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I. THE ROCX AND ITS AMMONITI.: FAUNA. 

OVER fifty years ago an important paper on ' The Kelloway Book 
of the Yorkshire Coast' was published by John Leckenby irm 
this Sociezy's J o u r n a l . V t  dealt chiefly, if not entirely, with the 
clevelorment of the stratum i n  the neighbourhood of Scarborough. 
Prom t,his roclc he recorded over thirty species of ammonit,es, 
many of which mere new. Several of these were not figured, and 
they may be said t o  have remained almost unknown to science, 
except perhaps locally. Even of those figured it has been diffioult 
to determine from the descriptiorls and illlistrations what were 
their generic affinities-a task not altogether easy, even when the 
specimens themselves are handled. 

It is obvious from the ammonite fauna which Leckenby described 
that  the Kelloway Rock of Yorkshire comprises more than t h e  
Kellrtwaj-S Rock of Wiltshire, tha t  i t  is  in  part a calcareous 
equivalent of the Oxford Clay of the southern counties. But, a t  
the same time, this does s o t  state the whole of the  facts : for the 
ammonite fauna of the  Yorkshire stratum is not found, so far aa 
many species are  concerned, i n  the Oxford Clay of the southern 
counties ; while certain species of the  Kellaways Bock are absent . 
from the Yorkshire deposit. I t  therefore becomes of interest to. 
see what the  ammonites are, and what  zonal series they represent. 

By the kindness of Prof. McKesny Hughes and Mr. Woods of 
the  Sedgwick Museum, Cambridge, all the types of t,he ammonites 
described by Leckenby which are  in their possession have been 
sent to me for study.3 The authorities of the Museum of Practical 
Geology, Jermyn Street, London, have also sent to  me a considerable 
seriea of Callovian-Oxfordian ammonites for determination, among 
them being many species from the Kelloway Rock of Yorkshire. 
To all these gentlemen I beg to tender my best thanks. 

1 The appellation ' Iielloway ' is here used for quotations from Lcckenby or 
in reference to Yorkshire beds, and ' Kellaways' in relation to deposits in 
Wiltshire and elsewhere. 

2 Q. J. G. S. vol. xv (1859) p. 4. 
3 The intention is to figure t h e e  types in fone  future issues of 'Yorkshire 

Type Ammonites.' 
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Prom the examination of these specimens it is possible (1) to say 
what t h e  ammonite fauna i s ;  (2) to arrange the ammonites in 
groups, according to t h e  different; matrices which they exhibit ; and 
(3) to make a supposition a s  to t h e  relative order of the different 
matrices. The results arrived a t  may be stated as Eollows, beginning 
with the  bed which underlies the so-called ' Oxford Clay ' of York- 
shire, according to the s ts temenb i n  the liternture, 

T A B L ~  I.-MATRICIB AND AMII~ONITBI FAUNA OF TIIN ' KELLOWAY ROCK' 
o r  S o ~ ~ ~ o ~ o n o l r .  

Blni~h, oslcareous, with many close-paoked oolitio grains wlliol~ are 
fairly large. 

Q14o%sdadtoceras gregarizlm Bean- Lrnrhms oontermi~nrm Benn- 
Leckenby e . 

Q. ~rgidwrn &an #p. 1 Parona d~ Bonarelli, 
Aliipdoosras hirautwm Beyle. 

Grey, with a few fairly-large oolitic graiw. 

Pe~.i'aphinctse nlligatua Bean-Leokenby ep. 

Q!ie?~tsdtoosraa vertmnus Been- Sie~ i sndradak . ia~m Bean-Leokenby 

This has a bluish matrix, with oooasional feirb-large oolitio grains ; but 
there is not muuh matrix attached. 

Leokrnby ap. 
Q. aff, wtumnur 
I'achyosraa m(goemn bn-Lsckenby 

sp. 
Oppelia glabelCa Bean-Leokenby rp. 

Bloish, marly, oalcareous, with a few oolitio grains. 

S. BP* pdaw 0) ~Iemtrdski I . 
Heotbovsras OlnMIfoa~ $tovitoh. 
H, putsale Bean-Leokenby op. 

Aspidoceras .fazcatuna Bayle ap. Q. aff. gregarizlm Bean-Leckenby 
Q~~e~~atedtoceraa zrertumtbus Bean- 

Leckenby sp. 

Bluish, somewhat argillaceons, rr few large grains. 

Quenstsdtocerns lamberli J .  Sowerby sp. 
Q. jlexicostatzc~7~ Ph~llips sp. 
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TABLE XL-SPPCIXS axn S u ~ a ~ s r a n  Zo~as. 

Zones. Species. 
(t'rc,qari,~cm ........................... Qrcenstedtocer~s dissimiZe Brown sp. 

dmmo+aites fi~m$erus Phillips. 
~rnmoraittr  Zenlicz~ZuTis Philiips. 

I %rtz~~izwcs ........................... Yeridphinctes mlaji Brown sp. 
ilthleta ........................... Iiecticocerae nodosl~m J. Sowerby sp. 

do. (grey mndstone) ......... Ammorites binatus Besn-Leokenby =several 
Perimphinotean forms. 

Kce~aigi ............................. Ammoritsa rowGsto~~erzsis Young & Bird. 

These lists of ammonites total nearly sixby apecies, that is, about 
double the number which Leokenby ~en t ioned ;  yet there are 
certainly several more. 

Appended m the'oliginal ~ection ae described bp Iankenby and 
a more modern section published by Pox-Strangwar~. It will than 
be poseible to see how them compare with fhe iatrioer of the 
ammonitem, md how they oan be aolied. 

Elaa~ton I. Tna XC'.CLOWAY ROOK AT RSD UYFF (LBCKIABY).~ 

ATHLETA ZONE. 

Greyish, calcareous, oolitic. 

Peltoceras subtense Bean sp. l Bonarellia sp.=biprtita ,Quenstedt, 
p. bi@um (?) Quenstedt sp. a Amm. Bchwiib. Jura 1886-87, 

pl, lxxxv, fig. 3. 

Brown, calcareous, oolitic ; mixed with irony sand. Matrix and fossils 
much iron-stained. 

Peltoceras athleta Phillips sp. 
P. subtense Bean sp. 
P. reversum Simpson-Leckenby sp. 
P. popilzqzlum (7) Waagen. 
P. of. chauvimia?ez~m d'orbigny sp. 
P. mrrmyanum(?) Simpson-Leckenby 

Cosmocmas jasota (?) Reinecke sp. = 
elizabethcz Pratt sp., Ann. Mag. Nat. 
Hist. vol. viii (1842) pl. iii, flg. 3 (of. 
C.pollzlcinum Teisseyre, ' OR halo . 
d. Ornntenthone in Iljillan' 8itxb. g. 
Akad.Wiasensoh. Wien, vol.lxuviii, 
1883, pl. v, flg. W). 

C. jasos s inosum Quenatedt Bp., 
lAmm. khwiib. Jura 1886-87, 

BP. 
Quetzstedt&eras aff. grcgariuln Bean- 

Leckenby s a io,gpvtm genn sp. 
Cosmoccras gemmaturn Phillips sp. 

lxxxiii, fig. 28. 
C. editabetha (1)  Pratk I . op. odd. 1843, 

pl. iii, dg. 4 (of. 0, p l u n  T e i a ~ ~ y n ,  
q. oit. 1688, pl. iv, flg. 27). Xhi* 

~ o d e r a t d  oompMt irony utidrtone, 14 foot thiok, travemd b 
dbrkendveinr of' the m e  meWlio d w ~ o t n r ,  M C O I ~  wh id  
A N I ~ ~ M  a19 often plreqd, and whidh divide the fbrdf into 
meparate portion, when m atkmpt ir mule to s r b r ~ t  it. Thin 
bed ir ohrrwtedied b the prercnw of Am. K@?d@, Amfie#& 
omtattu, and ~ e h s d a a  lan ta td l .  Am. Jduostahrs ir here 
rpeoial to the bad ........................... .. ..................... 

Loom Mrbb aabd and mdrtonea, with& forilr ............... 
Bed r i m i k  to A, but muoh riohw in orgunio mmeinr, contain1 

beader Am, Konw and BekrPoltle tardlti,, Am. &kg: 
A, Gawubflw, A, U h M ,  Phokdol&ya m t h t a ,  M&& 
ploAra, Twabratrla, Orwhoa dikitata, and other rbellr. I t  

Peltoceras of, propi~squwl. Waagen. Cotmooarm duncani J.  Sowerby np. 
Luleuloceras aplagaatu?n Tsytovitoh sp. 8iemiradriE.ia aff. comptmai Pratt rp. 
L, lahusel~i Tsytovitch sp. 1 

The species below the line show a grey randatone matrix, whioh ir 
presumnbly only a less decomposed oondition of the bed. C. duncalrl 
shows the grey sandntone matrix in the ahambern, but the irony rand with 
oolitic grains outside. 

ORNAIL% ZONE. 

Grey or yellowish grey, with many ooarle grain8 whioh fall out readily. 
in Inore nodukr and oheity thbn the u p b r  cone, and itr foamils .................................................... are better prerervetl 

Compaot umdrt,one, entirely unfo~riliferoum, with the rare 
exception of a mtra Belemnite or Amnppuite in Be oentre ................................................ 9 of one of it8 huge b ooka 

'D. 
Cosmoceras of. tranaithis Nikitin. 
Qae~laledtocerae plaoairta Bimpron- 

Leckenby sp. 

Cbsmoceras compressum Quenstedt ep. 
C. rotzrndum Quenatedt sp. 
C. ornatzcnt (?) Nikitin. 

' Sbnler of' the Oxford Clay. ' Thhhisra L fiat. 
Few oolitio noduler. 

.. ....,,,,..a... 9 ............... 
3 

....................................... 6 
~ J a o n e  roft in plnoes, rometimes very Lard and 

siliceoua ; weathering into large doggers. Avicula 
in lower part ................................................ 4 

Soft sandstone and hard doggers, few fossils ............ 10 
Soft yellow sandstone with Gyphcza, etc. ............... 6 
Yellow sandy shales ................................... .... ... 8 
Grey shales of the Oornbraah! 

I I$. J. C f .  S. vol. xv (1859) p. 5. 
'The Jnrasaic Rocks of Britain: vol. i-Yorkshire' Mem. Geol. Surv. 

I \02, p. 280. 

K Q ~ I  zonn. 
Light brown, oalcareous, with many m a l l  oolitio graine. 

Proplalzulites k ~ n i g i  J. Sowerby sp. 
Pr. arcirzlga Teisseyre. 
Cadoceras (?) sp. of. chrysodlithiculjz 

Phlycticerm Ayperbdicum Situpsou- 
Leckenby sp. 

Keppleritos toriccllii Oppel sp. 
K. sp. - owerianum Phillips sp. nom 

s o w ~ ~ y .  
Waagen sp. 

C. yrewiqlgki Pompeckj. 
C. sp. nov. =lotyczuum Bean sp. pars. 

Cadocarm subLere J .  Sowerby sp., in a loose sandy matrix. 

The following Yorkshire species, which for various reasons have 
not yet been thoroughly studied, are tentatively assigned as 
under :- 
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Leckenby (op. cit. pp. 4, 5) mentions a thin band of calcareous 
pisolite a short distance to the south of Gristhorpe Bay, which imme- 
diately underlies the Oxford Clay and is 5 inches thick. He does 
not seem to have considered this bed of importance, as he does not 
mention i t  in his section. But the description seems to fit the 
matrix of the vertunznus zone: its fairly-large oolitic grains 
might well be described as small pisolites. 8uch a bed, therefore,, 
should be placed on the top of his section. I n  that position Fox- 
Strangways mentions a hard band very oolitic, and 'very oolitic' i s .  
a term which exactly describes the matrix of the gregarium zone. 
Further, Fox-Strangways sQs, of the north side of Osgodby Nab : 

'At  the top of the rook is a t,hin band of dark-ooloured oaloareous shale, with 
oolitic grains, whioh also oontains many ammonite8 inoluding a large tuberou- 
lated species. This is probably the caloareous pinolite ... ' (q, dl, p. 281). 

Thie description seems to fit the matrix of the gregarium zone. 
A large tuberoulated species ' of ammonite is very vague : it, 

might be a Comocerae, a Peltooerar, or an A8pidooeras; oertaiuly 
Aspihcerar, hirsutunz Bayle answers well to the desoription, and 
that is a speoies of the yregariwm zone. 

Assuming a general identity of the oaloareous pisolite with Rok- 
Strangways'a ' dark-ooloured calcareous shale,' then the following 
suggestion may be made as to the eoning of the seotionr given by 
the two authors :- 

Zones. Leokenby. b o ~ - S t ~ u r g w a ~ .  

] Hard band, very' oolitio. 
Soft rhaly rook, oaloarwu~. 

Athleta . . . . . . . . . 
Soft sandntone. 

B. .Sand and sandstone. Red irony rock. 

Three bed8 of nandstone. 

Beginning a t  the base :-Leckenby's bed D, whioh is above the 
Cornbrash with Macrocephalites (Macrocepltalus zone), cannot be 
assigned to any one zone on the evidence now available. His bed C 
may be regarded as forming the kmnigi zone. Above that, on the 
evidence of South of England strata, should be a zone of calloviense : 
this may be represented by Leckenby's unfossiliferous bed B ; but 
it is noticeable that Sigabcwas calloviense appears to be absent 
from the Yorkshire strata. There is evidently a lacuna here, for 
the zone of Reineckeia anceps i~ also missing. Thie zone, which is 
well shown by Continental deposits, would seem to be entirely 
absent from Yorkshire, and to have been practically removed from 
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the Callovian strata of the rest of England : the only evidence for 
it kl~own to me being a solitary &ine&ein from Wiltshire, atld 
another reported by Dr. A. Morley Davies from Dorset. Such 
isolated finds appear to indicate that  the Bone was dunuded 
except, perhaps, for a fragment or two left in pockets. But in 
Scotland a t  Uuart Honse, in the Isle of Mull, the Beineokeia- 
rr~zceps ZOIIB is repreeented by several species and many speoirnens; 
the mnterial was submittnd to me for professional work by the 
Geological Survey of kotland. 

Another Contineutal zone, that of -Ammonites coronatus (Erym- 
JLoccras coronatufit Bruguitre sp.), occurs about this horizon, above 
nncPp8. It also must have sutfered by denudation. There appears 
t o  be no trace of Eryna?toocras in Yorkshire. In Wiltshire there 
is J reprewntative, E, veyyinnldi Morris sp. this appertra to have 
been not unoommon, and is quoted from a rook-band abouQ 10 feet 
above ' Amronita jmen." Prom ther briokyard, Calvert Stetion 
(Nuckinghamrhire), I have the mme rpecies ; this exposure show8 . 
about Q0 feet i n  the 80-aalled momntzcm mode.' In the omatum 
zone of Oxford the epeoieq or ita alliea e y p a r  to be wanting; 
perhaps them strata represent only the upper p a d  of the (Idvert 
series. 

The ornatuln cone in' the Kellowg Rook of Yorkrhire ir repre- 
sented by A etraturn with cow oolitio grairu, yielding eeveral 
bpecies of Uotnroasra. Other rpoier of the genar show a more 
iron-stained matrix, whioh ir rimilar to that yielding mrey epeoier 
of lJeZtocercrr (aU2dk' gone) ; but perhaps the iron-rtaining of the 
C'osntocsrata: ir deaeptive, being due to 0ltrrtion from a euperior 
hratum. Them C m o w a t a  am remarkhbble for their lCu@ rise, 
. ~ n d  in some oases for their roburt proportions ; they are unlike the 
llsual ornatum-zone series found in the Yidlandr. And the beriea 
~t Peltoocras is more varied than in the Midlands : P. revar8um ir 
. I  very noticeable form, quite euggestive of P. transvcr8ariurn 
ciuenstedt sp. and P. touoarianum d'orbigny sp., whioh are from 
r l ~ e  Argovian. 

On the evidence of Fox-Btrangways'e seotion, where oeloareous 
~Jlaly rock follows above soft sandstone resting on the irony bed, 
1 lie zone of lamberti is next in order above that of athkta, for the 
111~1trix of the species examined and plaoed in this zone is the o111y 
lllle which seems to oorrespond with his description. Apparently, 
Il,~\verer, thero is much differenoe in the lambed zone of Yorkshire, 

I \  rompared with that of counties south of the Humber ; the former 
I much less fossiliferous than the latter. 

[bore the Zanzberti zone comes the rengye9.i zone, well developed 
I I I  I!nckingham~hire and on the Continent, andvery fossiliferous. 1 
I I . I \  c seen no evidence for this zone among the Yorkshire specimens 

I I:. N. Mantell, 'Strata. . . exposed. . . near Chippenham, &C.' Q. J. G. S. 
~ I ' I  I I (1850) p. 313 ; Ammofiites regilzaldi is figured in pl. xxx, fig. B. 
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examined ; but, as Fox-Strangways quotes Amnzonit~s C ~ P ? Z O ~ ~ C S  

from the Kellaways Rock of Yorkshire (p. 27$), and as d. 
crenatus, or rather a Creniceras, is fairly unmishakable, i t  is 
reasonable to conclude that  there is some trace of the ~enggr r i  
zotre. At the same time, the lack of the associated fauna would 
seem to indicate a poor developmer~t. Ita position is  presumably 
i n  tlie calcareous shaly rock. 

There remain yet two mat~ices, two zones, to be accounted for  
-vertunnzzis aria grec/ariwm : the former arlswers to Leckenby's 
caloareous pisolite and the latter to Strangways's ' hard band, very 
oolitic ' or to  his dark-coloured shale with oolitic grains,'which he 
thinks is the equivalent of Leckenby's rock. At any rate, Loth 
authors find this stratum, or these strata, a t  the top, close ~ lnger  
so-called ' Oxford Clay.' 

The vertumnus zone shows a fauna whiah differs oonsiderabl 
from any fauna found, so far as my experience goes, in  the  rest 
England. 

Aspido~erae fau~tum, Quenstedtoceras vertumnha, Q. d. gregarium, 
I'irchycerns rugosum, Oppelia glabelb, Siemiradzkia yoczcluvn are 
all  species which seem to be special to  Yorkshire as distinct.from 
the  rest of England, leading to the  inference tha t  the Oxford Clay 
deposits of the Midlands and the South are inoomplete. A. fauat~tm 
and S. poculum are found in Normandy, where also are found 
species of Puchyceras allied to P. rugoeocm, A.$uatum ie re- 
markable for its likenem to certain forms of Aspk ocerau found in 
the Lower Calcareous Grit (basal Argovian) of Oxford and the 
neighbourhood, but that  corresponds to a much higher stratum i n  
Yorkshire. 

The greyarium zone also shows a fauna peculiar to  Yorkshire,: 
as tiompared with the rest of England. Quenstedtoceras gregarium 
is  most like some Russian species. Q, tccrgidum and Aspidoeertie 
hirsutum are found in France. 

It is obvious that,  a t  present, it is  not, possible to say which is  
the higher of t h e  two matrices and the  two faunas. The sequence 
now indicated is n supposition ; but the calling of attention t o  
it may be the means of obtaining the required solution. I t  is 
presumed tha t  these strata represent in a general way the maria  
zone of the Normandy coast, and the likeness of Quenstedtoceras 
vertumnus to Q. rnarice favours this view. But  I have see0 no 
evidence as get for any marice fauna i n  tho Oxford Clay of the  rest 
of England.' 

A few words may now be said about the Oxford Clay of York- 
shire. Fox-Strangways (op. cit. p. 295) quotes fifteen ammonites 

Identifications of A?t~moeites marice cannot be accepted without iuvesti- 
gation: A. d'Orbigny mixed several forms. (See below, p. 164.) 
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from it, but eight of these he also gives as from the Kellaways Roek. 
Of the remainder, three more are of the age of the ' Kelloway Itock,' 
as developed i n  Yorkshire : that is to say, Amnzonites comptoni and 
A. elizubethce are species of the ornatum zone, while A ,  eugevtii 
belongs to  the athleta zone. 

This leaves only four species. Of these, two, A .  cor0&tus and 
A. vertebmlis, are, when correctly identified, species of the Lowor 
Calcareous Grit as developed i n  the Oxford dietriot. But i n  the 
top layer of Oxford Clay, s~~bjacout  t o  the Lower Ca~caredhe Grit, is 
a fuulla with several Cccrdioceras-like speciee, which are often in- 
correctly assigned to A. cordatus tlnd A. verlebrulie. Buoh a fauna, 
which n ~ u s t  be worked out another time, may be indicated by the  
citation of these species from the Oxford Clsy of Yorkshire.' 

There remain now only two speciee, A ,  vernoni' and A ,  oculatue." 
By the lrindness of the authorities of the  York Museum, which 1 
gratefully aoknowledge, the  type^ of thee, two rpecies have been 
placed in my hands for study. So far as I know, they .are quite 
peculiar to Yorkshire, They may have lived aontemporsneouoly 
with the  Uardiocerar-like speoies, or they may indioate anothar 
date.' It will not oommit us, then, irretrievably to mark the 
Oxford Olay of Yorkrhire, which ir not oontemporaneous with 
the ' Kelloway Rook,' as  being of vernoni hemera, until  t h e  faob 
onn be more aoourately ~ o e r t a i n e d .  

There i n  yet another rpeoies from the Oxford Olay of Yorkehire, 
Peltocerar istertwtum Simpvon rp.' inoorreotly assigned to the Liad 
by its author. But  it; is a derived fossil, and is pyritised, and ir, 
moreover, rp Oxford Olay form. It i r  p r o b b l y  fkam the aliikta 
zone, where that  zone ie argillaceoua and not oaloareowa. My 
thanks are due to the late Mr. T. Newbitt, P.G.S,, and the  
:luthoritieo of the Whithy Mnscum for kindly allowing me to have 
(lie type for study. 

The results of the foregoing remark0 may be stated graphically 
.IS follows (Ttrble IV, p. 160) :- 

l A flat (?thin) form of the 00-oalled 'Am. oordatus' L resumably 
. , m .  scarbwg~nds Youn L% Bird, which ie thur demribed ( l  8eol; Burv. 
~'orksbire Ooast ' 2nd edq 1828, p. 265) :-' We have a small ammonite re- 
w~nbling this A, 8 eetonensis Bean] on the side, but very flat, and with e 
~.t,llatari keel, L o u n ~  by M,,. Williamaon in the ~eoond #hale [Oxford 

Scarborough. This speuiee majr be named A. soarbocrgewsis.' 
' Geol. Burv. Yorkshire Ooaet ' 2nd ed. (1828) 1. xiv, flg. 5. 
J. Phillips, ' Cfeol. Yorkshire' vol. i (1829) &8 & pl. v, fig. 16. 

I In certain M9. lists of Jurasaic zone. *hicE I dreri up for tlib Gleologicnl 
HII lrvcay, I used the term 'pre-cordatus' for these Cardioceras strata of the Oxford 
( ' I : I ~  which underlie the Oalcareous Grit where C. cordaturn occurs. This 
~w~\ i s ional  term was necessary, because there are no correctly identified 
t~~~~~~io~iitestogiveaname. ' 

r * I'ossils of' the Yorkshire Lias ' 1855, p. 50. 



160 MR. 8. S. BUOKMAN ON [June 1913, 

TIXE-TABLE AND COXPABIEON O F  CALLOVIAN-DIVESIAN (OXFOEDIAH) DEPOSITS. 
Hemerse. Strata. Remarks. 

7 
'Yorks1iii.e. Midlands, etc. 

r uernoni ...... Oxford Clay. 1 

1 
d No evidence M a r i r  Zone of 

deposit. 

I 
C lamberti ...... 1 

I 

fauna. 1 Well developed in 
Buckin hamshire 
Upper &ford Clay. 

8' Athlrta Zone, Oxford. 
Perhap~ inoomplete. 

Clay with Uo~nwotrar, 
Oxford. 

... I callovierse Fauna and deposit Kdlawry~ h3h $t 1 
may be prenent. Kellawayo H . B , W o o d d  ; 

kanigi ....... ICelloway Rock Kellawayn Cllr~r. 
(Leckonby). H. B. Woodward., * The foregoing Table shows that the lEel lowa~ Book EL' of ~ o r k l '  

shire is, in the main, oontemporaneoue with the Oxford Ulay g 

of the Midlands and the South of England, and is therefore 
later than the Kellaways Hook of these parts. I t  also rhows that, 
according to the evidence of the Oxford-Clay fossils of Yorkshire 
cited by Fox-Strangways,' the 'Kelloway Rook' of Yorkshire .* 

1 The following table shows the zones which the ammonite npeoier oited 
by Fox-Strangways from the Oxford Clay of Yorkshire may be preaumed to 
indicate; some records have been interpreted :- 

verwoni ......... A. vernoni, A. oculatus (A. cordatus, A, vertebmlis= 
Cardioceras spp. may be higher). 

...... gregarium A. perarmatus=A~idoceras hirsutztm Bayle. 
vertzrmnus ...... A. maria=A. uertumnus. 

......... relzggeri A. crenatus= Creniccas sp. 
lamberti ......... A. lamberti. 
nthleta ......... A. binatus, A. eugenii. 
ornatum ......... A. elizabetha, A. comptowi. 

There is also A. crenularis Phill i~s,  'Geol. Yorks! vol. i (1829) pl. xii, 
fig. 22, probably a Que?zstedtoceras, and presumably from the lamberti zone. 
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only developed locally so far as certain of its beds are concerned, 
,rnd that even within the county itself i t  passes laterally into, 
: L I I ~  is contemporaneous with, the Oxford Clay. 

The idea that the Kollaways Rock and the Oxford Clay were 
always and wholly aequential depo~its, carried out in our literature 
;nld in the museum arrangement of specimens,' where the same 
5pecies are found in a lower case headed 'Kellawaga Rook' and 
in a higher ease labelled 'Oxford Clay,' i~ one which must be 
abandoned. Theee stratigrnphioal terms are misleading : they do 
n o t  indicate eequential deposits, but beds whioh were in the main 
contemporaneoue. .,All that they indionte is the lateral change 
trom arenaoeous or aaloareoua to argillaoeous oonditions. 

It is suggested that for the earlier deposits the term 'Callovian' 
be retained; the Callovian will then roughly ooinoide with the 
development of the genur Cormearar and ite alliee Keppleritss ' 

;uld SigaZoasru8. For the later depodte the term 'Divesian' 
Calvadoe) har been ruggerted to me by Prof. Welroh ; i t  ma giveet s tho 
tlevelopment of QtqwWtoearar, Whep Quututedtocdrm is replaued 
1)y Cardiowa8 (Lower W o r n o u r  Grit, Uoral Rag, and, perhepa 
in  some amer, higbert leper of Oxford Clr ) the term rhould be 
L Argooian' for Ca~d iO~acy ie ld ing  atrate foTlowit1g Diveoian. 

These term8 would be uniform; but the termr ' Oxford Clay,' 
Kellawayr Book,' etc., are urdul, if i t  be reppembered that they 

\ .iry in value in different Iocditiecr. 
It is inadvbeble to ure Oxfordian ' for Diverian, because in 

('ontiuental umge ' Oxfordian' s t a n b  mainly for Argovian (Oxford 
c )olites). 

The suggeetion illustrated in Table I V  is that the Callovian- 
1 1 1  vesian deposits are looally inoomplett, ; that the deposits of oertain 
IllLrnera have been loc~lly removed by penecontemporaneous erosion, 

I \  is usual with depositr of the Bajooian, Aalenian, eto. ; that 'a  
1 1 1  11 sequenoe of depositr can only be obtained by plaoing together 
I 1 1 1 ,  clevelopments of many looltlitie~ ; and that, to exprees the entire 
f 1 ~ l ~ ~ e n c e ,  a full table of zonal or hemeral names, suoh as is now 
1 I\lxn, is neoeeeary. The objeot of a full table of hemeral names is 
1 1 1  ol~tain a true reoord of the sequenoe of ammonite faunas m a 
1 1 1  w5sary prelude to a study of their development. 

\ theory of unrepresented zones may explain in part why the 
i ~ ~ ~ ~ ~ ~ ~ o r l i t e  fauna of oertain beds is so peculiar to Yorkehire; bnt iu 
111 1 1 1  1 cases, where zones are represented, and yet there is distinctive 
1 ~ ~ 1  ~ ~ l ~ ~ ~ r i t y ,  that explanation fails. I t  may then be necessary to 

I <III.II  statement^ have given much trouble: see J. F. Pompeckj, ' Jur. 
I ~ E I ~ ~ I [ ~ I  o f  Cape Flora ' Norwegian North Polar Ex ed. vol. i (1900) No. 3, 

I '11 The Professor rightly judges that 'the Ifellsways Rock and the 
&+I 1 9  8 I 'I.ty [of Eng1i~i.h geologists] m? be petrographically diebrent facie~ 
~ f f  111111l\1l(ally corresponding strata'; lit then h~ adds, 'and in both the 

I l t t i r  I \ -  Hock (especially that of Yorksl~ire) and the Oxfbrd Clay, the 
C Z I ,  , I !  of the Callovran, as they may be observed on the Continent, 
118 1 1  IN s~b~~arated! That statement 1s disputable : the Yorkshire specimens, 

111 1 1 1 ,  I. (l~lferent matrices, are easily separable into zones in the st,udy, and 
w l  I I I I I ~ ~  111) ~)osslble m the Geld. 
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suppose thab at times there was not free communication between 
the districts nort,h and those south of the Humber. 

I t  is now for hhe Yorlishire geologists, or those who dave the 
opportunity to work the Yorkshire cliffs, to ascertain how far the 
facts-in the field agree with this armchair stratigraphy. Here, at, 
any rate, are the suggested points for consideration ; and, if only 
building operations or slips of Boulder Clay have*not concealed the 
important beds, observation of the zonal sequence should not be 
difficult. Purther facts will be welcome, whether they oonfirm or 
contradict the present suggestions. The object is to call attention 
to the lrnowledge required, and to put forward something whioh 
may be a working hypothesis-something which may stimulate the 
attainment of further knowledge. 

Examinations of old colleotions may be ureful, but i t  muet b% 
remembered that the labels of looalitiea in oolleotions are no& to be 
trusted. Yorkshire and Wiltshire specimene have been mixed, and 
specimens from the Scarborough Limestone (Bajooiae) and scar- 
borough ' Kelloway Rock ' have been interohauged. But they can 
all be separated by examination of matrioer : the matrix is really- 
the most trustworthy label that a fossil possessos. 

111. PALBORTOLOBI~AL REIM ARK@. 
I J 

Aarnro~r~Es onDIwaRIus Be&n-Leokenby (Leokenby, p, 8), I 
have reason to think that thia is not a 'Kelloway Rook' r e ,  
but is from the Calcareous Grit, and has been wrongly p-! 
and perhaps wrongly localized. If so, it is a Cardioosms more or  
less nearly identical with Am. golitrthttr d'orbigny (pl, oxovi, 
figs. 1 & 2 only), and i t  may be a synonym of Nautilus nrnmonoldp 
Young t Bird.' 

CADOUERAB ORBWINOKI P~mpeckj .~  This epeoiea is hardly a true 
Ccrdocsras, but i t  belongs to a se r i e~  whioh in form and appearance 
is intermediate between Cadoceras and Quenutcdtoceras. This speoies 
and its allies occur in the Kellaways Rock of Kellaways, and have 
been placed sometimes as Ammonite8 nta,,ice d'orbigny. The 
' Bussian variety ' which he figures by that name "belongs to the 
grewingki series, but the other examples are quite distinct (see 
Q. ntaria, p. 164). 

CADOCERAS, sp. nov. Some of Bean's examples of Am. longllevw 
belong here as a much compressed ally of C. yrezuinglci. The form 
is also near to Quenstedtocevas primigenium Parona & Bonarelli: 

CADOCERA~ SUBLEVE J. Sowerby sp. By this name is intended 
the small form figured in the lower right-hand corner of Sowerby's 

1 ' Geol. Surv. Yorka. Coast ' 2nd ed. (1838) p. 271. 
2 ' Jurn-Fossilien aus Alaska' Verkandl. K. Russ. Mineral. Gcsellsch. ser. 2, 

vol. xxxviii (1900) pl. r i ,  figs. 1-3. 
' Terr. jurassiques : C6phalopodes ' 1842-49, pl. clxxis, figs. 7 & 8 only. 
'Call. inf. Saroie' MBm. Acad. Sayoie, ser. 4, rol. vi (1895) pl. ii, fig. 4. 
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])late (' Nin. Conoh,' vol. i, 1812, pl, liv), leaeing the more globular 
thrm as a matter of ronvenienee under the name C. modiolare 
I,l~yrnd-cl90rbigny sp., of which A, d'Orhignyls figure1 would be 
the type. 

Prom Gristhorpe Bay I have a fragment of C. su62ceue as above 
defined. -It is from a matrix of looee smd, suggesting Leokenby's 
11cd B, but he saya that this ia unfossiliferous, 

C. sublceve (+modiolore) would appear to be easily identiflablo ; 
but in one oase i t  has been very much misunderstood (see below, 
Pnc?iyoeraa robwtqm). 

P ~ o a r c s t l ~ r  auoosvv. Boan'a Ammenites ~ugo8us is a speoios of 
the rare genum Paohyceras, differing muflcie8ly from A. ZaZundeanzw 
cl'orbigny, I oannot reoall any other reoord of an English speues 
of the gennr,, . 

P~o~zormarr ~roaunluw, nom, nov, ThL ir founded on B& h a o -  
rrraa &v6 B. E.-wongohamp, ' Form. Oxford. OdL 
Xotes PalBontolggiquea,l od. ii 
fig. 4 ar the t pe. Prof. 
is not identioaldth Borerby'@ Am, 
seo that it b not a O&wcu, for L h u  drlanitoly Wiped it ta 
that genrir, However, the rtrright mauive ribr and the nodorcr 
ornament rtrqog on the umbi l id  border #how thet it ir not a 
C(~cctloow : it bdungr to bho geaun AMyorr~ ,  md We thic genur 
but unlike Oadoarrd it beoomer lerr inflrtsd with we. 

P. robcwdum ir near to P. mgo)um, but har more pronounoed 
ornament and strong umbilioal nodositier, of whioh P, rug~lmt 
shows ouly traoes. P. rugosum ir rloo thinner. The position 
of P. rohwtum, Zamberti bed8 of Villerr-rur-Mer (= lamberti- 
g/,.eqarium zones, perhaps, of this paper), ir aorrect for a Paalt?p 
,.eras, but ir inoorreot for a Octdoaernr-a gmus whioh belong to 
I he Lower Oalloviaa. 

P. robwiurn rhows thab the genur Pwhyasrar ir an offrhoot of 
the genur Eryrnnooeras : the study of P, rugorurn had already led 
rne to form the same oonolusion. P. robwtum, P. rugonurn, 

, 1'. lalandeanum form in this order a good aatagenetio series, in 
which ornament and thickness are deoreaeing. ' 

The identification of P, robwtum with Ammonites sub2llevis and as 
I Carloceras is good testimony to the deoeptivenese of homceomorphy 

1 1 1  certain caeee, and the likeness thus testifled to is an example of 
L I nther unusual form of hommomorphy (see IV, On Development 

A Homceomoq)hy ' p. 166). 

~ E L T O C E R A B  MURRAYANU~~.  There must be some error in Simpson's 
~ll,scription given by Leckenby (op. cit. p. 10). To describe a 
I~,.cies of this genus as 12 inches in diameter but only three- 

( ,  11:trters of an inch thick, must be incorrect ; yet the description 

1 ' Terrains jurassiques : CQphnlopodes ' 1842-49, pl. clxx. 
C Jurassic Fauna of Cape Flora ' Norw. North Polar Exped. vol. i (1900) 

2 , )  2, p. 79. 
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as they become invol~lte and more aged ' they lose inflation, and by 
this criterion they may be distinguished from the preceding series 
of genera. 

NOW, wheb one series is travelling from thin to thick and another 
from thick to thin, there is every pos~ibility of their reaching a 
median collision-point, thus :- 

Thin Thick 
R, .H 

~ h i n  Thick 

At the median point, given aertain faotora, there would @- 
homceomorphy : not the homaeomorphy of rubparallel liner of dQiL 
velopment as in the flret-quoted genera, but the more internetin-. 
and, by the nature of the oaee'rarer-phenomenon of h~masomorp~lr 
of crossing lines of development. The very interslting w e  4 
Pachyceras robusturn arid Cadoaemn rubkrvs menMoned above (p. 16@ 
is an example, and a very good example, of suoh homoeomorph~ 
It caused incorrect identification and, i n  ooneauenoe, an un-i 
warranted exteneion of the zonal range of Oadooew. 

Homceomorphy of the flret kind may be called y a r a l l 4 '  
homceomorphy, that of the second t r a n s v e r s a l  homoeo- 
morph  y : these terma refer to the mallner in whioh the phmo- 
menon was produced. I soohronous  and he te roohronoue  
hom ce omor p h  y state whether the homoeomorphoue epeoier lived 
in the samc or a t  different times. 

There is yet another mode of produoing homceomorphy, and thin 
may be called cycl ioa l  homceomurphy. It ariaer when a 
species in the course of ita development retraoee itr traoke : that ie 
to  say, when a species showing a catagenetio stage ape8 onesin an 
anagenetic stage. For examplb, an anagenetio epeoiee ie m the 
pre-tuberculate oostate stage, the catagenetio speoieu is in the 
post-tuberculate oostate stage. The position may be illustrated 
diagrammatically thus :- 

W 

The circles represe~lt the main stages of the two species whioh 

1 There notild be renewed evolution (outcoiling) in extreme old age (incipient 
scaphiticone stage). 
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look like enough t o  be confused (are homceornorphous) until they 
are analysed ontogenetically, which is not always done. 

Such a heterochronous case, partly concerned with species dealt 
with in the present paper, is not of the most striking kind, but it 
deserves mention ; it is the case of the young coetate Pettooeras, 
like enough to DactyZiooe~-as of the communis type to cause the. 
former to be solnetimes labelled as the latter and relegalod to the 
Lias. Now the former ie anagenetio (renewed anagenetio, perhape), 
it  is in the pre-tuberoulate oostate stege; the latter is oatagenetio, 
it is in the poet-tuberculate ooetate stage. 
By attention to tfte various phases of homwomorphy the apparent 

tangle of ammonite rpeoiee and the apparent anomalier of strati- 
graphioal reoords are found to come into definite ordor, Then i t  ie 
seen that the many names for genera and r eaiee are insuffioient to 
cxpress bbe hots, and Chat more n m e e  wi give a olemr yiature . P; 
of t'he linee og evolution-that Bhey are e reel holp to the memory, 
311d not a hindran011, 

> 
DI~UUMIOS~ 

Mr. J, W. ~ T A T I Z I I ~  remarked that  the bedo from whicfr the old 
colleotione wow oMunrd ur now insaoeuible, bdn6 mrd by 
building8 at &arborough and by l andd ip  at GirieUorpe. T h w  
fossiliferoue bd8 o u u r  in the uppermoat porb of the Xellawa r 
ILock, the of U* formation bing ynobiaily U&- 
~feroue. H e  mentionad b b b  the bat opporWp fpr abdrfoix~# 
ICellawspe foeoilr in Yorklire,  during recent y rd, WM in the 
c,ntt,ing on the Hull & Barneley Bailway a t  Bout 71 Cave, and he 
llopcd that the Author would examine the oolleotions made by 
I ile local geologists from that looality. 

Mr. L. F. SPATH oongratulated the Author on hie most in- 
I l-resting paper and the Sooiety on reoeiving that valuable yeleeon- 
I  logical oontribution, 'When he thought of the etate of hopelesu 
4 onfusion in whioh Hyatt had left the olarrifloation of there 
( tllovinn (as, indeed, of all other) ammonitee, putting euoh oloeely 

I i l~ed genera as, for example, Xi  aloaerae and Keppleritar, or 
i,',~,~~mnocema and Rei~alceia, not on y into different families, but 

C l I ff'orerlt super-families, and *en he remembered the misdoings 
( 1 1  the Frenoh sohool, who a t  the present day included in  the 
c )\fordian genus Pa~hycerae~ so ably traoed by the Author that 
1 ~blling, even certain Portlandian holoostephanoids, he felt that 

1 1 1  l)alreontologists must look forward to a study of the details of 
I I I I ., paper with the greatest interest. 

\ point to which he desired to draw attention was the use of the 
1 c . 1  111s Cal lovian  and Oxfordian .  There was hardly a strati- 
, I I l , l~ical term which was employed less definitely and less satis- 
I I orily a t  the present day than those terms Callovian and 
I \ ( ' I )  r d ian ,  not only on the Continent, but also in  this country. 

1 I I I 11% great London museum, for example, even Kimmeridge-Clay 
I I I  tll,,r~ites were labelled Oxfordian.' I n  the speaker's opinion 
o , J .  G. S. No. 274. W 
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the Society was greatly indebted to the Author for his table of zones,. 
which indicated how t,he terms Cal lovian and Oxfordian,  or 
preferably D ivesian, might profitably be employed, His classi- 
fication was not the orthodox one, but it rested on a sound 
palaeontologioal basis. 

Dr. A, M. DA~IXS said that those geologists who were interested 
in the Upper Jurassic strata should rejoice in the knowledge that 
the Author was turning his attention to the zoning of those rooks. 
I t  was certain that the number of Upper Jurassio eonea WO& 
have to be increased. 

The PRESIDBNT (Dr. A, STRAHAX) reminded the meet,ing that the 
relations of the Kellaways Xock of Yorkshire to the Oxford Ulay,. 
arid the faot that i t  was not strictly correlative with the Kellawayr, 
Book of Viltahire, had been pointed out by the late Mr. Hud10stmf 
many years ago. He cnquirod whether i t  was contemplatdd th& 
the miespelling ' Kelloway ' oould or ought to be 
The phenomena described under the names of o y alioal  
versa1 homcaornorphy appeared to be of grcat in 
deserve close scrutiny. 

The AUTHOR, in reply, remarked that the spelling 'Be l low 
Rock' was not his, and he had merely adopted e~y~ggeation 
he believed in the firet pIace, by the late Mr. Hudleeton, % 
'Kel loway Bock '  for the Yorkshire bed and 6Xellawey.$k 
Rock ' for the more limited Wiltahire atraturn, as E tempotaw 1 
measure. I n  conolusiou, he heartily thanked the Fellows for WE 
kind reception of his paper. 
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