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ASV/RAO-1 

Early Work relating to the Ilfracombe Beds of North Devon is. 
reviewed and it is shown that ,many problems remain unsolved, for 

exaMPle,  the age of the beds ,the stratigraphical succession, and 
the structure, The coastline between Combo Martin and Ilfracombe 
has been .mapped on the scale of .50 ins I mile, and it is found that 
the'm are only two importz2nt limestone developments, each about 30 feet 
thick, the lower is the jenny  Start Limestone, which is of Upper, 
Givetian age, and the higher is the David's Stone Limestone of LOW07: 
rrasnian age. There are two other thin, but mappable, limestone horiions 
each beimeon 2-5 feet thick; these are the RIllage. Limestone (about 
200 feet below the fenny Start Limestone), and the Combo lkfkrtin 
Beach Limestone (lying between the two main ones) c. 

-S ,E. dextral tear faults, probably of Tertialry age, and 
EIW normal and reverse strike faults, probably related to an early 
orocreny, displace the strata. The fault's, combined with the very intense 
folding, have resulted in numerous Mpetitions and occasional omissions 
in the local successions,. The full succession between the 14:.angman 
Beds and the top of the Ilfracombe Beds is summarized in tabular form. 

The second part of this thesis, is a detailed study of the coral 
fauna, including a complete morphological study and revision of the 
genus MotFl.oe.xlItIm. 51 species of corals belonging to 23 genera 
are figured and described. Of these 20 are new species and many are 
recorded for the first time in .North Devon. The coral fauna establishes 
the age of the main limestones with moderate certainty, but the inter-
vening beds are unfossiliferous and it is, therefore, impossible to 
draw absolute boundaries. 

4 



Pl1.RT I. f3TRJ\TIGP...r.~PI-l1CAL R?SEr~RC~ 11\1 NORTH DEVON
--------------"-----------.-.

iNTROD1JCTION
....~.....--................JI......

'. The history of l"es'~arch'on the rocks of North i:)evon falls into
, . . .''. .

three wel1-n1arked periods, Until 1835~ geological descriptions were
.. " " ,

, ,

. in the broadest possible terms and little was understood about the

. " . " .

5

rela~iv~ ages of the rocks. The,calcareous slates and limestones now '

. knOV111as'theIlfracombeBeda vvete. distinguished from other. lithologies

. at an early date h~eve~ (e~'g~V~nco~~er1808) and they were ~.~~ign~d

to tile GLouvJacka orTr~l1si~ion Series' .(Serger 1811).
• • " .. ·.1'••

The second period starts vJith·thepapefs of Sedgv.Jiclo: and

Murchison (1.83S=;:-.J ) who suggest~d.a st.rciti~aphic:al succession

and establish~d ti~~ De·V'onia~'S~{ste'm~'. T~~re ~~~ie ~tibsequent
.attempts t()"clia~'gethe'r~lati"e o~4d~r ~f'~ucc~ssion (e;§~Jukes 1865

arid Hicks 1890)1) but most .geologists'~lerep~·ePared to accept it~
" " . '.' ".' " '-, I' ,

The boundaries. of the main Jitliological units"were later 'established

~!th more precision and correlettons made betweenthe Old Red

, Sandstone and D~Vol~i~in:r~Cks"both ihBtita1n"anclcn the continent.

The third period, is concerned ,~it~l the. detailed,.subdtvrsfons of

each of the main lithological urtlts':"but' progress has been' slow for'

1:\-'10 main reascna.. (a) The structure is e;ttte~~lycomplex as a. . .. ,. , ...

result o~ folding andfeultmq - Parti?~lariy strike- faulting.. (b) The'

tectonic deformation has resulted. in the distortion or complete. . , . ..'

-oblit.e~ation of allY fOSS1~~whlch n1~Y once have, ,~xi9~ed.. T.he

ocmplfoettons of. the structure were not appreciate~bymost,w~tl~eX's
, ., '-

,in the la.si ceni:u..ry (Champemo\F.;ne 187.9 was an exception) and theliG .



, -' ...., '. .. - , '

;VV73lS little rowara for tna painsmking v1'ork needed to study the det.ails .

ofthe f.aH.in~o \ralf11J' (:(S6~) "\}oI"OS the fii~t3t "mt~~ to 'give a ·de~.ailed
s, •

succeaston fo:rt..l-te Xlfmcomba Beds , bu~.it \:V~~aa series of p.:lp~rs by

Evana'(1912=:.t» v.,h1ch rti..aritsd t11e:,L·~a! staF.t ·~fv.he detailed sub- ,

.d!visi.on of that f01!1Datton o ' SOt\nrevnnrdil1g wero the rE!BW.ts obtained

b1' Evans ·t1m~ no.detarled dasoi1ptlon'~f,t.lle XU:rdcombe Beds·hlAs

bean l)ublished smco his lasa contribution in 1929,0

4,'~ _ '.

l)o~lod 10 EAHx::rRESEARCXiES t=» 1835'
-.rm.L~~~I!IPl."'WCZ'~"''(lI:rI........... ".Um&i!Ja••. '**'*......~ ..

Sl~t~~~ph!da! rose~l~Ch'in:'D!avon9h1ro ~f!l.y be ~:'i-acad beck'to}ha

,beginning of thG ntneteenth ct:lntu.r~rthough ~h~J ·3:lr!iest 1Initers v,re~'a

concerned v;itl~ generala:ia~~~b~lC!ngthe geology ofthe 'vJh~la
I • •• 'I, ',' \ ,.

~ " , ~.. .-

South-\f~'este!'Il Psmnsule and it''t~as not until the middle of 1'110,
, ' ,

, ,~celltur~r '~hr:4t p~p$:sbeg.an to'appear.spSc!fic~il!y on yhe smt!g~i'aphy
"Of.·!\r'orth, }jev6n"~'< :',' ' ..' ' ',.. , .

'.'. ', ~ :.

At the end .cf the eighteenth century rockswers classified ,into
.' • ," -.f ,

CPtimar:l', °Trnns!t.!on: elndP8econ~l1r!l 1 end the term 1)grau~]aclteO

'vas used to des~~·.llie"sX~tes\rdthill the cTro.llsltio.no roCkD (see

1..aehma.n 1756 ,en4'Vv~zfl~r liSt)) 0' X~ 1811 tJ B9l."~ler., r:oading a paper
",'f, . • • ,

, befcirG the rec:ent.ly formed CieologIcnl Society of London app!.led

the word ag1uu't\1aol~eo to the slates and sandstones of Devon:

"ul:give tho name- grau"'1i'acka to a reck composed of '
separate siliceo'lls particles 'united by an arg:Ulacao\.\s,

" cernentwtth C\ litt~-9 rnagnes$ and. iron." ~. Though
fClnned by mechaniced precipitation, g~·aUVJaCk0ls

, one of the oldest of. the 'secondary rocks i\ 0" it is
divided into l'1lJ'o spsctes t common grnuvli.u;ke and

, gTc1uV1GLcke slate, n " .. ,. "

~7he Itmestonss of Devon' ate f0fe'rrectto es'oTK'ansi~!onrocks!l '



and thus it seems that Berger regarded them as older than his 

grauwacke rocks. 

Vancouver 1808. Vancouver (1808) produced a map showing the 

distribution of limestone in Devonshire. His concern was not 
primarily geological but he paid some attention to the distribution 

of the limestones because of their value to acriculture - most of 

the Devonshire soils being deficient in lime. His map shows two 

bands of limestone in the Ilfracombe-Combs Martin area. but he 

clearly did not regard them as part of the sedimentary sequence 

for he referred t© them as 'veins° and stated: 

they seem embedded in the shillot and stratified rocks 
of the countre. 

states also that the limestone 

:'nowhere partakes of the regular dip or inclination of 
the stratum in which it is embodied.... The lime rock 
is found without any regularity or order save that of 
the course it holds with the common strata of the hills. " 

Vancouver probably mistook the cleavage for the bedding in the 

slated and he did not detect the contorted nature of the bedding. 

Vancouver's map shows two limestone bandS running across 

North Devon. The more northerly, in its course between Samson's 

Cove and Combo Mart/rip includes most of the limestone outcrops 

which were extensively quaffed during the last century. Eastward 

from Combe Martin it is doubtful if any limestones ever existed 

along the band shown; most of the area across which it passes is 

occupied by the arenaceous succession of the Hangman Beds. The 

more southerly band includes no massive limestones though the 

7 



slates are slightly calcareous and contain occasional, very thin 

(1"2") limestone beds  It is interesting to notice that this southern 
band follows a very similar course to that of the boundary between 
the Morte Slates and Ilfracombe Beds. as mapped by Etheridge (1867) 

and Hall (1867). 

Smith 1815. William Smith's map (1815) shows a threefold division 
of the rocks in North Devon - '1Cillas' (slaty rock), 'Red and dun 
stone (sandstones) and 'Limestones'. The limestones are shown as 
lenticular outcrops lying entirely within the kil!es; the map also shows 

limestone occurring South of Blackreore Gates, West of Challacombe, 

and North-west of Simonsbath. At the present time there are no lime-
stone outcrops, in these ELTeas, but several writers in the last century 
refered to limestones cropping out in these localittes„ and it seems 
likely that the limestones do in fact extend further East than exposures 

at the present time would suggest. 
The boundary between the dunstone and killas on Smith's map runs 

South-east up the Umber (Combe Martin) valley and then trends 
eastward through Parracombe. This is in close agreement with the 
Hangman Grits-Ilfracombe Beds boundary as mapped by Etheridge (1867) 
and accepted by most later workers; the only significant difference is 
that Etheridge places the sandy beds (rdirister series (Evans 1922)) in 

his Xlfracombe Beds. 

Convbeare 1823. Conybeare (1823) proposed a fourfold division of 
the rocks In Devon and Cornwall - the Granite„ to which he does 

8 



not ,assign stratIgraphical 	F.-am3 then, in ascending order 

Ciland slate 

2 Superior slate 

thiccrIriOr 	t e 

Th:Is classification is based largely on the rainerz.,,,112ation of the rocfivo 

t gether with associated irezusions, The Inferior Slate, for example, 

is sakl to be "oupifer01,13 and stanniferous" and to it 	elvans and 

greenstones. The Superior Slate, on the ether hand, is Identified by 

being without elvya.n dykes but aboum.7.:Ing much more in greenstone 

1•70, 	dar/t; co7.01.1red litliestone,; 	S.& sparingly In t::.1:11 

C 3ntaining no In but is more pre,ductive of lead than the .C.nfericy-

Slate; it also contain7, ecoasiom.1 organic remains. FVO La the, S a nal 

Mate metalliferous veins E.tre o,,:mpletely absent., and its lithaogy 

is said to be generally e conglomerate or sandstone„ altEmDting with 

tender  slate' and occusionally associated with ear-aline o 

limestone. 

'' 	 r Boass 1832. BOB e (I8a2) objected to Conybeare's Inferior and 
illTe11,411.011.491,0,107.1.1114M.InicreJ 

"Supw..ice terminology on the mounds that. they are "too theoretical 

when strata often dip in opposite directions towards each other'. 

He clasSiiied the rooks (principally with reference to Cornwall) 

as follows: 

2 Calcareous Series 

Porphyritic Series 

The l'orphyvitic S 	 s 	that portion of the slate in which 

(,-;Idspar rocks and porphyries abound. It 3.tii ci  thsTefore, the 

9 
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nppt'o=dm;\~e equhrr31an'i: of Conybea::eo.sillnf'el"!oL- Sl~~0C., The

LlCaJ.CaJ~EjOUS Se!:ies~ ~s said toIncludeall the schtstose group of

........; m-""'" "'o"'kl":' '''n ~;;"11"~c'h n.... !.'"> ~('J "n~t~ 4S a t: e,.;uo",'" constttusnt and::./... U".'::- c. ~, i.:) ~ \IV L'A .. !.Jt."......J ~.7~.. ... ~ , \.,l~\,;iu.:. ... ~ u(,~(.v# t. c. . .\or.

. . .

POt:!oc1:iXo 1835·.. 1900 AHEIllTfVE SlJCCESSI01\j AND A GEOLOG~IC1~
.~~,.~t~.:~"'I'''''~c;.",lV'f'1..U01V'aU"'~i.f\r.A9:1're~!tl'~~\'ff''It''''''''''''''.~,,_&''l''~~·'''''''

P~GE is ESTABLXSX-IED.~~..,1t~~~~~.

'·Sedgvvi.ck and ~/ltl~·chison,1836" .'·T~lecompJ.exitleaof the ::ri:iG1'i:iqtC)phy
" .....~~ ...II'Sf,.-<.»!I"~".1\~CTl'f~""",..r..Jt!:1-eL-""'..!l.~~.~t~tt~.' "

and structure of 'Devon and Co::n;Na!i. :01111' tll'.m·v'ed the early .\voZ'kc~s

tomake ,a:gehsi'dlized :cla8sii1cat'1on .of.the rocks-end it was a.

'.p~~1~0n~C~u.s. C011~'1.but~:~n ',h~~; 'Sed~j1~-?:~bl~ :and" }Yr~ji~h;.scn .made when
.' '. - . " • • I

.Modern "erm:ino:~og:t

6 II Ca4'honaceous syst01n of !)ovGnr.:hiro
5 .. 1,o~'\lTer SHUr.!ill!- i;Clsting "vith c'onf:orn\ity

on ~h8 f:oi.lov"il1~;~ ••
-1. C-{rl~enish (~ lead coloured roann';! slate

v'Jith sandstones &. mtcacecus :.:Ln£;'Btl",')nes
in the' upper PZlr.~S

3. Calcareclus slates elf Comho I:/iarciu &
Ilil"acombs

2 (' 1-I8t.'C thickbedded ted sandstone & red
-mtcacecus f!G'lti~tcn.e .

1 .. Sla,ty reeks t~tith n vast ebundance of
orgame .remetns

.bCu!m
c;:P!1to~~;. t~ Enggy Beds

~rvioxte.Slrrte &.
'Pic:kt~:7aB Dcvn:
Stu:.ds1:on.s

:=!lfri2combe B8Ci.S
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They were mistaken in suggesting a Lower Silurian ago :for the ret,",4(,'N 

underlying the CaTborzce,ous System but this error was corrected in 
1840. Their suon,ession is still a.ccerfoble to the majority of workers 
in North Devon. They placed the 'Slaty rocks' (r4,ynton Beds) at the 
base of the stICCeSSiOXI and equated the Foreland and Hangman Grits. 

It is intersting to note that miltile the formations now termed 
the Lynton Beds„ the Hangman Gxitsp and the Ilfracombe Beds are all 
regarded as separate units by Sedgwick and Mumhison„ those now 
to-rmed Morte Slates and Pickling" Down Sandstone have been 
grouped together in division 4„ and the Pi1ton and Baggry Beds aro 

placed together in division 5 (see comperative table above). Later 
workers have regarded the Mcrae Slates either as a separate formation 

(e. g. PhiIlins 1841, ,, ,theridge 1867, Evans 1919) or have grouped them 

together with the slates and limestones o the Ilfracombe Beds (e.g. 

WM/ems 1837, Chemparnowne 1878, Ussher 1879). Also, with 
regard to the Ilfracombe Beds, Sedgwick and Murchison state that 

the beds have "a great aggregate thickness", are "abounding in 
organic remains" and "contain at least nine distinct ribs ©~ lime-

stone'. These observations a4's repeated in their paper to the 
Geo/ogical. Society road in 1837, but not published until 1840 (1840 ), 
and it is stated that this group can easily be traced inland "especially 
with the help of the calcareous bands". This is a remarkable state-. 
mont in view of what can be seen at the present time; the limestones 
are readily followed between Ilfracombe and the 'Umber valley, but 
eastwards from there„ they appear to die out completely. Their map 
shows a double band of lenticular limestones between Ilfracombe 



Calcareous Bands Slat y Quart:ova Rocks Red Sandstone Calcareous Slate 
Sys tern 

t ,oCOrnt>e 
T t o, 

49XseeffirA ir..  -..di-a..41"%..ftlik6W11111%16-11441ftaIN.   • 	,./00,70r,17 
tl ,  

Fig.1 

in ton 

N 

For eland 

1 2 

and Combo Martin and. then a serAQs o(.:::147.),ns-.;:ted out crx,w,s 1:Rending 

S„ 	to Blackmozb Gate; 5,1leeealter the band blirtm.ate with one 

branch swinging abniptlyN E, towards Lynmouth, and the other 

continuing to the 80E. of Challa.i.,c4nba 	 Thes.• 

is no evidence at the Lacres.ent 6.a  Y  ZOF the contInuatic.)n o the li,imestones 

towards Lynynovn., and such a trend wo.dcl b hkjysusp,00t since 

it cute across the t: Ike o th r...-aks at right angles,. 'rho outempo 

Chaillacombe and 8imonsbath do  not. ctimm.)ny-:csad wath the 

Ilmwtones ellmira simPies'.  alfeas by Smith (1815). They  

eMike wh.on one wceuld c.:rxpsat cm:tUnua‘,Y.1„on 	.11.m1,,. 

storte$c, but they am ceVailAy not 22=esen.. in cvh foma as En the 

neighbourhood a combe Maftin„ 27Alicing the cutting of the Barnstaple-

Lynton railway a thin caloak:Etous bd was raCorded near Blackmon 

Gate (Useher  -;,1 and it could be that the other outcrops shown by 

Sedgwick and Muychison am also thin calceomous developments and 

not massive limestones as e.,t Comte Maxtin and Xliracombe. 

The .".'.olkvaring ecti o n , taken from Sedgwick and, Murchison  (1840) 
sho-as their intemetation of the sttucture and aucoession„ 



1 3 

The lower limit of their Calcareous Slate System (Group 3) is clearly 
taken below the Qacgiucc,ippalus Limestone°(Evans 1922) of Wild 
Pear Beach, for they mote: "The first beds are coarse and siliceous 
and contain f,Tagments of large haant-shaped h;!. valve shells". The 
upper limit of these calcareous beds is not clezaly defined but it 
must be taken West of Ilfracombe since the authors mention "thin 
limestones made up of crineld fmgmente from West of Ilfracombe. 

Although the limestone `ands shown on the section era peobably 
not intended to correspond with actual limestone. bandsr, it is clear 
that the autbArs regarded them as lenticular and in no.way Etsstittona 

o the Same 

wilikuas  ,1837°  At the 'anish Association Erie f.D ns the same year (1837) NW.=tEmaine.mritiMunr.s  

the Rev. :o. Willizyna gave e. succession for the rocks of North Devon 
which is similar to tha':-, Sedgwick and Murchi 	 m son but differs fro 
the latter in some imps tartaspects. 

Sedgwick & 
Murchison  

CULMIFEROUS 

GRAUWACKE 

)9 Floriferous & culmiferous sandstones & 
shales + anthracite 

8. Wavellite schistus & limestones, the 
former cleaving into parallelograms 

7. Trilobite slates - abundantly fossiliferous Group 5 
6. Woolacombe sandstones & purple slates - 

containing fossil wood & plants 	 Group 4 (in part) 
5. Mortehoe quartz & roofing slates & 

subordinate limestones 	 Group 3 (+4, in part).  
4.  Hard red siliceous slate rock of Trentishoe 	Group 2 
3. Linton slates & limestones with arenaceous 

slate & conglomerate bed of limestone 
pebbles 

2. Foreland & Dunkery sandstones 
Doddington & Overstowey limestones 
Foreland & Dunkery sandstones 

Group 1 

I. Cannington Park Limestone 
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The succession contains some errors (for example, the position of 
the Cannington Park Limestone, which was shown by Wallis(1924) 
to be of Carboniferous age). Williams wan the first worker, however, 
to place• the Foreland group of sandstones at the base of the succession 
below the Lynton Slates (Sedgwick and Murchison had regarded them 
as younger - see section above). In this he was followed by de la 
Bee-le (1839) and most subsequent workers. It is also significant 
that Williams did not recognise the Combo Martin and Ilfracombe 
limestones as a separate unit, but merely as a minor calcareous 
development within a dominantly slate succession. Although few 
workers have followed him in this, there is much to commend the 
interpretation, as the slates of the Hitacombe and Mcgte Beds are 
essentially similar lithologically and there is no readily distin-
guishable break; the limestones occur only in the lower parts of 
what are at present termed the Ilfracombe Bede. 

Regarding the upper part of his succession (1. e. beds 8 & 9)„ 
Williams disagrees with the i►nteerpretation of Sedgwick and 
Murchison that they are the equivalents of the Carboniferous rocks 
of Pembrokeshire. He expresses the opinion that the Culmiferous 
rocks cannot be separated from the subjacent rocks of the 
Grauwacke series "either by mineral characters, ration of the strata 
or organic remains"(Williams 1837). This is the first expression of a 
disagreement which was never resolved and which constantly 
appeared in the subsequent papers of the two parties; Williams 
persisted obstinately in his opinion despite overwhelming evidence 
to the contrary on both palaeontological and stratigraphical grounds. 
(Williams 1839, 1842a, 1842b, 1846) - mod* c. 



Iffeavee 1838 In 1838 Weaver published the following succession: 

18. Culrelferous shales 
COAL MEASURES 17. Wavellite echistus and limestone 

6. Trilobite Slates 
S. Woo/acombe Sandstonesp flagstones 

and slates 	• 
TRANSITION 	4. Matte Slates 

SERIES 	3. Trentishoe quartzy slates and sandotoneD  
including the Combe Martin Limestone 

2. Linton Calcareous Slates 
I, Foreland Sandstones 

Weaver concluded that "the Orate from 1 to 6 belong to a system 
distinct from that which includes beds 7 and 80  the former 
constituting a peculiar transition group and the latter belonging 
to the true ceal measures of Eng'antic. the old red sandstone being 
alone wanting". In this he agreed with Sedgedok and Murchison 
in separating the Culmlierous series from the Transition or Grauwacke 
el'oup, but he follewed Williams in placing the Foreland Sandstones 
at the base of the succession. lie grouped the Combs Martin 
Limestone with the underlying grits and presumably included in his 
Mcrae Slates all the slaty rock which occurs above the massive 
limestones. 

It is clear from the extract quoted above that Weaver had no 
thought of his 4sculiar izansition series" being the equivalent of 
the Old Red Savastone e. lie also claimed to have detected unoon.. 
formity between the Trilobite Mates and the Wavellite Schistual  It 
would seem therefore, (though not expressly stated in his paper) 
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that Weaver would have placed the Old Red Sandstone between his 
Cuim and Transition series. 

De La Bache 1839. to 1839 the report of de la Bache on the geology of 
Cornwall, Devon and Somerset was published, and although he does 
not give a table of strata, it is possible to infer from the text that 
the author recognised seven subdivisions in the strata of North 
Devon. It is essentially the Same succession as that given by 
Williams (1837) in that the ILfracombe and Combo Martin limestones 
are grouped with the overlying (lvlorte) slatesiand the reddish sand-
stones of the Foreland area (Foreland Grits) are placed below the 
'Grey Beds° (z ynton Beds). The following table summarizes his 
views: 

Carbonaceous Deposits 
7. Shales and grits with fossil plants 
6. Arenaceous beds with nodular limestones 

near the top 
5. Arenaceous beds with some argillaceous slates 
4. Grey slates with some grits and limestone 

bands in the lower parts 
3. Reddish sandstones 
2. Grey Beds 
1. Reddish sandstones 

(De la Bache 1839) 

De la Beche finds it more desirable to use this non»commital 
nomenclature than 

"by prematurely assigning them names supposed to mark 
given geological epochs, assist in prejudging or retard a 
correct view of, .the place they may be eventually found 
to occupy in the great series of European sedimentary 
deposits". 

lite- op-lieweverr-of--the t-there-ilrasla-eireple-upward. 
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He' wasp however© of the opinion that there was a simple upward 
succession of the beds between the lowest sandstones (Foreland 
Grits) and the shales and grits with fossil plants and, further, 
that there was no unconformity between his Grauwacke Series and 
his Carbonaceous Deposits. 

"On the contrary", he writes, "we constantly find a passage 
of the one system into the other, so that in order to define the 
limit,: of the systems upon the accompanying Ordnance maps, 
it has been necessary to take a mean distance between the 
marked portions of the two where they join each Ither and 
there trace an Imaginary line for the sake of convenience -
one nevertheless which nature has not traced". 

Sedswick  and  Murchison 1839. The publication of de let Becher's report 
immediately provoked a spirited paper from Sedgwick and Murchison 
(18400 in order, as they put it 

"to state immediately and concisely what our views have 
been and what they are now, in order that our scientific 
brethren 	may have it in their power to draw a just 
conclusion as to the part we have taken in the new 
classification of the rocks of Devon and Cornwall. " 

However, the importance of this paper lies not in its attempt to 
establish the previous work of its authors, but in the fact that for 
the first time the rooks of North Devon are assigned to the Devonian 
System and are no longer referred to indefinitely as °Grauwackec or 
°Transition° series. The authors write thus: 

"So long as we were unprovided with a typical suite of 
fossils from the older system of Devon, it was impossible 
to propose for it any name; but now having discovered a 
great many of its fossils, and that too in regions wherein 



the red arenaceotts character gives way to the slaty impress 
. and a yew different mineral aspect, the necessity of adopting 
a new name becomes apparent and we propose the term 
'Devonian System' as that of all the great intermediate deposits 
between the Silurian and Carboniferous Systems". 

The new Devonian System thus held the same stratigraphical 
position as the Old Red Sandstone and the authors regarded the one 
as a lateral facies equivalent of the other. Already, Pembroke. 
shire, they had noticed a lateral variation in the Old Red Sandstone 
"the concretionary limestone disappears and a hard brown schistose 
rook replaces the soft marls and large tracts are occupied by yellow 
and grey hard siliceous sandstones". 

In a more detailed paper to the Geological Society later the same 
year (1830) (Sedgwick and Murchison 18404 the two authors amplifted 
their views outlined above. They made no change to the succession 
given in 1837 (Sedgwick and Murchison 184041.e. the Foreland 
Grits and Hangman Grits are still equated. Their error in regarding 
the Tilton and Maywood Beds as of Caradocian age is corrected, 
though they suggested the possibility that "the lowest rooks of the 
tw counties" (i. e. Devon and Cornwall) "...belong to a still 
lower system" (than the Devonian). A faunal list for North and 
South Devon is included in their paper, but this is discussed 
elsewhere; it was the first such list to be published. 

The faunal list was largely the work of Lonsdale, and Sedgrviok 
and Murchison (184(1j admitted that they owed much to his palae-
ontological labours in recognising the trim position of the North 
Devon succession. Lonedale's work (1840 was confined to the 	. 
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limestones of South Devon which Seclgurick and Mum:bison had 
already correlated with the Comte Martin and ELfracombe 
stones (Sedgwick arid Murchison 18400). Lonsdale showed that 
the fauna from South Devon had an aspect ante mediate between 
that of the Silurian and Carbordlerous; this facto  together with the 
correlation of the Cuim and Carboniferous rocks (Sedgwick and 
Murchison 10S16) and the recognition of the s+ tic; 
sequence in North Devon, was sufficient evidence for Sedgwick 
and Murchison. to establish the Devon'ian System, 

Phillincl 1841, Yri 7 841 ',)111311ps reached conclusions similar to 
those of Sedgwick and Murchison and Lonsde?..0 after' a study of 

the known fossils from Devonian rocks Uhillips 1841), He 
also gave a stratigraphical succession which was similar to that 
of Sedgwick and Murchison excerr: that he included Groups 4 and 
5 of Sedgwick and Murchison in his ?Mon Gy..owIL 

6. Carbonaceous Group 
till on Group - slates, sa.ndstoneso  thin limestones 

4 Morthoe Slates - wdossilifewus slates 
3. IlfrecombE) Group - slates and limestones. 
2, Mareinhoe Group - grits and slates 

Linton Group 

Ho was most cautious, however, in using the new tom 'Devonian' 
to denote a system equivalent to the Old Red E.andstone. He 
abandoned the term 'Grauwack& completely, but usually referred 
to the 'North Devon Series' or l'xsoks of. Devonian type". 

19 



Sharpe 1853. Sharpe also found it impossible to accept the 

conclusions of Sedgwick and Murchison and like Williams, 
placed the °Devonian System°  between the Old Red Sandstone 
and the Carboniferous (Sharpe 1853). Ms opinion was based on 
the Belgium succession where rooks of Old Red Sandstone facies 
occur below a marine succession with abundant reef limestones. 

"It now becomes unnecessary to force the O. R. S. of 
England into a parallelism with the schists and lime-
stones of South Devon as was done in 1837 by Mr. 
Lonsdalee  Prof. • Sedgwick and Sir R. L Murchison. 
And our Old Red Sandstone appears on a parallel with 
the Belgium formation of red sandstone and conglomerate - 
the poudinguep psanunite et schiste rouge of M. Dupont. " 

Shames correlation table seems to be based on nothing more 
substantial than lithological considerations but it is given below 
in full as it was the first attempt to establish Devonian correlations 
outside the S.W. of England. 
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Systeme houiller 
Limestones with productus ,etc. 
Sandstones with anthracite 

Systeme Condrusien 

Limestone and shale 

Limestones of the Eifel 
Systeme Eifelien 	Schistes - occasionally calcareous 

Red Sandstones & conglomerates 

Grey & red psammites & schistes 
Grey schistose grit 
Red & grey sandstones  

Coal Measures 
Upper Carboniferous Limestone 
Carboniferous Sandstone of 

Derbyshire, Shap,etc. 
Lower Carboniferous Limestone 
Lower Limestone Shale of North- 

umberland & Scotland, & the 
Cu1m of Devonshire, incl. the 
Petherwin & Pilton Beds 

South Devon Limestone 
Shales & schists below the South 

Devon Limestone 
Old Red Sandstone 
Ilfracombe & Linton Series 

1 Sandstones & schists S. of Plymouth 
? in South Cornwall 
Tilestones of Upper Ludlow 

Systeme ahrien 
Systeme Coblenzien 
Systeme Gedinnien 
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The brackets (which are 1Zan's) suggest that he would place tha 
Morthoe Beds (presumably including the Morte..4.1ater.3) with the 

Upper 70evoniene  though there is no indication of where he would 
draw the line between Middle and Lower Devonian. The Mar wood 
Zone is separated for the first time from the Pilton and Mortehoe 
Groups©  and Hall followed de la Beche and Phillips in placing 

the Foreland Group below the Lynton Zone. 
Hall (1867) published a SME111 scale map of North Devon 

showing rather diagrammatically, but for the first V,ri.or.. the position 

and extent of the main divisions given. 	 as the Xl&acomba 

Group is con c!erne,.1.,. he gave yew 	ezpliAnac-.1on for the position 

of the boundaries. The lower boundary in Wild Pear Bay. is 

obvious lithological one to take, as there is a amp;' change from 
massive sandstones of the Hangman Se1.es to calearectus shales. 
The upper boundazy appoai's to be a very arbitrau ore as it Is taken 
within a succession of slates which show very little lithological 

variation throughout their thickness. 1-10.1 later attempted to 
justify this boundary on two grounds% (a) The Monte Slates, as a 
whole, are finer and more uniform in texture (b) "In the lower part, 

limestone bands occult', while the upper half is characterized by 

the .absence of any limestone" (Hall 1879, p.190) 

l'ultes 1865. In the same year as Hall published Ms girst succession 
of the North Devon. strata (1865), a major attack was launched 
against what had now become the aril:oda?: into?rmtatio.n of the 

SWOOSS.1011. After.  be oming familiar with the 7,owv,, Carboniferous 
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rocks of Southern Ireland, jukes made a visit to North Devon and 
convinced himself "that the rocks of North Devon belong partly to 
the group called Carboniferous Slate of Ireland, and partly to the 
Old Red Sandstone" (jukes 1866). Jukes explained the succession 
by postulating a great E-W fault, reaching the coast at Woolacombe 
and striking across North Devon somewhere near the villages of 
West Down, Bittadon, East Down and Challacombe. This, according 
to jukes, caused a repetition of the succession and hence "the rooks 
of the north coast 0  the Lynton and the Ilfracombe Beds, will be 
placid on the same geneml horizon as those of Baggy Point and 
Barnstaple, and the classificaUon of the rocks of Devonshire will 
assume the same simple type as those of Cork, viz:- 

3. Coal. Measures 
2. CaEboniferous Slate orDE,,vonian Beds 
1. Old. Red Sandr4ane 	 tO 

(jukes 1855q p.'147) 

jukes gave three reasons for his hypothesis: 
1. The vast thickness of rocks ("at least 25, OHL") which must be 
assigned to the Devonian rocks if repetition is not admitted 
2. The lithological similarity of the Lynton Beds with the Carbon-
iferous Shales and the Pickwell Down Beds with the Old Red 
Sandstone of Ireland - to quote juke's own words "the rocks about 
Lynton were precisely identical in lithological characters with ithe 

lower part of the Carboniferous Slate of Ireland" (jukes 1865b) and 
"the non-fossiliferous grey slates which lie above the Lynton Beds 
are also precisely like the non-fossiliferous portion of the Carb-

oniferous Slate of the county of Cork". (jukes 18650 
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3 The fauna o the Lynton33ef.-ls and the Carbenifercus Slate of. 

Ireland wets believed by jukes to be essentially the snme. 

yukes pointed out (1868 ) that ncwhere.is "the actual junction 

between the Old Red SandSt.0110 U. ol'ic3s,wel2 Down Beds) and these 

apparently iower rocks (1. e. More Slates) to be seen". lite recalled 

also that in pki.ces near Cc rk aid gorry it is possib/o to ponstyate 

10,000-12,000 2eet doWn into the Old Red Sandstone but without 

any sign of: the grey slates such as those at l'aracombe or Lynton. 

He recognised, however, that "there-is a good deal of difference 

in the a • semblaya of fossils that ocour in different localities" 

e ynton and Ilfracombe) but TAMS waling to CACCpt. this merely 

as .12,11cie)s" change. lie C.701,1thlU3d ,,y.klikes 1065 

'There aro, however, cc am species which I believe 
prevail1:117.nlY.f.3110t th3 SIEIteE.; whether they contain 
inlying bands of limestone and peculiar EZIadstortes or 
not. These species aro the most CMviilmon and abunclant 
species everywhere and it is a fact of no little 
significance that most if not all, of these species 
occur ZHISO in the Carboniferous Limestone. " 

jukes does not list these 'common species" but his remarks could 

well apply to long range species with little or no stratigraphical 

significance. 
n was not until 1067, in a privately pub3.ished paper, (jukes 1867), 

that jukes gave any field evidence for his supposed fault, and even 

then, his evidence is meagre. Near Wivelisoombe, the beds are 

a good deal disturbed and crushed in the way that beds often are 

near a great diskoCation. "He goes on to say that there is mashy 



ground with numerous sprinc,Ts along the stril:e in the same neigh7,  

bourhocd. De la Bet7,he (L89) in fact recegnissd a small fault 

along this on `but jukes reckoned that it had E.7. throw of about 

4, 000 feet to the North, Nowhere else Can he crive any positive 

ai7114317,1-:;G: of faulting, and it is pari:icularly significant that ate,.-e 

is no sign of it in the coast section between Mo:N:e and Ragszr 

Points. 

Xn 1666 jukes had read a paper before the Geological Society 

of London in which he E•e-iterated his idea that a concealed fault 

caused 7,Spetition of the strata in North 'Devon, but h also 

mentioned a second hypothesis - that there might be a great 

anticlinal structure which was causing the repetition, (This second 

suggestion wag taken up many years later by Hicks, but the letter's 

interpretation is discussed fully below 

Pat the present time, with a more detailed :k,nowlsdge of the fauna 

from at least some of the North Devon beds, it seems inconceivable 

that©  for exar4e, the Lynton and Mote Slates should he. equated 

but it must be remembered that it was not until 1869 that any 

fossils at all were thud in the Mimi:9 Slates, and the Hangman 

CtIrits and Pickwe37  Dawn Beds have still only a very meagre fauna 

reCCZCI.C:".C.i f7Cril theln, However, had jukes investigated the lime-

stones of the Ilfr,zcombe Ends he could scarcely have failed to 

recognise in their fauna, in fact in their very presence, something 

quite different from his 3:sish Cay.boniferous SIatc:,:s, jukes himself 

admitted (1665 that he traversed the Hlfracombe Beds once only 

along the road from Barnstaple to l'AfracomIx-, 
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It is unfortunate that jukes was so obsessed with the lithological 
similarities of the southern Ireland and North Devon succession that 
he was incapable of accepting any evidence which would suggest a 
contrary interpretation. He thought he had found palaeontological 
corroboration of his ideas when the fauna from the Pilton Beds 
was found to reeemble that of the Lower Carboniferous of Ireland; 
he also recognised the Culni as tie equivalent of the Coal Measures, 
but the limestones of the Ilfracombe Beds, which would have clearly 
demonstrated the error of his interpretation, were never Investigated. 

Etheridge 1867. So strongly, however, did jukes express his 
convictions, that the Director of the Geological Survey felt it 
expedient to investigate the evidence for a great E-W fault causing 
repetition of the successt.on. Etheridge was Bent, and in 1867 he 
published a paper strongly disputing Tukes's conclusions, primarily 
on palaeontological grounds, but also using physical and strati...! 
graphical evidence. He entered into great palaeontological detail 
concerning the faunas from the various horizons in North Devon 
and compared them, in detail, with those from both South Devon 
and the continent; alsol'ae showed that the lithological sequence, 
in its broad essentials, is the same in North Devon and in South 
Devon, Prance, Belgium and Germany. This was especially so of 
the Middle Devonian in which there was an extensive development 
of limestone with a characteristic fauna throughout the whole 
North European area. Etheridge stated 

"The middle group which holds so distinctive a place 
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in the series in North and South Devon both by 
richness in special and peculiar genera and in 
number of species, is paralleled in,every particular 
in the three continental areas" 

(Etheridge 1867) 

He was also at great pains to show (as Lonsdale had shown 30 years 
before in South Devon), by means of numerous faunal lists and 
tables,. that the Devonian of North Devon was a system quite 
independent of either the Silurian or the Carboniferous. 

Etheridge was primarily concerned with the br-- kad stratigraphical 
succession in North Devon his map (Etheridge 1867) is very 
similar to the one published by Hall in the same year, though the 
boundaries on Etheridge's map appear to be drawn a little less 
diagranimatioally. The map shows the following subdivisions 

UPPER DEVONIAN 

MIDDLE DEVONIAN 

LOWER DEVONIAN 

Carbonaceous 
(PiIton and Barnstaple Beds 
Braunton Beds 
Baggy and Marwood Slates 
,Pickwell Down Sandstones 

(Grey unfossiliferous slates 

/1
Calcareous slates - fossiliferous 
Hangman Gets 

iLynton Slates 
1...ynton Sandstones 

velar m a Etheridge was the first to separate the whole North 
Devon Devonian into Lower, Middle, and Upper divisions, and 
most subsequent workers have been content to accept these 
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divisions (but see particularly Hicks (1890) and Evans (1922) 
below). Etheridge included detailed observations of some areas 
in his paper, but they are only included as evidence of his broad • . 
generalizations. He made use of the work of others Where appro-
priate and, in particular,, he quoted from the records and obser-
vations of Valpy for much of his detail concerning the Ilfracombe 
Beds. Valpy was an amateur geologist who lived in Llfracombe. 
His one written contribution to geology was a small booklet - 
"Notes on the geology of afracombe and neighbourhood" (anonymous= 
Valpy 1867), but this contains a wealth of detail which could only 
have been acquired by constant painstaking observation over 
a period of many years. His booklet contains the first detailed 
lithological succession within a part of the Ilfracombe Beds as 
exposed on Hagginton (or Haggington) Beach and in the cliffs 
above. He also records many fossils,. unique in North Devon,, 
from the limestone quarries which have now disappeared or have 
become so overgrown as to be completely inaccessible. 

Etheridge made out a very strong, and in the present writees 
opinion°  conclusive, case against Tukes's interpretation, though 
the latter still found support for his ideas from various geologists 
throughout the latter part of the nineteenth century. Assessing 
the position in 1873, Vibodward wrote 

"Whether we regard the Devonian Slates as the 
equivalent of the Old red Sandstone or of the lower 
carboniferous rocks, a great change in sedimentary 
conditions must have taken place, and the question 
'is still perhaps to be deeled whether part of the 



Devonian rocks are a modified extension of the old red • 
'sandstone ... a point which appears to take its stand 
merely on palaeontological evidence, or whether the 
whole fossiliferous Devonian slates and limestones 
be not of lower carboniferous age, the representative 
of the mountain limestone and the lower limestone shale 
and the carboniferous slate and limestone of Ireland .. • 
this latter opinion finds the more support when we look ... 
to the variations which take place in the carboniferous 
lime Lone series when traced through the North of England 
into Scotland as well as through the South of Ireland". 

(Woodward 1873) 

Chars 	1878. Champernowne (1878) expressed the opinion 
that there was a repetition of beds in North Devon, though he 
favoured jukes's alternative hypothesis that there was a great 
anticlinal structure with the Pickwell Down Sandstone forming 
the cores  and the slates being repeated on either side. The 
Hangman Grits were equated with the Pickwell Down Beds and 
were thought to occur as the core of a second anticline. 
Champernowne was one of the few early geologists who was 
conscious of the complexity of the structure in North Devon; he 
recognised the multiplicity of the minor folds and this led him to 
suggest the major anticlinal structures mentioned above. 

"We often hear", Champernowne writes, "of the simplicity 
of North Devon. I confess I cannot see 'it. Faults may 
be rare and igneous rocks rarer stills. but the instances 
of contortion with inversions on a small and medium scale 
are almost innumerable and lead one to suspect the existence 
of far grander ones." 

(Champernowne 1878) 
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Chempernowne found no justification for seyaratingthe slatet a the 
Ilfracombe 'Group (; gall 1865, Etheridge 1867) from those of the over-
lying Mode Slates - • • • 

"I fee/ fully convinced that ail the rocks from COMbe Martin 
to Woolacombe constitute but one system, and any division 
of them into Ilfracombe Beds Enid Morto Slates must be 
Purely astificial. a  . (1870 

Anth.er, he recognised that the Limestone beds are condtently 
repeated due to overfolding and clearly considered the possibility 
that there may only be one limestone. Such a grasp of the structure 
had not been shown by any previous miter and even Evans (19224929) 
does not appeal to have beer; aware of the constant repetition of beds 
that thet is along the coastal Section between Ilfracombe and Combo 
Meath „ 

Ussher.1879. Ussher agreed with Champernowneezegaeding the 
separation of the Ilfracombe Beds from the Mort() Slates - °No 
persistent horizon can be drawn between the foosiliferous and 
unfoesiliferous portions of the series°.  (Thasher,1879 p.17), Etoviever, 
he did not completely reject the separation of the Mores Slates 
from the Ilfracombe Beds Since, ten years later, he 'mote: 4The 

lower beds are distinguished as a whole by the presence of grits and 
masses of limestone and by a great variety of colous and texture* 
Masher 1889 p.20). He drew the jun.otion between the Middle and 
Upper ;Devonian at the base of the Pickled' Down Beds, but 
admitted that owing to the gradual passage from the base of the 
upper Devonian Beds into the Ailiddle Devonian Slates.. the 
boundarles between them are ogten tubit'aryrj. 
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Ussher (1881) gave the following stratigrap.himal sequence, from 
which it is clear that he regarded the Mote Slates and the Ilfracombe 
Beds as a single lithological unit. 

UPPER DEVONIAN 

MIDDLE DEVONIAN 

LOWER DEVONIAN 

(Pilton Beds - argillaceous slates 
'Bogy Beds - Lingule Slates ,Cucullaes Grits 
1piclevell Dawn Grits with slates 
tSlates ,Shaies local Gritty Beds & Limestones 
j(IVIoetehoe & Ilfracombe Series) 
)Hangman Grits 
iLynten Beds - Grits & Schists 
lForoiond Grits 

Eight years later, however, Ussher (1889) changed his opinion 
ftgardirig the position c the Ziengman Grits, and. placed thorn in the 
Lower Dovonien. No direct enp2e.natien was given for this change-of 
opinion, but it seems clear om the cerselation table that he was 
inialenced by the fact that grits are developed at the top of the Lower 
Devonian in most other Eurepeu,n localities, and that there is a sharp 
change •?,:o calcareous deposition at the beginning of the Middle 

ev o nia n in the same ereas. 
He commented on his changed opinion many years later (Ussber 1910) 

in these words, 
'Both Etheridge and Townsend Hall classed the Hangman Grits 
as the Middle Devonian and prior to 1888 the.  writer did the 
same. The prevalence of grits in the lower part of the 
11:EracorzOn Series renders the line of juF;ztion between Middle 
and Lowc.,,,r Devonian somewhat vague and unsatisfactory." 

Oaks n  0.90. Fri Ind, Hicks read the first of a series', of vapors in 

1711::.C.111. be claimed that the simple succession of the nooks in North 
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De•iroya 	 7zre,c,:n mocrjyaised 	 T.viu:cf:;hison, 

S: d. whilcil had been catlfz.r:::Tetecl 70317 mfg., onbser;70.0r4 -iral.tess,,,, was an. 

VNC.11(7,0'120 0720. rrona the Mane 	, 	had 0%1:allied 

whicth he believed to be of. 	This Fad him to 

tL 	 a71< 0.., 	 h "K SIts 	carazl 	 e:ticeneaairagu 	t 	 th, 

iratorprata'a.mi 61:Ifferaci fundannntally c7.-,3rn the Eaten.lattvc.,, hypotheses 

put forivavii by "jukes (T. 063;.; 	Chsarrn:omr.ranc::: (1878,, , whc would 

hziivr;) 17,1.ace:,d the. 'Ina:well Darn Ravildstone in the e,ntic7Lire3, 	with. 

the laeiona Sir 070717 	EValcZ1 bei7IC 05.! LVIZZI? CH0:7,01/.1SZT011r_4 to ;:s 

intvl:TaIntion ..!Invcaved co.7.:r4PtIon 0'11:1747 

FIgliacion.th.13 Deds wl.th 	P.1.1ten 211far; 

CO .?7:n af7E.:1;d:a Zocls wit7..7. the 	 b Bede 

	

IE...&.:mccyann FA-ids with tcle 	Dz-vm 

and t e 	Shc.,1!a 	a hcImt 	30G1 Ecuo 	 De MV, ::h 	 1i 	 cm , 	F l 	 t. 

'u.;“.7; 	orltIcisna 	Fitz&s pFe.sented his go ....,tra 

to the Gaolotylvia arzlkyty (Hicks L' 890'1, , lilac: he witheze7A7  it begun 

publiortf..on, 	01'11;k:ism WCIE 77,ETrioly concerr;•..reSied On the wag:mess 

of. his 175.1meontologizaz argil/moms 	scn.v.otuxatt and lithclogical ,gre-amls 

there is arenh to commime2 "Hicks' hypetheOz), Eicao ,voatInusci 

2,007ae Slates far ;R:Z.S12.13 Etna hIS labours 'Lycra roweirdeci by the 

discovery e§ Some 0:mt.7.12e.e.! brzchiopncls and liamellibranchs in the cliffs 

bstween Ma' lio:D 	'',7I,Terifacomb,::=.:, and in cram:des mar Lsfracombe 

(E-11(1,',3 1.396s2,, Moser .`:.v.3g5sils flze dzimed to reprossai; hozimon lo-ar 

daual in the Silusiian tE:icho 18-9632 

The age of tho 	Sinte f:essi.18 was dispated by Gtegey (2J397). 

QiaiYad out tbzit fo,nr c,Z them 1.,,7e.-s,  7.1sw spacies and thr-;.TeloTe 

Ritl.j.e. we 	:In init.:Intim:1 EI:.4̂.1insia?..1 age, espv:inlly stasis genava such 
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as Spirifer and Lingula have a long range through the geological 
column. After a critical examination of the other fossils, Gregory 
felt that all of them could in fact be referred to Devonian genera. 
Hicks slaked a spirited reply (Hicks 1897b) to Gregory's paper, 
concentrating his argument on the identification of Stricklandinia lirata 
from the Morte Slates.. The pr6servation of all the fossils is so poor 
that it is impossible to identify them with any degree of certainty, 
so that the arguments on both sides are inevitably inconclusive. 

A further paper published by Hicks in 1897 (Hicks 1897a) suggests 
that the Ilfracotnbe and Pilton Beds have several fossils in common, 
though none of thete, according to Hicks, are to be found in the 

Morte Slates. 
Hicks' interpretation failed to convince more than a handful of 

geologists and all subsequent writers have followed the orthodox 

interpretation of the succession. The age of the Morte Slates and its 

position in the North Devon succession was put on a slightly surer 

foundation when Evans and Pocock (1912) described brachiopods 

from Barricane Beach (near Vtroolacornbe) and considered them very 

close to, if not identical with, Soverneuili The same authors • 
compared a species of Rizzashalsa, also from Barricane Beach, 

with. Rh. (Cam_so13221.2 from the lower Frasnian of 
VWasdarnuMeYsnnO

Belgium. 

Perioe, 3. DETAILED STRATIGRAPHY WITHIN THE ILFRACOMBE BEDS 
ira.cfark.0•RVIMIS•a• riao•LN1 	

• 

Evans 131P. —> In 1919 Evans i:Mted 24 species (the ma.iority of 
eurt..13,7re.,..CW.rese.ne. +Vaal. weir..., 

them bmchioE:ods) from the Ilfracombe Beds , and on the evidence of 
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these, referred the beds to the Frasnian stage (Evans 1919a). He 

also tentatively correlated the Morte Slates with the Schistes de 
Matagne (Evans 1919b). Later (1922) he gave a more detailed 

succession and comparison with the European stages. 

FAMENNIAN feet 
Morte Slates 1500 
Woolscott Cleave Slates 250  

FRASNIAN 
Slates with subordinate grits & limestones 
David's Hole Beds - striped calcareous 

1000 

slate & limestones 250 
Red Limestone Series 355 
Jenny Start Beds 30 
Slates & limestones of Oakestor Bay 135 
Newberry Beds 520 

Slates with grits & lenticular 
GIVETIAN limestone 500 

Lester Series Limestones 
Grits & slates 550 

Wild Pear Beds - calcareous slates & lenticular 
limestones 400 

Little Hangman Beds 400 
COUVINIAN Rawn's Shales 200. 

Trentishoe Grits 3000 
Lynton Beds 
Foreland Grits 

This was the first detailed subdivision of the Ilfracombe Beds and 
it formed the basis for later work. The Morte Slates were placed in 

a separate stage, but the Ilfracombe Beds were divided between the 

Prasnian and the Givetian. Evans was uncertain where the boundary 

between Middle and Upper Devonian should be drawn and he suggested 

that it ;night be below the jenny Start Limestone - i.e. all the main 

limestones would be placed in the Upper Devnnian. This uncertainty 
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was 'still apparent in 1924 when he wrote "11 est difficile de tracer 
une limite exacte entre le d‘Ivonien moyen et le avonien suatleur." 
Evans' final contribution to the stratigraphy of North Devon was in 
1929. His succession was essentially the same as in 1922 except 
that the 'Slates and Limestones of Cakestor Bay' and the 'Slates 
with subordinate grits` were omitted from the succession. More 
significant however, are his comments on the similarity of the 
fauna from Jenny Start and David's Hole, and with the latter he now 
linked the liinestone at West Hagginton. This suggests that Evans 
was, at least tentatively, considering that some of the limestones 
might be equated with each other. 

Since 1929, no further contributions have been made to the 
stratigraphy of the Ilfracombe Beds , except for a paper by myself 
(Holwill 1962) which is included as part of this thesis, and one by 
Webby (1964) in which he discussed the stratigraphical significance 
of the fauna from the Ilfracombe Beds of West Somerset. It is apparent 
from the foregoing review that many fundamental problems remain 
unsolved. Some of the more obvious ones are listed below and in the 
subsequent parts of this thesis an attempt will be made to resolve them. 

(1) The age of the Ilfracombe Beds 
(2) The number of separate limestones which are developed 

within the Ilfracombe Beds and their relative stratigraphical 
position 

(3) The apparent absence of limestones to the east of Combs Martin 

(4) The form of the limestone masses (lenticular or continuous) 

(5) The true stratigraphical succession in North Devon. 

allensemeare..tratariaa 



PART II. STRATIGRAPHY AND STRUCTURE 

A. INTRODUCTION  
She 	(10E2i suggested a simple threefold division of the Ilfracombe 

Beds on the basic of lithology:- • 

Upper Ilfracombe Beds - dominantly arenaceous 
Middle Ilfracombe Beds - slates , calcareous slates & limestones 
Lower Ilfracombe Buis - dominantly arenaceous 

This is a convenient division and although Shearman did not define the limits 
of these groups their-validity is readily appreciated in the field. This thesis 

is largely conceryted with the Middle Ilfracombe Beds and in particular with 
a description of the coral fauna from .the limestones , but in mapping the 
coast section between Combs Martin and Ilfracombe (Beacon Point) it has 
bein necessary to consider alsO the Lower Ilfracombe Beds. Strata assignable 

to the Upper division make a small outcrop in Hole Bay, but the math outcrop 
lies to the West of the area under review. 

The Middle Ilfracombe Beds are considered to • start with the Rillage 
Limestone and to end at the top of the David°s Stone Limestone. Four 
mappable limestone horizons are recognised in this sequence:- 

David's Stone LiMestone 
• Combo Martin Beach Limestone 

jenny Start Limestone 
Rillage Limestone 

The succession between the three upper limestones has been discussed 
(Holman 1962), Between the Rillage Limestone and the jenny Start Limestone 
are slates with some very thin limestone and sandstone beds; this succession 

>7 
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is -well-exposed at Rillage Point. 

The sequence of strata within the Lower Ilfracombe _Beds is best seen 

at Widmouth Head, though a continuoue .euceeSsion up to the Rillage 

Limestone is unfortunately not e.x.Posed. :f-letwever, only a small part of 

the succession is cut out by the normal fault above Samson's Cave so that 

the succession at Widmouth can serve as the type succession for the Lower 

Ilfracombe Beds. This area is , therefore? described first, followed by the 

other areas in which Lower Ilfracombe Beds are seen (The Warren, 

Broadstrand, Hamator, and Golden Cove). 

No further description is given of the Combo Martin-jenny Start area 

as it is contained in the accompanying published paper (Holwill 19S2), but 

a detailed description is given of the Middle Ilfracombe Beds outcropping 

West of Widmouth Read. 

The geology Is described in convenient geograPhical units from East to 

West, rather than in strict stratigraphical order, since the latter method 

would involve reference to numerous, separated outcrops with consequent 

-diffieulty for a reader unfamiliar with the local details of the coastal, 

section. Since, however, in general, younger rocks .outcrop westwards 

along the coastline, the sequence of descriptions is largely in stratigra.phical 

order. 

THE LOWER ILFRACOMBE BEDS 
reava•..+0, Galr-V.M/P•m, .a,amerMa•a-sc-ormnixornswxserassanc. 

(a) Widmouth Head 

(i) The Succession 

The essentiel features of the succession seen at Wldmouth are as 
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11 34° 0n+ Arenaceous slates & sandstones 
10 Thin limestone 
9 30  0" . Arenaceous elate 
• 8 e 0" Greenish grey slate 
7 • 5O°  0" Current bedded sandstones & arenaceous slate 
6 Thin limestone 	. 
5 ' 110° 0" Massive sandstones with some slate. Quick-

sand structures. 
4 Thin limestone 
3 	, 54° 0" . Arenaceous slate & sandstones 
2 2° 0" Limestone - 
1 24° 0"-i- Arenaceous slate - to low water mark 

At the northern end of the headland, near low water mark, a limestone 
(bed 2) occurs in the dominantly arenaceous succession. It is of variable 
thickness ranging from 1° - 2° 6°; it is bluish grey when fresh and is 
largely formed of shelly debris but with much argillaceous material occurring 
as irregular elongated lenses. Such features suggest thatthelimestone 
accumulated as a shell bank ancrthet it may not form a pirsistent horizon 
within the arenaceous beds. tinfortunately,,. no identifiable fossils have 

been obtained .f.vem the limestone end 00J:relation with other limestones in 
the area is problematic It is unlikely, however, that this limestone can 
be correlated with the RIIlage Limestone partly because it lacks the 
characteristic features of the latter, but more particularly it occurs within 
an arenaceous succession with massive grits above, while the Rillage 
Limestohe at its type locality and along flagginton Beach always occurs 
-at the tem of an arenaceous succession, and is overlain by a dothinantly 
slaty sequence. 

The limestone (bed 2) is overlain beat least 200 feet of massive bedded 
sandstones and arenaceous slatts. About 100 feet above the limestone the 

massive sandstones (bed 5), show the disturbed bedding structures which 
Selley et alia (1963) have attributed to qinicksand action„ Piate-1 Jig 1-2 



L  
r 

Hele Boy 

Beacon Point 	 R illage Point 

Watermouth 
Caves 

Burrow Nose Hamator Rock 

Widmouth Head 

Lester Point 

Jenny Start 
1 

S ood 
Cove 

Upper 

Middle 

Lower 

ILFRACOMBE 

ILFRACOMBE BEDS 

SCALE 1 25,000 
COMBE 

MARTIN 

Broa 
s rand .• 

'S. 

Fig.2. Map showing 	the threefold division of the Ilfracombe Beds and 	important 
localities along the coast. 
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shows sections through these structures which vary in size from a few inches 

to about: 2 feet in diameter; they are usually from 6 - 6 ins high, and appear 

in section as basin-like structures in which the original(?) stratification is 

upturned and even overturned at the edges. The stratification within the 

structure is often much contorted. 

These quicksand structures are confined to 'about 10 feet of sandstone 

at liiridmouth Head and it is here that they are best developed, though they 

are also. seen at Burrow Nose and are incipiently developed at other - places. 
It seems possible that the sandstone sequence in which these structures 

occur may benisednfor correlation purposes. The validity of this can be . 

demonstrated from Afkrichnouth Head across to Sexton's Burr and Burrow Nose 

and it has been used tentatively in the Hamater area for coorelation of beds 

in the absence of more reliable criteria. The dangers of this correlation method 

are fully recognised and interpretations based on it may have to be modified 

in the light of further knowledgs. 

Two thin limestones (1"-4") occur within the Widrnouth Head succession 

(eds 6 St 10). The lower one, seen on the prominent dip slope at the North- 

east corner of Samson's Bay, is probably the same horizon as the cong- 

lomeratic limestone which outcrops at Burros Nose and the northern and 

of the Vtrarren. (Both the limestone and the conglomeratic limestone lie at 

approximately the same distance above the quicksand structures) 

To the South of Samson's Cove 4.e. above the Widmouth Head beds, 

but separated from them by a prominent fault - see fig.6) there occurs about 

60 feet of arenaceous slate, greenish on wave smoothc1 surfaces, but a rusty 

brown when sub-aerially weathered, together with some sandstones and a very 

thin limestone near the basso Above these beds lies the Rillage Limestone which 

crops out near the hottom of the gully in the South-east corner of Samson's 
Bay and can be followed up the cliffs to whore it passes over an anticline and 

is eventually cut off by the fault (figs 8.6: RI). (Note; favune numbers prefixed 

by 'II indicate that the figure will be found in the pocket at the back of the thesis) 



The succession immediately above the Riliege Limestone is concealed 

beneath scree but there is a NW-SE fault passing into an E-W, strike fault 
at this position. At the top of the cliff - that is, in the South-west part 

of Widmouth Headland - the Jenny Start Limestone is seen in a series of 

quarries-  from which a good coral fauna has been c011ected. (See table in 

Palaeontological section) 

(ii) The Structure 

The structure seen alone the West side of Widmouth Head is shown in 

fig S. The fault which runs down into Samson's Cove (the Samson's Cove 

Fault) dips South at 450  and strikes 257''. The dip of the beds below the fault 

vazieS.from 30'9-3!f while above the fault the dip Js about 40 the direction 

of dip in both cases is due South. • 

The arenaceoui succession North of the fault is not folded in any o 

the exposed parts on the West of the headland; iranndiately South of the 

fault there is an anticline ove;:turned to the North so that the beds are 

inverted for a few feet.The anticline is well-marked by a thin wriggly 

limestone which 1•3asses over the hinge of the fold near beach level; the 

Rillage Linestone can also be detected on the/inverted limb in the extreme 

top of the cliff. 

The nature of the movement on the Samson's Cove Fault is not obvious; 

the dip is low and parallels the cleavage in the slaty beds, while immediately 

above the fault is the overturned anticline. These facts suggest that it 

should be a reverse or thrust fault resulting from compression, but there is 

a complete absence of any of the cham:cterietic beds which lie above the 

rdllage Limestone (e.,g. jenny Start Limestone, Combs,  Martin Beach 

Limestone, David' s Stone Limestone) from the sequence seen to the North 

of the fault. The fault is therefore Interpreted as having a normal displacement, 

since the succession to the North is not affected by any other major tectonic 
structure. (a is possible that the initial fracture may have resulted from 



(ii Compression 

(ii) Further compression resulting in partial 
fracture (reverse) 

• 

Fold 

fracture 

(iii) Tension resulting 	in normal faulting 

43 

compression, but subsequent release of pressure has permitted a dawn-
faulting of the southern block; or there may have been two distinct periods 
of movement, one of compression and the other of tension. This interpretation 
is shown in the accompanying diagrams (fig. 3).) 

Eig 
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That norMal faults have in fact displaced the strata .is shown by a normal 

fault with .a  throw of 1-2 feet, which.occurs in the sandstones about 20 yards.  
North of Samson's Cove (see also plate 10, fig.2):4  

The position at which the Samson's Cove fault emerges on the East side 
of the headland cannot be recognised with certaintY61. The most likely position 
is about 250 yards to the North of the outcrop of RiIlage Limestone on • 

.Widmouth Beach, where'thete is .6 fracture zone marked by brecciation and 
quartz Veining between an anticline and syncline (fig.7 and plate 2, fig .1). 
The strike of the fracture is 265ea.nd this would carry it to about the position 
of Samson's Cove on the opposite Side of the headlands If'this is the 

correct interpretation ,.and it is confirmed by a feature seen running across 
the headland on aerial photographs, it means that the syncline seen in the 
rest dies out against the fault:before- reaching the West side; i.e ,when 

traced from West to East the .fault diminiShes in importance:and passes into 

fold.structures (this is also confirmed by the absence.of any fracture in the 
corresponding position on the .East side of Watermouth (fig 6))„ 

Theree -are two objections to this.  suggestion:- 
(a) The fracture on the East side of Widreouth Head is vertical 

while at. Samson's COVe 'it dips 4.5°S 

• • (b) Quartz veining is associated With the fracture in the.East 

but not in the West 
Neither Of these objections is considered, however, fundamental enough to 
invalidate the suggested conzlations and the sequence of events shown in 

fig.3 above. 
Another fault in the South-east corner of Samson's fifeiy cuts off the 

Rillage Limestone abruptly about 20 feet above beach level., Ft is correlated 
lin a fault 50 feet North of the RUlage Limestone on the fast side of the-

headland and it is interpreted as another normal strike fault, '(Tkie 

Limestone .is net found in the Cliff to the South and must therefore be doipm- 



faulted below beach level). This strike fault appears to be a continuation 
of a N.W.-S.E. fault which trends across SaMsonts Bay at 148' and which 
displaces the Riliege Limestone.  about 200. feet to the North on its South-
weSt side. The line of this fault is marked by a prominent reddening of the 
beds for about 6 feet on either side, both across the beach:and in the cliff. 
There is ne.evidence for the N.W..-S,,E. fault continuing into the cliff 
along the trend of 1482 and it must, therefore, either stop against the E W 
fault or, as seems more probable, pass into it. 

In the cliffs on the South side of Samson's Bay an anticlinal hinge can 
be clearly seen. This is stepped to the North as it is followed to the West 
by many small N.W.-S.F. faults; it is the same anticlinal structure seen 
in the .natural arch at the West end of Samson's Bay (see.  plate 8). 

The structure which follows this anticline to the South is seen in the 
deep N.-S. fault gully about the middle of Samson's Beach, where the 
jenny Start Limestone is folded in the core of a syncline. The limestone is 
stepped successively to the South as it is traced towards the South-east 
corner of Samson's Beach; at the top of the cliff it Is seen in a Series of 
shallow qUarries close to the -cinder path used by the coastguards. Here 
the outcrop of limestone, is about 100 feet thick , but this eiceptional 
thickness is.  the result of the synclinal structure (see fig.8); this structure 
also accounts for its absence further to the East where the topography drops 
away sharply. 
Widmouth Beach 

The Riliage Limestone formS an outciop some 12 feet long on the West 
side of Widmouth Beach; it dips due South at 30e and is approximately 
1' *6" in thicknesi.' It is not exposed continuously across the sandy beach, 
but it reappears on the EaSt side along the same line of strike.. It is then 
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shifted sinAgtsallv 46 feet by a MG T:I.-S.11LT. fault; this is' probably the same 

fault as passes between Sexton's Burrow and the main cliff of the Warren. 

The limestone cannot be followed continuously once it has entered the 

cliffs on the 'East side of Widmouth Beach; but a series of exposures 

indicate that it is continuing along approximately the same line of strike 
except for minor faults (see fig.R1) until it passes out into Watermouth 

Harbour. It reappears again at the South-east corner of Watermouth, 

having been displaced about 100oleet by a postulated 1\1.W.-S.E. fault 

through the harbour. 

Widmouth Beach, weathered surfaces of the limestone show small 

fossil fragments etched out; most of these are fragments of bryozoa but 

there is some evidence of tabulate corals. Two fragments of Thamnopora.  

have been cellected and a single specimen of Pavosites. All the coral 

fragMents are recrystallised., the ravosites is surrounded by a lamellar 

structure whieh•may be algal. None of the _corals is well enough 'preserved 

to Make more than a -doubtful generic determination. 

)Watermouth, The Warren, Smallrtibuth and• 
c...,-.ust.s.,,_g.-zauexa-r• -•mt astat-E..00cs.amay.gstz.r-,nr-..zi-asae.sldsr-st..tVtruVt, 

Introduction 

the rocks exposed fth the area belong to the Lower Ilfracombe Beds as 

defined above. The Warren is a harrow peninsula running N.W.--S 	it 

is about half a mile long, flanked on the West by the inlet. of Watermouth 

and •on the East by Ccmbe Martin Bay,. Smallmouth is a narrow inlet on the 

East side; while Oroadstrand is a wide beach in the South east which forms 

a convenient southern limit to the area under discussion. 
The coastal section between Smallmouth and IDn'',adctoavid is difficult of 
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access; it is only possible to trek/arse the iWhole section at extremely low 

tides and even then it involves climbing up or dawn steep and slippery 

rock faces. The best means of approach is from SmaDemuth through the 

natural tunnel and thence, at low spring tides, to wade through the shallow 

water and'scramble up the steep rock face on the South side and so into 

the next inlet. (This inlet, which lies almost exactly half way between 

Smallmouth and Broadstrand.Beach, will, for convenience, be referred to 

as 'Desolation Cove' .) 
Progress further South beyond 'Desolation Cove' it impossible without 

- the .aid of ropes or some Skill in reek climbing, for the buttress which forms 

the steep southern wall of the cove is never clear of water even at the 

equinoctial tides and in addition, steep cleft With overhanging and 

waveesmoothed sides has .to be creased about halfway along this buttress. 

Beyong this point as far as 13roadetrand Beach progress is easy at law water. 

There is a'airther cove just befor... Broadotrand and this will. be  referred to 

as 'Dead Sheep dove'. 
The g Gelegy of this area iu not easy to interpret as reliable masher 

beds are lacking in a success ion which consists almost entirs.ly of 

arenaceous slates and sandstcues. The Riilage Limestone is exposed near the 

South-east 'corner of Watermouth and this is clearly the continuation of the 

outcrop whicl-A strikes across Wldmouth Beach. The limestone is dragefoleed 

and dips noernally. to the South (1851 at 25'; it is about 1 foot thick and 

contains an abundance of shell. fragments in ito upper part together with 

the concentric 	structures which are noted'elsewhere as typleal of the 

?allege Limestone. 311-preServed bryozoa are also present ard much vein 

quarts is associated with the limestone; a strike fault cuts off the limestone 

on the South-east side before it reaches beach level. 

The rtillage Limestone is exposed again on the eastern side of the 



Warren, though here it is involved in a syncline-) (fig. 5) The apparent 

absence of this .structure on the West side of the peninsula is partly the 

result of the fault mentioned in the previous paragraph which must displace 

the limestone %)eltSWIT beach.level and partly the result of lack of exposure 

since an artificial embankment has been built along the head of the harbour 

concealing the outcrops. However, on one occasion when storms had 

destroyed part of the embankment, it was confirmed that at least some of 

the beds were inverted, though the limestone itself was not enposed. 

Northward from the outcrops ofnage Limestone on the Warren, there 

is a normal downward succession of sandstones and erenaceous slates 

which is clearly the same succession as that seen on Widmouth Head; on 

the Warren, however, the succession of arenaceous slates immediately 

below the Pillage Limestone is more fully developed since none have been 

cut out by strike faults as on Vtridreouth Head. The folds seen on the Bast 

side of Wichnouth Head can be. tzaced across the Warren and the sandstones 

with .quicksand. structures are well seen on Burrow Nose and Sexton's 

311/701AY,, 

About 30 fe.at above the zone of quicksand structures and almost at the 

top of the sandstone succession, occurs a conglomeratic band (the 'Burrow 

Nose Conglomerate). This is well seen along the gully which separates 

Burrow Nose. from the main cliff and also at the Southeast corner of 

Burrolv Nose just above a prominent dip surface, and again on the East 

side of the Wazren, about 50 yards South of BUEMIA7 Nose. The conglomerate 

is essentially a very calcareous sandstone only 2 inches thick, and largely 

composed of angular grains. of quartz cemented by calcite. In addition 

there are fragments of calcite (derived from .crinoid ossicles and bivalve 

shells) and pebbles of quartz and fine grained sandstone. 'These pebbles 

weather out from the calcareous matrix and give it a nodular appearance; 

on freshly broken surfaces it is difficult to distinguish the pebbles, except 

under the microscope; they average 3-;5mm in diameter but some are as 
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::• Approx. 3/4 natural size 
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,a:rao as 30min across;. there is no evidence of an erosion surface below the 

conglomerate,. The most distinctive feature of the conglomerate is the large 

fraarrientr.; of whitish-brown calcite which occur in its upper part:. these 

e best seen when a dip surface of the conglomerate has been laid bare as e 

on the East side of the liVantm. These calcite fragments occur in distinctive 

forms (see fig.4) and are thought to represent the diSarticulated valves of a 
large brachiopod - pobably a form of Stringoceohalus. 

fig.4, Calcareous shapes seen in the Burrow , Nose 
Conglomerate 

  

Sirailin !ithapez are found in a thin conglomeratic bed in the vicinity of 

Egg Rock. and again in the 'Striraccephalus Limestone' (Evans 1922) of. Wild 
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Peg' T:leach (compare figs.41I4 and 15). The conglomerate at Egg Rock is 

tentatively correlated with the Burrow Nose Conglomerate, *since the 

1ithealer.3 are so unusual and have not been found elsewhere in the 

suceession also the sedimentary sequence below the limestone is essentially 

similar, a is also considered likely that Evans°s Stringocephalus Limestone 

lies at :P sloilar, if not the same, horizon. 

:Followed West along the North face of the Warren the conglomerate thins 

to a mere inch or less, and it can only be traced as a result of its ochreous 

v.;'eathering when sub aerially 	:It has already been mentioned in an 

earlier section that the thin limestone seen near the North,-west corner of 

liJidmeuth Head is probabl,7 the lateral equivalent of the Burrow Nose 

Con;,,,RomeTateic. 

Ara 	n,rn the evidence of bl-achiop=lo seen in the conglomerate, the 

only fossU found in the grit sun is Tentaculites sp. This fossil 

Cc.-;CUs in El bEtnel Of calcareous it,I" thick, which is at the base of a 

current-bedded sr- ndstons4 the bad is exposed at the extreme. North-west 

tip a the Warren where the path descends the cliff face to go across to 

Sexton' s PIIITCr7tr. 

Between Drp.allmouth and Broacistrand Beech there are several outcrops 

of thin detrital limestones (figs. 5 & R1), which have similar lithological 

ch.E.racters - in smoothed hand specimens, sections of bivalve shells, 

all disarticulated, are frequenny the most obvious feature, Thin sections 

show that boa and crinoid ossieles also contribute a large part of the 

organic detritus, while concentric algal growths are found in varying 

abuinSance in each of the limestones „ The thickness of the bands varies 

from 5' inches at Broadstand and :Desolation Cove, to just over 3 feet at 

Smallmouth„ The question arises whether these are a series of discrete 

limestone bands or whether all, or some of them e  are the same, A study of 

the field structures (fig.5) .and of thin sections from each of the limestones 



'..:Amootenee (see plete 3) does not permit a conclusive answer to the problem, 
but the baleen.* of evidence suggests that the limestones all cocas at a 

single stratigraphical hosison and are to be cosreleted with the Rinage 
Limestone. 

.A comparison of thin sections of the limestones seen at Desolation Cove 

and Broadsizand Beach (plate 3 g,h) leaves little doubt that they are the same 
limestone being repeated. The outcrop at Desolation Covetehich fosin a band 
3-12 inches thick is inverted; when fresh the limestone is bluish-grey and 
hard but it emathere to an Colveous bsown. Crinoid ossicles, bryoma and 
broken and crushed brachiopods can be seen on weathered or smoothed 
surfaces; there is also an abundance of small rounded bodiee, often bean 

shaped, with dark borders very sisaller to those seen in the !tillage Limestone 
on klagginton Beach. Exactly comparable features are seen in the limestone 
at the foot of Brozdstrand steps, though here the limestone contains galena,. 

Some doubt remains, helIGIrel', as to svhether the limestone at Smailmouth 
(the "Small ouch Limestone') is.the same as the Riliege Limestone. It in 
thicker than the typical outcrop of Pillage Limestone; - the following is a 

section measured on the North side of Sreallmouth:- 

Slates with coCasional. strong grit bands 
6 Limestone packed with .crushed brachiopod shells 

V 0".  Thin brachiopod limestones.  with grey slate partings 
6" Limestone eacked with crushed brachiopod shells 

2-3" Grey elate esith limestone partings 
9" Limestone (brachiopod shells not conspicuous) 
3" Thin limestones and slates 

Coaree. grit 

At least 20 feet of curent-bedded sandstones underlie this sequence; they 

are most massive !just below the lime.stone and become more thinly bedded 

towards the base, They pass down'into greenish'grey exenaceous slate of 

which about 8 feet can be seen in the 'core of the anticline at &sr-D.201month. 



The upper Massive Sandstones have very thin (ii.inch) partings bf greenish 

shale. Such a Series of sandstones passing down into slate are not seen 

elsewhere below the RiIlage Limestone - the usual succession is slate or 

arenaceous slate with some sandstone bands.. (Plate 2, fig.2, shows such a 

succession underlying the RIliege Limestone on Widmouth Beach.) However, 

there is a noticeable increaie in the amount of sandstone from Samson° s 

Bay to Widmouth and it is possible that the sandstones have developed 

almost to the exclusion of slates in. the Smailmouth area. 

There are, however, tIVO further ways in which the 'Smallmouth 

Limestone' &flees from the TRIRage Limestone as it .s seen on the East side 

of the Warren, ltS.0 yardS to the North oi SmaUmeuth Fleach. The brachiopod 

shells in the latteY limestone expoSure are og sEr413.ler average size than those 

found in the "Smallmouth Limestone' , and the concentric mica?, stmctures are 

fiery ti-?1:G in the "SmallEnouth Limestone', Sufjh differences, could be accounted 

for by .1.ocal deposit:s.bn&. changes, but even if these two limestones are not 

corn:tate& there can be no doubt that the limestones at 'Desolation Cove 

and on Broadstrard- De 	are ehe equivalents of the ibllage Limestone and 

that therefeee the cocks exposed between the Warren Mid ETC?, 	ti only 

show a voey 	";,21-.1;t. ce the suc C 0) 3:1011 ',711.i0h is repeated at least 

three times as a eesuit 	;:.olds and faults. This !II Y. frd,:. pl inz why neither 

the ,fenny 	L's .>,/ nee the massA.ee sandstones with the conglornesate 

and quicksand striae:I:mos, are exposed along  his cons',:;_al seetion, 

The Lateepeetatioi eziewn in fig. r.,-; stzggests that many of the -cults 

are normal or ire faults. Te. is awake peetibIe show conclumt,vely which 

way any ps..relculer fault has moved, though some of them have a Lev se 

clispIPcement 	However, that =real strike faults have also played 

a part in p:t ducing the present arimngement of strata can be shown 

conclusively in ',Irzzolation Cove' 



cs?,:ratigrclon.y.  z.4.na zucture in °Desolation Cove' 
Av... • ,c,..-xs...,,,,,,r,-..nmoc,ro,m,erse.wr.fxrevxrv.m-rarri,r-s.urs,...r.,-,=2-ar.....k.•• 

ThP 	 "Desolation COVOP I inverted, with a mean din 

rg. 50' st,r1I!.., 	.f.ocy and the variations ire, its thickness noted above are 

lamely th6 ::esultof drag folds. Stratiglaphically below the limestone is a 

series of slates with very thin sandstone bands followed by a stronger 

relopraent of the sandstones in bands up to 8" thick , again separated 

by sls,.tes ,',s0)7.1eas aranacecus),. !Move the limestone are grey slates, 

sometimes with itv 	thoring 'splinters' (those are slightly more competent 

bands whic„lh 	SliCted Ur= by the cleavage so that they apPear like 

splinters ofW006. f71 thegrey slate,)„ 

in11ff 	above the cave(caused by two subp,:)ranci strikg,  faults 

interseit a short dirc;:ance*inside)the limestone is seen displaced 

by a no -n& fault dipping at 37**-40' tewezds :kat' that is, subbwellel, 

to the stri!ze of the 'Zeds and this causes a repetition of the limestone 

(see fig 	both In the cliff face and at beach level within the cave. The 

second strike f'.aulttrends 296d  and dips slightly more steeply (40e-4 n 

It dispiaces the beds sinistra...Ir by about 30 ;bat and must be later than the 

first 	this toe is displaced. As a z'esult., at one point within the 

cave, there is a fourfold outcrop of the limestone, each band being 

inve.bed. 

There is c-a 	fault visible in 'Desolation Cove'; it is 7.arallel to the 

first and can be seen in the cliff Lace just above the cave. It is inapossa,de 

to ElSCCIi72/.7), the type of me:,-emont.on this fault as the slates are crumpled 

and stron71,7 cleaved without containing any distinctive horizon that can be 

identified, on either side of the fault. Ziowevc::, this fault separates the 

Inverteri succession discussed above, from the normal succession which is 

seen in the top of the 	it therefore appears, to fault cut an anticlinal 

hinge. 





The PracY..6cd limestone h not yet been identiFied bei:ween 'Desolation 

Cove' a rldEn% -"7.1 d S hr.1 I  but the Lleon is vevy difficult to study in detail cand 

it mtry we?..‘. beP7ess:6nt. What .,.).p.,:)ear toe the sandy bands which unde,:lie 

the limestone ,:•,an he seen. high up in the clila t the South-west end of 

'DescIPtion Co 	, aièi cose Mechs f the 3.irnestone. 	g J.11 es tr, cited with 

galena , 	comroron 	'1)ear.-.1 She,,ID Cove'. 

(c)ilametc,-: Rook to Oakestor Bay • 

Introtilfstion 

ser.:tic:n e.;tpoSes the c2,ris 	to 13 ofF. tie Tior 	okb: 	eds 

but the Preci,r,  dorsel:=•/.*Ion of th.o 	hIch are ft.:1:1  cl and flt aued', 

extensively, ;must rr.s.,r..Tzain ;an o:pon Crestic tough a p033±bleintearreetztion 

sugges 

. 	 11.715.1'1 	 tilts 	 goneral alpse.ncs 

of aliable 	1.r.vir.cn.: in. the 	 F.leds 	alreedy been 

u.ra 	akfic21:icnra 	 ;:zti,etch 

cosi.s: is the 	17,,:aults -ahich 	p.-21.',7113.el to the co- sf.: anri 

frequentky septrate 	,7.pcsmes on the 'Zonir.lhole 	those in tht-:: cL1.2s; 

cxposurc;:son .;-.11.0 f'oreshom are T.IsuaLyren n pLan, 	0.?:cse in ths; cUf 

are seen 	section. Thear.etioany it should e po s...s.ble to -ocaral-,-,.te: 

strudtures seen in the cii2s Indt?.3..s.se. on the forev,:ixe, even When lithologies 

cannot be cot matched, but in-a:once, becse of rapid rf: tiOrt S 

in the form c 	',:ure such CC::i'33.at.'..cils s.re 	 encl. often 

impossib3.6,  to effect v,-2i.th zlertainty„ 
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The section is described from I\Torth- to South wider the following six 

envisions t- 
(1) 	Hamator, Rock 
(ii) Turks Cove 
(iii) Egg Rock 
(iv) 'Raven's Nest Cove 
(v) Golden Cove 
(vi) Oakestor Eay 

(I) iIa mater Rock 

The succession ©£ strata at Hamator Rock is conveniently divided into 

three units by prominent gullies cut out by the sea. From North to South 

these divisions are the Cuter Stone, the Inner Stone, and Hamator Rock 

itself.. Within the succession there is a limestone, a series of massive 

pinkish weathering sandstones, and slates - often arenaceous. 

(a The Outer Stone . The succession at this point is inveYted and although 

the rocks are largely hidden by barnacles and seaws.od, they include the 

youngest rocks in the Hamator area., The most distinctive bed is a 

brachiopod limestone: three feet thick, ,,vhich can only be seen at lowest 

water during spring tides. 1,:t consists Of hard limestone bands about 3 thick, 

separated by similar thicknesses of more slaty limes‘:Apn. The brachiopods 

are conaentrated in the uppermost band (i.e. that occurring furthest to the 

North since the beds are im'ierted)„ and the shells show a prefemsdi orientation:  

with convex sidos uppermost., 1.1: is impossible to identify the shells as they 

are compressed, broken, and entirely re-orystaIlisc,c1. Not only is this 

limestone coved by seaweed and. limpets, but the harder bands are 

extensively bored by living lamellihranchs, Petrological sections show that 

much of the :xzk is dolomitic and extensively veined by quartz,1 b.Tyozon are 

present also„ 

Belo-e7 the limestone is a succession of massive sandstones passing down 

into arenaceous slates. These all dip 5C to the South, and are completely 
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covered by barnacles so that it is impossible to detect any small 

sedimentary structures which may be present. The arenaceous slates 

continue inverted as far as the gully separating the Inner from the Outer 

Stone; they then pass over the anticline which occurs- along the North 

face of the Inner Stone (fig.11). 

(b) The Inner Stone. The beds are essentially a repetition of those seen 

on the Cuter Stone, though the sandstones which occur immediately 

South of the anticline mentioned above, appear less cleaved than their 

equivalents ornthe inverted limb. This fact is often noticed - the cleavage 

in areneceous beds being more pronounced on the inverted itab. There 

is probably a small strike fault along the gully between the Inner and 

Cuter 'tones, for there is some evidence of movement in the gully and 

across the dip slope to the North Its displacement, however, cannot 

be great for it has little effect on the SUCCOE:310I1, 

On the southern dip face of the Inner Stone is seen a massive pinkish 

sandstone which is interpreted as the lowest band of the series of grits 

seen on the Cuter Stone. These sandstones occur again in the core of 

the syncline on Iiamator Rock itself and there must, therefore, be a 

reverse fault along the gully between lie.mater and the Cuter Stone (fig.11)„ 

There is one bed on the Inner Stone which lustifies. special mention; 

it is a sandstone band about 6" thick 7A,hich contains Thamnopora and 

branching bryozoa. These fossils all appear to be abraded though the 

average length of the fragments is 1"-*; they are usually recrystallized 

and weather out of the rock as ochreous ooncretions. • In section, the 

rock is seen to be composed of angular quartz grains up to 1mm in 

diameter, calcite- fagments•, small graine of fine sandstone and 

•occasional flakes of muscovite; the cement is calcitic,. 	• 
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(c) Hamator Rock The same succession is again repeated as a result 

of the syncline on Harnator Rock. The brachiopod limestone is not seen, 

however, though it must lie only a fe*.feet above the uppermost grit 

seen in the core of the-syncline;(its postulated position is shown in the 

section - fig.11). 

The syncline on Hamator is an impressive structure with the massive 

grits and sandstones which form the core being strongly quartz-veined 

and standing out in marked convast with the darker slates (plate 5). 

The grits and sandstones have taken on a poor cleavage which fans out 

at an angle to the axial plane. Cn the lower limb of the fold, one of the, 

sandstone bands has been cut out for a distance of about S feet as a 

result of bedding plane drag during the folding. 

On the South side of Hamator Rock, almost at beach level, an anti-

cline can be detected though it is not immediately obvious because it 

is seen only within slaty rocks which show little or no bedding. On the 

East side 'of the Rock, this anticline passes laterally into a thrust, the 

displacement of which is only small, though both thrust and anticline 

form a line of weakness exploited by the sea. 

(ii) Turks Cove 
(17:417F67c s maps as 'Turks Cave') 

This division includes the cliff and foreshore outcrops between 

Hamator and Egg Reck, and as can be seen from the sections (figs.l0 & 11) 

the rocks are strongly folded. The folds are most readily appreciated on 

the foreshore by observing the outamps of the brachiopod limestone, 

which is the same one as that seen at the North edge of the Cuter Stone. 

At the North end of Turks Cove the limestone di 7)3 South at 300; it is 

normally disposed and immediately overlies a series of massive sand-

stones. .To the North of this exposure there are about 10 feet of sand- 
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stones 'and then a sand4iiled gully some 20 feet. wide- in ,;,vhiCh no rocks 

crop out. (it seems likely that this gully marks the line of an E W 

normal strike fault). The limestone can be taced along its strike to the. 

East until 'it becomes'cenCealed beneath beach material; traced to the 

West, it IS cut off by a N.V.,' .-S.E..fault, and there are patches of 

limestone dragged around. into-the fault, suggesting dextral displacement. 
The Limestone is , howeVer,*absent on the West side of the fault unless 

it be represented by a veneer of limestone less than 'in.' thick which is 

seen on the stack.inunediately to the West. This latter suggestion is 

discounted for three reasons - 

(a) No massive grits occur beneath this thin limestone 

(b) The main brachiopod limestone shows no tendency to 

attenuate as it approaches the fault 

(c) The limestone lumps caught up in the fault lie to the 

No 	of the-thin' lthestone veneeri this indicates that the 

continuation of the mein brachiopod limestone must be 

further to the North. 

. "-The absence of the brachioPOd.limestone on the West side of the 

fault is explained either because its outcrop is concealed beneath the 

sandy gully, or because it is cut out by the E -W strike fault mentioned 

above. This interpretation is considered more likely and is shown on 

the fallowing block diagram (see fig•12)• 

The brachiopod limestone outcrops at two other places in Turks Cove - 

at one, it is inverted, and. at the other, it is dipping normally again, 

to the South; the syncline and anticline responsible for these outcrops 

is clearly. seen within the massive' sandstones which occur 'immediately 

below the limestone. The relatively simple" folds in the limestones and 

grits cannot be equated with any of the structures seen immediately 
West of the N.W.-S.E. fault (figs. R1 &.12), and it seems probable 
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Fig 12 BLOCK DIAGRAM OF THE HAMATOR ROCK AREA SHOWING • THE EFFECT OF 

NORMAL AND WRENCH FAULTING ON THE OUTCROPS OF THE BRACHIOPOD 
LI MESTONE 

•:hac: the fonmer are, to be cozzelateci with 	!Ampler fcais srisnt tliernatoK' 
or poss:Ibly even fuffner to the I\JoTth„ 

The St'uctives seen in the stack to the West of the brachiopod 
limestone outcrops lust dS.sussed CEO- shown in p2.ate C (see also fig. R1), 
There are,, in fact, only t.v.,:m synchnes :,11 the s•tack, and the appearance 
of three As occas.oned- by a small :ILW,, --S„E. -gractuse causing repetition. 
The hinge of one of the synclines ..)kznis part of the South face of the 
stack. .late S fig.rp, it is a tight f.cle and pitfz- hes ,z7lpproximately W„,(250°) 
at 0 ,, The beds in the stack are 3:.argely sites but with some sandstone 
.bands (4 ..-4Y :.ck) and the thin cal.CEIMOUs Veneer:.-3 mentioned above 
which sometimes show large worn f:agments of sheH (? brachiopods), 
ii/A 44; appear as conglomerates., Theru are, in fast, two of those calcareous 
b;,,nds, both about I" thick, which c,;n be found again in the smile 
stack to the Scuth,, 
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Fig 10 sheers the structure seen in the cliffs to the West of Turks 

Cove. A 'next= gully along the line of a fault separates the cliff from 

the stacks discussed in the preceding palegraph. No precise correlations 

are possible across this gully,' but as both the lithologies and the 

structural pattern are similar on either 	it is not thought to have 
a large displacement. The lithology in the cliff is essentially slaty 

but with some membrs in which there is in alternation of slate and 

thire'sandstonese These sandstone bands tre thickest (about 4"-6') at 

the base of the member, and tens to get plegressi-mly thinner towards 
the top„ (This same feature has been noticed elsexhere e t  g,Broad-
strand Beech, under IIillsboroteeh, Gelden Cove, Crtheceras Cove). 

The complexity of the struetures seen in the cliff aed the adjacent 

stacks are thought to result freen a piling up of trate on .the steep or 
inverted limb of a =ler fcY stricture; this is illustrated in the llowing 

diagram (fig 13), `it is noticeable that syncline::: are generally absent 
from this rnaior inverted limb, 'A has already.been .suggested that these 

structuree are broadly equivalent to the structures seen in the vicinity 

of 'Desolation Cove' (s;e.precedieg section on Watermouth, The 

Warren, etc). The major 14. ,*;A",-S E, fault responsible for the displace-, 

meni: occurs, about the ;entre of Beoedstrand Beach (see map, fig R1)0 

(Ilip} .Egg Rook are Raven's Nest sr..,4ove 

Egg Rock is shown.on 'Ordnance Survey maps 100 yards South-east 

of Turks 'Cave', The area now to be described includes the cove due 

We 	of Egg Rock ('Egg Rock CoVe', and the caiie immediately to the 

South, for which I have coined the name 'Raven's Nest' ,Cove. 

A large stack, mainly in maesive sandstones occurs about the 

middle of Egg fleck Cove, .Most w! the succession here is inverted and the 



Fig.13 Diagram showing  the type of structures developed on the 
inverted limb of a major fold. 
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Approx. 3/4  noturdl size 

the sandstones pass up into dark brc,:.vnish black slates at the northern 

end. The South part of the stack shows an anticlinal hinge cut off on 

the South (normal) itimk.,  b a strike fault, with a conglomeratic band only 

1 thick prominently exposed on an inverted bedding surface. This band 

has many features in common with the conglomeratic band at Burrow Nose 

y.vartictOzi it shows SeCZCII.S of a large, brachiopod (fig. 14) which are 

very similar to those seen at StravP.7 Nose (gio..42) :  and which 0.70 thought to 

be a form ofStringocc,,ohalus, The sndztcnes 'themselves weather in 

the same way as those of Burrow "Mose, giving a distinctly pinkish 

appearance. 

fig M- Calcareous shapes seen in the conglomerate at 
Egg Rock, 

The inverted sandstones dip South (165°) at 70 and the hands 

become less massive as they pass upwards (Loot° the North); about 
6 feet of massive sandstone is seen and then an alternation of black 



slate and sandstone with the slate becoming increasingly important. 

About 60 feet of beds (mostly slate) is exposed above the sandstonee. 

A calcareous band occurs near the upper limit of the sandstone bands, 

and this weathers an ochreous brown colour. it IS prominent in the 
stack, but is only lust visible when traced across a 1\1.1AT.-8.E., fault 
into the cliff. 

This NolAr.-S.E. fault -has a Elf,l,xtral displacement of about 25 feet, 
and the succession on either side of it can be correlated without 

difficulty in the Egg Rock vicinity,..- to the North and South of this area 

absolute correlation has not been possible because distinctive horizons 

are absent. The fault is believed to continue to the South-east and to 

pass East of the esf in which a brachiopod limestone is exposed opposite 

the entrance to Raven's :Most Cove see Sketch map Eg 7  6) 

Th0 cliff et the back of 'Egg Rook Cover is covered by scree so 

that the c?.iff section is broken at this point.. Such screes o fallen 

slate frequently mask a line of faulting and the possibility of-this is 
considered below. 

Between 'Egg Rock Cove' and 'Raven's Nest Cove' folding is clearly 

visible in the cliffs, in paLtioular a wriggly band of limestone, 3" thick., 

is seen passing over two anticlinal crests (fig.:10). This limestone is 

characterised by en abundance of sl:ra,211 .3.1ack,, slaty pellets together 

with unidentifiable organic detritus. About 6-5 feet below it is another 

limestone only.!.:-.3," thick, and they are separated by striped slates, 

The West and South cliffs of Raven's Nest Cove expose .only slate, 

while the dip.face on the 'No:,:t1.. exposes pinkish, fiaggy grits. The 
deykral 

West wall of the cove marks the line of a reyorso fault trending--170°  
and fragments of hrOCCiE are shill seen adhering to the wall. Other 

faults trending in a similar dimotion are seen on the North and South 

sides of the cove, and one of these,as can be seen from the sketch map 

(fig 16), must pass. into Egg Rock Cove, but it lost beneath fallen slate. 



Fig.1S Sections of brachiopods (?StringocephaLus) -Wild Pear Beach. 
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~ho ontzence \:0 11:.-"1\7onl' 8 rJosi: Cove ~.n in'F0r~Gdco This is Gh01~71':; by the

p~-8fe;-:Toc1 o:::iel1:tilt~o~ ,0£ convex Sh0Hs in tile upper- layers and by the cUp

of 70
0

; (the cH p on a normal lin~b in character1.stic.nlly 3'0'\".. 40') 't\1ithln

the orca covered by ·~.his thesis) 0 T110 limestone is UndGl:f,2.in (teotontcaltv
' , I I •

overlain) by sandstones I but 01111' 1-2 feet ere exposed before they Ul"G

lost beneath the sandy foreshovs c 111hi s sandy stretch is belteved ~o
, ..

mark thoG posi1:ion. of. thcl aeconcl strike fault mentioned in tho previous
, . .

parag::oph"

I

'(vi Golden (~01JC
""~,-""Irnlr~'7r-=.~.lc.-,

.'
lGuc.Hng SC'.lth ftrc-J~ H~·:.ionl G~jost COvG into Golden CO~J'e is n

n;H1'OlJJ gUl!y~ cvoded (;ion~J. (2' small 11·L,1N c ·3>S., Eo fa.nIt .. The s~nlct'tU.."es

seen 2J.ong H-.ifJ 'gully C'18 shoun in "h9 f.o~J.o1{'Jtn9 L,8ctionn (fIg. 17 /a S: bj

N.

(a) East side ,

s ..,

+ 50 ft

(b) Wast sidcz

1'g.17 S'katChas of thta structurczs satan along thta gully. betweczn

Ravan's Nast Covcz and Goldtan cova
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AJ.th01.~gh ~.p..d~."li.(';iJ~l beds cannot b~ cO·i::qlcr~E'ld nC!~08S 't:he gt~11y' \.IJ~:i:h
;

C8!tD.i~ty: the structures o.!-:o <brovcUy slmilc:n." e.nd thj.s: combined ~'J'lth

·ale observed d!splcC8mGn~:of 2. brrtchiopod limos~one; incUca1:os a

~(:I""~""a'll ,..~ic:! ......~ .... cement of: 10...1 ::: f-t:.'c~·. ~\.lI.:.':';...t\.~I\ ). ~ ";)1.-1.\,.01., ~ ..v.1..... ...... ...,.J ...v ~ ....

The brachtopod limestone outcrops on a smE\ll foaf 21'(. the NOii'th...,1t".7es~:

end of (~o1den CO\.Tog it is iolded h1to tV'lO anttcltnes (from ~he CE'es~ of
I

.....n,c ...·hJ"\ 'i': mentone t,,~ ~ h~l"\t" 1':31·r"Ic1r-.cn :"11"1:"'1 i,.., 1~ r."(' seex" ,.~r.;.t::!c":.'\·"'r'·l ng''-1~I~) t.... '-':.i .4':" ... ~;c:J, J.i.~~ ~"- .. ,...) ~;";:'-l;..l••l. ~ ... "£.,t :; -IJ ~ •• ...r:. •• u _-:'1~~ #- .. ~~..:I ..:;.;J'.J...'..J.J. ~

. .
~110718 nor~hGr.}:y of tho ';:V'\?O 2.i1'~~.cH.l1(~D on '~hG B{).o~: sido .c~: 't:h0 g<.~~"~y e

. An :;.rl1reztod b:~chiopod 1~.m0sto::!8 outcropa on the fJ,ou~b"~Gi:.st s:tde

of: TIcrven\' G !~os'i: C01i'8 as !l2f.J' been ffit?mtloned in en ea:~J.ier scctton,

t

$.nd1.c~r~(;d by t110 f:ollow~.ng ObGS::V2:~:lons~L"

b~r b:ro'V',?ny.Gh....black s~r.:r~c
1

{c) A ill!A1 COi19-!.cmerw'i5c ?o:Lnd ,OCCt~7:S Qt ~:h0 iClP of

:rhus) unless th8 15 :~co~: of unexposed beach bet'viGen tho }~hnGfJ~:ojJ.e

end the 911~.!.Y conceals a' l107m::lJ~ ~.hnb of the H.m8s~one; a normal fault



Yla, Sc b 	as shown on 	Although it -is possib'Ae. ''dhat the 

Iime.s.torr,. has been eroded So ithat its out: Top .71s now buried beneath 

the shing3.4-31, it 1.7s much less 	at the underlying grits TAD 

been so c....-iroclec1 C   ihat all .„ace of L?.t7:1. ormal &Taping 	has been 

lost „ 	only ce.!7.e, 11 110ELW,I, famlt 	FACCCDSC?.y r.  explal.F.1 

limestone outorepr - 	bezch 	s!mr.,-,e the sm-faco 5.1„7-azotzzes 

the South. suggefn 	WCZACi Othe:vyko be deep dCWr: ::::S.3.01,7 the 

Err:face). 

Only one 'core SPZ3Cirrall hE.1c :;-e7 n OI3C:a7111101-3. 570M the bIaohlopot,. 

lirat,i.stone in Golden Co 'e; this du a smn -0 cilobest fom orFavosites„ 

succssio7.1 above. the brachiopod limestone Ge7glen Cove . 

cons..r-rts of at least 50 feet of gray slates with a 	lislestone 

about 8 1.,--:.eet above the r.r.n..).in Ii.i1:11eStOn.9 and two 1110111113EITS of It  

sandstones and slates the lower Ellarnbor about 0 feet 'thick 

sandr3tone brAnds up to C thick,. enc. :accond member, 6 fees higher 

Sifie succ ossicn, vzhich is only 4 f.',73et th5.ck: in both members the 

sandstone bElEILIS C et PaCcarOSTkirakr thirtriV: as theY are traced r.n.,..m.yrds.., 

They are WW1" similar to those reef:1.02d a  th gu117y,  to _the West of 

larks 0c1.70, 

• To the South of this succe,ssion;expoSVEGS aze conce ed. for some 

0 yards. r,y 	• of •J'aIlem limes-Z:6ns b.:locks and -  small "ate ..1:TiAgments, 

The limestone 7.ilook.s freauontly shovY evidenee- breoc&ation with 

v-srylal:oe crystals of Calcite developed  ifl.caViti ico  galena , pyrite 

and ohalcoPTAte ase associztted., There can be Rit.O.e doubt that a 

fault occurs -in the cliffs beneath the fallen blocks but the nature 3f  't  

d 

	

splacement is uncertain; it may 	a 	fault Vending 

ai ier:. to the cliff - such faults can be detected at tha Botta-, end of 

Co-fie4 Y.nc,". fact that the bEec.f.g.SE.-Aton in the :TzAlen 

limestone Tans EIMOSE3 16!;:in b-..rElliag would agree 	interpTatation 

Y:t 	conniderad that the ri:aff  CT fault di r- 	the bed on DroadstEand 
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20E1C11, 	C.1':; 3;:icrr.t 	-above:4 section describina 

Turks Oevsre) 

.1.1  the si:C391., 	ai.:1C"TeD- 	a ine.ssi.ve  limestone at icta.s.• 

6 17t..:,Jc..,::t t721c:k can. 	se37.1n • 	ftr.3 eify::gicult 	inezr.A.li'te 

(e:12.i.r:!7..1.-y. 	0.  at the 7..c,int 	t3.1Q ..11`:108c:011C• 	-e.coc..Issi::..3.0,, it As 

ini..17.11.vecq 	ti..(„33:tt 	anr.1 s-y1-1, 3.1ine„, •  liznestone 

late-grey vs2-1(..?.n 	and w,:r.,athezT?: 	m=r7.1..ed slt!lar:ec...1. .t  is 

unfescilifez•cus encc-y2.t E077 01.:1.11.C.)1C1 	x    	,SIC7110 	▪ 	f▪ 	ratImerts 

the vs.pp,7:,:: ino:m shalt 1:3E.117C1S, j2C77E.VICT e  fossi.1 fraonents 

abunetint thcmcfn. still al:a-Lor.),t 	 and 

ge C:r.1.1:10:1C1 OSSY,C1C,S, 	o; S 	7.120:0 n diarneter:  are cl 

noticlez.17,Se 2eattrz.,, On .1.r.ro:n surfaces,. they often az3pQa!: 	TinCIS 

calcite and they 11-3,-,.y be slightly 3111.;:,tica:g. as the vasult 	stmsE-,es, 

The 	that these ossiclei3 o 	app.ear as rings suggests thett 

tho 	 stvr•alces are deeply aonmve at Icrast on one F^7  et 	;ad 

that they hz.-ore a Ez.iised 

Calictilalc Plate- of the canoid Spilnezcorin-as cis,....,,orrieticus also 
v.< 	.svenat,,,,,,man•maun.7.remzemr•mrcur 

ox:; ur„ Plate 7 J  g.3.) 

Althouth co.( have bzezt faand in the amessible cutcs-opv  of 

Arn2stonz--.3 	C..2.v.Idc.In Cove, rarr yet in t.k.s.1 Rarge ..7anen blocks beneath. 

this outcrop, they can Tr:-.3 geund 	sr:Ine of the bouldel:s that litter the 

fo7ooliore at 1113 Elouth end og: Golden Covez,  in particular, large lollelvko 

f:02[:. and rnoT,fa cles“-c>:: 077,117 ',:al 3/ave b3en cbseTved. 

ME:11.11," 	 is; 	on', 	a",in.45.od and ' 	bean dveived 



ü1119St. certeinly from inaccessible outcrops of the same 'limestone 
which develored local coral fauna. (Such rapid changes from 
unc,soraniferous to richly coralliferous limestone can be seen elsewhere 
fox wee  reple on Oetheceres each near '-",agginton Steps - see below). 
The nearest knn looality at which seassive compound corals ere• 
developed is at Yenny Stan, but the' complete absence of blocks 
containing corals in the intervening cove of Calesetor Bay is cleer 
evidence that they have not been brought along the coast. 

The masskm limestone,  in the cliffs of Golden Cove is correlated 
with the 'jenny eczal: limestone even although locally it lacks the 
colonSell corals which are typical of the limestone in its type locality; 
the limestone cane  in act, be =cod almost continuously in the cliffs 
from Gelden Cove into Oakestor DEly and thanes,  to jenny SI:art° 

At the Southern extremity of Golden Cove is a steep gully up which 
it is possible to climb into Orekester Bey. At the foot of this gully 
on the East side is a we mated syncline Vending 090°  but 
showing no plunge, The gully itself is a falAt line eking 235 T  and 
it shift the ceeis of the SyllaRinte eL;eut 30 feet to the North on the 
`)',Test side° though it is impossible te identify the position of the 
SITTIV,7.1:11s,  with ceeteinty. 

The seetkm northward from this y;yeiret consists of dark slates 
with two thin limestones 	thick) and some arereeceous bands. No 
folds can be detected and apate Et:cm bedding plane movement indicated 
by the numerous quartz seeing; there eypears to be a normal seccessiona 
There is, however, only abteut GO feet of strata exposed before the 

„ - 
SCOtiOn is ObScTiVed by the earieseip. • 

At the head of some of thegullies eeeded out of the softer beds 

can be seen a gone of brecoietion ad :movement nadir* 1300' • A' 
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• ms,y woll be the E3E.1LV.e allIK Which gives rise to the fallen blocks of? 
limestone and the associated brecciation. 

vi 
Cakestor Day 

.-ms s  

The bay is bounded on the South by the promontory' of 'fenny Start 
and on the North by a massive block of quaral-veined slates; it is 

completely filled at high water and is not accessible until the tide 

is more than half out„ 

The southern part. of the iay shows a normal descending succession 

down from the Yenny Start Limestone 

The lo" 9e part of 	jenny Sta,7,1; Limestone is seen at the top of 

the sr.:a:rip face of 'jenny StTrt„. Pnd it can be tailored, anrarently 

continuously „ around the West side ofOalmstor Bay„ getting 

rrogressively higher in the cliff uncll  it reaches the 2;forth-west corner„ 

—ere it is about 6-8 feet above the col by which Er.3 vmsible - to pass 

from Oalt;,,,stor i?d_w into Golden Cave and this is the only place (except 

'jenny StEre: itseli) at which it is possible to C-711 mine the limestone in 

situ. ll'has a thickness of feet and this it appears to maintain.until 

it reaches `jenny Start where the total thickness of the 

limestone heds is about 30 fest. The reason for this contrast in 

thickness is thought to be the thick oorplliferous development at 

jenny SC-iart, while corals are locally absent further l'cionh„, 

Fallen blocks from the limestone. snow the typical pock-marked 

appearance, while the upper more slaty bands con in an abundance 

of crincid ossic2es - some of 	of the large type which were noted 

in Golden Cove° Plates Sphaerocrinus geometricus are also faun& 

No massive colonial corals have been found either in 'situ or in the 

blocks Which have 'fallen  to the beach; nor yet are they found amongst 

the larger stones which may be moved by the tides - the significance 
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of this has already sn coMmented on in the discussion on Golden 

Cove. 

Below the limestone is a succession of slates with occasional 

arenaceous bands, some of which are lenticular. These slates are at 

least 100 feet thick though they are not exposed continuously across 

the beach. In the centre of the cove are dark, wave-smoothed slates 
which contain several seams of quartz and a thin (1") limestone. These 

all dip normally to the South at about 30°. • 
• In the North-west part of the bay is a small cave, on the South 

side of which an anticline occurs in the slate. The tnace of the bedding 

in the slate is very faint, but the anticlinal structure is confirmed by the 

inversion of the bedding to the North. The slates 'Which form 1.11e North 

side of the bay are riddled byquart.2, veining and infilled tension gashes. 

This is inter;zeted as bedding plane movement in the synclinal fold 

which is best seen at the southern end of Golden Cove, though it is 

possible that the fold passes laterally Into a fracture - as is seen, for 

example, at Widmouth,Ham:-.1.tor and Sandy Cove. The slates on the 

North side of the cove frequently contain thin calcareous films, in 

some of which it is possible to detect crushed and distorted ?brachiopod 

valves. Nothing identifiable has yet been obtained from these 
• 

calcareous films Which are no mere thanio in, thick. 

The following sketch map and section show the essential 

features of the structure in Oakestor Bay and Golden Cove (ig 13). 
(see following pa..) 

Correlation between the areas exoosing Lower Ilfracombe Beds 
exe.rtswenoser,•,....--secnus 

It has been pointed out above that there is good correlation between 

the succession at Widmouth and that seen on the Wareen - hulk lithelogies 
can be matched and the structures are comparable. Above the Widmouth 

Heed succession is foUnd the Yenny Start Limestone (see figs 1) occurring 
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Fig.18 Sketch map and section-  of the Oakestor Bay area. 



in za d noLinial core. This qtztcYi.:121."E: i 	With the syncline seen 

30 "srards to the North •of ie cove, on the 'East 	th.E.: Warren - 
this Zoliews from the correlai•iCn of the R.4 711  tY,S Limesdr,:on,,,  between 

nisords Bay and the -Warren. The:fenny Start 7.,iroestarie is absent from 

the Wren and to the South a r.:-7 far as Br 0 D, d St.1717.3 cause of (i) the 

weste,rly 7:-.7.,unge of the structures and W  the down-throw of the N.W„-S.E, 

faults on. their II7r3Stem side combine to bring elder strata to the surface 

the rocks are traced to the East,. An additional reason is the higher 

topography of WidmOuth ;171ead as doinpa7:ed with the Warren for,. 

although the beris azm ghay folded and faulted, the net c,,..Eo.c.; of the 

tectonics is to siruu1ate a hortsontal 1:-...e7lez; of b 
	

fol.  the erne reason., 

the Rillage Lirest,...,ne is found at beach level at no leSs than seven 

.separate Iceantles between the /fferren and Breath:it-and 

Betveen Smallmouth and Droadetrami there is z:2 ma.!;I-T.ed tendency 

the synclines to be fauit.E.,d out (see fiç. 5 This is in contrast to the 

stfuetuaos seen f•arther Noth a.3.ong the Warren where the synclines e and 
indeed the anticlines alsb, are typically unbroken„ A siraiii.w contrast 

in the behaviour of the folds is seen. between11:-...mator End Gokien Cave 

figs.lO 61 11) 

This change.in structure is COILS !dared significant enough to be of 

use in.Maiting a broad correlation across BroE,Astrand Beach where an 

thiportant N 	-3 E. fault 'prevents any immediate correlation of 

Individual beds. Thus the anticlines and synclines of Siczlimouth are 

correlated in a. aeneral. way with the•anticlines and synclines seen on 

Hamator Rk ThiS suggests a dis.olocomf-nt on the N.litr 	E. fault of 

about 35€) feet (the major fault runs up into the gu.3.1y about midway along 

Broadstrand Beach, and it probably emerges again at 'Golden Cove, though 

the actual position is Concealed by scree.) 
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MIDDLE RIFRPCOMBE BEDS 
as-arn,t- Ase-4,st....1rwavm=1. 

W 0  Ha. gginton Beach and Rillage 

	

aberrolesramaimne? 	Vtissu.Sveras crtri.P1.141 	 TAM:— 

The Stra ta 

complete series of liriestones within the Middle Ilfracombe Beds 

is exposed along this section, though owing to tectonic complications, 

the succession is not immediately obvious. The following table shows 

the mein e:itamc.Ints ..13 the suc.-.;cessj.oa;-- 

':tle De-  id's Stone Limestone 
34' Siat:-: 

Saridstone with th!..n slate bands 

Combe Martin 'Pc:LIT:II 	.:Stone 
7,FRACCTSBE 	3Er Slate as soolated v7ith a:,,:r;nacecms bands 

55' 	Calcareous slate and thin. limestones 
BMX: 	 202  (Variable) Fenny Start Limestone 

75 	often calcareous & with thin limestones 
Rillage Limestone (.='01.7z.i.ain 
Arer:aceous beds with some pEO711'4n3nt grit 
hands 

(All the SIllicknesses rt the above 	appro-id.mattons; e.:.act 

msasunment 	sible on account of the tectonic cornpljoations, and 

cny c4,30, 	thickne. of intif,viclurfd units S not constant from 

The oldest 	exposed along 7.he liele-Samso 	- 	Von 

out 	Rillage 	They col !s2 tom:!' sandstones tynr..1 arenaccmis 

slatos • the former are of.Ien ourerf.:- erMed 	•and one ma ive k>and shows 

balled -up str;.7,ctures..„ These btr.Y.Ctil7c) which ;:nay  be up to three •• 

dia 	, ere a ttri ;:mte d 	'sau,ro 	g Cuw-c;').1:--bs-'ddf.ng an,  le 	ge/ 

beddinc. 1701'..-it on s ps 	that these beds c.kre•nomrally disposed, 

and 
	n's  r n thz.- 	 pL o :  h c.) br.:.thJ 

seen actin in the core of en antic*Li.n.,) c.n the icinso;lbre 	West 

Tca• 	'This arolliceous susversicn 



in the 7,o-ser rifra ombe Ekds 	 7.,-,7ith the beds seen on 

Widmouth Head, on the basis of s1m.117fF: gFOSS litholoccy and the same 

position neIetive to the Rillage 7_,imestone c  

Rith,ge Limestone 
ar.I. 	Vla•V‘ AVIV V V: usra,..-,vvw.wrynr f,ra.....=,=•r2 

At Rillage (fig. V3) this limestone showEa' E2 beautiful series of drag 

,31d 	7,1iCh :2 OM C:".7..VbElt: rasernble the dFapings of Eaz.,,Avy curimin,nd it 

has been ,-,..ppropriately termed 'Cultain Rock"tialpy 3.867) (see plate 7 

;.t is 	l'' 3" thick on'Curti:7-jn Fok2  and is made up of two 

bands ©: pale greyish limestoneSeparateKi. by 3" of slate„ .The :;.(7N027 

Id is 4" - 6" thick and consists of small orirloid ossicles f„about 2rnm 

diametnr) together with bro!'..:en fossil fragments of app7,:oximate..y 

simile' 	Larger shaly pellets tt l"-A and strings of blackisTa shale 

also occur,. 	the .upper limestone band brachini3ods, are very abundant 

together with crinoid ossicaes and occasional fenest,silicis Orthoderetids 

(plate 9:la1t'e also present: and small concentric:mill,  layered bodies are 

common (plate 	the latter .may be 2-3mm in di:iumater, and the layers 

are develop d around a ntiaDUS of detrital calcite 07 sometimes a quartz 

v.,Train, they are often distorted as a result of pressures within the rock 

and also .may be flattened on one: sideftThere the layers are thin or 

E'•Itogatber absent, These structures are clearly not normal ooliths since 

they lack the mdi-ating structure and they are here interpreted as algal 

growths, though no diagnostic structural detail. is recognisable 0  (The 

bands Co, however, seem to be made up of a series of rods tangentkaly 

arimnge.d such as seen in the genus GirvanellE) 

The limestone itself is very compact and contains a small quantity 

of pyrite - the latter being resronsible for its rusty appearance on sub-

aerially weathered surfacc.,:s0 There are also occasiornr..1 detrital grains of 

quartz/  but these make up less than I% of the s.A.;hole rock,. The limestone 

i.e partially dolemitized and some of the orinoid ossicles have an outer 
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rim of dole Mite, while the .core remains unaltered calcite. There has 

also been resorption and recrystallization as a result of pressures, 

and the boundary bettlieen adjaCent calcite crystals is stronglY marked 

by a black deposit - presumably impurities in the crystalline calcite 

which were left behind when resorption took place. 

TenSion gashes infilied by an. intergrowth of quartz and calcite are 
a prominent feature of 'Curtain' Rock'. They are closely spaced (about 
6" aPaM and trend 158°. This is at right angles tci the crests of.  the 
drag folds sirxce the latter plunge to the West. The gashes dip very 

steeply to the East (Evans 1922b). The significance of these has been 

discussed by Wilson (1961). 

The %liege Limestone is correlated with a limestone, about 7f' 

thick, which foams a prominent band running across the foreshore in 

the first cove to the East from the steps leading to Hagginton Beach. 

For convenience of 7:eierence , this cove is tamed '03:thoceras Beach' 

(fig.27) on .account of the occurrence of orthoceratids in the limestone 

at this point. 

The thickness of the amesi:one Wearies be,:aueen 	and 9". Sections 

of brachiopod shells are very abundant on the upper smoothed surface, 

and, althoughthey occur throughout,the limestone, they are concenttated 

in the upper par::, The shells are recrystallised, often incomplete, and 

crushed, so that it has not been possible to identify them. Fr,agments 

fenc.,,stillids and other bryozea are-also abundant, and these show up 

best on sub-aerially weathered surfaces where they are etched out in 

eratids are not common but they were found in the limestone 

near to the cliff on 'Orthoc.eras Ber.:Ich' and also in the cove immediately 

to the East. 'in the latter locality several specimens were folnIci in 

boulders of the.  limestone which had fallen from the cliffs. 

Concentrically banded bcdies- similcx to those described from 
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'Curtain Rocks  are again common. They range from 2-15 mm in diameter, 

but the vast majority are of the smaller 131.2e. The fact that occasional 
larger specimens do occur is additional evidence suggesting an organic 
origin for the boblies. They tend to occur concentrated in pockets, 
together with crinoid ossicles and black bean-like objects about 1 mm 
long. Although the exterior surface of these latter objects is black, the 
interior is filled with white calcite. Many of them show a lobe projecting 

into the interior (plate 10 fig.1) and it is thought likely that they are 
ostracods. Micro-organisms from the liege Limestone, as seen in 
section, are further illustrated in figures 19 6: 20. 

Small black flecks and streaks are common in the limestone and 
there are occasional bony fish fragments (plate '9 fig.2). No piece of 
diagnostic significance has been found. The limestone has not yielded 
conodonts, although samples have been dissolved in acid. 

When fresh, the limestone is pale grey; but it weathers to a rusty 
brown on account of the abundance of pyrite which is disseminated 
throughout the limestone. Quartzo-calcitic veins and tension gashes 
are abundant within the limestone but do not characteriaie the beds 
above and below, About 16 feet above the main limestone is another 

about 1" or less thick. 
The co gelation of the limestone on Orthoceras Beach  with the 

liege Limestone is based on four main factors:-; (1) The faunal content 
of the limestones is similar, especially with regard to the concentrically 

layered bodies and the orthoteeratids, (2) Both limestones occur at 
approximaterip the same distance below the Jenny Start Limestone and 
are e.ssoolated with a thin limestone about 10 feet above (3) The 
limestones have a similar lithology (4) Both limestones are under/min by 

a similar succession of arenaceous beds. 
The 1-1111age Limestone can be followed about 150 yards to the East 
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from its outcrop on 'Orthocems Beach' though N„W„--S„E„ faults step 

it back high Into the cliffs. The inverted limb of the limestone, which 
is seen close to low tide .mark on c Orthoceres Beach° , can be traced as 

far as 'Tufa Cove' (a small indentation in the cliffs characterized by 
large boulders of fallen tufa) at which point the inverted limb is also 

faulted high up into the cliff so that it can no longer be followed, 

Traced to the West from its outcrop on r Oxthoceras Beach' , the 
RiIlage Limestone become,,s faulted out to seix by 1,7,111.-S.13 faults 
arzd no further outcrops occu to the West (see 'fig, 27)„ 

The Pillage Limestone can also be followed ess.xvlards from its 

outcrop on 'Curtrnin Rock' and it outcrops on the foreshore of Samson's 

Beach. 	is much dolornitized and strongly stlins-'d with haeamtite In 

the neichbourhood of the N.W.-S.1?,, fault which stries EVCF0!4 S Samson's 
Beach and shifts the limestone beck into the aLff in the Somth-east 

cornel-  (fig 23). Its outcrop eastuards from there has already "r.:eon 

ovassed in the precc)ding sections on Indmouth and The Warren. 

retween the Rilkge Limestone and YermvStart Lime::;tone i7,70 abort 

75' of slate, often black in appearance and som9.,Limas ca:i.careous, with 
thin (I" or lPss) bands of detrital limestone occasionally 	oping„ 
Outcrops of the jenny 131;art Limestone occur at two locaLitiez between 

'ole and Samson's Cover. The first of these localikie,s is at 	foot 
the' p71th ..:eading down to West Naciginton Beach, and the second is 

in the viv,iniq‘ of Rillaae Feint,. At both localities The limestone -.tas 
n tightly folded end is affecA d 	mino fractures in addition to the 

main faults discussed below. 

The Venni; Start lAmestone 

1---iacigintcm Beach 

The cleare,st picture of the jenny Start Limestone in this locality is 

obtained on 'OrtlICOealkS Beach' (see figs 27 & 23); here the limestone 
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dips Sessith stabout 35 and IS normally disposed, while at the foot of 

Hagginton Steps it is moll buckles( and fractured as the result of passing 
over ZA tight anticline (see figs. 21 & 22). At the West end of the foreshore 

on Crthoeseras Beach the jenny Start Limestone contains an abundance 

of corals with colonies of DispVIlum up to 2 feet across (Kate 12). 

Less than 20 yards to the East,•wheresthe limestone crops out at the 
foot of the cliff, corals (except for Thamnopora) are .absent, and the 

limestone 'succession (including interbedded, slate) is some 4 feet 

thinner; There are two possible interpretations of these facts: (1) the 

bands containing the massive corals have been owl; out by tectonic 

disturbance in the eastern outcrop (there is an abundance of quartz, 

associated ssith lumps of dolomite up to :V 6" thick, at the base of the 

limestone, which clearly suggests movernent (2) the massive colonial 

corals are only developed .in local patches so that in places they may 

be completely absent from the succession. 

Although movement has- almost certainly taken place at the base of the 

the liMestone the second interpretation is considered the more likely 

since the higher zone at which corals ocCur in the western outcrop lacks 

corals in the eastern outcrop, and there is no evidence of movement at 

this horizon. Secondly, at Oakestor Day (and other localitieS) the jenny 

Start Limestone can be traced from csAsere it contains en abundance of 

massive corals to where corals are completely absent. Also, when the 

lowest band of limestone in the 'cliff. exposure is traced to the West 

across the beach, massive corals begin to make their appearance, 

is noticeable that the massive colonial. corals (o-0g Disthyllum ° ems=vsK.-•,2.7ento.t".:Ci.rs=.,,za• . 	• , 	. 
and Endophyllum) occur at the top of a limestone bed (not vdthin it) and 

are Interred by the F.I.Fgillaceous material now in the form of slate. This 

suggests that these particular oplo-  n2,a1 forms flourished :;.'a? somewhat 
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1 Inverted limb can be followed across the beach and into the cliff 
at the E. end of Hagginton Beach. 

2 Normal limb crops out on the fore-shore about the middle of 
Hagginton Beach. 

3 Fault is marked by crumpled slate both in the cliff and across 
the fore-shore. 

4 Anticline seen at the west end of Hagginton Beach 

5 Prominent dip slope on the N E side of "Orthoceras Beach" 

6 Cliff on the S. side of brthoceras 	Beach.'  

7 Anticline seen W of the steps leading to Hagginton Beach. 

8 Syncline seen NE of the steps leading to Hagginton Beach. 

9 	The C M B. Limestone is seen dipping normally in the Sewerage 
gully. 

rig.2/Composite section to show the main structures of  the Hagginton Beach area. 
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muddy w:ater, thou when the ,,,rgilleceous deposition 1-_,!,-,Icame excessive, 

they were unable to sugvivo 

(b) At kiliage arel.e.atam,merrre611..-v. 

iA result of folding (see fag 23) there Pre rorierous seLcerate 

outcrops of the 'fenny Start Limestone, in theniri..y o Pillage Point. 

These are numbered on the aoconycanying sketch map (fia.28) for easy 

reference, 

1 The eastern Ew.7,-.',1 	Htçyqlnton Beach 

About 4 feet of calcareous beds are exposed at the foot of 

the cliff„ These beds have been down faulted from the top of the cliff 

to the North, a.nd the present outcrop is a wedge of limestone caught 

up between two normal faults (see fig.23„ The upper two feet of the 

limestone consist of slaty limestone in which fossils are moderately 

abundant; these can readily be seen on the abraded dip slope Specimens 

Of Thamnopora are common and may sometimes form ramifyinc colonies 

up to "12" across; recrystaIlizatien is mo. t: noticeable in the neighbourhood 

of these corals, Rugosa are not common t this locality. Rrachiopods 

are frequently seen in aZOSS*"SeCtiOn. OCCIUTing together in c1uster•0  

Other elements of the fauna which have been ,collected are (?) Cystids, 

Capulus (sp) „ 
lanyextZw•taisemeto ,triew 

The lower part of the exposure consists of flaggy limestone without 

fossils other than crinoids. This can be seen to piss laterally into 

massive dolomite lumps (plate 11, fig. 2) , some 3-4 feet long and up 

to 2 feet high, The origin of these Ilznips is problematical but the 

following observations are of importance in considering the time at 

which the do1omiti7ation took place 

The MOM-  slaty bands above and below the lumps appear to 

have been bent, but they do lact thin over the dolomitic ereae., The 

must be the result of differential compaction as the volume of the limestone 

would be reduced. on conversion to dolomite. 
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ThG 	omit 17.ZE:ne 	 •:,:mor,;c-;=:..4-mD bards a 3 although 

the contact is sh•-• 	pcIssible to•Zrac9 1ndil iime;stone r.ands 

into faf.:: doIomiti mass; the sla.:;e: bdsdo nr....4 pass into the dolomite. 

ThAr3 •Iu.s:oi‘Drit& that ',Ix- dolomite 

in the limentone„ 

VJ MOM 41.137.1:7; :reining 

ss•conchlry, resultin.g from an alteration 

LES 021.F.te:"•":.1 With '5;hP dalOmite than with 
oitho: the limestone ex the tt 	timnv la.ssr.1 the effec,q. o: d.:aced 

volume cams) tension. 

(d) A Rinaqe elecal 
	

lumps a! dolomite suddenly mcz 

their appearance as cthe iimcstone Y. T. 	a? nc., 	Si. 'Me corals 

EaSO b8C.-.7.1a-ne dolel-nit.'.zet:i inthe r2-..F2E.".1.C.•'.1 i.-7120r2C3n. 

Xt C0r110tothG WritGE that 	 epianition of the 

c.,,b served acts 	ht do2,/;;:mitavar.,,In tooYF,;ace at1.51n e&.171::zp' 	in the 

histmy of theIimer:-=''zon , buty.tyo.t.,,,b1;;.7.- 	olrfzElying F:27g111Ficeous 

beds had bson clepo..1.:ited„ 2ubdoquent compact:on rind tectoric maventont 

would be sufficient to account fo:etu bendina ol the shale around the 

more competent doY.omitic mass , and Vrcu: rl also suggest & reason foz 

the CLSSCicited 	SInc,.3 the dolcrnite would offer more 'physical 

resistc.=Ince to Ivacture 	 , W.7:FAITAS Silio,7111; we.7.1 cause quartz 

to be depositcd in the cracks and fissuFAini. 

The CEIUSE) c the dolomitization is not known The nonnal 2Amestone 

n be foursi. pins luite SUchlsaty into thr1.1.:2i:3r3ive dolomitic lumps 

in sevenal localities. Most 	eL'e ths 	%ses o ciolom.lte 

on the. West side oE I:tillage Point klom.n.Iity 2), a. :c,d. it can be seen to a 

lesf.30z.  a -!:es taithocesar, Dearin and cn the Vtrzult side, of• Eartsbor,ough 

(at the latter loce 	11,z as sor.-;vited with Ile Da•-u'id's stone Limestone). 

Et is the ioves'i: bed of the limestone. which is most often affected and 

them alTvaysii lawie amount of associated quat veining wil.i.c22 

suggests that the dolorni,::izatLon i, beasscoiaod with rifIcazo 

movement „ 



Tho lArest side of RI,Ilace Point 
Painshrzverzz, 

The old quarryMan.'s oath 113ads dirc.,,ct3-.1;• down to this locality 
and the limestone is seen striking due E-W from the foot of the path,, 
Two Ne.1.11.-S,„F.; gullies cut through the Timer..,-tons reef as it runs across 
the foreshore and these era the result of minor fractures which have 

been widened both naturally and artificially„ The limestone forms an 
outcrop about 9 feet wide at beach level s  but this gives i false idea 
of the thickness of the limestone which is involved in a tight synclinal 

structure at this locality (see section, fig 23 T.t. is eireremely difficult 
to see any evidence of the synclinal str-actere within the limestone 
itself sir..-,e the cleavage tends to obliteats,.. all trace of original bedding. 
Two factors confirm the syncline structure however: (1) the syncline 

can be d.early seen on the East side of Fillage and the structwo can be 

traced through a series. of quarries across the intervening hea,.dland, 

(ii) the beds' are inverted to the South of the limestone and normally 

disposed to the North of itc, 

The limestone seen at beech level consists of flaggy limestone 

with some calcareous slate, though much of the ?4.1mestone has become So 

broken that Ft Is difficult to separate the two types of rocit,., Cricks 
and cioavacle surface-s in .the limestone aze frequently tinged with red, 
and this is attlbuted to iron etc:Irani-7 such staining is often noticeable 

in the .1.71oinity of faults 	In Samsen.'s Cove and South of jenny 

Mari). No fossils: tpant from traces of fenestellids in the calcareous 

slate, are found t beach level but there is a zone about 15 feet above 

beech level, in the core of the syncline, in which massive compound 

and solitary corals c-;3curin profusion,. The best place to see this band 

is in the reef between the Main cliff,Emd the most westerly reef, Xt can 

be seen also in the latter reef hut hem the r&sIve colonies are all 

completely Ivory:nail:1=1 and nothing bu'F; the form of the colonies 

rwains to indicate their abtriyalnee, in t rock.. At the same anzlic 



lumps 	olomiti:r,ed limestone sonle 	feet or more across , 
are developed the hinge. the 	be;?..ch is strewn with 
boulders of the envie rook. 

The East side of Palace Samson's 1:10.,,, ,::;h) 
tr....."1.welyrrY.X91,4IVS.NV/ casrMLXVIV ra•orzsr 

!Elle sync2.inal strucrcure ment:I.oned in the previous section is 
clearly sc-.:en On the :f3,:.1.f.3% side, of Rillacm 7.--leadland and the base of the 
:11mestone passes around the axis oE the syncline,,, 	feet above 
beach level. The limestone has been. quareied here in the c.ast and the 

, main e:EpresuFe is now to be s,...1:en in the ':,Ter;;AcaI 	face. P. VIM. veneer 
of the linqestone is riSTII preserved on the .:Aatf0:,711 	t.1.10 •base 	•of the 
cliff, and in this can ;.".0 seen traces of the original be--dding strongly 
70.1.cated as it passes round the hinge of the main synclinal. structure 

--gate 31, 	1. 

The limestone has the t- -pica gg-7.7 E.79-7atenCe aJreety remarked 
ilpon, as a result:: of 	leaved.. Thaie 	fezr tmces a fossils 
other than c.,..rinoids, 	h ono larue nod,  - seen in the vertical cliff 

ction was possibly a colony oz Disphyllem (At was not practicable to 

collect a sample k."sectionim), 

There are arproltirretelv 90 feet o ati-acz between the Rillage 
Limc,,,,sto.ne and the :fenny Se,t.E.tn .1.4.raestone at this point. b will he noted 

that the thickness di strata between these limestones is comparable 

with tha between the se,,ine two lirneatereS 	'Ortheceras Beach'. 

Even more important, as a factor in correlating 'between tho rOS13ZOtiVe 

limestone beds , the essential elcartents of the succession are similar. 

4,, The OUfaTiSS on the cliff above Rill  age Point 

71: ha- -,1v--nd'Ir feePn F'17iBrt"-Cet Pron 	the synclinal stills:tura 

so6n on no East Olde Rillage cam be t2.1,-.:ed across the headland, and 

is seen again o the West side,. A double 1ine of quanles marks tthe outCrean 
the , two limbs of the syncline across the top the cliff. On the West 

side, hoy,7ever, an additionsl anarsy was formerly worked between the 
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°theevJb•„thiS ez,;:aturei Cen be ven -6-n the 25 i  map). It is in this 
mkkle quaz:ry that the limestono is richly fessilifercus (chiefly corals 

and bryozoah The explanation Of thise faCts is readily anpreciated: 

the :fenny Start Lirsestorie -  both here and e/sewhere, consists of two bands 
of massive limestone which formerly were economic to quay between 

the two is a slaty limestone in which corals frequently become ;prolific; 

the thickness of those tame units -.;;%iithira the 'jenny Start Limestone is 
variable, but the can usually be distinguished the syncline on the 

East side of Pillage exposes only the lower division of the massive 

limestone, but as a result of the plunge to the West, the coraliferous 

&Vision is Resawed only in the centre and West side of the headland, 

while the upper massive horizon is preserved only on the extreme West 

side. The middle quarries arc the result of the expleitatdon of this 

upper band. 

The quaiiieS on the East side of the headland (along the strike of 

the syncline) are unfossiliferouse except for crinoids arid Pere brachiopods.. 

Where the mit:lc-Re division of the limestone is preserved in the West, 

fossils become abundant.. Tbxa-eknopora and .Alereolites develop colonies 
denr,,,,bwrsseuwavafts...ne2rr... 

which may be 3 foot and more in length; neeml-..:ers of the Disphyllidae 

are also abUndant. 

. 	About 50 yards to the North of the quarries discussed above, another 

line of quarries can he seen trending across the headland. TheOre.nre • 

now grassed over and there are no exposures of solid rock except in 

the extreme East .  The form of these abandoned quarries suggests that 

two parallel bands .ef limestone were weried and that the intervening 

more slaty horizon ,A,Tes sometimes left untouched. This can be appreciated 

both in the field and from an inspection of the 25" map. It is apparent that 

the :fenny Otast LL.nestene has passed over an anticline and is now 

dipping South into tlee: cliffs on a normal limb (fig 23W o  This normal 



limb can be_ seen .i.enchingiareat3;:i 3.evel 	 (Sozr;.:1-1 

the exposures discussed 	ection s5), :out c the .Vest side of the 

heaeland the limestone cut 61 by no::Tnal fault ei,own-/atx.,,wing 

the 007.a ;,,se•.:-?, fig 23a), end its full 1,:hif,,,:nes2 can only be seen An the 

to of the cif 	s:inaZI ';r"4'_ ,;e. of the limestone is caught tr.) between 

tV70.  SPlintarkl of the ..t., 	this is exp,..)sel r.tb ch level and ha W, been 

desord`. r,e, VlraE6,y 	oti 

5, Sitrnson' rts.tnes.‘n: 	um" 

The ,, 33:" .7 Ster;.: Ij.111,,D:Ztc.MS =11E73 ha `Sein the core of Ime 

anotheY evacIin.• • nd forms un erzr:sure some 30 fest high at the bae,,e 

O f the cliff, The nonnal limb o this syncline is the conanuatiaa of the 

band which Irrzo cErsIrrie0. at the top c;: the headland and which ',7-ar..• 

discuqsed iii .the p.Tececling pamg.ix The syncilna7.‘, sO.ucture 	Kriedily 

alz.,F„moiate ny swing the dip section 2 the aiult gulty to the East 

of the main outoven: the :.fold can alr:.e be seen in the strike section 

along the clia face, where one surzace of i:the limestone forms a Eliliaa'a 

trough as i* passes around the, 	of the 	,cline, 	the same horizon 

massil,re co7 -f3ounc.7 coral. am abundant and one colony of Endophyllum 

measured 07.0.1r 4 feet in diia-raetero Oecasiontt2 brachiopods f.lan be 

collectsd 7.1.lso from this locality,, 

The invezted limb of the limestone u seen also in the fault gull7 

to the East but it does not o2d.,....snd across the headland as it ito cut off 

by the nomaI Zmult. This fault As not ezra tly pesariel 1.:o the stdico 

the beds but tr:011eir) 	NOTth. 	WOLztl: the ;:em.7,:'.1; is that on tho 

D2 St side of Rinage (1.L;arnson's Ele,..1c111, the inverted limb of the 

Limestone is out cut above beach level, 1,713ila on the West side the 

fzult cuts through the noFrnal limb at the top of the ollff ,-,:lorann.?,•e fig 23a 

and 2,3b), 



The 7.11.:13.o...orp 	• 	Start Te,imestone E.L 13e.msorer Cove 
,r•mo• mv,eatn!, ..or 	 =Ir. %Iv v.: 

5:11!•701.1gncut ,ts.ts outemp between Gordo. a Riciavtin and 17.5.racombe '613 

:fenny Stt-at LImestone•  is a on.11y 	 quently, as Slcz 

Tife•;;77:••0 	 obliths have become so =a7.2.7.ed out 

t7.1,E;r. 	?),!: 	,Mr30`1”12et!'j30 	 la 62, Plate 7.3 A!„. 

At Sar,-,isenr's Bec.:ch 	the ocellitias are 17.0";; 	 theiF 

natz3.7,e 	rend:73.7 7:ecognised .sn'en in hand Srecimens, Thin seeti0M3 s  

110117trtre7, show ,-,1.711at ap:pear to be two di-stino` 	--)13 G oolita). 

ht-,ve Yeacited to gr,:essw:e 	0.1.1•":exent Via2.1; 

Fig 24.d iih.CWS CC/11!..iiV.° 17.21:.TACL have nr.n r^^n disc,:orted hut..7:1.7hich 

'a 7i:: 7:),77:en noclifir.d 	sha 
	

the YeGliki: 	r.esontion., TWO Cer 111C•70 

colithri halre been conygfc.,,ssed together and F.11: the p•oint.of tenger? 

when?. pTessrro 	 resa:ptl.on AS token Aloe. and. 

c.4;,ntinut-vii 	n the whole line of cr3ntaci i  im3;1•i'tF.Ities (? iron *yrites)  

which were Precent in 	aclginal colith ar3 comoonttiate-72 along this 

line and now 01.1077 as a strong opaque sutivre appearing slightly bmssy 

in refelw,-A:eri. 

rig 2/le shows •i65 ti' wh:3.,::h are stmaked out to several times their,' 

oviciTinz)1 width with no obvious .v.videncle that resc:ption has modified 

them fi..n any way, 

These tV7 o types olcolith can be -obsernd Nfil.thin the coswipass of 

a single thin section theuah they 	1107.70T 1.zu2tioraly inteiniy.;ed, in 

slide 2 (1D-E: the:;e I. c =dual tansition between those which at 

undistoYted, thy,ough oneo which eye 	distoated, Into those which 

are. stseaked out as fig 24e,, Slide 2 also „shears distatted and undistarted 

ooliths though heze .the transition: is abl'upt -but not so shaFp as to Justifr.y 

the conclusion that a pebble of one type has become inteYred in an 

oolitic' serilmeni: which ::,:eacted cli;c:fczon0.7 to zter PreSSUreS, Th0"670 siJ 



hOlAYSVCW, 	r-st. 	61(.3f.l.on ancl rz.,,nsoontempcKt.necas St.QE.riCal 

;SIC. 	'4 	P OE.' 5 ible the: tri.70 tYP4313 	os.3..c.th he..ve boon b.Esught tocz„:::,thea• 

cts 771 re (171):.:;. Of.,  rn 	rao n,; along the se7,.. 

Ths possi7)2iity 	v ono s of eoliths irras 	-nefom the 
introduction cf. undefo;:rr...c3d ones is disconnted, ;.:.7,r.tri. 	therefore 
ner,:essar.7 	find 	 simErrIT: pmssIres shr.:zid :-.10.or2 the 
i,v70 types of oo:i,iths in quite diffeeent ',m/s 

Chaapman (15393) s:;11...mir.ter.R the colitcs 	SE2,17.1.::Cilc 	0.11.r1 

	

C.:1101.1911 	reoefonised the distoxted and undistorted 7arietie.s 	dc2-;s 
not appoa.::' tr 1.7.CTS 	thOra 	thtirnate. 	 hrto been 

seen by 	p:w.:ent vreitez' fo? lic2 acnciu ed th•v,: the al..":ca%:,c1 and 

sh,,ared co!teri oapresented. the 	of *golds whicth had 03,32f93:03:51: 

a... 	La also commented that the ooliths Vgranulesc) weRs 'kund 

	

L'orrileds. 	miorri:*:ystaIline. scooncia717 	 :talsnost 

replace.d the original gvain,, This lattez ci.:scrvation has not been 

confirmed. 	present study and 01 the co74.1;las studied slICAV E double 

refraction 	 casbonate, co.: t.any not of quzztz* 

The he& betivcen the Yealsr Start Limestone and thoCombe Yfiegtin 

se cis" Limestonz consist of sla.tGe, 1.1011/E:VISAr9.t CalCar901.15 in the lowee 

pT-rts I;vith occasional thin limestone bar.%,-.1s, arx1 vathar more 1-2F:ern-Lc-locus 

toemzds the [....tentvc.N. of. the succession; the uppzo part is 6.ominnntay grey 

2.7-2.ten The only looaiity In the present. aYea 	this 130q,,IM1IC8 

of beds can 133 seen:  is bst7.7sen thc.-3 s'4:eps 	7.-Iaggintoy.113ee.ch  and the 

gully some 	to the -vIrer.-3t into whic'h a main Sg:ReIr empties 

ky..cy conve.nience of 7,Mg(K,:e...nce this 	is named 'The Beweszige Gully" "1 

The 	apPel.M.3 to be .-.,Lightly thickr--.4' than on NOW:barri Beach 

f‘the only other: p.lace 7:vhe.re• this sequence cf. beds 2.s fully seen) but 

theYe is (.12.cso, enough. agnselitenl: In the mnin elements og.  the; f3ucia0 Cion, 
to preclucle 	suggest2.on thz:?, pafi; of  the suc;ceosion 	bpen Lu)ted 
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Vh (.30711113 Ezch 

71113 :IS t3.10 rzlon distintivo 	lin.laritones 	Tafraccr:-.:1.:e 

stis rtnd it -car, 	 Flc.'1 (2.962), Nume4:0722 eltry.,„arzer3 

of les, ctlors.b c 	West 	gcn 	C.111 anw1 ilinzge but i 	t ..11..r) 
avziter lozelity c.;.an it be 	rer.ronal-,3 , 	'lcc 	riC)F3c bods 

ja-bove andbt--.1low 

gull 	ion c'. bsdshiçseen. T1.10 out,vmps 	=le 

1.-17=Z 1....thown 

;.though 	Con:abc::.Iin I3each ;;A:frtons 	....;.tagginton 1:I.e.@ the 

zarao 	 rAs 

vic 5-:eatu7es ex`mt it 7 

...n COMDIF.) 

sTacial raor.tien. ,‘",1?Ecta 

aLad S.5:.,,:!..nc.m.;a::,-,s3 are muen 	cbuilf.,Etnt 

.; the Rt end of 7.3*.ar;g2n;:on Eeach than at Coml:,*:-. 	. 

though styli  fFaginentiiry, tend t a,  Le Less clicta-tv.1 encl. 3..es z.zos•ystaLk.,ka:ei...2„ 

k".1ollectf....ag.• is 7.1v1 &ZS? _.:Criti esay of the CCT.. 	0.0 -..c:013E1:7.1S 	11C4; Waltiev 

out 	c:ho 	ant z,.1. 3 rcf.:: ceIlection of indivf.clueds has been ar,ado 

ar..C:, with 1:he a:!.d c.f poe1 	tri 	t has 

21".: 	 sExBakes. 

	

'7.1e wi.),,:az.  ';..,:t7.1.e,Ts of the Coe 	Linieci?.onri) typi:;a2iy 

271. 	 iopc, bl..1%i :;:s only .on HafErcrin ,̀...on Beach 

	

hi been 	Tsibie to obtain 	v&y unnliszte6! 'z.z.sts 

end moulds, No 	 has bec-..;n. a- .--,rnr..t -.1 on these 1ckl- 

	

..7cds thuch a 	caoselz) 	J.ST velm,ez.1211 •;:s 	r..tommen; 

oner 	 :onl.the t..‘ombe 	Dez...ch LiFiaccar.ze, roe 

2:: 

eztronie Erz.1:1:37n end (72 FP"ton 	w cYZStin, 



'Leach Limestenc: is seen inverted in the loot of the cliEs, the t7.21ohnr,ss 
th very va7iab10 	.6, as a result o: 62 

	fc)Iding„ The inverted 'limb on 

;.:ollowed in the lowey. pat% of the CS'f.climbing higher as the bele 

c..raced to the Na.theast7, it is then ste 	icuth "c,:y a 14,1ftio-SeE„ fault, 

and cp. smallex:pos.4m.,  can he found high 	the cliff to the VLF, "A ow, 

of the coastguard houses, 

The same in.vertee limb o/2 the COITa...r.a Mar%in. Deach LiMostone can 

b trace,d across the foreshore trending 	, and being stepped 

by a series of I\T„W„-E,Er. faults untll it is ev,entuaKy lost out to sea 

(fig 27). Hn places much braL7Cia har3 dewele72ed along the line of these 

faults and it fen 1/17.:onent refs projecting through the sandy beach, 

17.oyer', a short distance further West along ths foAsshore, the Cork•e. 

Martin Beach Limestone is feunl outcropping on e r107anal lirabg this §.s 

the result. of ITIGirarrie.rit aiong e powerful N.7,11,, -,St„E„ fault which shifts 

the normal 	f thc limestone from hich up in the cliffs f,where it 

inaccessible but c n be recognised with tho aid of binoculars down 

onto the beach,. This rieLTrani lin:b can now t e followed to the West across 

the fccoshore end agam it fL-3,copped to the Nolth by a series of Ta„W 	E 

faults, until 

 

this too ir3 lost out to 

The Combs. WiPkItin Beach Limestone wops out again in the cliffs 

on either side of the 'Sewerage Gully and from here it can be t:alccd 

to the West 17), a 1:oef which pro!scts out Into the No7.1:17.ast comet.; of 

Fele Eay „ The limestone is again on a nommal .in but it Is separated 

from the previously described outcrops acrOSS I-nag:1E1ton Desch by a 

powerful strike fault which causes not only repetition of the Combs 

Martin Beach 71me.stons, but of the whole succession bec:ween this and 

the Rillage Limestone, Tha fault can be seen In the cliff near 'Tufa Cove' , 

where the slates are severely blic3.z.led cats :14), and it can be t.racej 



c7.tc...7C;SS 

th'..! COMiz'E: 	*:?,eatl,h limestom or2d 

David's Stons 7.,itnestene is scan  ♦C71 the Y.`3.0raleaSt Sid0 C.). ,̀7....7.-.701e. Bay 

and 	12.C. fec.".Z. thisk„ 	SV.CC:71101.7. 	C7...0Millantly is ;i'i'i; but 

nIt 	ebsetiler. 	 abo- fasof 	 rnstaa 	.z 	?ar 	.:;;: B 	 i 	momaenoc,os 

beds; c  

ria.vidc  S St011e IsirileS7.;0110 
r.-7...-1--..qemo.....eranTrameminietrze•-wermsoz^erawse..6,-SA,rteLl.nn,.....ref 

This liznestone C.!%•.',11721e neon C7C.t, C:113 &1  St 	 Day ..in r: ..t is 

.̀•l1^ only beach antv;:op of this limestone i E3 r etra:;:. o  c,,....lccer,t at 

7D•avid' 	 r 	3.F.::62) There 	Eib011t. 34 feet of oak:al:sow. 

stve,c>7. tz,?7o.upsr:1•7.vit12,:l.n ?Ile.: :David's 	7.12meastons ;  but most c‘.4! this 

c..iithe'v valcaFecius s'..1.atc,-, or thin 	 vitla slate.s„ 

dcr,re..7,opmont kimestone 	neat' the base and it is 

this niass-feue 	st.-rxe 	th21.0% 	 MOSt, exte.3nsively 

qu.ani&d? in facr:: its position is nur;:coci 	Lmost 	.1,1e. foreshem 

V.. Sandy Q 	-,17h5.04-1 thcze exe1io outoLnps 	sclid F...cdt:„ A bv.r...- 

sJ.1"e`...y.  lianestonethe 	-;of ths: rizssiv,s,  limestone she:m.7s ev.i.der.oe 

partly Fgeses-Tied fossils antl. the go:1107s rig hiTTo 	Fecognised 

3.7enestel5n. rip' , 	 sp„ 	 npo  
se.,...dreworlmser:eraC--Siri, 	 C I-a 

of 	tti  i  ner":02-,ms are oolitic a7,7.6. show evldonos of 

on-rent 11.1c•::ddin.c.p Far.v.n. of them -ii,;-(31,1t1ev 	^ 	 ,..aecec.1 sic ,:e  pA, r  ..3 

hsdo og.  A.Tia•:.13tone r samly MO:7e. `C.111.1n. 6-9" 

thick? they cr.i..o interbedded with 0,-22-rz:::c..,ow4 slats 7.17hich 	USI:E.11 0113.Y 

:-.7.P,FC2 or 1-17.ae inche.,)c. thid;„ 

Ther.s: is v.....7.1fence 	moves,:n.,..ent Ellorvo 	tha .bat..)..fErf 	pass 

.a 	cizi,aVx 	dieln.e.oped 
	ct..) tha bs2.0.fiing 

siickensiclos w w also 	sv.z..,.n in some p.',aces„ Des'ixit$ 	oviclantr.:0 

movc:naesit, it is oousie.zre,d 	 thel.eL is any r jo•• displacemeni; 

beticen thze. vayialas beck; ar2, the. Itirilostor.D sof.Yuencs 	essorticl the 



same E.;.c-.1 	 -d bc:tke C77:: .:11.11) V.'-CISide 	 r" " c,i. 

N3eacon Point. 

Limestone cannot be followed tv 	ewAng to a f30:7:-: 

SuparEateil 	eind vegetation TIC.0.7,3Ver a  theTC: OEM 

doubt that it 1.E; the same limestone viyhich v..5-er; once quanle,..51 in the 

neighTno,:7th.ecd cf the present Golf (nub 7:-.7.c/Avec, The limssame, czni be 

olio) '+'" fe.s. shc.rt dl.s1:er.7.e.=, to the Virest aczoss the beach ;  but it 

be,COMeS 10f3t b'arl.Clath swid befcm Fez.:ehing 	N,71. -S t, E. 	whkth must 

must eut across Zele Bey, and v.ihklb. clia--;nlaces the Rraestozae the 

Nora); the same limb of the Dzydd's Rano LimalElcnn$ seen in the Fee Ls 

o&I the Zorth end of Hillsk•imough. 

A few feet above the Davicre Stone Limestone on 17.0.e Beach are. Inve 

bands of limestone F3opmmted by 	43" of slatiDc. These. are detrital 

Iimeston.:7:s ancl sirni:FT to rczn3,7 other de:. l..  limeEltones which have 

been nOt!i'f3. C4E1 corrirving at various points in the c.uccession,„ Thee, two 

ilanC2F3 mm. matey EC)  :713 p;:ominent then the r:s.vemge al id the 10117G2.' 'Limestone 

contains ab;:aded :ryagrasnts of h.le.clz, 	mmtezial. ,B.J.though a dozen 

17103'0 of then::: bvn.. fragments hz;:ve een odiacctod, ueng n17.3 from 

In les...gal: 	Inve ;212. nvef; undentAile.bE.s, 	Whi`.'4..e, who has 

n5.-yosz'',:ec.7. the :,,:ecin-sert.ts, c01.2E.;idege.c1 	iiossible that one niece was 

Fl Pt c' 	Th::.3 would suggest •El Lowey avonian ago for the limestone.. 
rg raarrevamrr  

However, the e.videncG.,  foE.  this suggestion is so mcagee, and R: is riot 

ormfinned 	•by ciths• crizuctural 	Oti1C7:' PZREEDOn203.1)0C;21 9,41:1001.-Ite, that 

it must bo clisegard.a.d. until suc   tG tre es more conc;2.usiI,-e. evidence comes 

to hand., 

	

„about 	FsAst 	staato are e:cposed z.,...bove the :0:-.71,:.d's Stone 

	

meotone 	Hole Evilch„ "2.7T1.1e lOVIC:17; pa7.ts of 	calce.reous but 

azonace3us t:Iate• becomes 2.R=easi 	OVCCitnt 	S1CCE),3a,....C.X1 

tra ed 





Jrin 	 • 	r nrve . 
• 

	

5.'7,717; .3 iner-v .1")•!(5 370 eqzpessr.2 within the En•en. 	 s ."-§e 

1,1me:3::m3 afg.11•;1.e Cic.NanNs 	neaeh 7,17:clocitons The ?.attr can only 

be seen at 21o7:rest r.ty.x.:Ing b. des as :t craps cut on the most SCEITICITC.1 

F0e.:1S.Z; at 1.3eziach 	 tlre.e ri:ezinate mitt:raps og the Conlia,e, 

IV2astin Scta..:41 Limextons; each ban S about 4 geei: 	they r2.re 

sepal:at-Le 	 the olttorogn.4 	cormealed 	r. s, 	or 

ensTusi:ed with 
	

and 1.:he limentons. 	S'.1tte.tri 	home. 

Ei:cf,f7ave-F 	if! no it.'1.a.r.b1... e'riout the identity 

lysi7:krim sulfFzes:s 	L:je charzlote:dstf..c feat v.:rer:1 

Vac.) Coin:5.11e 	 ne 	 appearance 

si..te 	se-.:11 • s als oF.rvirY th. 

abunciamie 

"..'mo ex: s:1 1.7743:i.1 	hard. v?ht't:e 

.4" 	 and 	tk.ieso 1,11yrds 

e•::47.-;.:7.ne 	z, 	 OJT '.',7:7:3151.11..s.:. 	"!3t0PlerilellEt 
vas • • 	 it.. 	 a..e:nmrre, 

..f.".1eMb3:3.6.CaL3S Ta0f3Z) kii.1170 1.10t 	co2.1ec20:ft 

	

r 	 • •-t, 	cv.• 	...ay, rem 	ns... • "TA, ,t3 OW • 

Ora 	 the 

13 "t:....) at 	;.)-:!D:se 	 7..17a8st.ons.,  

Y:D7, 	 :1114N'at?.t: 1:31.' the 

If:.71'ef..):0,CE*.af:) 17Z:: ,.::eo-.7.11 

:1:11111:-...tf.'Zi.C.2; at Fielatilien 

"zzo 	• 
	 at.... the 	sty 	thk,. 

and s'1.•!",•:::ft.:s raf:....1%e 	*;:ift,9,11SS:1:1.C:: 	r.1.(•;C:(:C4", V.71.(2.:110t • 	 5.n-ireTsion. 

✓f. thc: 	 :Is a r:i11-;c1st!.o7:, of. all 	!3..Auez3Til the 1,..wo racrs.e. 

anz3 



anei, 	 utc.rop ;151.1vii. 

07.1 	 seon to the 
c•drfe;Cin 	 ny 	7.,..1mci;r:3tone, 

r.i217c st?..lhe 	 Der.7.CC,S1 Patric'. 	%1 Sid. to tho raLl:12.,:"ZOSS 

:17,0 0,31.1:3:;2.:-. 	 Limestone is continued, by the outcrop 

o:' T:9.0 7 E.LErtii7eraCe 	 ' 	is 

20C ..:kv.75t. 	tfas 13(Duth 	o • 	1.-unning 	ac7:05:"6 	B13r., 

	

CarcLf.7-.1 •  
	 Eivac7,.7. Liznest one and David's Sten,.„! 

L..z.,mcvitone is - 	 SIE.,17043 	cuAr:,,naceour.1, 	beccaling, 

1.1:1=EE:Et, f. 

fieal.3 tilE1 LIKIISSIX.111COS 

S.flt 	.91:1 :Feet„ 

	

The David's 	7.,:ivmtone occur.:s 1).71 three ills2inct 	e!:)ich 

of which can 	coz.cc.),,f1, •.e.as‘orls3 the headiand of Hilisb.)rough Twtr., of 

these. INInel;3 	En" TZDS.1.; CM-Cr-110E is r  and tilt? Van EVA, 	 1.r ;.1.,:i511112.4:1.y 

in the .30-,4th 	Thr.?. 	 1:7And r,hows vaTious anorsm,,lies 

d 3.7.clfeayc? 	 41:;0 un1.n,- pbI: 	 . 	n:ted the 

otForiaaneefi 	):41 an antic:U.41s t,,to the South an.cf syncl  rti 	 ino 	Norrn:'4 

_see Emotion fa 2.9),.. 

• V2,1 	 outcrop t-3: 1JFivies's Stone Liniestow; a); as.,,t.ovrI. 
trea 	aginv.rti.mrintemare.rs.....r....ma2r,--re.....-1;a1 VINVId24 ,raledl• 	 vs,rfa,0 ,..rastdetwr.r-ra-Aatimatc-maenmeserearatOrkl.,rts 

	

This t(  %t37 of 2imeritene 	seen on the South side of the r3e2 rizElfLed 

c],s 	!Ftcol:' 	Ordnrince Survey 	and it can ?De trace0. to the 

Viect- acmse the head:ie.:DTI until f.t is lost out :to sea The Mika nick:I-less 

of the Ihrzeotons 	Ethout 22 fes 	.Er.; 1.ntaiwjeind %-:17ith calcaremas slate and 

.r..1 cietwed Sub'"174o.,;:ael to the tdeling „ giving if Zany appearanca. 

121nmediately aho-4,re the c:Up oya e.-1 the PlEla 	Rock there occurs 

about 4 feet of m,ssive limestsitone r, 	bir 3 s thAsi 	 3:".-'1E.V.1 

quar5'Sef.1 out acmsa the headline.. 	Y. elope itself 
COITOred, 	 saaty 	 ;ivies u.5) to 
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Fig.29 SECTION ALONG THE EAST SIDE OF HILLSBOROUGH SHOWING THE OBSERVED GEOLOGY AND PROBABLE 

STRUCTURAL INTERPRETATION  

(Section. projected on to a plane normal to the strike) 

Plata 15 	THE EASTERN SIDE OF HILLSBOROUGH LOOKING ACROSS H EL E BAY  



4 

c_toarr:4e w•ganio det,r1tuf..; 

7.3 ;: Wiffla 

jcod' 

	

hays,-.3 	beeit 	•,-1.1.• this 

Of':',Y; 	mast-24:7;z: 	cg,:t alc•clut 	l31; 
7i.'01.7C.; the 	 .;:klere As a 	 7:"Faiv.77, fxera 

WLCh1:7c.,atherou 	;Tr-krati. kaftroz;c:n 
	

Fc-n-lesi:1/11e5), 

axe.ol.' 
	 o 	 1114.737_1•CIL:t 	-t7ort,t3s„£i.rers. 
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1:3521, 	and :Zer,•estellit.'is 
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a‘:; D2cn, fit)int,. 

'.7rtitsn7) O DViC1 	 thczra.r.ot3",rxrs 

o :IS:•17.7.s.b.01, 

On the East a.dc ofIn?.07....orough, not N'-gila c2-1:31yt1ie s Cove, %Aze 

limestone is '3C.P. &rating a Nueecre about let3t or. re.,07.P,n thickness, 

neo.r. the foot c..f:th cliff (21.ci 31) Immedlate:iyo 	3othcsf thir2; 

tr-znclotono laaritisW.p ioiU1 	;3;1111 	 7:71c-ss 30 

ar.O. 	st.-0.7.17 ti7e 	n 	furi:Iler 	tIle South (but st01 

the ..k\TaEth id o:Z /Myth& Cc:r ) .  

At3 the, wia-4:5.ge. of lime, stc.,no 	aerry.z:is 7.:1111sborough 	th.e,  West, 

itre•ouzcpbsc:criles wiciv arid 	r.me po5.nt hn,s Ilecm cumritted.„ The 

lizisstoac: 	•;••.7.111.1.-.e.-,!;pcsed agfan 	an! 	 , 

75307.C.R17 
	

A slt,avir the structnes seen 

c.):a the &1st 	V.,Terit sieos of the gully. 	 carrelation 

o2 tii LTA tb.j.f.1 rd1.11:17 FInd r..0.7.1;2ytzs Cove is not 

-In.,s1:3:111cf. 	obGervei-.1 	COIEL:i;;;Y;ib:',0 V.71th 	IntiSiffraT.Fierr...tiOal 

1:7:1±0 	 Eir.r7idr s L',2tone 

Linlestriv1,1-; 	 Ix::: the: SF.: 7,1(F; 
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TOVEIYOS 	Pan-A:1.101 tO the  	(,,s1:3:,  fig 29,1, The fol..,1ng. 

s 	diVaicuIt 	see in •the liniestone, as axiai. plane oleEnrate alvem 

	

the clZ 	dip to the Sout1.7., 'it is only when tl2ere are 

ociiotu• dis.,:fercmcos 	the limestone lant 1: Is poss17-1-...,  bo aT3r...;scia.te 

thls nuras:nus 5.c,tFitions into which 1!?. sae beGn 1.2.1rov-m.„ 17.-3ig '&5 and 

plote 16 17110;,7 the folds and :k.a.-0.1ts whic1.1 .1.7an ;le 

on,  the, /Vest olde 	Beacon. 1?eint. Fossils other than fi-aciments of 

ossi !OF: 	;:ara an :Z only on srecimen cf. ThaTIT41.0T;C:M. 	bser. 

..",!ound, 

Pig 32 sh(.7,17s tht 	v3;7121.17,11 is sec-.-;ri 	't.„11.(:., siaty 11661E. to the 

	

of ',The Xast. 	outaraD 	11.1.-ilzstone, This sligegeoto a lay 

mean di n the Inds am'', %Youle. aor3orcl 	the sqggestion t.:1,- nat 

anis ofactiss at about this positon.. 

C, 	 -tind ✓ s Stone 2.1imestone 
ontr.sftesm,..ew 21 en. 	 :V% nn. .......car-Iraperuravr.-rtma 4:.c.szars-A.-resg oacrnao 

This is ceen in the gully 20 yards South the SligWaY on the West 

ski 	Esie Fanch, and it oen be traced C'elea the hendlancl. thmarjh 

ii SC;1,71.32 oi quer:des untd.5. It (..7.vsserAs to sea level again at the Si:A.1th 

end of BEcadst.and Beach. 

IgeElri:l'ole the,  ?.1.r.aer.;tons 	 ,,...'-zAcaraolis slates have e 

tc47:-.111:11101;tntan 02 211 v.e,c.t 6 1ns,, 	the 'La 	274.+at (er-itS,±111tec:-,S3:1203 

this hand har3 baG31 /wry:Ay 	r‘ut) 	/r*fcCIl. 	CVO Til/Cm"rrl 

haft 13 en. obtained. C.""in top og this is a Tric7,,,s arciillaceous lirribr:tone 

aboz.lt foot 	 S23,btli:tt:-13 CCZ:).1L; a179 reastmably abundant 

though 112,1,!Z...11:5' 

rihis arg,11.1aceous 11,111,e,stone is cIeawly the equivalent 	the 

fossiliferous 1-,,and seen ac; the top of the 'ACLWOZ' al.7-2P.SSiVE) 

David's Stone, Above it as also Datvid's Stone, are some 10 feet of 

calcareous slates beforo the ol.evr0..eprnen el an 7..3.ppe..' sequenoe 	flacigy 

2,1.1-ilestone„ 	rieTv::, 	uppel.•  series of ..U.,aggy limem':oneE3 0§,:e7.1 PAIM17 



UNWItellti 	'plaaba: 
stAlt... Ayr 	E 

o 	a 	.ct jut offrox- 

SOUTH  NORTH  

inverted ante 
knowirt 	Zeri€1.1 Staff% Llit 

slots 
af.e5 On& ciuw•tx  

$O  Seel orr.x. 

Fig. 31 	FIELD SKETCH OF THE STACK IMMEDIATELY E.N. E. OF THE PREVIOUS  
SKETCH ( iq. 30) 

%met& 

De.:paa S to.w. Lat 
(9.1- 	as) 

SOUTH 	 NORTH  

106 

Fig. 30 	FIELD SKETCH OF _ THE CLIFF IMMEDIATELY NORTH OF BLYTHE'S  • 
COVE, HILLSBOROUGH 
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Fig. 33 	Fl ELD SKETCH OF THE REEFS ON THE FORE-SHORE IMMEDIATELY 
N. OF THE FLAG—STAFF GULLY 



small.scale cumant. hackling. 

At the top 	limestone Se7Cir:.!enc-o. are tvo bands of detrital 

limeston:e each about foot thick. They are drag folded and separated 

by about 	6" of slates and thin slaty limestones. Unidentified bony 

fragmentshave. been found in theunpe,r of these two limestone bands; 

there are also traces of solitary rugose corals, but the specimens so 

far soon are too poorly preserved to be identified. 

The detailed succession of calcareous beds has all the. same 

elements as in the type locality at Da.crid's Stone. The overall thickness 

is similar though the 'imrin bands' of limestone at the top of the sequenCe 

are markedly thicker„ Th litho:og.1 	seql!ience at ::i"Cal 	also very 

similar to that seen at Beacon Point and, although fossils are absent 

at the latter loca, 	, it would .he unreasen--)YLe not to correlate them. 

Again, on 13madstrand 12each, the same sequence of LirileStOrin beds 

can be observed. There are minor differences chiefly   7e.iGsllt of 

cF.D.icareous slates passing into slaty limestones, or vice versa. One 

interesting difference is the greater number of fossils cocuxring in the 

liraestones 	BreadStrand Beach, 

The beach at ',.3roacistrand is strewn with large.  limestone boulders 

which must have fallen from the cliff above; these are full of corals, 

stromatoporoids and bryczc....a. Plate 2 ?a shows one such boulder, and 

they suggest a reef-like development within the limestone at this point. 

Unfortunately.  the actual locality from which the boulders are derived 

is inaccessible. 

Massive lumps of dolomite which occur about the middle of the 

limestone succession on Broadstrand Beach are similar to those observed 

near Ri3,1age. The lumps-  are associated with a strong development of 

quartz, which is suggestivre of a zone of fracture, but the iime,storte 

shows no marked anomalies beyond a local thickening as a result of 
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1) greenish-black slate 
2) slate 
Ai grit 
4) black slate 
5.11imestone - much quartz near the base. 
6)flaggy limestone 

7) llaggy limestone 
8) slate and 1st - thin alternating bands 
9) slate -dark and calcareous 
10) limestone 1-2 ins. thick 
11) slate with calcareous splinters 
12) limestone about 1 in thick 

Fig. 33 FIELD SKETCH SHOWING THE STRUCTURE ALONG THE EASTERN WALL  
OF THE FLAG- STAFF GULLY  

Fig. 34 FIELD SKETCH SHOWING THE STRUCTURE ALONG THE WESTERN WALL OF 
THE FLAG-STAFF GULLY 
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flaggy 1st. 

ca/c slate 

shell)/ 1st 

numerous minor thrusts 
in flaggy Limestone 

slate 

1 foot 

- 	. 	- 
. gully from wh/ch• • 
the limestone has 

been quarried 
fig. 35 	Field 	sketch showing 	folds 	in the David's Stone Limestone near 

Beacon Point 

North  South  

J 

plate 16 	Folded David's Stone Limestone near Beacon Point. 
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the dolomite, and if there is a zone of fracture, the displacement 

involved is likely to be very small. 

D. CONCLUSIONS 

The stratigraphical conc.lusions are summarized on the chart (fig,R2) 

which shows successions measured at localities between Combo Martin 

and Ilfracombe, and their correlation with each other. The columns 

sho,;Ar c generalized succession, since on the scale of 3. mm 1 ft. 

it is not 	to show details of beds less than 1 ft. thick. The 

very thin detrital limestones, often no more than 1" thick, are shown 

as solid Uack fines and mz,.:Tked 'Ist„', The measurements, though 

carefully nade are not claimed as F.Absclutely :-.:Iccurate:-  all beds are 

_.;.`i.ron.cly cleaved and iffi71 clue nt17,7 folded, and in h.c.--2 absence of well -marked 

bsddinci it is impossible to be c tail that the measurements were at 

r!ght-ang2es to the stratification. In any case the frequent occurrence o 

quartz seams parallel to the bedding is indicative of bedding plane 

movement which may cause c:uplic tion isr: omission og'W.14.111 parts of 

the succession. De zAte.these limitations, it is considered that the 

table gives an accurate overcll picture c,f correlations and represents, 

approximately, the tra thicknesses; involved. 

The correlations re based on palaeontology, gross lithology, and 

local marl-ler bands, all of which Lave besn discussed in the preceding 

parts of  this thesis. The dominantly 0.17enaceaus nature of the lower 

parts, wr:d the calcareous succession in the middle parts, is emphasised 

by the cor.ourirm. The upper arenacecus division is not shown on the 

chart texot.e. &I:71:3'11.17 in the 	Bay succession) as ii:s main outcrop 

is to the West of the area mapped., 
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ie,. thc, LowC,r-  11i'Cawrnbe, 

The low' annaceous b.,:istare tentatively correlated with the 

Hangmen Beds (i.e. it is considered that they lie below the level 

of the Stringocephaius Limestone of Wild Pear Beach (Evans 1922)). 

Thi 13 is based on the fol.07,1Pii,tg evidence: 

L) The occurrence. 	 fragments in the topmost 

arenaceous beds of liVidmouth and the ViTarren. 

2) The abundant massive grits, seen at Widmouth, do not appear 

again he twer,-,,,m Combe.Martin Bay and Wild Pear Beach and the 

succession exposed along this stretch is largely slates and 

calcareous slates 	Pear and Lester Series). 

of The similaritv of the Lester Series with the beds at Oalestor and 

Golden Cove (a similarity commented upon by Evans , 1929) 

which lie above the V.Tidmouth i:Paccession. 

4) The similarity of sedimentary structures in the. Widmouth 

succession and those seen in the Hangman Grits • near the Little 
Hangman. 

None of. these factors is conclusive in itself, but the weight of evidence 

seems to be in. favour of the correlation suggested. 

ft is obvious from the chart that there are lateral variations both 

in lithology and in thickness of the individual units. In particular there 

appears to be a thickening of the succession to the East (cf. the 

succession at Hole Bay and at Newberry). However, the area covered 

by these observations is of limited extent and it would be unwise to 

draw 	or T.,,,-elaeogeogsaphical conclusions. The transition from the 

arenaceous beds (partly literal and partly continental In facies) at the 

base, into the limestones and :12'.1.t.tes of the. middle part, must indicate a 

marine -za:-.1sgression into the North Devon area at this time,. though 

sedimentation was never far from...the 'item:. cne this is Inferred.  

from the numerous very thin lavers of limestone:('2 thick) which 

consist largely of comminuted fossil fragments, mostly crinoid 
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It seems likely that much of the deposition took place in a tidal 

mud-flat environment; and it vre.s rarely possible for corals to establiEh 

themselves except when the water deepened slightly or possibly became 

less muddy,. After the deposition of the David's Stone Limestone , there 

was a temp3rery retreat of the sea resulting in the arenaceous succession 

of the upper part r.)f the Ilfracombe Beds, but a further deepe,nivg is 

indicated by the dsTic3FAtion of the Mcirte Slates. This interpretation is 

in close acl.reement with Vtrebby's (1964) inferences from the successions 

in the Brendon and Quantock Hills. 

The age of the Ilfracombe Beds has been discussed in one of the 

accompanTing papers (Holwill 1962), The sucgettions made then hale 

been confirme.d by a detailed investigation of the fauna, i.e. that the 

Jenny Star 't: 'Limestone is Upper Givetiar,, anc.'i the David's Stone Llmestoi.e 

is Frasnian. No further evidence has bEten found to confirm the Couvinian/ 

Lower Givetian age of the Hangman Gritu nor has it been possible to put 

, Y..eoise boundary between Middle and Upper Devonian Beds. 

It has been clearLy demonstrated that there are two in.00rtant 

limestone developments within the Ilfracombe Beds and that tiles° are 

not lenticular, though it.would seem that they pass laterally inth 

cz.,Alcareous '3haies to the East of Combs lin.artin. The Jenny Start Liestone 

is thought to lie at the sarpx.4 horizon s the Roadwater Limestone of the 

Brendon Hills this correlation is based on a close affinity of faunas; 

the lack of continuity of this limestone across North Devon and Somerset 

is suggested both by Webby's work and by the lack of limestone outcrops 

between Combe Martin and the Brendon 

araxAbosameramvinsawnem.:xx-crenumeansA.me-vasoc,.....uramswar......iftwa- evrnovegivorerst. 
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Fig. 36 THE GEOLOGY OF THE AREA AT BEACON POINT AND HILLSBOROUGH 
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PART III PALAEONTOLOGY 

IntroducitiEn es 

Systdmatic palaeontological work on the Iifracombe Beds of 
North Devonhas been severely hampered both by the state.of • 
preservation of the fossils and 'by their relative Sporadic occurrence. 
Mott workers in the area have recorded fossils but only a few have 
attempted to give comprehensive lists and these have not included 
descriptions and illustrations of the fauna It has thus been 
difficult and in some =see, impossible, to examine. critically the 
recorded fauna, for many of the Specimens to which the names were 
applied have been lost. Even whore it has been possible to find 
original specimens, these are frequently part of beach pebbles (e°g. 
the Han collection in the Barnstaple Athenaeum) and therefore not 
accurately-located. With one exceptioni all the corals, described and 
illustrated below, have been collected insitu by myself° 

In this thesis only the coral fauna of the Ilfracombe Beds is 
deecdbed in detail. This is for two reasons: (i)  corals are the most 
abundant element in the fauna; (ii) it is often possible to make use 
of meta fragments of whole corallites for systematic study, and it 
is rare that more than broken and distorted fragments can be obtained 
even with the most patient collecting, 

To a large =tent, the corals described subttantiate previous 
records but many additional species and genera are added to those 
already known. Some genera have not been substantiated in this 
present study nor have / been able to find traces of them in museum 
collections, All the specimens labelled Pala from the lifracombe 
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SPECIES 

A. RUGOSA 

Arnplexus tortuosus  Phillips 

Astraea hellanthoides  Goldfuss 

A. hennahil Lonsdale 

Calceola sandalina (Line) 

Cyathophyllum aequiseptatum Edwards and Halme 

C. bolonlense (de Blainville) 

C. caespitosum Goldfuss 

C. damnonlense (Lonadsle) 

C. hallii  Edwards and Haime 

C. heliantholdes  Goldfuss 

C. obtortum Lonsdale 

C. quadrigeminum (Goldfuss) 

Cystiphyllum vesiculoaum (Goldfuss)  

First recorded by:- 

Valpy 1867 

Sedgwick and Murchison 1840 

Sedgwlck and Murchison 1840 

Davidson 1864-7 

Edwards and Hearne 1853 

Murchison 1872 

Sedgwick and Murchiscn 1840 

Phillips 1840 

Etheridge 1867 

Evans 1919 

Hall 1867 

Sedgwlck and Murchison 1840 

Evans 1919 

REMARKS 

see Cyathophyllum helianthoides 

probably Phillipsastraea hennahii; this species has not been identified, but 
the genus is common 

Type specimen entirely recrystallized 

Hexagonaria bolonlense  

Tharnnophyllum caespitosum  

a fragment, probably referable to  Mesophyllum damnoniense has been found 

7 
	

Heliophylium hallii. Some forms of Cylindrophyllum are similar 

I a specimen in the Hall Collection has been referred to this species; its 
locality is uncertain as it occurs in a beach pebble; it is a species of 
Mesophyllum 

this species is close to Stringophyllum turbinatum sp. nov. 

a species of Hexagonaria  close to H. bolonlense 

very close to Cystiphylloides corneolum.(See systematic section) 

Endophyllum bowerbanki  Edwards and Hahne 

Halite pengellyl Edwards and Haime 

Heliophyllum halliadwards and Haime) 

H. heltanthoides  (Goldfuss) 

Petraia celtica Lonsdale 

P. bins M'Coy 

P. pleuriradialis 

P. 'P. 

P. sp. 

Strombodeevermicularis  Lonsdale 

B, TABULATA 

Favosites cervicornis  (de Blainville) 

F. fibroma Edwards and Haime 

F. polymorpha (Goldfuss) 

Hellolite* porosus  Doldrums 

AlveoMee suborbicularis  Lamarck 

Favosites dubia Edwards and Halme 

NicheWile antique  (M'Coy) 

Syriegopore sp. 

Cladochonus sp. 

4 

Evans 1928 

Etheridge 1867 

Etheridge 1867 

Evans 1919 

Valpy collection 

Valpy 1867 

Valpy 1867 

Valpy 1867 

Evans 1929 

Phillips 1841 

Etheridge 1867 

Phillips 1841 

Phillips 1841 

Etheridge 1867 

Etheridge 1867 

Etheridge 1867 

Valpy 1867 

Valpy 1867 

Valpy 1867  

see qualifying note in systematic section 

very close to some forms of  Stringophyllum described below 

see Cyathophyllum haliii above 

see Cyathophyllum helianthoides above 

specimen in the British Museum (Nat.Hist.) - it is a species of Syringaxon 

the name Petrata has almost certainly been applied to all small solitary 
corals Irrespective of their internal structure; all that have been 
studied in.this present work belong to the family Laccophyllidae 

moyathophylium obtortum - see comment above 

.Thamnopora cervicomis 

=Thamnopora polymorpha 

Tha mnopora dubia 

.1Pleurodictyum sp. recorded In Evans 1929. A single specimen of 
Pleurodictyum from the British Museum Is figured below; it cannot be 
identified specifically 

probably a synonym of  Aulopora figured below 
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Beds in the collections are in fact. species ofSwinciaxonLs  , Metrnric.- 
ovar: 	 +own... 	owsr,u....r... 

phylium or Barrantleophyllum„ 
awrantsa.=,.. 

A list of: all cowls yecordecl from the 11fracombc., Beds of North 
evon., together  with the author who first recorded thorn is shown on 

the accompanying sheot, (9a3e 116.) 
:it is siornificant that this fauna, with two exceptions , was 

Eacorderl berme 1870 and the vast majority of the corals are identified 
with species figured by Edwards and. Hahne (1853). Since this time, 
study of into=1 stucturos with the aid of thin sections has resu3.ted 
in a finer subdivision of coral ta'dam this is considered the main reason 
vrhy ',;;bem not greater agreement between the fauna rer.'„orded in the 
litrizature ar..,dt:ort tiOSC7.11)Z15: 

51 specios (20 of them new). are described '.13 thF.,̀ follov.?ing 
secVon, and they have been Fc-,,ferwad to 23 gener.6., 	rz-opmtion 
og n7.77,7 spacibra fLo high, hut .most of the belong ,m the :::/gosa and 

ptrticular to the Metriophyllidto U0 new species), .31.40 sp3c1100 of 
STrinclaxon and only one of Bez'randeophyDurn he.7.e been tecorded 

alrAlervre-tarx,ssr,vr.rx4rscArr.r..-xe.z,xyrsa 

from Devonian :ceche nearer than Bohemia , and thevc?..; is little in 
cam-non.befi.Aueen the rich Ere lf fatirLas of: South Doyen and those Lem 
the Flimoombe Sods, The modern a'evision of the Belgium tabulate 
0cm:1s-by Lecompte has greatly facilitated my own study and, in 
fact, only two new species of tabulate coral have been 4•oUllt64 

Below is a complete list of the cera41 faunae Et is •nog,,;e:woTthy 
that v(x:y few cenez'a and only two species are common to both the 
Isnny Stal"t .Linisstone (Givetian) and the 1,,avid's Stone Limestone 
1.TAa2nlen) This is particularly significant when dislAnguishing 
between the.ti.lio limestones in the field since thefx goner al 
appeat.anc-7,.. and thickness is Ciraost identical. 
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Ent°lopayllum spInsonisp. nove 
i'lexacionaria bsioniensis (de Mainville) 
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15-Lny2o,...qphyllusl crescent:tun sp. nov. 
Mesophylium_plerilicosmoRbylluin ) in'egularuin sp.nov. 
MetZlephialtinVitUUM 	tiii 
Ptalipsastrad oripta sp nova 

aw 
 

P. 
C ue... ..41.p. 

soln sp. nov. 
urs 140 

MGM OdietY sp, 
Styp:,..2202filum carinatum sp. nov. 
S o; turbinatum sp. nov a 	 X 
Syringaxon forts sp. nov. 
S. genioulata sp. nova 
4—me. vsn.s.oesmatausairiMe, 

S. grandis sp. nov. 	 X 
esuccsntzw—ivaa....cros.rm 

,S...iSTDS Sa SP ,, nov. 	 X - 
S. 1Frtistyotatis so. nov. 	 v. 41. _ 
S„ tarva sp. nov. 	 X 
e-smisrs,C.s.727,,exataa 

S. rota sp. nave 	 X 
trn:Terdw.,,nr.nro 

S O  cf. staithi Peantl 	 X 
Am+ 	 exe,azraltrracs 

YlramnonlrAlum oaespitosuna (Goldfuss) 

Thamn.opora boloniensis (Gosseiet) 
itztvar,rtr,,,..rfasairesmaerwmanuxe,,,,,tx-versexestecsnocar. 

T. cervioornis (c.le ?a9nvi lei 
cmnigera (cicOrbigny) 

T. embia reele 

x 
sa 

X 	7: 
"47 

X 
X 
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(d, 	rr: / 
irremgaris.Lecompte 

T. noiymbrphs. (C-Ioldiuss) 
T. turnefacts. Lorayte 

7e,ehniques.  

some of the techniques used are described in the paper (Holwill 
1964) 3.vhioh is • submitted as part of this thesis., in the, field it was 
Imrely possible to collect complete corals; most were dug out from 
waVe-smoothed surfaces of hard limestone by patient work with a 

hammer and chisel. Beaaues,  of the distorted and Lragmented nature of 
most of the material, special care was needed when sectioning them 
and this work was done by the writer using a diamond dental cutting 
wheel, and a home-made apparatus (Plate 15). The great advz.mtage 
of this apparatus over any marketed. commercially was that the 
revolving saw, adjustable to any angle, could be moved through the 
stationary specimen (instead of Vice versa). 

P.ecrystalliv.,ation of the skeletal material of the coral made the use 
of peels a poor substitute for sections, and polished surfaces were 

often found preferable to thin sections since they give a greater 
depth of vision into the skeletal structure 0 



SYSTEMATIC DESCRIPTIONS 

Order RUGOSA 

Sub-order STREPTELASMATINA 

Super-family ZAPHRENTICAE 

Family • • ARACIDTOPIFILLIDAE Dybcrovski 1873 

Sub-family ARACHNOPIITILINAE Dybowski 1873 

Genus 	Entelo*yllum Wedekind 1927 

For generic description see Hill 1940c 

Entelophyllum samsoni sp, novo  

Plate 35, figs, 1,2; Text figs. 37,38 
13,14.40.46witga 

1.52.12t:m1 11.2 from the ]envy Start Limestone of Samson's Bay, near 
Ilfre.combe• North Devon, 

rstype: 14„94 from fenny Start Limestone of Rillage Point, 

Diagnosis il?,nttgc:tphxnum in which both inajor and minor septa are 
thickened at the inner edge of the dissepimentarium and again at 
the periphery where the Wedge-like dilation of the septa results in 
a peripheral stereozone, Epitheca is thin, lvlajor septa barely reach 
the az:is and have slightly rhopalcid ends, Carinae are developed 
particularly near the peripheral ends of the septa. Tabularium wide 
with large horizontal tabulae. 
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Fig.37 Freehand drawing 
(based on the holotypo) 
showing the form of the 
septa in E. semsoni 
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Descrias: .The corallum has a troohoid form and tapers from a diameter 
of 24 mm. to one of 15 mine in a length of 34 min. There are twenty-
six septa of each order at a diameter of 24 mm; all the septa are 
dilated at the periphery and the wedge-like thickening causes the 
septa to be laterally in contact, thus forming a narrow stereozone. 
The major septa do not reach the axis but are usually flexed at their 
axial ends and are slightly rhopaloid; they are strongly thickened at 
the inner margins of the dissepimentariurn but are not contiguous 
with the minor septa. The minor septa are irregular in length but the 
majority extend just beyond the inner 
margin of the dissepimentarium and 
the axial ends are frequently sharply 
bent so that they join the adjacent 
major septum (fig. 37). The mirror 
septa also show slight thickening 
at the inner margins of the 
dissepimentarium, Near the periphery, 
both orders of the septa are thin, 
irregularly bent and urinate. Thera is 
an outer set of very globose dissepiments 
and an inner group which are more 
elongated (i.e. less globose) and 
steeply inclined; there are occasional 
lateral dissepimonts„ The tabu/ea are 
downturned at their axial edges and have a 
slight median depression; they are closely spaced but occur in groups: 
the majority extend the whole way across the tabulerium, The tabularium 
oveupies just over one third the diameter of the corellite: (in earlier 
growth stages the tabularium occupies a greeter prop ion of the total 
diameter). 



12.2 

Tf,g, 39 E„ xnsoni. Transverse section. of the holotype (from 
photo.77aph) Crystals o dolomite have developed, paytialiy 
destroying the original structure of the email:Ito. 

Disoussion! Entelophyllum has hitherto been, recchTdeci only ar.om 
, 

mainly Up,per We lock and Ludlow„ It is thus with 

ssm.ie caution that X 1.2:.-ave placecithe North *Devon specimens in this 
genus; hows,ver, they p.ossess all the characteristic features of the 

genus and so consider chat its Eange must be extended at least 
.rIto the Middle Devonian. Poet (1902) has, in fact, reconle.•d 
si7,,,scies from 	 transition I7.eds in Bohemia, 

samsoni differs from other species o the genus main/y bermuso 
of its strongly df.lated septa which in Vansverse section Me suggestive 
o 1177.;anthophy:::.i.um; the sig-zag septa, the strong carinae„ and above 

the broad hwizontal tabulae, clearly separate it from this latter 
genus,, .17.7121 (194(c) has made an interesting observation on the 

septal dilation in Ente2.2pZ)T1lum; she found that the same species 

shows much greater dilation in shaly beds than in limestone bads.; 
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the NSIth Devon species occurs in a shaly limestone and the dilated 
septa may possibly be an ecological adaption. 

Most forms of pnteloplmilum  are fasiculate but Hill (1949c) 
records a solitary variety from the Yawl-Bev/fling District of New 
South Wales; this occurs stratigraphically higher than the fasiculate 
ones though both are in Upper Silurian rocks. Only broken figments of 
of E. samsoni have been recovered but all suggest that it ItxraE a 
solitary form. 
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Parer LACCOPZEILLMAB Grabau 1928 

Syringexonidae Hill 1939a 
Amplexocarininae Soshkina 1941 

(Parnihascr.iiVon: Small solitary rugose corals with the axial onds 
of the major septa unitIng togothet to form an aulos. or 'stereothoce 
.(Grabau 1928). Minor septa may be present.. Tabula° consist of 

which Do- 
two "series: those within the autos losiag horizontal and usually 
complete, and those which occur between the autos and outer wail; the 
latter slope outwards and downwards. True dissepiments are absent. 
The autos may be formed by thickening of the inner ends of the septa 
(as in§ qixon siluriensis) or by deflection of the axial ends of 
the septa (cis in S. depressa). 

Included genera from the Ilfracombe Beds (Middle and Upper Devonian) 
of 1Forth Devon: 

etsincLa.xon Lindetaiim 1882 
Bariandeophyllum Poeta 1902 

Ranze: Silurian - Permian. 

Genus SIMINGAXON Lindstrom 
Cltri.taraer. E.MORISMIC:=EL• 

tringaxon LirxdstrOm 1852, p020 
1a292axl.....lum Simpson 1900- 
P 	of Poeta 1902 

cs 	Butler 1935 

. t
o
es: (by monotypy) Cyathaxonia siluriensis McCoy /850, p. 2 81, 

and 1851,p.360 
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Ticr$ zon and 7Penlity of type species: Silurian (tipper Ludlow), 
Underberrow, Kendal, Westmoreland. 

Gone lc description: (Butler 1935) "Small simple conical or cylindrical 
Rugose corals in which the axial ends of the major septa are dilated 
and late.rally contiguous forming an inner wall or aulos. The tabula°, 
which are few in number and irgegularly spaced, are divided by the 
autos into an inner and outer SWIGS; the inner tabulae are flat or 
slightly depressed; the cuter tabula° vary in form, but generally 
slope upwards from the epitheca to the aulos. Dissepiments are 
absent. Storeome is usually abundant and cements the axial ends of 
the miner septa to the sides of the major sopta." 

Remarks: When Lindstrdm (1082) erected this genus he gave no diagnosis 
o description and it remained imperfectly known until Butler: (1935) 
published his description. The genus is very closely allied to 
Barra id292171422 and some authors (e.g. Grabau 1928, Punt; 1938) 
have suggested that Mialga:pn wee the direct ancestor of Barrandeo-
phyllumj  but that during the Devonian they existed side by side 
representing diverging types of the same stock. 

The.  precise distinCtion between Eyrinaaxon and Bat...ranczktiE1 is 
difficult to establish from the existing literature. Suttee's (1935) 
description of Syringaxon differs in only two respects from that of 
Barrandeo?hylarzgiven by Pacts (1902); in the latter genus, stereoplasm 
is said to be thin or completely absent, and disseptenents may or may 
not be xesento  Grabau (1928); however, is unable to regard the 
presence or absence of stereoplastu as of generic value; instead, he 
differentiates the two genera by the fact that in Barrandeoph1111:11 the 
auks widens mere rapidly and is usually, imperfecft formed being 
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either oil ipZical or bre:en at one or mere points. Ilmntl (1930 and 
StItsim (1949) concur with this view. 

Hill (939e., a95Ga) emphasises the imoo-,..-tskrIce o stereo plasmic 
thic7teningi Syrinmxon, in contrast to S>̀:  ndeephvIlum, in which 
them IS ni210 or' nc thicIteninve She also mentions (1.956a) that in 
Derrandoophyllum the septa and autos exe thin and that the wales is 
commonly imporf,,T,t G. 

Xt . is obvious that the two gene= are rnor:t7holegicaily very similar, 
and if, as suggested bv-  C-sakau and PEantl, Enriznqeophyllym rexesents 

of?,?-sheot r(Tom 1-;v4Incmx,.-,:n it Ls to be eltr-v..v.ird Vaait`. finiti.a2y then,  
must have been a completeTadzi.lon of morphology be.iween the co..v 
gene:ra. 1:si general e  howeve?$  the two forms appear su'iliciently 
distinct to be separated. 3n the following descrip.ions, all forms with 
• complete autos and noticeable stereoplasmic thickening aro rep el,::,Ted 

13,Trinc,r,c-con, and those with more slender (and usually more 
numerous) septa, incomplete auIos t and little or no stereoplasmic 
thickening, to Darrandeonhyllum 

.7n the 
 

typo epecie (of q:1,-rincjezpa) the au'ics. is formed entirely 
by the dilation of the.exial ends of the septa , and this mode, of 
armation for the .-aulos is implicit in Butler''s generic description. 
Zowever, Prantl 0.930 included within the genus forms in which 
the miles 7-rdEi fOrai2e6, by a deflection of the axial ends of the septa 
in addition to their dilation 'En S. memcrabilis co , and elor) 

err"-.2,17-=-.7-1t-Mg 

. 	ScdepTesa the; 	iOnlled by soma slight thickening and by 

the bar..: 	of the axial ends of the major septa (Puree  1938,p,19) 

The aules ratio: „TS; is desirable to have some value for the size of the 
cubes and it has been found coltrienieM in the „collaring &scarf:dons 
to expnoss the size as a ratio of the WilCa0 diameter. 
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.e. 	Diameter of o.ulos 
Aulos ratio  

Diameter of coral 

1:n making these measurements the diameter of the aulos j  taken 
as the inside diarnetzr, while the diameter of the coral is the maximum 
ciian-Leter •EA: the same level. If the coral has been distorted no as to 
become elliptical in tmlaSITOTSCI section, the mean of the maximum and 
minimum thanraters has been taken, though theoretically, provided 
the c.,,,.ulos diameter and total di:f.imeter are measured along the same 
/isle , the ratio win be constant* 

The questa.sn arises as to the validity of this ratio as 'a specific 
challectoristic. 1-Z.Tnfortunately no perfect specimens have been. obtained 
t0741 Nonh Devon, Elor are the broken tagments abundant enough to 
maize the stat.isticat study which would be necessary to decide what 

centageL variation in the halos ratio is of specific significance* 
Observat:lons on the larger fragments suggest that the ratio is constant 
in. the matl,Ne corallites of any one species; in earlier ontogenetic 
stages 'it may be more variable. Li the following descriptions the 
au!.os ratio is used as a descriptive measurement and it does not 
n.ocessarily imply a SpI^CigiC characteristic* 

Sderenchyrne v. steeene 01' stereoplasm: In the glossary of morph-
elogia31 tams compiled blr Moore, EI1I and Wells (E113, 1956) the 

impltoation is that gtereoreecis the deposit of calcareous tissue 
resulting in the thicitening of some part of the coalf,' sclerenclone is 
c:iso used in the same sense but it may also refer to the normal un-
thickened c:alcareous tissue of corals. The former teem is applied 
by the authors to the Scleractinia and the latter to the Rugosa* 
1101P1SVOT, 8mith and Lang (1930) used 'ste,TeoMe' to describe 
thic?zeninc,,,,  in certain. Rugose oozes. °Stereoplasme was used by 
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(2. S76 j p 30) to tiescEibe, what ho:xoneously regagded 
sec.onclavy dilated tissue in the primary sep,•;a, En subsequent 

desvrAPUot151 , 	e.stereoplasnY 	userl th.o sense intended 
by 	- describe r:.,econdaz-ily ek....posited calcite 
results f.n the thiohoningo1 soMe part o the coral skeleton. 

Etheicito (2..eso) notod that the p:3'Ci,as Aa i coma 

.131 Ir,enicsla steTecp!iasra had beefl most thic!dy deposited were the 
-.1.17;:f3 	t911C:S.10. to TY.i., 01:M t:117eath..OVE;C3. most zapiely so that they 
f-t,-oritzentko. P.c.1.7sy3 only mouals o those pants 	hrad L'.3e3 thipkenedo 

ng 	noticeable in the North 'A7,c)7,701"1 EOCIi:S on'iy here 
273ozin.,7 thst the thichened tissues aro L'oc',..'ystfliser.1 nutc.:11 Ert.c:?e 

read 17  6.11t1 Vfar,It on.6e v‘r.as se.paim thickened by etoreophom ,i;s now 
SZTEOUndecl by reor,,,rstalUse.d materiaR, 

r,lnganon. forte sp... ROI? 0  

Mate 50, fias, 5,4 

7a: 6 2 from the David's Stone LikileSt02:10, 	71mvici's aone 
near Combs 	"ficVfn 

Ditacinos3,sz. Srozil solitary corals with a diamete? aboW! 4-5 man, 
16,43 ney,Z.-A 07c-7.1 thrb-eRop.skri Fri this diameter, 	the aulos is loEmed 
by the 2.1i,..np bending of tileir axial ends, The outcr vrell is f.thici,FAT., 

hoiotyps is e broken fragznent about 3 111111 0  :tango 
Et :1:253 an nsilos rzno ef about 0,3, n'the :zany verso poiished 
section soms of!. the tabula 	eem nese rJuggest that the 

eFe Yegiaioly spacarld Speaimen 6,3 	the Same bed Shows 
PP:Nen:110 1';',:i7.?.wit7,-4 only fe,..iSI'k.1071 nepin and f s .much thiakencd. nuAos, 
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rEorriazi:s: S, or is similar to S. cieniciulata in having a thick outer 
C31=5.M."="22,2st,,-. .r.r1MAPV-TV.matinaci. 	 tosr.--aaueve—wheel-,:ersra.rx,..v 

wall and strong septa, but it has fewer septa, a omaller aulos and 

is much smaLler in overall siz'o. 

Svrirzgazon geniculata sp. nova 
Qm.^.! latarteirAlAi 

Plate 30, figs.1,2,7 
Plate 3I, fig.3 
Mote 32, .fia. s 

Spzcimen 5.6 

-lorizonF.)...nd locality: The Oombe PAilartin Eiev..ch Limestone (Lower 

Frasnian), '1.11e Barlow, Combe MaVAn. 

Diagnosis:. Solitavy corals with ca maximum dicimetvi of about 10 mm. 
20 sepia are dzveloped at this is 	An aultn fornied.zzri-,'Ly 

by th:lehenIng -  o the ceptY?.. but yxincipally es the result of a sharp 

gonl.culate doaection of the septa elt that: axial ends „ The au..'ke.". 

ratio is,about 0.5. Tabul.F.Ae are of two types: those within the attics 
are cemPle;::e PemmenlY extend at least two-thirds c the way 
ac,Tosr.4 the auk's: the taroulate are thin and about 0.5 mm. apzirt. 
The t'zi.Duli.9.4 outside the aulos are more widely sg,,z,lcar.1 and slope 

downwards.  and outwards. The outer wan is thick argi the calyx 

is deep and steep oicled. 

Desclir,,vion: The 7:'eCtErieYad Peat was 12 ram, long: it had a cizoular 
cross-section with a diameter of 8 mm. The diameter remains constant 

ove';' this length so that the form of the adult corallite is presumed to 
cylindrical. The calyx, seen in section, is 4 mm0 deep with 

Mee sides CS'Af-Vi:e 30# gig' 2). The outer wall is thick, averaging 

over 1 mn . t.""hc aulos occuPies about half the diameter of the lumen 

and is regularly circular: it is formed in pmt by the sharp flexure at 

the axial ends of the septa as well as by slight septal thick.ening. 
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The .EILIXOS may occasionally be broken when one septum does not 
completely abut against its neighbour, A suggestion of a 
phyllotheca (Groba-u 1920) is seen in plate 30, fig.?, but this is 
the effect of the section Cutting through past of a central tabula. 

20 septa as prosent in the holotyps, all of which reach the 
aulos; they arc thin and slightly flexed; they thicken just before 
rcachincc the outer well .and also at the aulos Slight bulges in 
the per 	wall betitmen the septa suggest the possibility of 
incipient minex septa, The septa may have a slight swelling where 
they meet the outer series of tebuie The tabulae within the aulos 
are SOITIStiffieti complete s  in which (nee they are horizontal or 
slightly dopmssed at the centre; the majority, however extend about 
two-thirds of the way across the aulos and are slightly convex 
upqqaen 	out S-10 tat:tuDeco,th e Deco, in e space of 5 mm, and they a M nol.b 
re approximately ecraidistant. 

The tabulae occurring between the aulos and the outer wall are 
inclined dowmvards towards the periphery; they are usually straight but 
may be slightly depiesse.d towards the proximal end; these peri-enial 
tabulae are very thin and barely discernible in transverse sections; 
441070 are sometimes additional vortical plates close to the aulos gable 

iSetween successive tabulae, the diameter of the aulos increases 
slightly, but returns to approximately the original diameter before 
continuing beJelween the next pair of tabulae; this gives the wall of 
the aulos a vss7 irregular appearance when seen in longitudinal 
section, even although the mean diameter remains constant (see Plate 
30, fig:,”. 

Discussion: This is the most common species of pylin.7.g9n in the 
Combo Martin Reach Limestone; it resembles Sn bohemica bohomica 

Prantl but the North Devon species has more septa, and appears to 
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be lacking a Minor series (though see remarks above); the tabula° 
aee also mono regular inits911221ata. The aulos is formed in a 
similar way to that of S. memorabilis Fraud, but this latter species 
has fewer septa and more closely packed tahUlas. 

pxiimasimylells sp. nove  

Kate 31, figs 1,7 

lioloty321:. Specimen 15.7 

I-Iorizon and locality: The David's Stone Limestone (Frasidan), Hole, 
neae Ilfracombe. 

Diagnosis: Turbinate solitary corals; diameter reaching 15 mm. at 
the distal end; at this diameter there are 24 septa which are straight 
oe only slightly fleeced; they are radially arranged and their axial ends 
are much thickened so that neighbouring septa are in contact, thus 
forming an autos; the peripheral ends of the septa are slightly 
thickened before reaching the thick outer wal1.1The autos is 
complete and regular; aulos ratio about 2.5. The tabu/a° within 
the aulos are usually complete and horizontal but occasional ones 
bifurcate; about 10 tabulae occur in S mm, , but they are irregularly 
spaced. The outer tabula° slope downwards and outwards at about 
45* to the aulos wall; they are more widely spaced than those within 
the aulos. Additional small globose plates occur between these outer 
tabular close to the aulos wall. 

Description: No complete specimens have been obtained; the holotype 
is a fragment about 5 mm, long and embedded in an argillaceous 
Limestone. Paxatype specimens show the turbinate fotn of the coral 
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and suggest that the full lunch  of the mature corallito would be 
20-00 mmo The outer wall is LS mmo thick and there is no evidence 

minor septa. The bifurcation of the central tabulae takes place 

about two-thirds a the way ilcross the aulos with the result that 
the split portions are no Longer horizontal but are ilerred up or down. 
The anial• ends o the septa are not de,fieeted but are thickened at 

their anlal ends to f0.1711 a Stamothecn as in the type species. 

Discussion: So grandis is sfaiLar to So major (Poeta). Both have 
24 major septa and are og similar size and form„ However, 	major 

172 El minor septa developed together with dissepiments. l\To seCtions 

are given with recta's (1902) 	desmiption so that it ie not 

p cfib l  t see whether the dissepiments he mentions are comparable 
with the small globose plates which occur around the aulos in 

o grandis. S„ major is a Silurian genus and it seems advisable to 
trent the North Devon form as a separate secies until more precise 

compagisons can be made with Sc. major 0 
C.Crer-IACMMae-UMM. 

grandis differs from So  le.tisepta in having fewer and thinner • 
septa o  by the absence of incipient minor septa and by having a 

Fmrger aulos 

Syeinqa2Fsagrosse spo 710' e, 
ex" 

Plate 32,. rigs 3,4 e 7 

Z04, 

I-lark:on and accaliS7r :fenny Start Limestone (GiveUan) Rillage 

Headland, near Elftcombe , North Devon. 

Diacnosis: Syringalton in which the aulos is formed by the axial 



133 

thickening of the septa. The tabulae within the autos are stout and 
are concave downwards; those between the mules and the outer wall 
are slender and slope steeply downwards and outwards. Rejuvenescence 
may occur. 

Description: The specimen has a maximum diameter of 7 mm. and an 
autos retio of 0.35, It has been cut so as to reveal two transverse 
sections and a longitudinal sec ion, There are 21 septa at the 
maximum diameter; these are much thickened at their axial and 
peripheral ends though some thickening also affects their central 
pertz o All the sepia are sight or only slightly flexed and the 
unb:a-oken aulos is formed entirely by the thickening of their axial 
ends. 1:n the longitudinal section it is possible to seteroJuvenescence; 
this is the only species of kz1:1Joxon in which it has been wecordedo 
Tabulee within the attics are nearly always complete; those between 
the isecis and outer wall are thin and much more numerous. There 
are no diseepimentso 

Remarks: Only three specimens of gy,..A.Igaxen have been found in the 
'envy Start Limestone despite the fact that the limestone contains an 
abundance of corals at most localities. All the speciMens are 
refeFeblei to So grossa. Webby 11964) has recorded a species of 
D:eingwFon from the Roadwater Limestone le:jenny Start Limestone) 
of West Somerset, but this differs from Soere. ssa in having the aulos 
formed by the bending of the septa, 

Syrineajsmaleizeat,sp. novo 

Nate 30, fig 6. 
Text Etc} 39,a,b,c„ 

polot.. zee: Specimen 5,10 
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Sp.sciniens 203.3, 6,9 e 

Rosinon 

 

and locality: The Comb-a Martin Beach Limestone (Lower Frasnian) 
at Combo Martin. 

Diagnosis: Solitary corals with about 26 stout septa developed at a 
diameter of 13 mm. The sepia are swollen at their axial ends so that 
neighbouring ones are in contact., forming an aulos or c'stertotheca° 
(GL-abau 1928). The aulos is complete and occupies about one-third 
the diameter of the corallite. No cliesepiments are present° The 
corellite wall is much thickened by stereoplasm. Very short minor 
septa are present., but are embedded in the peripheral stereoplasm. 
Tabulate within the aulos are usually complete and are saucer-shaped. 
„About five irregulady spaced tabulete occur in a distance of 5 mm. The 
tabulas otatside the autos slope steeply downwards towastls the outer 

Description:  The holotype is a broken fragment 5 mm, in length and,.  
embedded in limestone°. The diameter of the spsemeee. shows little 
variation over this distance, suggesting that the mature corallite 
had an ey)pmdrnately cylindrical form. The transverse section is 
slightly ovoid with the major axis measuring 13 ram° and the minor 
one 10 mm. (This may be the result a corm:ression on a MA& 
el:Feu/az section since the rocks in North Devon are severely contorted). 
The epitheca is for the most part absent, but at one place it appears 
to be preserved and the crenulations in the temnsverse section would 
indicate marked longitudinal grooves; these grooves correspond to 
the positions of the major and minor septa„ The specimen has been 
partially dolomitized and this has obscured parts of the steucture, 
particularly in. the 'neighbourhood of the counter cardinal septum. 
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S•103  CMB.' LIMESTONE (alto: final Sed2on 

Pig 39 S. latisetcak. Freehand drawings o the holotype from 
polished sections 
(a) Transverse-  section 
(b) Cc) Longitud..inal sections 

However, the septa on either side of the counter septum appear 
thinner than the others and this suggests that they may be acceler-
ated minor septa comparable with those described in the type 
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sPzcir:10 (Bias? 2.936). The inn wull of the autos strengthened 
by a deposit of stereoplesm, An appearanse of diSsepiments is 
suggested, where the section has cut through the otter sloping seiclos 
of: tabula:L.1,7hich sometimes show a meted aexure . just before reaching 
the well of the aulos (see Text fig 39b). 

. 
Discussion:, *in the formation of the awes and in the stereoplasmio 

ittdr,ening/ this specimen resembles the type species, but it is 
considerably larger and has more septa. S41.  latts_q_p1,7_,.A most closely 
resembles So bohe.snica belle:mica from the Deleje shal.es (gr.) of 
Bohemia (17,:antl 1938) but it diffez.,'s havina a greater number of 
septa and Er: .P7e..z11:07 do7,elopment of minor septa. 

031 girmanon rue on, nov0 

Plate ZO, fig r e 

EColotynet Specimen 4.6. 

'ffo-N.zon and localit: The Com33,e Martin Limestone (?Lower Frasnicin) y  
The 1:-'t dour, Combs. Martin, 

Diacnosisg Solitwy rugose corals with e diameter of about 6 mm, 
A this diameter theEse aro 16 major curt, which Elie thickened at 
the axis and are laterally in contact, thus forming an aulos, The 
septa thiel:en again towards the pe:',Iphery and era embedded in a 
thin porirsheral stereozone. The outer vrall asthick and the eulos 
•,:elatively small (autos ratio 0„ 2) 

Descrintion: The ;specimen is embedded in limestone and the recovered 
fragment is 4 mmo Longo The diameteF of the oomnite does not change 
017C..zF this length nor does the number of sepia. The polished transverse 
section is approgimately circular. Much  .of.  the outer wall is 
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reorystailised but it is possible to see the peripheral stereozone 
clearly. The otter wall is about 1 mm. thick. The.aulos is 
complete and there is a possibility that it is formed by a sharp 
bending of the septa at the axis in addition to the thickening. 
The aulos is not circular in the holotype but thi  s is the result. of 
tectonic pressuiTes distorting the.corallite. 

'it has not been possible to cut a longitudinal section tom the 
holotype but there is evidence in the tansverse section of an cuter 
series of thin, izregul.  ally spaced tabulee, 

g..!,2:45a, most closely resembles*S. insg.2,ata (Prant4. 
rdeli,?ever,13...antl's• species is smaller and has fewer septa. It has 

srmller aulos ratio than any of the other species from North 
revon*  

ngaxpz rota sp. nova 

Plate 30,fig 5 

Holotine: Specimen 5.11. 

:4011:?911ancl lorialgT:(of holotymp The Combs Martin Beach Limestone 
(Lower s_ n) 

Paratype: Specimen 13.20 

gorizon and localitzsima s.,..type: The Combo Martin Beach Limestone of 
E-3:eqginton Beach , near Ilfracombe. 

Ziagnosis: Small solitary corals with 18-20 septa developed at a 
diameter of 5 mm, Septa are thin and straight or only slightly flexed; 
they are thickened at their axial ends and are laterally in contact, 
thus forming the aulos. The aulos is unbroken and regular: its inner 
Hall is reinfon....edt with a thin deposit of stereoplasm: aulos ratio 2.5. 
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The outer wall is thick, The central tabulee.are horizontal or very 
slightly concave; they aro thin, but thicken Just before reaching the 
outer well; spacing is irregular. The outer tabelae.are few and also 
nearly horizontal, 

Discussion: The one short septum see in Plate 3D. fig 5, is not CISITZLITs..=!."-71/.4SIMMI.101,C. 

considered a characteristic feature of this species; in longitudinal 
seation this septum can be seen extending to the auks at a slightly 
lower level and it is, therefore, most likely to be an individual, 
pathaur,,i0,31 

pyrineaxon of„ smith/ Franti. 

Plate 31, figs. 4,8 

Hoeizere and loceigai The David's Stone Limestone (Frasnian) of 
Sandy Bay and Broadstand, near Ilfracombe, North Devon. 

Diagnosis: Small solitary corals with a maximum diameter of about 
4.5,mm. Twenty septa are developed at this diameter; they are 
thickened at their axial ends and are laterally in contact, thus 
forming en aulos„. Autos ratio 0.4. The outer wall is moderately 
thick. 

Description: :The specimer: is only an imperfectly preserved fragment 
from which it has only been possible to cut a transverse, section; 
the nature of the tabulae is, :therefore, unknown. However, sections 
through some-. of the outer -fibulae are seen on the. transverse polished 
surface and :416v) suggest that the tabulae are thin and irregularly 
space& The septa show a slight tendency towards a pinnate 
anangement, The atdos is-broken in one place as a result of 
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recrystallisatiOn. 

Discutision: The North Devon species agrees with S, smithi In most 
Irmawnanattn=len..703M1rft 

respects, though the indifferent preservation of the former makes 
precise identification impossible. The tapering of the septa towards 
the periphery is not seen in the North Devon species and they are 
somewhat stouter in the latter, There are two thinner septa which 

. • reach the autos at one point and these may represent the counter 
lateral minor septa Mentioned in Peantrs description: there is ne 
evidence of any other minor son= being present, 

lzIant/'s species is recorded from the (Mickey Limestone, horizon 
, The North Devon form is thought to occur ata higher level 

near the Givetianirrasnian boundary. 

Genii BARRANDEOPHYLLUM Pocta 

   

BEartsteclezllum Pow 1902,p,109 
.ioexitm Poeta 1902,p,180 

Xyyjp.  j.tegit4: (by monotypy) BarrandeojftLlurLEiLexum Poets 1902, 
p.192; text figs 9,10; plate 108, figs 4,8,7,13,19, Gp(Couvinian), 
milbocep, Bohemia 0 

DiOnosist Simple rugose meals with a deep calico and an aulos less 
perfectly developed than in Syringaxon and little or no .stereoplasmio 
thickening, The aulos widens rapidly In diameter from the apical 
end. Horizontal tabulae occur within the aulos and.downward: 
outward sloping tabulee between the aulos and outer wall, 

Remarks:.  Poeta distinguished between Bal.:znsa.ileopl /km andaVameri 
largely by the absence of stereoplasm in the former genus. Ho also 
remarked that dissepiments are sometimes strongly developed though 
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they may be 	Zbillerttc  T'.1132Ch (1941) recorded dissopiments 
velmanni and ilfAl (1954) noted them in Be cavum, but they eisse 

by no means conrilon and cer;z,thly not typical eg the genus. The aulos 
it often oval.in transverse section and may be broken; it my also be 
penetrated by OM og the septa - a feature waver observed in 
The wpe spscies has minor septa., but 1.MR. (1939) has included v/ithin 
the Genus T.DTMS lacking minor septe4 with this 1: agree since et least 
-one species. from Nora). Devon is without Minor septa. 

The calico is deep and the length of the seta diml.nishos rapidly 
above the caliculz.c.%.r floor where the autos is undeveloped. The aulos 

feTrt.Led in part by the expansion of the inner ends of: the septa, 
but may also be caused by a deflection of the axial ends of the 
sepi4. (this is well shown in the rpe species Foota 1902, p1.108, 
figs 5,113). 

have followed.. HO. (1939,1956) in including g5.1sph7llurrt as a 
s:Fv...onym of pr ?c 	this would seam justified from the 
Y igure given by Pavia (1902, p1.108, fig .6), which .shows the 
impealect aulos, There in an inegular cystose stzucture developed 
o7:), one side of the coral which Stutnra (1949) suggested was the 
result of the coral grtowing on its side: since, as Poe ta himself (1902) 
cbsosvecit the internal structure is essentslally sintUaz to that 
developed in Nicholsonia (Svrin.qnxon) and narrancleophyllura, the 
signiae;ance of the cystose structure is probably uniraponant except 

specios 
The genus is typical of the Middle and Upper 33 °, 
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/.;ar.:izindeop'swIlum intentallum sp. noire 

Plate 32, figs 2,8,9 

. 	firiecimen 5 d 9 

Feral:37*es* Specimens 5.5 end 5.8 • - 	" 

7-?;o1:5.sen and locality: Combe Martin Beach amestone (Frasnian) 43 

'Ebe Parlows-, near Combs Mariin. 

*L'Incmosis: f3:,mrt 0olitary cf.7.73/04 Wimarnum dlameter 6-8 mm. Attics 
(mac: 0°24. Them are 16 majOr LOS,al a diameteF o? 6 ann3 

they are st,caight c only slightly Eexed arzd are add:err:1d both at 
az! peripliziy and at the 	t7.1.ey are. no2.. 2.atemily in contact 

wheTa joined by tabulae. L3c7:.*Iaxial tabuhe E.11:0 numerous and 
raga:Ilarly spaced (about tbsee in a mm.). Axial tabulae complete and 
the avio is completed by their do.fm-turned 011ter edges. Outer 

motienately thin. 	lc an Incipient development of rather 
serZa 

RIIIM1171V3: Yb3 SiEle Wad numbeI^ of outer tabuIe.e 	intervallum resembles 

c,1•!,, psy.:T.Ilexum, but diffeTs fin baying only sttteen septa at tb.e same 
cv, 

S.+77, InStee0 and a emalier, moTe M'gutler adcs. The SOPM ate aso tillokor 
and sinightes.in the rzesent species. 

PiawandeoplirAlusn newberfiense i3 Elev. 
A— .A,..-1,A.,112.1,11.ecA.--.tAm.4.,:Arktl— AvITAtleAser entlor=.44elt, 

• Mate 3a, figs.2,5,7.0,11 
Text Eig. 

Wolotyp3: 5,7 

Horizon and localityg The Combs Man in Beach Limestone (Lower Fli-asnia0, 
West end og lk.Tm.iber.7 Beach, mar Come Martin, llonh Devon, 
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Paratxpes: 13.46, 13.26 

Horiz20. japt/osSIV: The Combo Martin Beach Limestone on West 
Hagginton Beach. 

Diagnosis: Small solitary corals with an irtagularly formed aulos. Aulos 
ratio about 0.3 

22 septa are present at a diameter 
of 6 min; these are moderately thin 
but show slight thickening at both 
their peripheral and axial ends. The 
septa are not laterally in contact 
except where they are joined by 
tabula°. TabuIao within the autos 
are horizontal or slightly convex; 
rest of them extend the whole way 
across the autos but others may 
cwve down to join the preceding 
tabula() before reaching the autos 	Fig 40 Polished longitudinal 
wall.„. Tabu a° outside the autossection of the holotypeo  
num.-cusp sloping downwards and 
oui.wards at about 4r r, in this outer zone additional tabulce may develop 
which are mow steeply inclined and only Cetalt in the vicinity of the 
autos wall. The outer mills moderately thin but.with slight stereo-
plasmic thickening. 

Des2r1FP4ons The holcbype has a mean maxiraum diameter of 6 mm. 
has been sliced longitudinally to show the arrangement of the tabula°. 
Length of presemed tragmento  which is embedded In limestone, 7 :MI 
there is no variation of the diameter over this length, 'suggesting 
that the mature corailite was essentially cylindrical. As a result of 
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distortion the coral appens oval n transverse section, the major 
and minor diameters being 7 E.nm. and 4.5 mm. respectively. The 
autos is ellipZical but not regularly defined; it is formed iargaly as 
the result of the down-turned edges of the central tabula() and not 
by the expansion of the anial ends of the sepAzt. °coact=lly a 
septum appears to extend a short distance into the autos, but 
this is caused by the septum extending over the horizontal floor of 
the tabulae, 7,there the aulas walls are irregular (see text fig 42). 

Pig 4l, Diagram showing the iliregular wall of the autos 
and septa extending for a short distance across 
the tabuiae 

Rematks: There is a. small amount of stereoplasinic thickening Anthis 
species but It is much loss than in most species of Syrinme. 
The treguier form of the autos, however, oLeadY seParatos this 
form i'mn Sys:Inca...1ton, The species is similar tekots‘plexura Pow, 
but &gem in lacking minor septa, having fewer major septa, and 
being generally smaller in size, 

~.m: 	slum sp. of. 1:34 1.Ticunt (Frech.) 1886 

Plate 31 figs 609.  

DesoA5don9 Spa:amen 6,4 is a broken fragment 9 mmn long and 
embedded in limestone. The diameter of the caul I •• • SOD from 
5.5 mm. to 7 mme  over this length, suggesting that the complete 
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coral was tali but with a trochoid form. There are 22 Septa at the 
maximum diameter and these are straight or only slightly flexed 
until they reach the edge of the aulos; here many of the septa 
aro bent sharply so as to rest against their neighbours, thus 
forming the aulos. The aulos is wide, with a ratio of 0.5, and its 
form is somewhat irregular; there is no stereoplasmic thickening. The 
outer wall is thick, averaging 0„ 5 mm, The tabulae within the aulos 
are irregularly spaced and are horizontal or slightly depressed most 
of them extend the whole way across the aulos, The tabulae between 
the aulos and the outer wail slope downwards and outwards; they do 
not correspond in height to those within the aulos. 

RomeFi;F The kro75th Devon species differs only slightly from Frech's 
species from the, lower middle Middle Devonian of Blanken.b.eim, 
Gl.s3re.-any. The former has a wider aulos and a greater-number of septa 

at the same dia.metegg the septa are also somewhat more slender. 
Fresh (1886) does not mention the bending of the septa at their axial 
ends to form the aulos and unfortunately X have not had the opportunity 
to emmine his original speciniens, but his figures (plate 7, figs,17, 
28, and 22) cFF, suggest that the aulos is at least partly formed by a 
deilleostion of the axial ends of the septa, The arrangement of the 
tabulae is elractly comparable with the Gorman specimen which is 
illustrated in Plate 7, figure 8tOf Frech). 

gill (1940) has described a new species of 94-E•andeophy2.1um 
rularam)from the Upper Givetian or Lower Frasnian of the Rough 

Sf.1110 E3 ZanibaTic.,y, Western Aust-alie: which is also very similar to 
the Mczth Devon species. The Ausixalia.n species had fewer septa and 
Its tabulae are more regularly horizontal and less numerous, 



Oootr-cmc,.: So en spocimons from No:311 Devon have been found 
:In the David's Stone Liraestons at Sandy say, near Combs :Martin 
and at ByoadstrandBeaoh, new, aftacombs. 

145 
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Family METRI.Cpr-D.-LLF.DAE Mill 1939 
e-enus Hum Stumm 1949 

lype_ueoles: A. Ilamiltoae+menmaerale.  (Nall) 1876 
- See Stumm (IWO for generic description. 

Ampleginhyllum oninum sp. nova 
14ate 32, figs 6,10,11 

:gokotxpe; 5.18, 

Paratypet 5.27. 

Tiori2on and locality: The Cotnbe IViari".in Beach Limestone (Lower 
Frasnian) The Parlour, Combo Markin, North Devon. 

Diacraosist The mean dia. meter of the holotype is 6.5 nun. The septa 
am short and thick at the periphery but taper to a point in less than 
a millimetre, thus giving the appearance of sharp spines projecting 
fsom_the thick outer weal; the septa are developed on the upper surface 
of the Mbulao; the major ones may be equal to or slightly /onger than 
the minor ones: the major ones are also stouter*  The total number of 
septa is about 32-36. 

The tabulae are thin and widely spaced, about 2 mmo apart 
being the average; they thicken very slightly just before joining the 
outer wa.17... 

The length of the longest recovered portion is about I cran  and 
there is no change of diameter over this length, suggesting that the 
complete coral was cylindrical in form. 

Remarks: The only species of this genus so far described is Ao hamiltonae 

from the klamilton Group, Western New York, though Stumm (1949) 
commented that Caninia tabulata Busch should also be referred to 
this genus. The North Devon species differs from A* hamiltonao in 
being smaller, and having fewer,-.  more spine-like septa. There is 
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also loss contrast between the 13120 of the two orders of septa in 
sanum, suggesting tilelt it is more closely allied with Arep10?!..ue  

from 'the Lower Carboniferous than with Ar hemiltonae 
Stumm (1949) regards the genus .firsplexiphylLunl as a derivative 

of a stereolasmoid form since he found the neanic stage in A, hamiltonae 
to be almost identical with .,."1.11:9...olum. Unfortunately the neanic 
stage is not seen in any of the specimens collected from North. Devon. 

yeniscophyllum crescent= sp, nov. 
Plate 32, fig 1 
Pial*a 3, •Fi• 

liolstme: 13.4, 

liorison and lanality: Combs Martin Beach Limestone (Lower Prasnian), 
The Parlour, (near Combs Martin) and Hagginton Beach (near Xlfrecombe), 
North Devon 

Diagnosis: Small solitary comic with a maximum diameter of 5-6 mm. 
Major septa number 18w20; they are thin but those 'of the counter 
and altar quadrants expand near the axis to become contiguous, thus 
forming a crescentic shaped wall Into which the remaining septa 
project,: Towards the periphery the septa gradually thicken until they 
unite with the narrow stereozone of the outer wall. The outer wall is 
relatively thin. Minor septa ay... present as small bulges projecting 
from the outer wail; they are not attached to any of the major sepita. 

Discussion: The specios is somewhat doubtfully 7efereed to the genus 
Menisopyllyllum Simpson since it lacks the solid axial structure 
which chatecterises the genus; instead the septa develop an incomp-
lete aulos which is suggestive of Bara2041222111/92m. But in Barrand-
eolvfluathe aulos is larger and much more imperfectly developed 
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Fawn p PHILLIPS.e.S.T.RgqAE  C.F. Roersor 1883 
Subfamily 	 C.F. Roemer 1883.  

Included genera from North Devon:- 
Dis 	de Fromentel 1861 
9x/ind i Simpson 1900 
Billingsastraea Grab au 191 	-
1/exagonaria Gurich 1896 

Subfamily -  PEACELLOPIFILLIME Wedekinci 1921 
Included genera kora North Devon:- 

	

Ida cp 	1896 
Phillipsantraea• d'Orbigny 1849 

yamilysosi,intiop.: see 	11956 . M 

melts:)-711..the 	am follov(iing the classification of,I-7.111 (1956) 
and it s eons:4%1.1y the same as that suggested by Stumm (1949) 
and .P.o2howska (1953). 1 reject the claasification which is ,implicit 
:1.n Smith (1945b he united asteroid forms with hers©-shoe 

•:dist3olgmerkts i:PacNhz11,01A with asteroid forams lacking them 
(70,47..sa'stitea). Phillipeastraes (type species P. hens hi) is the 
psior name. There is a well marked morphological seiles ranging 

. 
from  solita.ry. to astreold for forms both wit. sand withoUt horse-shoe 
clisswi!Ttents trad these series- form the basis of Hilits classification. 

,Scheitpp4 (1958) has figured a Ibmitudinal section of the .. 
leotetype ai.7 P,  hennahi which okarly shows horse-shbe dissepiments. 
The gene74c,rimme Phillinsastraea .must, therefore, be applied.  to forms 
Ffgh,hoTse,,,sb.ce dissepiments and Pachyphillum is inde.ed Junior 
synonym...An astroold coral belonging to the Phillipsastraeidae, 
but lacking k107.'SO -shoe dissepiments, is Billingsas'Mea Grid it Is 

CPC....rasm:exte-V-1====demo 

to this genus that many forms, originally placed in Phi/lipsastraea 
but tacking brow shoe dissepiments, must now be assigned. 



The morphological series of the two slab-amilies is shown in 
the following table: 
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With horse-shoe 
dissepiments 

Sclitary 
Dendroid or 	Thamnopbram 
pheceleid 

yraper.ophyllum 
Phillipsa Warm  

Without horsei-shoe 
dissamorats 

pj.2212xlia 

ilexafflonaria 
illintrastraea 

01•••••-•OVICO OPANOY 

Sehoupp‘(194.9), and Schou!, and Stacul (l9611 have included 
2:PtrilTrtoP• - 

hYPAPI1Pne,cke. gP'4oellorhyllum Gurich, Rexiphyllutia Walther 
andXenscp...iela Soshkina as synonyms pr subgenera of Maolsea. 
Etiu C:i.956) on the other hand, has given each of these full generic 
st,atus within the sub-family Phacellophyllinee Wedekind. Y. accept 
SchoumA's arguments based on skeletal structure and gr-adational 
forms between each of these genera, and F. agree with him in placing 
hapellophyllt.p.:A as e synonym of Thamnoplas2.1w, but the other typo 

specimens ar..e ell differentiated from each other by well marked 
featmes end to create subgenera based on subjective masoning 
merely makes the nomenclature clurthy without achieving any e.dvantage, 
sinco {het close affinity is already recognised by placing them in 
the same sub-family. 
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Genus pisphyllun2 Fromentel /861 

pannoWllum Chapman 1893, po  45 	after 
Soshkina 1939, p.36 Stumm 

Megaphyllum Soshkinet 1939, p,14 	1949 

Tuer.,,pp_eats2: By subsequent designation of Lang and Smith 1935, po  80, 
pxatl,:Ls;Ayllum,.,sa9s,pitostlm Goldfuss 1926, p.60, p1.19,fig 2b 
(CladopoR+hvk.:?..q22#1."-ussi Goinitz 1845, p. 569) from the Middle Devonian 
or the Eifel, and Bensburg, Germany. 

osis: see Stumm 1949, 

Ilsraudn: Smith U946) Anduded forms with 'horse-shoe dissepiments 
Within the genus Displlyllurs since he regarded this character as 
t'mer.--eay a trend CLang and Smith 1935) within the genus. This view 
has not been shared by most later workers (e.g.Stumm 1949, Hill 1956) 
and Z do not accept it. Horsors hoe dissoyinients are a peculiar 
structure with which other modifications of the coral skeleton are 
closely associated and these appear to be at least of generic 
sicnific-ance. Kn. fact, Rozkowska (1958), Schoupp‘ (1963) and Schouppe/  
and St cul (1963), who have all made special studies of this group, 
rageredsd this m0; tholovicei feature as of family or higher significance. 

DisphyLlum goldfussi (Geinit4 
Plate 22, fig 2 

.S.22momy: Cladocora goldfussi C-sinitz 1845, p.569 
Disphyllum goldfussi Lang and Smith 1935, p. 568-570. 

Leotoarm: 20119071.1mIsstspitosum Goldfuss 1826*  p1.19, fig 2b. 
See Lang and Smith 4935) for full discussion and synonomy. 
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*-̂ q.  f,,Le0E1001.0, see :Lana and Smith 1935, 

Description of the North Devon specimens: Two E.') ps,viima:as (14,93,10.63) 

r:r,.m 'been collected and these ragi:eo with the lectotype in all essentiO, 

eal..u.yes, Thom are, however., only 48 septa iz both specimens at a 

clitmetezi of 13 111111 e. ("in the lectotype there are 50 at U mm0) smith 

(2.D45.1 comme„vt.T.GA-2 upon the ezziabnity in length of eap -minor cept-Q 
and this f.s well seen in the. North Devon rIpecimens (Mte 22.,fig 2). 

The major septa stop about 2 mm, shol't of the. anis; the central 
tabull•ao am horizontal;  but the pariazial ones e7.m MO:ie steeply inclined 

and less globose than in the lectoilrps, 
• 

EcTizon and Iocallities: 	goldiussi has been 	‘eti from the Ponny 

Sc7rtst 'Limestone (C-,ivetian) of Widmouth Head end 11:11/age Point, rivar 

17-.,...acorilbe, North. Devon. 

Disphyllura haggiLltonense sm„ v, no 

Plate 22, figs 3,4,5 
Plate. 23, ags 3,4 
L''.1r...te 24, fig 1 
Plate 25i figs 1,2., 

t30,m.onomv: Dispaylium aeguis eVeatum Smith 1935 

ii)if.17:711.741usa aeciuiseptatum Webby 1964 

S-1,,,riimr, 7 3 124 

arisen and locali7.7: The 'jenny Start Limestone (Glivettan) of 

:Fegginten Deache 

Speciraens /0024 and 14.101 from the jenny Start Limestone 

of l',1illage and the Old Coast Road respectivoly, 

DiagnosS.s: Phaeeloid corals in which the major septa ar.e only slightly 
longer than the minor ones and both series my approach the anis but 
do Jim:: quite mach it, Septa thicken at the outer wall and fozm 

31,-",7-reala 



stereozons. T:herc.) is a wide dissepimentarium filled With numerous 
inflated clissepiments which are irreguiar in size. The tabulae are 
horizontal and usually comrlete. 

F.,7escrintion: 	ccoellites retch a maximum  diameter of 15-20 mma and 
they cleve/op coloy:ties 30 cm, and more across, There are 24-26 MP= 

GT472 i2c: the IM-7,1n1111U.M diameter. The coranites aro loosely ftsiculate 
and only rarely do neighbouring ones intenrupt the regular cylindrical 

fcri.7th of each other, The outer trail is thin but re-inferced by 
steanonsni,, 	dlesepiments are small, un.equal in size and strongly 
in!,qate-.d. The tabulme de not cross the tabuIerium and slope clown 
;owa5dis the a:,T.is e.t an ar,Ile of' about 3e; there are also pariazial 
tab:ell-to wialch Eesomble elm-tote dissepiments. 

This , we 	vet7 common in the Yenny Start Limestone 
especially at the foot of the steps loading on to Iiaggint'on each 

differs frora the type species i a having MCYZ rannercus dissepiments 
and minor septa which ere almost equal in length to the major ones; 
the cor,allites are F.Illso larger and mOTO l000elty fasiculate. 

110, hagclintonense is  conspecific with the species described 
C,,rt 1,7;4,244. 

by Lang and Smith 1935), as 	aequisoptatum EdIts7E.',7XIS and 
67,1m.treStstr..m. 	

• 

but the holotype of this species Gadio  StViTo Dfius o No..6140) 
has may 36 septa according to the CallithelW miginal description, and 
its iri•7::eznal, oc:Fuclar;,,'6, 	uraYAnotvn since the specimen is recrystallized 
Manci and Smith, 1935, p.572) . 	is unfortunate that Edwards and 
E-Taime should K1-2.70.• selected suoh'a specithen as helotyps; it was 
undoubtedly collected from the jenny Start Limestone on the West 
side of Rillzge 	L'ig9Y0 the Limestone is affecitc.-Id by apeculiar 
form of ankeritizFltion which is very local in its development; all the 
corals have been pseudomo'phed by ankorite and their internal 
structum has been completely obliterated, 3  have therefore abandoned 

as:3 



Edwards and IFiai.mes species with v,thicia D. hagpintonense may or 
may not be conspecific, and have refened the species figured by 
LAng and Smith (1935) and also that recorded by Webby (1964) as 
1),.aec;,,uistpiVum to the new species p. haggintonense. 



Genus .971indrophyllum Simpson 2900 

sYActTlemv: 974ndroholium Grabau 1910 
Rziaeltzlita.ri Weft%and 1922 
ARin2phyllwn Taylor 1951 

T:Fps sashes: Sy original designation, Co elonqatum Simpson 1900, 
40904rea tsratrartrzeo 

p02:17, text gig 42, from the lower Middle Devonian (Onondaga 
Limestone), Clatitesville, Albany County NOW Yolt. 

10.1Pcinesis: Simple oy weakly aggregate sub-cylindrical to cone ()Mind 
ca,m1s. The internal structure is similar to pisitxllum but the septa 
CTO earinate Periaxial tabellae ere poorly developed or' may be 
compleZoly absent. 

nemarits: 1. acme with Sttunm (1949) and Hill (1950 in regarding both 
• 

2141111:0a«m4k2Y4SM.Tn  Ctebau and Spinophyllum Wedekind es congeneric 
with Cvlindrophyllum, lotredekind distinguished Spina 	by the 
presence of perianial tabulae and Taylor (1952) vetathed Viredekind°13 
gonem fa solitary fasmtV, but referred ell phaceloid forms to 
9:3721410p172.1utz, These appv-,er aLtificial distinctions since within 
the cRosely related genus plaphvizum solitary and phaooloid forms are 
gToup.sd togethe within the one genus. In fact, Lang and Smith (1935) 
suggested Cy2412.:slo)hyllum within lapaygljEs but the presence of 
strongly developed earls-me clearly separates the two genera* 

Raw): Zipp3r Lamer Devonian to Upper Devonian. 

Cd1Lindr:opayLrlum of. elsoisn Simpson 1900 
Plate 33, gigs 1 12 , 3 

WiateTial: Two specimens from the 'tinny Start Limestone (Givotian) of 
Rillage. 14.57, 14.92 
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Jescr- ::iora: At a diameter of /8 mm.,o there are 30 major septa; these 
are thicitc--Ined within the diseepimentarium and they only extend a 
shots t distance into the tabularium, within which they are very attenuated 
and ziT-sag. There is a corresponding number if minor septa and 
these are thinner, especially near the periphery; they-  do not extend 
into the tabularium. Toth series of septa carry stout yard-am carinae. 
The cuter wall is thin. 

Only a tagment showing the longitudinal, section has been 
obtained, but this shows numerous irregular dissepiments, and 
hwizon4:e.1 (sometimes slightly depressed) vzbulae most of which 
ontend ocross the tabularium. The calico appears to be stoop., 
sided with a aat goo r. 

P,Rmarks: The North Devon species resembles the type species, C. 
9loncoatm„ very closely h longitudinal section, but unfortunately 
Simpson did not figure a tranSVerSe Section. Alternate septa are 
described as 'very short', whereas in the North Devon species 
they are about a haf the length of the major ones; the diameter 
is iliilcsgreater than in the type specixnen. Taylor (1951, 1952) has 
figured three species of,psar...-loply11.LIm (=-954pirgyam) from South 
Devon; of these, S. stonehousense is comparable with C. cf, 
c/oasbut it is smaller, has longer septa, and the tabulae 
less regularly complete. 

St0110110USGMS0 (Taylor) 1951 
Plate 33, fig 4 

Specimen No0D4/151 (Sedgwick Museum, Cambridge) from 
the northern beds of Richmond Walk quarry, Plymoutho These beds 
are considered to be of upper middle Middle Devonian age. 

Piagitoffijs; (Revised after Taylor 1951) 2,lindlt.,...LAomL.,um with simple 



freehold foam and rnjo,7 septa :Ali a/ almost reach the a.nis; mino7 
septa alternate with the mzjor ones and are about half as long. The 
major septa are much dilated within the dissepimentarlum; the minor 
septa aro only slightly thickened. The peripheral wall is thin. The 
dissepimentarium consists of several rows of small globose 
clissepiments which dip at an angle of Goo o The tabularium is wide 
with distally COTSVOIC tabulac and one oT two rows of distally arched 
pws?a, vial fabellae. 

Remarks: The single specimen Evora the 'jenny Start Limestone of Riilage 
Qaarry (14.91) consists of a fragment about X8 mmo long from which 
a 4:ransverse thin Election has been made. The periphery of the coral 
is not completely preserved but the approximate diameter is 14 mm0 
At this diameter there are 30 major septa; (in the 'holotype there are 
about 28 major septa at the same diameter). The arrangement and 
structure of the septe. is, ho-meverr oaacey similar to the holotYPeo 

C. sy:ollehopsonse differs from CI of. elongatum in having longer 
tLt~elyV

se m, anti in the arg•angement a the tabulae. 

Clintiroga.lualLiestzalis sp. nov. 
Plate 33, fig 6,6,9,10 

yiolettype: Specimen 10.81 

Tiorisolpndlooqity: The Yenny Stem Limestone (C-ivetian) of Widmouth 

Specimens 10.82, 14.67 from the Ye-my Start Limestone. of 
lAridmouth Head and Rillageo 

piamiEr 	The .holotype consists of a tag:nett about 20 mm. long. 
Transverse sections have boon out and it has also been sliced 
longitudinally. The form of the corallite is unknown. At a diameter 
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of 1'8 ram s  there ere thirty to' thirty-IVO ril-2j07: septa which are unequal 
Ic.Dragtb., some L'eachtng the anls and being slightly eaopaloid. There 

is a ecrrespondinf3 number of talICT septa. The major septa are thickened 
within the dissepimentar.Wm and again at the periphery; the peripheral 

• wall is thin but it is sVengthened by the thickening of the septa. The 
minor septa CM only slightly thickened and are about half the length 
of the riltlj07.!* ones. Onrina.0 aro weakly developed on both series of 

- septa. 
Xn transverse section the dissepiments are chareoteristically 

developed in pall;.'s on either side of a minor septum, The dissepitnents 
are numerous:  very globose end unequal in also. The tabu are 
horimontal or slightly concave and complete; there is a rcv of peal.- 

tabulE.10. 

Remarks: C. inequalis differs from both C. olongatum and C. stonehousem9 .4.1511teat-c=e-Intr=r,  

in having .STAATC-.7 and less prominent carinae, in the length of sexfo 
and in the number of dissepiments (The specific name refers to the 
unequal length of the major septa), 

?1:311/incisasteaea cf devonenso (Edwards & ..arose) 1053 
Plate 23, fig 2 

OSC7iption: There C,',Ire twenty septa of each order. the major ones almost 
reaching the axis, while the minor ones stop at the border of the 
tabularium. NI the septa eve strongly dilated at the inner margin of 
the dissepimenarium, end they may be conn.uont with-those of 
neighbouring cora/Mese or the co allites may be separated by 
dissepimental tissue, Within the tabularinm the septa are wavy. 

Only one specimen which can be compared with E. devonense 
has been found; this measured 6 cms. by 4 ems, and it had been 
sliced longitudinally and transversely, The' former shows Little 



beyond the omPo-clarl natuvo of the dissopiments but there is no 

ovidvace of hoz:so-shoe dissopiments being rtosont v  

P,,,,marlize: The sr,ecimen difEeTs a .0m p, devononse in having folveY 

septa and loss dissopJ,mental tissue between the cmallites6 

Mato7:4,-.21: The o spimen (18„ RS) so far obtained comes from the 

Yenny StaVi: Limestone of WichnouthHeed/  110Z1,t7 7/bacon-aloe Noah 
Deven. 

/59 
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Genus ilexagonaria Gurich 1896 
PolhAlum do Promentel 1861 (non 

Polyphyllum Blanchard 1850) 
Pg12Lni n Simpson 1900 
J-Lexa on....sLiojaauaGurich 1909 
iris 	 h 	Yu 1934 
Prismaton Smith 1945 

021921Akurnalexam Goldfuss 1826, p,61 pl, 19 f 
figs 5e f, and p1.20, figs la.43. 

Lang and Smith (1935) chose as lectotype of C. he.x. 	the 
original of p1.20, figs 1a4,, and Lang, Smith and Thomas (1940) 
designated C. hexagon= the type species oft12:sca 	 

Diagnosis: see Stumm 1949. 

Extemarksj This genus is particularly Common in the Middle and tipper 
Devonian, though it is also recorded from the lowermost Carboniferous 
beds of China (ifu 1934). Smith (1945) points out that Pleatmpzia 
(peismat>phyllum) gades into the phacelloid Dip 	on the ,,one 
hand and into the plocoid PjliAlEs413t raekon the other. 

1?exagonar2a boloniensis (de Blainville) 1830 
Plate 26, figs 1,2, 

1.• 

Synon?my: Mcnastaca be/onions° de Elainville /C30, p.339. 1034, p.374, 
alt.12221 llum_ he agonum Goldfuss partim. Michelin 1845,13.181. 
T.,ithostrotion arachnoides (perrance) partim; D'Orbigny 1850, 

P.106; non Astrea arachnoides 
DeFrance 1826, p. 383. 

CyaLopiallum boloniense (de Elainville) pat-Urn. Edwards and 
ifaimo 1851, p.385. 1853, p.230. 

Prisr.  1....at2ELL.1 	bi.:212......dense (de Blainville); Srnitt 1945i p. 50-51 
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Diaonosis: see Smith 194S f  pP050.81. 

Remarks: The North Devon formso Hexagonaria boloniensis differ in 
ELI= details from the specimens figured and described by Smith (1945). 
The mot ap!parent difference is the shorter septa of the North Devon 
fop 	usually they stop 1.2 ram,, from the axis though ocenaionally 
they do 'eh the a:zis. The corallum is typically globose and colonies 
up to 30 cms, in diameter occurs  especially as large beach pebbles 
at Samson's Bay. The corallites vary considerably in size owing , as 
Smith pointed out, to the frequent intercalations a young individuals. 
The rca licen ere aumel-shaped and deep. 

There may be as many as 30 septa but the average is 23-26; there 
is a cormsponding number of minor ones, which are about half the • 
Rengfa of the major. The septa of both orders are thickened at the-.  
periphen,  and this reinforces the relatively thin walls separating the 
corallites. Carinme are weakly developed'. 

There are three or fOlT rows of irregular dissepiments, the peripheral 
ones being generally smaller arid more globose than those near the 
tabularium. Tabulae are irregular; the axial ones are commonly .: 
hori2ental but sometimes they show a prominent Central depression; 
the perianial tabuize CM steeply inclined and somewhat globose so 
that they are similar to the inner dissepiments. 

Material: Two specimens (13.34, 7.4) have been sectioned: these were 
both obtained from the Yenny Start Limestone (Givetian)• the first from 
Hagginton Beach and the second from l'enny Start,, The species is 
common at most outcrops a the lenny Start Limestone• 



• Genuth Tharapatyllum Gurich 

Synonomy: X include all the forms listed by Schonppe and Stacul (1963) 
in their synonomy of the sub-genus Macgeea 

 	Thamnophylium stachei Penecke. 

Diamosis: raniculate corals with maJor and minor soma and a single 
row of horse-shoe dissepiments outside which is a series of flat 
or only slightly curved dissopiments. Tabula° era usually complete 
and hark-milt:11; there may be a single series of slightly inflated pea-,  
anial tabula° 

• Remarks: The essential differences between pime_49.1  and TharanoRhzikan .rxwmstruwarzsvo 

have been listed by Reskowska (1952) and with these I entirely agree. 
Rozkowska (1957) has made a bioreetric study of variability in 

the genus rpram.2.21212yllum for species obtained from the Holy Cross 
Mountains of Poland. She has shown that the °correlation co-efficient° 
is higher in Givellan forms 'than in Frasnian and that it is posSible 
to use the correlation co-efficient as a stratigraphical 

Essentially the correlation co-efficientconsists in finding the 
mean value of Mn 4tanjnEsiactpta using a single population. 

Md diameter in mm. 
Roskvasha gives the fo,.12awing values, arranged in stratigraphical 
sequence for five Polish species: 

Prasnian T. kozlowskii superius 	2.20 
• T. kozlowskii 	Silkowke) 2.30 . 

Givetian 	aegalMtaln 	 3,17 
T. trigemme. 	 3.42 
T. skal7a 	 3.64 

Xn North Devon, the distorted nature of the corals and the 
difficulty in collecting a statistically significant number of specimens 
has made a comparable study impossible; nevertheless, a mean value 
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go.; 64 specimens obtained from the Fenny Start Limestone has been 
calculated and this gives a value of 3.2. Such a figure accords well 
with the Upper Givetian age for this limestone which had been deduced 
on other grounds, 

Two types of budding occur in the genus TharImpphyllum - (a) 
parricidal, as in T. tri?ene. (b) lateral, as in T. c....stejgaLmeu21. 
In. both cases, however, dissepimental tissue occurs between the 
parent and daughter corallite in the initia. stages. 

,Thesnophyllum is by far the most abundant rugose coral in the 
Yenny Start Limestone and over a hundred specimens have been 
collected:: it is probable that an of those belong to the species 
Ta caespitosui though the possibility of other species being present 
is discuseed below. 

Fern: Upper Lower Devonian - Upper Devonian. 

Thamnophvilum_caesnitosum (C-oldfuss) 
Plate 27, figs 1-2,5-8 
Plate 28, figs 1-2 
Plate 29, fig 1 

onomy: see Smith (1935) and Roskowska (1956). 

Description: Pasiculate corals with an average diameter of 6 mm. , at 
which diameter there are 19-20 major septa developed. Calicos are 
shallow with steep sides. Increase is by lateral budding and the 
branches: tend to make a wide angle with the parent coral/ite. The 
major septa are usually sinuous and stop about 0.5 mm, short of 
the axis. There is a corresponding number of minor septa which just 
penetrate into the tabu/arium. Epitheca is thin.. The axial tabula° are flat 
flat or slightly arched and or? usually complete; steeply inclined 
periaxial tabellae are present. There are two kinds of diseepiment 
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an outer series of horizentalor slightly curved ones and an inner row 
ol.F horse-shoe dissepiments. 

Remarks: Smith (1936) has given a full description of the lectotype and 
many of the specimens from North Devon are exactly similar. Roskowska 
(1966) has shown that there is a range both in number of septa and 
in the diameter of corallites within a single population but that It is 
possible to determine mean values which are significant for the species; 
the following table shaves her values in the form of a graph on which 
is also plotted values for 64 specimens from the jenny Start Limestone; 
the circles indicate the variation range within a single colony* 

int'...jista  1 	2.5 	3 5 	4.5 	Si 	65 	7.5 	5.5 	65 	lOd mm 

15 
t 
0 1  

16 1 

17 1 1 

is 0 3 2 

19 CO 2 2 

20 2 2 2 6 3 

21 1 2 0 3 3 1 

22 1 2 0 2 1 

23 2 

24 1 

TA* curve Is drawn from mean values given by Rozkowska 

Thew is clearly agreement between the maxima for the North Devon 
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specimens and Roskowska's values, but there is also a suggestion 
of a second series of triazima which might indicate a second species 
being present in the assemblage; the evidence is, however, 
inconclusive and / prefer to regard them as variants of a single species 
since there ere no significant differences in structure. 

simatme is one of the few corals previously recorded from 
the Ilfracombe Beds. The first record is by SedgwIck and Murchison 
(1840). Webby (1964) has secently recorded the species from the 
Roedwater Limestone (Givotian) of West Somerset and Taylor (1951) 
has recorded it from the Couvinian of the Plymouth area; the form 
described by Taylor has, b wever, much shorter septa than is usual 
in T. cGsm.aLsaLtsja. 

Localities: Numerous specimens from the Sonny Start Limestone (Givetian) 
of jenny Start, Widmouth Head, Rillage and Hagginton Beach. 

Thamnophyllum sp. 
Plate 274  figs 3-4 

a:lgation: Similar to T. c/emitosum but having an additional row of 
globose dissepiments both Inside and outside the single row of horse-
shoe ones and in addition to the horizontal outer ones. 

Only one specimen (10.59) showing this unusual arrangement of 
dissepiments has been found, though occasional small globose plates 
within the row of horseshoes are found in T. caespitosum (cf. SchouPli 

(1949), pl. 9, fig11; and p1.27, fig 8 of this thesis); they have not 
previously been recorded outside the row of horse..shoe dissepiments. 

Lo....gella: The jenny Start Limestone (Givetian) of Widmouth Head. 
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Genus Phipasa,straea d'Orbigny 1849 

.c1202kylkua Edwards Ez E-hime 1850 
Smithia Edwards t Heinle 1851 

t,r213.11s11,7,11 

yiedusaephyiLutp CoPartoemer 1855 
Streptastrae;, Sandbarger Sandborger 1856 
reoude-carvulari Schluter 1001 

yypes23219v BY subsequent designation of Edwards and Halms (1850, 
p01 zi, AsIre9jz kea ahi Lansdale paR:tim, 1840, p.697, p1.58, figs 3, 

,3b). Smith 1917, p0284, has chosen the origiszel of Lansdale' n 
fig 3, 3/2 	lectotype. 

Diagnosis: (Revised) Massive astrooid ' to apb.roid corals in which the 
SCipn are dilated at the .border of the tzbularium. There w,e major and 
minor sepim, the latter reaching as far as the border of the tabularium, 
vi.rhile the major ones may be only slightly longer or may extend to the 
e.ris; both series are commonly carinate. Dissepiments are small End 
numerous, and the:: is a single EVVIT of horse-shoe dissepilments; 
tabularium is narrow and the tabulae may be complete or. incomploto. 

-Remarks: Smith (1917,1945) and Schouppe(1949,1957) have discussed 
the genus at length but little comment has been made on its stzati-
gap:Mc-al significance. Walther (1928) beloved that a1132.2astraea 
first appeared in the Upper Devonian and the same opinion was 
eztrvelsSed by Stunun (1949). li0170Vers  there have long been records of 
Ffhillipsastrasa ccouning in the Middle and possibly. Lower Devonian 
of Ausira..tia (see 1-101.1939,1942). The genus is also recorded in . 
the Lower/Middle Devonian of Bohemia (Meta 1902), Ellesmere/and 
(Loewe 1923) and North America (Meek 1867). More recently, 
Middleton (1954) and Webby (1964) have both recordedyjAllpsastraea 
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from the Middle DeV071.ian 	England, In North Devon, I have 
found the genus in association with Llscaaaoslyite, Mesophyllum, 
and Enc19211,1z1192, which indicate a Middle Devonian age. 

N!aNfb

Edwards  and Haim (1850) created the genus pathzlita(type 
species P. boucherdi) to contain aphroid corals which were otherwise 
similar to the astreoid Phillipsastraea (r-Smithia of Edwards and limo 
1851). Smith (1945) pointed out that aphroid and astreoid formb may 
be found in the same corallum; hence Rachyphylluti is an exact 
synonym of FinilltpsastItes. (see also °remarks' under Phillipsaetraoidae). 

Iniiiippestraea,sola sp. nov. 
Plato 23, fig I 

Specimen 14.38. 

Horizon and locality: The fenny Start Limestone (Givotian) of Rillage 
Point, near Ilfracombe, North Devon. 

Diam.osis: Phillipsastraea with major and minor septa thickened at frtarv raw 4..c.sramasculrammaremmener=w 

the inner edge of the clissepimentarium and carrying a carinee. A 
dividing wail may develop between corallites. 

)escri Lion: There are skteen to eighteen major sep`a which genet to 
the ':,:.-.111.121arium but do not reach the anis; a corresponding number of 
minor septa stop at the borders of the tabularium. Both orders of 
eepta are thickened at the inner margin of the dissepimentarium, 
but they do not form a continuous inner wall. The septa are mildly 
as note and am not generally con fluent with those of adjacent 
corallites; in places there are traces of a dividing wall between 
corallitos, which are spaced apiroximately 6-.9 mme, apart from axis 
to er4.S. 'Nebulae usually complete; dissepiments numerous with a 
single row of horse'sboe discopimonts. 



Remark: This species most c'ti.oseki resembles ?„ caniz,$..brice iVerneuiri 
but it cl:Iff.e.es in having r.:;hc.trter septa, which arc.., not swollen at 
thei7 axial ends and which aro much to ce..qiinate„ 

Matm-ia/: Only one spe.cimen referable to P. sola has been collected 

from the fenny' Stara Lirasstone,t it censists of a broken fragment 
. from which a t-z;alsvc.Irscs, 	thrv3e longitudinal sections have ber.in 
made. Some recrystallimtion and distortion of the coral has taken 
place,t neverthelesc.; , it di :e- sufficiently in its characteristics to 
justify being placed in a sepaz•ate species. 

r• c. 
C. fi .04i 	 a nay. 

P3..7to 22, fig 
Plate 23, fig 5 

Holotype: Specimen 15,26 Ater 

Horizon and locality: The David's Stone Limestone (rrasnian) c. 
BroacIstrand Beach, near IMacombe. 

Paratype: Specimen IS.28 from the 'same locality, 

Diagnosis: Phillipsestraea with astreoid to aphroid septa. There.  are tap I JA.11,4,4 	 9,111,... 

to sf>ztrien major septa and a corresponding number of minor ones. 
The major ones are slightly thickened within the 	

u

n but do 
not reach the axis. At their outer ends they may be confluent with 

those of neighbouring caTE.1ilites, but more commt...n'iy a zone of 

dissepiMents.sepamtes them A single row of much thickened horse-

shoe dissepiments occurs at the border of the tabularium, and there 

aw. numerous small inflated dissepiments within the dissepimentarlum, 
Tabulee are hozlzontal znd use ?..y complete. 

Remarks: Both specimens arc only broken fragments from coralle anti 

A./ 



because of tecc.,onic de:c.'orrrlat%:ort and partial recrsta:i.3.f.zatil:m., the 
microstructur.r.,;, of the coraAlltas is obscure, Thc..,  rtlean diameter of 

te...bularium is 3-.3,5 ram, and the distr.mce apart of mature 
crtra;t1ites exis to 	is 10-12 mm, The horse-shoe clissepiments are 
much tiTkikeneci and are not easily seen; the ordinary.  dissep-imc-:;nts 
am small and very numerous., The major septa stopal-3out 0.5 ram, 
from tho k.mis lonving. a central area / mm. in diame. ter S.7:1. which 
only occa,sAonal tabulae a%•e seen in transveY-se sections. There is 
SerieS of SMC11.1 Steerliy inclined periazdal tabulae. 

P,, oripta edEers from F-;', sole in having larger cc kites with tlow.re.x. 

fewer septz and In L,s tendency .tewards 	railler than cerioid 
'1!0:0.13 
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Sub-order C;OLUMNIARIDTA Rominger 1876 
• (44•1 ir •rrra r.gra•or•rorrosr.rror. r 

Family 01*-70NOPHYLLIDAF. Xiolmes 1887 
Subfamily triDOPHILLINAR :Corley 1933 
Genus Endophypum,EdTATards and Heinle 1851 

For generic description se.e :cones 1929. 

Encionhyllum abditum Edr,vards and ..T:f7aS.me 1851 
orr+'rnrrrsarreir4,4er row Arek,.....rwlea 

Plate 20, fig: 
Nate 21„ fig I 

Diagnosis; Endophyllum with moderately well developed walls :.,4nd 
a. V rrrue.nr. '0,5•101/11rtorri 	41,'11,14.0116....Jr7Yr/r.li.triir Nr-Or 

largo irregular clissepimr...nts throe gh. which the set 0,,:,,nnot be ''aaceet 

or are C I   u  e"  r:.c' -,:are. septa' crests. 30-z.:.10 major seplzi 	thc,,  largest 
corallitee and e corzesponding number of short minor ones. Tabulao 

of two types: those which span the anis are flat but with sharply 
downward-flexed edges where they meet the neriaxial tabulae., which 
are shallowly concavz.,. upwards, 

e.sollption: The maximum diameter. of the comilite.s is about 30.ram. 
rtrar,arn. REV. 

The wall selaratinrz the corailites sometimes shows 
projections which correspond with the two orders of septa, The 
minor septa are rarely more than one third the length of the rhajor 
ones and often much shorter; their axial ends are very slightly swollen. 
The major septa may reach the axis and they show a tendency to become 
convolute in. the tabularium. All the septa are thickened at the border 

of the t,.-..1.mlarium and so produce a well marked 'the-0a' (Grabau 1922). 
The large dissepiments are commonly in a single roiv.  they are.only 

slightly inEated and elope downwards towards the axis at about 45, 

The central tabuIao are usually complete ail d ereZ3  ti Or only very 
slightly domedl the outer ones also consist of a single sezIss but 
they are much shorter and sag, gently downwards. 
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Remarks: The species is very common in North Devon and it 
characterizes the :fenny Start Limestone at most outcrops between 
Ilfracombe and Combs Martin. It forms massive colonies often 2 feet 
and more in diameter, though the individual corailites are on average 
smaller than those of the specimen figured by Edwards and Haim 
(1853), and there are fewer septa in all the specimens which I have 
examined from North Devon. The dissepiments of the latter also 
tend to be larger and more irregular, and the walls separating the 
corallites are not always so strongly developed. 

Smith (in Evans 1922) identified E. bowerbanki from the limestone 
at "fenny Start itself; the seecimens which I have collected from the 
same locality all show little or no evidence of a dividing wall and 
the outer area of dissepiments is very irregular (131.20, fig 1). 
At first sight these specimens would seem to be most properly 
referred to the species E. bowerbantd, which is characterized by the 
absence of a dividing wall. However, the dissepimentarium of all my 
specimens from Jenny Start,have been partially.recrystallized, thus 
breaking up the dissepiments and possiblyaulosdestraYing the outer 
wall if it wasted. I hesitate, therefore, to identify these specimens 
with E. bowerbanki, especially as elsewhere in the Jenny, Start 
Limestone the specimens found (which are not recrystallised) are 
closer to E. abditum, Unfortunately I have not been able to tace the 

.specimens identified by Smith to check whether or not they too .show 
ecrystallization. 

Jones. (1929). 	suggested that there -was a continuous variation in 
form between E. bowerbanki and E. abditum but he 1477c1S n oi; sure 
whether the variation was areally or in time. My own.obsereations 
confirm that, there is probably a continuous series between these two 
species and that they are the result of true variation (i.e. both E. 
bo erbanki and E. abditum together with the intermediate forms, 



are all to be found at the same stratigrephic level. 

Most workers have restricted all species of Endophyllum the 
Middle Devonian. Smith (1945) suggested that it might extend 
into the Upper Devonian but this view is not shared by Hill (1956).. 
In the Ilfracombe Beds of North Devon and Somerset, E. abitun2 
COC11175 in beds which Webby (1964) and Hotwill (1962) regard as 
Givetian in age, 

Material: Numerous specimens have been collected In North Devon; 
As taw_ Leio.nd 

the following are the principal localities: Newberry Beach Mow 
Water Limestonel, jenny Start, The Old Coast Road # Samseles 
Bay, and West Eagginton Beach. 

2, 12 
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Family PTENOPHYLLIDAE Wedekind 1923 

Ptenophyllidae gettnerova 1932 
Acanthophyllidae Hill 1939 
Acanthophyllidae Stumm 1949 
Elenophyllidae ill 1956 
Acenthophyllidee... Canswiok & Pete 1958 
PtenophyIlidae Middleton /959 
Acanthophyllidee Eirenheiele 1961 

Family desoatAim: Simple of weakly aggregate rugose corals varying 
from suboylindrlcal to pateiloid in form. Calice with a wide, 
tvle.tively horizontal peripheral platform and an axial pit (Trempenkelch° 
o Wedekind). Septa of two orders , both of which are greatly dilated 
in their early stages but become more attenuated with maturity; they 
may develop an axial whorl or show a rough bilateral symmetry, The 
major septa ilay retain dilation in their cenizal portions during the 
ephebic stage and they may also develop rhopaloid axial ends, The 
minor septa usually extend to the inner borders of the dissepimenterium 
and may also retain their deletion in the ephebic stage. Carinae 
may be strongly developed in some genera, Tabularium is wide and 
occupies from a third to half of the diameter of the conallum, Tabuiae 
are funnel shaped, close set and often incomplete. The dissepimentarium 
is composed of numerous rows of small, highly inclined and very 
globose dissepiments. 

Remarks: Wedekind's description of the Ptenophyllidae (1924, 1925) 
suggests that the 9trempenkelch' is characteristic of Couvinian genera. 
The septa show various modifications - the axial ends are frequently 

slightly rhopaloid and the peripheral ends may be lonsdaleoid; this 

latter modification, according to Hill (1956), characterizes early 



members of the Ptc-)nnphyl31dae
mi 	

. 

(iS3 ecods tho family as ranging from Lower Silurian 
(Cvmatolesma) to tipper L onin (NeostringephyIlurn) but its members 
ElZre• PaY.ticulariy chz.ira‘,-.1teristic of the Middle Devon-Ian, and Middleton 
(1959) regards the family as restricted to the Middle 3.)evonlan, 

vious workers on this family have wavered between the use 
a the nzlme PtenopIrsrllidae and Acanthophyllidae, as can be seen 
from the above synonomy The former name was erected by Wedekind 
(1923) and the Iattez-  by Hill (1939). \Wedekid' s family %,vas based 
on a number of gonosyntypos but other workers (e, g, Hill 1939, Stunnrt 
1949) ::;•egardedallhe members of "Vredelzind's Ptenoohyllidae 
(j,e-''.:13tenophyllumi AstrophylIum,Rhopz-Ilophyllum, StenophIllum, 

	

and 1\7(,:tostrinr.lophyllurn)cis orins 	Aca-nthophyllum, ,=-4 genus 
S 	bliviled by 0 OW Ski(: 873-). 874) &,,..ttc.). haoed upon tho, specles 

..yethophyllurn heterophyllum Edv,7ards end liDime. The genus 
Acanthophyllurn has , therefore, priority over Ptenophy1luin and the 

.4,441."1,4Ga• 

latter is a junibr synonym However accorThng.. to the 'International 
Code of Zoological Nomenclature (1961) the family group name le.7 
not to be changed even when the nominal typ genus is X:Cie-TATii,ii. CAS 
a junior synonym, As both names are well established in the 
litture, Hill (:956) is correct in using the name Renophyllidae. 



Genus ,Aua 	y ntimphVitzra Dybowski• 1873 

Synpncjiw: see Birenheide (1961). The following are the prtncipal 
foms placed in synonomy:- 

NeestrineFophvilum Wedekind 1922 

Ptenophyllum 
RhonalOnhy/lum 
AS 'lip P11-57;4  4.1 ri.1 

grjg9ply1.11..L.rr,.. 
cinophyiiurn 

Q .o. tenopirvilum 

Diagnosis: Solitary cylindrical rugcse corals with a wide 
;aril= o small inflated dissepiments. Septa of two orders.;. the major 
ones are long and may form an axial whorl. Ca1icc deep end tay 
be funnel shaped or 'Io..emponferm'. Sept formed o trabecular.ftbres 

Remarks,  '2,,s can be seen from the above synonomy, Wedekind er'ectsd 
many genera which modern workars regard as invalid. Recerit work_ 

by Birenheide (1961); working on Wedekind' original collection, 
has shown that NeesLringonhynurn and GrypsTlayllum should be 
Iregard,ed es sue genera. ,,of which he recognizes three; 

Acanthophyliurn (Acantlophyllum) 
A.. 	• 
A. 	(1\Teostringophyllum) 

Each these has the same basic skeletal pattern and their differences 

are summarized in the following table (see next P,age). 

It is 'p:arely possible to see any traces c1..* the microstructure in 
specimens from North Devon end the calice is not 01.7ten proserveld; 
the arrangement of the dissepiments does, how eve, ,refzect the form 

of the calice and this, together with the nature of the septa , halal 

17;5 

tt 
	

1923 
1924 
1924 
1925 
1925 

1925 
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been, the p.:iincipal criteria in assigning the Both Devon species to 
e.ppropviete subgenera, 

A.(Acanthophy I I um) A.(Grypophyl I u m) A.(Neostringophyl lurn) 

CALM krempenform edges 
funnel—shaped 	with 	flattened 

funnel—shaped 

DIESEPIALINTS outer 	rows 	horizontal numerous; 	rows 	inclined relatively 	few; 	rows 	inclined 

IPITHECA thin thin 	to 	moderately 	thick thick 

SEPTA spindle-shaped, 	often 	with 	an 
axial-whorl 

thin; 	break 	up 	at 	periphery 
common 

strongly 	thickened; 	break 	up 
at 	periphery 	rare 

EASELLAI flat 	or 	inflated flat 	and 	relatively 	few inflated 	and 	numerous 

LAMELLAR 
TISSUE 

thickening 	with 	lamellar 	tissue 
common 	in 	early 	ontogenetic 

stages 

TRABICIMAL 
trabecular 	groups 	radiating 	from 
the 	plane 	of 	the 	septum 

trabecular 	fibres 	parallel 	to 	the 	plane 	of 	the 	septum 	and 
parallel 	to 	each 	other 

ti i 	OW ' 
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.•.'tkiv—:-..- 141.V. • 

	

41 	‘0 . 
\‘‘ / 

	

// 	// 	\\ LI I  
/ '1/ 	

\ 
-0% 

, 1/, 11 0 NN 	,,,:t  

1,ri-i,iv //i. 	'‘‘ 	%.';';'i,  
ei t.:4' N;‘. .7.. :::. AV. : 

///, 

11  /gb / ., iii 	

s..„‘ 

.• 
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Most of: the above differences are related to the change over from the 
'ICremped calice to the funnel-shaped one. 

Range: The range of the genus has been variously interpreted,. It is 
typically of Middle Devonian age and Wedekind (1925) regarded it 
as limited to the lower Middle Devonian (i.e. he did not think it 
occurred above his Do zone). Hill (1956) gives its range as Middle 
Silurian -. Middle Devonian, while Blrenhefde (1961) regards it as 
ranging from upper Lower Devonian to upper Middle Devonian. Species 
of Acanthophyllum outside this later range e.,,e only dubiously referred 
to the genus but all workers are agreed that tt does not occur above 
the Middle Devonian, 

The genus is well known from Europa and .Australia, but it 
appears to be absent from North America and Asia. 
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A.onthophyllum (Acanthophyllurn) zonatum sp. no  v. R.1' 	 ciWwN.uMi.c.L~tistwN~MuiWRaa'Vv~pw'wylMAyA.w1M.VYRO~L+Y. 

Plate 35, figs 3-6 

polot ype: Specimen 10.17 

Horizon and locality: The jenny Start Limestone (Givetian) - of lAridmouth. 
Head. 

Paratypes: Specimens 18.26 and 10.103 

Horizon and locality: The jenny Start Limestone of Riliege and W id MOUth 

Head. 

Diagnosis: A. (AcanthopItyllum)- with spindle shaped septa; there are 
two series - the major ones vary in length with some reaching the 
axis; these latter are prominently rhopaloid; the minor ones are 
about two-thirds the length of the major ones. The epitheca is thin. 
The dissepiments are irregular in size and of two kinds - an outer 
series which are globose and an inner series which are more elongate 
and steeply inclined. The tabellee are flat or slightly inflated'. 

Description: The recovered length of the holotype was about 6.5 cm, 
...0.4...roueot...aws.tworer 

and over this length it had increased in diameter from 1 cm, to 3,5 ems. 
(these are mean diameters as the coral has been tectonically distorted), 
Transverse and longitudinal thin sections have been made and the 
remaining surfaces have been polished. There are 37 major septa at the 
maximum diameter and a corresponding number of Minor ones, The 
cardinal septum is relatively short and is flanked by two long major 
septa with very elongate rhopaloid ends. The sept.a are thin at the 
Periphery but are. strongly thickened within the inner zone of 
dissepimentsG they are also slightly thickened again within the 
tabularium, in transv6rse sections the outer dissepimants appear -
as irregular bars running between the septa while the inner ones 



show as a zone of closely packed and more regular bars. Where the 
two series of dissepiments mei: there is a single s:ow of strongly 
thickened dissepiments; this thickening is continuous with the 
stereoplasm which thickens the septa. 

Although the calyx is not preserved in longitudinal section, 
it is possible to see traces of trabecular tissue which indicate a 
krempere calyx. The thin epltheca is strengthened by a thickening 

of the septa at their extreme peripheral ends. It seems probable 
that the holotype is showing a form of rejuvenation at the stage 
where the transverse section was cut for there Is a distinct 
mpetition both of the thickened ring of dissepiments and of the 
spindle shaped form of the septa. 
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Family STRINGOPHYLLIDAE Wedekind 1922. 

For synonomy and family description see Birenheide (1962b) 

Remarks: Hill (1956) included only Etzilso 1.._/. x.111.nlin this family, but 
Birenheide tentatively includes T.2.132422.11am in addition to 
recognizing three subgenera of Strinvathaitself; viz, 

S. (Stringophyllum) Wedekind 1922 
(N222magophyllum) Wedekind 1922 

(Sociophyllum) Birenheide 1962b 
The material from North Devon is Inadequate to assess the value 

of these subgenera and therefore no attempt has been made to 
assign the specimens to a subgenus, thougNas they are all comparable 
with Stringoeyllum Wedekind) they should probably be included in 
S. (ptringophyllpn). 

179 
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Genus ptrIngophxliurr, Wedekind /922 

Type species: S. normale from the Stringocephaius Limestone of 
Sundwig, Germany. 

Diagnosis: see Hill (1942a) 

Remarks:  The genus is characteristic of the Givetian in Europe, 
China, and Australia, though LeMaitre (1934) has recorded it from 
the Chaudefonds Limestone which she regards as of Coblenzian or 
Couvinian age. 

Hill (1942a) pointed out certain variations which characterized 
the genus:- (i) the rnonacanths in a septum tend to become separated 

(ii) the septa tend to withdraw from the periphery 
(iii) the withdrawal from the periphery affects the minor 

clae. 
sonta more than the major ones , and inVimiting case, 
the minor septa are completely suppressed 

(iv) the withdrawal of the major septa is associated 
with the development of lonsdaleoid dissepiments 
at the periphery. 

There is also some variation in the thickness of the septa and 
occasionally a tendency for them to withdraw from the axis. Wedekind 
(1922, 1924) failed to recognize the continuous variation within the one 
one genus and applied separate generic names to at least some of 
the varieties:- 

St.t1....rmAyalla- withdrawal of the septa affects only minor 
septa; lonsdaleoid dissepiments uncommon. 

Splialexlalko - (name preoccupied) - monacanths separate and 
withdrawal, of the septa from the periphery 
affects major and minor septa; ionsdaieoid 
dissepiments common. 



Necsr.sng9PITiluirt f2,14::,:on. development 01 lonsdaleold 

clissepimenti-7,, typically there are still traces 

of rainer septa. 

Loenophyllura - Miner septa completely suppressed., 

Striniopivir.7.1”. 	sp. nov. 
...ft.,. 	 4.0 

1.:1 t e 4ki 	C 	7,8 
fi(js ,2,3 

'. 	a. lior.i2on and locality: .t.oe "fenny `:. Limestone o Itiliace. Point, 

18„23, 14.,3, 18.108;  7=0.79 

:,:•107.7:41.411 and O ct 	Th,,-.1 :fenny Start Limestone of B.S.lIago- end Widmouth 
Wieirittmth 

Diagnmis: Str3.nclophylIum with :1.ong, iricegular major 
•.7.4 ns 	4, 

septa and a 
...ow .40 0,,• 

oonresponding, nurnbc-: rrylno.: ones which are about half 8:3 long; 

both SOrier; are carinnte and the carinze on the major sePte rwri lac 
very strs.ut. The septc., of both orders break up near the periphery 

in the erhebic and gerontic stages. The celice is deep and funnel-

1.--,-hz.ped.. The dissepimentarium is narrow, consisting of only or fv?.. 

two rows of dissepiments, 	tabuldiium is surrounded by several 

rows of steeply inclined r..:1rir.lxial tabellaO and -a narrow central a,rez3 

of horizontal tebellee„ 

p9ssriati9n; The holotype originally consisted of e. fragment 30.  nun. long 

and a maximum diameter of IS rim.; at this diameter there are 30 =jot 

septa,. The specimen has been cut in order to obtain transverse and 

longitudinal thin sectionc4 the mmaining surfaces have been polished. 

f31 



The carinae aro not regularly developed and they give the septa 
a ragged appearance. One septum (? the cardinal) is longer 
and more strongly thiekened.at the axis than the others: most of 
which approach the axis but do not quite reach it. All the septa 
attenuate to.a greater or lesser degree as they approach the 
periphery, but at the periphery itself they are 'thickened and thus 
provide reinforcement for the thin outer wall. 

.E.emarks: The form of the coal to is probably turbinate and the 
depth of the calice in one of the ttaratypes is at least 30 min. The 
species is somewhat doubtfully referred to the genus ptrin.gophyllum 
sinoe carinae.  have not been recorded from any other species of 
the genus and the septa, do not show signs of breaking up at the 
periphery until the ephebic or gerontic.stage. 

Stringophyllum turbinature sp. nova 

Plate 34, figs 4,6,7,8,9 

Holotype: Specimen 11.1 

Horizon and locality: The renny Start Limestone (Givetian) of 
Samson's Rays, 

P.iratypes: 14.21, 10.88, 18.25, 19.3 

Horizon and 	The 'fenny Stare Limestone of Widmouth Head 
and Ftillage. 

'Diagnosis: Short, ttubinate solitary corals with 28-30 major septa 
and a corresponding number of minor ones. The major ones almost 
reach the axis and the minor ones are about half as long. Both 
series of septa are thickened within the dissepimentarium but 
they tend to break down at the periphery inihe mature stages and 

/82 
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may only be represented by septa crests, The dissepiments are 
irregular and very elongated. The tabularium is filled with smal 
horizontal or slightly inclined tabellae. 

Description: S. tuzbinatutn has a wide funnel-shaped calyx; the major 
septa tend to be flexed or slightly twisted at the axis and have a 
rhopaloid tendency; at the periphery they, break up into lortsdaleold 
dissepiments but this is only seen in the mature stager  Spe.cimens 
from North Devon have an average maximum diameter of 25 nunm 
and. a length of 30-40 mm„ (Specimens invariably occur in argigetceous 
sediments end they are always very deformed). 

Aymafg.s: The bilateral symmetry of the type species is not well marked 
in the specimens from North Devon. S. t eurbinatum most closely 
resembles Neospongophyllium cf. crassum Wedekind ( see Wedekind 
1925, Taf t  /4, fig. 86). a differs from this species in being smaller 
and having fewer septa. Taylor (1951) fbeures two sPacies of 
Stringophvilum from the. Plymouth anm. but neither ate comp rahle to 

turhinateon. 
SWIM transverse sections of S terj?irVuln are cloegy sintlIer 

to the specimen figured by ildwarde end Milne (18M as gyathppkt.".irkm  
phtonyln and it is probable that the recee:ds of 9, obtorttun from North 
Devon refer to species identical with p..turblnatum. g,)„,;ttgrilpl  may 
wa, he a. Stringophy/Ild, though have been uneblci to locate the original 
sPeoimen; X have retained from making the two forMs conspecific r 
hovo.ever, Inztly because of the different outward shape (C. c*o7,Thie 
is sub.cylindricel), but more important, it is not certain from Edwards 
and Eihime's descripetion whether there is any break up of the septa, 
though they comment that vesicular disstpiments aro well elOVe.4.1tnised 
at the periphery. 
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Suborder C14:STR.1.7p.:14,IN,A. Nicholson in Nicholson & LrIekker 
1889 

Family pl*C4c)Npl.!1-;),;y7.41.:).0 Wedekind 1923 

'nonarrny 	 legnosist  ste Hai 1956. 

Remarks: The systematic position of this group remains uncertain 
despite investigation by numerous workers. Middleton. (1954) made 
an admirable summary of the position, but in his work he followed 
Taylor (1951) and this Classification was considerably modified bY 

(19$6),. even in this latest classification there is an eleincrit of 
doubt:. for as Hill (2956 0  314) herself writes "the ancestors of the 
Dic.,tonophy/lidao may be outside the Cystiphyllina altogether, though 
at present no Satisfacitccy anr.p.stor for such an origin can be suggested 
for them". 

The difficulties in clo.ssifying this group arise because of 
uncertainty e"s to the true phyiegenctic significance, of the septal 
cones. Wedekind regardedi the distribution and spacing of the septal 
cones as of considerable impoltance in classification, whereas Hill 
(1939) end Stumm (1949) rocfard them as a form of rejuvenescence 
which is not peculiar to any ens group of coals. Ma (1937) believed 
the cones to be caused by seasonal changes in to 	Further 
differences of opinion occur cis to the origin of the septate forms 
which have a dominantly vesicular skeleton. Wedekind (1924) thought 
that they wereprodmeed by the close packing of successive septal 
cones; Hill (1939), on the other han.d 0  considered that o. degeneration 
of the veridcal skeletal elements gave lse to the non-eseptate forms 
and honce. the 'cristirsorph3  state,  could arise in many differ ont.lineages 

Forms assignabld tO this family are rare in Morel Devon and it has 

not been possible to shed additionsl light en the problems involved. 
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Subfamily ZONOPHIrLYINAll Wedekind 1924 
sec 1-1111 	riescript!on (1956) 
GnusCy- .-Li.shyMoidqs Chzipman 

C-5efstill'tylpides Chapman 1893, p.46 
cvstinhylloides Yoh 1937, pp.50,53 

Typ.,..1P7(411as: 	monotYPY CYlig113)yikgri  =,a51*ocxgtm  Billings 1859,-
Prom tho Middle Devonian, Onondaga Limestone, near. Simcoe 
°Marl°, Cant.Rda. 

Gsraric description: (from Stu 	1.949). Simp.lc or worakly aisgraga12, 
su.bcylincirictA 	ezzi:rtz.3.34 coml4v7Ph clmmcteristic 

c.,*.lyx and a heavy, 	-.wrinkled opitheca Calyx ftiled 
dissepiments that ant; C7OSsed by J,ziftietirmseplza striae. Pariothlo 
rejuvonoscence CCIISqty 	conos to be pmseritn-'4 varying vortionl 
distances apart. In transvarse:? section thest•-... apinsr as concontvic 
bands of short soptal crests. Dissepimentarium is wide and composed.  
of many small inclined dissepimonts. Ta.bularium centrally located, 
narrow. composed of closely set usually distally convex tabellae. 

PenLar%st 1,11.11 (1956) regarded Ovstiphylleides as a subgenus of 
jy1sc22:211.411149‘,,t7hich she cleksses in the subfamily Digononhyllinak*, 
This subfamily is characterised by sepia which zr*D continuous vertical 
plates or else are rc4resented in tho diss*eimelltarium.( and somaim.es 
throughout) by sental cm  as; Or the septa may be coraplotely absent 
(1'4111956). The other subfmnily, which together with the 1)ivonophyllinae 
constitute Hill's family . )Dig,;,-mophyllidaci, w tht... ZonophylIinao;this 
lattcc subfamily is Charactorised 	sopta which are disciptintleus, 
boing built of mono-Jana/ tz:abacti1ao and are devatop.ed onlyln 
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SLICCX-)SSiVel zones of skeietal dilation (i.e. in the septa' cones). X 
have. not ho.d the opportunity to examine the:: type specimen, but in 
his redescription of the genus , Stumm (1940) specifically mentions the 
presence of septal cones. I thergfore regard CysSij,itylloideA as a 
valid genus and place it in the subfamily Zonophyllidae. 

I am not convinced by Ilaylves (1951) ervidonce for erecting a 
new subgenus Cyfiti.ela sm.:. He recognises throe subgenera of 
Cy.sIiphylloid„,c;s, and distinguishes them on the basis of trabecular aw 
development; but there appcars to be a continuous gradation between 
the forms with num,:Tous septa' cones (C. (Cystiphylloicies)) and those 
with no trabecula tissue el.?: all (c:,..„ (rtatkplitApoygurp,)) 	have, therefere. 
zarnil:10d from usinc:7Ti-Wicr's subgeneric names even though. one of ate. 
spacies described below is almost identical with thcf fom 
Taylor figured .as 	(C.utipktsF.,na) thosIRsj, from Plymouth. 

Cystiphylloides OttarleOluril•  (Wech*Inti end Iforibrecht) 
.93i 

Tics 2,4,5  

Matanzalt Spectimm 10.5 and. 1,-1  . (3 

7:Ic riz.v.). and locality: Ths Sonny Start Limestone Ittrir)houth Qtnrry, 
near Ilfpacomlx":, Vfort.b. I.)evon. 

Doscriptich: The srr,..1-lor from North Devon rneasuFv.d 12 cm. 
sectioning, but is 4,:afty a part of the comilum; the proximal 

en c,?. and the extremity of the calyx are missing. The internal structure 
is wen preserved, though occasion:al crystals of (101011111.t0 Lave 
crystallised across the stray.ctarn. The preserved part of the calyx 
shows it to have the rover s:3 conical form which is typical of the 
VICIIIV.FJ. Only fragments of 	outar wall are prser-lred a.nd these show 
it to be very thin. 
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Peznw- s "Wedekind end Ve13,brc;tehc: (9 31) recorded this sDecios from 

the zone of Pseutpc9sTpphyllwkrt,q•Ageri (tv middle St zon) and 
Middleton has described an c:11:aost identical species - C. (CvstiPlasm0 
sp. cf. C. schlutp.ri (ifiredc;,,kind) - from the St zone noar Coven, South 
Demon; tho only diffarencelias :$111 the regular and more globose 
dissepimonts which arm developed in C. gorneolum. The spacies is 
also very oloso to C. (2,7stiy.t.y11um)Ithosp,asi Taylor 1951 front.the 
Tjpnevrniddle Midi E  c Denim -arm of the Plymouth taren (Sp zone.,  a 
`Wedekind), but Taylor's sp.acies Izcks se ptal conss €.nd has loss 
vc::galar and less glohoso dissopiracnts. 
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Subfamily DIGC/NOPMSAMIAB Wcxlekind 1923 

Arcophyllidao Memcv 1926 
Atcophyllinae 8t mm 1949 
Arcophy 	Taylor 1951 

Genus McsoDIrrllum Schluter 1889 
Actinoc-y-stis Schluter 1882 
Me s arhy3.1um SialMITI 1949 
Mosolly=72.11,1m Lecempte 1952 
Wiescychyllum Hill 1956 

4,41 

Ty 	sps,,,qes: by subsecranit designation of lAredokind 1925, .142Aeifsstwil 
s. 

Schluter 1899. Schluter sectioned one of the original specimens of 
Cyathophyllum "lesio3t1°mm and figured it as M,.  defectum. Stumm (1949) 
subsequently solvated this same specimen 8:3 le,..ctotype of C. 

vesicuIosum, thereby making it the holotype of WA, defectum. 

Dinqnosis.: (Hill 1956) "Septa rarrOS*11/60(.1 dissepimentarium or 

    

throughout by septz-:,.1 crests 	separate yard-arm carinae, or by 
rare traces, especially the minor septa; commonly one count it minor 
Si7.1ritilrii very long; keyhole foss .a Chart:tote:fist/0." 

Remt-111; s; Hill (1956) doscrik,,ea seven subgenera of Mosophyllum, all of 
which aro confined to the upper lariddle Devonian in :Cumin and 
cAsev,rbers-. The distinctions which fJi a. draws between her subgennra 
is very fine and it seems probak.Ile that there is a continuous gradation 
between at least some of the subgenera. FCAT Cizample, the spt.acies 
descrlbod below Ea.s 	(7Ciemicopmoy2:41717.101 ...iy.Tesculanpm has caracter-
istics which pleace it midway between lvX (Ziemicosmoshyllura) and 

1+6,.,t,S6,rcerthylkom). Webby (1964) has expressed similar opinions. 
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nyjr viar7,7 tho spslc.ths3.. S closcT to the formov sttbgenus , he cc the 

systomattic position alottod 	ZTASOS a fandaraerfall probiOm 

1:110. clessifiontioa of this cr,:nup and much 'Anther rosswch will ;00 

neo.ded before,  it is solved., 

Sub gonu. s 	s miayiturn (aenaleo a rrte phyllurci) 
(Weilc:%in.r1 and Vollbracht) 1931 

Xijza411.-nfi.:.cmp. tht,) middio part of tholVSiddie Devordan, 
Cosr.cmyt.ty.p.um  dlachs1,•)cm4 Dachsberg, •Qt.-mist:An and Katkosheira, 

Et.`&17. district, GOrillany. 

Diarmosist Wiescpb.v:i.lurrt wif;12 se.ptia dilatoti in tho inner mni: of thc 

dissopintenttv:iwat. 	so)..711:aarc?. either a.bserzit 	roriras.oyttsd 

occasionA septua 

,MOSOPIAIT:3.11.rin (F1:011114::.1:15111C)r)4130,11117,1)  iYTOC•41.1kriarft  Sr). , 
Oa, 

P:,,e.te: 19, fiws 1,3,6 

o3.0.:tri;o: 11,25d 

riorl.non endccg,.. 	The Yenny Stare Limestone tkilidrria Dovenici,n) 

Pal:CASCO: 	 Y.1:a7LICiCri'tbS , ViVIA -1.),V4^0111. 

• 1 , 	, 
1 	-4- 	 4.•• 4f...,03.c1.10 Si S  IVA• 	 larcitt El-oa 	• w!•‘tiEL'170€3' erli`C)10"E2r. 

dissopiracints consisting' 	scd.c.ts ar‘. r,ratex,' one. in vi)'' kr..tah 'ithe 
ells (e1:3 	downarards t,:rocrris the clxis .42.nd 	Intivr ono 

r.1•Z?. VOZ .k10:X.:101.  of Sao 	whsro tho reWS 	dissE4:iimenigs   ro 
vetn;iclid 	amrly so, 'Ito Ite-17C.i.32:i'.0 which E.12 1'113 t647l1nr).1.1rti %);•°0 

kalle ants?, ir.A.S.ICTOIV:V. 
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Description; The holotype is slight hr compressed and has a mean 
diameter of about 3 cm. The total length of the recovered fragment) 
including the calyx, is 9 cm. Over this length the corallum has a 
regular cylindrical, form. There are about twenty-eight septa which do not 
not reach the axis and are thickened at the border of the tabularium; 
they attenuate rapidly in the dissepimentarium and do not reach the 
axis, though they are sometimes continued outwards in the form of 
septa/. crests. Irregular isolated carinae are sometimes seen near the 
periphery; in longitudinal sections they appear as thin lines sloping 
steeply downwards and inwards (Plate 19, fig 6). The dissepimenterium 
occupies about two-thirds of the lumen and consists of irregularly 
inflated dissepiments of variable size; the steeply dipping inner series 
are much less inflated. The tabularium is about 1 cm. wide and is 
filled with irregular and globose tabollae.which are generally of a 
larger size than the dissepiments e  There are zones of skeiettal dilation 
representing-different positions of the caliculer floor during the 
growth of the coral; these are shown in Hate 19, fig 6, 

Ilemarks: M 	in  M. Hemicesothvlittni) irmulerein differs from M. 
(Hemicosmeaphylkye), pascipitVipl (Wedekind and Vollbrecht):1931, 
in having fewer and less veil developed septa; the dissepiments are 
also larger and more irregular in the North Devon form. Prom M. 
(13ennicosmO2Whim) corticosum (Virerlekind and Volibreoht) 1931, it 
differs in having a more clezeiy defined tebu/arium, and septa which 
are dilated at their axial ends. 

The species figured by 'Wedekind and Vollbrocht (1931  ,1932) all 
come from the zone of 'qeserzlr Iltellebe if.  (upper St eone); 
according to Middleton (1964) this corresponds appmireatelylo the 
Middle Givetien, though neither he nor 'Taylor (1951) record thii 

genus from South Devon. Taylor, however, records Ar....22.03:11sts sp. 



from the St zone of the Plymouth area; his figure of this species is 
poor, but his description suggests that it is a very closely related 
form. 

A specimen in the British Museum (Natural History) R. $416, 
labelled cialtia idura is alknost certainly conspecific with M. 
tHernico n i Wane 	rurrt; unfortunately the British Museum 
specimen is very much recrystallised so that the internal structure 
is partly destroyed. 

191 
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ORDER TABVLATA 

Family CHAETETIDAE Edwards end Haim 1850 
ace Hill and Stumm (in Moore 1956) 

Sub-family PHAETETINAE Edwards and Haime 1850 
see Hill and Stumm (in Moore 1956) 

Genus Chaetetes Fischer (in Eichwald 1829) 

Genolectotype:  Chaetetes cylindraceus d'Eichwald 1829 

plasL_iosis: (Modified from Lecompte 1939) Massive tabulate corals with 
priSmatic corallites making an angle of 9O' with 'the outer surface. 
Septa ate absent or represented by rudimentary spines. No mural pores, 

. Tabulee horizontal and tend to occur at' the same level in adjacent 
corallites. Increase bipartite. 

Remarks: Etheridge (1899) erected the genus Litoyhyllum for chaetetid-
like forms with thickened walls; in transverse section, the polygonal 
form'appears rounded as a result of the thickening, Lecompte (1939) 
included these thickened forms Within the genub Chaetetes; this 
seems Justified for within the same colony thickened and unthickenect 
'corallites, can occasionally be found. 

• - Lecompte (1939) has given a very full review of the literature 
on Chaetetes and he recognises the following five features as diagnostic 
of the genus: 

1) DAclusiVely.fissipartite (usually bipartite) increase 
2) Tabula© tend.to occur at the same level in neighbouring 

corallites 
. 3) Mural pores are absent 
4) Corallites are straight 
5) Complete amalgamation of the walls between neighbouring 

corallites. 
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On this last point he admits to some uncertainty. Okulitch (1936) 
has observed a line marking the suture between corallites in 
C. radians, and Oakley (1936) has found an inclusion of dark granular 
material in the walls of C. akpatokensis which he attributed to 
recrystallization along an original suture. There are occasional dark 
spots within the wall structure of C. cf. rotundus described below, 
but there is no trace of a regular suture. The question as to whether 
or not a suture may be present, therefore, remains open. 

C. cf. rotundus does not have straight corallites though it 
agrees with -Chaetetos in all other respects. I have, therefore, modified 
the diagnosis given by Lecorripte to include these curved forms. 

Hill and Stumm (2956) regard Chaetetes as a Carboniferous 
genus, but Lecompte and many others.have recorded species from the 
Devonian, and Whiteaves (1878) and Okulitch (1936) have described 
species from the Ordovician. 

Smith and Lang (1930) pointed out that the walls in Chaetetes 
may be incompletely formed and so give the appearance of a single 
septum, or, in extreme cases, where the walls .are locally absent, 
to a meandreold colony. 

Chaetetes lonsdalei Etheridge and Poord 1884 

Plate 48, figs 3-4 

Sms21ny: see Lecompte 1939 

Diaenosis: (Modified after Lecompte 19 §) Large tabulate corals with 
straight prismatic corallites from 0.2 - 0.6 mm. in diameter. The 
calicos may be polygonal or alveoloid in shape,' with small granular or 
pointed spines projecting from the surrounding walls. The tabulae 
are well-marked - three or four occur in 1 mm. The walls are stout 
and increase is fissipartite. 



194 

Remarks: The form from North Devon agrees in all important respects• 
with the ones described by Etheridge and Foord from the Middle 

• . Devonian of Queensland, and by. Locompte. from the Couvinian of the 
Ardennes. I have modified Ledompte's diagnosis in two respects; the 
maximum diameter of the corallites may be as great as 0.6 nun, though 
it may vary con.siderably even within a single corallite, and I have 
included the alveoloid form which seems more typical of the species; 
The polygonal form is common, but it is almost always associated with 
granular spines and these, as Lecompte pointed out, are indications of 
incipient fission. 

The tabulae are not regularly spaced but tend to occur at the 
same hdight in adjacent corallites; although they are usually lurizontaI, 
they *occasionally show a slight downward projection at their centre. 
The walls have no dark median line though they are slightly thickened. 

C. lonsdalei differs from 0, multitabulatus in havang much 
larger corallites and fewer tabulae; and from C. cf. rotundus in having 
larger and straighter corallites. 

In North Devon all the specimens of C. lonsdalei have been 
obtained from the David's Stone Limestone; in the Ardennes, Lecompte 
found it was typical of the upper Couvinian beds, It therefore persists 
into later strata in North Devon. 

Chaetetes multitabulatus sp. nov. 

Plate 36, figs 1-2, 4-5 

Holotype: 6.30 from the David's Stone Limestone of DaviTs Stone. 

Di1022111 Chaetetos with very numerous tabulae (about 10 in I nun) and 
thickened walls from which, occasional short spines Project, Catalina 
have a diameter of about 0.25 mm. 
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Description: The holotype consists of a Small fragment about 1 cm. square 
which. fa embedded in limestone; longitudinal and oblique (almost 
transverse) sections have been cut. The corallites are slightly curved 
in longitudinal sections and the calices are perpendicular to the 
external surface. The tabulae are very thin and approximately correspond 
in height in neighbouring corallites; they may be horizontal, slightly 
concave, or slightly convex. The wall structure is partially re-
crystallized but a dark median line is frequently visible indicating a 
composite rather than fully amalgamated wall. 

Remarks: C. multitabuletus differs from C. cf.. rotundus in having more 
numerous and thinner tabular and in the greater thickening of the walls. 

Horizon: The David°0 Stone Limestone is considered to be Frasnian in age. 

Chaetetes cf. rotundus Lecompte 1939 

Piate.36, fig 3 

Description: The specimen is part of a massive, branching, or irreglilarly 
lamellar colony, measuring approximately 20 x 15 nun, The specimen 
has been abraded prior to interment. 

The corallites are in close contact and polygonal in transverse 
section, though the calicos are somewhat rounded due to thickening of 
the walls. The corallites are mostly curved in longitudinal section but 
the calices always reach the exterior at right angles . to the surface of 
the corallum. 

The diagonal measurements of fully developed corallites vary 
from 0.2 - 0.25 nun; smaller ones can be seen in transverse section 
but that these are immature specimens is confirmed bytheir appearance 
in longitudinal Section. 

The width of the walls shows a marked variation - the thickebt is 
0.04 nun. and the thinnest 0,01 mm.; a dark median line is sometimes 
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visible•showing that the walls 'ate not fully amalgamated. 
• No spines or septa are. visible, and mural pores are absent. 

The tabulae are not regularly spaced (about five in 1 mm.) and 
they tend to become more numerous towards the distal ends of corallites. 
Many of the tabulae are slightly convex distally and they do not 
occur regularly at the same height in neighbouring oorallltes. 

Remarks:  The specimen is similar in many respects to  C. regularis  
Lecompte; however, the tabulae are more widely spaced and less 
regular in C. of. brotunclus  and it has thickened walls. The specimen 
is closest to C. rotundus Lecompte, differing only in the form of the 
coretlium and in the slight arching of the tabulae. 

Material: One specimen (No. 15.1) from the David's Stone Limestone of 
Hillsborough near Ilfracombe. 
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Par....41 rIDAE Dana 1846 

Sub-family ALVEOLITINAE Duncan 1872 

Genus Alveolites Lamarck 1801 

Im211.2rw see Ledompte 1933 and 1939 

Genolectotype: Alveolites suborbicularis - see Edwards: and Hearne 11350. 

see Smith 1933 

Remarks: Lecompte (1933,1936,1939) has fully reviewed the literature 
4.1001.411041.00••••••• 

pertaining to this genus and has pointed out the features which separate 
it from Favosites, Thar:moms, and Ooenites. Although the obliquity 
of the calico is apparent in most species, occasional individuals 
within a single colony may open perpendicularly to the outer sUrface. 
Lecompte has questioned the reality of a single large septum, suggesting 
that it is the first stage in fissipartite increase. The material from 
North Devon is so poorly preserved that it is impossible to' investigate 
this matter further. 

Range: Silurian and Devonian. 

Alveolites suborbicularis Lamarck 

' Plate 43, figs 1-4 
Plate 44, fig 1 
Plate 45, figs 1-5 

arompiy: see Lecompte 1933 and 1939 

1.22stsItzps: akkingosasolattca var. tuberose, Goldfuss p.80, 
plot/mill, figs la-g (not h). See Smith 1933. Lamarck's original 
type is lost (Lecompte 1936). 
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Diagnosis; see. Smith 1933. 

Remarks: Lecompte believed that granular spines were also developed 
at various positions in the corallite in addition to the prominent 
septum on the lower side. Smith, however, regarded the granular 
spines as a recrystallization phenomenon (see comments in Lecompte 
1936, p.7), The recrystallized appearance of the North Devon 
specimens (see, for example, Plate 45. fig 1, in which the appearance 
of additional septa is an illusion resulting from recrystallization) 
suggest that Smith's interpretation is correct. 

In North Devon, this species occurs in the jenny Start, Combo 
Martin Beach, and David's Stone Limestones; one specimen collected 
Measured 25 x 35 erns (Plate 45, fig 5; see also Plate 40. All the 
specimens are at least partially recrystallized and distorted; specimens 
from the Tenni,  Start Limestone tend to have more widely spaced 
tabula® (about three in 1 mm) and larger calicos than those from the 
David's Stone Limestone (about four tabulee in 1 min). Specimens 
from the Combs Martin Beach Limestone are relat ivetly small and are 
frequently found encrusting Thamnopora; they are common only at the 
East end of The Parlour, near Combs Martin; recrystallization has 
obliterated most of the original wall structure but occasionally the 
median -dark line is discernible; the tabulae are thin and spaced 
irregularly - about four in- 2 mm. 

Rane: Middle and 'Upper Devonian, In Belgium, Lecompte has not 
recorded the species below the base of the Prasnian. 

Alveolites suborbicularis forma gemmans  

Plate 46, figs 1-2 

Most commonly, A. suborbicularis is an encrusting coral which tends 
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to develop in relatively thin layers around some convenient object, 
often another tom! colony (e.g. Plate 41, fig 5). Lecompte (1939) 
has noticed, however, a continuous series away from this simple 
form through ones in which there are slight or moderate swellings on 
the outer surface (due pres.umablyto the more rapid and successful 
growth of some corallites), Into forms which have developed definite 
branches and have abandoned the lamellar form completely; the fOrmer 
he classed as forma gemmans, and the latter as forma. submmosa and 
contortus. The specimen figured from North Devon still has an 
essentially lamellar form but has a marked swelling across its surface; 
it therefore falls within the morphological group formaenug.Lans. ft 
occurs in the Jenny Start Limestone (Givetian). 

Alveolites multiperforatus Lecompte 1933 

Plate 47, figs 1-2 

Type species: Alveolites multiperforatus Salve (name only in manuscript). 
Collection of The Musa Royal dsHistoire Naturelle de Beige. 

Diagnosis: Massive or encrusting tabulate corals. Calicos with 
polygonal or sub-alveoloid form; septal spines rare. The walls are 
irregularly 'thickened and mural pores are numerous throughout the 
corallum. The tabulaeare thin, horizontal or slightly convex. 

Remarks: The species was fully described by Lecompte (1933) but 
without a diagnosis. 	attributed the authorship of the species to 
Setae, but Salire's work was never published and as Lecompte's is the 
first published description, the species must be attributed to him. 
Lecompte did not, however, give a precise diagnosis. 

The abundance of the mural pores together with the irregular 
thickening of the walls, gives the appearance of 'boudinse in 
longitudinal section, In North Devon, the species has been obtained 
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from the jenny Start Limestone of Widmouth; the skeletal structure is 
partially recrystallized, but the thickening of the walls and the 
nziterous mural pores are readily seen. The tabulae are irregularly 
spaced about three in 1 mm; this.agrees will with the specimen 
figured by Lecompte (Plate 3, fig lb). The growth of the coral is also 
irregular and the cceallites are rarely straight or' parallel 'for more than 
short distances. The exterior surface shows the dominantly polygonal 

. • 
form of the calicos' but with .some assuming a more alveoloid shape 
(Plate 47, fig 2). 

In the Ardennes, the species•occurs in the Frasnian, associated 
with Tharenophyllum, Stroreatopora and Acervularia; a somewhat similar 
association is found in the Jenny Start Limestone (Givetian) of North 
Devon. 

Alveolites obtortus Lecompte 1939 

Plate 51, figs 1,4 

Diagnosis: see Lecompte 1939 

Remarks: One of the distinguishing. features .of this 'species is the 
arrangement of the corallites into fascicles.which are irregularly 
disposed and often interlaced with each other; this feature is well 
seen in the Nerth.Devon specimens. Because of the poor preservation, 
however, it is not possible to. see the concentration of.mural pores in 
the outer parts of the fascicle; there is evidence that the tabulae are 
more numerous in these peripheral parts end there is some thickening of 
of the corallite walls. The slices agree with the description given by 
Lecompte, being polygonal or subtriangular, yet with diameters almost 
equal. 

Lecompte records his species froth the Frasnien of the Ardennes; 
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in North Devon, the two specimens assigned to this species occur 
in the Jenny Start Limestone. 
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Coenites d'Elchwald 1829 

Synonomy: Limaria Steininger 1831. 

Type Species: Coenites Juniperinus d'Eichwald. 

Diagnosis:- see Lecompte 1939. 

Remarks: Some workers (e.g. Liridstr8m 1876, liennig 1906) regarded 
Coenites as a bryozoan; Oakley (1936) showed conclusively that 
Coenites was, in fact, a tabulate coral. Lecompte (1939) stated that 
them are three main critera for recognising. the genus and distinguishing 
it from Alveolites and Tharanop2m- 

a) It has considerable distal thickening of the walls 
b) It has a slit-like calicular opening 
c) It frequently shows three septa' processes (though these . 

are not always visible, and sometimes (as Oakley observed) 
there may be six). 

The genus is clearly closer to Alveolites than to Thamnopora  and I 
agree with Hill and Stumm (1956) in placing both Alveolites and Coenites 
in the same sub-family. 

The. tectonic distortion and recrystallization (the latter being 
particularly marked in this genus and Alvoolites) has affected all the 
specimens to a greater or lesser se tent, making.itdifficult to assign 
specific names in every case; the two species described below are, 
however, well represented. 

lathe Ardenned, - LeconiPte found that' ie genus was confined 
to the Middle Devonian. In North Devon it is also of Givetian age 
(Jenny Start Limestone) and it has not been found in the David's Stone 
Limestone (Frasnian). 
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Coenites escharoides (Steininger) 1849' 

Plate 48, figs 1-2, 5, 
Plate 52, fig. 2 

Synonomy: see Lecompte 1939. 
Diagnosis: • see Lecompte 1939. 

Remarks: Steiningees brief original diagnosis was amplified by Sohltiter 
(1889), but both described only the external characters. Neither 
Lecompte nor myself has re-examined the type and Lecompteis diagnosis, 
which included the internal characters, is based upon material collected .  

in. the Ardennes. 
The North Devon specimens are partly affected by recrystall-

ization, which obscures the finer details of the Structure; I have little 
hesitation, however, in identifying them with the specimens described 
and figured by Lecompte from the Ardennes. Kau 52,(2) shows 
well the foliated form of the colony and the scaly appearance of the 
exterior surface. Longitudinal sections showfrelatively unthickened 
central area in which the corallites run parallel to the outer surfaces, 
and abruptly thickened marginal areas where the corallites are sharply 
bent to become perpendicular to the outer surfaces. 

The lamellar coralle have a thickness of 2-5 mm. and the celicular 
openings, which are very restricted because of the stereoplasm, have 
a maximum diameter of 0.3-0.5 mm, The thickening of the surrounding 
walls may also be as much as 0.5 nun. 

Because of the recrystallization, tabula. are not readily seen 
and in many cases have been completely destroyed; where they are 
visible, they are numerous, very thin, and often slightly concave. 

All the specimens referred to this species have been obtained 
from the )'envy Start Limestone of Hagginton Beach and Widmouth 
Quarry. 
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Coenites gradatus Lecompte 1939 

Plate 49, figs 1-4 

Diagnosis: see LeCompte 1939. 

Remarks: This is a very common species in the David's Stone Limestone 
of.Broadstrand (Hillsborough); Some of the specimens are moderately 
well-preserved, and the zonation which characterises the sp3oles 
is well seen (Plate 49, fig 3), This zonation is frequently emphasised 
by the preservation, the exterior fringe of each zone being better 
preserved than the interior parts which are entirely recrystallized. 
This suggests that recrystallization took place at an early stage, 
even before the colony finally died. Tabula° are rarely seen, but in 
one corallite where they are preserved, they are closely spaced 
(three in 0.5 mm). The calicos are crescent-shaped and may show a 
median spine, Sometimes the wall between adjacent Corallites. is 
absent (? fissipartite increase) .giving the colony.a meandroid 
appearance in transverse section. 

In the Ardennes the species occurs in both the Couvinian 
and Givetian. Its occurrence in the David's Stone Limestone suggests 
that its range extends into the Prasnian. 

Coenitas sp. 

Plate SO, figs 1-4 

Description: Branching corallum with corallites straight at the axis 
and bending round sharply outside this in order to meet the exterior 
surface at right angles. The calices are much restricted by'the 
thickening of the walls but they are commonly crescent-shaped and 
sometimes contain a prominent spine projecting in from the lower 
side (Plate 50, fig 2). The diameter of the branches varies from 
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244 mm, , but the average is about 8 mm. Thickening is strong in 
the peripheral areas but it is also present to a lesser extent in the 
axial zone whore the tabula. are few and widely spaced. 

Remarks: Only one example of th13 species has been found. It was 
obtained from the /army Start Limestone of Samson's Bay. In the form 
of its corallum it resembles C. escharoides but the branches of the 
latter are much thinner and the number of corallites in the axial zone 
fewer. Generically, it is similar to Plagiopora (especially P.  
but it lacks polygonal calicos with three spines and it has greater 
thickening of the corallite walls. It is probably a new species, but with 
such limited material I have hesitated to create one. 



206 

...____ACHYPORIATAE Garth 1921 

Genus Tharnnopora Steininger 1833 

Synonymy: see. Lecompte 1939, 

plame.sis.: see Lecompte 1939. 

Discussion: Contrarsr to most other workers (see especially Lang,: 
Smith and Thomas 1941), Lecompte does not regard Pachypora Lindstrom 
as a synonym of Thalscsm. He argues that the lamellar structure 
seen in•Pacl...m31.191......zellicornis is fundamentally distinct from the 
fibrous structure of Mantrapsre. Lindsiatim (1896) himself argued 
most emphatically against the synonomy, and it does seem strange 
that the lamellar structure is not present in any. other species of 
Thamnopom. The two structures imply differences in the CaCO3  
deposition by the basal ectoderm and unless Hill (see Lecompte 1939) 
is correct in interpreting the lamellae as a roc:ryas/Ilea:1°n phenomenon 
(and 1 do not believe that she is), then Lecompte is Justified in 
omitting Paohypora from his synonomy. 

page: 8*r:en to Trias , but it is most common in the Devonian and 
Permian. 

Thamno_pora boloniensis (Ciosselet) 1877 

Plate 40, figs 5-6, 9 
Plate 47, fig 3 

EriaLmlo : see Lecompte 1936 and 1939. 

Jamie see Lecompte 1936 and 1939. 
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Material: Three specimens from the jenny Start Limestone and two 
from the David's Stone Limestone. 

Description: a) renny Start Limestone: specimens from the Jenny Start 
Limestone agree with the diagnosis of T. boloniensis except that the 
size of the calicos is smaller (maximum diameter about 1.5 mm). The 
corallites are, however, markedly larger than all other forms from 
North Devon. Only fragments of comae have been collected and from 
one (14.23) a longitudinal section has been cut. The maximum diameter 
of the branch is 14 mm and its length (incomplete) is 50 mm (Plate 40, 
fig 9). The diameter of the corallites at the periphery varies from 
1.1-1.5mrnm, and the walls are thickened throughout, though most 
strongly at the periphery. The obliquity of the corallites varies from 
60-90° . Mural pores are numerous and are approximately 1.2 mm apart. 
Tabula° are moderately numerous in the axial region (4-5 in 2 mm.) 
but they tend to be irregularly grouped. 

b) David's Stone Limestone: two specimens have been 
sectioned longitudinally and these agree in all respects with Lecompte's 
diagnosis. The branches have a diameter-of at least 15 mm and the 
largest calicos are over 2 mm across. Mural pores are common and 
have a diameter of about 0.15 mm. Tabula° are few and are slightly Genes 
concave. The walls are thickened throughout but most strongly at the 
distal ends. 

In the Ardennes, Lecompte found that this species was 
characteristic of the Frasnian; in Devon. the species occurs in both 
the Upper Givetian (clenny Start Limestone) and the Frasnian (laDavid's 
Stone Limestone) but the earlier forms appear to show slight variations, 
Lecompte's studies, however, showed that T. boloniensis is a very 
variable species even within the Frasnian, and its most persistent 
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feature is the large size of the 'calicos, 1 have, therefore, placed 
the two forms described above in the samo species, 

ThaMnopora cervicornis (de Blainville) 1830 

Plate 41, figs 3-5 

Synonew see L'ocompto 19 36 and 1939. 

Diacnosis: see Lecompte 1939, 

110/1187.515: The species has been identified from the Riliege and the 
Combs Martin Beach Limestones. The single specimen from the p,..8+ lava 
Limestone (Plate 41. fig 5) is remarkable because of its prominent 
spines seen in longitudinal section, The calicos have a diameter of 
1-1.2 rmn. and the thickness of the walls is Irregular, though most 
prominent at the distal ends of the corallites. The branch is irregular 
in diameter but reaches a maximum of 1$ mm, Along the sides of the 
branch the corallites bend round to mach the exterior at right angles, 
but at its extremity, they make an angle .of about 60°. • Tabula() are 
ixTegularly spaced and may be slightly convex or concave. 

En the Combe Martin Beach Limestone the species is locally 
common (especially at the entrance to The Parlour). Specimens are 
frequently overvrown by Nveolilies and appear to be preserved in 
their growth positions, The corallites are. smaller and more numerous 
in the coati/um than in the specimen. from the RIllage- Lime5..,tone. The 
corallites have a diameter of about 0.9 mm. and make an angle of 
lie-ar with the outsa,P suoglac e at the eXtVG:IIIS.t.",17 of the branches;; along 
the _sides, 110Z7ever, they are perpendicular OT even directed posteriorly 
(see Mate 41. fig 4). Thickening of the walls is again irregular but 
most strong at the distal ends. 

laT, the Agdennes the species is only recorded from the Givetian. 
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LecoMpte (1939) found that the corallites of specimens from horizon 
Gib were smaller on average than those from Gid (Upper Givetian). 
This is most probably an ecological rather than evolutionary' 
variation and although the North Devon specimens approximate more 
closely to Lecompte's 2b.  specimens, the evidence is too uncertain 
to draw definite conclusions.  

Thanmo.m2 cranigera (dcOrbigny) 1850 

Plate 40 d figs /4,7-8 

Smommy: see Lecompte 1936 and 1939. 

Diagnosis: see Lecompte 1939. 

Remarks: Lecompte (1939) regarded y.. croAgera as intermediate between 
Lmlyellonate and T. cervicornis and he found difficulty in defining the 
precise limits of each species. Typically,. the corallum of ESE2LL.i.1i Gra 
is smaller and has less tendency to branch than It.WE.sban 	• it also 
has town-tabula°. However, it is less thickened by stereoplasm than 

• 
T. cervicornis and the calicos are in consequence' not so rounded. 

The specimens from North Devon referred to this species are all 
broken fragments but are closely similar to those which were deticribed 
and figured by Lecompte from the Dinant Basin: these differed from 
the type selected by d'Orbigny (Goldfuss 1831, p1.27, fig 3) in being 
more.  'robuste° and having calicos more rounded in the axial zone, 

in the Dinant Basin, the species occurs in beds Gib and Gic 
of the Middle Givetian. In North Devon, the speciesi is common in 
the jenny Start Limestone but has not been identified from any of the 
other limestones. 
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Thamnopora dubia (de 131ainville) 1830 

Plate 39, figs 5,7-12 

ynonomx: see Lecompte 1936 and 19394  

Di....;ssssie: see Lecompte 1939, 

Ftemarks; The species is common in the jenny Start Limestone of North 
Devon, Several specimens have been sectioned and these agree well 
with those figured and described by Lecompte. The diameter of the 
branches is 6 - 8 mm. , except for specimen 13.71, which is slightly 
Larger (10 mm). The latter specimen (figured in plate 39, figs 11-12) 
shows well the septa' spines, though it  is possible that recrystall-
ization in the centre of the coral/Ate has accentuated them. The 
thickehing of the walls is well-narked in all the specimens and it 
characterises the whole corallum. The average diameter of the calicos 
is 1.7 ram; none reaches the maximum diameter of 2 mm, mentioned 
by Lecompte in his diagnosis, 

Lecompte (1936) made a detailed study of the species and 
refigured and described the original of Goldia2ss, which shows no 
trace of septal spines. Re accepted Queristedtes (1881) view that 
the species should be interpreted more liberally and framed his. 
diagnosis accordingly. The specimens from North Devon arc toe, few 
and too poorly preserved to be used either in supp41rt of, or against, 
Lecompte's interpretation; his vie we are, therefore, accepted 
uncritically, 

In the Ardennes, the species ranges from Givetian to Prasnian. 
In North Devon it characterises the Givetian jenny Start Limestone 
though a single specimen from the David's Stone Limestone is 
doubtfully referred to the species. 
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Thatin...29225 Jrs2pularis Lecompte 1939 

Plate 410 figs 1-4,6-7 
Plate 42, figs 1-2 

Diariesis: see Lecompto 1939. 

Remarks: The specimens from N'orzh Devon agree very closely with 
the diagnosis and description given by Lecompto, though the tabula° 
tend to be more closely spaced and the distal thickening somewhat 
greater than the holotype. The species has only been .found in the 
Fenny Start Limestone, where it hrequentlY forms large ramifying 
masses. In the Dinant Basin the species Is found in the Gia and 
Gib beds of the Givetian, 

Thalsee.p  Ayearah (Goldfuss) 

Plate 37, fig 1 
Plate as, figs 1-6 

ono : see Leoompte 1936 and 1939. 

Lam e: Calammra ,m, ha var. tuberose Goldfuss 1826, plate 
27, figs 2a, 2b, 2c, ad. 

Mamoss: see Lecornpte 1939. 

rem arks: This species is very characteristic of the David's .Stone 
Limestone and has not boon found in .any of the other limestones of 
the Ilfracombe reds. The original fibrous structure is still visible 
in most of the examples collected; The form of the coralla is irregular 
but they tend to he bvanching or lamellar with marked bulbous 
projections. 

The average diameter of the corallites.  is slightly smaller than 
in the examples from the Ardennes, but otherwise the North Devon 
specimens agree closely with the type. 
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In 'placing the Speicies within the genus yhamnopora•I am 
following Lecompte 1939, who argued that the internal thickening 
resulting in rounding of the calico is never found in true favositids, 
only in species of Thatatacm. He admits, however, that T. polymorpha 
forms a transition betareen indisputable species of Pavosites with 
thin walls and angular calicos, and typical Tharsnopora with well-
rounded- canoes and branching corallum. Lecompte makes the point 
that Favoeites is typical of Middle Devonian strata ,and does not 
extend into the Upper Devonian except for occasional aberrant forms, 
while Themnom showing intermediate characteristics appears in the 
Couvinian and by the Givetian and Frasnian has developed the typical 
thamnoporid features, This leads him to suggest that Thjamnopora may-
have evolved from Favosites during the Lower Couvinian, Earlier 
(HolwiII 1964) I reported the presence of Favosites.in the David°s 
Stone Limestone, but I was then interpreting 1.....e21 	as a 
favositid; no other species of Pavosites occurs in the limestone. 

In Belgium,jastragat occurs in Couvinian and Givetian 
beds (including bed Gid - uppermost Givetian). In North Devon the 
species appears to persist into the Frasnian, though its presence 
suggests that the David's Stone Limestone is at a law horizon within 
the Frasnian. 

Lecompte 1939 

Plate 39, figs 1-4 

Diagnosis: see Lecompte 1939, 

Remarks: 'Three specimens have been referred to 'this species. All of them 
are fragments but they agree closely with Lecompte's diagnosis and 
description except that they are somewhat smaller - the maximum 
diameter of the corallum being 6.7 mm. The maximum diameter of the 
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corallites is 0.9 nun. , but the -walla are strongly thickened, especially 
distally, so that the aperture may be ree.uced to 0.2 mm, or less. 
The corallites bend round so as to reach the outer surface at right 
angles. 

Lecompte has recorded the species from the Upper Couvinian 
and Givetian of the Dinant Basin. "In North Devon the speciee. occurs 
in the Devidle stone Limestone, i.e. it extends upwards into the 
Frasnian. 

aslopora tubaeformia Goldfuss 1626 

Plate 51, fig 2 
- 	Plate 52, fig 1 

•!* Synonomyt see Locompte 1936. 

Diagnosis:  -gee Lecompte'1939. 

Remarks: Only two very small and incomplete colonies, both from 
the David's Stone Limestone, have been collected. One of them shows 
two carallites, partly broken and revealing a thin horizontal tabula 
(Plate 52, fig I). The other specimen is slightly larger, but is 
embedded in argiUaceoug limestone and therefore not seen in relief. 
The diameter of, the calicos is about 1.5 mm. , and they are about 
5 mm. long; they are linked together in a single chain. The preserv-
ation prevents any of the other details of the species being observed 
but its size and the form of the oorallites are sufficiently diagnostic. 

Pleurodictyum sp. 

Plate 51, fig 3 . 

Remarks: Valpy 1867 recorded Pleurodictyum from the Btagginton Beach 
area. I have not been able to trace his specimen but it may be the 
one in the British Museum (Nat. Mist.) No, 86421; this is the 

' ' 	, 
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specimen figured. It consists of a very poorly developed mould 
into which dolomite crystals have grown. There is no precise record 
of its locality beyond the fact that it comes from,Bgginton Beach, 
but its preservation and the appearance of the limestone matrix make 
it almost certain to have been obtained from the Combe Martin Beach 
Limestone which crops out many localities along flagginton Beach. 
Specific identification is impossible. 
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ABSTRACT: Previous workers in North Devon have, in general, considered that there 
are numerous limestone bands developed within the Ilfracombe Beds. The present paper 
demonstrates that there are only two main limestones, each about thirty feet thick, 
which, though similar in lithology, have a markedly different coral fauna. These lime-
stones are separated by about 250 feet of slate in which occurs a further limestone only 
three to four feet thick with a distinctive lithology. 

The fauna so far obtained from these limestones suggests an upper Givetian or 
Frasnian age for the succession; the coral fauna from the thin intermediate limestone 
is not recorded elsewhere in the British Isles, but it is comparable with a fauna from the 
Hlubocepy Limestone (Middle Devonian) of Bohemia. 

The total thickness of the beds in which the limestones occur is only about 350 feet. 

1. INTRODUCTION 
THE CALCAREOUS nature of many of the beds in the neighbourhood of 
Ilfracombe has long been recognised. The first map showing these calcar-
eous beds was made by Vancouver (1808). Although not a geologist he paid 
some attention to the distribution of the limestones on account of their 
value to the local agriculture—most of the Devon soils being deficient in 
lime. His map shows two continuous calcareous bands running ESE. from 
the Ilfracombe region, but it is clear from the text that he regarded these 
bands as 'veins' in the slaty killas, and not as part of the stratigraphical 
succession. 

William Smith's map of 1815 shows a series of lenticular patches of 
limestone in the North Devon area. They are by no means accurately 
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placed with reference to the present outcrops of limestone, and the map 
does no more than show diagrammatically that Smith probably regarded 
the limestones as lenticular in their development. This interpretation has 
been followed by almost all later workers. 

Sedgwick & Murchison (1837, 1840) were the first to publish detailed 
observations on the Ilfracombe Beds and the limestones in particular. They 
thought that there were 'at least eight or nine courses of highly calcareous 
slate in some places passing into great bunches of bluish crystalline lime-
stone' (Sedgwick & Murchison, 1840). The section published with this paper, 
as well as the text, suggests that these writers also regarded the limestones 
as lenticular in their development. 

De la Beche (1840) is even more definite in his opinion—`The Combe 
Martin limestones do not, as has been supposed, form regular bands 
continuous for considerable distances through the country. They seem to 
constitute lenticular masses of variable size, developing amid argillaceous 
slates, some fining off very gradually, others more abruptly.' 

Little further progress was made in elucidating the stratigraphy and 
structure of the Ilfracombe Beds during the latter part of the nineteenth 
century. Most geologists seemed content to place the Ilfracombe Lime-
stones in the Middle Devonian by analogy with the great calcareous 
development of this age in South Devon and Northern Europe. Jukes 
(1856) was almost alone in disagreeing with this 'orthodox' interpretation; 
he placed them in the Lower Carboniferous because of the lithological 
similarity between the strata in North Devon and the Lower Carboniferous 
beds of Southern Ireland. Etheridge (1867) clearly demonstrated that the 
palaeontological evidence in North Devon made Jukes's idea quite un-
acceptable. 

The only detailed work on the Ilfracombe Beds which has been published 
in this century is that by J. W. Evans. He first concluded (Evans, 1919) 
that a great part, if not the whole, of the Ilfracombe Beds must be referred 
to the Upper Devonian since Calceola sandalina and Stringocephalus 
burtini are both absent, and Spirifer verneuili and Rhynchonella (Hypothy-
ridina) cuboides occur at a low level within the Ilfracombe Beds. Three 
years later he subdivided the beds as follows (Evans, 1922a): 

Thickness 
(feet) 

FRASNIAN Woolscott Cleave Slates 	... 	 250 
Slates with subordinate grits and limestones 	1000 
David's Hole Beds 	... 	 250 
Red Limestone Series 	 355 

ILFRACOMBE Jenny Start Beds 	... 	 30 1290 BEDS Slates and limestones of Oakestor Bay 	135 
Newberry Beds 	 520 
Lester Series 	... 	 1050 

GIVETIAN Wild Pear Beds 	 400 
COTJVINIAN HANGMAN GRITS 	 3600 



COMBE MARTIN BEACH LST 

150' Slate with very thin limestones 
and some sandstone bands 

JENNY START LIMESTONE 

   

   

   

0 
N 

0 

   

   

LIMESTONES WITHIN THE ILFRACOMBE BEDS 283 

Later still, Evans (1929) omitted the slates and limestones of Oakestor Bay 
from the succession, regarding these as the probable equivalents of the 
Lester Series. 

Important limestone horizons were thought by Evans to occur in each 
of the divisions from the Newberry Beds to the David's Hole Beds. The 
Hangman Grits are placed in the Couvinian and the Ilfracombe Beds are 

DAVID'S STONE LIMESTONE 

30' Slate with some sandstones 

40'Slate 

 

0 
to 
L 

112' Slate with some thin sandstones 

Fig. 1. The revised succession of beds within the middle part of the Ilfracombe Beds 
based on the section seen at the west end of Newberry Beach, near Combe Martin 
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split between the Givetian and the Frasnian, though the Givetian—Frasnian 
boundary is only given tentatively. 

Within the last eight years much work has been done on the structure of 
the Ilfracombe Beds by D. J. Shearman. Except for a short paper on the 
Combe Martin Fault read to the Association (April 1962), though his 
ideas on the structure of the Ilfracombe Beds were expressed during his 
leadership of a Geologist Association Field Meeting to the area in 1956, 
and to the present author on many subsequent occasions. Shearman 
suggests that on structural and lithological grounds there could be either 
one or two (not more) main limestones within the Ilfracombe Beds. He has 
also shown that all the NW.—SE. trending faults along the North Devon 
coast have a dextral transcurrent component. It is the purpose of this 
present paper to show that on palaeontological grounds there must be two 
quite distinct main limestones and that between them occurs a third thin, 
but highly distinctive, limestone. The revised succession is shown in Fig. 1. 

2. THE SUCCESSION BETWEEN COMBE MARTIN 
AND DAVID'S STONE 

This succession was termed the Newberry Beds by Evans (1922a). The 
oldest strata of the Newberry Beds are a succession of flaggy limestones 
with numerous shaly partings towards the top. The beds are only exposed 
at lowest spring tides and even then are completely concealed below a 
cover of seaweed, barnacles and other encrusting organisms. From the 
upper thin-bedded limestones the coral Endophyllum has been obtained. 
It occurs in large colonies and although partly recrystallised and bored by 
recent molluscs, it can be recognised as identical with the species of 
Endophyllum obtained from Jenny Start and identified by Smith (in Evans, 
1922b) as E. bowerbanki. In thin section the main part of the limestone 
shows what appears to have been an oolitic texture. The `ooliths' are much 
compressed and slurred out (Plate 13 A). Grains of quartz are moderately 
abundant, and there are occasional traces of bryozoa and crinoids. The 
matrix surrounding the `ooliths' is fine-grained crystalline calcite. 

This limestone is overlain by about eighty feet of slate with occasional 
very thin limestones and some sandstone bands about the middle of the 
succession. Then comes a limestone about three feet thick which is very 
distinctive in its appearance and fossil content. Evans merely described 
it as a highly ferruginous limestone containing a considerable amount of 
pyrites and associated above and below with green calcareous shales. It is 
well seen on the west side of Combe Martin Beach and it has been termed 
the Combe Martin Beach Limestone (Holwill, 1961); it can be traced west-
wards across the foreshore at Combe Martin as far as the Parlour, at which 
point it is faulted out to sea. 



LIMESTONES WITHIN THE ILFRACOMBE BEDS 285 

In the Combe Martin and Newberry area, the Combe Martin Beach 
Limestone is approximately four feet three inches thick, though it often 
gives the impression of being thicker as a result of drag folds. It is intimately 
associated with a greenish ( ? chloritic) shale which forms partings within the 
limestone and 'streaks out' into it. A typical exposure of the limestone on 
Newberry Beach shows the following subdivisions: 

Very impure limestone crowded with fossil fragments, especially 
fenestellids, crinoid ossicles and occasional solitary corals 	... 

Green shale 

ft. 	in. 

4 
1 

Limestone 114 
Green shale 14 
Limestone 8 
Green shale 1 
Limestone 
Greenish shale and limestone 2 
Limestone 44 
Green shale 4 
Limestone 7 

4 3 

All the limestones contain fossil fragments but corals are extremely rare 
except in the uppermost band. Plate 13 B shows the appearance of the 
limestones in thin section. The limestones also contain wisps and pellets of 
green shale in hand specimens. Freshly broken surfaces of the limestone 
have a purplish grey colour but weathered surfaces are a rusty brown on 
account of the abundance of pyrite. 

The Combe Martin Beach Limestone forms a marker horizon of great 
importance because it retains its characteristic appearance and fauna when 
it crops out again on Hagginton Beach and at Beacon Point some two 
miles farther west. From it have been obtained the following corals: 
Barrandeophyllum, Syringaxon, Metriophyllum, Alveolites and Thamnopora, 
together with an abundance of bryozoa, poorly preserved brachiopods and 
occasional small gastropods. The corals are always fragmentary and often 
so distorted and recrystallised as to be of little value for specific identifi-
cation. However, it has been possible to identify some of the better pre-
served specimens and it is hoped to describe these in a subsequent paper. 

Above the Combe Martin Beach Limestone there is about 190 feet of 
slates with occasional very thin 'pleated' limestones and some sandstones up 
to about two feet thick. (The term 'pleated' is used to describe thin drag-
folded limestones where the folding bears a marked resemblance to the 
pleats in a skirt.) At this point in the succession, which is the top of Evans's 
Newberry Beds, occurs another thick limestone. It crops out in the very top 
of an almost unscaleable cliff above the Parlour and it has also been 
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quarried in former times from the top of the cliffs, but it is impossible to 
measure the thicknesses of these beds accurately as the quarries are largely 
infilled with refuse from the adjacent caravan site. The estimated thickness 
is twenty to thirty feet and it consists of bands of massive limestone 
separated by calcareous slates which weather to a very rotten papery shale. 
The limestones are blue when fresh and mostly recrystallised; they weather 
to a rusty brown rotten-stone. Numerous blocks of the limestone have 
fallen on to the beach below, but in none of them has any trace of corals 
been found, except for doubtful fragments of Thamnopora. In thin section, 
parts of the limestone are seen to be detrital with a microscopic `augen' 
structure sometimes developed. The 'eyes' are formed of calcite crystals—
probably derived from crinoid ossicles (Plate 13 C); the finer matrix is often 
dolomitised so that there is differential weathering of the rock, producing 
a characteristic pock-marked appearance (Plate 13 D). Quartz grains are 
much less common than in the limestone seen at low water on Newberry 
Beach. 

The lowest part of this limestone has been examined in the cliff face and 
shows a normal succession upwards from the slates of the Newberry Beds. 
The limestone can be followed westwards high up in the cliffs, but is stepped 
progressively to the north by the dextral displacement of the NW.—SE. 
faults. 

3. THE SUCCESSION AT DAVID'S STONE 
On the beach at the foot of the path leading down to David's Stone is a 

prominent limestone. It has been quarried from the foreshore at this point 
but it can still be seen in the cliffs immediately to the south. It can also be 
found in the gully immediately to the north and again where it is caught 
up in the core of a syncline plunging westwards, on David's Stone itself 
(Fig 2). This limestone is termed the David's Stone Limestone (Holwill, 
1961) and is massive and flaggy. The total thickness of the David's Stone 
Limestone at this point is approximately thirty feet. This thickness is made 
up of a lower band of massive limestone twelve feet thick which has been 
quarried out from the gully that separates David's Stone from the main 
cliff. This limestone is overlain by six to eight feet of calcareous slate and 
then there is a further ten to twelve feet of massive limestone. At the top of 
the lower limestone is a very fossiliferous band of impure limestone vary-
ing from twelve to eighteen inches in thickness. Above the upper band of 
massive limestone are two bands of detrital limestone three to six inches 
thick. These two bands are also fossiliferous and in addition to abundant 
crinoid ossicles and bryozoa they contain occasional solitary corals of the 
family Laccophyllidae (mostly Syringaxon, but also Barrandeophyllum) 
and the tabulate coral Thamnopora. A similar fauna is found in the upper 
fossiliferous band of the lower limestone. Both upper and lower bands of 
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PLATE 13 

C 	 D 
A. A thin section (ordinary light) of the Jenny Start Limestone showing the slurred 
ooliths. (From the low water exposure on Newberry Beach) x 4 
B. A thin section (ordinary light) of the Combe Martin Beach Limestone showing the 
abundance of fossil fragments—mostly crinoid ossicles, bryozoa and algae. (From the 
west end of Newberry Beach) x 4 
C. A thin section (ordinary light) of the David's Stone Limestone showing the augers 
structure formed by large calcite crystals. (From the cliffs above Newberry Beach) x 4 
D. Subaerially weathered surface of David's Stone Limestone showing a typical 
'pocked-marked' surface. x 2 

[To face p. 286 
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massive limestone show a pock-marked appearance on weathered surfaces. 
About eighty yards south of these outcrops at David's Stone, at the head 

of a narrow fault gully can be found a similar limestone dipping at about 
70° to the south. With it are associated two thin detrital limestones, 
exactly similar to those mentioned in the previous paragraph, but these are 
apparently below the main limestone. The obvious inference is that the 
limestone is inverted and this interpretation is amply confirmed by the 
structural criteria (drag folds and cleavage). 

The inverted limestone can be followed up into the cliffs where there is 
a readily accessible exposure in which the limestone with its fossiliferous 
bands at the top can be followed over the crest of an anticline to dip south 
on a normal limb beyond. There can be no doubt that this limestone is the 
same as the David's Stone Limestone. This is unequivocally established 
by palaeontological, lithological and structural observations. Fig. 2 shows 
a section of the structure at David's Stone, and the cliffs above. 

Fig. 2. Composite section showing the structure at Sandy Cove, near David's Stone 

Evans regarded this limestone (which he includes with the David's Hole 
Beds) as being at a much higher horizon than anything in the Newberry 
Beds, since he thought that a major fault at the west end of the Parlour 
`cuts out a considerable portion of the succession and brings in a much 
higher series consisting of white limestone and calcareous slate' (Evans, 
1922a). In fact, the same series of relatively small NW.—SE. faults which 
carry the Combe Martin Beach Limestone out to sea in the Parlour, bring 
the massive limestone, seen at the top of the Newberry series at the east 
end of the Parlour, down nearly to beach level in the gully immediately 
east of David's Stone. There can be little reasonable doubt therefore that 
this limestone at the top of the Newberry Beds is in fact the same as the 
David's Stone Limestone. 



0 	tO 	20 	30 feet 

loose boulders 
!N 	p•• *%%%4  *% 	

',se thin Is 

tel W%%1  
'414 .N.N• ,N 	"E2044 fteif rue 

r. 	 ft*  Mtn, strongly drag- 
folded limestones 

,:eteipstpvle%".%V%Vii*'   

.4-44•46.4%. car. skoopipoir.., 	
----- „Sandy Cove 

quartz zone 	140414444111'-'''  411010111$4'•,' 

A,'%411S%44411"141111. 

11,1 I 4 	I • • 4101$4,PIS\  sand 

288 	 F. J. W. HOLWILL 

Above the David's Stone Limestone at Sandy Bay are striped grey and 
green shales with lenticles of fine-grained calcareous grits and occasional 
very thin limestones. Below there is a succession of shales with some massive 
grits and thin limestones. 

4. THE SUCCESSION BETWEEN DAVID'S HOLE 
AND JENNY START 

Evans (1922a) supposed the David's Hole Beds to continue to the west 
across Sandy Bay until cut off by an 'important NE—SW. fault', and to be 
separated by 'a gap of unknown amount' from an underlying series of 
striped calcareous slates which he refers to as the Red Limestone Series. He 
was therefore unable to define the natural base of the David's Hole Beds. 

The Red Limestone Series was so called because it contains a limestone 
which has a prominent red coloration where it crops out in a large isolated 
stack on the foreshore about 120 yards south of Jenny Start. The same 
limestone can also be seen in the cliffs displaced about forty feet to the 
north, but here the reddening is much less noticeable, and traced up the 
cliff it loses all its red colour. The colour is clearly only a local development, 
probably the result of iron staining in the vicinity of the fault. 

The 'Red Lsf. stock 
	 SE. 

Fig. 3. Sketch section through the 'Red Limestone' sea stack in Sandy Cove, near 
Combe Martin. 

The total thickness of limestone seen in the stack is twenty-four to thirty 
feet, and this is made up of two bands of massive limestone, each about 
ten to twelve feet thick, separated by a wedge of calcareous slate about two 
feet thick (Fig. 3). In the cliff forty feet to the north, the two massive 
limestone bands are separated by about six to eight feet of slate and it is 
therefore considered that some of the slate has been cut out on the stack as 
a result of differential movement between the two competent limestone 
bands. The movement has no importance in considering the sequence of 
limestones in the area. 

Two thin limestone bands very much contorted by drag folding occur 
above the topmost limestone, and there is a crinoidal band at the base of 
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the lower massive limestone. The two thin limestones contain poorly 
preserved solitary corals (Syringaxon and Barrandeophyllum) which are 
identical with the species found at David's Stone. Weathered faces have a 
pock-marked appearance which has already been remarked upon in con-
nection with the David's Stone Limestone. In fact the Red Limestone shows 
precisely the same palaeontology, lithology and thickness as the David's 
Stone Limestone. Shearman's structural analysis of this area further 
confirms that the 'Red Limestone' of Evans is the same as the limestone 
seen at David's Stone. 

5. THE SUCCESSION AT JENNY START AND OAKESTOR BAY 
Evans placed the Jenny Start Beds below the Red Limestone Series. 

These are thirty to thirty-five feet thick at Jenny Start, with fifteen feet of 
massive flaggy limestone at the base, passing up into fifteen to eighteen 
feet of thin argillaceous limestone in which there is an abundant coral 
fauna. However, as this limestone is followed north around Oakestor Bay, 
its thickness diminishes rapidly, and is no more than three feet thick, high 
up in the cliffs at the north end of Oakestor Bay; the argillaceous coral 
limestone is completely absent at this point, being either cut out by 
thrusting or by a lateral facies change; the latter seems the more likely 
interpretation. 

Three species of corals have been previously recorded from the limestone 
at Jenny Start (Evans, 1929)—Endophyllum (Spongophyllum) bowerbanki, 
Phacellophyllum caespitosum and Thamnopora (Pachypora) cervicornus . The 
fauna is, however, more extensive than this though it has not yet been 
fully worked out. Massive compound corals, mostly Rugosa, are abundant, 
especially members of the Disphyllidae. The corals all occur in the 
argillaceous horizon, and colonies up to two feet in diameter have been 
observed. The fauna is in sharp contrast with that found in the David's 
Stone Limestone, where the only colonial forms are tabulate corals and 
Barrandeophyllum and Syringaxon the only rugose corals so far recognised. 

Shearman suggested during the Geologists' Association excursion to 
Combe Martin that there need only be one main limestone about fifteen 
feet thick within the Ilfracombe Beds and that the apparent multiplicity of 
limestones could be explained by folding and thrusting. This suggestion is 
further supported by the lithological similarity of all the main limestone 
bands. It is certainly true that the limestones are repeated again and again 
along the coastal section between Combe Martin and Ilfracombe as a 
result of folding and faulting. There is, however, such a marked contrast 
between the faunas obtained from the David's Stone and Jenny Start.  
Limestones that it would be unreasonable to explain this as a facies change, 
especially as the lithologies are so similar. Further, the fossil bands within 
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the David's Stone Limestone are detrital and therefore would be expected 
to contain fragments broken off from any coral reefs which were growing 
in the same sea, and in the same area. In fact, it is only such ubiquitous 
corals as Thamnopora which are common to the two limestones. 

The Jenny Start Limestone, however, does contain the same fauna as that 
found in the limestone at the base of the Newberry Series, as has already 
been pointed out above. Hence, it is reasonable to correlate these two 
limestones and term them the Jenny Start Limestone. Thus between 
Newberry Beach and the Parlour is exposed the apparently complete 
succession between the Jenny Start Limestone and the David's Stone 
Limestone. The succession of distinct limestone horizons is then as follows : 

feet 
David's Stone Limestone 	... 	 30 
Combe Martin Beach Limestone 	 4 
Jenny Start Limestone ... 	 30-35 
Each of the limestone beds is separated by slates with occasional sandstones 
and very thin limestones. Fig. 1 summarises the sequence of beds between 
the Jenny Start and David's Stone Limestones. 

There is, however, one problem raised by establishing this succession of 
limestones: the Combe Martin Beach Limestone should crop out some-
where between the 'Red Limestone' stack and Jenny Start. Its absence is 
accounted for by postulating a normal strike fault as shown on the sketch-
map (Fig. 4). There is ample evidence that such faults exist from sections 
farther to the west, and it is highly probable that the postulated fault 
occurs at a position where the cliff has crumbled away some fifty yards 
south of Jenny Start. 

6. THE STRATIGRAPHICAL POSITION OF THE LIMESTONES 
Evans (1922a) placed the Hangman Grits at the base of the Middle 

Devonian (instead of in the Lower Devonian as had been customary) for 
three main reasons: 

1. A scale of Coccosteus (Middle and Upper Devonian) had been found 
in the middle of the Hangman Grit succession (Rawns Beds). 

2. A brachiopod closely akin to Stringocephalus burtini occurs abun-
dantly in a siliceous limestone at the top of the Hangman succession. 
Unfortunately the brachiopod fragments are completely recrystallised and 
it is impossible to extract them from the matrix; sections of the brachiopods 
seen on wave-worn surfaces are, however, suggestive of S. burtini which is 
indicative of an Upper Couvinian or Givetian horizon. 

3. If the Ilfracombe Beds represent a Givetian or Frasnian age, the 
Lower Couvinian must be absent unless the Hangman Grits are of this 
age. As Evans could find no break in the succession, he concluded that the 
Grits must then be of Couvinian age. 
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The present writer is in broad agreement with Evans's dating, but for 
different reasons. An intensive study of the coral fauna from the Combc 
Martin Beach Limestone has shown it to contain a fauna not previously 
recorded from Devonian strata in the British Isles (with the exception of 
a doubtful species of Metriophyllum from South Devon). The Syringaxon-
idae (Laccophyllidae) are similar to those described by Prantl (1938) from 
the Middle Devonian of Bohemia (Hlubocepy Limestone (gy)—i.e. upper 
Middle Devonian) and the species of Metriophyllum is close to M. 
bouchardi from the Frasnian of the Boulognais. Hill (1939) has described a 
similar faunal assemblage of Syringaxon, Barrandeophyllum and Metrio-
phyllum from Australia, which she considers to indicate a Givetian or 
Lower Frasnian age; on account of the association of Alveolites with 
Thamnopora (which are also found in North Devon), she inclines to a 
Lower Frasnian horizon. From this evidence it seems likely that the Combe 
Martin Beach Limestone occurs at a horizon very close to the Middle-
Upper Devonian Boundary. 

The fauna from the David's Stone Limestone is similar to that found in 
the Combe Martin Beach Limestone, while that from the Jenny Start 
Limestone contrasts with the other two. It seems probable, therefore, that 
the Combe Martin Beach Limestone and David's Stone Limestone 
represent horizons in the Lower Frasnian while the fauna so far identified 
from the Jenny Start Limestone would suggest that it should be placed in 
the Givetian. 

7. THE THICKNESS OF THE LIMESTONE SUCCESSION 

It is clear from these studies that the limestones are not lenticular as has 
been frequently thought in the past. They can be traced westwards as far as 
Ilfracombe where the strike carries them out to sea. The Combe Martin 
Beach Limestone shows little variation of thickness or lithology throughout 
its outcrop. The David's Stone and Jenny Start Limestones do vary in 
thickness, but this is almost entirely the result of the associated shaly beds 
becoming more calcareous, and at the same time more fossiliferous; the 
massive limestones remain of fairly constant thickness from twelve to 
fifteen feet. 

Evans gave a thickness of 1290 feet for the sequence between the New-
berry Beds and David's Hole Beds (inclusive). This thickness is now reduced 
to about 350 feet in the above succession (Fig. 1). Detailed work has not 
yet been done on the Lester Series and the Wild Pear Beds, nor on the 
succession above the David's Hole Beds, but it is probable that the 
thicknesses of these beds will also be very much less than originally thought 
by Evans. 
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8. CONCLUSIONS 
It has been of prime timportance to establish the sequence and number 

of the limestones within the Ilfracombe Beds before interpreting the struc-
tural complexities of the area. It has been established that there are two 
main limestones each about thirty feet thick which are similar in Ethology 
but have a contrasting fauna, and it has been possible to give a relative 
stratigraphy for that part of the Ilfracombe Beds in which the limestones 
are developed. 

It has seemed sensible for the time being to use the term 'David's Hole 
Beds', and 'Newberry Beds' to cover the same succession of strata as was 
included by Evans under these terms in order to avoid ambiguity and 
confusion. The fauna from the David's Hole Limestone has not yet been 
fully worked out but it seems probable that Evans was right in placing 
these beds in the Frasnian. The fauna from the Combe Martin Beach 
Limestone with Syringaxon, Barrandeophyllum and Metriophyllum appears 
to indicate a horizon very close to the Middle-Upper Devonian boundary, 
probably at the base of the Frasnian. The fauna so far recognised from the 
Jenny Start Limestone suggests that it is of Givetian age. 
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DISCUSSION 

THE PRESIDENT enquired if Mr. Holwill had been able to find any goniatites in the rocks, 
which he had described so clearly. 
In reply THE AUTHOR said that he himself has not, as yet, found any such fauna. 
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THE CORAL GENUS METRIOPHYLLUM 
EDWARDS AND HAIME 

by F. J. W. HOLWILL 

ABSTRACT. The morphology of the genus Metriophyllum has been investigated with the aid of serial sections and 
the skeletal structure of the coral is described in detail. A review of all recorded species of Metriophyllum is made 
and a revised description is given of M. bouchardi and M. gracile; in addition a new species is described from the 
Ilfracombe Beds (Middle/Upper Devonian) of north Devon. 

THE genus Metriophyllum was established by Edwards and Haime in 1850 with M. 
bouchardi as the type species; they did not, however, publish a full description with 
figures until the following year (Edwards and Haime 1851). The known range of the 
genus extends from Middle Devonian to Lower Permian, though the genus is particu-
larly characteristic of the Middle and Upper Devonian. It includes some of the smallest 
corals yet described—M. gracile has an average length of 6-7 mm. and an average 
maximum diameter of 3-4 mm. 

Edwards and Haime (1851) originally placed Metriophyllum in the Stauridae, but 
Hill (1939) proposed a new family—the Metriophyllidae, with M. bouchardi as type 
genus—to contain Metriophyllum and allied forms; subsequent writers, notably Stumm 
(1949) and Lecompte (1952), have accepted the new family though they differ in their 
opinions as to the genera which should be included. 

Possibly because of the small size of most species, the morphology of Metriophyllum 
has not been studied in detail hitherto. Even in the present study, it has been found 
difficult to discover specimens in which the apical end is completely preserved, and the 
earliest ontogenetic stages are therefore still not fully known. 

In preparing this paper, I have collected extensively from the type locality of M. 
bouchardi at Ferques (Boulogne, France) and also from the Gerolstein area of Germany. 
In addition, I have studied collections from the British Museum (Nat. Hist.) and the 
Geologisch-palaeontologisches Institut and Museum at Bonn; I have also had original 
photographs of type specimens from the New York State Museum available for com-
parisons. 

Techniques. Thin sections were made in the normal way, except that because of the 
small size of most of the specimens, a dental cutting wheel, making a cut of less than 
0.5 mm., was used instead of the normal petrological slicing wheel. For serial sections, 
the specimens were embedded in a transparent plastic such as CEEMAR ; the resulting 
block was then milled flat on both sides and all subsequent grinding was done by hand. 
The advantage of this is that the specimen can be kept under constant observation and 
drawings made at minute intervals to record the rapidly changing arrangement of the 
septa and the carinae. At convenient intervals, cellulose peels were taken and these were 
mounted between glass slides and used as photographic negatives. The peels were made 
by dipping the etched surface of the coral into a 2/1 solution of butyl and amyl acetate 
[Palaeontology, Vol. 7, Part 1, 1964, pp. 108-23, pls. 16-19.] 
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and then pressing the saturated surface on to a piece of transparent cellulose 0.01 in. 
thick. The advantage of this method over the one described by Butler (1935) is its speed 
and the ease with which the peel can be removed from the coral. The interval between 
successive serial sections was found by measuring the total thickness of the specimen 
plus plastic, before and after grinding, by means of an engineer's micrometer. 

In some specimens there was little or no colour contrast between the coral structure 
and the infilling calcite. The latter was found to be slightly richer in iron than the coral 
itself, so that by dipping the polished surface of the coral into a solution of potassium 
ferricyanide and dilute hydrochloric acid (see Henbest 1931) it was found possible to 
stain the infining material differentially. This greatly facilitated both photographic and 
microscopic examination of such specimens. 

Genus METRIOPHYLLUM Edwards and Haime 1850 
Metriophyllum Edwards and Haime 1850, p. lxix. 
Lopholasma Simpson 1900, p. 206, figs. 19-21. 

Type species (by original designation). Metriophyllum bouchardi Edwards and Haime 1850, p. lxix; 
1851, p. 318, pl. 7, figs. 1, la, lb, 2, 2b. Upper Devonian, Frasnian (Beaulieu Shales and Ferques Lime-
stone), Ferques, near Boulogne, France. 
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TEXT-FIG. 1 	 TEXT-HG. 2 
TEXT-MG. 1. Exploded diagrammatic view showing the main morphological features of Metriophyllum. 

s' = major septa; s"—minor septa; t = tabulae; c = carinae. 
TEXT-HG. 2. Diagram showing the form of the horizontal trough-shaped carinae developed at alter- 

nating levels on adjacent septa. 

Description. Small solitary turbinate to ceratoid corals. Calice deep and steep sided with 
septa projecting as sharp low ridges on the inner side. The floor of the calice is flat or 
slightly concave and the septa extend across this floor to meet at the axis where they are 
welded together with sclerenchyme to form a pseudo-columella (text-fig. 1; Pl. 16, fig. 
2). The outer walls are also much thickened with sclerenchyme. The sides of the septa 
below the calice carry horizontal or nearly horizontal carinae which have upturned outer 
edges (text-fig. 2). The carinae may occur at the same or differing levels on either side of 
a septum but they always alternate in level with those on the neighbouring septa. 
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Tabulae are very thin and steeply inclined downwards away from the axis. Rejuvenation 
is uncommon but has been observed in M. bouchardi. It is doubtful whether true 
dissepiments are present in any species. 

Remarks. The genus Lopholasma (type species L. carinatum Simpson 1900) is regarded 
as congeneric with Metriophyllum since transverse and longitudinal sections (P1. 16, 
figs. 2 and 3) clearly show the presence of horizontal carinae so typical of Metriophyllum. 
(The dissepiments which Simpson (1900) described in L. carinatum are in fact the steeply 
sloping tabulae being cut by the transverse section; longitudinal sections confirm this.) 
I prefer to follow Stumm (1949) and Hill (1956) in regarding Stereolasma Simpson 1900 
(type species Streptelasma rectum Hall 1876 (in part)) as a separate genus and not 
congeneric with Metriophyllum as Smith (1945) suggests; the horizontal carinae appear 

a 	 b 	c 	 d 	e 	 f 
TEXT-FIG. 3. Diagram showing some characteristic appearances of the carinae when cut by transverse 

sections. 

to be a well marked and persistent character in the genus Metriophyllum and although 
Stereolasma is clearly a related form, the absence of any carinae makes it inadvisable to 
include it within the genus Metriophyllum. The same comments also apply to the speci-
mens in the New York State Museum labelled M. ungula (Hall); longitudinal sections 
of this species clearly show that it lacks horizontal carinae and almost certainly belongs 
to the genus Stereolasma; (compare median longitudinal sections of M. carinatum, 
S. rectum, and 'M.' ungula—Pl. 16, figs. 3, 5, and 7). 

Range. Middle Devonian—Lower Permian. 

Carinae. Edwards and Haime failed to recognize the true nature of the carinae and they 
interpreted the strong horizontal processes seen in the median section (text-fig. 1; Pl. 16, 
fig. 1) as tabulae. Barrois (1882) was the first to publish a diagram showing the spur-like 
appearance of carinae in longitudinal sections and Simpson (1900) recognized the exis-
tence of the horizontal carinae, but he did not appreciate the significance of the spur-like 
processes on the sides of the septa. Soshkina (1928) appears to have been the first to 
recognize their true significance. 

Because of the unusual form of the carinae within the genus Metriophyllum much 
confusion may arise when interpreting their appearance in sections. In transverse sec-
tions they may simulate septa or appear as spurs on either side of the true septa (Pl. 18, 
fig. 2); they may also give the impression that a septum is splitting. Text-fig. 3 shows 
some of the appearances of carinae in transverse sections. Where the plane of section 
cuts through the junction between a septum and carinae the septum will appear to be 
much thickened (text-fig. 3d). In longitudinal sections the carinae commonly appear as 
lobed hooks or spurs but in median sections they show as strong horizontal bars. 
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In M. bouchardi and M. gracile the carinae are very delicate trough-shaped structures 

(P1. 18, figs. 6, 10, and P1. 19), but in M. carinatum they are stouter and less upturned at 
their outer edges (Pl. 16, fig. 3). In all the species which have been examined the outer 
upturned edges of the carinae tend to be thickened (text-fig. 2) so that they appear lobed 
in longitudinal sections. 

Wang (1950) demonstrated that the carinae are built up of fibrous tissue, as are the 
septa; the outer wall is made up of lamellar tissue. These skeletal structures are clearly 
seen in the section of M. bouchardi (Pl. 16, fig:6). 

The carinae only start to develop at the base of the calice, and the septa extend across 
the floor of the calice before any carinae are formed. It is often possible to distinguish 
a suture between the septum and its attached carinae (see P1. 16, figs. 3 and 6) where 
impurities have become trapped. 

Tabulae. These are very thin and not always seen even in median sections. They slope 
at about 45° down from the axis (Pl. 16, fig. 1, and Pl. 19, fig. a) and may terminate 
against the carinae. In longitudinal sections, not passing through the axis, they appear 
as plates which link the carinae (Pl. 19, fig. c, and Pl. 18, fig. 6). Barrois (1882) recognized 
the true tabulae, though not in median sections; his figure (p1. vii, fig. 2d) shows very 
regularly developed tabulae linking the outer lips of neighbouring carinae and he de- 
scribed them as `planchers ondules'. Hill (1939) was the first to note that they are 'steeply 
domed' when seen in median section. 

Plate 19 shows longitudinal serial sections from the axis to the outer wall of M. 
bouchardi. The form of the carinae can be appreciated by tracing them individually 
through the series from the strong horizontal cross-bar appearance (fig. a) to the spur-
like appearance seen in off-median sections. The outward sloping tabulae are clearly 
seen in the median section (fig. a) and the way in which they cut the carinae is seen in 
fig. b. Later sections show the way in which tabulae extend between the carinae—very 
much less regularly than suggested by Barrois's figure in his description of the Asturian 
specimens. 

Metriophyllum bouchardi Edwards and Haime 1850 
Plate 16, fig. 6; Plate 17, figs. 1-6, 11; Plate 18, figs. 7, 11; Plate 19; text-fig. 4 

1845 Cyathophyllum mitratum (Sehlotheim); Michelin, p. 183, p1. xlvii, fig. 7 (non Hyppurites 
mitratus Schlotheim 1820, p. 352). 

1850 Metriophyllum Bouchardi Edwards and Haime, p. lxix (nom. nud.). 
1851 Metriophyllum Bouchardi Edwards and Haime, p. 318, pl. 7, figs. 1, la—b, 2, 2b. 

Description. Small solitary turbinate to ceratoid corals with a maximum diameter of 
about 10 mm. Overall length rarely exceeds 20 mm. The outer surface usually shows 
longitudinal striations corresponding to the internal positions of the septa, and about 
three well-marked transverse constrictions or wrinkles (Pl. 17, fig. 1); more rarely the 
outer surface is nearly smooth. The calice is deep and steep sided; it may occupy a third 
of the total length of the coral, but the walls are frequently broken off near the base of 
the calice (Pl. 19, fig. 11); the floor of the calice is flat or gently concave. Septa within 
the calice are short and project from the wall as sharp ridges; both major and minor 
septa are seen in the calice, the latter being slightly less prominent than the major ones 
(Pl. 17, figs. 3 and 4); subsequently the septa and the wall are thickened with the result 
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that the minor septa are completely embedded in sclerenchyme ; however, it is at these 
minor septal positions that the carinae join the outer wall. The number of major septa is 
commonly 18-20, though Edwards and Haime (1851) give 22-24 as characteristic of the 
species; the septa are straight or only slightly flexed and they extend across the floor of 
the calice to meet at the axis; the axial ends are slightly swollen and they are cemented 
together by sclerenchyme to form a pseudocolumella. In some specimens the columella 
is narrow, while in others it occupies nearly one-third of the lumen (P1. 16, fig. 6). 

The major septa carry horizontal carinae which have upturned outer edges. They are 
developed at alternate levels on adjacent septa and usually at different levels on opposite 
sides of the same septum. The carinae are spaced at about 1 mm. intervals. Tabulae are 
thin discontinuous plates sloping downwards away from the axis; they are irregularly 
spaced. 

Rejuvenation is rare but does occur (P1. 17, figs. 2 and 5; Pl. 18, fig. 7). 
Horizon and locality. Upper Devonian (Frasnian); from the Beaulieu Shales and Ferques 
Limestone, Ferques, near Boulogne. 
Discussion. Lang, Smith and Thomas (1940) designated the specimen figured by Edwards 
and Haime (1851, pl. vii, figs. 1, la) as lectotype. The original specimen appears to be 
lost. Their figure shows 22 major septa though Edwards and Haime, in their text, men-
tion 22 to 24 as typical. Topotype specimens have been figured by Smith (1945) and 
these show 19 septa. Of some 20 specimens from the type area which I have examined, 
only 2 have more than 20 septa and none has as many as 24; the vast majority have only 
18 or 20. 

Barrois (1882) described specimens of M. bouchardi from Moniello and Arnao 
(Asturia) in which the calice is very shallow. He suggested that the specimens may have 
broken before interment and this seems the most probable explanation, since the distal 
parts of the calice are thin, having no secondary stereoplasmic thickening. 

Smith (1945) stated that Lopholasma carinatum agrees with M. bouchardi in all 
essential characters and differs from it only in size and unimportant details. His remarks 
suggest that he regarded them as conspecific. There can be no doubt that L. carinatum 
is a species of Metriophyllum, but I cannot agree that they are conspecific, since M. 

EXPLANATION OF PLATE 16 
Figs. 1-3. Metriophyllum carinatum (Simpson), Hamilton Beds, Livonia salt shaft, Livingstone Co,. 

N.Y. 1, Longitudinal thin section (median) of a cotype showing the tabulae and horizontal carinae. 
NYSM 292, x 3.3. 2, Transverse thin section of a cotype; major and minor septa are visible; the 
skeletal elements between the septa are sections through tabulae; NYSM 291, x 3.3. 3, Longitudinal 
thin section (off median) showing the carinae appearing as spurs on either side of the septa. NYSM 
290, x 3.3. 

Figs. 4, 5. Stereolasma rectum (Hall). 4, Transverse thin section of hypotype, NYSM 320, x 3-3. 
5, Longitudinal thin section of hypotype, NYSM 322, x 3.3. 

Fig. 6. Metriophyllum bouchardi (Edwards and Haime). Transverse thin section showing the lamellar 
structure of the outer wall and the fibrous structure of the septa and carinae. The suture between 
septa and carinae is well seen in the upper part of the plate. BMNH R16237, x 7. Middle Devonian, 
Ferques, Boulonnais, France. 

Fig. 7. Streptelasma ungulata (Simpson). Longitudinal thin section of hypotype, NYSM 322, x 3.3. 
Hamilton Beds, Hamburg-on-the-Lake, Erie Co., N.Y. 
(The original photographs of figs. 1-5, 7 were kindly supplied by the New York State Museum.) 
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bouchardi has only about twenty septa while L. carinatum shows thirty; also the carinae 
of M. bouchardi are larger and more strongly curved, thus producing deeper troughs; 
the carinae are also more widely spaced than in L. carinatum. 

Septal development. Investigation of septal development in M. bouchardi presents 
unusual difficulties because, as has been pointed out above, the carinae simulate septa 
in transverse sections; in fact new septa and carinae arise in a similar way from the sides 
of the earlier formed septa. The fundamental difference between the two is that new 
septa arise only in four positions whereas the carinae may develop within any of the 
interseptal loculi. In making the present study it was found necessary to record sections 
at intervals of 0.003-0.005 inches and sixty-eight sections were made in a distance of 
0.26 in. The sections were recorded by means of cellulose peels and a selection of critical 

TEXT-FIG. 4. Selected serial sections to show the septal development of M. bouchardi. The figures 
indicate the distances between each section in thousandths of an inch. BMNH R16249, x 4. 

sections is reproduced in text-fig. 4. The septa in M. bouchardi show a radial arrangement 
in all stages of growth. However, there is a basic bilateral symmetry associated with a 
pinnate method of septal insertion. 

The apical ends of several apparently complete specimens have been sectioned and the 
most juvenile arrangement of septa observed is that illustrated in text-fig. 4a. Two 
metasepta (marked 1 on the figure) are present in addition to the six protosepta (C = 
cardinal septum; K = counter cardinal septum; A = alar septa; CL = counter lateral 
septa; the septal nomenclature used here is that advocated by Hill (1935). The axial 
ends of the protosepta are swollen and welded together with sclerenchyme (this is not 
shown on text-fig. 4 as the sclerenchyme has been omitted for the sake of clarity). There 
is also thickening along the sides of the septa. The first formed metasepta are those 
which develop on the cardinal side of the counter lateral septa; those on the cardinal 
side of the alar septa follow almost simultaneously (text-fig. 4b and c), and this pattern 
is maintained with only minor exceptions throughout the development of the coral. 

The newly formed septa grow until they almost reach the centre and their axial ends 
are within the central sclerenchyme. However, they always remain attached to the 

C 1985 
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protosepta from which they originated so that it is possible to distinguish four distinct 
groups of septa even in the mature corallite (see text-fig. 4n). 

Within the calice the septa occur as longitudinal ridges; between these are a further 
series of ridges, usually somewhat less prominent, from which at a later stage of growth 
the carinae develop. These latter ridges occur in the position of minor septa and the outer 
surface of the epitheca has grooves which correspond to them. Because of the thickening 
of the epitheca below the calice, these ridges are not always apparent in sections made 
through the earlier formed parts of the corallite, but they can sometimes be distinguished 
embedded in lamellar tissue if the preservation is good. Whether or not these ridges 
should be regarded as true minor septa is open to question; they are closely linked with 
the subsequent development of the carinae and this suggests that they are not in fact 
minor septa. On the other hand, their regular position between the major septa, the 
septal grooves in the outer wall which correspond to them, and their formation from 
lamellar tissue would suggest a contrary interpretation. I incline to the view that they 
are true minor septa, and they are described as such in the systematic part of this paper. 

Carinae are present in all but the earliest ontogenetic stages and each septum bears 
them. In the mature corallite the carinae run closely parallel to their parent septum, but 
in earlier stages they are more radially disposed and this increases the difficulty of dis-
tinguishing them from newly formed septa. 

Metriophyllum gracile Schliiter 1884 
Plate 17, figs. 7-10, 12, 13; Plate 18, figs. 1, 5, 6, 9, 10, 12-16 

Metriophyllum gracile Schliiter 1884, pp. 82, 83. 
Metriophyllum gracile Schluter 1889, pp. 18-20, p1. 2, figs. 5-8. 
Metriophyllum laeve Schluter 1889, p. 18. 
non Lopholasma gracile Soshkina 1928, p. 369. 

Lectotype. Schliiter's species is based upon a number of syntypes in the Geologisch-
palaeontologisches Institut and Museum at Bonn. From these syntypes the specimen 
illustrated in Plate 17, fig. 13 is here selected as the lectotype (Bonn, 161c). 

EXPLANATION OF PLATE 17 
Figs. 1-6, 11. Metriophyllum bouchardi (Edwards and Haime). Middle Devonian limestones and shales 

of Ferques, Boulonnais, France. 1, Exterior showing typical trochoid form and rugae; calicular 
margin is damaged. BMNH R18517, x 5. 2, Calicular view of a specimen starting to rejuvenate. 
BMNH R18513, x 5-4. 3, Specimen showing the deep steep-sided calice with major and minor 
septa appearing as ridges. BMNH R18517, x 5-4. 4, Calicular walls have been broken revealing the 
form of the major and minor septa across the floor of the calice with carinae not yet formed at this 
level BMNH R16246, x 4-7. 5, Specimen showing rejuvenation. BMNH R16248, x 4.8. 6, Thin 
section (transverse) of a typical specimen; the flexure and thickening of the septa at the outer 
margin is well seen. BMNH R16249, x 8. 11, Specimen in which the calicular walls have been 
completely abraded revealing the arrangement of septa across the calicular floor; some carinae are 
visible. BMNH R16231, x 5.4. 

Figs. 7-10, 12, 13. Metriophyllum gracile (Schluter). Gerolstein area of Germany. 7, 8, Thin sections 
(transverse) showing the typical arrangement of the septa meeting at the axis and cemented by 
sclerenchyme. MM11120, x 14. 9, Specimen showing the attachment groove which typifies indi-
viduals from a locality 1 km. south of Gerolstein (472.644). MM11119, x 6. 10, Specimen with 
prominent root-like processes at the apical end. MM11117, x 6. 12, Paralectotype showing the 
deep calice. Bonn, x 7-7. 13, The lectotype, Bonn 161c, x 6.5. 
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Description. Small solitary trochoid corals with an average length of 8 mm. and a dia-
meter of 3-4 mm. The calice is deep and steep sided and may occupy as much as half the 
length of the corallite ; the septa project into the calice as low ridges. The outer wall is 
relatively thick and marked by longitudinal grooves corresponding to the septal posi-
tions. There are 14-18 major septa in the average-sized specimen; these are slender and 
straight or only slightly flexed; at the axis they are welded together, though in ephebic 
stages they may withdraw slightly from the axis leaving a narrow aulos (compare P1. 17, 
figs. 23 and 27). Minor septa are seen only in the calice, where they alternate with the 
major septa. Horizontal trough-shaped carinae occur on each septum though not within 
the calice; they are spaced at about 0.8 mm. intervals (Pl. 18, figs. 6 and 10). Tabulae are 
thin and slope steeply downwards away from the axis. 

Range. Metriophyllum gracile has only been recorded from the Gerolstein area of 
Germany in beds which are of Upper Couvinian age. Hill (1939), in her remarks on 
M. sp. from Western Australia, suggests that M. gracile may extend up into the lower 
Givetian. 

Remarks. Schliiter's original description records 16-18 septa but a re-examination of the 
syntypes and other specimens shows that there are not more than 18 septa and com-
monly only 14. No tabulae were observed in any of Schltiter's original specimens, but 
topotype material has been sectioned and this shows the thin, steeply inclined tabulae 
which are characteristic of the genus. The carinae are very delicate structures and they 
usually occur at the same level on opposite sides of a single septum, though they alternate 
in height with those on adjacent septa. The outer surface is usually strongly ribbed, 
though in larger specimens the distal end shows prominent transverse growth striae; 
this feature and some observations on the mode of attachment of the species have been 
the subject of a separate paper (Holwill 1963). 

The main ways in which this species differs from M. bouchardi are in size, in number 
of septa, and in the positioning of the carinae. 

M. sp. cf. gracile was recorded by Wade (1938) from the Rough Range of Western 
Australia; this record was based on a preliminary determination by Hill, who subse-
quently described the form (Hill 1939) merely as M. sp., considering it inadvisable to 
give the form a name based on a single oblique section. Hill's figure of this specimen 
shows it to have well-developed minor septa, and on this basis alone it is to be dis-
tinguished from gracile. It is likely to be a new species, but until further material is 
available Hill is right in refraining from giving it a specific name. 

Metriophyllum gracile (Soshkina) 1928 
Soshkina recorded this species as Lopholasma gracile (Soshkina 1928, p. 368, p1. 12, 

fig. 14; text-fig. 12). Since Lopholasma is here regarded as synonomous with Metrio-
phyllum, M. gracile Soshkina is a junior secondary homonym and as such the specific 
name must be rejected; I have communicated with Dr. Soshkina informing her of this 
and have invited her to publish a replacement name. 

The form described by Soshkina is very small, having a maximum diameter of 2 mm. 
and a length of 5 mm. Only two individuals are recorded, both from the Lower Permian 
of the eastern Urals (Shchugor River). There are twelve major septa at this diameter and 
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no minor ones are apparent. The septa and outer walls are much thickened by scleren-
chyme. The carinae are stout horizontal ridges developed irregularly from the sides of 
the septa; there is very little upturning of their outer edges. Tabulae are not seen. 

Metriophyllum laeve Schliiter 1889 
1889 Metriophyllum laeve Schluter, p. 278(20), no figures. 

Schliiter was uncertain whether M. laeve should be regarded as a distinct species. In his 
original description (Schluter 1889) he describes the species as similar to M. gracile but 
nearly twice as large and with a smooth epitheca; he stated that M. laeve characterized 
a dolomite bed at the same horizon as the marl bed in which M. gracile occurs. A study 
of Schliiter's specimens shows that the smooth epitheca is not a consistent characteristic 
(compare Pl. 18, figs. 13 and 16); neither is size alone a reliable criterion for distinguish-
ing species. However, thin and polished sections (Pl. 18, figs. 14 and 15) suggest that the 
septa are stout and slightly withdrawn from the axis leaving a small aulos; the axial ends 
of the septa are also swollen. At first sight these features would seem to be of specific 
importance, distinguishing M. laeve from M. gracile, but having examined several sec-
tions of M. laeve it was found that (i) the stout septa are caused by a recrystallization of 
the original calcite to form dolomite (some specimens were only partly recrystallized 
and these showed slender septa comparable with those typical of M. gracile). (ii) The 
swelling of the septal ends, and their slight withdrawal from the axis to form an aulos, can 
also be found in the ephebic stages of M. gracile (Pl. 18, fig. 5). It is true that the speci-
mens of M. laeve are of larger average size than those of M. gracile, but it is not difficult 
to find specimens of M. gracile which are of comparable size; since M. laeve characterizes 
a particular 1 ithology it is reasonable to suppose that the slightly different environment 
which facilitated dolomitization also tended to prolong the life of Metriophyllum so that 
a higher percentage of the individuals attained old age and developed senile character-
istics. 

Metriophyllum lituum sp. nov. 
Plate 18, figs. 2-4, 8 

Description. Small solitary corals with a maximum observed diameter of 8 mm. At this 
diameter there are twenty-two major septa which are slender and usually slightly flexed; 
they reach the axis (except within the calice) and are welded together at the axis by 
a small amount of sclerenchyme, thus forming a pseudocolumella. Horizontal trough-
shaped carinae are developed regularly up each septum; they are spaced at approxi-
mately 1.1 mm. intervals and are the same level on either side of any one septum, but 
alternate in height with those on adjacent septa. The septa are thickened just before 
reaching the outer wall, which is moderately thick. The calice is deep and steep sided; 
its floor is almost flat and the septa project into it as sharp ridges in the lower part; the 
distal end of the calice shows no evidence of septa on its inner surface (see serial sections, 
text-fig. 5). Minor septa are absent. The tabulae are steeply inclined downwards away 
from the axis and are numerous. 

Holotype. Specimen MM11113 from the Combe Martin Beach Limestone (Middle/Upper Devonian), 
Ilfracombe Beds, north Devon. 
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Material. Much of the material from north Devon is poorly preserved and no complete specimens of 
M. lituum have been obtained; hence the overall length and the form of the corallum are not known 
with certainty. Altogether eight specimens have been collected (MM11113, 4, 11122, 11125-9). 

Locality and horizon. All the specimens have been obtained from the Combe Martin Beach Limestone 
in the neighbourhood of Newberry Beach, Combe Martin, north Devon. On the basis of the associated 
fauna the bed is dated as Upper Givetian or Lower Frasnian (see Holwill 1962 for a discussion of the 
probable age). 
Derivation of name. From the Latin lituus—a curved staff or wand—referring to the thin flexed septa. 

0 0 0 r) 
TEXT-FIG. 5. Serial sections through the distal parts of M. lituum sp. nov. The sections were taken at 

approximately equal intervals through a thickness of 0.14 in. MM11114, x 4. 

Discussion. M. lituum closely resembles M. bouchardi, but it differs from the latter both 
in size and in the number and slenderness of its septa; also in the very regular develop-
ment of the carinae on either side of each septum. It differs from M. gracile in being 
larger and in having a greater number of septa. 

Text-fig. 6 shows serial sections through a small specimen (probably in its nepionic 
stage, hence the small diameter and few septa). The sections show very clearly the way 
in which carinae may appear as spurs from the septa and even themselves simulate septa. 

Metriophyllum battersbyi Edwards and Haime 1851 
1851 Metriophyllum Battersbyi Edwards and Haime, p. 318. 
1853 Metriophyllum Battersbyi Edwards and Haime, p. 222, p1. 49, fig. 4. 

In 1851 Edwards and Haime recorded the coral M. battersbyi from the Middle 
Devonian Limestones of Torquay. They figured this specimen and gave a fuller descrip-
tion of it in their monograph of 1853. Many subsequent workers have referred to this 
identification and have doubted its validity (e.g. Hill 1939, Smith 1945). Apart from 
a species of Metriophyllum from north Devon (Holwill 1962), and a doubtful identifica-
tion of Metriophyllum by Smith (1953) (see below), it is the only form of Metriophyllum 
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recorded in the British Isles and it differs in so many obvious characters from other 
known species of this genus that it is not surprising that doubt has been cast on the 
generic determination. 

In describing it in 1853, Edwards and Haime made particular reference to the 'quadri-
fascicular mode of arrangement of the septa' of which there were said to be forty-eight 
major ones, 'somewhat thickened', in a section taken just below the calice. These 
alternate with minor septa which are thinner. Dissepiments were also recognized. The 
authors distinguished the species from the type species by the more numerous septa and 
the fact that they were slightly thickened near the centre. 

TEXT-FIG. 6. Serial sections through a juvenile specimen of M. /ituum sp. nov. The sections were taken at 
approximately equal intervals through a thickness of 0.14 in. MM11114, x 5. 

Unfortunately the original specimen figured by Edwards and Haime has been lost, 
but their figure (pl. xlix, fig. 4) is closely similar to other specimens labelled M. battersbyi 
which are in the British Museum (Nat. Hist.) and which were obtained from the same 
area in south Devon as the holotype. A study of these specimens, from which several 
thin sections have been made, makes it clear that M. battersbyi is not a species of 
Metriophyllum; in fact Edwards and Haime's own description of the holotype is suffi-
cient to show that it cannot be included in this genus as defined above. Briefly the chief 
characters which exclude it from the genus are as follows: 

(a) Absence of horizontal trough-shaped carinae. 
(b) The presence of minor septa extending half-way (or more) to the centre. 
(c) The presence of dissepiments. 
(d) The thickening of the septa in their central parts and their attenuation towards 

the periphery. 
(e) The presence of numerous inflated tabellae in a central tabularium. 
(f) The presence of an axial whorl. 

Other less significant factors are the large size, the numerous septa, and the thin outer 
wall; none of these features characterizes any known species of Metriophyllum. It is 
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most probable that 'M.' battersbyi should in fact be referred to the genus A canthophyllum 
as redefined by Birenheide (1961). 

Metriophyllum carbonaria (Grabau 1922) 
1922 Lopholasma carbonaria Grabau, pp. 43-45, p1. i, figs. 5a-b, 6b, 7b, 7d, 8b, 8d, 9b, 9d, 

10b, 10d, 11d, 12; text-figs. 54-56. 

This species from the Visean or Lower Moscovian of China differs from other known 
species of Metriophyllum in having a well-marked fossula and a cardinal septum which 
does not reach the axis. Grabau describes dissepiments which are 'fairly numerous, thin 
and for the most part cystiform, i.e. convex upwards', but later he writes: 'between the 
septa are cystose dissepiments . . . these probably being also in many cases sections of 
carinae.' His published figures do not support the suggestion that dissepiments are 
present and I consider that the structures observed by Grabau are either sections 
through the carinae as he himself suggests, or, even more probably, sections through 
the outward sloping tabulae. This contention is supported by a later remark of Grabau: 
`the dissepiments break up into spines and finally these spines disappear'—this is the 
behaviour of the carinae in successive serial sections which has been demonstrated above. 

Metriophyllum carinatum (Simpson 1900) 
Plate 16, figs. 1-3 

1900 Lopholasma carinatum Simpson, p. 206, figs. 19-22. 

Some comments have already been made on this species in the foregoing descriptions 
and it is illustrated in Plate 16, figs. 1-3. Minor septa are well developed in addition to 
about thirty major ones which extend to the axis, where they are welded together by 
sclerenchyme. The minor septa extend slightly beyond the outer thickened wall and 
usually abut against a major septum (see Pl. 16, fig. 2). The carinae numerous and occur 
at alternate levels on either side of a septum; they are stouter and less upturned at their 
outer edges than in M. bouchardi. 

The species is recorded from the Hamilton Shales (Middle Devonian) of U.S.A. 

Metriophyllum deminutivum Easton 1944 
1944 Metriophyllum deminutivum Easton, pp. 31, 32, p1. 3, figs. 1-3. 

This species occurs in the lower part of the Chouteau Limestone (Mississippian) of 
Missouri, and must unquestionably be included within the genus Metriophyllum as 
defined above. In size and general form of the carinae, M. deminutivum resembles M. 
gracile, but at least one marked difference lies in the form of the septa during the middle 
ephebic stages: Easton describes them as 'grouped somewhat in pairs, five pairs on each 
side between single thick cardinal septum and thin counter septum with single minors 
joining it on either side to form tripartite counter system'. The presence of 'not more 
than three very fine dissepiments' is mentioned and, if true dissepiments are indeed 
present, this feature alone distinguishes it from other known species. 



120 	 PALAEONTOLOGY, VOLUME 7 

Metriophyllum erisma Hill 1949 
1949 Metriophyllum erisma Hill, p. 142, p1. 6, figs. 11, 12. 

Hill created this new species for forms in which the septal flanges (carinae) are inclined 
inwards and downwards and in which the inner tabulae sweep vertically downwards 
about the axis; there are also occasional outer tabulae. Hill does not indicate whether 
the carinae are of the trough-shaped variety which are typical of the genus, and unfortu-
nately her figures do not clarify this point; the fact, however, that in the transverse section 
they 'appear as thickenings of the septa or as slender plates like extra septa running 
parallel to the septa' suggests that they may have upturned outer edges. The inclination 
of the carinae downwards towards the axis is exceptional (they make an angle with the 
horizontal of about 20°), and it has not been noted in any other species. The two sets 
of tabulae are also unique to this species. 

Metriophyllum (Aemulophyllum) exiguum (Billings 1860) 
1860 Heliophyllum exiguum Billings, p. 261, figs. 9, 10. 

M. (Aemulophyllum) was erected as a subgenus of Metriophyllum by Oliver (1958) to 
contain forms of Metriophyllum with a calceoloid flattening; to the new subgenus he 
assigned the form Heliophyllum exiguum Billings. In his redescription of this species 
Oliver mentions the presence of a 'deep fossula on the convex . . . side which is occupied 
by a short cardinal septum'; he also describes crossbar carinae 'which descend gently 

EXPLANATION OF PLATE 18 
Figs. 1, 5, 6, 9, 10. Metriophyllum gracile (Schluter). Gerolstein area of Germany. 1, Typical external 

appearance with longitudinal ridges prominent at the apical end and concentric growth striae in the 
distal parts. MM11115, x 6.8. 5, Thin section (transverse) of a specimen in which the septa are 
slightly withdrawn from the axis leaving a narrow aulos. MM11121, x 15. 	6, 10, Thin sections 
(longitudinal) showing the deep calice with walls thickened near the base and the delicate carinae 
developed on either side of the septa, MM11124, x 5.3; 11123, x 7. 9, Specimen showing the 
attachment groove which typifies individuals from a locality 1 km. south of Gerolstein (472.644). 
MM11116, x 7. 

Figs. 2-4, 8. Metriophyllum lituum sp. nov. Combe Martin Beach Limestone (Ilfracombe Beds), 
Combe Martin, north Devon. 2, Polished section (transverse) of a paratype. Much of the outer wall 
has been abraded away but the form of the septa and carinae is well shown. MM11122, x 6. 
Holotype. MM11113. 3, Transverse section, x 6-3. 4, Median longitudinal section showing the 
horizontal carinae and steeply outward sloping tabulae, x 6.3. 8, Off-median section showing the 
regular arrangement of the carinae on either side of the septa, x 8.8. 

Figs. 7, 11. Metriophyllum bouchardi (Edwards and Haime). Middle Devonian limestones and shales 
of Ferques, Boulonnais, France. 7, Polished section of a specimen showing the early stages of 
rejuvenation. BMNH R18513, x 4. 11, Thin section (transverse) of a specimen with a much thick-
ened outer wall and axis. BMNH R16237, x 5.3. 

Figs. 12-16. Metriophyllum gracile (Schluter). Gerolstein area of Germany. All these are original 
specimens of Schltiter, in the Bonn Museum, which he named M. laeve; they are here regarded as con-
specific with M. gracile. 12, Polished longitudinal section. Bonn 162b, x 9. 13, A large specimen 
with relatively smooth epitheca. Bonn 162, x 7. 14, Thin section (transverse) of a specimen which has 
recrystallized, thus destroying the original skeletal structure and creating the impression of much 
thickened septa. Bonn 162c, x 10.75. 15, Polished transverse section of a specimen showing the 
septa slightly withdrawn from the axis and laterally in contact, thus forming an aulos. Bonn 162a, 
x 8. 16, Same specimen, showing longitudinal ridges, x 5. 
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towards the exterior' and are 'apparently limited to the peripheral zone'. These features 
suggest that the species is incorrectly regarded as a subgenus of Metriophyllum, which 
lacks a fossula, has horizontal carinae developed throughout its length (except in the 
calice), and has septa all of which reach the axis, Unfortunately I have not had the 
opportunity to examine the type material which is in the New York State Museum; how-
ever, the Museum has kindly sent excellent photographs of the holotypes, and these, 
together with Oliver's own figures and descriptions, suggest that the form should be 
regarded as a subgenus of Heliophyllum rather than of Metriophyllum. 

Metriophyllum ilitchense (Soshkina 1928) 
1928 Lopholasma ilitchense Soshkina, pp. 369-70, fig. 13a, b; pl. 12, figs. 12, 13. 

This species is recorded from the Lower Permian of the eastern Urals. Soshkina has 
compared it with M. carbonaria (Grabau) but is reluctant to make the species synony-
mous because of their wide geographical separation and the fact that they occur in 
different geological systems. Only one incomplete specimen is recorded which has an 
elongate conical form and has seventeen major septa at a diameter of 6.5 mm. ; there 
are a corresponding number of minor ones which are short and sinuous. The outer 
surface is covered by numerous spiny tubercles which are scarcely visible to the naked 
eye. Horizontal carinae typical of the genus are developed irregularly on either side of 
each septum. Soshkina specifically states that dissepiments occur running between the 
septa but that tabulae are absent. It is clear, however, from her figures that the structures 
she refers to as dissepiments are the same structures as Hill has interpreted as tabulae 
and which have been described as tabulae in this present paper; they run downwards 
away from the axis. 

Metriophyllum poshiense Mansuy 1912 
1912 Metriophyllum poshiense Mansuy, pp. 47, 48, pl. 7, fig. 8a-d. 

Grabau (1922) doubts the generic identification of this species though his opinion 
was based only on a study of the published figures. The species, which has a maximum 
diameter of 7-8 mm., shows two series of septa: the major series meet at the axis and are 
welded together with sclerenchyme while the minor series are about half as long. The 
outer wall is thick and some of the septa show a thickening which may be the result of 
the section cutting through carinae. Unfortunately the reproduction of the plate is not 
clear enough to be certain on this point. I think Mansuy was probably correct in placing 
the species in Metriophyllum. The species occurs in the Middle Devonian of Indo-China. 

? Metriophyllum sp. Smith 1953 
1953 ? Metriophyllum sp. Smith, pp. 305-6, no figures. 

Smith described a species of rugose coral from south-west Devonshire and assigned it 
tentatively to the genus Metriophyllum. The slates in which these fossils occur are thought 
to be of Lower Devonian age. All the specimens are somewhat compressed, and Smith 
did not feel justified in giving the form a specific name. I have examined the specimens, 
and I am very doubtful whether they should be referred to the genus Metriophyllum 
since carinae are completely lacking. The septa are much dilated in their axial parts 
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and laterally contiguous, thus forming a solid structure which fills most of the lumen; 
tabulae are absent. Smith suggested that the form probably represented an early species 
of Metriophyllum and this may well be, since it has already been noticed above that the 
Couvinian form, M. gracile, often shows septa which are swollen at the axis, sometimes 
with the development of a narrow aulos. (Such characteristics are also suggestive of 
Syringaxon—a fact which suggests that Lecompte (1952) is correct in placing Metrio-
phyllum and Syringaxon in the same family (the Metriophyllidae).) However, until 
better-preserved specimens become available, I prefer not to regard ?Metriophyllum 
Smith as a species of Metriophyllum s.s. 
Repositories. Corals illustrated in this paper are located in the following museums: 

The New York State Museum, Albany 1, U.S.A. (NYSM). 
The British Museum (Natural History), London (BMNH). 
The Geologisch-palaeontologisches Institut und Museum, Bonn (Schluter collection) (Bonn). 
The Murchison Museum, Dept. of Geology, Imperial College, London (MM). 

Acknowledgements. I have very much appreciated the co-operation given to me by the staffs of the 
British Museum (Nat. Hist.) and the Geologisch-palaeontologisches Institut und Museum at Bonn, 
who have permitted the loan of numerous specimens in their charge; and also the kindness of the New 
York State Museum in supplying me with excellent photographs of type specimens in that museum. 
I also express my sincere thanks to Dr. Gwyn Thomas for helpful criticism during the prepara-
tion of this paper. The help given by Mrs. J. Creighton and Miss M. Simpson in the preparation of 
material and by Mr. J. Gee in photographing it, is also gratefully acknowledged. 

REFERENCES 
BARROIS, C. 1882. Recherches sur les Terrains Anciens des Asturies et de la Galice. Lille. 
BILLINGS, E. 1860. On the Devonian fossils of Canada West. Canad. J., N.S., 5, 249-82. 
BIRENHEIDE, R. 1961. Die Acanthophyllum-Arten (Rugosa) aus dem Richtschnitt Schonecken—Ding- 

dorf und aus anderen Vorkommen in der Eifel. Senckenbergiana leth. 42 (1, 2), 77-146. 
BUTLER, A. J. 1935. On the Silurian coral Cyathaxonia siluriensis M'Coy. Geol. Mag. 72, 116-24. 
EASTON, W. H. 1944. Corals from the Chouteau and related formations of the Mississippi Valley region. 

Ill. State Geol. Surv. Rep. Invest. 97. 
EDWARDS, H. M. and HAIME, J. 1850-5. A monograph of British Fossil Corals, Pts. I—V. Palaeontogr. 

Soc. (Monogr.). 
	 1851. Monographie des Polypiers fossiles des Terrains palaeozoiques. Arch. Mus. 

Hist. nat. Paris, 5. 
GRABAU, A. w. 1922. Palaeozoic corals from China. Pt. I. Tetraseptata. Palaeont. Sinica, B 2 (1), 1-76. 
HALL, J. 1876. Illustrations of Devonian Fossils . .. of the Upper Helderberg, Hamilton and Chemung 

Groups. Geol. Surv. State New York, Palaeont., l-7 (but see Lang et al. 1940 for a full discussion 
on the date of this paper). 

HENBEST, L. G. 1931. Methods and techniques. J. Paleont. 5, 355-64. 
HILL, D. 1935. British terminology for Rugose corals. Geol. Mag. 72, 481-519. 
—1939. Western Australian corals in the Wade Collection. J. roy. Soc. W. Australia, 25, 141-52. 
	 1949. Middle Devonian corals from the Buchan District, Victoria. Proc. roy. Soc. Victoria. 62, 

137-64. 
	 1956. Rugosa. In MOORE, R. c. (ed.), Treatise on Invertebrate Paleontology, Part F, Coelenterata, 

F 233-324. 

EXPLANATION OF PLATE 19 
Metriophyllum bouchardi (Edwards and Haime). Sequence of longitudinal sections from the axis 

(fig. a) to near the outer wall (fig. p). The outward sloping tabulae are well shown in the near axial 
sections. BMNH R16242, x 4. 



Palaeontology, Vol. 7 
	 PLATE 19 

HOLWILL, Metriophyllum 



F. J. W. HOLWILL: THE CORAL METRIOPHYLLUM 	 123 

HOLWILL, F. J. W. 1962. The succession of limestones within the Ilfracombe Beds (Devonian) of north 
Devon. Proc. geol. Ass. Lond. 73, 281-94. 

1963. A note on the mode of attachment and growth of the coral Metriophyllum gracile 
Schliiter. Geol. Mag. 100, 503-6, pl. 33. 

LANG, W. D., SMITH, S. and THOMAS, H. D. 1940. Index of Palaeozoic Coral Genera. Brit. Mus. (Nat. 
Hist.). London. 

LECOMPTE, M. 1952. Madreporaires paleozoiques. In PIVETEAU, J. (ed.), Traite de Paleontologic., 1, 
419-538. Paris. 

MANSUY, H. 1912. Etude Geologique du Yun-Nan Oriental. Pt. II. Paleontologie. Memoires du Service 
Geologique de l'Indochine, 1 (2). 

MICHELIN, J. L. H. 1845. Iconographie Zoophytologique. . . . Paris. (8 parts, published yearly from 
1841-8.) Part 5,183-4, p1. 47, fig. 7. 

OLIVER, W. A. 1958. Significance of external form in some Onondagan Rugose corals. J. Paleont. 32, 
815-37, pls. 104-5. 

SCHLOTHEIM, E. F. 1820. Die Petrefactenkunde. . . . Gotha. 
SCHLtJTER, c. 1884. Ueber interessante neue Petrefakten. Verhand. Naturhist. Preuss. Rheinlande, 41, 

82-83. 
-1889. Anthozoen des rheinischen Mittel-Devon. Abh. geol. Specialk. Preuss. Thurng. Staat. 8. 
SIMPSON, G. B. 1900. Preliminary descriptions of new genera of Palaeozoic Rugose corals. Bull. N.Y. 

St. Mus. (39), 8 (Palaeont. pap.), 199-222. 
s. 1945. Upper Devonian corals of the Mackenzie River Region, Canada. Spec. Pap. geol. Soc. 

Amer. 59, 1-126. 
	 1953. Notes on corals from the Lower Devonian Rocks of S.W. Devonshire. In HENDIUKS, E. M. L., 

Geological succession and structure in western south Devonshire. Trans. roy. Geol. Soc. Cornwall, 
18, 299-308. 

SOSHKINA, E. D. 1928. Die unterpermischen Korallen von westlichen Abhang des nordlichen Ural-
gebirges. Bull. Soc. Nat. Moscou (sect. geol.), 6. 

s-rumm, E. c. 1949. Revision of the families and genera of the Devonian Tetracorals. Mem. geol. Soc. 
Amer. 40. 

WADE, A. 1938. The geological succession in the west Kimberley District of Western Australia. Rep. 
Aust. Ass. Adv. Sc. 23, 93-95. 

WANG, H. c. 1950. A revision of the Zoantharia Rugosa in the light of their minute skeletal structures. 
Phil. Trans., ser. B, 234, 175-246, pls. 4-9. 

F. J. W. HOLWILL, 
Department of Geology, 

Imperial College, 
Manuscript received 20 May 1963. 	 London, S.W. 7 



THE PALAEONTOLOGICAL ASSOCIATION 

COUNCIL 1963-4 
President 

Professor T. NEVILLE GEORGE, The University, Glasgow, W. 2 

Vice-Presidents 
Professor 0. M. B. BuLMAN, Sedgwick Museum, Cambridge 
Dr. L. R. Cox, British Museum (Natural History), London 
Dr. W. H. C. RAmsnorrobt, Geological Survey Office, Leeds .  

Treasurer 
Dr. T. D. FORD, Department of Geology, The University, Leicester 

Secretary 
Dr. C. H. HOLLAND, Department of Geology, Bedford College, London, N.W. 1 

Editors 
Mr. N. F. HUGHES, Sedgwick Museum, Cambridge 

Dr. W. S. MCKERROW, University Museum, Oxford 
Dr. GWYN THomAs, Department of Geology, Imperial College of Science, London, S.W. 7 

Dr. 1. STRACHAN, Department of Geology, The University, Birmingham, 15 

Other members of Council 
Dr. C. G. ADAMS, British Museum (Natural History), London 

Dr. F. M. BROADHURST, The University, Manchester 
Dr. W. J. CLARKE, British Petroleum Company, Sunbury on Thames 

Dr. W. T. DEAN, British Museum (Natural History), London 
Dr. C. DOWNIE, The University, Sheffield 

Dr. R. GOLDIUNG, The University, Reading 
Dr. M. R. Hausa, University Museum, Oxford 

Mr. M. MITCHELL, Geological Survey and Museum, London 
Dr. J. W. NEALE, The University, Hull 

Professor F. H. T. RHODES, University College, Swansea 
Dr. A: J. ROWELL, The University, Nottingham 

Dr. R. J. G. SAVAGE, The University, Bristol 
Dr. C. D. WATERsrox, Royal Scottish Museum, Edinburgh 

Mr. C. W. WRIGHT, London 

Overseas Representatives 
Australia: Professor Donannr Him, Department of Geology, University of Queensland, Brisbane 
Canada: Dr. D. J. McLAREN, Geological Survey of Canada, Department of Mines and Technical 

Surveys, Ottawa 
India: Professor M. R. SAHNL Department of Geology, Panjab University, Chandigarh 
New Zealand: Dr. C. A. FumnNo, New 7PAland Geological Survey, P.O. Box 368, Lower Hutt 
West Indies and Central America: Dr. L. J. CHUBB, Geological Survey Department, Kingston, Jamaica 
Eastern U.S.A.: Professor H. B. WurrmaroN, Museum of Comparative Zoology, Harvard Univer-

sity, Cambridge 38, Mass. 
Western U.S.A.: Professor 3. Wyfterr DURHAM, Department of Paleontology, University of California, 

Berkeley 4, Calif. 



PALAEONTOLOGY 
VOLUME 7 • PART 1 

CONTENTS 
Devonian corals and brachiopods from the Brendon Hills, West Somerset. 

By B. D. WEBBY 	 1 
Taxonomic criteria in .the classification of the Pennsylvanian productoid 

Juresania nebrascensis. By J. A. FAGERSTROM and. J. D. BOELLSTORFF 	 23 
A seed megaspore from the Devonian of Canada: By w. G. CHALONER and 

J. M. PETTITT 	 29 
Microplankton from the Cambridge Greensand (mid-Cretaceous). By 
- I. C. COOKSON and N. F. HUGHES 	 37 
A Probable pteridosperm nicrosporangiate fructification from the Pennsyl- 

vanian of Illinois. By T. DELEVORYAS 	 60 
Tetrapterites visensis—a new spore-bearing structure from the Lower Car- 

boniferous. By H. J. SULLIVAN and A. F. HIBBERT 	 64 
The ontogeny of Theriosynoecum fittoni (Mantell). By 1. G. SOHN and F. W. 

ANDERSON 	 72 
The, law of ostracod growth. By F. W. ANDERSON 	 85 
Serial sectioning of steinkerns.. By J. W. STANLEY 	 105 
The coral genus Metriophyllum Edwards and Haime. By F. J. W. HOLWILL 	'108 
Upper Miocene anthropoids from , the Siwalik Beds of Haritalyangar, 

Himachal Pradesh, India. By K. N. PRASAD 	 124 
The function of zigzag deflexions in the commissures of fossil brachiopods. 

By M. J. S. RUDWICK 	 135 

PRINTED IN GREAT BRITAIN AT THE UNIVERSITY PRESS, OXFORD 
BY VIVIAN RIDLER, PRINTER TO THE UNIVERSITY 






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274

