. t t a m m a t o c e r a s  . . . . . .  

22. d i s p a n s u m  . . . . . . . . .  

21. s t r u e k m a n n i  . . . . . . . . .  

20. p e d i c u r e  . . . . . . . . . . . .  

19, e s e r i  . . . . . . . . . . . . . . . . . . .  

18, s t r i a t u l u m  . . . . . . . . . . . .  

17. v a r i a b i l i s  . . . . . . . . .  ! .. .  

16, l i l l i  . . . . . . . . . . . . . . . . . .  i "'" 

15, b r a u n i a n u m  . . . . . .  

1r f i b u l a t u m  

13. b i f r o u s  . . . . . . . . . . . . . . .  

12. s u b c a r i n a t a  . . . . . .  

11. p s e u d o t ,  a t u m  . . . . .  

10. f a  l e i f e r u m  . . . . . . . . .  I 

9 .  e x a r a t u m  . . . . . . . . .  

8 .  t e n u i c o s t a t u m  . . . . . .  ' 

7.  a e u t u m  . . . . . . . . . . .  

6 .  a t h l e t i c u m  . . . . . . . . .  

5. Harpoceratoid .. ! 
4.  s p i n a t u m  . . . . . . . . . . . .  ! 

3.  t h o r n c o m b l e n s l s  ... X 

2.  m a r g a r i t a t u s  bcd. 
1. p r e . m a r g a r i t a t u s  , 

bed ............... I • 
I ? ? ? 

cr  . 
~ o  

I lh'idport 
,~ Sands. 

I "~ Yeovil 
i f  Sands. 

3 Bruton 
Sands. 

Mid ford 
Sands, 

s e n s u  s t r i e t o .  

Sodbury 
Sands. 

X } Cotteswold 
• Sands. =J 

Thorn- 
combe 
Sands. 

l)own-Clitt 
Sands. 

a~ 

So far  as the  Dorset  coast is concerned,  there  are three  sets of 
sands which  are r emarkab ly  a l ike - - so  much  so, in fact ,  t h a t  it  is 
m a t t e r  of common knowledge  how difficult i t  is to be sure of the  
date  (even in a general  way)  of a chance opening,  especially as the  
s t ra ta  are r a the r  barren in a fossiliferous sense. The three  sets of 
sands are those of p r e - n w r y a r i t a t u s  bed (Down-Cl i f f  Sands),  
separated by  a th in  calcareous and  by a th in  argi l laceous bed f rom 
a p o s t - m a r q a r i t a t u s  sand-deposi t  ( t h o r J ~ c o m b i e n s i s ,  the  Thorn-  
combe Sands) ,  wh ich  is in some cases separated f rom the  th i rd  
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sandy deposit (Bridport Sands) only by the thin Junction-Bed. 
T h i s  is l oca l  s t r a t a l  r e p e t i t i o n .  Non-local stl"atal repeti- 
tion is illustrated by the other areas, which show the depositional 
focus of sands travelling northwards into Gloucestershire and then 
returning southwards to the Dorset coast again. 

In Table I I I  the interval between the Thorncombe Sands and 
the Bridport Sands seems to be very great, and so it is in the time- 
scale as well, if the full thickness of deposits made contemporane- 
ously elsewhere were brought in--250 feet or so in lilli-~,ariabilis 
hemer~e of the Cotteswold Sands alone; but in actual section on 
tile Dorset coast the break is a very small matter, sometimes only 
about 2 or 3 feet--so little, indeed, that it may reasonably be 
inferred that the movements of the Weymouth Anticline have 
resulted in places in such small upheaval as was necessary to bring 
about the r~moval o1~ tile Junction-Bed and the superposition of 
Bridport Sands on Thorncombe Sands in one bed, with a wholly 
false appearance of sequence. 

In argillaceous deposits stratal repetition is shown in Fuller's 
Earth, Upper Lias, Lower Lias--to name only a few. And in 
calcareous rocks the phenomenon occurs----certain strata of especially 
similar appearance may be named : - -  

Minchinhampton Stone (Great Oolite). 

Not~'ove Oolite. i 
Upper Freestone. Inferior Oolite. 
Lower Freestone. 
Lower Limestone. 

These are strata of white freestone with oolitic groins: they are 
separated by deposits having other characters. 

But to ask for a stratal repetition of a fine-grained white litho- 
graphic stone of two dates, one pre:/'alciferu,~ and the other 
_[[ammatoce~'as, to be deposited in the same area so as to form one 
bed masking a non-sequence of considerable duration, is to make 
a somewhat extravagant demand, because of the great d.egree of 
similarity involved. There are two phenomena to consider--the 
first is repetition, and the second is coalescence. I t  will greatly 
strengthen the case to bring forward evidence of the first phe- 
nomenon in regard to lithographic stone, and of the second in 
regard to another stone; because, although the phenomena occur 
separately, there is obviously only one further step towards finding 
them occurring together. 

Remarkable confirmation in regard to stratal repetition of a like 
deposit comes from a neighbouring place, Burton Bmdstock 1 ; there 
is found a white bed (which it will be necessary to discuss presently) 
of much later date, so similar to the white bed of ~,Vatton Cliff 
that, if portions without their fossils were mixed, separation could 
doubtfully be made. Now, the greater will include the less. Here 
is definite evidence that white-stone--lithographic-stone--conditions 

1 1 , 5 ,  p. 69. 
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recurred in the same area after the lapse of some fifteen to twenty 
helner~e, so there is ground for surmising that the same phenomenon 
occurred at Watton Cliff after the lapse of some ten to fifteen 
hemerm. But the two beds of presumed different dates at Watton 
Cliff have coalesced. Yet coalescence of unlike deposits separated 
by more than twenty hemer~e in time is well known; rarer, of 
necessity, is the coalescence of two like deposits of different dates, 
because the chances against it are greater:  but it is known, and 
was commented upon in my last paper. 1 Possibly, other cases of 
such coalescence have been overlooked, because they were not 
understood. I f  only such coalescence of the Burton and Watton 
white beds had taken place, it would have provided a problem and 
a crop of ingenious surmises before it was understood. And there 
is just the possibility that such coalescence did occur--somewhere 
out to sea, in the neighbourhood of the axis of the Weymouth 
Anticline. 

The thiM theory seams to have the greatest weight of proba- 
bility in its favour; but, at present, that is all that  can be said 
for i~t. I f  correct, it makes the Watton Bed contemporaneous, so 
far as its earliest part is concerned, with the pre-falc~ferum paper- 
shales of the North Gloucestershire Whitbian, and, so far as its 
later part is concerned, contemporaneous with the top layer of the 
Bothenhampton section, with the Yeovilian Sands of Cole, near 
Bruton (Somerset), and with the middle part of the Gloucestershire 
Cephalopod-Bed. I t  will be noticed that  at present there is no 
ammonite evidence for any of the hemer~e between Haz~matoceras 
and st;'iattdztm--in descending order: dispa~sum, stmtckmanni, 
igedict~m, eseri. They have not been found at Bothenhampton nor 
in the Western Cliffs--at the former place towards the top of the 
Junction-Bed there is, consequently, a gap of four hemer~e; at 
])oghus and Down Cliffs, between the Junction-Bed and the over- 
lying Down-Cliff Clay, there is a gap of five hemer~e; at  Thorn- 
combe Beacon there is a gap of six hemer~e. At Shoot's Lane, 
Synlondsbm'y (Dorset), evidence for eseri has been found--  
t[(~ef/ia.ft~sci//era z (now Esericem~s). s 

Stress has been laid on stratal repetition and coalescence, because 
this may possibly explain some of the ('ontinental deposits which 
are puzzling, on account of inclusion in the same matrix of species 
of very widely different dates. 

In "the Re[[ Ammonite-Limestone of Lombardy are species of 
various dates, from Domerian through Whitbian to Yeovilian, with 
certain notable omissions. The dates of the species are fairly 
obvious, and the deposit possibly represents a continuity of 
like conditions with erosions. But were the gaps-- the portions 

1 I, 9, p. 86. o L 5, p. 57. 
:~ I, 8~ pl. elxxxii. Since this was ~ . i t t e n ,  examination of Mr. Jackson's 

finds gives evidence for fauna of eser~ and pedicure (or str~c~'mam~i hemera, 
perhaps) in the Western Cliffs. Such finds are always possible, and do not  
invalidate my statements ; they  stand good for many exposures of ~he June-  
t ion-Bed of the Western Cliffs. 
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unrepresented by f a u n a - - f i l l e d  by strata of like or of unl ike 
character  ? There is no evidence. 

The  s t ra tum of P o s i d o n o m y a  a l p i n a  o f  Sette Comuni  ( I t a l y )  
contains a fauna described and figured by Parona 1 which appears 
to  show considerable mix ture  of Bajoeian (and early Vesul ian)  
wi th  Callovian species. Parona notes t h a t  such an admixture  has 
been recognized by E. BOse & H.  Finkels te in  for the  same s t ra tum 
in Southern Tyrol  and by E. J i issen for the  Klaus  Beds of the  
Nor thern  Alps3 In  Parona 's  ease the  admix ture  seems to be greater  
than  he supposes, even a l lowing for the  wel l -known and deceptive 
homceomorphy of certain Bajoeian-Vesulian and Callovian species, 
and  therefore the  fol lowing remarks on some of his faunal  e lements  
may  be of service. I t  is in teres t ing  to note  how many  of t hem 
have a d is t inc t ly  Bajoeian-Vesul ian aspect. Before c la iming t h e m  
as Callovian species i t  would be very neeessal T to show t h a t  the)',  
or very similar  forms, occur in deposits which are unquest ionably  
Callovian. I f  t h a t  could be done, then  they  would still remain of 
much  interest ,  as i l lus t ra t ing  heteroehronous homceomorphy.  Bu t  
a t  present  the  major i ty  of the  forms about  which the  fol lowing 
notes are made  appear to be strangers to Callovian, t h o u g h  not  to 
Bajoeian-Vesul ian deposits. 

TABL1~ IV--REMARKS 0-~" PAROSX'S FIGURED SPECIES oy 
BA JOCIAN-VEsuLIAN ASPECT. 

R e f e r e n c e .  S p e c i e s .  
PL. I, fig. 11. ' Oppelia subtilieostata.' 

12. ' O~eotraustes minor.' 

13. ' Cadomoeeras nepos.' 
14, 15. 'Sph~eroeeraspilula.'  

16. 'S1)h~eroeeras auritum.'  

17. ' Spha~roeeras ? disputabile.' 
18. 'Stepl, anoeeras rotula.' 

19. 'Stephanoeerasgibbum.' 

21. 'Stephanoeeras venetum.' 

22. ' t~arkinsonia bonarellii.' 

Pr~. II, fig. 1. ' Cosmoeeras pollua'.' 

R e m a r k s .  
Similar to Oppelids of niortense 

(late. 
Possibly a catamorph of ('ado. 

moceras. CL C. costatnm, I, 8, 
pl. clxxxix : niortense. 

Good evidence for niortense dare. 
Possibly catamorph of .Lab:qrin- 

thoceras, I, 8, pls. cxxxiv, cxxxv ; 
c. sauzei. 

I,ike species of bla.qdeni-niortense 
dates. 

I,ike species of niortense date. 
Like the eoronate stage of Peri- 

sphinctids of niortense-truellei 
date. 

Very like Trilobitieera.r I, 8, 
pl. cxl ; Discites. 

Remarkably similar to Pol.eplec- 
tires sp of the truellei lwd of 
Burton Bradstock. 

Not a Parkinsonia,  as the furca- 
tion is on the edge of the peri- 
phery; it should be about 
medio-lateral. A phaulomorptl 
Perisphinctid ; truellei ? 

Like cert'fiu form,~ of Strenoeeras 
of niortense date. But there is 
a great resemblance between the 
Bajocian-Ve~ulian genera Stre- 
noceras, Baeulafoeeras, Garan- 
liana, and the Callovian Cos,m- 
eeras in certain eases. 

VIII .  ~- VIII ,  p. 5. 
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: R e f e r e n c e .  S p e c i e s .  
PL. II, fig. 2. ' Cosmoceras n. f . '  

3. ' Perisphinetes  subt i l i s '  
Neumayr. 

9. ' :Peltoeeras ehauvini.  
anum ' A.  d'Orbigny. 

21-23. ' Waldheimia boehmi.' 

04. ' IValdheimia eoncaea.' 

19. ' Waldheimia beneekei.' 

:Remarks. 
Much like Baeulatoceras of n i o f  

tense date. 
Not k'. subtilis. Veo" like Z'. 

pseudomartinsii  Siemiradzki-- 
l~rorsisphinctes, I, 8, pl. cc; 
ffa ra n t ia ha. 

More like Caumontisphincte$, I, 8, 
pls. elxix & excii ; niortense. 

' Has the most remarkable likene.~s 
to lValdheimia brodiei S. Buck. 
man (in I)avidson, Mon. Brit. 
Jnr. Brach. App. to Suppl., 
Palamnt. Soc. 1884, p. 266 & 
pl. xix, figs. 14.-15, which is a 
species from the Irony Bed 
(blagdeni zone) of l,ouse Hill.' l 

An anamorph of llZaldheimia 
haasi S. Buekman in i)avidson 
as above, p. 265 & pl. xix, 
fig. 12; bla.qdeni zone of Louse 
Hitl. 

A eatamorph of Zeilleria f e r r u -  
ginea S. Buekman, I, 4, p. 260 
& pl. xiii, fig. 4 ; from the Irony 
Bed (blagdeni zone)of Louse 
Hill. 

The  s t r a tum in quest ion appears f rom Parona ' s  description ~ to 
be homogeneous.  I t  is m a k i n g  a ra ther  large, t hough  not  
impossible, demand on c redul i ty  to believe t h a t  th is  homogeneous 
deposit  was pers is tent  w i thou t  al terat ion,  t h rough  all the  great  
number  of hemerm which are contained in Upper  Infer ior  Oolite, 
Ful le r ' s  E a r t h ,  Stonesfield Slate, Grea t  Oolite, Fores t  Marble,  
Cornbrash,  Kel lawavs  Rock  to basal Oxford Clay. Cont inen ta l  
authors,  i t  is true.  [lave failed to realize the  grea t  t ime- in terval  
t h a t  exists between post-Bajoeian and Ca l lov ian - -be ing  incl ined to 
look upon t h e m  as lnerely a par t  of one deposit, because on the  
Con t inen t  so m a n y  of the s t ra ta l  cons t i tuents  are lacking.  
Quenstedt ,  for inst'anee, ])laced such s t ra ta  jus t  in one division, 
Braun  J u r a  ~, as if  they  all made up quite  a minor  episode. B u t  
I shall  have more to say on t h a t  point  in a sequel to this  paper. 

W h a t  concerns us now is the ditfieultv of t h i n k i n g  t h a t  the  
homogeneous deposit lasted pers i s ten t ly  "through all th i s  t ime. 
There  is perhaps no evidence aga ins t  i t  in the  shape of different  

�9 deposits in the  ne ighbourhood ;  bu t  the  great  non-sequence 
suggests  t h a t  a change of condit ions occurred, t h a t  different  
deposits were laid down and were ent i re ly  swept away a g a i n - -  
then t h a t  there  was s t ra ta l  repet i t ion and coalescence. 

The in te res t ing  1)oint about, the  Bur ton  W h i t e  Bed and the  
W a t t o n  Bed is the  definite evidence given for about  230 feet  of 
s trata ,  different  f rom them and differ ing among themse lves - -  
sands and various l imes tones - - se lm,n t ing  two like deposits. B u t  
i t  is not  difficult to picture another  cond i t ion - -a  difference of 
geological and geographical  h i s t o r y - - s e a  where now is land, the 

a I. 5~ p. 105.  ~ V I I I ,  p. 3. 
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Dorset-Somerset  evidence of these intervening strata swept away ;  
land where now is sea, with coalescence instead of separation 
of the two White  Beds. Then we might  be examining a rock of 
white matrix obtained some miles off the Dorset  coast which would 
puzzle us, because it showed in a homogeneous deposit Whitbian 
and Vesulian ammonites. Given sufficient destruction of evidence, 
and we might  be long in arriving at  the solution~erosion, stmtal  
repetition, and then coalescence. Yet  such, I think,  is the 
explanation of sundry Continental deposits, and also of the Wat ton  
Bed i tself:  s tmtal  repetition for the Yeovilian deposit and coales- 
cence with a like Whitbian deposit--some of the intervening 
strata,  of different lithic composition, being deposited in the 
Junct ion-Bed of the Western Cliffs and elsewhere. 

The subject of s tmtal  repetition and coalescence must  receive 
fur ther  attention a t  another time. 

IV.  THE WHITE BED Of: BURTOS BRAI)STOCK. 

The likeness of the Wat ton  Bed to tha t  which I described as 
found at  Burton Bradstock naturally at t racted attention. 1 That  
bed is in Bridport Sands and also connected with faulting. 
Accordingly, in the autumn of 1919, I paid another visit to 
Burton. The first blow of the hammer fortunately hit  a block 
disclosing examples of the same latesulcate ' Garantiana'  as tha t  
which I mentioned before. ~ I t  is not properly a ' Ga ran t i ana ' ;  
but it is a well-known form of the ~io;'tense bed of Louse Hill, a 
the Astarte or Rotten Bed r which lies above the I rony Bed. A 
fine-ribbed Perisphinctid was also obtained. 

Subsequent labour, however, proved unproductive of more 
evidence for date. But  a Ga;'antiana-likc form and a Peri- 
sphinctid in this bed are sufficient to show that,  like as these two 
lithographic s trata  are in composition, yet  they are of widely 
different da tes - - the  Wat ton  Bed is pre-Bridport Sands, the Burton 
Bed is on the border-line of Bajocian-Vesulian, not only post- 
Bridport Sands, but subsequent to the early and middle Inferior 
Oolite. W h a t  is interesting, however, is tha t  the same fine muddy 
sedimentary conditions must have obtained at  these two different 
dates : but, in the Burton case, it is only by the accident of fault ing 
tha t  ~ f ragment  of the later doposit has been preserved; in the 
Watton-Cliff  case the accident of fault ing has doubtless preserved 
the southern extension of the Bed, although tha t  must be buried 
a t  a steep angle some 300 feet below Wat ton  Cliff. W h a t  has 
been preserved is the unfaulted l)al~ which lies practically hori- 
zontal in the cliff-face, in position between Middle Lias and basal 
Bridport Sands. 

1 I, 5, p. 69. 2 I, 5, pp. 70-71. 
�9 ~ I, 5, p. 71. EThe Louse-Hill species has, since this was written, been 

figured and named Hlawiceras platyrrgmt~m (I, 8, pl. ccxl).~ 
4 I, 3, p. 488, Section VI, Bed 3. 
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Mr.  LinsdM1 l l i ehardson  has said t h a t  the  Bur ton  W h i t e  Bed  is 
iJ, sit** in Br idpor t  Sands fo rmed  by percolat ion s u b s e q u e n t l y l ;  
bu t  while such an explanat ion m i g h t  account  for  a deposit,  it is 
qui te  inedaquate  to accoun t  for  the  presence of fossils in t h a t  
deposit.  I t  seems hardly  sufficient to account  for  such a deposit  
as t h i s :  percolat ion should produce calci te-veins ( the  so-called 
' b e e f ' ) ,  not  a f ine ly- laminated  l i thographic  stone. The  difficulty 
about  the fossils in the  deposit  Mr.  R ichardson  avoids by a sugges- 
t ion which  ignores m y  s ta tements ,  and  is to ta l ly  a t  val:iance wi th  
the  facts  ; he says : 

' It  was probably from this horizon [the top of the Red Beds~ that the piece 
of " lithographic " stone came that yielded to Mr. Buckman fossils indicative 
of late niorte~sis or garantia~,~ hemera. Prof. S. H. Reynolds has very 
kindly examined microscopically one of the two pieces of "lithographic " 
stone that Mr. Buckman gave to the Director [Mr. Richardson~. These two 
particular pieces probably come from the top of the Red-Bed horizon.' 2 

M y  s t a t ement s  were 
' The White Bed . . . .  only occurs . . . .  in the bank at the beach opposite the 
villas . . . .  It  is particularly exposed on the sort of pathway leading from the 
road to the beach, and just to the right hand as one reaches the beach . . . .  
The blocks on the beach were broken. The yield was several specimens ~of 
fossils] . . . .  and a piece of a Garantiana sp. nov . . . .  kno~m as a species from 
the niorte~sis beds of Louse Hill, near Sherborne.' :~ 

The fossils and the rock-specimens were both  obtained f rom the  
same place, f rom those blocks which  are on the beach below the  
villas, blocks de tached  f rom the  Br idpor t  Sands, into which  t hey  
have been faul ted .  The  la tes t  finds ( 1 9 1 9 ) - - s i m i l a r  ammoni tes ,  a 
Per isphinet id ,  and  a 2 V a ~ t t i h l s - - w e r e  all extracted f rom the  bank  
m the pa thway  below the villas. 

W h y  Mr.  Richardson made  the  assumpt ion  t ha t  the  fossils and 
specin~ens came f rom the  Red  Bed it is ditt icult  to imagine,  
especially as the  cliff-section wi th  the  l l ed  Bed is f rom a quar ter  to 
ha l f  a mile  away  ; and I had remarked  t ha t  ~ 

'there is Fin the cliff-section] practically no sign of any deposit of a thick 
white bed of the character of the one that has just been described.' 

B u t  the  assumpt ion  was necessary to fit the  percolat ion theory ,  ill 
pursuance of which  Mr.  Richardson remarks  t h a t  ' the  l i thographic  
stone m i g h t  be found  associated wi th  fossils of any  hemera. '  5 The  
difficulty here is t h a t  the  fossils wouhl  show intm:nallv the  different  
matr ices  formed dm' ing  the hemer~e to which  they  r igi l t ly  belonged.  
B u t  these fossils f rom the  white  bed show inside and outside a 
white-bed m a t r i x - - t h e y  are ev ident ly  synchronous  wi th  the  W h i t e  
Bed. Ano the r  object ion is t h a t  the  fossils of the  W h i t e  Bed are 
not  found  in any  o ther  of the  Bur ton  deposits. And  there  is a s t i l l  
f u r t he r  object ion which may  be taken  to the  percolation t h e o r ) ' - -  
t h a t  percolat ion would no t  produce a f ine-grained,  l amina ted  
l i thographic  stone. 

1 IX, 2, p. 56. ~ IX, 2, pp. 56-57. a I, 5, pp. 69-71. 
4 I, 5, p. 71. ~ IX,  2, p. 57. 
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I t  is n o w  k n o w n  t h a t  a s imi la r  l i t h o g r a p h i c  s tone  was d e p o s i t e d  
h o r i z o n t a l l y  and  n o r m a l l y  a t  an ear l ier  d a t e  a t  W a t t o n  Cliff ,  o f  
w h i c h  the  u n f a u l t e d  pal~ is p rese rved  a n d  t h e  f a u l t e d  p a r t  r ende red  
inaccess ib l e :  i t  is r easonab le  to  conc lude  t h a t  t he  B u r t o n  W h i t e  
B e d  was  d e p o s i t e d  in a n o r m a l  m a n n e r ,  b u t  t h a t  t h e  u n f a u l t e d  
p a r t  has  been  d e s t r o y e d  and  on ly  t h e  f a u l t e d  p a r t  p rese rved .  A 
s o m e w h a t  c o m p l i c a t e d  series of  e v e n t s  wh ich  invo lves  f a u l t i n g  and  
p e n e c o n t e m p o r a n e o u s  erosion m u s t  be  p o s t u l a t e d ,  b u t  n o t h i n g  t h a t  
is no t  a l r e a d y  k n o w n  in o t h e r  cases.  

Thus ,  in r e g a r d  to  t h e  W h i t e  Bed, t h e r e  a re  t h e  f o l l o w i n g  
f a c t s  :--- 

(i) That the White Bed is of later date than the Red Bed, and e~rlier than 
the Astarte Bed. 

(ii) That the White Bed is not now found resting upon the Red Bed. 
(iii) That the White Bed is not found separating the Red ]ted from the 

Astarte Bed. 
(iv) That the White Bed is a finely-stratified laminated deposit-=in part, at  

any rate. 
(v) That the White Bed is let down in a fault some 50 to 60 feet below the 

top of the Red Bed : that  is, below its original position. 
(vi) That it is mixed up with Bridport Sands. 
(vii) That hard rocks of dates subsequent to that of the White Bed-- tha t  

is, strata of the hemera~ Garantiana to zigzag--are not found associated with 
broken-up masses of the Red Bed. 

N e x t ,  t he  f o l l o w i n g  in fe rences  m a y  be d r a w n  : - -  

(i) That the White Bed was deposited discontinuously on a sm'face of the 
Bridport Sands to the east, but  with fair continuity on the surface of the Red 
Bed to the west. 

(ii) That the White Bed is a deposit of slow aecumula'ion, laid down under 
conditions similar to those of the lithographic stone of the Watton Bed. 

(iii) That the White Bed deposited on the Bridport Sands must have been 
protected from the denuding agency. 

(iv) That the preservation of the White Bed is apparently due to a small 
syncline in the Bridport Sands. 

(v) That the White Bed was removed from the top of the Red Bed before 
the commencement of the deposition of the Astarte Bed. 

(vi) That the hard rocks of the strata of hemerm G~rraatia~ta to zigzag 
must have been either not deposited on the top of the White Bed of the 
Bridport-Sands tract, or, if deposited, they must have been completely re- 
moved again, otherwise they would be found associated with fallen blocks 
of the White Bed. 

(vii) That non-deposition of these strata on the top of the White :Bed 
would mean the elevation of the sand tract above the water, and would there- 
fore expose it to denudation, which would bring about the total loss of the 
White Bed. 

(viii) That deposition of these strata on the White Bed is a necessary 
supposition ; but that  this requires a postulate as to their subsequent removal. 

(ix) That it is necessary to suppose that a soft rock easily yielding to 
denudation--a rock like the clays of the Fuller's Ear th- -was  the immediate 
covering of the White Bed at the time when faulting occurred, as such a rock 
could easily disappear from the face of the White Bed ~ithout  leaving any 
traces. 
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T o  a c c o u n t  fo r  these  f a c t s  a n d  in fe rences ,  t he  f o l l o w i n g  h i s t o ry  
of  e v e n t s  m a y  be s u g g e s t e d .  D i a g r a m  11 ( I - V ) ,  pp. 4 2 4 - 2 5 ,  
w h i c h  i l l u s t r a t e s  t h e  d i f f e r en t  e v e n t s  is mere ly  a ske tch ,  on ly  
a p p r o x i m a t e l y  to  scale.  Ver t i ca l  scales arc,  of  course ,  g r e a t l y  
e x a g g e r a t e d  in re la t ion  to hor izon ta l  : - -  

(i) Towards tile end of the deposition of the ged  Bed there was elevation 
of the tract of Bridport Sands on the east. 

(ii) There was denudation of this tract, and then the White Bed was 
deposited on a surface consisting of Red Bed in the west, passing across strata 
down to Bridport Sands in the east (I in diagram 11 ). 

(iii) Subsequent to the deposition of the White Bed, and before the deposi- 
tion of the Astarte Bed, there was a renewed elevation of the Bridport Sands. 
Then there was denudation of the White Bed and its complete removal off 
the Red Bed, but its preservation in the Bridport-Sand area in a smM1 fold 
east of the anticlinal axis (II in diagram 11). 

(iv) Following this was the deposition of the Astarte to zigzag strata non- 
sequentially upon the various denuded surfaces (II). 

(v) l~enewed elevation of the Bridport-Sand tract came next, with a denu- 
dation which removed from that tract all the zigzag to Astarte-Bed strata 
and possibly some more of the White Bed ; because the supposition that the 
later denudation should cease at the same place as the earlier makes too much 
demand upon coincidence (III in diagram 11). 

(vi) On such a denuded area Fuller's Earth was deposited (III). 
(vii) At some date subsequent to the deposition of the Fuller's Earth 

perhaps at the same date as the faulting in Watton Cliff--the strata of the 
Bridport-Sand tract  bearing the White Bed were let down considerably, and 
at as steep an angle as are the Junction-Bed and Fuller's Earth of the faults 
in Watton Cliff. 

(viii) That the soft Fuller's Earth would be rapidly removed, and would 
then leave the White Bed exposed. IV (diagram 11) gives ~ view of this 
condition of affairs, in profile at right angles to the supposed fault-face, the 
elevation of the rocks inland being of course greatly exaggerated in relation 
to the horizontal scale, and V gives a picture of the same looking on to the 
fault-face, omitting the rocks which lie directly inland, but  showing those of 
the cliff which lie to the westward. In this case it should be noted that 
really, from the fault westwards along the cliff to where the Fuller's Earth is 
preserved, is a distance of about half a mile. 

(ix) While the White Bed was being eroded from the surface of the Red 
Bed, there is the possibility that portions of it may have been broken off and 
cemented on to the top of the Red Bed with ground-up paste of the l~ed Bed : 
and there is always the possibility that pockets of the White Bed may yet be 
found in hollows of the l~ed Bed. A recent discovery of a possible White- 
Bed block in the Astarte Bed will be noticed presently. 

Th i s  t h e o r y  of  t he  course  of  even t s  is, a t  a n y  rate ,  super io r  to  t he  
pe rco la t ion  t i leory ,  in t=hat i t  does  n o t  c o m m e n c e  w i th  an i~morrect 
a s s u m p t i o n  as to  t he  fac t s .  T h e  on ly  real  call t h a t  it m a k e s  on 
p r o b a b i l i t y  is in p o s t u l a t i n g  t w o  elewtti 'ons and  erosions,  t he  second 
e leva t ion  b e i n g  so a d j u s t e d  t h a t  all  t h e  ha rd  rocks  o f  Gar<t~ttia#a 
to  zi.qza// hemer te  are  r e m o v e d  f r o m  the  su r f ace  o f  t he  W h i t e  
Bed ,  b u t  t h a t  some  por t ion  of  t he  W h i t e  Bed  is l e f t  in tac t .  Ye t  
t h i s  is on ly  a sk ing  for  a pheno lnenon  on a smal l  scale, such  as is 
e x h i b i t e d  on a la rge  scale over  a cons ide rab le  area of  t he  Co t t e s -  
wolds .  The re  the  s t r a t a  wh ich  i n t e rvene  be tween  those  of  brad- 
for<lel~sis and  Gctra~li<bm h e m e r w  were depos i t ed  a f t e r  a per iod o f  
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elevation and erosion, ye t  prior to another period of elevation and 
erosion. The second erosion obliterated all these intervening strata 
from certain places, ye t  was so adjusted tha t  they were preserved 
ill other places. Bu t  the latest bed of all is only preserved over a 
rather l imited area--Cleeve H i l l , - - and  strata which ought  to follow 
on this bed, preceding those of Ga~'antiana llemera, have been 
completely destroyed. 

I t  is not necessary to assume tha t  a fault  was present unti l  the 
date which let down the Whi te  Bed to its present posi t ion-- long 
after  Ful ler ' s -Earth  date presumably, t All tha t  need be assumed 
is a gentle fold bringing Bridport  Sands first to the level of the 
Red Bed, and then to the level of the Ziyzay Bed : the actual anti- 
elinal axis being about on the present line of fault,  which would 
give a syncline .just beyond it sufficient to let in the Whi te  Bed. 

We do not know how thick the Whi te  Bed was originally. Say 
tha t  there is now some 2 or 3 feet of i t  preserved. I t  may have 
been deposited to a thickness of 20 feet, of which only this small 
portion is preserved, and tha t  by an accident. I t  is tlale tha t  
the other Inferior-Oolite rocks of Burton Bradstock are quite 
t h in ;  but  this is no measure of their  original th ickness- - i t  is 
tlle result of the constant denudation tha t  they underwent, being 
removed almost as fast  as they were deposited. Some of them 
thicken considerably only a short distance in land- -away  from the 
axis of the Weymouth  Anticline. 

For instance, at Vetney (Vinney) Cross, which lies about 3 miles 
north-east by north of Burton Bradstock (or about S miles from 
the axis of the Wewnouth  Anticline),  the Gara~ltiana Bed is 
1S inches thick as against  ~ inches at Bma~on or an increase of 
4.~ times, while the t~'uellei bed is about 6 feet as against  less 
than 2 feet at  Bur ton;  this, however, is not the full thickness, 
for really the deposit of 6 feet corresponds to about the lower 
6 inches of the  Burton truellei bed, or an increase of 12 times 
as much. Then ~t Nettlecomb, near Powerstock Station (about 
5 miles north-north-east of Burton Bradstock), a rather poorly- 
fossiliferous quarry shows some 20 feet of schleenbachi deposit, 
as against  less than 5 feet at Burton;  and yet there is no sign 
of the subjacent or superjacent beds, either in the quarry or in 
the stones of the fields around. 

We speak of the sequence blaydeni, niorte~se, Gara~ltiana; 
but  we have no certainty tha t  this is the complete sequence. 
I t  may be that ,  between the hemel~e ~iortense and Garantiana, 
strata were deposited of which no trace has vet  been discovered. "2 

The Forest Marble of W~.tton Cliff contains pebbles of a White-Bed 
mt~trix. It is an interesting speculation whether these have been derived 
from destruction of the Burton or from that of the Wt~tton White Bed. They 
appear to be rather too soft for either ; but this is a case where chemical 
~nalysis might yield some evidence. 

The most likely place in this country for such a discovery is near Sherborne 
(Dorset), in the neighbourhood of the quarries of Frogden and Lower Olat- 
combe. Seeing how little distance at Burton Bradstock is required to bring 
in a bed not found in the other neighbouring sections, there is no telling what 
an excavation at 100 or 200 yards in certain directions near Sherborne might 
not reveal. This subject may be more fully worked out in a later paper. 
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I t  is fairly certain that, when the fauna of the strata now dated 
as niol'te~se are submitted to analysis, several episodes will be 
found eovered bv the one name--deposits of one episode have 
been preserved at one place, and those of others in other places. 
And yet the sequence may not be complete. 

These remarks are made to show that, on theoretical grounds, 
there is reason to elainl plenty of time between the dates of the 
deposition of the Red Bed and the Astarte Bed for the various 
events of elevation, denudation, deposition, to have oeeurred even 
in repetition. And there is actual evidence in support: in the 
Hebrides, aeeording to the researches of ])r. G. W. Lee, some 
70 feet of strata separate deposits whieh are respectively the 
equivalents of the Red Bed and the Astarte Bed. Unfortu- 
nately, they are unfossiliferous, and so their dating as niovte~,se 
rests only on the fact that they are between btayde~i and 
Oa~'antia**a hemerw. Then in tl[e Sherborne district there are 
poorly fossiliferous s t ra ta-- the Building-Stones--which are post- 
niortense: they are reckoned as belonging to the Gara**tiana 
hemera, and so is the Astarte Bed of Burton Bradstoek ; but that 
they are strictly contemporaneous is possibly doubtful--the various 
Ga;'antia,m-like forms in the two deposits show eertain differences, 
and therefore, at any rate, the species are not altogether identical. 
Possibly the Astarte Bed is, in part at least, of somewhat earlier 
date than the Building-Stone of Sherborne ; but it is unadvisable 
to speak positively on this point, until the Gara,~tia,m-like forms 
can be worked out in detail--a long task with such a mass of 
material as the strata yield. 

The point to be emphasized is the necessity of knowing whether 
our chronological datum-lines are strictly eontempm~meous ; because, 
as it is only possible to estimate time bv the amount of work per- 
formed during stated periods, it is necessary to be certain that the 
periods are identical. For instance, was the thiekness of 70 feet 
in the Hebrides laid down only prior to the Building-Stone of 
Sherborne, or was it laid down prior to the Astarte Bed of Burton, 
or, as is possible, was it laid down even prior to the White Bed of 
Burton ? These possible differences make eonsiderable difference 
to the time-estimate ; for, in the last ease, the 70 feet represent 
work done in a time-interval between the Red Bed and the White 
Bed, which was a period of upheaval and erosion at Burton ; then 
between the Red Bed and the Astarte Bed, whieh reposes upon it, 
one could place a time-interval represented by work done in 
depositing 70 feet in the Hebrides, and, in addition, an unknown 
original thickness of White Bed. I t  is rather interesting to note 
that  the White Bed, which is the sole representative at Burton of 
the time-interval between the Red Bed and the Astarte Bed, 
should not be found separating them, and has only been preserved 
by an accident. 

Bearing on the remarks about the possible original thickness of 
the White-Bed deposit, there is this to be said further:  in the 
Sherborne district the pre-Garantiana zones of the Inferior 

Q. J. G. S. No. 312. 2 0  
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Oolite are thin deposits, averaging about a foot or so, but the 
Gara~ttiana deposit is a thick one-- running up to 40 or ,50 feet, 
perhaps more. The paucity of fossils accounts h~r such horizons 
as there may be not being followed out in the different quarries of 
Building-Stone, for these quan'ies may be really on various levels--  
if so, the thickness would be much greater. Therefore, a surmise 
of a possible 20-foot deposit for the original Whi te  Bed is not 
necessarily a gross overestimate. 

I t  is interesting to note tha t  these lithographic-stone beds of the 
Yeovilian of Wat ton  Cliff and of the late Bajocian of Burton 
Bradstock have a great likeness to the Continental strata termed 
Whi te  Jura ,  dipl~y-kalk or Alpenkalk, which form so conspi- 
cuous a feature of the Upper Jurassic over wide areas. I t  has, 
before now, been claimed for this country tha t  its special geological 
interest lies in the fact  that ,  small thou~gh its area be, yet  it con- 
taihs strata so fully representative as regards all the different dates 
and all the different structures. Yet it is correct, I think, to say 
tha t  before the date of my discovery of the lithogl~tphie stone of 
Burton, it showed nothing to compare with strata laid down under 
those conditions which produced the Alpenkalk. Now, however, 
the Wat ton  Cliff discovery adds another representative of such 
condit ions--a  deposit made at  a still earlier date :  so it is now 
unnecessary to travel outside England to obtain samples of stl~ta 
like those of the Alpenkalk. And there will be this additional 
interest at tached to them, tha t  these beds of VVatton Cliff and 
Burton indicate Alpenkalk conditions of deposition prevailing 
in Western Europe long prior to the date when they held good in 
Cenbal  Europe. 1 How long these conditions endured in the 
English cases, and what respective thicknesses of strata were laid 
down, can only be matters of surmise; for penecontempol~neous 
erosion has removed so much, and came near to removing all. How 
wide an area was occupied by such deposits is also mat ter  for 
surmise- - they  may have spread far over the area now occupied 
by the English Channel. Some parts of the deposits may now 
lie buried beneath its waters, other parts of them have certainly 
been destroyed by those waters. Only a very few cubic yards of 
deposit in the Burton case are now lef't available for investigation. 
In  the ease of the earlier deposit, there may be a good deal more. 
There is certainly not much in ~Vatton Hil l  i tself:  for the bed is 
cut  off on the so~lth by the ~,Vatton Fault ,  and on the west, north, 
and east by the landward slope. Tbere is, perhaps, no more than 
an area of some 250 to 300 square yams  preserved. But  this Whi te  
Bed has been detected in Shipton Long Lane, Bothenhampton--say ,  
about three-quarters of a mile inland from the east-and-west line 
of E y p e - - a n d  there is a possibility tha t  it can be found far ther  
inland, as around Allington Hill. 

1 Mr. J. W. Tuteher rightly draws my attention to the Sun-Bed in the 
White Lias of the Radstock-Bristol district as being an earlier deposit of 
similar character. Therefore in the South-West of England there was 
.~hreefold repetition of this kind of rock. 
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Now, Bothenhampton is some 7 miles from the main anticlinal 
axis of the Weymouth Anticline. I f  it be a legitimate surmise that 
the conditions producing Alpenkalk extended as far south of the 
axis of the anticline as they do north of it, then a north-to-south 
stretch of the White Bed was some 14 miles. To put the east-to- 
west stretch at the same distance would be reasonable : this would 
give nearly 200 square miles of area as the original extent of 
White-Bed deposit. To put the east-to-west stretch at somethree 
times the distance would not be really so very unreasonable: this 
would imply some 600 square miles o t (area--@ no means an incon- 
siderable extent. 

The explon~tion north of Bl'idport of what is inarked as the 
contact-line between Lias 3iarlstone (G 2) and Lias Sand (G t )  
would certainly be desirable, as giving a chance of finding further 
evidence of the Yeovilian White Bed. But  there is little chance 
of exploration in such an area giving more evidence for the Budx)n 
White Bed, as there are plenty of quarries opened at the necessary 
horizon and they have received nmeh attention. However large 
may have been the surface over which thn Burton White Bed ~:as 
deposited, it seems unfortunately to be only too true that it has 
been wholly removed from all that area. I f  such removal did 
not wholly take place, as at Burton Bradstoek, prior to the 
deposition of the Ga;'a~ttiam~ Bed, it was accomplished later, when 
it shared the fate which in some localities was meted out to 
~he Garanliana or subsequent deposits. But there is reason to 
suppose that  the main accomplishment of its destruction was a 
pre-Ga.rantiana episode, for, unlike the strata of J~iortense date 
which are preserved only at a few isolated localities, the strata of 
Garantiana date have a remarkabh" wide spread. 

An observation made at the Black Rocks, west of West Bay, tends 
~co confirm the theory that  the White Bed was an original stl~tified 
deposit, broken up and redeposited later, where it was not preserved 
by" being let down in the fault. At the Black l{oeks, about the 
middle, close to the beach of pebbles, was found a big block (dia- 
,glmn 12, p. 430) - -4  feet long, 18 inches broad and 26 inches thick 
--consisting of the .Astarte-Bed (Gm'antia~za) matrix, recog- 
nizable by its lithie characters and the great number of various 
fossils shown in section. About in its middle it carries a large 
mass (1 foot thick), extending lather beyond the length and 
breadth of the block, because of its superior hardness. This mass 
is a very compact, close-grained, grey rock, apparently quite un- 
fossiliferous. I t  differs from all other local Inferior-Oolite rocks 
.except the White Bed ; that  it resembles in texture, hardness, and 
paucity (if not absence) of fossils. In colour it differs some- 
wha*, but not more, perhaps, than the difference of l oca l i t y -  
i t  is nearly 2} miles from the Bul'ton White Bed--might  explain. 
I t  eeriaainly seems as if this included mass might be a local 
portion of the White or _Srmttihts Bed redeposited in the Astarte 
Bed. I f  such be the ease, then, as the Black Rocks lie at the 
foot of Wat ton Cliff, we should have evidence of the second 
,White Bed deposited in the same locality as the first. 

2 a 2  
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Mr.. Richardson says with regard to the Burton Whi te  Bed :  
' the ,::Cry White aspect of the stone was due to weathering of the  
surfaee. '1 This is not my experience--the true lithographic 
stone is beautifully white, inside as well as outside. 

The Black Rocks which lie out to sea imlnediately west of the 
first faul t  from West Bay, should repay investigation. Hi ther to  
they seem to have been neglected; but  this may be due to the  
fact  tha t  they are inaccessible, except during certain low tides. 
I t  was only ~turing my last visit to Eype (1920) tha t  I found 
them suffie{entlv uncovered for a short examination, which en- 
abled me to collect certain specimens, indicative of the Astarte- 
Bed (Garant ia~,a)  of Burton Bvadstoek, from some masses well 

Diagram 12.--O~le of  the Blac]c Rocks (Dorse O. 

Inches 

B t  Ie 

C 6 

A = Ironshot foss~liferous (Go ra ~ltio ~o) rock. 
B = Very hard, fine-grained grey rock (White Bed equivalent). 
G = Ironshot, like the hard portion of the Vetney Cross Astarte Bed 

(Garat~tia~m). 

off shore, but  just landward of the big rock. At  lily next visit at  
low tide these rocks were not accessible; but, nearer the beach 
and among the shingle of the beach, were found ceFcain blocks 
which could be recognized as scissum bed, Red Bed, schlce~bachi 
and z i j za j  beds, besides the mass of Astarte Bed just  mentioned. 
At  certain states of the shingle these beds are buried ; but, given 
favourable conditions of tide and shingle, the Black Rocks shoukl 
yield a good harvest. However, heavy tools are a necessity. 

To return for a moment  to the niortense bed:  there is reason 
to suppose tha t  this bed was originally of wide geographieaI 
extent--possibly from the Hebrides to I t a ly  and the Carpathians, 
certainly from Sherborne (Dorset) through France to Wfirtemberg. 
But, al though it  was originally deposited ovea" so vast an area, the  
bed is now preserved only at a few widely-distant localities and is 
lacking front intermediate areas--much of i t  was wholly destroyM 

1 IX, 2, p. 56. 
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prior to the deposition of strata of the Garantiana hemera, much 
of  what mayo have escaped tha t  destruction perished in later 
erosions along with the whole of the Inferior Oolite. I have made 
a rough calculation tha t  possibly not 1 part in 30,000 of the bed 
as originally deposited has been preserved. I do not pledge myself 
to the figures ; they may be thought  to be an under-estimate, but  
there is also reason to think tha t  they may be an over-estimate. 
But  to give an idea of what such destrt~ction mean~: there are 
about 30,000 post-offices in the British Isles enmnerated in the 
:Postal Guide. I f  we were to destroy all these names but  tha t  
of Sherborne (Dorset), we should thm:ebv obtain a pietm'e of the 
destruction of the niorteJ~se bed. Then consider how small a part 
a quarry or two forms of the preserved portion, and that,  when 
such quarries are in work, many years may pass without anyone 
visiting them. On such a basis, it is easy to understand tha t  the 
collected material may form no more than one part  in a million 
of the entombed m'ig{nals. 

Which deposit of the Jurassic hemerm has suffered the most in 
regard to destruction may be a matter  for future research, but  the 
~iortense bed will, I expect, be one of those which make the 
greatest claim t , )such distinction. I t  is not proposed to enter 
into details on this subject here - - the  accumulation of evidence is 
no light task;  but it  is hoped to initiate in a sequel to this paper 
a geographical enquiry as to the original extent of the nioJ'tense 
bed and as to its present preservation, which mav~ fit in suitably 
with some other geographical studies suggested by stratal  and 
faunal phenomena of the rocks to be dealt with in tha t  sequel. 

V. CERTAIN CHRONOLOGICAL STUDIES. 

(A) Mi lbo rne  W i c k  and the  G r e e n - g r a i n e d  Mar l .  

In tile Table I of his paper on the Doulting-Milborne-Port  
district, Mr. Linsdall Richardson places opposite bla.qde~zi hemera, 
and under Milborne Wick, the following ' Marl with green grains, 
S. S. Buckman. '  The placing of it within inverted commas makes 
i t  appear like a statement taken from my paper, ~ or given on my 
authori ty.  But  this is incorrect:  reference to my section of 
Milborne Wick will show tha t  I divided the beds in more detail 
than did Mr. Richardson. I recorded 

Humphriesiani. 2. Soft white chalky limestone, 4 inches. 
[blagdeni~. 

3. Grey hmestone with iron grains, 6 inches. 
sauzei. 4. White limestone, 6 inches. 

5. [Soft limestone~ speckled with green grains. A,~tarte 
spissa. 

Here I have said nothing about any green grains in the lhnestone 
of blajdeni hemera:  at  the top tha t  is white, without coloured 

1 IX, 3, facing p. 518. ~ I, 3, p. 502. 
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glains, lower it has grains which are noticeably pink ; at  a still 
lower level, which I dated as sauzei, are the green groins. 

The point is of eonsidmable importance for dating speeimens. 
In  the 'seventies (at  the time, I understand, when the road-cutt ing 
was made at  Milborne Wick) ,  very extensive collections of fossils 
were obtained from this place : many are in my collection, and it is 
l~re to see a public o1' private collection without noting fossils 
which have the ehalaeteristie Milborne-Wiek matrices. I f  my  
observations are correct, the lithie differences affoM a means of 
ascertaining the sequence of these fossils. I have examined mare- 
ammonites in my collection, and they certainly tend to continua 
this opinion. Tl~e very eonnnon fossil of the bla.qdeni zone is 
Peecilomorph~es cycloides---eommon, because the name really covers 
a multi tude of different forms; but Mr. Richardson does not 
mention this species. 

Not  only is he ineorreet in citing lnv authori ty for this dating of 
the marl with green glains ; but  I th[nk tha t  he may be incorrect 
in his dat ing of the beds which he saw. M r  ' Bed 2 '  is given by 
me as 4 inches thick, and Beds 3 & 4, as 1 ]/oot, total = 16 inches. 
Mr. Richardson's Beds 2 to a~ total 13 inches. So on that  basis he 
may have hit  a place where Bed 2 was only 1 inch thick. Bu t  
there is a lack of 1~ inches in the rest of his see t ion~under  Bed 6. 
I think it possible tha t  where he took his section he saw, at  the  
top, Bed 5--where  I noted the green gra ins - -wi th  just  some small 
portions of the higher beds and their fossils in more or less deriver 
condition mixed up with the disturbed green-groined marl. This 
point might  be settled by an examination of the matri'x i n s i d e  
the fossils, not tha t  outside. 

There are two fur ther  points for consideration : -  
That  in this section local removal of the beds below the non- 

sequence--Beds 2 - 4 - - i s  possible, with the eorolla~ T that,  a t  
favourable places, Bed 2 may be thicker than is reeorded in my 
section ; and tha t  there may be local variation in the thickness of 
any of the beds. Therefore, if Mr. Richardson found green-glained 
reek at  the top of the section, whereas I found it a t  16 inches below, 
the explanation may be local thickening at  the top of Bed 5 and 'or 
local denudation. 

One point I would add about this section, from examination of 
ammonites from old collections--specimens of tYitchellia show a 
matr ix with green grains and Astarte spissa; wherefore it is 
possible tha t  the top of Bed 5 should b e  reckoned as Witchellia 
and not as smtzei, as it is in my paper)  Actually I cannot recollect 
any example of 'Ammonites smtzei' (Otoites) from Milborne 
Wick. The species 'Sl)hceroceras perex])ansum' (Zabgrintho- 
ceras) ~ cited for Bed -t may really indicate a somewhat different 
date. But  whether just  before or just  af ter  cannot be said yet : this  
is a mat ter  possibly to be considered in future faunal analyses. 

1 I, 3, p. 503. 
I, 8, pt. 19, pls. cxxxiv & cxxxv. 
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(B) H a s e l b u r y  and  H a m m a t o c e r a t i d s .  

In  his paper ou the Crewkerne district 1 5Ir. Linsdall Richardson 
reproduces W. H. Hudleston's profile ~ of the now disused quarry 
near the church of Haselbury. When he was preparing his paper 
he asked my opinion as to the possible date of Bed 3 : at that  time 
I could only suggest brad:fordens[s hemera, adding, however, that  
I did not recollect any b~'a(lfomtensis specimens from Haselburv. 
Since then the possible solution of the date has occurred to me. 
The keeled ammonites which Hudleston mentions from this Bed 3 
are perhaps represented by the species of t[ammatoceras and 
Erycites ,  which have been obtained from Haselbury and the 
immediate ne ighbourhood--H,  el. plaJti~siqne Vacek and ]~JTcites 
aft..qonioJzotttm (B~neeke):  similar forms have been figured by 
Vaeek a & De Gregorio ~ from the strata at Cape San Vigilio, Lag'o 
di Garda ( I ta ly) .  

In  the Bradford-Abbas district occur many species of these two 
genera 5 : they have come from strata mainly dated as mttrchisonce 
hemera, though partl~ ~ or oecasionalh" as braJfordensis. But, wheu 
faunal analysis comes to be applied, ' it  is seen that  the svnchroni- 
zati0n of such species with 7~,~t~'chisonce ( that  is, the Ludwigoids), 
on the one hand, or with bradfbrdensis ( that  is, Brasi l ia  spp.), 
on the other, becomes rather doubtful. At the Italian locality 
are few or no species that  can be properly reckoned as either 
Ludwigoids 6 or Brasi l ia ,  but Hammatocemtids  are abundant. 
In  the Hebrides the Ludwigoids are especially abundant, but the 
Hammatocerat ids are unknown. In Dorset-Somerset  Ludwigoids 
associated with the characteristic braehiopod, the so-called 
lYaldheimia al~ylica, are of fairly wide distributiou and not 
uncommon, but Hammatoceratids are localized and particularly 
rare. At  Haselbury both Ludwiffoids and Hammatocerata are 
lare, for the quarry was not a productive one so far as ammonites 
are concerned; but Hudleston notices for Bed 4 Ammoni tes  
murchiso~ce and Waldheimia aJ,flica , and for Bed 3 he records 
keeled ammonites:  evidently they were unfamiliar to h im- -had  
they been of mu~'chisonw or co~lcav,ts ( tha t  is, bradfo~'densis) type, 

t IX,  4, p. 165.  -" VI, p. 41. 
XI.  4 IV.  ~ I. 1, p. 661.  
So far as the Ludwigoids are concerned, this statement may seem 

particularly rash, for De Gregorio says (IV, p. 11) 'L'Ha~Toceras M~trchisonee 
est tr~s-commun s S. Vigilio, et c'est une des esp~ces les plus caract6ristiques 
de cette faune.' This illustrates the necessity for precision in palmontological 
identification. The specimens which he figures (IV, pl. iii) as Harpoceras 
murchison~e with various qualifying terms show no species agreeing strictly 
with Ammonites m~rchiso~e itself, possibly no Ludwigoids at all, certainly 
not the murchisonse fauna of the Hebrides nor of Dorset-Somerset, nor of other 
areas; while the list of species of widely different dates which he gives as 
possible varieties or mutations of A. murchiso~se show how greatly outward 
similarity may mislead. His Harpoceras mnrchiso~e includes a variety of 
types, some indicative of At~colioceras date and perhaps of earlier hemerm, some 
more or less suggestive of bradjbrdensis date, some perchance indicative of 
strata of even later dates. 
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i t  may be presumed tha t  lie would have appended some less general 
term. 

On the assumption t ha t  at  Haselbury the I[ammatocerata 
occupy a higher bed, and are of later date than the Ludwigoids, 
which would lead to a theory of a Hammatocerate-Ervci te  horizon 
as distinct, tha t  is, of later (late than tha t  of Ludwigo~ds, the facts 
of distribution could be explained. In  I t a ly  strata of ~urehisoltw 
hemera are absent or only represented in part, but  those of 
Hammatocerate-Erveite.  hemera are present. In the Hebrides, the 
former was very conspicuous, but there is as yet  no evidence for 
the latter. In Dorset-Somerset the strata of the ;;~urcl, iso~ue 
hemera are developed over a wide area ; but  those of the Hammato-  
cemte date are wholly destroyed in some places, and part ly removed 
in o~hers. At  Haselburv a bed assumed to be tha t  of Hammato-  
cerate date is preserved in sufficient thickness to a t t rac t  at tention 
as a deposit superior to tha t  yielding ' Ammonites  mlt;'chisonw.' 

More analysis on these ines may suitably come later, and will 
be of greater value if and when some of the' species of Hammato-  
cerates can be figured. But, meanwhile, it may be advisable to 
consider the possibility of a Hammatoeerate-Eryei te  date, as inter- 
mediate between those of m~rchisonr and b;'a((forde;~sis, and to 
date Bed 3 of Haselburv in Hudleston's  (and Mr. Richardson's) 
communications as Han~matoeerate-Ervcite? rather than as 'brad-  
fordensis  ?'  

The Cotteswold evidence seems in favour of this view. There 
between the Pea Grit  (m~lrcl~iso;~(e hemera) and Oolite Marl  
(b~'adfordensis) is a thick mass of poorly fossiliferous, perhaps 
non-ammonitiferous freestone with a more or less eroded sm'faee: 
this deposit, in part at  any rate, and the subsequent erosion 
(prior to b;'adfordensis)woul~l mark the time required for laying 
down a Hammatocerate-Ervci te  s tratum in other areas. 

A short record of the chronological succession and geographical 
occurrences of some of the 1)rincil)al Hammatocerat id forms shows 
the faunal repetition and the limited ex ten t - - in  some a reas - -  
over which the particular strata have been preserved: it  is the 
earliest of these horizons tha t  has come so much into discussion 
jn connexion with the Wat ton  Bed (see p. 387). 

TABLE V - - H A M M A T O C E R A T I D S  : CHRONOLOGICAL SUCCESSION AND 
GEOGRAPHICAL OCCURRENCE. 

H e m e r s e .  
:Eudmetoceras. 
[ discites concava]. 

Intervening hemera~ omitted. 

F a u n a  a n d  Localities. 
F, udmetoceras spp. 1, Euaptetoceras. 1 
Bradford Abbas district; Beaminster district 

(Dorset) ; Lago di Garda (Italy). 

' Hammatocerate'-Ervcite.  'Hammatoeeras , '  E~?/cites, Abbasites,  2 Ambers i tes  fl 
[bradfordensisSnurc)~isonce~. ])orset and Somerset; Normandy; Lago di Garda; 

Lombardy (Italy) ; Monte Grappa (Italy) ; 
Bakony (Hungary). 

I I, 8, pls. clxxix, clxxx, ccxcix, o I, 8, pl. ccxxxvi. 3 I, 8, pl. ccxxxvii.  
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gremerse. :Fauna and  Loca l i t i e s .  
seissum. 
[Anc~176 ~ ~ Bred~jia spp. Burton lh'adstock (Dorset) ; Cotteswolds (Gloucester- 

shiro) in the Sandy Ferruginous Limestone; 
Normal~dy ; Rhone Basin ? 

tIammatoeeras (insl.qne). Watton Cliff, Eype (Dorset), Junction-Bed; Cole 
[Dumortieria/dispansum~. (Somer.~et), llrutou Sands; Cotteswolds, Cepha- 

lopod Bed ; widespread on the Continent. 

VI. A PAL_t:OS'rOI,OClC.~ L N o ' r E - -  TETRA RH I-NCHIA 
ZnOR.vCO.UmEXSJS, nora. nov. 

J .  F. Walker  identified specimens of this eharaeteristie fossil 
from the Thorneombe bed as his Rh:ql, eho~,ella ~,orthamptonel,sis, 
and it is presumably the same form from the same deposit at  
Nor th  Allington, ndar Bridport, that  he called 'Rhynd ,  onella 
tetrahedra, var. northa#q~lonel, sis.' I But  the Thorneombe form 
eertainly is not the same species as tha t  from Northamptonshire,  ~ 
for tha t  has clean-cut, sharp ribs ; whereas the Thorneombe fossil 
has blunt, somewhat rounded-off ribs, and has a general smoothed- 
off appearance. As the two forms arc certainly not contemporaries, 
as the Thorneombe fossil marks a particularly distinctive horizon 
on ~che Dorset coast, and as it has been frequently necessary to cite 
the name, it seems preferable to give it a distinet appellation rather  
than to perpetuate one which will require changing. I have 
selected a type to be figured in the proposed paheontologieal 
sequel to this paper, where it is also hoped to figure al~d describe 
various ammonites and braehiopods, which have special bearing on 
the chronology of Lias-Oolite rocks as well as giving evidence for 
widespread deposition of certain deposits. 
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VIII .  API'ENDICES. 

Appendix I--SEcTIOXS OV TIIE JC~'CTIOX-BED XS"D CONTIGUOUS 
DEPOSITS.  B y  J x ~ t E S  ]~REDERICK JACKSON. 

[ In  brackets  remarks  on ammonites and brachiopods,  by S. S. Buckman.]  

(l) I l l tmdnc t ion .  

My acquaintance with the Junction-Bed dates from 1912 ; and, 
in the course of a number of visits to the sections between that 
date and 1920, several fnteresting facts bearing on the st latigmphy 
and pal~eontology of the bed have come under observation. Some 
of these facts appear to be new, and others, while not strictly new, 
have proved to possess a greater signilieanee than had previously 
been recognized. 

(2) Characters  of tile Junc t ion -Bed  (Western  Cliffs). 

In 1910 Mr. Buekman 1 recognized six separate layers ill the 
Junction-Bed, and referred them to the lmmerw striatulum, lilli (?), 
bifrons, ~/hlciferum, and spinatum. Day's ' Pleurolomaria Bed'  
was not certainh" identified. I have now noted, in addition to 
the above subdivisions : (i) a lenticular development of clay (0 )  
between the falciferum and s})inatum layers at Down Cliffs; 

x 'Ce r t a in  Jurass ic  (Lias-Oolite) St ra t~  of South Dorset ,  & their  Corro- 
]ation ' Q. J .  G. S. vol. lxvi (1910) pp. 57 et seqq. 
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(ii) a thin ferruginous layer (N) with Ha~'poceratoides spp. below 
the limestones of thefalc~/brum laver at Thorneomhe Beacon; 
and (iii) a marly layer (N,) at the top of the s~.r.;'ala bed, also at 
Thorncombe Beacon. 

The blue sandy 'Upper Lias '  clays everwvhere rest non- 
sequentially upon~the lilnestones of the Jm;ction-Bed with a 
remarkably sharp line of division; and, owing to the impersistenee 
of the several layers of the Junction-Bed. the clays may rest upon 
any layer from "the striatulum to the falcifem~#~ zone. Usually, 
the basal 6 to 12 inches of the clays become more sandy and 
ferruginous than the main mass above, and this lower portion 
contains a good many coarse-ribbed Dttmov/ieri~e in the condition 
of friable casts--mostly too rotten to be 1)reserved. A long 
slender Belemnites sp. occurs, but is uneolnmon. 

The lithic character of the striatul~m layer varies much. In 
parts it is a hard. rubbly, greyish-yellow limestone; in other 
sections it is a soft earthy marl, with harder lumps and many 
limonitic nodules and rolled fossils in a perished condition. A~t 
the base is a very thin, iml)ersistent seam of (lense laminated 
limestone showing an obscure mammillated structure, suggestive of 
' Cotham Marble.' Whenever the top of the striatulum layer can 
be examined in situ, it supplies plain evidence of long-continued 
quiet erosion, prior to the deposition of the ' Upper Liassic ' clays, 
being planed off peHectly level and displaying ammonites in sec- 
t i o n - t h e  lower or embedded side well preserved, the upper 
removed by the erosion. From a fallen block below Down Cliff I 
collected a large altiearinate Hau[/ia, 53221 ~Esericeras aft. eseri 
(Oppel), more mnbilicate?, ahnost as accurately cut through as if 
sliced on a lapidary's wl~eel: the erosion has" removed the shell 
down to within a few millimetres of the thin high keel ahnost 
equally around the greater portion of the circumference of the 
shell. The strialulum laver reposes upon the smoothed top of 
the b~frons laver with a well-marked plane of division, but 
in perfect conformity. There is no obvious indication of the 
extensive non-sequence known to exist--a good illustration of the 
kind of deceptive conformity that has led to so lnanv under- 
estimates of the importance and real time-value of a;:tenuatecl 
deposits. 

The bif~'ons layer is a hard tough linlestone, usually mottle(I 
pinkish-yellow and red. Sometimes the stone is wholly fine- 
grained and massive; generally it abounds in pebbles of a similar 
rock, together with derived Hihtoceras b~frons. ~ The derived 
ammonites are often reduced to mere lilnonitic pebbles showing 
traces of the sutures, etc. Unworn examples of H. bifrons occur 
among the redeposited specimens. The upper 2 or 3 inches of the 
bifrons layer is a greyish-yellow rubbly limestone, abounding i1~ 
small specimens of H. aft. bif~'ons and Dac@lioceras cf. commune ; 

These  numerals  refer to my  register  of specimens.  
" Trivial  names  of species are used sen~'~e I(do. 
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two or three species of small, thick-ribbed, involute Dactyloids 
are not uncommon. Tile b~'roJ~s layer is separated into two 
or three minor seams by impersistent planes of erosion, and occa- 
sionally the atmaonites subjacent to these planes are in a similar 
condition to those at  the top of the str/ofuh~m layer. Some of 
~he ammonites are embedded in a vertical or highly inclined 
position, and in one or two instances which came under my obser- 
vation the ammonite was seen to be truncated bv a plane of 
erosion : a portion h~ving been removed while the remMnder con- 
tinued firmly fixed in the rock, which must  have been completely 
consolidated previous to the erosion. The division between the 
bifro~s and f(dcifc,.um layers is often rather  obsem'e, and falsely 
suggestive of a passage. 

The .falciferlim layer is a very hard tough limestone of a 
yellowish-pink eolour, often mottled with red blotches ; occasionally 
it is rather greenish. Sometimes the rock is fine-gl'ained and 
comp.~et; more often it is highly conglomeratic, containing 
broken and rolled H,,pocerata and pebbles of a similar limestone. 
,ks in the biX~'ons laver, there ar t  lninor layers separated by planes 
of erosion. Apart  "~rom Hco'l)OCeras fale/fer~tm, fossils are un- 
common, and all are very dittlcult to extract  on account of the 
intense hardness of the stone. 

Thefalciferttm layer frequently rests directly upon a planed-off 
s~lrface of ' marlstone,'  but in 1)laces it appears to be transitional 
f rom a thin, earthy, ferruginous seam with Ple~'otomariw and 
other gastropods--1)resmnably the ' Pleurotomarh~ Bed '  of Day. 1 

That  writer 's description is so vague tha t  it is difficult to 
determine whether he considered the ' Pleurotomaria Bed '  to be a 
separate l~yer at  the base of the ' Upper Lids' limestones, or merely 
the highest portion of the ' marlstone.'  Mr. ]3uekman has observed 
an impersistent seam with nests of P/eu~'otomariw at  the top 
of the lower or spi~lat~tm layer of ' marlstone,'  which he considers 
to be the true 'Pleu~.otomerria Bed.' I have not noticed any 
very definite ' Ple~rotomaria Bed,' al though Pleu)'otomariw are 
fidrlv common in the se;'rata bed and rare in the main mass of 
the "lower or sl)inat~lm laver. I t  is, perhaps, doubtful  whether 
there is any particular horizon especially entitled to the term 
' Pleurotomaria Bed.' 

At  Down Cliff a lenticular deposit of clay. intervenes between 
~he falciferum laver and the ' mar ls tone: ;  but, since no fossils 
were obtained, it is impossible to say anyth ing  as to the exact 
date of this clay-baud. The occurrence of a lentiele of clay 
w i t h i n  the Junct ion-Bed is noteworthy. 

The sl)iaatan, layer or ' marlstone,'  when fully developed, is 
divisible into two seams. The upper, Mr. Buekman's  see'rata bed, 
is usually a fine-grained oolitic limestone with a rich assemblage 
of well-preserved fossils: occasionally it  is conglomm~tie. The 

I 'On the Middle & Upper Lids of the Dorsetshire Coast' Q. J. G. S. 
vol. xix (1863) p. 288. 
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lower portion of the 'marls tone '  is a harder and much coarser 
rock, and is often highly conglomeratic. Most of the pebbles are 
made up of a similar coarse ' marlstone' ; but pieces of a compact 
blue limestone and micaeeous sandstone occur. Many large flat 
pebbles are thickly encrusted with a small Serpula an((riddled:~by 
Zithopha.qus borings, the shells sometimes remaining in the crypts. 
There does not appear to be any definite line of division between 
the two layers of 'marlstone. ~ The base of the ' marlstone'  is 
always highly irregular, on account of the presence of large 
branching and tuberous concretions of calcareous mieaceous sand- 
stone. The 'marls tone '  rests upon an impersistent stratum of 
blue sandy elay, or directly upon the underlying Yellow Sands. 

(3) Detai ls  of Sect ions ( W e s t e r n  Cliffs). 

I think that it will be convenient to describe the sections from 
Down Cliff to Thorncombe Beacon before dealing with the ex- 
posure at Watton Cliff, east of Evpesmouth, which exhibits~so 
reinarkably abnormal a facies as to call for special consideration. 

The following scheme of lettering of the several layers of the 
Junction-Bed and the contiguous deposits will be utilized through- 
out the sections to be described below : - -  

SCHEME OF LETTERING. 

H a m m a t o e e r a s  . . . . . . . . . . . .  I ) .  
d i s p a n s t o n  . . . . . . . . . . . . . . .  E .  
s t r u c k m a n ~ z i  . . . . . . . . . . . . . . .  F .  
l~edieura . . . . . . . . . . . . . . . . . .  G. 
eseri  . . . . . . . . . . . . . . . . . . . . . . . .  H .  
s t r i a f u h ~ m  . . . . . . . . . . . . . . .  I .  
v a r i a b i l i s  . . . . . . . . . . . . . . . . . .  J .  

~ui (?) ........................... I(. 
bif l 'ons . . . . . . . . . . . . . . . . . . . . . . . . . . .  L .  
f a l c i f e r ~ m  . . . . . . . . . . . . . . . . . . . . . . . .  ~ I .  
p r e - j h l c i f e r u m  . . . . . . . . . . . . . . . . . .  ~'.. 
c lay  wi th in  J u n c t i o n - B e d  . . . . . .  O. 
~errata  . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .  
P l e u r o t o m a r i a  (?) . . . . . . . . . . . . . .  Q.  
s p i n a t u m  . . . . . . . . . . . . . . . . . . . . . . . .  R .  
e lay  be low J t m e f i o n - B e d  . . . . . .  S. 
ye l low sands  . . . . . . . . . . . . . . . . . . . . .  T. 

t t tom~combiens is  . . . . . . . . . . . . . . .  U.  

SECtiON I - -THE JUNCTIoN-BED AND CONTIGUOUS DEPOSITS, 3IEASURED 
in s i tu  ~'EXR XHE WEsx~a.x E.~v oF D o w ~  Cm~:F. 

H e m e r ~ .  S t r a t a  a n d  F a u n a .  
])umort ier ice .  A +  ]3. Blue sand)" 'Upl)er  L ia s '  clay. Coarse-ribbed 

D u m  ortierice. 
, hnpers is tent  irony scale. 

L i l t i ? - -  K + L .  Pale conglomeratic l imestone, with a very 
B i f r o n s .  smooth top. 

:Hi ldoeeras  bi frons ,  ] ) a e t f l i o c e r a s  ef. com- 
mune,  Rhgnchone l la .  

[5217, a fissicostate Rhynchonell id,  gen. et 
sp. nov. ; 5211 a, S tohnorhynch ia  of. bothen.  
hamptonens i s  (Walker)  ; 5211 b, St. ef. bou- 
chard i  (Davidson), but  with too s trong a 
fold.] i 0 

Fa in t ly-marked  part ing.  
�9 'a Ic i ferum.  M. Yellowish limestone with  red blotches, i 

H a r p o c e r a s  f a l c i f e r u m ,  D a c t f l i o c e r a s  sp. 0 
S p i n a t u m .  R. Oolitic conglomeratic 'mar ls tone , '  with a very i 

smooth top. B e l e m n i t e s  spp., ~ s e u d o p e v t e n  
~equivalvis. 0 

T. Soft, yellowish, clayey sands. 

F e e t  inches .  

o o~ 

0 2 

7-& 

6-9- 
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On the coast the westernmost exposure of the Junction-Bed is 
near the western end of Down Cliff, where the.falc~rum layer 
rests directly upon the 'marlstone.' A few yards east of this 
aqrst exposure a clay-band crones in between these layers, and 
continues ahnost to the eastern extremity of Down Cliff, where 
it passes into a band of earthy marly stone. Section I shows 
the sequence near the western end of Down Cliff. 

Section II  shows the sequence near the eastern end of Down 
Cliff. Here the stria~ulum layer is present, and the inter- 

fidc~erum-sTinatum clay-band reaches its maximum thickness. 

SECTIO~ I I - - T ~  JU~CTION-13F~D AXD COYTIGUOUS DEPOSITS, MEASURED 
in situ ~E&It TIIE EASTERN END OF DOWN (~LIFF. 

Homer~e.  S t r a t a  and  :Fauna.  Feet inches. 
1)umortierice. A. Blue, sandy, 'Upper  Lias '  clay. Coarse-ribbed 

Dumortierice in friable condition; BeIemnites: 
s p .  i 

Transitional from I 
B. Yellowish sandy clay with ferruginous streaks. I 1 0 

,Striatulum. i I [ G + H ] .  Grey earthy limestone, with many rotten 
[Traces of , limonitic nodules and rolled ibssils. Grammo- 

~vedicum and: eeras spp. common. Top planed off very 
eseri thunas]. ~ smoodi. ' 0 2 

[5317, Grammoceras aft. audax S. B.; 4989, G .  
aft comptum Haug;  5320a, G. penestriatu- 
lure S. B.; 53[9, G. aft: 19enestriatulum S. B.; 
5315, 5318, G. aft. penestriatulum S. B., b u t  
coarsely-ribbc~l ; 5320, G. aft. striatulum; 5317 a, i 
G. aft: thouarsense, rather strongly ribbed; 
5316, Pseudogrammoceras cE paehu S. B., b u t  
more finely ribbed (pedicure fauna) ; 5322, Eseri. 
ceras aft. eseri (Oppel), I)ut more umbilicate.] i 

Stroug parting. 
]Lilli (?) K. VChitish rubbly limestone. Small HiHoceras  

bifrons, tghvnchonella sp. 0 4, 
[-5"Zlt (2 examples), Stohnorhynehia bouchardi/  
bothenham29tonensis 

Obscure parting. 
Bifrous. L. Pinkish-yellow conglomeratic limestone. Hildo- 

eeras bifrons. 0 7 
Obscure parting. 

�9 "alciferum. hi. Sin dlar limestone, but showing bl'ight red 
blotches. Harpoceras falciferum. 0 6 

Pre- O. Very stiff, greyish-yellow, mottled clay. No 
faleiferum.' fossils observed. 0 l0 

�9 Spinatum. R. Oolitic conglomeratic 'mar]stone,' with a mark- 
' edly planed-off top. Belemnites spp. common, 

.Pseudopeeten wquivah, is, Rhgnehonella tetra- 
, Fdra. 0 7 
i Resting with very irregular ba~e upou 
T. Yellowish clayey sands. 

The ' marlstone' of the Down-Cliff sections is ahnost certainly 
�9 only the lower layer of that deposit. No evidence of the upper or 
.serrata bed was found at Down Cliff, and the planed-off top of the 
' marlstone ' points to a considerable non-sequence. 

The 'marlstone' at Down Cliff rests directly upon the Yellow 
:Sands, without the intervention of the clay-bed seen in Doghus 
.Cliff and Thorncombe Beacon. At the eastern end of Down Cliff 



l~a~ 4] Jrm~ssIc CI~RO_XOLOGr. 4-~1 

a thin laver of sandy clay is beginning to come in beneath the 
' marlstone,' and it thickens rapidly towards Doghus Cliff. 

Section I I I  illustrates the thil~ning-out and change in lithic 
eharacter of the lenticle of clay O. 

S~cTIox I I I - -T~t~ Jt'.nc~rox-BEO, .~tE.r D ix x BLocK O.n rrfE TALUS 
/iT TIIE EXS~ER-~ END OF DOWN CLII~F. 

H e m e r ~ .  S t r a t a  a n d  F a u n a .  Feel inches. 

_Bifrons. L. Massive mottled limestone. Hildoceras bifrcms. 1 2 
Obscure l)art mlz. 

X;'ale!ferum. M. Whitish and piuk, couglomeratic, mottled lime- 
stone; f,rruginons near the base. 0 7 

Apparently transitional fi'om 
~Pre- O. Greyish-white, nodular, earthy store, with marly 

falei)eemtm ? streaks and patches. 0 3-5 
Apparently transitional from 

�9 8Tinatum. R. Oolitic conglomeratic 'marl.~toue.' Belemnites 
spp., t)altopleuroceras sp. _~5168, Paltr 
Betas ef. pseudoeostatum Hyatt ,  but more spi-! 
nose.J Seen to 0 8 

The ' marlstone ' here is ahnost certainly the lower or pre.se~'rata 
layer, and the ' P l e u  ro lomar ia  Bed' Q is u~idoubtedlv absent: hence 
the appearance of a transition from R to M must be considered 
illusory. In formations where ' c o n t e m p o r a u e o u s  ' erosion has been 
active (especially if the materials be at all soft) so much inter- 
mixture of matrices has taken place along the line of contact of 

SECTIOn- IV--TIIv, JUNCTION-BED, _~II~ASURED IN X BLOCK 0.~ TIIl~ 
TALUS BELOW DooJ_tvs CLIFF. 

Nemera~.  S t r a t a  and  F a u n a .  Feet inches. 
_Bifrons. [ L. Pinkish-yellow mottled limestone. Hildoeeras i 

bifrons, rolled fragments of Harpoeeras sp., i 
Rhynchonella cf. moorei. ~ 0 

( O1)seure parting. 
]M. Similar, but harder, limestone. Very large 

Harpoeeras falciflerum, Daetylloeeras spp., 
' Aulaeothyris'  sp. 

[An inverte~l Terebratulid (5218) a little llke 
T. aspasia Menegltiui & Zittel, but rounder, 
not nearly so sulcate, aud possessing a smaller 
beak.] 

Obscure partiug. 
Q. Impersisteut earthy ferruginous seam. Pleuro- 

tomarice, Amberleya, Cddindrites, Trochus ; 
Plieatula cf. spinosa. 

Resting upon a l~ther irregular surface of 
1l. Rough conglomeratic 'marlstone.'  Palto- 

pleuroeeras spiuatum, 1)iseohelix sinister, 
Pteria 'incequivalvis,' Pseudopeeten aequi- 
valvis, Modiola, Ostrea, etc. ; Rhynehonella 
aeuta, Rh. fureillata,  Rh. tetragdra, Tere- 
bratula punetata, Zeilleria cornuta, Z.  
ffuadrid~da , Spir i f  erina oxygona. 

[5137, t'altopleuroeera8 ef. pseudospinatum 
Hyatt,  but has many nmre ribs ; 5689 (2 ex). 
Homoeorhynehia aeuta, medium size; 5361, 
~urcirh.ynehia fureata S. B. ; 1830, Tetra- 
rhynehia ef. tetragdra.] 

~ateiferum. 

Pleurotoma ria ? 

�9 Spina turn. 

0 7 

0 1 -2  

0 9 
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newer with older deposits, which may be perfectly ' conformable,' 
that  a false appearance of transition results: and such pseudo- 
sequences may give rise to very erroneous views as to the real 
importance of formations such as the Junction-Bed or the 
inferior Oolite. 

I was unable to measure a satisfactory section in situ at Doghus 
Cliff; but some blocks on the talus showed features of considerable 
interest. Section IV (p. 4 i t ) ,  which is taken from one of these 
blocks, is important, in that it shows what Mr. Buckman considers 
to be the 'Pleurotomaria Bed.' T h e ' m a r l s t o n e ' h e r e  does not 
appear to include any represez~tative of the serrata bed. The 
'_Pleurotomaria Bed'  (?) is impersistent--it  is absent from the 
great majority of the blocks on the talus. 

As an illustration of the remarkably variable characters of the 
Junction-Bed, the following section "(V) of another block on the 
talus of Doghus Cliff is of some interest. 

SECTION V--THE JUXCTIOX-BED, MEASURED IN A BLOCK ON 
�9 HE TALUS BELOW DOG,US CLIFF. 

Hemer~e .  S t r a t a  a n d  :Fauna. Feet inches. 
~Lilli (?). K. VVhite rubbly limestone, with ochreous nodules. 

Worn J~itdoeeras aft. bifrons, Daetfflioceras spp. ; 
Rh~nehonella sp. 0 3 

[1763, 499-~, 5279, 5308, micromorph Dactyloids 
presenting the aspect of Ammonites da#i Reynbs ; " 
5278, nficromorph Dactyloid of Cceloceras aspect ; 
1777, 4991, 5212 (2 examples), 5309, Stolmo- 
rhynehia bothenhamptonensis ~Valker.]' 

Very obscm'e parting. 
Bifrons. L. Pinkish-yellow mottled limestone. Hildoceras 

bifrons. 0 10 
Resting upon the markedly planed-off top of 

Serrata. P+  R. Light-brown oolitic 'marlstone,' becoming rough 
spinatum, and conglomeratic towards the base. Many small 

gastropods (Amberle#a, Cerlthium, Pleuroto- 
maria, Troehus, etc.) near the top. Rh~/nchonetla 
aeuta, Rh. spp., Zeilleria cornuta, Spirlferina 
sp., Serpulce, etc. 1 2 

1-5155 (2 ex.), 5687, Homoeorh#nchia aeuta (large) ; . 
5163 (2 ex.), Rudirhgnehia sp. = Rhynehonellal 
fal lax (Deslongchamps) Walker, but presumably ~ 
new; 5360, Quadratirhjlnehia cf. erassimedia 
S . B . ;  5686, Stolmorh.ynehia bouehardi; 5159, 
Spiriferina ox#gona Davidson non Deslong- 
champs, eL 819. signensis Buvignier.] 

Here thef idci ferum layer and tile ' Pleu;'otomaria Bed '  (?) are 
absent, while the sem'ata bed is present. The lower laver of the 
' martstone ' appears to pass up into the serrata bed wit~hout any 
break; probably this false appearance of transition is due to a 
mingling of matrices along the line of junction. 

Scattered about on the talus of Doghus Cliff are several ]urge 
slabs .of (prest~mably) 'Upper  Lias '  linlestone, showin_~ a worn 
ana plrrea surtace covered with the adheren~ valves of~a small 
species of Oslrea and, more rarely, a large tristate Serpula. N(r 
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,satisfactory evidence sufficient to date the non-sequence thus 
indicated was observed, and the question must be left open to 
future research. 

The clay which was noted as coming in beneath the ' marlstone ' 
at the eastern end of Down Cliff thickens rapidly under Doghus 
Cliff, where a thickness of over 10 feet can be seen. The maxi- 
mum is at  Thorncombe Beacon, where the thickness of clay is not 
less than 16, nor more than 20 feet. 

The ' marlstone ' att~dns its maximum thickness in the central 
portion of the Thorncombe-Beacon cliffs; but, unfortunately, owing 
to the steepness of these cliffs, it can scarcely be reached in situ. 
However, a very large recent slip has brought down to the shore 
an abundance of blocks: these yield a rich fauna, and show most 
of  the subdivisions of the Junction-Bed,  with the exception of the 
striatulum layer, which, as 511'. Buckman has pointed out, 1 is 
probably absent from Thorncombe Beacon. Section VI  shows 
two layers N, N~ not previously noticed. 

SECTIO~ V I - - T H E  JUNCTIoN-BED, MEASURED IN A VERY LARGE BLOCK ON 
THE TALUS JBELOW THE CENTR/kL PORTIO.'~" OF THOR:~'COMBE BEACON. 

Hemerve .  S t r a t a  and  F a u n a .  Feet inches. 
�9 'alciferum. i~,f. Massive limestone, mottled greenish and pink. 

Harpocerasfdciferum, Belemuites sp. 0 9 
Transitional from 

Pre- N. Earthy ferruginous seam. Harpoceras spp., t~hyllo- 
faleiferum, ceras .<p., Pteria ' in~equivalvis,' Trapezium sp., 

small gastropoda. 0 2-3 
[5220a, Harpoceratoides kisslingi (?) Haug; 5219, 

5220, /-L cf. kissli~,gi Hang, but very finely 
ribbed; 5169, a micromorph Pl~ylloceras, like 
Ammonites calypso D'Orbigny, 'Ter r .  Jurass.' 
1845, pl. cx, but with straighter constrictions and 
a smaller umbilicus.] 

Obscure parting. 
Pre- N1. Hard, greyish-white, nodular, earthy limestone 

faleiferum, with Harpoceras spp. at the top of the bed. 
The lower portion of the bed is a soft yellowish- 
white rock with scattered oolitic grains, which 
appears to pass imperceptibly into the earthy 
limestone at the top. Rh~J~ehouella acuta (?), 
/~h. sp. in the lower portion. A layer of large. 
Belemuites spp. near the ba~e. i 0 3-5 

From the top of the bed : ~5222, Harpoceratoides ? ' 
aff..fellotbergi Hang; 52:21, Harpoceratoides? sp.]l l 

Very obscure parting. 
P. Finely oolitic, light-brown 'marlstone.'  l~alto - 

pleuroeeras spinatum, large Harpoceras sp., 
large Belemnites spp, Cerithium sp., l~leuro- 
tomarice spp., Troehus ~p., etc.; :Pseudopecten 
wqulvalvis; Rhynchouella acuta, Rh. furcil- 
lata, Rh. serrata, Rh. 'tetra~dra,' Rh. spp., 
Terebratuta puJ~ctata, Zeillerla spp., S_piri- 

retina sp. 1 0 
~5167, a brephomorph of l~altopleuroceras cf. 

spinatum (D'Orbigu.v), showing the coronate stage 
strongly spined, before the advent of a carina; 
5231, Harpoceratoid ~ garpoceras radians 
Wright, Mon. Lias Atom. (Pal. Soc. 1882) lxx.xi, 
4-6. 

;Serrata. 

i Q . j . G . S .  vol. lxvi (1910) p. 82. 
Q. J . G . S .  No. 312. 2H 
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-Feet  inch es .  S t r a t a  a n d  Fauna .  
1827, 5191 (4 ex.), Homceorhynchia aeuta (large) ;, 

5156, Fureirh.gnchiafurcata S. IL- 5192, Priono- ' 
rhq~whia sem'ata ; 5195,/~. ffuinqueplicata ; 5157 
(2ex.), Qna~h'atirh.ynchia ct-crass imedia  S. Buck- 
man ;  5196, Stohnorhynehia of. bolheJ~hamt~tou- 
ensis ; 5197, S. bonchardi ; 5192 a, Rudirh.qnchia 
(?) sp.=Rhgnehouella fa l lax  (I)eslongchamps) 
Walker ,  1)ut presumably new;  5194,, l~udirh.yn- 
chia ? cf. Terebratula triplieata fronto (~uen- 
stedt ; 5160, Zobothyris puuctata ; 18 ~5, Zeilleria 
eornuta; 184t, Z. af t :  cornuta; 53~3, Z. ef. 
ffuadrifida ; 5161, Z. s p .  

A p p a r e n t l y  transit ional from 
82pinatum. R. Rough congh)moratic 'mar l s tonc , '  with large irre- 

gular  concretions of calcareous sandstone at the 
base. Rhynchonella ' tetra~,h'a,' Rh. spp., Tere- 
brattda punctata, Zeilleria sp., Spiriferina 
sp., etc. 0 4 - ~  

~3726, 7~trarhy,chia media tetrai:(h'a ; 4950, 
Qnadratirhynehia qft: cmtssimedia ; 5359 ,  
(~. crassime,tia 'sphceroidatis ; 4523, Q. aft: sphce- i 
roidalis ; 5199,L:)hoth//rispunctata ; 4:151, L. sub- I 
puuctata ; 1843, 5190, Anhteothyris t im 'e l la ;  
1838, 52tJl, Zeilleria marice: 5202, Z. sub-i 
numismalis : 5201), an inverted Terel)ratulid (gen. i 
nov. ) ;  5331, Spiriferina o.r.E.qon~t (Davidson);  
18J~I, 5158, Sp. Sl). like nxy,qona I)avidson, but  
with a costate fohl;  18J~0, Sp. sp. (smooth)--cf .  : 
829irifer vosh'atus l)avidson, Mon. Brit. Ool. L i a s .  
Brach. I I I ,  1851, ii, 3.~ 

The presence of f[art~ocem#oides and the absence of Pal to-  
pleuroceras indicate tha t  at least the upper portion of laver N~ 
belongs to the 'Upper  Lias.' The date of the lower portion" of N~ 
is very doubtful ;  no fossils of zonal importance were observed, and 
~here are only ver S obscure indications of any break at  the base. 

The presence in the ser;'at~t bed of a large ~Harpoeeratoid bearing 
a superficial reselnblanee to H~u)oceras falci j 'erum is of some 
interest, in tha t  i t  enables us to understand how early observers 
came to record ' Ammon i t e s  serpentinus, '  etc., from the 
'mar l s tone '  portion of the Junction-Bed. No real credence can 
be given to the alleged occurrence of typical ' Upper Lias '  species 
in the  ' marlstone.'  

_Pleurotomari~e occur in the sem'ata bed, but no indication of  
any definite ' Pleurotomari,  t Bed '  was observed. 

The bmchiopoda are the most abundant  fossils of the two 
' marlstone '  layers. _Rhy~chol~ella serrala is fairly common in 
the serrata bed, to which it would appear to be confined. Large 
specimens of Rhynchonella acuta, often in a fine state of preser- 
vation, are common in the serrata bed ; tgh. aettl(t is very nmeh 
rarer in the basal ' marlstone ' layer, so much so tha t  an abundance 
of tha t  form in a block is strongly suggestive of the serrata bed. 
Rh.  acuta is markedly rare at  Down Cliff, where the serrata bed is 
considered to be absent. 

Sec t ion  V I I  was  m e a s u r e d  in situ near t h e  eastern end o f  
Thorncombe Beacon, only a short distance east of the position from 
which the block measured in Section VI  must have fallen. It, 
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shows the most attenuated facies of the Junction-Bed yet observed 
on the coast. 

SECTION" VII--TuE 
i;t 8it~ CLOSE 

Hemerse. 
Dumortierim A + B. 

B~.o~s. L. 

Ser~'ata. 1 ). 

JUNCTION-BED AND CoNxIGrous DEPOSITS, MEASURED 
TO THE EASTERN ]SND OF TIIORNCOMBE IIEACON. 

S t I a t a  a n d  : F a u n a .  :Feet inches. 
Blue sandy ' Upper Lias' clay. Coarsely- 

ribbed Dumortie~'ia sp. in friable condition. 
Thin irony scale 0mpersistcnt). i 0 0�88 
Earthy conglomeratic limestone, with a mark- 

edly-smooth top. l l i ldoceras bifrons, i 0 5-6 
Strong parting. 
Light-brown, finely oolitic ' marlstone,' viehling I 

Rhynehonella ae , ta .  Top planed off" very l 
smooth, i 0  6-7 

]testing upon 
S. Blue s'mdy clay. ! 

Sections I to V I I  will have served to illustrate some of the 
extraordinary complexities of the Junction-Bed; a larger number 
of sections would show still further variations. 

A few yards east of Section VI I  the outcrop of the Junction- 
Bed leaves the cliff-face, and turns inland ; when the Junction-Bed 
reappears at Walton Cliff, east of Eypesmouth, the whole facies 
is remarkably changed. 

(4) The Wat ton-Cl i f f  Section.  

From the last appearance of the Junction-Bed at the eastern 
end of Thorneombe Beacon to its reappearance at  the westera 
end of Walton Cliff, east of Eypeslnouth, there is a gap of some 
three-quarters of a mile. 

At  }Vatton Cliff the Junction-Bed is exposed in a particularly 
inaccessible position, i t  forms a kind of projecting cornice, 
high up in the precipitous face of the cliff, on the upcast side of 
the great fault that  throws ' Fuller's E a r t h '  and ' Forest Marble '  
against the ' Middle' and ' Upper Lias.' According to the Geolo- 
gical Survey, the downthrow is at least 42.5 feet.' 

The only published reference to the existence of the Junction- 
Bed at Walton Cliff that I have been able to find is the following 
short and inconclusive note by the Geological Survey ( loc .  cir.) : 

' East  of Eype the cliff again exhibits a portion of the Middle Lias. At the 
base there are blue days  with Ammoni t e s  margaritatus,  and these are suc- 
ceeded by the Starfish Bed, the Laminated Beds, and Yellow Sands. These 
are capped by grey shyly beds, that  include a hard band that  may be the 
Junction-Bed of Middle and Upper Lias, with perhaps some portions of 
the overlying Upper Lias. The higher strata were, however, dittlcult of 
l~eeess.' 

I t  seems somewhat remarkable that  this unique section should 
have escaped general notice for so many years, i t  is quite easy to 
observe from the talus that the JunctionS-Bed is much thicker here 
than in the Western Cliffs. 

1 , The Jurassic Rocks of Britain: the Ligs of England & Wales '  Mere. 
Geol. Surv. vol. iii (1893) p. 200. 

2 H 2  
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SECTION V I I I - - T ~  JUI~'CTION-BED, MEASURED ON X BLOCK O-~" THE TALUS 
AT TH]~ WESTERN END OF WATTON CLIFF, EAST OF EYPESMOUTII. 

H e m e r s e .  S t r a t a  a n d  F a u n a ,  Feet inches. 
Dumortieria. A. Traces of blue sandy ' Upper L ias '  clay. 

Transitional from 
B. Hard, sandy, ferruginous clay with oehreous veins. 

Coarsely-ribbed Dumortierice in friable condition ; 
obscure gastropod-remains, fragments of I so -  
crinus sp. i 0 3-5 

Transitimnd from 
C. Whit ish earthy limestone in two irregular layers. 

A seam of  small slender :Belemnites sp. 0 2-5 
N o n - s e q u e n c e .  

[Hammato- D. Intensely bard, finely laminated, lithographic lime- 
ceras?] stone; tim laminm are of various shades of p a l e  

brown and bluish grey. The lower portion splits 
readily into tbm platy slabs, covered with fine 
dendrites; the upper portion is more massive,  
and breaks with a sub, conchoidal fracture. Many : 
finely-preserved ammonites; no other tbssils, 
observed. I 0 7-8 

[5323, Aloeolytoeeras cf. 9ermaini (D'Orbigny), I 
a smooth cast, ornament ahnost obliterated ; 5684, ' 
Frechiella aft. subearinata (Young & Bird), a'~ 
brephomorph, beautifully preserved, with white i 
matrix in the body-chanaber: this shows the; 
transitiou tYom Cymbites to the Paroniceras I 
stage, but has not got to the Freehiella stage el l  
bisulcate periphery ; 5324, 5325a & b, 5680, 5682, 
costate forms, more than one species, like Ammo- 
nites rugatulus Simpson, also like -4. multi-~ 

foliatus Simpson, lint more costate ; 5325, 5679, : 
5679b, costulate to capillate forms, like _4. similis 
Simpson, but thinner;  5325 c, a micromorpb of, 
presumably, Grammoceras-striatulum type.] 

Impersistent  earthy parting : n o n-s e q u e n c e. 
Dl. Intensely hard, greyish-yellow, non-laminated,  

sandy limestone. No recognizable ibssils, except 
fragments of a small Rhynchonella sp. 0 5-6 

A p pa re  n t 1 y transitional from 
D 2. Massive cream-coloured limestone. 13elemnites sp. 0 4-5 

A p p a r e n t l y transitional from 
Ds. Cream-coloured shelly limestone, crowded with 

Grammoceras sp. [5326, G. aft. thouarsense'l, 
especially at the base. Many minute gastropoda: 
Amberleya, ,4taphrus, Cerithium, Crypteenia, i 
Troehus, etc. ; :Rhynchonella sp., Zsocrinus sp., 
echinoid radiole. 0 3-4 

A p p a r  en tl  y transitional from 
D4. Pale cream-coloured laminated limestone. 0 3 

Distinct parting. 
Ds. Compact, cream-coloured, laminated limestone, 

somewhat false-bedded on a minute scale. 
Fragment of Nautilus sp., Ataphrus sp. 0 2-10 

Resting unconformably upon 
[Thorncombi. U. Hard yellowish-brown ferruginous rock of 'ma r l -  

ensis.] s tone '  type, almost identical in lithic characters 
with the T.-thorneombiensis Bed of the Western 
Cliffs. Rh.~nehonella sp. [Tetrarhynehia thorn. 
eombiensis7 common ; Belemnites sp. ; fi 'agment 
of large Harpoeeras on the top of the bed, but 
probably not belonging to it. 0 0-10 

Very irregular base. 
�9 'ale~erum ? M ? Massive, pinkish and yellow mottled limestone. 0 8-9 

I Very obscure parting. 
M1 ? Similar, but harder limestone. Seen to 0 9-10 
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There is only one place where it is at  all possible to reach the 
Junction-Bed in sit~t with ally degree of safetv--a  kind of shallow 
gully or slide, descending from the top of the cliff along the line of 
fault to the top of the extensive overgrown talus between the inner 
cliff and the foreshore. I measured a section in the Junction-Bed 
immediately above a group of three ver~, big fallen blocks on the 
talus. The total thickness was 4. feet 7 inches ; but the only part 
that  could be reached was a joint-face, covered with stalactitic 
matter  which prevented me from recording any detailed measure- 
ments. Another section, measured in situ a few yards farther 
east, will be described later on. The aecolupanying section ( V I I I )  
was taken from one of a group of three immense fallen blocks. 
Other blocks show a very similar development of the Junction- 
Bed, but with minor variations. 

The whitish earthy limestone (C) forms a kind of capping to 
the lithographic stol~e ( D ) ;  but a close examination shows that  
there is no transition. The base of C fills shallow hollows in D, 
and cuts across the planes of lamination. The thickness of C 
is very variable. No fossils of zonal iml)ortancc were seen. 

Little more can be said concerning layer D. Mr. Buckman 
writes (in lilt., February 1921) : ' the date of D is very uncertain.' 
Layers D to ]), are closely associated, and form a group with very 
similar lithic characters, but there are small non-sequences. The 
abundance of minute gastropoda in D:~ is noteworthy. 

Below layer D s the sequence is very doubtful, and difficult to 
determine. The rock resembling ' marlstone' (U)  is a wedge- 
shaped mass, about 3 feet long, presumably a portion of a large 
slab or lenticular cake of stone derived from some lower horizon. 
Mr. Buckman has determined the t?]t~j~,cl~o~,ella to be Tetra- 
rhynchia thorncombie~,sis, which is abundant in a bed some little 
distance down in the Yellow Sands of the Western Cliffs. 
Presumably, therefore, this redeposited mass was derived from the 
T.-tho~mcombiensis Bed. Other blocks show similar lumps of 
stone, and derived specimens of 27. thorncombiensis and Belem- 
q, ites sp. are common. 

The age of layers M (?) and M~ (?) is doubtful. In lithie 
characters they remind one of the more massive portions of the 

fa lc i ferum laver of the Western Cliffs, and are very similar to 
layer M~ (?) of Section IX  (which yielded some big specimens of 
t[arpoceras .~hlciferum). In some blocks pieces of the T.-tllorn- 
combiensis Bed and redeposited Rh!/nchonellw are enclosed in the 
limestone layers M (?) and M~ (?). 

At  Watton Cliff the clay below the Junction-Bed is absent, 
and the presence of derived masses of the T.-thorncombiensis Bed 
indicates that  erosion has removed some thickness of the upper 
portion of the Yellow Sands. 

Section I X  (p. 4-18) was measured i~ sit~t immediately west 
of the point where the Lias is finally cut off by the faulted 
Bathonian rocks, and only some 30 feet east of the position from 
which the block measured in Section V I I I  must have fallen. 
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SECIION IX-- 'r~E JUNCTION-lIED AND CONTIGUOUS DEPOSITS, ~EASVE~D 
i*g 8ittg AT TIlE WESTERN- END O17 'I, VATTOS CLIFF. 

Homerea.  S lrat~  r  :Fauna, Feet inches. 
Dumo;'tieria. A + B. Blue sandy ' Ul,per I , i as '  clay. 

Marked non- ,~eq  u e n c e .  
Faleiferu~n ? 3[ (?). Very hard mottled limestone, with large Harpo- 

ceras f ideiferum common at the top. ~5230, 
Harpoceras cf. mul!lravium. ] 

Top much ir, m-staiued and planed of f smooth .  0 8--9 
Transitional from 

MI (?). Harder,  conglomeratic, mottled limestone. Small 
Harpoeeras'.? sp. near the top. ~Mieromorph, 
not Harpoeeras.] 0 10-11 

Irregular part ing.  
[Thorneombi- U (?). Soft, earthy, yellc, w i s h ' m a r l s t o n e . '  _Belemnltes 

ensi~.] sp., Syneilelonema sp., Rh.yncho~ella sp. ~5232, 
Tetrarhynchia thorneombiensis j. ~ 0 6 

A p p a  r e n t  I y transitional from I 
Ul(?) .  Rough hunpy  'mar l s tone , '  soft and highly I . 

ferruginons, [ 0 6 
A p p a r e n  t l y  transitional fl'om 

U o(?). Soft  ear thy ' m a r l s t o n e '  crowded with crinoid 
ffagment~. 0 2-3 

A p p a re n t I y transitional f rom 
L m n p y  ironshot marlstone, somewhat oolitic. 

U3(?). Obscure fragment of Harpoeeras in fl'iable 
condition. Seen to 0 7 

(About 1 fbot obsem'ed by slipped material.) 
T. Soft yellow sands, 

The most interesting feature of this section is the absence of 
the lithographic and other limestones of layers D to D,. 'I'halb all 
these beds should have disappeared in so simrt a distance is a good 
example of the remarkably sudden variations to be met with in the 
Junction-Bed. 

Layers M (?) and M?~ (?) are ahnost certainly the continua- 
tion of layers M and M~ (?) in Section VIII .  Presumably layer 
M (~),. at least, is of fi~alei erum dare--unless the speein~ens of 
-Harpoeerasfalcifer,tm are redeposited. 

Layers U (?) to U~ (?) are only separable with uncertainty, as 
the deposit is very irregular, lumpy, and confusedly nfingled. The 
fossils eharaOeristie of the 'marlstone' of the Western Cliffs 
appear to be absent, and much of the rock is more like the Tetra- 
rhynehia-thorneombiensis Bed and other hard bands in the Yellow 
Sands than the true ' marlstone.' Mr. Buekman considers thatthe 
whole of layers U (?) to U~(?) is pre-spi~atum material redeposited. 

[During further work in 1921 I discovered a block of the 
Junction-Bed (about 8 feet long) lying partly embedded in talus 
some few feet west of the group of three blocks measured in 
Section -VIII. At the eastern end, the 'Upper Lias' clay A + B  
rests upon the earthy limestone C (4 to 5 inches) and the litho- 
graphic stone D (7 to 8 inches) ; at the western end it rests upon 
~he grey limestone Dr, C and D h'tving been removed by denudation 
prior to the deposition of the ' Upper Lias' elay.~ 
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Appendix I I - -THE U},i,~R L~ts SUCCESSIOS. By LEO.N-_tr~D 
Ftt:t.N'K SPAT}t, D.Se., F.G.S., ,IoH_~- PRIh-(~LE, F.G.S., 
ANDttEW TEMPLE.~t.tS, and S. S. Bt'cK~rx~, F.G.S. 

(A) In t roduct ion .  (S. S. B.) 

Some time after my paper had been sent in to the Society, some 
important excavations were made in the Upper Lias of Somerset, 
which throw much light ou the points discussed in pp. 390-395. 
Dr. Spath sent me a summary of the results that he had obtained 
from a study of a collection made by Prof. D. M. S. Watson : this 
communication is placed first, because it enters into considerable 
detail as regards the genera and species of ammonites. Later, 
Mr. Pringle and Mr. Templeman forwarded a summary of the 
results of their collecting--particularly important because the beds 
were collected from ahuost inch by inch, with extremely happy 
results. They did not attempt much particularization of ammonites, 
because their finds were placed in my hands for detailed work. 
But, although such detailed work cannot be undertaken for some 
time, it has been possible to make a general survey of the faunal 
succession. From this information and the study of some 
Northamptonshire specimens submitted by Mr. Pringle at the 
same time, it has been possible to construct succession and corre- 
lation tables, which, although necessarily imperfect in certain 
respects, will (it is hoped) become useful bases for further work. 

(B) Upper  Lias Succession near  I lmins ter ,  Somerset .  
(L. F. S.) 

This succession is based on material collected and submitted 
by Prof. D. M. S. Watson, to whom grateful acknowledgments are 
tendered. Beds 13 to 15 were collected from at Barrington, bed~ 
4 to 12 at Stocklinch. The highest bed ( 'Top-Rock'  13) at the 
latter locality did not .yield any ammonites ; but Prof. Watson has 
~easons for considering beds 13-15 to follow on bed 12, as in tho 
succession tabulated helow. 

S t r a t a .  H o r i z o n s .  
(a)  3~arrington. 

15. ' Basement Bed of Yeovil Sands ' . . . . . . . . . . . . . . . . . . . . .  Dumortieria ? to 
( l~hl.yseogrammoceras dispansum, ] )umof  [ dispansum. 

tieria ? sp., AIocol.qtoceras ? sp. juv.)  
14. ' B I a c k  Clay, '  6 inches (famm derived) . . . . . . . . . . . . . . .  struckmannl ? to  

(Hammatoeeras of. insi.qne; Grammoceras [striatulum. 
spp. ; i)seudo.qrammoeeras ? cf. grunowi 
(Dumortier,  1 non Haue r ) ;  Haugia sp.; 
v-script Itildoceras.) 

13. ' Top -Rock '  (Bh2/matoceras ? cf. ~certhi) ............ variabilis ? 

' ]~tudes Pa l~on to log iques  sur  les Ddp6 t s  J u r a s s i q u e s  du Bassin  du 
l~h6ne : L ias  Sup~r ie l t r '  vol. iv  (1874) pl. xiv, figs. 6 & 7, 
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S t r a t a ,  H o r i z o n s .  
(b) Stoeklineh. 

12. Top 3 feet. (Zones not separated iu collecting.) ... bifrons, etc. 
(Hildoceras bifrons, H. waleottii etc. ; a stout 

Dactyloid (Porpoeeras?) and vermiform 
-Dactglioeeras. ) 

.~ ~11. Above Fish.Bed 7 feet 6 inches . . . . . . . . . . . . . . . . . . . . . . . .  Hildoceratoides. 
(Ammonites levisoni, auctt ,  nou Simpson;  a 

7 ~  stout Dactyloid, more finely eostate than 
~ [  'Coel~176176 

10. Above Fish-Bed 7 feet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  faleifernm B. 
"~" o (Many young Harpoeeras; Hildoeeratoides sp. 
.~.~ ] (of i]lereaticeras aspect);  Dactglioeeras 
.= ,~ ~ ef. vermis ; ' Cceloceras' cf. fonticulum.) 
�9 ~ ~ 9. 'B rown  B e d '  (above Fish-Bed 6 feet 6 inches) ... falelferum A. 
,~ ~ (Main development of Harpoeeras falciferum 

sensu strlcto ; ' Coeloeeras' ef. erassoides.) 7 ~  t-,.~ 8. Above Fish-Bed 5.~ to 6 feet . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hildaites. 
. ~  (Hildaites levisoni Simpson and Hildaites el. 

ehrgsanthemum Yokoyama sp.~). 
(,. 7. Above Fish-Bed 4~ to 5 feet . . . . . . . . . . . . . . . . . . . . . . . . . . .  an#uinum. 

(Daetglioeeras anguinum (Reinecke) and other, 
more vermiform, Daetglioeeras. ) 

6. Above Fish-Bed 18 inches to 4~ feet (no yield) ... ? 
5. Above Fish-Bed 18 inches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .7 

(Harpoeeratoides, large form, more fine]y 
costate than those below.) 

4. Above Fish-Bed i foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Harpoeeratoides. 
(ts alternatus, H. kisslingi, 

etc. ; L'aeQflioeeras helianthoides Yoko- 
yama, 'Coeloceras' sp. juv. ; l~hylloeeras 
sp. ; Elegantulieeras sp.) 

3. Fish-Bed (Clay 18 inches), no yield . . . . . . . . . . . . . . . . . .  .7 
2. Zeptcena Bed (1 foot), no yield . . . . . . . . . . . . . . . . . . . . . . . .  .7 
1. Marlstone. 

(C) Two New Sections in tile ~liddle and Upper Lias at 
Barrington, near Ilminster, Somerset. (J. P. & A. T. 
Notes in }~rackets by S. S. B.) 

During the :year 1920 a quarry was opened in a field on the wese 
side of tho cross-roads between Barrington and Stocklinch, and 
650 yards south-west of Barrington Church. In the excavation, 
which was can.led down to the base of the Marlstones, about; 
14 feet of Upper Lias clay and limestones are exposed. An 
abstract of these beds, numbered in ascending order fl'om 1 to 26, 
is set forth in the appended section (p. 451). Fuller details await, 
a critical examination of the ammonites. 

In the same year a smaller quarry was opened on the west side 
of Shelway Lane, Barrington; it shows a similar sequence of 
Middle and Upper deposits on the eastern side of the pit. Beds 
1-26 of the Upper Lias can again be seen; but in the roadside 
above the quarry and in the bank above the adit on the east side 
of the road additionM strata are exposed, carrying the sectionup 

1 Coeloceras sensu s t r ic to,  r e s t r i c t ed  to  the  pettos group ,  in L.  F. Spa th ,  
' N o t e s  on A , a m o n i t e s '  Geol. Mag.  1919, p. 2~. 

2 ' J u r a s s i c  Ammoni t e s  f r o m  Ech i zen  & N a g a t o '  J o u r n .  Coll. Sei. Tokyo ,  
vol.  xix, No.  20 (1904) pl. ii, fig. 1. 
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to the brown sands, which are believed to be of dispansum date. 
These higher beds are numbered in continuation with the larger 
quarry. I t  should be noted here that the Shelway-Lane quarry 
also shows a remarkable local wash-out, probably of recent geological 
date. On the west side of the pit all of the beds above the 
Marlstone have been broken up to the depth of 14 feet, and re- 
arranged. 

l~TOo 
Upper Lias. 

32. Sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

3~_} Clays and limestones, u,dossiliferous .. 2 

28, } Do. fossiliferous 3 9~7, �9 . . . . . . . . . . . . . . . . . . . . . . . . . .  

(B) B/tRRI~'6:ro.~ Qt-xaRY. 

23. Reddish-browll clay, pinkish-grey 
limestone .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 

22. Whitish clayey limestone ..... . . . . . . . . . .  1 0 
21. Olive-grey cla3, with Crania = Crania- 

Clays of" Moore . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
20. Pink-tinged, grey, clayey limestone. 

t f i ldoeeras  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
[-Not Hi ldoeeras ;  a new fbrm.] 

19. Clay and limestones. Large Harp()- 
ceratids, Coeloceras . . . . . . . . . . . . . . . . . . . . .  0 8 

18.  Do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 3 
17. Do., I )ac tg l ioceras  . . . . . . . . . . . . . . . . . . . . . . . .  0 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11. Do., Harpoeeras  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 

i,o .............................................. o f 
7. Do., l~h~fnchonella bouchardi, t:rarflo- 

ceratoides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 
6. Do., Harpoeera to ides  . . . . . . . . . . . . . . . . . . . . .  0 3 
5. Laminated clay, Harpocera to ides  ... 0 5 5 
4. Fish-Bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 3 
3. Leptcena Clays of Mo~re 2 0 
2. Top bed of Moore's MiddleiJi'a,~'i 

bed F of his Ihninster section. 
:Daetylioeeras spl) . . . . . . . . . . . . . . . . . . . . . .  0 4, 

1. Sandy marl;  large belemnites, finely 
ribbed Daetylioeerates ............... 0 7 

[Impression of  P a  l topleuroceras 
cf. hawskerense.] 

Middle Lias. 
2. Mar/stone Rock'-Bed, 7 feet thick. 

A layer of sandy marl 6 to 9 inches 
from the top [contains degenerate 
Paltopleurocerates, el. Pal topleuro-  
eeras regu la te  Simpson sp.~ ......... 7 0 

1. Sands. 

Section I - - L r x s ,  :BARRINGTO:N" (EPITOM-E). 

(A) Sr[ELWAy LA.~r, BAI~RL~'OZO~. 

S t r a t a ,  T h i c k n e s s .  
Fee t  inches. 

0 

6 

8 

Hor izon .  

dispansum. 

I b~frons ~12, 1I, 
'Spatl,~. 

~10, Spath._[ 

[pre.bifrons.] 

[9, Spath.] 
f a l c i f e r u m  
f8:Sp ath'] 

Spath.] 

[6, Spath.] 

[5, Spath.] 

rMoore's zone of 
Rh.  bouchardi.] 

[4, Spath.] 

e,v(t ra turn. 

tenuicos la tum.  

~regulare.] 

sp inatum.  
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(D) Upper and part  of  the Middle  Lias Succession, and 
Correlat ion.  (S. S. B.) 

in  his examination of Prof. Watson's collection Dr. Spath was 
�9 able tomake certain notable additions to the recognizable horizons 
of the Upper Lias: he was able to place as chronological indices 
two new genera which I had recently named and illustl~ted in 
' Type-Ammonites'~Hildaites (pl. ccxvii) and Hihloceratoides 
,(pl. ecxviii). Further, he distinguished a horizon t)y the name 
anguin~tm, and placed Harpoceratoides as marking a distinct (late: 
species of this genus had been obtained by Mr. J, F. Jackson from 
the Junction-Bed of the Dorset Coast (see p. 44,3) ; but on that 
evidence alone it had not been considered advisable to distinguish 
Harpocerotoides as a separate time-tenn. Now all this evidence 
,falls nicely into line. 

Adopting Dr. Spath's terms, and using information otherwise 
.obtained, it is possible to present the following sketch of the chron- 
.ological sequence in the Upper Lias (and top of the Middle Lias) 
~ T a b l e  VI. p. 453. At the same time, a series of stratigraphical 
terms are appended which may be useful to the memory, as well as 
~ndicating where certain beds are well exposed. I t  is not intended 
to say that the beds are only exposed at the places which give their 
names : it  is known, for instance, that Whitbv possesses far more 
than the strata of the three hemerm which stan'd opposite ' Whitby 
Beds.' But, on the other hand, deposits of cel~ain hemerm seem 
only to have been preserved at the localities which give their 
names: thus the strata of pseudovatum date are only known in 
Yorkshire. 

A similar phenomenon attends exaratum: this species has not 
been recognized outside of Yorkshire. Sevelal of the associates of 
.exaratum in the Jet-Rock of Yorkshire have now been found in 
other localities--for instance, in the I, ept(na Bed of Somerset, 
where the inch-to-inch collecting gives them a certain sequence, 
which, however, must be taken with some reserve : first, because the 
present examination is necessarily rather cursol T, and, secondly, 
because the specimens are somewhat crushed and ill-preserved. But 
the important fact is that, while the Le_pta~na Bed yields these 
exaratum associates, another of the Jet-Rock genera (ttarpo- 
ceratoides) is found in a bed of different lithic character at a 
distinctly higher level--sepal~ted from the Zeptcena Bed by the 
Fish-Bed. Therefore, it may be argued that the Yorkshire Jet- 
:Rock is not a deposit of one date, but is polyhemeral. 

The exact chronological position of exaratum is, then, uncertain. 
There is little doubt that it has some affinity with the forms now 
spoken of as ' Gmntham ammonites,' and it is therefore concluded 
that its date is either .just before or just after those forms. I f  
placed before the Grantham ammonites, a non-sequence in the 
f,  ept(na Bed is produced, and a considerable non-sequence in the 
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TABLE VI--SKETCU OY THE CHRONOLOGICAL SEQUENCE IN" THE IfPPER LIAS. 

A g e s .  B e d  :Nos. 
( 

u.L.  2s. 

(" U.L. 27 c. 

U.L. 27 b. 
U.L. 27 a. 

U.L. 26. 
U.L. 25? 

U.L. 24. 

U.L. 23. 
U.L. 19. 
U.L. 18. 
U.L. 15. 
U.L. 1L 
U.L. 7. 

U.L. 3. 

U.L. 2. 
[. U.L. 1. 

H e m e r e e .  Strata .  
f). ~noo~'ei. } 
8. Catulloceras. Yeov{1 Sands. 
7. Dttmortieria. 
6. Hammatoceras. lh'uton Sands. 
5. dispansum. Froce~ter Beds. 

[ 4. struckmanni. Midford Sands. 
3. pedicure. } Stiueheombe Beds. 

J 2. eseri. 
1. sh'iatulum. Sodbury Sands. 

26. variabilis. } 
25. lilli. Cotteswold Sands. 
24. semipolitum, t 
23. subplanatum. 1 
22. braunianum. Northampton Beds. 
21. fib~dat~on. 
20. bi~'ons. } 
19. subearinata. Whitby Beds. 
18. pseudovatum. 
17. Geu. and sp. nov. "~ 

(small Harpoeerate.) i 
16. ttildoeeratoides. I 
15. f,,Ic!fer,tm. i 

~- Barrington Beds. 14,. Hildaites. | 

13. Cf. Bseudolioceras. [ 
12. anguinum. I 
11. Harpoeeratoldes. ] 
10. murleqi. Dmnlfleton Insect-Bed. 
9. exaratum. Boulbv Bed. 

{ 8. bi,brlnHarpocerates. } Grantl~aml~ed. 
7. Eleganticeras. Yorkshire Jet-Rock. 
6. Elegantuliceras. 
5. tenuieostatum. Yorkshire Grey Shales. 
4. TiltoMeeras. } 
3. athletieum. Tilton Beds. 
2. fine-ribbed Daetyloids. Stocklinch Bed. 
1. Harpoceratoid. Chideoek Bed. 
2. hawskerense. Hawsker Beds. 
1. spiuatum. South Petherton Beds. 

Je t -Rock;  if placed afterwards, the former is avoided at the 
expense of a double non-sequence in the Jet-Rock. Further 
evidence is required. 

As the evidence for the chronology of the earlier hemera; of the 
Upper Lias is somewhat imperfect, the correlation-table (VI I ,  
facing p. 45~) has been drawn up, chiefly in order to compare 
Somerset with Yorkshire. The lacunw in the intervening areas 
are not all to be read as non-sequences : they arise fi'om lack of 
evidence, collection-failm.e, exposure-failure, nomenclature-failure, 
and so on. I t  is doubtful whether anything like the full sequence 
of the early hemer~e of the Whitbian l~as vet been obtained. 

a Hil,toeeras semipolitum, S. Bnckman, is tile particular species of tile lower 
part of the Cotteswold Sands; evidence for Lillia lilli and it,; associates in that 
deposit is lacking, but there is plenty of room for thena. Very little collecting has 
been done ill this deposit, which smnetimes is 250 feet thick. 
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A last word may be added concerning the Japanese species 
Dactylioceras ]~elianthoides Yokoyama. I)r. Spath quotes this 
from above the Fish-Bed: I quote something like it from well 
below. The Dactyliocerates are a very difficult group, occurring 
in the Upper Lias in seemingly endless variety. When it was- 
thought that the Upper Lias was laid down at about three dif- 
ferent dates, such endless variety of apEal'entlv contemporaneous 
forms was difficult to understand." When it is seen that the dating 
of the Upper Lias (the/)actylioeerate Eart--the Whitbian) has to be 
multiplied some eight times and, therefore, the number of contem- 
poraneous species has to be divided eight times, the diversity of  
the Dactyliocerates becomes more comprehensible: they represent 
waves of more or less closely-allied lineages, which develop and 
tail-off (degenerate) in somewhat similar fashion, producing 
homceomorphous forms. 

I t  was necessary to be satisfied, in regard ~o the finely-ribbed 
Dactylioeerates below the Fish-Bed, that they were no t / ) ,  tenui- 
costatum of the Yorkshire Grey Shales: they are not, but they 
have a likeness to D. helia~thoides. Whe~a really systematic 
research-work on the Dactvlioceratid~e can be undertaken~at  
present such work is only in i;cs infancy,--i t  will doubtless be found 
that  the points of dit~erence between similar-looking forms are 
more important t h a n  is now suspected. When these differences 
can be recorded and brought to bear on species of known date 
in an extended time-scale, one may expect the Dactylioceratidm to 
beemne very useful chronological i'ndicators. 

IX. St~M~AUY. 

(1) The body of the Eaper deals with certain Jurassic strata 
near Eypesmouth on the coast of Dorset; but, as it forms 
part of a series of preliminary studies in connexion with 
Jurassic chronology, certain details connected with other 
localities are noticed. 

(2) A general section of the main mass of Watton Cliff east of 
Eypesmouth is given. 

(3) A detailed section is recorded of a remarkable white litho- 
graphic bed in Watton Cliff, one ill the same position as 
the Upper and Mid-Lias Junction-Bed of the Thorncombe- 
Beacon area, but differing much in faunal and stratal 
details. 

(4) This bed shows faunal inversion, Eresumably due to re- 
deposition of material from older deEosits. 

(5) The dating of this Watton Bed is discussed, after Ere - 
liminary investigations into the sequence of horizons in 
the Upper Lias of various areas, in the Junction-Bed and 
Ere-Junction-Bed strata of Thorncombe Beacon. 

(6) A theory of stratal repetition and coalescence is discussed in 
regard to the Watton Bed. Its main date is taken to be 
Yeovilian, Hammatoceras hemera. 
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(7) The white lithographic bed of Burton Bradstock is cited as 
evidence of stratal repetition, and a theory as to the 
deposition and almost complete destruction of this Burton 
bed is put forward. 

(S) The Watton and Burton lithographic beds are cited as 
evidence of A1penkalk conditions prevailing in Western 
Europe during two well-separated Jurassic dates, both of 
them far earlier than the times of Alpenkalk deposits in 
Central and Eastern Europe. 

(9) Certain remarks are made upon sections at Milborne Wick 
and Haselbury (Somerset) with regard to the dating of 
their deposits, and a table of the succession and distribu- 
tion of Hammatoeeratids is given. 

(10) A palseontologieal note describes a new species of Rhyneho- 
nellid--Tetrarh.~/nchia thorncombiensis (Rh.qnchonella 
northamptonensis auett., passim)~a species marking a 
particular deposit at Thorncombe Beacon. 

(11) An Appendix bvo Mr. J. F. Jackson gives the result of his 
studies of various sections of the Junction-Bed (including 
the Watton Bed) on the Dorset coast, 

(12) A second Appendix gives studies by ])r. L. F. Spath and 
by Mr. J. Pringle & Mr. A. Templeman of the stratal 
a{~d faunal (ammonite) succession revealed by certain new 
exposures in the Upper and Middle Lias near Barrington 
(Somerset)~the collecting of specimens having been done 
almost inch by inch. 

(13) The evidence tlius obtained, added to that gleaned elsewhere, 
some of it set out in the body of the paper, enables the 
Author (S. S. Buckman) to put forward a tabular sketch 
of Upper Lias chronology more detailed than has vet been 
attempted--dividing the ages (Yeovilian and Wlfitbian) 
of the Upper Lias into thirty-five hemer~e~more divisions 
than were originally made by Oppel for the whole of the 
Jmassic. 

OrscvssIoh-. 

Mr. J. 1)~INOLE said that, as joint author of one of the 
Appendices, he would refer to the salient features of the work 
done by Mr. A. Templeman and himself on the Upper Lias exposed 
in certain quarries at Barrington. These beds had been described 
by Charles Moore, and the reopening of the sections after a long 
period of disuse had provided an opportunity of examining the 
Upper Lias, with a view to the correlation of the deposits with 
those of the Banburv district. The section was carefully col- 
lected over bed by ted, and more than a thousand specimens 
of ammonites were secured. The value of the results obtained 
had been much enhanced by Mr. Buckman's co-operation. 

Dr. A. Mo~LnY DxvlES said that the deposits in a shallow sea 
transgressing over an area where folding and faulting movements 
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were still in progress, might very well show such anomalies as the 
Author described. He found it difficult to believe, however, that 
the beautifully preserved almnonite exhibited, with similar matrix 
within its body-chamber and aronnd it, could be a derived fossil. 
He enquired Whether tile bi.}5.o~s ammonites which appeared in. 
inverted sequence in this new junction-bed showed the salne pink 
eolour as that which characterized their matrix in the well-known 
Junction-Bed. 

Dr. W. D. Las-(~ asked whether a simpler explanation than that 
suggested by the Author might not be applicable to the inverted 
sequence oi ammonites in the Junction-Bed at Eype, namely, 
a long period of very slow deposition coinciding with an oscillation 
of surface at about sea-level, allowing wave-action to mingle the: 
fossils of successive faunas, and even to remove a certain amount 
of sediment; the whole deposit being subsequently consolidated by 
a segregation of calcium carbonate. If  the last-mentioned process. 
took place, it would be unnecessary to consider, as the Author 
apparently did, that the Junetion-tted was a deep-water deposit. 
That such segregation would not necessarily do away with the 
bedding-planes could be seen in the concretions of the bi~'chi 
nodular deposit, occurring ill the Louver Lias of the same district. 
Bedding was very apparent in these nodules. 

Prof. P. G. H. BoswEIm said that, among the many interesting 
questions raised by the Author, that of the evidence of shallowing 
conditions and instability in the area during the period covered 
by the hemerw from l~ili to ol)ali~iformis deserved emphasis. 
The sandy facies which stretched from the Cotteswolds to the 
Dorset coast, and included the ul)permost zones of the Lias and 
lowermost zones of the Inferior Oolite, was characterized through- 
out by the constancy of its peculiar lithological and petrogl~phieal 
characters. As the Author had proved many years ago, this sandy 
and silty phase transgressed as a wave of sl{allowing conditions to 
successively higher horizons as the observer travelled southwards, 
thus providing an admirable example of the transgression of time- 
planes by lithologieal planes. 

Mr. G-. W. L;t~tPLV(nt thought it improbable, on the evidence 
adduced, that the comlm~tively large and well-preserved ammonites 
found in the narrow band of fine-gl~ined laminated material at 
Watton Cliff could have been derived at recurrent intervals from 
older strata and redeposited in inverted order. Judging from the 
specimens exhibited, he suggested that the bed might be a 'con- 
densed' deposit, very slowly aeemnulated and covering a long 
period. In such beds the rare accident of preservation at intervals 
was likely to bring about the juxtaposition of forlns not truly 
contemporaneous. The further accident of collecting-chances in 
beds of this kind rendered the basis for the l{ypothesis still narrower. 

The AvTvlOl~, in reply, said that the Watton-Cliff bed presented a 
mass of puzzles, and the point l~ised by Dr. Davies~the difficulty 
of derivation in the case of well-preserved fossils--was a problem 
already noted, not only for this instance. The solution in some 
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eases was that specimens had been redeposited inside lmnps of 
original matrix. Big lumps of derived matrix were in the Watton 
bed, but there arose the ditfieultv of reconciling such lumps with a 
fine-grained laminated deposit--the former indicated violent action, 
the latter very tranquil conditions and, possibly, deep water. The 
tranquil conditions seemed to be inconsistent with the wave-action 
suggested b)" l)r. Lang. 

The Author agreed with Mr. Lamplugh that the Watton Bed 
was a highly condensed deposit: it had taken the whole of the 
time of the Upper Lias--some thirty hemerw--to deposit 5 feet ; 
but the question was whether the deposit as seen now represented 
an3"thing like the original mass laid down. The Author supposed 
not. How mueh had been removed by peneeontemporaneous erosion 
without leaving a trace behind ? 

With reference to Mr. Pringle's remarks, the Author wished to 
acknowledge how greatly he was indebted to his collaborators for 
their Appendices, representing a mass of new observations supple- 
menting his paper. The most interesting point, perhaps, was that 
the system of many chronological divisions, which the Author 
mighl~ claim to have originated, had been extended by his col- 
laborators: that testimony to his moderation was welcome; 
because his original number of subdivisions had often been con- 
demned as excessive. He had always been compelled to go on 
asking for more, and now other investigators went farther still. 
This constant lengthening of the Earth's chronology was particu- 
larly interesting. 

I'n noting that pala~ontologieal planes did not coincide with 
lithologieal planes, Prof. Boswell had, as he said, drawn atten- 
tion to the Author's work of many years ago. I t  was a vindication 
of the subdivisional method that it had given these results so 
elearly, and had shown the uselessness of lithology as a guide 
to date. 


