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THE LIAS AMMONITES

OF THE

BRITISH 1SLANDS.

Berore describing the Ammonitidee of the Lias I purpose giving a short account of
the several zones of life into which this great formation is divided, with the view of
defining their statigraphical distribution in time and space. More ample details on the
subject will be found in the various works cited in the synonyms prefixed to the
description of the different zones.

English geologists divide this formation into Upper Lias, Marlstone, and Lower Lias,
but these subdivisions require additions and modifications in order to place the liassic
beds of the British Isles in strict correlation with those of France, Switzerland, and
Germany. For on the Upper Lias clays, in certain localities, are superimposed extensive
arenaceous deposits, which, previous to the publication of my memoir on the Upper Lias
Sands,' were grouped with the Inferior Oolite, and in the Lower Lias are included
several beds of clays and marls which, with the Marlstone of English authors, form the
Middle Lias of Continental geologists.

Taking the Lias beds so well exposed in their natural order of superposition in the
north and south of England in the magnificent sections on the Yorkshire and Dorsetshire
coasts, and naming each group of beds by the most characteristic Ammonite form
contained therein, we find the following zones of life, taken in descending order :

Tue Upper Lias.—The sands® forming the upper portion of this zone, are charac-
terised for the most part by Ammonites belonging to the groups Harpoceras and Lyto-
ceras, as Harpoceras opalinum, Rein., H. radians, Schloth., H. Thouarsense, d’Orb.,

U « Palzontographical and Stratigraphical Relations of the so-called ¢ Sands of the Inferior OQolite,’”
¢ Quart. Journ, of the Geological Society,’ vol. xii, p. 292, 1856.
? Midford Sands, so named by the late Professor Phillips in his ¢ Geology of Oxford and the Thames
Valley,’ p. 118, 1871.
1



2 THE LIAS AMMONITES.

H. insigne, Schiibl.,, with Zyfoceras jurense, Ziet., L. kircinum, Schlib., The clays
forming the lower part of the zonme are everywhere distinguished by Harpoceras
bifrons, Brug., H. serpentinum, Schloth., and numbers of the group Steplanoceras, as
Stepk. commune, Sow., S. anguinum, Rein., and 8. fibulatum, Sow.

Tue MippLe Lias.—This is divisible into five -zones, each characterised in descend-
ing order by—1. Amaltheus spinatus, Brug. 2. A. margaritatus, Mont. 3. Aegoceras
Henleyi, Sow. 4. Amaltheus Ibex, Quenst. 5. Aegoceras Jamesoni, Sow.

Tre Lower Lias is divisible into seven zones. These are—1. Zone of Arictites
raricostatus, Ziet. 2. Amaltheus ozynotus, Quenst. 3. Arietites obtusus, Sow. 4. 4.
Turneri,Sow. 5. 4. Bucklandi,Sow. 6. Aegoceras angulatum, Schloth. 7. Aegoceras
planorbis, Sow., reposing comformably on the Avicula conforta series.

Complicated as these subdivisions may at first sight appear to those who have been
accustomed to regard the Lias formation as a great clay deposit, with a uniform fauna
throughout, still their accuracy may be clearly demonstrated in the extensive section on
the Dorsetshire coast, extending from near Bridport Harbour on the east to Pinhay Bay
on the west. For within these limits the entire series of beds rise beneath each other on
the shore, and are exposed in the cliffs, so that this coast section may be said to be com-
plete from the great arenmaceous deposit of Upper Lias Sand, containing Harpoceras
opalinum, with each succeeding zone of the Upper, Middle, and Lower Lias, down to
Aegoceras planorbis, and its Ostrea series, resting on the Awicula contorta beds of the
Trias formation.

In the following table I have placed the different zones of the English Lias in corre-
lation with those of Germany, so well described by Professors Quenstedt, Oppel, Fraas,
and others ; those of France by the late M. A. d’Orbigny, and those of England by Sir
R. Murchison, Sir H. De la Beche, and the Rev. W. D. Conybeare.

This table likewise shows how completely the whole Lias formation is represented in
England, and how nearly it corresponds bed for bed with the Wiirtemberg series. I
shall now describe the different zones in ascending order, commencing with the zone of
Avicula conlorta. ’

As much difference of opinion formerly prevailed regarding the true position of the
Contorta zone, I have deemed it best to give a short account of the beds in question
for the purpose of showing how distinct their lithological and paleontological characters
are from those of the true Lias formation which rests upon them, and how necessary it is
to clear away all doubts as to the true affinities of these beds before entering upon the
study of the Lias formation which forms the subject of this introductory part of our
Monograph.



CORRELATION OF THE LIAS BEDS.
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4 THE LIAS AMMONITES.

THE ZONE OF AVICULA CONTORTA.

Synonyms.—Von Buch, * Schicht mit Gervillien auf der Gruber Alp am Sctzberge
in den bayr. Alpen,” Denksch. Akad. Wissensch. Berlin, Jahrg. p. 82, 1828. Alberti,
“ Versteinerungsreicher Sandstein von Tébingen,” 1834. Strickland, ¢ Calcarcous Sand-
stone with Pectens, and White Micaceous Sandstone with Bivalve Shells.”” Procecdings
of the Geological Society, vol. iii, p. 586, 1S42. Portlock, ¢ Shale” with Avicula
contorta and *“loose gritty marl ” containing Pecten Valoniensis, Report on Geology of
Londonderry, pp. 126, 127, 1843. Brodie, *“ Pecten-bed,” Fossil Insects of the Secon-
dary Rocks, p. 58, 1845. Quenstedt, ““ Gelbe Sandsteine,” Flozgebirge Wiirttem-
bergs, 1846. Emmerich, * Gervillien-Schichten,” Neues Jahrbuch, p. 437, 1849.
Schafhiiutl, “ Schiefergebilde der Wetzsteinformation mit Gervillien,” Geognost.
Untersuch. siidbayrischen Alpengebirges, 1851. Von Hauer, *Kdéssener-Schichten,”
Jahrbuch der k. k. geologischen Reichsanstalt, p. 733, 1853. Escher, * Oberes St.-
Cassian.,” Geologische Bemerkungen iiber Voralberg, 1853. Giimbel, Gervillien-
(Kossener-)Schichten in der Griinten,” Geognostische Skizze, 1856. Oppel and Suess,
‘“ Kossener-Schichten,” Sitzungsber. Akadem. Wissenschaft. Wien, vol. xxi, p. 525,
1856. Oppel, “ Késsener-Schichten,” Jura, p..290, 1856. Winkler, “ Die Schichten der
Avicula contortainner- und ausserhalb der Alpen,” 1859. Oppel, “ Die Zone der Avicula
conlorta,” Wiirttemberg. natur. Jahreshefte, p. 315, 1859. Lyell, ** Infra-liassic Strata
of Austrian Alps,” Supplement to the Manual of Geology, 5th ed., 1857. Suess, “ Kdss-
ener-Schichten,” Ueber die Brachiopoden, &c., 1854. Jules Martin, ¢ Infra-Lias”
(pars), Paléontologie stratigraphique de I'Infra-Lias du Département de la Cote-d’Or,
Mém. Soc. Géol. France, 2 série, vol. vii, 1860. Stoppani, Essai sur les condi-
tions générales des couches & Avicula contorta, 1861, supplement i l’essai 18063.
Alphons v. Dittmar, Die Contorta-Zone ihre Verbreitung und ihre organischen
Einschliisse, 1864. Reuevier, Notices géologiques et paléontologiques sur les Alpes
Vaudoises, p. 1, 1864. Dumortier, « Infra-Lias, zone & dvicula conforta,” Etudes Paléont.
sur les Dépots Jurass. du Bassin du Rhone, tom. i, p. 6, 1864. Boyd Dawkins,
“ Rhaetic Beds,” Journ. Geol. Soc., vol. xx, p. 396, 1864. Das Rhiit in der Umgegend v.
Gottingen, L. Pfliccker y Rico, Berlin, 1868. Brauns, Die untere Grenze des Jura und
die ihr zunichst liegenden Triasschichten, p. 22, 1871. Tate and Blake, Yorkshire Lias,
“The Rheatic Series and the relations of the Lias with the Keuper,” p. 30, 1876.

The Avicula conforfa beds, as proved by the above list of synonyms, have for forty
years engaged the attention of geologists, who, after much discussion as to their
true place in the series, are still divided in opinion as to whether they ought to be
considered the upper portion of the Keuper or the basement-beds of the Lias. It is
now generally admitted that the facies of the fauna of the Avicula contorta zone has
more affinities with the Kossener-Schichten of the Tyrol and the Upper St.-Cassian beds
of Germany than with the true Lias, and it can be demonstrated that most of the

species of Radiata, Mollusca, and Fishes, found in the Avicula contorta beds, are special
to them, and do not pass into the Lias.



ZONE OF AVICULA CONTORTA. 5

The question where does the Lias formation commence is easier asked than
answered, for between the uppermost beds of the grey marls of the Keuper and the
lowest true beds of the Lias is a remarkable assemblage of strata, which I long ago
described as the “ AvicuLa coNTorTA BEDS,” from that shell forming their leading fossil.
Typical sections of the Contorta series are exposed at Garden cliff, Aust cliff, Penarth,
and Watchet on the Severn shores; at Weston, Keynsham, Willsbridge, and Salford,
near Bath, and at Puriton, Uphill, and Wells in Somersetshire, as well as in many other
localities. In the upper part of the series are dark-grey shales interstratified with bands
of limestone containing Avicwla conlorta, Cardium Rhaeticum, Pecten Valoniensis, and
Schizodus elongatus ; and in the lower part the Bone-bed, consisting of hard dark
siliceous grit, charged with bones, spines, teeth, and scales of Fishes belonging to the
genera Nemacanthus, Acrodus, Sargodon, Hybodus, and Ceratodus, with bones of Reptilia
belonging to the genera Ichthyosaurus and Plesiosaurus, and the teeth of a small
Mammal, Microlestes antiquus, Plieninger.

As no sketch of the Lias formation can be said to be complete without its relation
to the Trias below and the Jurassic rocks above being clearly defined, I shall briefly
describe some type sections of the Avicula contorta beds in which the relation of these to
the base of the Lias is very well shown.

GARDEN CLIFF, NEAR WESTBURY-ON-SEVERN.

I made a detailed section of the Avicula contorta beds of Garden Cliff, near West-
bury-on-Severn, many years ago, as it affords one of the most typical profiles of the zone
known to me, and that best situated for study, and 1 recommend its careful examination
to all who wish to know this series, as each stratum emerges in succession by the river
bank, and can be measured and searched for its fossils, as it rises in the cliff at a low
angle. The Rev. W. D. Conybeare® gave a section of this, which he called ““ Westbury
Cliff, on the west bank of the Severn,” for the purpose of illustrating the lower beds of
the Lias formation, which reads as follows :—

Ft. In.
White Lias . . . . . . 100
Blue shale passing into Marlstone . . . . 10 0
Black shale with iron-shot fissures . . . 12 0
Green siliceous grit, highly micaceous, and containing abundant bones,
well known here and at Aust by the name of the Bone-bed . 1 0
Black shale 2 0
Green grit . 0 6
Black shale . . 2 0
Greenish Marlstone decomposing into balls . . . 18 0
Red marl of the new red sandstone formation 0 0

1 ¢ Quart. Jour. Geol. Soc.,’ vol. xvi, p. 378, 1860.
2 «Geology of England and Wales,” p. 263, 1822.



THE LIAS AMMONITES.

The outline of the above agrees in some respects with my section, but the naming of

the beds and the absence of their fauna, renders it valueless for the purpose of correla-
tion with the many other exposures of strata of the same age throughout Europe.

The cliff should be reached about ebb-tide, as this will afford ample time for
examining all the beds as they rise from the shore line.

The Estheria-bed* must be

diligently searched for its special Crustacea. The Conforia shales and Cardium shales
contain an immense number of small shells, much compressed ; and it will be necessary
for the student to carry with him a thin solution of gum arabic and a hair pencil, so as
to give the fossiliferous slabs he extracts a coating of the solution whilst the shells are iz

sitiiy and allow them to dry in the sunshine, otherwise he will fail to preserve the
treasures he gathers from these brittle paper-like strata.

Detailed Section of Garden Cliff.

THICK-

No. LiteoLoGY. NESS. PAL£ONTOLOGY.

ft. in

1 | Brown or grey hard limestone with Modiola minima, Ostrea liassica, Protocardium,
numerous shells ...................... 0 4 Pleuromya.

2 | Thin brown shales containing Fishes’ Fish remains, scales, and teeth ; genera indeter-
scales and teeth .................... .. 2 0 minable.

3 | Cream-coloured fissile argillaceous lime- Monotis decussata, Anatina precursor, Myacites
stone, the Monotis-bed ............... 0 4 musculoides, Gervillia precursor.

4 | Indurated brown marls, clayey and Fishes’ teeth and scales are seen on the split
shaly in parts ....................... 3 6 laminee.

5 | Grey fissile marls, with thin pyritic Fossils in the limestone bands, but indeter-
limestone bands ........................ 3 0 minable as to species.

6 | Light grey, nodular, marly limestone, Estheria minuta, var. Brodieana, Jones, found in
Estheria-bed ............................. 10 nests in the hard limestone.

7 | Chocolate-coloured shales, laminated Avicula contorta, Pecten Valoniensis, Cardium
and friable, containing many seams of Rhceticum, Azxinus cloacina, Lima preecursor,
compressed shells, which must be Neoschizodus posterus, Pleurophorus, Mya-
examined when exposed ............... 70 cites, Modiola, and Gasteropods indeterminable.

8 | Dark shaly clay with many seams of Pecten Valoniensis forms an upper Pecten-bed.
compressed shells, and two indurated Pullastra arenicola, Axinus, Cardium Rheti-
bands containing Pectens ............ 2 0 cum, and Pecten Val. Lower Pecten-bed.

9 | Dark grey contorta shales with seams Aricula contorta compressed with Awinus, Car-
of shells .. ..., 2 6 dium, Pecten, &c.

10 | Dark brown paper-like Cardium-shales Cardium Rheeticum in great numbers, Pecten
with many seams of shells ............ 7 0 Valoniensis, dxinus, Ophiolepis Damesit.

11 | Bone-bed calcareo-siliceous pyritic band | 1 0 | dcrodus minimus, Nemacanthus filifer, Ilybodus
forming an osseous breccia in parts | 0 6 minor, Gyrolepis tenuistriatus, Saurichthys
with a clay bed between ............... 01 apicalis, Sargodon tomicus, Avicula, Arinus,

Pullastra.

12 | Black shales ...............cooveiiunin.n. 1 6 | Non-fossiliferous.

13 | Dark grey, micaceous, ripple-marked Avicula contorta, Cardium Rheeticum, Pullastra
sandstone, forming ledges ; the Pul- arenicola, Modiola minima. Yishes’ teeth.
lustra bed.....c......cocooiiiiiiini, 1 0

14 | Darkshales ...l 1 10 | Non-fossiliferous,

15 | Lower Bone bed, dark and gritty sand- | 0 4 | Acrodus, Sargodon, Gyrolepis, Avicula contorta,
stone, with teeth .................... ... Puliastra arenicola.

16 | Dark laminated shales .. .................. 1 4 | Teeth, scales, coprolites, &c., at base.

17 | Grey marls of Keuper quosstherous

! Rupert Jones’* Monogr. Fuss. Estherix,” Pal. Soc. vol. for year 1860, p. 70, &c
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AVICULA CONTORTA SHALES.

GREEN AND GREY MARLS.

RED MARL.

N

ZONE OF AVICULA CONTORTA.

Fic. 1.—4 Vertical Profile of Garden Clif.

: minima, Ostrea Liassica.

1 Bed.  Monotis de , Myacites loides, Modiola
ima.

teeth and scales, in brownish shaly marls.

sile marls.

\Bed. Estheria minxta, var. Brodicana.

arl and shales, with seams of comyreued lhelln Canlnun
lem, Anatina, Pleurophorus, Myacites, Mod

Bed. a. Pecten Valoniensis.

3ed. &. Pecten Valoniensis.
1 Shales. dricula contorta abundant, shells crushed.

1 Shales. Cardium RAeticem ahundant, crushed.

d. a. Teeth of Acrodus, Gyrolepis, Nemacanthus, Sawrick-

aBed. Cardium, Avicula, Pullastra.

:d. c. dcrodus, Sargodon, Gyrolepis.

cales, and other ichthyic débris, with Coprolites.

y marls, with conchoidal fracture, unfossiliferous.

ine.

Alternating beds of Red, Grey, and Whitish Marls.



8 THE LIAS AMMONITES.

Fie. 2.—4 Vertical Profile of Aust CUif.

AVICULA CONTORTA SERIES.

KEUPER MARLS.

Figs. 1 and 2 were drawn by my friend Robert Etheridge, Esq., F.R.8,, to illustrate papers published
in the ¢ Trans. of the Cotteswold Naturalists’ Field Club;’ he has kindly allowed me to use them bere ;

and my friend Dr. Paine, F.C.P., Hon. Secretary to the Society, has given me the use of the woodcuts.
To both-old friends I return my best thanks.



ZONE OF AVICULA CONTORTA. a

Avust CLIFF.

If we proceed from Garden Cliff down the Severn, the next section of the Avicula
contorta beds is met with at Aust Cliff, so long famous for its Bone-bed and the large
number of Cerafodus teeth which from time to time have been collected therefrom.

My old friend, the late Mr. Willliam Sanders, F.R.S, of Bristol, many years ago
carefully measured this section, a matter of much difficulty from the mural character of
the escarpment, and the result of his labours was published by Sir Henry De la Beche,
in his valuable memoir on the geology of the South-west of England,! Buckland and
Conybeare having previously published a section of the cliff in their memoir on the
south-western coal-district of England.?

In the upper part of the section are found about three feet of grey argillaceous Lias
Limestone, containing Aegoceras angulatum, Schloth., Lima gigantea, Sow., Lima anti-
quata, Sow., and Modiola Hillana, Sow., representing the lower beds of the Lima-series.
Below these are nine beds consisting of grey marls and argillaceous limestone repre-
senting the zome of Aegoceras planorbis. The lowest limestone bed of the series
contains scales of Fishes, elytra of Insects, with Modiola minima and Terebratule ;
this rests upon eight feet of grey, light-coloured marls, with nodular limestone, the
equivalent of the Ostrea-beds and White Lias series, of the strata numbered two to
six inclusive in the detailed section of Garden CIiff (p. 6). The Cotham Marble caps
the marly beds, and this well-known singular band forms the base of the Ostrea-series.
The gap in the section is intended to represent a space of thirteen feet which could not
be satisfactorily examined. Below this space five feet of thinly laminated black shales
are exposed, and beneath is a five-inch band of hard grey limestone, containing scales of
Fish, Pecten Valoniensis, Placunopsis alpina, Plevrophorus elongatus, representing the
upper Pecten bed of the Garden CIliff section, &c. ; this band rests upon another bed of
black shales, eight feet in thickness, containing seams of shells. Here are found
dvicula contorta, Cardium Rheticum, Pullastra aremicola, Axinus, Anomia, &c. The
fossils are very numerous, but much compressed, and determined with difficulty. The
Contorta-shales rest upon a second or lower Pecten-bed, consisting of a hard grey shelly
limestone, eight inches thick, containing Avicula contorta, Cardium Rhaticum, Pullastra,
Azinus, Anomia, &c., in fact ‘all the same shells that are found in the black shales above.
Beneath the limestone band is another bed of black shales, four feet thick, intersected
by thin, inconstant, indurated bands, containing Fishes’ scales, &c. The shales rest
upon the true Bone-bed, which is here a most remarkable band of dark-grey, crystalline,
calcareo-siliceous rock, containing nodules of marl, masses of dark coprolitic matter,
bones of Saurians, teeth of Ceratodus and other Fishes, in fine preservation. Its thickness
varies from two to eight inches, and it rests upon a thin band of dark shales, to which
succeeds a yard of grey sandy marls, containing hard concretionary nodules; beneath
are bands of hard sandy marl, resting upon eight feet of pale-grey arenaceous marls,

1 ¢ Memoirs of the Geological Survey of Great Britain,’ vol. i, p. 253, 1846.
2 ¢ Geological Transactions,” 2nd series, vol. i, pl. 37, 1824.
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having at their base a nodular band of similar marls, passing into a thick bed of sandy
marlstone, six feet six inches thick, and forming the base of the Avicula contorta series,
which rests on nodular greenish marls, thick-bedded and red-striped, fourteen feet thick,
and next a thick mass of marls fifty-two feet thick, having a conchoidal fracture ; then
follow the gypsiferous series, containing fibrous gypsum, in string-like lines, for twenty-
five feet six inches, having at the base twenty feet of red sandy marls, the whole resting
upon highly inclined strata of the lower portion of the Carboniferous Limestone, which
here forms the bed of the Severn.

PeNarTH CLIFF.

At Penarth Head, near Cardiff, a magnificent section is exposed, showing the Lower
Lias and Avicula conforta beds resting on the variously coloured marls of the Keuper.
The lowest half of the cliff is a roll of the same beds which occur at Garden Cliff, forty-
four miles higher up the Severn. The upper part of the Head is composed of alternate
beds of shale and limestone with Arictites Turneri, Cardina ovalis, Gryphea arcuata, and
Pentacrinus tuberculatus, fifteen feet thick, which overlie the Zone of Arictites Bucklands,
consisting of alternate beds of limestone and shale, which attain from fifty to sixty feet in
thickness ; and contain Lima antiqua, Sow., Lima gigantea, Sow., Lima punctata, Sow.,
Lima pectinoides, Sow., Cardinia hybrida, Stuch., Unicardium cardioides, Phil., with
fragments of Ariefites Bucklandi.  Beneath the Lima-series are beds of laminated
clay containing Aegoceras planorbis, Sow., with alternate strata of clay and limestone, and
a profusion of Ostrea liassica on the surface of the slabs. They attain a thickness of ten
feet, and are underlain by a bed of stiff clay containing Ostrea liassica and Modiola minima.

The Avicula-contorta-beds form an important feature in the cliff, consisting as they
do of blackish shales interposed between the light-coloured marls of the Kcuper below,
and the light-coloured shales and limestone of the Planorbis-beds above; beneath are
dark marly clays with impressions of teeth, scales, and shells that lie compreésed in seams
of clay, resting on a calcareous rocky band containing Pecten Valonicnsis, Defr., closely
pressed together, and badly preserved. Beneath this Upper Pecten-bed are several
feet of dark shales, resting on a second stony band with Pecfen Paloniensis, and this lower
Pecten-band is underlain by shales and layers of ripple-marked micaceous sandstone,
containing Avicula contorta and Pullastra arenicola, Strick. The Bone-bed occurs in
the section, but is feebly represented, and often with difficulty discovered, as its contents
are sparse, and often much comminuted. Two feet of Black Shales separate the sand-
stone from the Keuper.

In the county of Somerset there are several exposures of the Contorta-beds laid open
either by railway-cuttings or by the action of the sea along the coast; to the former
belong the Uphill Cutting near Weston-super-Mare. As I watched this exposure
duriug its entire progress, and have studied it several times since, I give the details, for it
is very typical of the others.!

1 ¢Quart, Journ. Geol. Soc.,’ vol. xvi, p. 382, I860.



LOWER LIAS.

AVICULA CONTORTA SERIES.
BLack SHALES, BONE-BED, AND PECTEN-BEDS.

PLANORBIS. ANGULATUM.

OSTREA.

UpHILL RAILWAY-CUTTING, BRrIsTOL AND EXETER LINE.

LITHOLOGICAL CHARACTERS
aud thickness.

Alternate beds of light-coloured
Lias limestones and shales,
much fractured and disturbed
to an angle of 40°. 10 feet.

Dark-greyish laminated shales
interstratified with thin bands

of limestone, and beds of clay,

thickness 14 feet.

Bands of limestone, 6 inches.
Do. of shale, 3 feet 6 inches.
Do. of limestone, 4 inches.
Do. shale, 3 feet.

Succeeded by 12-14 beds of

limestone and shales, 12 feet.

A thin band of dark grit, 1}
inches, resting upon dark-grey
shaly marl, 4 feet 6 inches.

Dingy-coloured pyritic lime-
stone, many shells, 2 inches.

Grey marl, 2 inches, resting on
a band of limestone with
shells and gypsum, 2 inches,
and dark marl, 4 feet.

Dark shelly pyritic limestone,
6 inches.

Dark marls, 3 feet.

Laminated Shale, 3 inches.

Dark marl, 1 foot 9 inches.

Stony band of impure limestone,
3 inches.

Dark pyritic conglomerate ;
coprolites’ teeth, and scales
of Fishes, 2 inches thick.

Dark shaly marl, 3 feet 6 inches.

Dark stony band, 8 inches.

Dark indurated marl, 2 feet.

Band of limestone, 6 inches.

Dark indurated marl, resting on
a pebbly conglomerate, 3 feet
6 inches,

Bebs.

THE ANGULATUM
SERIES.

PLANORBIS
SERIES.

OSTREA
SERIES.

Dark GriT.

BLACK SHALES.

UrPER
PECTEN-BED.

GREY MARL wWITH
GyYPSUM.

LowEer
PECTEN-BED.

Lower DARrk
MaRLS AND
SHALES.

BONE-BED.

LowEer
Brack SHALES.

OrGANIC REMAINS.

Fragments of Adegoceras angu-
latum and deg. liassicum.

Aegoceras planorbis, much com-
pressed between the shaly
lamine, the white outer layer
of the shells is well preserved.

Modiola minima, Ostrea liassica,
Pleuromya Crowcombeia, As-
tarte obsoleta.

These fossils were found spar-
ingly on the surfuce of the
slabs.

Teeth and Scales of Fishes.
Fossils rare.

Pecten Valoniensis.
Cardium Rheticum.

Avicula contorta.
Cardium Rheticum.
Azxinus cloacinus.

Pecten Valoniensis.
Avicula contorta.
Isodonta precursor.

Many small shells in compressed
seams lie within the laminge
of the shales, as Pullastra,
Azinus, and Avicula contorta.

Teeth and scales of Fishes.
Saurichthys, Hybodus, Gyro-
lepis.

These black shales are not
fossiliferous.
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The Lower Black Shales rest upon beds of pale green and grey marls, interstratified
with bands of limestone which are here interposed between the Contorta-series and the
Red Marls of the Keuper.

In this cutting, when first made, the uppermost portion of the grey marls was overlain
by a thin bed of conglomerate formed of small round quartz pebbles, and on this rested
the basement layer of the Black Shales. The Bone-bed was uniformly thin and found with
difficulty i siti, although fragments of it were discovered on the spoil-banks. T have
collected from these many good specimens of teeth and scales of the Fishes in the list.

The Lower Pecten-bed is a slate-coloured, pyritic, semi-indurated shale, containing
many compressed bivalved shells in tolerable preservation, and the dark shales between
the two Pecten-beds have a few fossils closely compressed between the laminze.

The Upper Pecten-bed was very rich in Conchifera, which were enclosed in a hard,
argillaceous limestone with iron; so the fossils were too pyritic to be preserved, other-
wise a larger list might have been added.

At Puriton is another railway-cutting in which the Contorta-series is well exposed ;
and the Bone-bed was found to be richly fossiliferous. 1In this cutting the Ostrea- and
Planorbis-beds of the Lower Lias were likewise well laid open.

The railway-cutting near Shepton Mallet affords another instructive section of the
Contorta-series overlain by the Ostrea-, and Planorbis-, and Angulatum-beds of the Lower
Lias; and similar sections are exposed likewise near Wells, and Whitchurch, and at
Saltford and Weston, near Bath. The latter show the relation of the Contorta-series to
the Lias extremely well, as will be seen in the sequel.

A very fine coast-section of the Contorta-series, ranging fromn the tea-green and grey
Marls through the Black Shales and Limestones of the Lower Lias, is admirably
exposed at St. Audrey’s Slip, two miles east of Watchet. At the base are seen the red
marls of the Keuper having in succession the tea-green marls, and above alternating beds -
of pale-grey, hard, and soft marls, resting on beds with strontian and gypsum. The pale
grey marls are overlain by black shales, which collectively are here about forty feet thick,
and almost unfossiliferous. The black shales are overlain by a band of nodular lime-
stone containing Cardium Rhaelicum, Azinus depressus ; above this band comes in dark
grey, sandy shales with the Bone-bed, consisting of a grey calcareo-siliceous rock, enclosing
the teeth of Saurichthys apicalis, Acrodus minimus, and Ilybodus. The Bone-bed is overlain
by dark shales, and inconstant bands of limestone, containing Avicula contorta, Pecten

Valoniensis, Anatina Suessii, Myophoria postera, and other Conchifera. The dark-grey
shales, some of which are indurated and ripple-marked, are sixteen feet thick, and are
overlain by the Cotham Marble-bed, on which rests eight feet of the White Lias series,
containing the Sun-bed; on this reposes a series of laminated shales five feet thick, some
of the beds containingdmmense numbers of Pullastra, similar to the condition of the same
beds at Pinbay Bay, on the Dorset coast. These shales separate the White Lias from
the Ostrea-series, fifteen feet thick, which succeeds in the section.
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The Contorta-beds have likewise been found in Warwickshire, Staffordshire, and
Leicestershire, also at Colin Glen, near Belfast, and in other localities in Ireland.! The
sections discovered in these counties and Ireland closely resemble those already described.

The following list contains the fauna special to the Avicula-contorta-zone :

EcHINODERMATA.

Ophiolepis Damesii, Wright. Garden CIiff; Leicestershire ; Warwickshire ; Hildesheim, N. Germany.

LAMELLIBRANCHIATA.

Avicula contorta, Portlock.
solitaria, Moore,
Lima precursor, Quenst.
Modiola minima, Goldf.
Placunopsis alpina, Moore.
Plicatula intusstriata, Emmerich.
‘Gervillia preecursor, Quenst.
Pecten Valoniensis, Defrance.
— Rheeticus, Merian.
Pleuromya Crowcombeia, Moore.
Myophoria inflata, Emmerich.

Cylindrites elongatus, Moore.
fragilis, Dunker.

Cypris? liassica, Brodie.
Estheria minuta, var. Brodieana, Jones.

Acrodus minimus, 4gass.
Saurichthys apicalis, dgass.
acuminatus, Agass.
Sargodon tomicus, Plieninger.
Nemacanthus monilifer, 4gass.
filifer, dgass.
Gyrolepis tenuistriatus, Agass.
Alberti, Agazss.
Hybodus pyramidalis, Agass.

Plesiosaurus.

Pleurophorus elongatus, Moore.
angulatus, Moore,
Anatina preecursor, Quenst.
Suessii, Oppel.
elongata.

Schizodus depressus, Moore.
elongatus, Giimbel.
concentricus, Moore,
Cardium Rheeticum, Merian.
Cypricardia Suevica, Oppel.
Pullastra arenicola, Strickland.

—_—

(GASTEROPODA.

Chemnitzia alpina, Dittmar.
granum, Dittmar,

CRUSTACEA.

Pollicipes Rheeticus, Moore.
Tropifer leevis, Gould.

Pisces.

Hybodus minor, dgass.
plicatilis, dgass.
leeviusculus, Agass.

—

Ceratodus altus, dgass.
trapezoides, Plien.
emarginatus, dgass.
gibbus, dgass.
latissimus, Adgass.
obtusus, 4gass.

REPTILIA.
| Ichthyosaurus.

PP

! Portlock, ¢ Geol. Report, Londonderry,’ pp. 126-127, 1843 ; Tate, ¢ Quart. Journ. Geol Soc.,’ vol. xx,

105-107, 1864,
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MAMMALIA.

Microlestes antiquus, Plieninger, in the Bone-bed of Wiirtemberg, and in the Rheetic Breccia of
Somerset.

M. (Hypsiprymnopsis) Rhaticus, Dawkins, Rheetic Beds, Watchet.

Foreign Correlations.—The Zone of Avicula contorta has a wide geographical range
on the Continent of Europe, where the beds are found with lithological and palaonto-
logical characters very similar to those already described in the English counties, thus—

In South-west Germany they are developed in Wiirttemberg near Tibingen, near
Balingen, in the neighbourhood of Stuttgart, and near Niirtingen and Esslingen. In the
Langenbriicker Jura at Malsch and Osvingen, in Baden; in Bavaria, at Bamberg and
Baireuth ; in Coburg, at Gotha in North-west Germany, near Brunswick, near Hildes-
heim, near Hanover, and in the vicinity of Gottingen. _

In Switzerland, near Basel, and in the Canton of Argau, and in the Vaudois Alps,
and in the Eastern, Western, and Italian Alps.

In France, in the departments of the Haute Saine, in the Franche Comté, in the
Meurthe, Moselle, and Cote d’Or, Aveyron, Herault, Var, Mont d’Or, near Lyons, and
Saint-Sorlin Sadne-et-Loire, and in Luxembourg and Belgium.

In Lombardy they have a wide extent and great thickness, and are found in the
north-west of Hungary at many points in the Carpathians. They are found likewise in
Sweden as sandstone, shales, and coal, with plant remains, and attain a considerable
thickness.

A careful review of the fauna shows—

1. That the zone of Avicula contorta contains a special assemblage of species, few of
which are limited to any one bed.

9. That the vertebrata represented by Fishes are all more closely connected with the
well-known forms of the Trias, and are claimed by Ichthyologists as such.

3. That the Molluscan fauna contains two or three species that ascend into the Lias,
but are never found in the Trias beds, whilst the greatest number are special to the
zone, and have many organic affinities in relation with Triassic species. For thesc reasons
it is contended that the Contorta-beds are truly Triassic.

THE LOWER LIAS.

1. Tue ZoNE oP AEGOCERAS PLANORBIS.

Synonyms.—* White Lias,” William Smith, ‘ Memoir to the Map,” p. 47, 1815.
«White Lias (pars),” Dela Beche, ‘Geol. Trans.,” 2nd series, vol. ii, p. 26, 1826. * Saurian
Beds,” Murchison’s ¢ Geology of Cheltenham,” 2nd ed. by Buckman and Strickland,
p- 49, 1845. “ Psilonotenbank,” Quenstedt, ¢ Der Jura,” Table, p. 293, 1857. ¢ Die
Schichten des Ammonites planorbis,” Oppel, Juraformation,” p. 24, 1856, < Zone of
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Ammonites planorbis,” Wright, ¢ Quart. Journ. Geol. Soc.,” vol. xvi, p. 389, 1864. “ Zone
de ’Ammonites planorbis,” Dumortier,  Btudes Paléont.,” t. i, p- 15, 1864. “Die
Psilonotonschichten,” Brauns, ¢ Die untere Jura,” p. 55,1871. “Zone of Ammonites
planorbis,” Tate and Blake, Yorkshire Lias, p. 38, 1876.

This division of the Lower Lias is well developed in the South of England.! In
general it consists of a series of thin, greyish, or bluish, argillaceous limestones, with
alternating beds of laminated shale; or it forms sometimes the upper part of the thick-
bedded, argillaceous, cream-coloured limestone, called ““ White Lias > by William Smith.
In the upper half of this group Aegoceras planorbis (Sow.), in some localities, is found in
considerable numbers, compressed in the shales, with the outer layer of its white shell
more or less preserved; in the lower portion of the serics Osfrea liassica, Strick.,?
appears in great numbers; and beneath these strata are three or four beds of hard lime-
stones (or “firestones ”’), in which the finest skeletons of Araliosauria have been dis-
covered.  As this distinction, by means of . planorbis, Ostrea liassica, and Saurians, is
a practical and useful one in the investigation of this zone of life, I shall adhere to it on
the present occasion,—premising, however, that fmmonites are very rare in the lower
beds, and numerous in the upper; and that Osfree are abundant below, and rare
above, whilst Saurian remains are found throughout the entire series.

The best sections of the planorbis-zone are those afforded by the extensive quarries at
Street and the coast-sections at Watchet, and St. Audrey’s Slip, in Somerset ;* at Binton
and Wilmcote, in Warwickshire; and at Pinhay Bay and Up-Lyme, in Dorset. I
purpose giving a detailed description of the most typical sections in each county.

Somersetshire.—At Street the strata are nearly horizontal and undisturbed, and there-
fore admit of accurate measurement. The following section of Mr. Cree’s quarry I have
compared with like sections afforded by the quarries of Messrs. Seymour, Underwood,
and Talbot in the same parish ; and find that the variation is so inconsiderable that any
one may be said to represent the others, both as regards the sequence of the beds and the
fossils they contain.

! The substance of the following observations on the Lower Lias is contained in my memoir on the
“Zone of Avicula contorta, and the Lower Lias of the South of England,” ¢ Quart. Jour. of the
Geological Society,” vol. xvi, p. 374, 1864.

? Ostrea liassica, Strickland, is a very characteristic shell of the lowest Lias beds. It resembles
Ostrea irregularis, Miinster (Goldfuss, ¢ Petr. Germ.,’ pl. vii—ix, fig. 5), and Ostrea rugata, Quenstedt
(‘Jura,’ pl. iij, fig. 17). Dunker, in the ¢ Paleeontographica’ (pl. vi, fig. 27), has figured a small Oyster
from the Lias of Halberstadt (Qstrea sublamellosa, Dunker), which appears to be identical with our species.
These small, thin, rugose Oysters are found in great abundance in the lowest beds of the Lower Lias in
England and Germany. They are probably only varieties of one species, which had a wide geographical
distribution in the seas which deposited the basement-beds of the Lias.

3 R. Etheridge, F.G.S., “Physical Structure of the Watchet Area,” ‘Proc. Cotteswold Nat. Field

Club,’ 1871, p. 40, and section No. 6.

/
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Section of the Zone of Aegoceras planorbis, at Street, Somerset.

No.| Lirsoroay aND Locar. Names or Bros. T:;:;' OreANic REMAINS.
ft. in. PLaNORBIS SERIES.
1 | Light-coloured marly clay. ‘Top Bed”| 3 0 |Saurian bones and Aegoceras planorbis.
2 | Light-coloured Lias limestone ............ 0 9 | degoceras planorbis in moulds.
3 | Yellowish laminated shale, splitting up Ichthyosaurus intermedius, degoceras planorbis,
into thin layers ......... ................. 3 0 Lima punctata, and Isastrea Murchisoni. .
4 | Light-coloured shaly limestone............ 0 4 | degoceras planorbis, compressed.
5 | Hard grey limestone. *‘ Building-stone™ | O 7 | Aegoceras planorbis, on the top of the bed, Lima
punctata and Lima gigantea.
6 | Dark-grey shale.......................oeel 0 3 | degoceras planorbis and muricated spines of
Cidaris Edwardsi.
7 | Dark-grey limestone. “Corn-sized build- Spines of Cidaris and bones of Ichthyosaurus
ing-stone ™ ...........oooiiiiiins s 0 6| tenuirostris.
OsTREA SERIES. OsTrREA SERIES.
8 | Dark laminated shale ..................... 0 4 |Ostrea liassica.
9 | Dark-grey limestone. “ Five-inch build-
ing-stone™ .. ..o, 0 5 | Ostrea liassica.
10 |Dark shale......................l 0 3 | Ostrea liassica.
11 | Dark-grey limestone. * Six-inch build- Cardinia crassiuscula, Lima punctata, and Ostrea
ingstome™ ......... ...ceviiiiiiii 0 6 liassica.
12 {Dark shale................cooiii i, 0 6 —
13 | Greyish hard limestone. “The Whet-
stones.” Best paving-bed. Consisting
of two 4-inch beds ..................... 0 8 |Fossils rare: Ostrea liassica and Modiola minima.
14 | Hard dark marl. “ Saurian bed” ...... 0 9 | Many Saurians have been obtained from this bed.
Ichthyosaurus intermedius and Plesiosaurus
Hawkinsii (British Museum). Many jaws of
Saurians and Fishes.
15 | Greyish fine-grained limestone. “The
Cream-bed.”  Fine-grained paving-
BEOMIE L..euiitiniiiieie et e eeaeas 0 3 | Ostrea liassica and Modiola minima.
16 | Brownish limestone. “Red Liver
Paving-stone .......................... 0 4 |Few fossils.
17 | Dark-coloured limestone. “The Black
stone,” used for large paving-slabs; Modiola minima, Ostrea liassica, Pleuromya, and
some of them 10ft. by 5 ft............. 0 4 Rhynchonella variabilis.
18 | Dark-blueshale............................ 0 2 |Ostrea liassica and Modiola minima.
19 |Hard greyish limestone.  * Six-inch
building-stone”................ooiieen 0 6 |Ceromya, sp., Modiola minima, and Ostrea liassica.
20 | Soft bluish shale ..................... ... 0 2 —
21 | Greyish-blue limestone. “ Four-inch
building-stone”.............ccoveineenn. 0 4 |Fossils as in No. 19.
22 | Dark-gray laminated shale .............. 0 4 |Ichthyosaurus intermedius and I. tenuirostris.
23 | Hard blue limestone. “The Blue Clog,”
or “One-foot building-stone,” used
for steps  ....cooiiiiiiiiie e 1 0 |Ceromya, sp., Ostrea, Modiola, and Rhynchonella.
24 | Grey laminated shale ..................... 1 3 |Saurians abundant: Ichthyosaurus intermedius
and I. tenuirostris, Pholidophorus leptocephalus,
Agass.
25 | Greyish limestone. ““Grey Clog.”” A
valuable bunldmg stone, used for steps,
troughs, &c. . 1 0 | Modiola minima.
26 | Dark shale...........oeoeeniivieiiniiinnn. 0 2 —
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No.| LitHoLoGY AND LocaL Names or Beps. T:;:: i OrGanic RemAlNs.
© T |ft. in.
27 |Thin-bedded limestone. ‘ Three-inch Fish remains, Modiola minima and Otopteris acu-
bluebed” ......ccoovvivinniiiiiinin, 0 3 minata, L. & H.
28 | Thick blue limestone........................ 0 5 —
29 ' Hard fine-grained limestone. ** Fire-
stome” ..., 0 4 —
30 | Hard, grey, fine-grained limestone ...... 0 4 |Plesiosaurus Etheridgii. (In Jermyn Street Mu-
seum ; and another in Street are from this bed.)
31 [Hard grey limestone. ¢ Fire-stone, Plesiosaurus Hawkinsii. [The large Ples. mega-
bottom bed.............c.cceveuiininnnn 1 0 cephalus, Stutch., now in the Bristol Institution,
was obtained from this bed near Street.]

The Saurian beds near Langport bave likewise yielded Reptilian remains. I obtained
two fine specimens of Icithyosaurus imtermedius and an imperfect specimen of 1. fenui-
rostris from this locality ; the former is now in the Collection of the Earl of Ducie. In
connection with the Saurian beds of Somerset, it is important to note that the oldest
Enaliosauria of the Lias are Plesiosaurus Hawkinsii, Owen, and Pl. Etheridyii, Huxley,
which were both exhumed from the 4-inch firestone, forming the bottom bed of the
Ostrea-series ; the remarkable Plesiosaurus megacephalus, Stutch., now in the Bristol
Museum, was likewise found in the firestones of a quarry near Street Foss ; and it will be
shown in my section of the correlative beds of this zone at Wilmcote, in Warwickshire,
that the fine skeleton of Plesiosaurus megacephalus contained in the Warwick Museum
was also exhumed from the firestones” of that locality—beds which are the true
equivalents of the “ firestones "’ of Street.

The small number of Lamellibranchiala hitherto found in these beds is very
remarkable. Ostrea liassica, Strickl., O. irregularis, Quenst., Modiola minima, Goldf.,
M. psilonoti, Quenst., Gervillia Hagenovii, Dunk., Anomya striatula, Opp., Plexromya
Crowcombeia, Mor., Macrodon Hettangiensis, Terq., and Protocardia Phillippiana, Dunk.,
are the only species I have as yet collected from the firestone-beds.

This section likewise settles a question which has been often discussed, namely, what is
the age of the Saurian beds of Somersetshire ¥ It has been supposed that they appertain to
the same horizon as the lower Saurian beds at Lyme Regis, Dorsetshire ; this, however,
is 8 mistake, inasmuch as the Saurian beds at Street belong to the zone of Aegoceras
planorbis, whilst the Saurian remains at Lyme Regis, on the contrary, are for the most
part found in and above the zone of Ariefites Bucklandi.

Worcestershire and Gloucestershire.—The Planorbis-, Ostrea-, and Saurian-beds so
well developed at Street, are likewise found in different parts of Worcestershire and
Gloucestershire, where they present the same stratigraphical relations, and yield the same
organic remains.

The neighbourhood of Tewkesbury affords several good exposures of these infra-
ammonite beds, I have obtained Ichihyosaurus lenuirostris, Conyb., and Ickilyosaurus

' 3
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intermedius, Conyb., from a bed of light-coloured Lias at Haselgrove, near the « Folly;”
and the late Mr. Dudficld collected several very fine skeletons of Ickthyosaurus tenuirostris,
Conyb., I. infermedius, Conyb., and I. communis (?), Conyb., with bones of Plesiosaurus
Hawkinsii, at Brockeridge Common, and from similar beds in other localities near
Tewkesbury ; and I possess several vertebre of Plesiosaurus rugosus, Owen, which were
obtained from a bed of Lower Lias at Woolridge, near Hartpury.

The junction of the Lower Lias with the red marls of the Keuper in the Vale of
Gloucester is, in general, indicated by a low escarpment, facing the west. At Brockeridge
and Defford Commons this natural boundary is exceedingly well marked, and between
these two localities are several quarries which expose to a greater or less extent the beds
now under consideration. The presence of Aegoceras planorbis in the upper strata of
these sections has enabled me to correlate the beds beneath with the corresponding strata
at Street, in Somerset, and at Binton, Grafton, and Wilmcote, in Warwickshire.

Section of the Planorbis-, Ostrea-, and Saurian-beds at Brockeridge and Defford Commons.

Zones. STRATA AND ORGANIC ReMaINs. Brockeridge. | Strensham.
ft. in. ft. in.
1. Light-coloured elay.............. cooooiiiiiiiiiiiiiiiiec e e 3 0 3 0
< 2. White laminated limestone. ¢ First rub,” Brockeridge ; Chance
E rub,”” Strensham...................cco e, 0 4 0 4
;‘é’ 3. Brown laminated clay, with compressed white shells of Aegoceras,
§ Planorbis ... 3 0 2 0
s 4. Blue argillaceous limestoneY Double rub,” Brockeridge ; 0 3 0 2
5. Brown shaly clay............ « Double nurf.” Strensham 0 2 0 2
6. Blue limestone............... ’ ’ 0 3 0 2
7. Dark clay, with Saurian remains. “Yard clay”..................... 3 0 30
8. Hard blue limestone. Ostrea liassica on the surface of the
rock. This bedis called *“ Red nurf” at Brockeridge, “ King’s
nurf ” at Strensham .............cocoiiiiiiii e 1 0 0 3
I 9. Dark clay. The second bed of “ Yard clay ” at Strensham......... 1 6 3 0
2 10. Blue limestone. The ¢ Queen’s nurf,” Strensham.................. 0 3 0 3
= 11. Blueelay .......coooovevrnniiiiiiii e 00 0 3
’é 12. Hard blue limestone, with Modiola minima ..........................1 0 0 0 6
7 13. Paving-stone, separated by an inch-band of clay ..... e 0 o0 0 4
g 14. Dark shale. Vertebrae of Icthyosaurus, tests and spines of
S Cidaris Edwardsi, Hemipedina Tomesii, and Fislies’ scales 0 0 0 6
B 15. Hard blue limestone, in square blocks. “ Brick-bed ™ ............ 00 0 5
: 16. Dark shale .....................occcoiiiiiieteseeeeeeee e 00 0 3
kS 17. Insect-limestone of the Rev. P. B. Brodie,F.G.S8.; a hard argillaceous
S limestone, containing the Elytra and other remains of Insects... 00 0 6
18. Blueshale.....................ii el 00 1 3
19. Light-bluelimestone, with Cardinia ovalis, Macrodon Hettangiensis,
and Astarte obsoleta .............cc.coeeiiiiiiiieeie e 0 0 0 4
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I have placed the sections together for the purpose of comparison : they were first
made by my friend, the Rev. P. B. Brodie, F.G.S., and have been often examined since with
similar results. These sections show the uniformity which prevails in the Lower Saurian
beds of Gloucestershire and Worcestershire, and how much they resemble their correlative
strata at Street.

The late Mr. Dudfield, of Tewkesbury, obtained from the Ostrea-beds at Brockeridge
Common, enumerated in the preceding sections, and from other strata occupying the
same horizon in the vicinity of that town, a very fine series of Saurian remains, which
were all sold and dispersed in June, 1843. From my notes of that collection I find
there was a specimen of Jekthyosaurus intermedius, about 8 feet in length ; the two fore-
paddles and a portion of the scapular arch were tolerably complete; and there were
upwards of 100 vertebra, and many ribs nearly all in place. 1. fenuirostris ; 4 feet in
length; the skull, jaws, and teeth were well preserved, and the vertebral column was
tolerably complete; likewise one fore-paddle. 7. cominunis; very fine paddles. I
platyodon ; large skull, with orbital plates in position.  Plesiosaurus Hawkinsii; the
vertebral column, ribs, and humeri; and fifty vertebree in position.

The Ostrea- and Saurian-beds at Binton, Brockeridge, and Street are overlain by
clays and laminated shales, containing Aegoceras planorbis. As these beds form a most
important horizon in the Lias formation, and have a wide geographical distribution in
England, France, and Germany, they require to be defined with accuracy, especially as
some authors are of opinion that the true Lias commences with this zone of life.

.The relation of the Planordis-shales to the Saurian beds below is extremely well
exposed in the Railway-cutting at Uphill and in the quarries at Street, Somerset ;
at Binton and Wilmcote, in Warwickshire ; at Brockeridge Common, in Gloucestershire ;
at Strensham, Worcestershire ; and to the Bucklandi- or Lima-beds above in the sections
at Saltford, near Bristol ; Penarth Head, near Cardiff; Pinhay Bay, near Lyme Regis ;
and St. Audreys Slip, near Watchet, Somerset.

The following section of the beds at Binton was made by Mr. R. Tomes, F.Z.S.,
from a working now abandoned. A similar exposition, however, was seen in the quarry
worked near the former, which I examined and measured with Messrs, Tomes and

Kershaw.

Section of the Zones of Aegoceras planorbis axd Avicula contorta, at Binton,
Warwickshire.

TaICK- ORrGANIC REMaAINS.

No.| Litmoroy anp Locar Names or Bebs. NESS

1 | Light-coloured limestone. * Top rock * | ft. in.
or“ Whites ”................covveeiine 0 6 -
2 | Light-coloured clay ...... s 2 6 —
3 | Argillaceous limestone. *“ Top Liveries”’ | 0 3 | Ichthyosaurus; on the upper surface, Insects.
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No. | LitHorocy axp Locar Names or Bebs. 'l;n;sc:- ORrGANIC REMAINS.
ft. in.
4 | Light-coloured clay ........................ 70 —
5 | Argillaceous limestone. “ Top Liveries
(JOWer) vt 0 31| Aegoceras Joknstoni, Sow. Insects’ wings.
6 [ Clay cooeeeeeiiinieiie e 1 1 —
7 | Greyish limestone. * Extra rock,”
““Thick paving-bed ” ..........c....... 0 6 | No fossils.
B | ClaY coveeeeeeniiiiniiinee e 0 3% —
9 | Greyish limestone. * Quarters.” Thin
and irregular when covered by the
preceding..........cooooeeiinnnn 2in.to| 0 3 —
1O [CIRY evreeveeiinninsnneee s ieeisrsee e 0 8} —
11 | Greyish limestone. “Ribs.” A con-
stant bed ....ooooiiiiiiiiirneiie s 0 3% Insects.
12 | Clay .eevvvvervrnnnemsn e 0 5% —
13 | Limestone. *“ Paving-stone ”............ 0 3l A few Insects, and Pholidophorus Stricklandi, Ag.
14 {CIAY vvvvreveeeeeereeenneeeeenersnseenenn | 0103 —
15 !nsth Limestone. ¢ Bottom rock’ ...| 0 3}} More Insects here than in all the other beds|
collectively.
16 [ CIAY ©ovvvriirneeieeieeneeeeniiiiiaennees s 0 8 —
17 | Limestone. “Hoggs™ ......... 3in.to| 0 G | Tetragonolepis angulifer, Ag. (Warwick Mus.)
18 | Strong hard clay ..........ccccoeeeiiiiinnn. 0 3j}| No fossils in this bed.
19 | Argillaceous limestone ; imperfect stoue. —
CRUBKIN” e 0 3
20 | Laminated clay..............coeeieinnnn 1 6 —
21 | Fragmentary shelly limestone. Grizzle Saurian bones, Fishes’ teeth and scales, degoceras
bed” ..ot 0 13| planordis, Lima punctata, Protocardia Phillip-
piana, and Ostrea liassica ; spines of Cidaris
and other Echinide abundant.
22 | Stony shale. — —
23 | Hard limestone. “Blue stone” or
“Blocks it e 0 G | Pleuromya Crowcombeia, and elytra of Coleoptera.
24 | Hard clay......coooviviemieiniionnneceenne 1 3
25 | Limestone. “ Grave-stone rock ” ...... | 0 34| Ichthyosaurus and Otopteris acuminata, Lin. &
Hut.
26 | Clay. Thin hard plates of stone lie in
thiselay ..o 011 —
27 | Limestone, underlain by clay. (The .
clay frequently wanting) ............... 0 0} —_
98 | Limestone ; inconstant. “ Gummerals” | 0 6 | Ostrea liassica.
29 | Clay. —
30 | Hard grey limestone. ¢ Fire-stonebeds” | 0 6 Saurian remains and Protocardia Phillippiana.
31 CIAY evrviniiineenirene e 0 2 Modiola minima, Pl. Crowcombeia,and O. liassica.
32 | Limestone......cooooiinoaiineiiiins 0 3 || In these limestones and clays only one small
33 [Clay .oviiiii 0 2 Aegoceras planorbis has been found.
34 | Limestone .........ceeeeiiiiiiiee e 0 3
35 JClAY oiieiin e 0o 3
36 | Hard dark limestone. “ The Guinea- Saurian bones, Avicula longicostata, Stutch.,
bed.” (Thisis the bottom bed of the Monotis fallax, Lima punctata, Pleuromya
QUATTY) oviinienvinneneeiennsees e Crowcombeia, Ostrea liassica, Ilemipedina
1in. to] 0 10 Tomesii, Wr., in numbers ; Septastrea.
Avicuna CoNTORTA BEDS.
37 | Thick clay-beds ; yellowish blue ; break- [Belonging to the zone of Avicula contorta.]
ing in angular fragments......... e 8 0
38 | Dark ferruginous clay, with conchoidal Estheria minuta, var. Brodieana.
fracture, the Estheria-bed. ............ | 8 0 '




ZONE OF AEGOCERAS PLANORBIS. 21

No. LituoLoGy. T: ::; ) PALxzoNTOLOGY.
ft. in.

39 | Clay. “*Clear blue blocks ”* ............| 7 —
40 | Laminated clays ........................... 3 0, —
41 | Light-coloured micaceous sandstone ... | 0 1 | Pullastra arenicola, Strickl.
42 |Brownclay ...........oocoiiiiininn. 0 2 —
43 | Sandstone ; micaceous..................... 0 2 | Pullastra arenicola, Strickl.
44 | Dark shaly clay ............cc..ce.c....... | O 6 —
45 | Soft sandstone ................coeeeivennenn. 01 —
46 | Black clay............cooeevii il 0 3 —
47 | Ferruginous sandy vein .................. ? —
48 | Grey Keuper marls. —

The beds from No. 37 to N. 48 were found ¢z sifi in an escarpment at a short distance
from the quarry at Binton. The * Guinea-bed” is the lowest stratum seen ¢z sifii in
the pit, and No. 37 occupies its natural position relatively to that bed, although not
exposed in the Binton section.

Lithology.—The Planorbis-beds at Brockeridge (p. 18) consist of dark, laminated
shales, with interstratified beds of marl and limestone. The shales split into very thin
lamine, between which innumerable shells of degoceras planorbis lie closely compressed ;
the white, calcareous, pulverulent material of the shells forming a strong contrast to the
dark shales enclosing them. In Somersetshire, at Uphill, the rock consists of shales which
greatly resemble those at Brockeridge; uat Watchet, of dark clays which are more
indurated and have the shell-structure better preserved: Aegoceras planorbis and Aeg.
Jolknstoni are here found with the iridescent nacreous layer of their shells beautifully
lustrous. At Street the rock is a light-yellowish clay, with bands of greyish limestone
and marl beneath, and in Worcestershire at Strensham, and in Warwickshire at Binton,
similar lithological conditions prevail.

'The White Lias series of the section at Saltford (see p. 37) represents in part the
Planorbis-beds : the relations of that zone to the Saurian beds below, and to the Buck-
landi-beds above, are here also well shown. In Dorsetshire the Planoréis-beds are
represented by the upper portion of the White Lias so well exposed in the large quarries
at Up-Lyme, where it is raised for caustic lime, and in the coast-sections at Charlton
and Pinhay Bays; and consists of a fine-grained, cream-coloured limestone. The two
principal quarries afford the necessary details. Mr. Webb’s quarry shows—

In the uppermost portion, thin bands of grey limestone interstratified with shales ; in
these are found Aegoceras planorbis and A. Joknstoni ; in two thick beds of dark, shaly
clay are numerous spines and plates of sea-urchins, as Cidaris Edwardsii, Wrt., Pseudo-
diadema lobatum, Wrt., Hemipedina Bechei, Brod., Hemipedina Bowerbankii, Wrt. These
same shales are found at low-water mark at Pinhay Bay, and have yielded nearly all
the Echinid said to be found in the Lower Lias at Lyme Regis.
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Beneath the lower bed of the Cidaris-shales are several thin beds of light-coloured
limestone, locally called Whetstones, and separated by intermediate shales; then in
descending order come the beds known as Grey Burr, Rotten Burr, Fire-stones, Cliff-
ledge, Half-foot, One-foot, Red Size, and Anvil-ledge, all separated by thin bands of
shale; on the surface of the limestones and in the shales are many fossils, among which
Ostrea liassica forms the dominant shell. The shale above Anvil-ledge contains great
numbers of Pullastra arenicola, Strickland, apparently indicating a change of condition
in the series of beds which lie below this fossil band. The beds from the Whetstones to
the Pullastra-shales represent the Ostrea-series, and from the circumstance of the exposed
edges of the rock having weathered to a cream-colour, they form the upper portion of the
White Lias. The lower portion of this formation differs both lithologically and paleonto-
logically from the upper portion; it is a compact, earthy limestone, with conchoidal
fracture, cream-coloured, and closc-grained ; “and many of the beds are so fine that they
might be used as lithographic stone. Beneath Anvil-ledge are three feet of light-coloured,
rubbly beds, containing Modiola minima, Ostrea liassica, Pleuromya Crowcombeia,
resting upon eighteen inches of White Lias; then follow a series of irregular beds, with
thin partings, twelve feet in thickness, which overlie a bed, twenty-one inches thick,
of fine, white limestone, resting on a like thickness of shale; beneath this is a bed of
smooth, regular, fine, white limestone, six feet thick ; then a bed of shale; and at the
base of the series is a band of Cotham marble or Landscape-stone. The lower portion
of the White Lias from the Pullastra-shales downwards represent, I believe, the upper
beds of the Avicula-conforta-zone; there are many fossils in the limestones, which have
not yet been determined. I have found casts of Cardium Rhaticum, Monotis decussata,
Pullastra arenicola, and shells of Pecten Valoniensis. Unfortunately the fossils are mostly
in the form of moulds, and for this reason we must wait until better specimens are
obtained. The lower portion of the White Lias series is only seen in Mr. Fowler’s quarry
at Up-Lyme.

The coast-section at Pinhay Bay is a complete repetition of the Up-Lyme quarries ;
the Cidaris-shales are well exposed at low water during spring-tides, and from them
are obtained all the Zckinide found in the section. I know of no Asferiade in these
beds.

In Glouccstershire this zoneis well exposed at Brockeridge Common, and at Wainlode,
in a quarry on the right-hand side of the Gloucester Road, between Hartpury and Ashel-
worth, and at Elmore, in quarrics near the Old Kennel.

In Glamorganshire it is seen in the fine coast-section at Penarth Head. In Somerset-
shire, in the cutting of the Great Western Railway at Saltford ; in the Uphill Cutting on
the Bristol and Exeter Railway ; in the coast-section at St. Audreys Slip, near Watchet ;
and in all the quarries at Street.

In Worcestershire it is found at Strensham ; and in Warwickshire at Binton, Grafton.
and Wilmcote.
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It is likewise found at Robin Hood’s Bay, on the coast of Yorkshire; the beds lie
here below Jow-water mark, and large blocks, frequently washed up by the tide, are literally
crowded with Aegoceras planorbis, known at Scarborough and Whitby as Aeg. erugatum,
Bean.

The Coral-bed at Lussay, Isle of Skye,' probably represents this zone, as I found the
same species of 4nthozoa as the Hebridean Coral Isastrea Murchisoni, Wrt., in the light-
coloured clays with deg. planorbis at Street.

This lower Ammonite-zone has, therefore, a wide geographical range through-
out the Lower Lias of the northern, midland, and southern counties of England, and
retains the same relative position in the Lower Lias of France, Germany, and
Switzerland.

The detailed sections which I have given of the Planorbis-zone form some of the best
known types of the basement-beds of the Lias in England, and enable us to understand
their relations to the ContorTa-series below, and the AnNcunaTuM-strata which succeed
them.

Possils of the Planorbis-beds.—The fauna of this zone is very limited ; at present I
know only the following species from the English beds :

Ichthyosaurus intermedius, Conyb. Lima gigantea, Sow.
— tenuirostris, Conyb. — pectinoides, Sow.
- communis, Conyd. Cardinia crassiuscula, Sow.
Plesiosaurus Hawkinsii, Conyb. Unicardium cardioides, Phil.
—_ Etheridgii, Huzl. Ostrea liassica, Strick.
— rugosus, Owen. Protocardia Phillipsiana, Dukr.
— dolichodeirus, Conyb. Pleuromya Crowcombeia, Moore.
- megacephalus, Stutch. Rhynchonella variabilis, Scklotk.
Dapedius, sp. ined, Cidaris Edwardsii, Wrt.
Pholidophorus leptocephalus, Ag. Pseudodiadema lobatum, #rt.
- Stricklandi, 4g. Hemipedina Bechei, Brod.
Aegoceras planorbis, Sow. —_ Bowerbankii, #7r¢.
—  Johnstoni, Sow. Hemipedina Tomesii, #r¢.
Lima punctata, Sow. Isastreea Murchisoni, #'rt.

Foreign Correlations.—In the North of Germany the PLaNORBis-beds are well
developed, and in some parts contain a Flora in which are found many species that
appeared for the first time in the CoNTORTA-zone ; the most important genera are Eguise-
tum, Dictyophyllum, Clathropteris, Glossopteris, Tentopteris, Pterophyllum, Zamiles,
Nilssonia, and many others.

The Molluscan fauna contains many species which are common to this and the
Angulatum beds; the following species were nearly all collected at Halberstadt, and

1 ¢ Quart, Journ. Geol. Soc.,’ vol. xiv, pp. 4 and 34.
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many of them were figured and described by Dr. Dunker in the ¢ Paleontographica”

some years ago.

Aegoceras planorbis, Sow.
—_ Johnstoni, Sow.
—  Hagenovii, Dukr.

Cylindrites fragilis, Dukr.
Patella Schmidtii, Dukr.

— subquadrata, Dukr.

— tenuis, Dukr.
Dentalium Etalense, Terg.
Pleurotomaria rotelleformis, Dukr.
Discohelix pygmeeus, Dukr.
Euomphalus liasinus, Dukr.
Neritina liasina, Dukr.

Ostrea sublamellosa, Dukr.

— ungulg, Minst.
Hinnites ineequistriatus, Goldf.
Pecten textorius, Schloth.
Lima pectinoides, Sow.

— succincta, Schloth.

— gigantea, Sow.
Nucula navis, Piette.’
Macrodon pullus, Tergm.
Inoceramus pinneeformis, Dukr.
Gervillia Hagenovii, Dukr.
Avicula Kurrii, Oppel.
Pinna Hartmanni, Ziet.
Modiola Hillana, Sow.

—  npitidula, Dukr.

—  scalprum, Sow.
Astarte obsoleta, Dukr.

CEPHALOPODA.

Aegoceras angulatum, Schloth.
—  laqueum Quenst.
Nautilus intermedius, Sow.

(GASTEROPODA.

Turritella Zenkéni, Dukr.
Hydrobia Krausseana, Dukr.
—_ solidula, Dukr.

Hydrobia subulata, Dukr.
Rissoa liasina, Dukr.
Littorina inornata, Tergm.
Cerithium gratum, Tergm.
— Etalense, Piette.
Purpurina angulata, Dukr.

LAMELLIBRANCHIATA.

! Cardinia concinna, Sow.

—  crassiuscula, Sow.

—  Listeri, Sow.
Hippopodium ponderosum, Sow.
Unicardium cardioides, Phill.
Cardium Heberti, Terqm.
Protocardia Phillippiana, Dukr.
Isodonta elliptica, Dukr.
Tancredia securiformis, Dukr.
Cyrena Menkei, Dukr.

—  Germari, Dukr.
Teeniodon ellipticus, Dukr.
Pholadomya corrugata, Dukr.
Goniomya heteropleura, Agass.
Gresslya Galathea, dgass.
Pleuromya subrufosa, Dukr.

—_ liasina, Schiibl.

The Planorbis-beds are developed in Wiirttemberg, and exposed near Stuttgart;.
at Riidern smooth forms of Aegoceras planorbis lie in a dark crystalline limestone ; and.
at Nellingen, the smooth and plaited varieties of the same species are found together n
a dark-grey limestone.

In Swabia they are likewise worked, and from them a fine series of Ammonites have
been collected by Professor Quenstedt, which are contained in the Tiibingen University
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Museum. The 4. planorbis of the Lias a, near Tiibingen, very much resembles the
variety of this shell found clustered together in blocks washed out of the Scar at
Robin Hood’s Bay. One of the finest specimens of this locality, in the Leckenby Collec-
tion, Woodwardian Museum, Cambridge, I have figured as typical of the species.

In Baden the Planorbis-beds are found in the Langenbriicker Jura resting upon the
Bone-bed Sandstone of the ConTorTA series, and containing shells and fishes’ remains
similar to those found in England. The lower Lias begins at Malsch and Oestringen
with a 2-foot bed of black-blue Limestone containing Aegoceras planorbis. The Aneu-
LATUM zone appears to be absent, for the Planorbis-bed is overlain by clay containing
Gryphea arcuata and Fucoids, upon which rests the Bucklundi-series.

In France this zone is well developed in the department of the Céte d’Or, as proved
by the following list of fossils obtained from the Lumachelle de I’ Auxois,! and contained in
the well-arranged Museum of Semur, all of which I had the advantage of studying under
the polite guidance of MM. Collenot and Bréon, to whose scientific knowledge, judgment,
and good taste, this fine local collection owes its well-merited reputation.

REPTILES.

Ichthyosaurus, sp., at Beauregard, Semur.

Fisues.
Saurichthys acuminatus, dgass. | Sargodon tomicus, Plien.
CEPHALOPODA.
Aegoceras planorbis, Sow. Aegoceras Prometheus.
—  Johnstoni, Sow. — laqueus, Quenst.
—  tortile, d’Orb. | — Burgundie, Mart.
G ASTEROPODA.
Chemnitzia Phidias, &’ Orb. Pleurotomaria, sp.
Neritina cannabis, Terg. Cerithium, sp.
Littorina clathrata, Desh. Orthostoma, sp.
Tarritella Deshayesei, Terqg. Turbo, sp.
LAMELLIBRANCHIATA.

Pleuromya crassa, Agass. Cypricardia compressa, Terg.
—  striatula, Agass. Cardita tetragona, Terq.
Cardinia Sinemuriensis, d’Orb.
—  Deshayesei, Terq.
—  quadrangularis, Mart.

Pholadomya prima, Quenst.
Goniomya Sinemuriensis, Opp.
Anatina Sinemuriensis, Mart.
Leda tenuistriata, Piett. —  Moreana, Mart.
Astarte Geuxii, d’Orb. —  crassiuscula, Sow.
— cingulata, Terq. —  trapezium, Mart.

1 J.J. Collenot, ¢ Description Géologique de I’Auxois,’ p. 209.
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Cardinia Hennoquii, Terq.
—  Collenoti, Mart.
—  subovalis, Mart.
—  brevis, Mart.
—  Breoni, Mart.
—  concinna, Sow.
—  contracta, Mart.
—  trigona, Mart,
—  Listeri, Sow.

—  hybrida, Stutch.
—  ovum, Mart.
Lucina arenacea, Terq.

Tancredia Sinemuriensis, Mart.

—  Deshayesei, Terq.
Cucullea similis, Terg.
Arca Collenoti, AMart.

— Hettangiensis, Mart,
Pinna semistriata, Terq.
Mytilus minutus, Goldf.

—  Geuxii, d’0Orb.

—  rusticus, Terq.
Saxicava, sp.

Lima edula, @’Orb.
— Valoniensis, Defrance,

Spiriferina Walcotii, Sow.

Pentacrinus angulatus, Opp.
Ophioderma, &p.

Septastrza excavata, De From.

Tsastrsea basaltiformis, De From.
Astroccenia sinemuriensis, De From.

In addition to the above fossils there are upwards of forty species of Foraminifera
from the zone of 4. planorbis at I’Auxois (see the description of * Les Foraminiféres de

Lima Hettangiensis, Terq.
— pectinoides, Sow.
— preelonga, Mart.

— tuberculata, Terg.
— duplicata, Quenst.
Avicula Deshayesei, Terq.

— infraliasina, Mart.
— _ Dunkeri, Terq.

—  Sideloci, Mart.

—  similis, Piet. et Terq.

Inoceramus, sp.

Pecten pollux, d’Oré.

— calvus, Goldf.

— dispar, Terq.
Gervillia acuminata, Terq.
Plicatula spinosa, Sow.

—  Deslongchampsei, Piet. et Terq.

—  Hettangiensis, Terq.
—  intustriata, Emmr.
—  Baylii, Terq.
Hinnites liasinus, Terq.
Ostrea marcignyana, Mart.
— irregularie, Miinst.
—  leeviuscula, Munst.

BracrI1OPODA.

| Terebratula perforata, Pief.

EcHINODERMA

|

ANTHOZOA.

.

I’Auxois ” in the memoirs of M. Terquem),

The zone of 4. planorbis was likewise found by Dr. Reynts in the Aveyron; and in
the Ardéche at Mercuer, near Aubenas, by M. Ch. Laforét, where he collected both

TA.

Cidaris Martini, Cott.
Hemipedina Burgundize, Cott.

Stylastreea Sinemuriensis, De From.

— Martini, De From.

the smooth and plaited varieties of 4. planorbis in the same bed.
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2. THE ZoNE OF AEGOCERAS ANGULATUM.

Synonyms.—* Sandige Kalke und Sandsteine mit Am. angulatus, Quenst.,”  Flotageb.,’
p. 541, 1843. “ Gres infraliasique ” (pars), Dufrénoy et De Beaumont. ¢ Exp. Carte
Geol. France,” vol. ii, p. 157, 1848. ¢ Gres liasique, gres de Hettange,” Terquem,
‘Paléont. du Dép. de la Moselle,” p. 11, 1855. “ Die Schichten des Ammonites angu-
latus,” Oppel, ¢ Juraformation,” p. 28, 1856. “ Zone & Ammonites Moreanus,” Martin,
“Pal. Stratigraph. de I'Infra-lias du Départ. de la Cote-d’Or,” ¢ Mém. Soc. Géol. de
France,” p. 38, 2nd série, 1860. ¢ Augulatenschicten,” Seebach, *“ Der Hannoversche
Jura,” p. 17, 1864. ““Die Angulatenschichten die untere Jura,” Brauns,p. 70, 1871.
“Zone &’ 4. angulatus,” Dumortier, ¢ Etudes de Bassin de Rhone,’ Prem. Pt., p. 100,
1864. “Zone of dmmonites angulatus,”” Tate and Blake, ¢ Yorkshire Lias,’ p. 46, 1876.

The Angulatum-zone, so far as it has been exposed, appears to be imperfectly
developed in the Midland Counties, and from the difficulty experienced in separating its
beds from the Bucklandi-series, they were grouped with the latter in my memoir.! On
the Continent, however, and especially in France, this zone forms a very important
horizon, and contains a rich fauna. M. Jules Martin,® in his valuable memoir on the
Infra-Lias of the department of the Cote-d’Or, says, “this zone forms one of the best
characterised paleontological horizons in the Cote-d’Or, and contains the richest and
most varied fauna. Limited to two or three yards in thickness, this deposit appears to
correspond to a period of animalisation of admirable fecundity. It is from these that
we have collected the charming fauna which we last year indicated, and which has such
intimate relations with the Hettangian fauna described by M. Terquem.” From this
zone M. Martin has collected and catalogued—1 Ickthyosaurus, 1 Ickthyodorulite, 10 sp.
of Cephalopoda, 63 sp. of Gasteropoda, 77 sp. of Conchifera, 5 sp. of Brackiopoda, 4 sp.
of Echinodermata, 10 sp. of Anthozoa, 8 sp. Annelida, and the débris of Crustacea. In
the Department of the Moselle M. Terquem® has enumerated 177 species from the same
zone.  Aegoceras angulatum, (Schloth.), is found between Charmouth and Lyme Regis, in
dark shale, below the grey concretionary limestone, with a mammilated surface; and
likewise in the same strata south-west of the Cob. From these beds I have collected
degoceras angulatum (Schloth.), Aey. Moreanum (d’Orb.).

This zone was well exposed in the Harbury cutting of the Great Western Railway,
near Warwick, although very few Mollusca besides Aegoceras anyulatum were obtained
therefrom ; on the spoil-banks, even now, some good fragments are occasionally found.
On the coast of Yorkshire it occurs near Redcar, where it has been studied with much
care by Messrs. Tate and Blake, and they have given a detailed account of its beds in their
excellent work on the ¢ Yorkshire Lias,” p. 48, whence the following section is derived :—

! “Quart. Journ. Geol. S.,” xvi, p. 398, 1860.

3 “Paléontologie stratigraphique d’Infra-Lias du département de la Cote-d’Or,’ p. 39, 1860. ¢ Mém,

Soc. Géol. de France,’ 2nd série, tom. vii, Mém. No. 1.
8 <Paléontologie du département de la Moselle,” p. 12, 1855.
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Section of the Angulatum-beds at Redcar (Yorkshire).
No. LitroLoGY. T:;:: ) OrGANIC REMAINS.
ft. in.
1 | Base of the lowest scar of the Bucklandi
ZOME ..ooetinneeirnenenstaneenieeneneees — | Arietites Conybeari, Lima gigantea, Pentacrinus.
2 | Blue shale with a line of Am. Conybeari Cardinia Listeri, Gryphea arcuata, Lucina lim-
at the depth of 1 foot .................. 2 8 bata, Pentacrinus.
3 | Indurated shale 5 inches, earthy lime- Aegoceras angulatum, Gryphea (small).
stone linch .................... 2 6 | Unicardium cardioides.

4 |Blueshale ................ccoviinieniinnn. Aeg. angulatum.

5 | Friable shale, Oyster bed, and irregular Aeg. angulatum, Pleurotomaria similis, Dentalium
limestone nodules 14 inches ... ...... 0 7 Etalense, Astarte Oppeli, Lima gigantea, Car-
dinia  Listeri, Pleuromya crassa, Serpula

socialis.

6 |Blueshale.................c.oool 1 0 | deg. angulatum (large size), Gryphea.

7 | Friable shale, with Oysters chiefly, deg. angulatum, Cardita Heberti, Lucina lim-
2inches ..........c.oeiiiiiininnn, } 0 5 bata, Plicatula liasina.

8 | Blueshale ....................ooeen Terquemia arietis, Perna infraliassica, Rhyn.

Dplicatissma, Montlivaltia polymorpha.

9 | Band of small Grypheea, 4 inch; blue
shale .............coveeeiiieniiiiiiieeene. | 3 0 | deg. angulatum, Plicatula liasina.

10 | Shell band and shelly limestone,

14 inch; irregular, 5 inches. Blue
shale ... 6 4 | deg. angulatum, Eucyclus elegans, Astarte obsoleta.

11 | Shelly limestones, sometimes Encrini-
tal, with shale, 24 inches ............ 2 8 | deg. angulatum, Encyclus acuminatus.

12 | Blueshale ...........................

13 | Coral bed: a friable shale with small deg. angulatum, Astarte Oppeli, Cardita He-
pebble-like concretions at top, very berti, Plicatula liasina, Pleurot. similis, Montli-
fosnhferqus, 2% mghes RS TIEIE T [P SN valtia Haimei, Serpula socialis, Waldkeimia

14 De?:-epseg, irregular limestone doggers,j Sarthacensis.

glneh

15 | Shale with Gryphea arcuta ............ Aegocras an

16 | Earthy subcr;Zulline limestone ...... y gulatum (large).

17 | Black smooth shale ..................... } 1 2| deg. angulatum (large).

18 | Friable shale and Oyster band............ 0 6

19 | Smooth shale..............................

20 | Siliceous limestone, 4 inch ............ 0 6

21 | Smooth shale..............................

22 | Limestone doggers, depressed ......... Lima gi

23 | Thin shell limstone .- rorr gigantes.

24 | Frinble shale ... 3 2

25 | Smooth shale, 9 inches.................. Aeg. angulatum.

26 | Earthy limestone or doggers ............ 0 2 Céqr(lin'gz ovalis.

27 %llnootl; shale ............................ 10

28 ne siliceous limestone .................. i

29 | Friable shale................................. 8 é gzzfe:nzz,gztl:;nDentahum Flatense.

30 | Siliceous limestone ........................ 0 2 .

31 | Friable shale.......................... . 1 5 | deg. angulatum.

Pc.zlwontoloyy.—'l‘he Angulatum-beds in the Department of Céte-d’Or have yielded a
very l‘l('h. fauna to the researches of M. Martin ; many of these fossils were described and
figured in the memoir already cited, and MM, Terquem and Piette have made like
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contributions to the history of the fauna of this zone in their valuable monograph, *“ Le
Lias inférieur de I'Est de la France.”® The researches of MM. Tate and Blake in the
Yorkshire Lias have added much to our knowledge of the British fossils of the Angulatum-
beds near Redcar, as the following list shows.

Fossils from the Angulatum-Zone.

REepTILIA.
. Ichthyosaurus, vertebree and teeth. | Plesiosaurus, vertebrs and teeth.
Pisces.
Hybodus minor, Agass. i | Acrodus minimus, 4gass.
CEPHALOPODA.

.

Aegoceras angulatum, Schl.
—  Johnstoni, Sow.
—  Liasicum, & Orbigny.

Discohelix striata, Piette.
—  semiclausa, Tate.
Pleurotomaria obesula, Tate.
—_— similis, Sow.
— tectaria, Tate.
Pitonellus sordidus, Tate.
‘Crypteenia solarioides, Sow.
—  rotelleformis, Dunker.
—_ nucleus, Terquem.
‘Cerithium gratum, Terquem.
—  Semele, d’Orbigny.
—  spiratum, Moore.
Dentalinm Etalense, Terquem.

Ostrea ungula, Miinster.
~ semiplicata, Munster.
Gryphea arcuata, Lamarck.
Anomia alpina, Winkler.
—  striatula, Oppel.
Plicatula liasina, Terquem.
Pecten calvus, Goldfuss.
— punctatissimus, Quenstedt.
— textilis, Miinster,
— textorius, Schlotheim.

Aegoceras nanum, Mart.
Nautilus striatus, Sow.
Belemnites infundibulum, Phillips.

(GASTEROPODA.

Dentalium limatulum, Tate.
Acteonina fragilis, Dunker.
Phasianella Morencyana, Piette.
Turbo solarium, Piette.

— philemon, & Orbigny.
Littorina semiornata, Miinst.
Eucyclus elegans, Miinster.

—  acuminatus, Chap. & Dewal.
Turritella Dunkeri, Terquem.
Chemnitzia transversa, Blake.

— Berthandi, Dunker.
— unicingulata, Terquem.
—_ Etalensis, Piette.

LAMELLIBRANCHIATA.

Limea Blakeana, Tate.
Avicula Pattersoni, Tate.
Perna infraliasica, Quenstedt.
Pinna Hartmanni, Zieten.
Macrodon pullus, Terquem.
— Hettangiensis, Terquem.
— navicula, Terquem.
Leda Galathea, d’Orbigny.
— Renevieri, Oppel.
— texturata, Terquem.

1 ¢ Mémoires de la Société Géologique de France,’ 2e série, tome viii, p. i, 1865,
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Leda v-scripta, Tate.
Nucula nevis, Piette.
Astarte obsoleta, Dunker.

— cingulata, Terquem.

—  Oppeli, 4ndler.
Hippopodium ponderosum, Sow.
Cardita Heberti, Terquem.
Protocardia Phillipiana, Dunker.
Cardinia crassiuscula, Sow.

- ovalis, Stutchburg.

- Deshayesii, Terquem.

— Desoudini, Terquem.

Waldheimia Sarthacensis, &’Orbigny.
Spiriferina rostrata, Schlotheim.

Bairdia liasica, Brodie.
—  lacryma, Blake.
—  Redcarensis, Blake.
—  elongata, Blake.
Polycope cerasia, Tate.

Ditrypa capitata, Phill.
—  globiceps, Quenst.
Galeolaria socialis, Goldf.

Cidaris Edwardsii, Wright.
Hemipedina Tomesi, Wright.

Septastreea excavata, de From.

Montlivaltia Haimei, Ckap. § Dewalq.

Foreign Correlations.—Professor F. A. Rémer, in 1836,' published an important
work on the ¢ Jurassic Formations of North Germany,” which formed the starting-point
of numerous observations made since that date by several accurate observers, as Dr. U.
Schlonbach, ¢ Ueber den Eisenstein des mittleren Lias im nordwestlichen Deutschland,”
as developed at Harzburg, Liebenburg near Goslar, Bodenstein, Calefeld, and other

places ;9. also Professor von Seebach, ¢ Der Hannoversche Jura;’® and Emerson,
* Der Liasmulde von Markoldendorf bei Einbeck.”’*

Cardinia Listeri, Sow.

Lucina limbata, Terquem.

Modiola hillanoides, Ckap. & Dewalg.
—  leaevis, Sow.
— Hillana, Sow.

Saxicava arenicola, Terquem.
Myoconcha psilonoti, Quenstedt.
—_ inclusa, Terquem.
Unicardium cardioides, Phillips.
Pholadomya glabra, Agassiz.
Gresslya Galathea Agassiz.
Pleuromya crassa, Agassic.

BRACHIOPODA.

Rhynchonella plicatissima, Quenstedt.

CRUSTACEA.

Cythere Blakei, Jones.
—  circumseripta, Blake.
—  paupercula, Blake.
—  Redcarensis, Blake.
—  arcuformis, Blake.

ANNELIDA.

Serpula limax, Goldf.
—  plicatilis, Goldf.
—  flaccida, Goldf.

ECHINODERMATA.

Pentacrinus psilonoti, Quenst.
— basaltiformis, Miiller

ANTHOZOA.

Montlivaltia polymorpha, Terquem.

After a careful examination

1 ¢ Die Versteinerungen des Nord-deutschen Oolithen-Gebirges,” 1836.
% ¢ Zeitschr. d. d. Geol. Ges., Band xv, p. 463, Jahrg., 1863.

8 ¢ Der Hannoversche Jura,’ mit 10 Tafeln und 1 Karte, 1864.

& “Zeitschr. d. d. Geol: Ges., Band xxii, p. 271, 1870.

of the
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organic remains and an accurate determination of the species, each of these authors has
placed the strata of the Lower and Middle Lias in their proper zones.

had been well and carefully carried out by previous observers with like results, as
Bornemann, Strombeck, Ulrich, Ewald, Rolle, Wagener, &c., and from the united
Palzontological data thus obtained we have learned the correlation of the north-west
German Lias beds, as shown in the following table—

The Middle and Lower Lias of North Germany.

VoN SEEBACH.

SCHLONBACH.

EMERSON.

Amaltheenthone.

Beds with

Am. capricornus.

MIDDLE LIAS.

Zoue of Am spinatus.

Beds with Am. spinatus.

Upper zone of Am. margaritatus.

Upper zone of dm. fimbriatus.
Lower zone of Am. margaritatus.

Absent.

Absent.

Beds with
Am. brevispina.

Lower zone of Am. fimbriatus.

Beds with Am. centaurus.

Beds with 4m. planicosta.

Beds with Am. brevispina.

Zone of Am. Jamesoni.

Beds with Terebratula subovoides
and Am. armatus.

LOWER LIAS.

' Beds with Am. bifer.

Zone of Am. planicosta.

Beds with Am. planicosta.

Zone of Am. geometricus.

Beds with Am. geometricus.

Arietenschichten. — —_— 1 e
Zone of Am. Bucklands. Absent.
An'gulatemclzichten. A Zone of Am. angulatus. Beds with dm. engulatus. '
Pilonotenschichten. ) Zone of Am. Joknstoni. Psilonotenschichten.
Rhatic, Zone of Avicula contorta. Avicula,

Similar studies
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The Angulatum-zone, as shown in this table, is well developed in North Germany, as is
proved by the valuable works of the late Professor U. Schlénbach and *“ Der untere Jura” of
Dr. Brauns, from which it appears that many of the organic remains of the Planorbis-
beds pass into the Angulatum-zone, and that it is difficult to draw a divisional line
between them. The following list affords a correct idea of the Molluscan fauna of the-
North-German Angulatenschichten.

CEPHALOPODA.

Aegoceras angulatum, Schlotheim. | Nautilus intermedius, Sow.
GASTEROPODA.
Hydrobia Krausseana, Dkr. Pleurotomaria rotelleeformis, Dkr.
Turritella Zenkeni, Dkr. Cylindrites fragilis, Dkr.
Mesalia turritella, Dkr. Dentalium Etalense, Terg. et Piette.
Pleurotomaria Anglica, Sow. Discohelix pygmea, Dkr.
LAMELLIBRANCHIATA.

Ostrea sublamellosa, Dkr. Astarte obsoleta, Dkr.

Grypheea arcuata, Lamk.
Pecten textorius, Sckith.
Lima pectinoides, Sow.
Leda Renevieri, Opp.
Macrodon pullus, Tgm.

Inoceramus pinneeformis, Dkr.

Cardinia concinna, Sow.
—  crassiuscula, Sow.
—  Listeri, Sow.
Unicardium cardioides, Phill.
Cardium Heberti, Tgm.
Protocardia Phillippiana, Dkr.

Gervillia Hagenovii, Dkr. Isodonta elliptica, Dér.
Avicula ineequivalvis, Sow. Pholadomya corrugata, Dkr.
Pinna Hartmanni, Zief. Goniomya heteropleura, dgass.
Modiola Hillana, Sow. —  subrugosa, Dkr.

— nitidula, Dkr. —  liasina, Schubl.

—  scalprum, Sow. Gresslya Galathea, Agass.
ECHINODERMATA.
Pentacrinus, sp. + Hypodiadema lobatum, Desor. Cidaris, sp.

The Angulatum-beds are well developed in Wiirttemberg ; and the Stuttgart Muscum-
contains a very fine series of the leading fossils, as Adegoceras angulatum, A. Moreanum,
A. compressum, A. Liasicum, and many other Mollusca. Some of the Ammonites are
upwards of one foot in diameter, and were collected from the Lias a near that town. 1
have one nearly as large sent me by my esteemed friend Prof. Fraas.

In France this zone is found in several Departments, as in the Céte-d’Or, and is
remarkable for the very rich fauna it has yielded to the researches of M. Martin and MM.
Collenot and Bréon. In this zone likewise are found, in the Commune of Thoste, and at
(‘:he hamlet of Beauregard, the remarkable ferruginous beds which have yielded such an
immense quantity of Cardinias. These shells are in admirable preservation, fossilized by

iron, and present all the characters of their internal structure. The Ammonites
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Aeg. Moreanum, d’Orb., and Aeg. catenatum, Sow., deg. Liasicum, d’Orb., deg. lagueum,
Quenst., deg. angulatum, Schloth., deg. Charmassei, d’Orb.

The workmen call the bed “ Foie de Veau,” and M. Martin' has adopted the local
name as equivalent to his Zone & Ammoniles Moreanus, of which he has given an
exhaustive account in the memoir. M. Collenot? has likewise given a most able account
of the zome, with very full details of the Mine at Beauregard, and has very carefully
noted all the fossils that appertain to the ““ Foie de Veau,” and placed them in separate
cases in the Museum of Semur, where I had the opportunity of examining them, and has
given the following list thereof in his exhaustive ¢ Description Géologique de I’ Auxois.’

RepriLes.
Ichthyosaurus, sp.

CEPHALOPODA.

Aegoceras Liasicum, d’Ord.
—  laqueum, Quenast.
—  angulatum, Scklotk.
—  Moreanum, d’Orb.

Littorina clathrata, Desh.
Turritella Deshayesea, Terg.

—  Humberti, Mart.

—  Dunkeri, Terq.
Melania cyclostoma, Terq.

—  crassilabrata, Terg.
Tornatella acuminata, Piet.
Orthostoma turgidum, Terq.

—  frumentum, Zerq.
—  oryza, Terq.
—  decoratum, Mart.
—  exile, Mart.
—  gracile, Mar¢,
Trochus sinistrorsus, Desh.
—  nitidus, Terq.
— lineatus, Mart.
Turbo decoratus, Mar¢.

— cristatus, Mar¢,

— philemon, & 0rb.

—  Piettei, Mart.

— subcrenatus, Murt.

— nanus, Mart.

— selectus Chap, et Dewal.

Aegoceras Charmaesei, d’ Orb.
—  Delmasi, Reynis.
—  Hettangiense, Tergm.
Nautilus striatus, Sow.

(GASTEROPODA.

Turbo triplicatus, Mart.
— Andleri, Mart¢.
— intextus, Mar¢.
Solarium lenticulare, Terq.
Straparolus Oppeli, Mart.
Pleurotomaria Terquemi, Mart.
—_ concava, Mart.
— Martiniana, d’ Orb.
—_ rotelliformis, Dunk.
Purpurina tricarinata, Marz.
Trochotoma clypeus, Terq.
Cerithium verrucosum, Terg.
—_ Semele, d’Orb.
—  subnudum, Mart.
—_ Martinianum, d’Orb.
—  Sinemuriense, Mart.
— Arduennense, Piet.
—  gratum, Terq.
— Henrici, Mart.
—  acuticostatum, Terq.
—  Deshayesei, Piet. et Terq.
— Collenoti, Mart.
—  trinodulosum, Mart. .

! “Paléontologie stratigraphique de I'Infra-Lias de Département de Cite d’Or,’ p. 38, 1860.

? ‘Description géologique de I’Auxois,’ p. 219, 1873.

5
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LAMELLIBRANCHIATA.
Leda Aballoensis, Mart. , Arca pulla, Terq. ,
Cardita Heberti, Zkrg. — Sinemauriensis, Mar¢.
Astarte consobrina, Chap. et Dewal. Pinna Hartmanni, Ziet.
Cardinia Listeri, Sow. — semistriata, Terq.
—  sublamellosa, 4’Orb. Avicula Sinemuriensis, d’Orb.
—  acuminata, Mart. Mytilus Guexii, &’Orb. .

—  hybrida, dgass. —  rusticus, Terq.

—  exigua, Terq. Lima edulis, d’Orb.
Lucina arenacea, Terq. — gigantea, Sow.

Cardium Terquemi, Mart. — Hettangiensis, Terq.
Nucula Sinemuriensis, Mart. Ostrea irregularis, Miinst.

BraAcHiOPODA.
Terebratula perforata, Piet.

Rhynchonella variabilis, d’Orb.
— retusa, Mart.

— plicatissima, Quenst.

EcHINODERMATA.

Pentacrinus tuberculatus, 2ill. | Astropecten, ap.

ANTHOZOA.
Montlivaltia Martini, de From.
—_ Sinemuriensis, d’ Oré.
Thecosmilia Martini, de From.

Isastreea Sinemuriensis, de From.
Stylastreea Martini, de From.
Astroceenia Sinemuriensis, de From.

SPONGIARIA.

Porosmilia Martini, de From. | Amorphofungia Dumortieri, Marz.

ForAMINIFERA.

Placopsilina Flouesti, Terq. | Involutina petrea, Terq.

The Lower Lias is well developed in the Departments of the Meurthe and the Moselle,
in the east of France, in the Grand Duchy of Luxembourg, Belgium, and in the Dep.
Meuse. The fossils, from its diffcrent zones, have been collected with great care, and their
species determined, beautifully figured, and well described by MM. O. Terquem and Ed.
Piette in their valuable memoir.! In the vallcy of the Mosclle a great number of Mollusca
have been discovered in the large quarries of the Angulatum-beds, “ Le gres d’Het-
tange,” which has become famous for its fossil riches. The authors enumerate 15 species
of plants and 332 species of animals from the zone of Aeg. angulatum. Of this total 53
are found in the Planorbis-beds, 212, or two thirds, pass into the upper zones, and 120

! “Le Lias inférieur de P'est de la France,” * Mém. de la Soc. Géol. de France,’ 2e série, tome viii,
1865.
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species appear to be special to the zone of deg. angulatum, nearly all of which are repre-
sented in the “ Grés d’Hettange.”

In Luxembourg the Marne de Jamoigne represents the Angulatum-zone, and beds of
the same age are found in the valleys of the Semois, the Chiers, and the Meuse. In
Gloucestershire.I have seen small specimens, which were found near Aust and Gloucester.
This zone is likewise exposed in the north of Ireland, in the remarkable Lias district
near Portrush.

3. THe ZONE OF ARIETITES BUCKLANDI.

Synonyms.—* Blue Lias,” William Smith, ¢ Memoir to the Map,’ 1815. * Blue Lias
'Limestone,” De la Beche, ¢ Geol. Trans.,’ 2nd series, vol. ii, 1829. “ Gryphiten-Kalk-
‘stein,” Alberti, ¢ Die Gebirge des Konig. Wiirttemberg,” p. 121, 1826. “ Liaskalk,”
Mandelsloh, ¢ Geol. Profile der schwibisch. Alpen,” p. 28, 1834. “Calcaire a
Gryphites ” (pars), Dufrénoy et de Beaumont, ¢ Mém. Soc. Géol. de France,’ p. 196,
'1830. “Gres de Luxembourg * (pars. sup.), Omalius d’Halloy, < Elém. de Géologie,’
'p. 375, 1835. “Grés de Luxembourg,” Dewalque, * Descrip. du Lias de la Luxem-
‘bourg,” p. 28, 1837. “Plagiostoma-beds, Lower Lias,” Murchison, ¢ Geol. of
iCheltenham,” 2nd ed., p. 49, 1845. “ Arietenkalk,” Quenstedt,  Der Jura,’ Table,
ip. 293, 1857. “Die Schichten des Ammonites Bucklandi,” Oppel, ¢ Juraformation,’
. 35,1856. * Zone of Ammonites Bucklandi,” Wright, ¢ Quart. Jour. Geol. Soc.,’ vol. xvi,
p- 398, 1860. “ Zone de V' Ammonites Bucklandi,” Dumortier, ¢ Etudes Paléont. sur les
Dépits Jurassiques du Bassin du Rhone,’ 2e part, p. 6, 1867. ¢ Die Arietenschichten,”
Brauns, ¢ Der untere Jura,” p. 78, 1871. “ Zone of Ammonites Bucklandi,” Tate and
Blake, ¢ Yorkshire Lias,” p. 54, 1876.

The Bucklandi-zone forms an important subdivision of the Lower Lias. This
series attains a great development in the midland counties and in Glamorgan,
Dorset, and Somerset. The rocks are characterised throughout by the prevalence of a
number of large dmmonites belonging to the natural group Ariefes (von Buch), and
by many Lamellibranchiata of the genera Lima and Gryplea. In England it everywhere
consists of beds of grey-bluish argillaceous limestone, interstratified with bands of marl,
shale, and clay of a similar colour. In some parts of the counties of Warwick, Somerset,
Dorset, and Glamorgan this series attains a thickness of 80 feet.

Gloucestershire and Somersetshire.—In Gloucestershire it was exposed in the deep
cutting of the Dean Forest Railway at Highnam, and is seen in the Lias limestone-
quarries near Tewkesbury, and in the natural escarpments at Frethern and Purton-on-the-
Severn. In Somersetshire it was sectionised in making the Great Western Railway
between Bristol and Bath, and probably at no point were the several beds of the Zina
series better shown than in the cutting at Saltford, seven miles from Bristol. My late
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friend, Mr. William Sanders, F.R.S., made the following profile during the execution of
the work, which, together with his notes on the fossils contained in the different strata,
have been kindly communicated by my friend, Mr. Etheridge, F.R.S. This section is of
great value, inasmuch as the beds are now partially concealed by débris and vegetation,
and the characteristic fossils are no longer found in their respective beds.

Section of the Bucklandi- Beds at Sallford, near Bath, Great Western Railway.!

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

No. LiTHOLOGY. T:;::' OrGanic Remains.
feet,
Brown gravelly marl ..................... 120
Beds of laminated shale and clay ...... 110
Dark clay, with boulders, and layers Scales of Tetragonolepis monilifer, Agass., and
of septaria at the top and bottom of Belemnites acutus, Mill.
the bed, and in the clay between...... 105
59 | Grey Lias limestone........................ 100 | Rhynckonella variabilis, Schloth.
58 | Dark shale ................................. Belemnites acutus, Mill.
Grey Lias limestone.
Dark shale ...................ceel Ostrea Goldfussi, Bronn, Avicula calva, Schlon.,
and Pecten textorius, Schlot.
57 | Grey Lias limestone........................ Arietites Conybeari, Sow., and Belemn. acutus,
Mill.
Dark shale.
56 | Thin limestone-band.
Dark limestone.............................. Nautilus striatus, Sow., Ariet. Conybeari, Sow.,
and Belemnites acutus, Mill.
65 | Grey Lias limestone........................ 95 | Lima gigantea, Sow., and SpiriferinaWalcotti, Sow.
Dark limestone.
' 54 | Grey Lias limestone.
Dark shale.
53 | Grey Lias limestone.
Dark laminated shale.
52 | Dark grey Liaslimestone.................. Vertebree of Ichthyosaurus, Ar. Bucklandi, Sow.,
and Spiriferina Walcotti, Sow.
Dark shale ................................ dr. Bucklandi, Sow., Nautilus striatus, Sow.,
and Spiriferina Walcotti, Sow.
51 | Grey Lias limestone........................ 90
Dark shale.
50 | Grey Lias limestone........................ Hybodus curtus, Agass,
Dark shale ...................h ... Pholadomya glabra, Agass.
49 | Grey liias limestone........................ Nuutilus striatus, Sow. (large), Ar. Brookii, Sow.,
and fossil wood.
Dark shales .............c..ccoeiiviinn.. Ar. Conybeari, Sow., and Ar. Bucklandi, Sow.
48 | Grey Lias limestone........................ Plesurotomaria similis, Sow., and Lima gigantea,
ow.
Dark shales ................................ Ar. Bucklandi, Sow., and Pleurotomaria similis,
Sow.
47 | Grey Lias limestone,.
Dark shales ................................. Arietites Conyb eari, Sow.
46 | Grey Lias limestone

Nautilus striatus, Sow.

1 This section shows the relative position of the zones of Ar. Bucklandi, deg. planorbis, and Avicula

contorta in this part of the county, and affords a good type for comparing these three stages in Somerset-
shire with the same groups in other parts of the south of England.
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No. LirsovLoay. T:::;:' OrcaNic REMAINS.

feet.
Dark shales ............ccooovvvvmnennennnnn. Pentacrinus tuberculatus, Mill. (stem), and
Pecten textorius, Schloth,
45 | Dark-grey limestones ..................... Ichthyosaurus communis, Conyb.
Dark shales ...........c......ccoveveennnns Gryphea arcuata, Lamk., and Pentacrinus
tuberculatus, Mill.
44 | Grey limestone.
Dark shales,
43 | Grey limestone .....................ce....o. Ichthyosaurus communis, Conyb., and Ar.
Conybeari, Sow.
Dark shales .............ceveneneennnns Pinna Hartmanni, Ziet., and Gryphea ar-
cuata, Lamk.

42 | Bluish limestone ........................... 80

41 | Thirteen or fourteen limestone bands, Pholadomya glabra, Ag., and Lima pecti-
with irregular surfaces ; some nodu- noides, Sow., Gryphea arcuata, Lam., and
lar, with partings of clay and shale 75 Rhynchonella variabilis, Schl.

40 | From sixteen to eighteen beds, compris- Pholadomya glabra, Ag., and Lima gigantea,
ing 20 inches o% BtONE..........c........ 70 Sow.

39 | Fourteen beds of limestone and clay ... Pecten textorius, Schl. Pholadomya glabra,

. Ag., and Pleurotomaria similis, Sow.
38 | Eight beds of limestone and clay ...... Lima pectinoides, Sow., and Cardinia ovalis,
Stutch.

37 | Thirteen beds of limestone and clay ; Pholadomya glabra, Ag., Rhynchonella vari-
the limestones irregular, water-worn, abilis, Schl., and Ostrea Goldfussi, Bronn,
and nodular .............................. 65

Dark laminated shales ..................... Ostrea Goldfussi, Bronn.

36 | Grey limestone,

Dark shales.
35 | Greyish limestone ........................ 60
34 | Ten beds of shales and limestone ; sep-
taria in the lower beds.
33 | Thin grey limestone.
Thick dark clay,

32 | Thin band of limestone.
Dark clay.

31 | Thin band of limestone ..... 50
Thick dark shales,

30-1 25. Six beds of limestone, alternating
with six thicker beds of clay ......... 43

24 | Light-coloured limestone.

Dark-coloured shale.
23 | Light-coloured limestone.
Dark shale.

22 | Thick White Lias .............c.......... 40

21-{ Twelve beds of White Lias, separated Pinna Hartmanni, Ziet., and Unicardium
by 12 thin bands of clay............... 35 cardioides, Phil.

11,] 10. Four beds of limestone, becoming Pecten textorius, Goldf., and Pkoladomya
thin and rubbly beneath, and nodular glabra, Ag., Modiola Hillana, Sow., and
at thebase ... . 30 Avicula Sinemuriensis, d'Orb.

9

......

Forms the base of the White Lias series.
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No. LITHOLOGY. T:;g:_’ OrGaNIC REMAINS.
feet.
( Black shales.
8 | Band of limestone ........................ 20
7 | Nodular limestone.
. Black shales ............... e, 15 | Fishes’ scales; layers of compressed Pul-
2 lastra arenicola, Strickl.
] 6 | Dark limestone........................... ... | 10 | Pecten Valoniensis, Defr., and Avicula con-
w, torta, Portl.
® Dark shale.
‘§ {| 5 [Dark limestone .............cceeeiien.. Pullastra arenicola, Strickl.
S Dark shale.
3 4 | Greenish-brown soft marl.
8 Marlstone.
] 3 | Pale-bluish clay, with plant-like fibres...| 5
2 | Buff-coloured clay.
Grey sandy marlstone, with ferruginous
spots.
L New Red Marl.

Lyme Regis.~The Bucklandi-zone is admirably shown in the coast-section at Lyme
Regis, Dorset, both in the Church Cliffs and at Pinhay Bay, where the beds consist of
a series of grey limestones, from 2 to 10 inches in thickness, varying from earthy to
compact, and alternating with marls and shaly beds—either in seams of a few inches, or
in beds of many feet in thickness. The following section, from the lowest stratum on the
shore to Broad Ledge, which may be- considered the uppermost bed of the Buciland:
series, affords a correct view of the stratigraphical order of these strata at Lyme and of
the fossils they contain. The profile must be read in a descending order through the
Turneri and Bucklandi beds towards the Angulatum-zone on the shore.

Section of the Bucklandi-beds from Broad Ledge to the shore at Lyme Regis.

THickK-

No. T Y. .
LiTHoLOG NESS, OrGaNic REmaINs

ft. in.
(| 1 | Dark-grey limestone. * Broad Ledge”

Ichthyosaurus communis, Conyb., I. platy-
or ‘“ Table-bed” .......

3 6 odon, Conyb., Arietites semicostatus, Y.

3 & B., and Rhynchonella variabilis, Schloth.
E 2 | Dark marls and shales, with bands of

é W ClaYS .o 18 0 | Arietites Turneri, Sow., and Fishes.

§ 3 | Grey limestone................coveeeiennen 0 4 | drietites Turnert, Sow., and dr. semicostatus,
&~ Y. & B.

| 4 | Dark slaty marls with indurated bandsof | 3 0

Lima gigantea, Sow., L. antiquata, Sow.
imperfect limestone ..................
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No. PatHOLOGY. 1;::?:' OrcanIic ReMmaIns,
ft. in.
5 | Dark-grey limestone ..................... 1 0 | Lima gigantea, Sow., L. antiquata, Sow.,
‘| and Rhynchonella variabilis, Schloth.

6 | Black shales, with partings of gypsum | 2 6 | Ichthyosaurus communis, Conyb. (in the
“ fire-stone beds ’’ west of the Cobb).

7 | Dark-greyish limestone .................. 0 10 | Lima gigantea, Sow., L. antiquata, Sow.,
and Rkynckonella variabilis, Schloth,

8 |Dark shale ............................l 2 0 | Gryphea arcuata, Lamk.

9 | Hard grey limestone. * Grey Ledge” [ 1 3 [ Fin-spines of Hybodus, Rhynchonella varia-
bilis, Schloth, and Pentacrinus tubercu-
latus, Mill.

10 | Dark shaly marls........................... 2 0 | Icthyosaurus platyodon, Conyb.

11 | Grey limestone.............................. 0 6 |Spines of Pseudo-diadema, and other Echi-
nide.

12 | Dark indurated shale ..................... 3 6 | Ichthyosaurus platyodon, Conyb.

13 | Bluish limestone ........................... 1 0 | Gryphea arcuata, Lam., Rhynchonella vari-

. abilis, Schloth, and Lima antiquata, Sow.
14 | Dark shales, containing indurated im- Ichthyosaurus communis, Conyb., I. platy-
perfect limestone ........................ 1 6 odon, Conyb., Pentacrinus tuberculatus,
Mill., and Lima gigantea, Sow.
4 || 15 | Bluish limestone ........................... 010
2 || 16 | Dark indurated clay........................ 1 3 | Gryphea ercuata, Lam., and fragments of
'Z Pentacrinus tuberculatus, Mill,
£ || 17 | Grey limestone, with the plant-bed at Otopteris obtusa, L. & H., and Araucarites
N the top .......ccoeeiviiiiieeieienine. 0 6| peregrinus, Sternb., in the plant-bed.
8 (| 18 | Dark-bluish limestone ..................... 1 6 | Arietites Conybeari, Sow., and Rhyncho-
K nella variabilis, Schloth.
S/ 19 |Darkshale .............ceevvvuviviinnnnn... 0 8 | Gryphea arcuata, Lam.
% || 20 | Dark-greyish limestone .................. 0 10 | drietites Bucklandi, Sow., and Ar. roti-
& Jormis, Sow.

21 |Dark shale ...............coevvveviiennnnnn, 0 8

22 | Grey limestone.................ccevnennnn, 0 4

23 |Dark shale .......c....cc.ooovevevenannn... 1 0 | Ichthyosaurus tenuirostris, Conyb.

24 | Dark greyish limestone .................. 1 4 | Ichthyosaurus communis, Conyb., skulls and
bones of other species, with Rhynckhonella
variabilis, Schloth,

25 | Hard shale, forming “ Quick Ledge’ | 1 6 | Ickthyosaurus communis, Conyb., and I. in-
termedius, Conyb.

26 | Blue limestone.............................. 0 6 | drietites Bucklandi, Sow., and Lima
gigantea, Sow.

27 | Dark shale .................. 0 8| Gryphea arcuata, Lam., and Rhynchonella
variabilis, Schloth,

28 | Concretionary limestone (surface mam-

millated) ... 0 4

29 | Dark-grey shale ........................... 0 8 | Adegoceras angulatum, Schloth.

30 | Greyish limestone ........................ 0 6 | Lima gigantea, Sow.,and L. antiquata, Sow.

31 | Dark indurated shale ..................... 0 9 | degoceras angulatum, Schloth. (large speci-
mens with small Grypheea adherent).

Grypheea arcuata, Lam., small and dwarfed.

32 | Hard grey limestone ..................... 0 7 | Lima gigantea, Sow.,and L. antiquata, Sow.

The shingle of the shore covers the lower beds of the dngulatum series.

Coast of Glamorganshire—~In Glamorganshire there is an extensive exposure of the
Bucklandi-beds for the distance of sixteen miles along the coast, from Penarth IHead,
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by Barry Island, Aberthaw, and Dunraven Castle, to the mouth of the River Ogmore,
where the Lower Lias rests on highly inclined beds of Carboniferous Limestone. The
strata laid bare by the sea are chiefly those containing Lima gigantea and Gryphea
arcuata. At Cowbridge the same stratigraphical condition is observed, and the Lower
Lias is here seen resting on Carboniferous Limestone. At Penarth Head, however, the
relation of the Bucklandi to the Planorbis and Avicula conforta beds is much better seen
than at any other part of the Glamorganshire coast.

The Rev. J. E. Cross, F.G.S., has described the Lias beds of North-west Lincoln-
shire,! which have recently been laid open by the extension of railways and searchings
for Ironstone, and from his interesting and instructive paper I have deduced the-

following results.

A generalised profile of the Lias beds of North-west Lincolnshire.

LincoLNsHIRE OQoLITIC LIMESTONE.

Horizons,

PeTROLOGY.

PALZONTOLOGY.

Uerer Lias,

Blue shale with moulds
of Ammonites of the

falcifer type, 60 feet |

thick.

Harpoceras serpentinum, Lytoceras cornucopic.

MippLE Lias
MARLSTONE.

Hard, light grey lime-

stone, weathering to
brown Ironstone with
Rhynchonelle, 8 feet
thick.

MippLe Lias.
Manws.

Blue clay with cement
nodules throughout,
containing Aegoceras
capricornus, (6 feet
thick.

Amaltheus spinatus, Avicula cygnipes, Terebratula punc-
tata, Rhynchonella tetraedra, Spiriferina rostrata.

Aegoceras Henleyi = capricornum, Belemnites fraxillosus,
Plicatula spinosa, Avicula inequivalis, Nucula com-
planata, Lima acuticosta, Rhynchonella variabilis.

MivpLe Lias,
IRONSTONE.

The Ironstone Pecten-
bed, crowded with
shells, 4 feet thick.

Aeg. armatum, Aeg. striatum, Belemnites elongatus, Car-
dium multicostatum, C. hybrida, Myacites unionides,

Tancredia liassica, Pecten leevis, in great numbers and
of good size.

Ozxynotus and

raricostatus zones.

Blue Marls of the
Lower Lias, containing
different zones of life,
90 feet thick.

Aegoceras Birchii, Amaltheus oxynotus, Arietites rari-
‘costatus, Aeg. Taylori, Aeg. Loscombi, Aeg. natriz,
Belemnites parillosus, B. clavatus, Gryphea Maccul-

lochi, Terebratula numismalis, Pinna folium, Phola-
domya ambigua.

1 « Quart. Jour. Geol.

Soc.,” vol. xxxvi, p. 115, 1875.
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Horizons. PETROLOGY. PALsoNTOLOGY.

Scunthorpe Ironstone | Arietites Bucklandi, 4. Crossii, A. Conybeart, A. semi-
beds, with 27 per costatus, A. stellaris, Aegoceras Boucaultianum, Nau-

Bucklandi-zone. cent. ore, and having tilus striatus, Belemnites acutus, Pleurotomaria
Semicostatus, and a thickness of 27 feet. | Anglica, Cardinia gigantea, C. copides, C. crassissima,
Upper Bucklandi-beds. Lima antiquata, L. gigantes, L. Hettangiensis, Pecten

texturatus, Gryphea arcuata, Hippopodium ferri,
Cucullea ovum.

Lower limestone and | 4. Bucklandi, A. Conybeari, A. semicostatus, Nautilus

marl in Frodingham striatus, Belemnites acutus, Cardinia Listeri, C. con-
cinna, Pleurotomaria Anglica, Lima antiquata, Pecten
textorius, Gryphea arcuata, Lima gigyantea, Phola-
domya ambigua, Unicardium cardioides.

Bucklandi-zone. . .
Lower Bucklandi-beds. eilWay cutting.

Lowest Lias, Trent| degoceras Liassicum, A. angulatum, Nautilus striatus,

Angulatum Valley, 150 feet. Cardinia Listeri, C. concinna, Astarte obliqua, Pho-
zone. Dark  shales and ladomya prima, Cardita Heberti, Modiola nitidula,
clays. Unicardium cardioides, Avicula decussata.

Planorbis-beds and jAvicula contorta series absent.

Keuper. Red Marls. No fossils.

In Yorkshire the Bucklandi-beds are exposed along the coast of Redcar and Robin
Hood’s Bay. In both localities they are, however, at high flood-tide covered by the sea,
so that they are at all times studied with difficulty. Redcar affords the most complete
section, and this has been well worked out by Messrs. Tate and Blake in their able and
ex'haustive work on the Yorkshire Lias. The sections I have given of these beds in the
midland and southern counties of England show that they are there composed of thick-
bedded blue hydraulic-limestones interstratified with beds of clay, but in Yorkshire the
whole forms a great argillaceous series, consisting of shales with shelly tops and thin,
carthy, and shelly limestones.”” The Redcar rocks consist of two sets of scars or ledges,
separated by a broad expanse of a level pavement of shale. The scars succeed each
other at pretty regular intervals, have the general direction of east by north and west by
south, and are formed by the indurated tops of the shales. The inequality of the hard-
ness of the scars and shales makes the shore appear like a deep ploughed field at low-
tide. Their thickness is estimated at 180 feet, and they admit of a threefold division
based on the Petrology and Palzontology of each series. Taking them in ascending
order from the Angulatum-beds we have following series—

! ¢ Yorkshire Lias,’ p. 54.
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Homizow. PeTROLOGY. PALZONTOLOGY.

Black, crumbling| drietites Conybeari, Eucyclus elegans, Rissos nana,

shales, covered by Turbo philemon, Discokeliz Oppeli, D. striata, Tan-
LowER SERIES. thin, earthy, shelly | credia ovata, Plicatula liasina, Rhyn. plicatissima,

limestones, 19 feet Montlivaltia Haimei, Galeolaria socialis.
thick. :

Soft blue shales, with
rows of small lime-
stone nodules in the
MivpLE SERIES. upper part, friable
shales, with shelly
bands, thickness 93
feet.

drietites bisulcatus, Aegoceras Charmassei, Cryptenie
solarioides, Turbo solarium, Cerithium gratum, Turri-
tella Dunkeri, Lima gigantea, Unicardium cardioides,
Cardinia crassiuscula, C. concinna, C. Listeri, Hippo-
podium ponderosum, Gryphea arcuata, Lucina lim-
bata, Pecten textorius, Montlivaltia Guettard:.

Earthy limestones, and | Arietites Turneri, A.

semicostatus, A. Sauzeanus,
calcareous shales,

Belemnites acutus, B. infundibulum, Cardinia Listeri,

UPPER SERIES. with agillaceous beds, | Gryphea arcuata, Lima gigantea, Pecten Thiollieri,
thickness about 66 | Monotiz inequivalvis, Spiriferina Walcotii, Acrodus
feet. nobilis.

Paleontology of the Bucklandi Zone.

: REPTILIA.
Ichthyosaurns communis, Conybeare.

Ichthyosaurus platyodon, Conyb.
— intermedius, Conyb.

— tenuirostris, Conyb.
Pisces.
Ichthyodorulites of Hybodus reticulatus, 4gass., and teeth of Acrodus nobilis, Agass.

CEPHALOPODA.

Aegoceras Charmassei, &’ Orb.
Amaltheus Greenoughi, Sow.
Nautilus striatus, Sow.
Belemnites acutus, Mill.

— pencillatus, Sow.

— calcar, Phil,

— infundibulum, Pkil.

Arietites Bucklandi, Sow.
—  bisulcatus, Brug.
—  Conybeari, Sow.
—  .Sauzeanus, d’Orb.
—  semicostatus, Young & Bird.
—  Brooki, Sow.
—  Scipionianus, & Orb.
—  rotiformis, Sow.

GASTEROPODA.

Turbo philemon, d’0rb.

— reticulatus, Moore.

—  Wilsoni, Tate.
Rissoa nana Mart.
Phasianella Morencyana, Piette.
Pitonellus sordidus, Tate.
Eucyclus elegans, Miinst.

—  selectus, Chap. § Dewalq.
Trochus Redcarensis, Tate.

Pleurotomaria similis, Sow.
- Hennocqui, ZTerq.
— concava, Mart,
—_ tectaria, Tate.
Crypteenia solarioides, Sow.
— rotelleeformis, Dunk.
Acteonina, fragilis, Dunk.
— sinemuriensis, Mart.
Turbo solarium, Piet.
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Chimnitzia Collenoti, Terq. § Piet.

— unicingulata, Terg.
Cerithium gratum, Terq.

— Semele, @’0rb.
Tarritella Zenkeni, Dunk.

Ostrea semiplicata, Miinst.
Pecten calvus, Goldyf.

— textorius, Scholth.

—  Thiollieri, Mart.

— punctatissimus, Quens?,

— lunularis, Roemer.

— Lohbergensis, Emmerick.
Lima Hettangiensis, Terq.

— gigantea, Sow.

— succineta, Schloth.
— pectinoides, Sow.
Limea Blakeana, Tate.
Monotis papyria, Quenst.

—  ineequivalvis, Sow.
Gervillia Hagenovii, Dunk.
Perna infraliassica, Quenst.
Pinna Hartmanni, Ziet.
Inoceramus pinneeformis, Dunk.
Macrodon pullus, Zerq

—  naviculus, Terg. & Piet.

—  Hettangiensis, Terq.
Leda Galathes, &’ Ors.
— Renevieri, Opp.
— texturata, Terg, § Piet.
— subovalis, Goldf,

Spiriferina Walcotti, Sow,

Rhynchonella plicatissima, Quensz.

Ditrypa globiceps, Quenst.
—  capitata, Pkl
= quinquesulcata, Minst.

Ophiura, p.
Cidaris Edwardsii, Wright,
Himipedina Tomesii, #r.

Septastres Murehiaonae, Wr.
Montlivaltia Haimei, Chap.

Turritella regularis, Terg. § Piet.

—  Dunkeri, Terq.
Discohelix Oppeli, Mart.
— striata, Piette.
Natica purpuroidea, Tate.

LAMELLIBRANCHIATA.

Nucula navis, Piette.
Modiola Hillana, Sow.

— leevis, Sow.

—  Dbifasciata, Zate.
Protocardia Philippiana, Dunk.
Cardita Heberti, Terq.
Cardinia crassiuscula, Sow.

—  concinna, Sow.

—  Listeri, Sow.
Astarte obsoleta, Dunk.

—  cingulata, Zerq.

—  apicistria, Rolle.
Lucina limbata, Terq. § Piet.

Mpyoconcha, psilonoti, Quenst.
Unicardium cardioides, Phil.
Gresslya Galathea, 4gass.
Pleuromya liasina, Schlib.
- crassa, Agass.

— Dunkeri, Terq.
Pholadomya glabra, Agass.
Homomya ventricosa, Agass.
Goniomya heteropleura, Agass.

BracrioPODA.
Discina Holdeni, Tate.

ANNELIDA.
Serpule limax, Goldf.

—  deflexa, Phil.
Galeolaria socialis, Goldf.
EcHINODERMATA.

Pentacrinus basaltiformis, Mill.
—_ tuberculatus, M;ll.

Holothuria spines ?

ANTHOZOA.

Montlivaltia Guettardi, Blainv.

Tancredia ovata, Ckap. § Dewalq.

Hippopodium ponderosum, Sow.

43

Foreign C’orrelalz'ona.—Leopold von Buch?® long ago remarked that « the Ammonites

! *Die Ammoniten,’ Akademie der Wissenschaften, Phys. Abhandl., p. 142, 1830.
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of the Family Arietes are in general found together in great numbers; whole strata are
sometimes composed of them, and they often grow to a very large size, from one to two
feet in diameter. They are exclusively and only special to the Lias formation, and
particularly in the lower beds thereof, where many different species are found. It is
still remarkable that this group stands wholly isolated from all the others,” and is well
represented by Arietites Bucklandi, Conybeari, rotiformis, stellaris, semicostatus. In
North Germany the Arietenschichten are well developed, and very rich in organic
remains, as at Orsleben and near Harzburg, where the Bisulcatus-beds are worked for
ironstone. At Solenhai, near Liebenburg, and Falkenhagen, near Rischenau, the hydraulic
limestone marls are found with Arietites bisulcatus and Gryphea arcuatain great numbers.

In South Germany, in Wiirttemberg, the Bucklandi-beds are developed near Stuttgart,
where they repose on the Angulatum-beds, which are worked at Vaihingen for hydraulic
limestone ; in these Pflastersteine are found large specimens of A. angulatum. Forone of

‘these fossils, thirteen inches in diameter, I am indebted to my friend Professor Fraas.

The twenty feet of Angulaten-Schichten are overlain by a thin seam of yellow clay, on
which rests hard, dark-coloured limestone containing Arietites Bucklandi, Conybeart,
bisulcatus, obliquicostatus, Gryphea arcuata, and numerous other Mollusca, so that the rock
is completely composed, as in several specimens before me, of shelly organic remains. The
Bucklandi-beds are only about three feet thick, but very fossiliferous, and the Museums
of Stuttgart and Tibingen contain extensive suites of fossils from these beds. In
Baden the Lower Lias is found at Malsch and Oestringen, in the Langenbriick Jura,
where the Planorbis-beds are overlain by the thick, bard, blue limestone of the Bucklandi-
beds, the Angulatum series being here almost absent.  Arietites Bucklandi, A. spiratis-
simus, A. Turneri, Gryphea arcuata, Lima Hermanni, L. giganlea, L. punctata, Pecten
textorius, Pentacrinus tuberculatus, Mill., and Spirifer tumidus, are the leading fossils here.

In the Breisgau Jura the Lower Lias is represented by the Bucklandi-beds, where
the same species are found as at Malsch.

In the Swabian Jura at Kiissaburg the black bituminous limestone charged with
pyrites are overlain by bluish-grey thick limestone, extremely rich in organic remains.
Aegoceras angulatum, Arietites Bucklandi, Conybeari, Sauzeanus, Turneri, Kridion,
raricostatus, Nautilus striatus, Pleurofomaria similis, Cardinia concinna, C. crassiuscula,
Lima gigantea, L. Hermanni, Gryphea arcuata, Pecten textorius, Spiriferina Walcolii,
Pentacrinus tuberculatus, Mill., are the fossils in these beds.

F. Ritter von Hauer, in his classical monograph “ Ueber die Cephalopoden aus dem
Lias der nordostlichen Alpen,” has given beautiful figures and most accurate descriptions
of some of the most characteristic species of Ammonites from the Bucklandi-beds of the
Eastern Alps, where these shells lie in a red-coloured limestone; we here find Ar.
rotiformis, A. Conybeari, A. bisulcatus, A. spiratissimus, and A. tardicrescens, var. of
Conybeari, A. Kridion, A. stellaris, A. lassicus, A. hungaricus, A. Nodotianus, A
mullicostatus. All of these are well recognised forms of Bucklandi-zone.

! Denk. Kaiser, ¢ Akademie der Wissenschaft,” Wien, 1856.
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In Luxembourg the Lower Lias is well developed, and the Bucklandi-beds represented
by the upper portion of the Grés de Luxembourg. This formation has received different
names by different authors; it is the * Calcaire sableux” of Boblaye, the “grés de
Luxembourg” of Omalius, the * Steininger”” of Dumont, the ¢ Calcaire sableux” of
Sauvage and Buvignier, the ““ Lias @’ of Quenstedt, the “ unterer lias Sandstein ” of
Roemer, the “ Quadersandstein  (pars) of some German authors, and the “ Grés liasique ™
of Terquem, with the Grés d’Hettange. In France, in Department of the Moselle, the
Bisulcatus or Bucklandi-beds have been diligently studied by MM. Terquem and Piette,
and the fruit of their labours is given in detail in their able work quoted already, in
which the following species of Cephalopoda are catalogued from the Bisulcatus-beds :
—Arietites bisulcatus, A. Kridion, A. Conybeari, A. obtusus, A. Birchii, A. lacunatus,
A. Boucaultianus, A. Laigneletii, A. centaurus, A. caprotinus, A. Hagenovi, A. raricos-
tatus, 4. levigatus, A. sinemuriensis, Nautilus striatus, N. Schlumbergeri, Belemnites acutus.
Besides these there are 60 species of GasTeRoPODA, 106 species of LAMELLIBRANCHIATA,
11 species of BracHIOPODA, 8 species of ANNELIDA, 6 species of PoLyzoa, 12 species of
EcriNopErMATA, 3 species of CRUSTACEA, 15 species of ANTHOZ04, 20 species of Forami-
NireRA, and 3 species of Plants. Of this total 177 are found in lower zones, 57 are
special to the Bisulcatus-beds, and 140 pass into the upper stages of life.

In the Céte d’Or M. Collenot, in his < Description Géologique de I’ Auxois,” has given a
section of the Lower Lias, which shows the sequence of the beds near Semur.

The upper series represent the zone of 4. Birchit.
The middle do. do.  A. Buckland:.
The lower do. do. 4. Scipionianus.

The last rests upon the Angulatum-beds or the ¢ Foie de Veau,” and the following
Palzontological list has been made with great care from the beds. I had the privilege,
through the courtesy of MM. Collenot and Bréon, of examining all the species obtained
therefrom, and contained in the Semur Museum.!

List of the Possils of the Bucklandi-beds in the Cite d’Or, France.

CEPHALOPODA.
Arietites Scipionianus, @’Orb. Arietites coronarius, Quenst,
—  Hehli, Reynée. —  obesus, Reynés.
—  viticola, Dumort. —  bisulcatus, Brug.
— Rouvillei, Reynes. —  Vercingetorix, Reynés.
—  Schlombachi, Reynés. —  Bucklandi, Sow.
—  Charmassei, d'Orb. —  Sinemuriensis, d’Orb.
—  Delmasi, Reynés. —  striarius, Quenst.
—  Scylla, Reynés. —  mandubius, Reynés.
~— circamdatus, Mart. —  Deffneri, Opp.
—  Collenoti, Reynés. —  d’all’Eree, Reynds,
— rotiformis, Sow. —  Terquemi, Reyncs.
—  rotator, Reynés. —  Petri, Reyncs.

1 ¢Deacription Géologique de I'Auxois,” p. 226 ; ibid., p. 235, 1873.
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Arietites Conybeari, Sero,
—  Conybearoides, Reynés.
—  Aussoniensis, Reynés.
—  Gmuendensis, Opp.
— compressariug, Quenst.
—  Gaudryi, Reynés.
—  Sauzeanus, d’Orb.
—  subtaurus, Reynés.
—  geometricus, Opp.
—  falcarius, Quenst.
—  ceratoides, Quenst.
—  Birchii, Sow.
—  obtusus, Sow.
—  stellaris, Sow.

Littorina clathrata, DesA.
Bulla Flouesti, Deslong.
Turritella Dunkeri, Terq.
Phasianella Morencyana, Piet.
Turbo decoratus, Mart.

— philemon, &’ Oré.
Cerithium verrucosum, Zerq.

—  Semele, 2'0rb.

Pleuromya, sp. :
Pholadomya Voltzii, Agass.
—_ ventricosa, d’ Orb.
— rhombifera, Agass.
— Idea, d’0Orb.
Goniomya Sinemuriensis, d’Orb.
Tancredia, 4 species.
Isodonta Engelhardi, Terq.
Panopeea striatula, &’ Orb.
— liasina, &’ Orb.
Thracia, sp.
Lyonsa, sp.
Arcomya, sp.
Astarte, 2 sp.
Cardinia Listeri, Sow.
—  hybrida, Stuchs,
—  Eveni, Terq.
—  angustata, 4gass.
— lanceolata, Stuckb.
—  copides, Terq.
— iusignis, Mart.
Mactromya, sp.

GASTEROPODA.

Helcion, sp.

LAMELLIBRANCHIATA.

Nucula, sp.
Psammobia,

—  obliquata, Sow.

Arietites Aduensis, &’ Ord.
—  Breoni, Reynés.
—  raricostatus, Zietf.
—  rarisulcatus, Quenst.
Amaltheus oxynotus, Quenst.

Lotharingus, Reynés.

Aegoceras Boucaultianum, & Orb.
Amaltheus Guibalianus, d’Orb.
Arietites Nodotianus, d’ Oré.

—  debilitatus, Reynés.

—  Bochardi, Reynés.

—  Brookii, Sow.

—  Landrioti, d’ Ord.,

and others.

Pleurotomaria Martiniana, &’ Orb.

Hettangiensis, Terq.
Mozsellana, Terq.
Vanderbachii, Terq.
Marcousana, d’Orb.
gigas, Deslong.

sp.

Pinna Hartmanni, Ziet.

— folium, Phil.
Avicula Sideloci, Mart.

— sinemuriensis, d’0rb.-
Mytilus Guexii, &’ Orb.
Inoceramus, sp.

Lima antiquata, Sow,

— gigantea, Sow.

— Erosne, &' Orb.

— punctata, Sow.

— Hettangiensis, 7'erq.
Pecten Helhii, & Or).

— dispar, Terq.

— textorius, Schloth.
Hinnites liasinus, Z'erq.
Ostrea multicostata, Munst.
Gryphewea arcuata, Lamk.

—  Maccullochii, Sow.
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BracuioPoDA.
Spiriferina pinguis, Ziet. Terebratula cor., Lamk.
—  Walcotii, Sow. —  punctata, Sow.
Rbynchonella variabilis, d’ Orb. —  indentata, vorn Buch.

Terebratula perforata, Piet.

EcuiNnobpErMATA, PoLYZOA, ANTHOZOA.

Pentacrinus tuberculatus, Mill. I Cidaris, sp.
Neuropora mamillata, de From. Montlivaltia Sinemuriensis, de From.

ForaMINIFERA, 15 species.

4. THE ZONE oF ARIETITES TURNERI.

Synonyms. —  Hauptpentacrinitenbank des untern Lias,” Quenstedt, ‘Flozgeb.”
p. 152, 1843. ¢ Lumachelle de Pentacrinites basaltiformis,” Marcou, ‘Jura salinois,’
p-47, 1846. * Die Schichten des Pentacrinus tuberculatus® Oppel, ¢ Juraformation,’ p. 44,
1856. ¢ Tuberculatus-bed,” Wright, ¢ Quart. Journ. Geol. Soc.,” vol xiv, p. 25, 1858.
“ Marne de Strassen,” Dewalque et Chapuis, ¢ Fossiles de Luxembourg,’ 1853. ** Zone of
Ammonites Turneri,” Wright, ¢ Quart. Journ. Geol. Soc.,’ vol. xvi, p. 408, 1860.

This subdivision of the Lower Lias forms a well-marked zone of life. The beds
consist of light-coloured argillaceous limestone, of hard greyish limestone, or of deep-blue
shelly, indurated shale, interstratified with beds of dark-coloured clay. Many of the
slabs of limestone are covered with shells and portions of the stem and side arms of
Pentacrinus tuberculatus, Mill. From one of these slabs, collected at Frethern or
Purton, in Gloucestershire, Miller’s original specimen of this Crinoid was obtained.

Gloucestershire and Warwickshire.—The Turners zone was exposed at Bredon, in the
deep cuttings of the Bristol and Birmingham Railway, from whence my type specimen
(PL. XII) was obtained. In the Vale of Gloucester portions of these beds are sometimes
laid open in making drains, as at Badgeworth and Hardwick; and many fine slabs are
occasionally procured from the Severn section at Purton. I know of no locality in
Gloucestershire, where the entire series is shown. My late friend, Dr. Oppel,’ referred the
Saurian beds of Brockeridge Common to this zone. This I have shown, at p. 17, to be
" an error, as the Brockeridge Common-beds form a portion of the zone of Aegoceras
planorbis, whereas the Fish and Saurian beds at Lyme Regis, with which he identified
the Brockeridge-beds, certainly belong to the zone of Ariefites Turneri, as the following
section indicates. In Warwickshire the Zwrneri beds constitute the base of what is
called in that county the “ Cardinia-series ;” in these are included all the strata of the
Lower Lias between the Zwrneri and raricostatum beds, characterised by different
forms of the genus Cardinia.

! ¢Die Juraformation,’ p. 49, 1856.
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Dorsetshire—At Lyme Regis the Bucklandi series is overlain by thick beds of clay
and slaty marls containing many Enaliosaurian skeletons, with numerous Fishes, in fine
preservation ; these strata are known to local collectors as the Fish- and Saurian-beds.
The magnificent specimen of Jckthyosaurus platyodon, Conyb., now in the British Museum,.
came from this clay, as proved by the impressions of Ariefifes semicostatus seen on the

matrix.
Ar. Turneri is found.

This thick clay-bed is underlain by a thin band of greyish-limestone, in which
The following section at Lyme Regis shows the sequence of the-

Turneri beds at that locality in a descending order.

Section of the Zone of Arietites Turneri af Lyme Regis.

LitHOLOGY.

Thick limestone, “ Broad Ledge” ......
Black shales, with bands of brown clay.
‘“ Sauriar- and Fish-bed”
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Dark shales, with indurated bands of
imperfect limestone
Greyish limestone

—

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

Beds with Arietiles
Turnert.

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

THICK-
NESS, OrcaNic REMAINS. \
. I
ft. in. 1
3 6 | Ichthyosaurus platyodon, Conyb., I. com-
munis, Conyb., Arietites semicostuatus,
18 0 Ar. Turnert, Sow., and Fishes.
0 4 | Arietites Turneri, Sow., and Ar. semi- !
costatus, Young and Bird. i
3 0
Lima gigantea, Sow., L. antiquata, Sow.,
and Rhynchonella variabilis, Schloth.
|

Beds with Arietites Bucklandi and Lima gigantea.

(See p. 38.)

Fossils of the Zone of Arietites Turneri.!

Ichthyosaurus platyodon, Conyb. (British
Museum).
— intermedius, Conyb. (War-
wick Museum).
—_ communis, Conyb. (British
Museum).

Arietites Turneri, Sow.
semicostatus, Young & Bird.
Bonnardi, &’ Orb.
Turbo solarium, Piette.
Lima punctata, Svw.
— gigantea, Sow.

— pectinoides, Sow.

Cardinia ovalis, Stutch.
Ostrea Goldfussii, Bronn.
Avicula insequivalvis, Sow.
Pecten textorius, Schloth.
glaber, HeAl.
Astarte obsoleta, Dunk.
Crenatula, nov. sp.
Plicatula spinosa, Sow.
Gervillia Hagenovii, Dunk.
Grypheea arcuata, Lamk.
Cidaris Edwardsii, #r.
Pseudodiadema spines.
Pentacrinus tuberculatus, Miller,

1 I have omitted the Lias Fishes found at Lyme Regis, as there is some doubt about the beds from-
which the different species were collected ; a large majority of them, however, I believe, were obtained from-

this zone of life.
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5. THE ZoNE OF ARIETITES OBTUSUS.

Synonyms.—** Marston-Marble,” Sowerby, * Min. Conch.,” Suppl. Index, vol. i, 1812.
“Indurated marl and limestone-beds,”” De la Beche, “Section,” &c., ¢ Geol. Trans.,’
2nd ser., vol. i, pl. ili, 1823. ¢ Turnerthone,” Quenstedt, ‘ Flozgeb. Wiirttembergs,’
p. 157, 1843. “ Ammonite-bed (Lower Lias),” Murchison, ‘ Geol. of Cheltenham,’
2nd edit., p. 42, 1845. “Sable d’Aubange” (partie infer.), Dewalque et Chapuis,
‘Luxembourg,” p. 12, 1853.  “Die Schichten des Ammonites obtusus,” Oppel, ¢Jura-
formation,” p. 50, 1856. “Grés de Virton” (partie infer.), Dewalque, Lias de
Luxembourg,” p. 48, 1857. < Zone of dmmonites obtusus,’ Wright, ¢ Quart. Journ.
Geol. Soc.,” xvi, p. 404, 1860.

Gloucestershire and Warwickshire.—The beds constituting this zone are well developed
in the Vale of Gloucester, and were exposed in cutting the Bristol and Birmingham
Railway, near Bredon, from whence the best collection of the fossils from this zone
in the Midland Counties was obtained. The rocks consist of dark-grey and bluish shales
and clays, with irregular and inconstant beds of dark-grey argillaceous limestone, the
shales being in part nodular and laminated, the clays thick and tenacious, and the nodular
portions of the shales very fossiliferous. Several of the Ariefites oblusus and Arietites
stellaris had their shells well preserved, and the outer layers of the same were adorned with
numerous parallel, longitudinal, spiral lines, consisting of punctuated elevations, which
extend along the sides, dip into the depressions, and rise on the central elevation of the
siphonal area. This ornamentation is limited to the external lamina of the shell, as no
impression of it is left on either the nacreous layer or the mould. I have rarely found these
punctuated lines so well preserved as in the specimens I have figured of Arietites obtusus,
from Bredon and Lyme, and in the remarkable specimen of Arietites stellaris, from
Lyme, preserved in the original Sowerbyan Collection now in the British Museum. So
seldom is this specific shell-structure observed that many palaontologists deny its
existence in these species, but after the figures I have given all doubt upon the subject
must be removed. In Warwickshire this zone forms part of the Cardinia-bed and
contains some very fine specimens of Ariefites obtusus, Ar. multicostatus, Ar. Brookis,
and 4r. Sauzeanus, d’Orb.

Dorsetshire.—At Lyme Regis the Qbtusus-zone attains a considerable thickness, and
is well shown in the coast-section. The strata rise on the shore about half a mile west
of Charmouth, and consist of thick beds of dark marls, which rest upon the table-bed
formed by Broad Ledge. The lower part of the marls contains numerous compressed
Aegoceras Birckii, Sow., and layers of nodules forming cement-stones. Above these
succeed shales and clays, thin bands of limestone, and thick beds of shale and marls with
mudstones. Above these again are inconstant bands of limestone containing septaria,
in which gigantic examples of Ariefites obtusus, Arietites stellaris, and Arietites Brookii
are found. The following section shows the relative position of these beds.

7
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Section from Broad Ledge to Cornstone Ledge, near Charmouth.

No. LiTHoLOGY. T:;::.' OraanNic RemAlNs,
ft. in.
1 | Dark-grey limestone.  * Cornstone Fishes in fine preservation as Pachycormus, Zich-
Ledge.” modus, Dapedius, Acrodus, Hybodus, &c.
2 | Dark-bluish marls ....................... 20 0
3 | Dark-greyish limestone ..................| 0 10 | Ichthyosaurus platyodon, Conyb., and I. inler-
medius, Conyb. Adegoceras Birchii, Sow.
4 | Dark clays.
5 | Dark limestone, with nodules and Nautilus striatus, Sow., Arietites Brookii, Sow.,
BEPLATia. . oooivniiiii i and Arietites stellaris, Sow, (very large).
6 | Dark shale. Dapedius punctatus, Dapedius Colei, Ag.
7 | Dark limestone. ¢ Upper Cement-
bed” L, 3 0 | Dapedius granulatus. Echmodus pustulatus, Ag.
8 | Dark shales, containing mudstone no- | 9 0 | Scelidosaurus Harrisonii, Owen.  Inoceramus
dules at the base .............o...eul pinneformis. Lepidotus fimbriatus, Agass,
9 | Thin band of limestone. The * Penta-
crinite bed ... ... Extracrinus Briareus, Mill.
10 | Dark shales. 4 0 | Arietites stellaris. Ar. semicostatus.
11 | Dark limestone. ( Fire-ledge.”’ 2 0
12 | Dark shale. -edge. 4 0 | Chondrosteus acipenseroides, Agass.
13 | Dark limestone. 2 0 | Chondrosteus, Lepidotus, Conodus feroz, Ag.
14 | Dark shale. ‘
15 | Dark limestone ** Split.ledge.” ......... 2 0 | degoceras planicosta, Sow., and dristites Smithii,
Ar. obtusus, Sow., Lepidotus rugosus, Ag.
16 | Dark shales ............oocoeeiineiinnnnn.L, 5 0 | Saurian skeletons. Fishes.
17 | Greyish limestone crystallised, forming Arietites obtusus, Sow., and Aegoceras Birchii,
the ¢ Tortoise-ammonites”............ 2 6 k Sow.
18 | Dark marls, with nodular masses. The The nodules contain Saurian remains. Penta-
lower Cement-beds &e. &e............. 30 0 \ crinus, 8p., Ichthyosaurus platyodon.
19 | Dark indurated shale and limestone. This bed overlies the Lima-series east of Lyme-
“Broad Ledge,” ..........ccc..ce...... 1 40 Begis.
20 | The Nut rocks ..... ....cocceeeveeereenin. | 3 0 | degoceras Birchii, Sow.
Zone of Arietites Turneri.
Thick Limestone : Broad Ledge.

Saurian Skeleton.
The Obtusus-zone attains a thickness of from 80 to 100 feet ; its actual measurement
is a matter of difficulty, the marls having covered up the bands of limestone.

In the lower marls are many compressed specimens of Adegoceras Birchii, which fall to
pieces when removed from the matrix. Higher up (No. 17) this Ammonite is found in
fine preservation, with 4riefifes obtusus. Here the shells are replaced, and their chambers
filled, with crystallised carbonate of lime. These beautiful specimens are the  Tortoise-
ammonites ” of local collectors. About 40 or 50 feet above the latter an irregular band
of limestone (5) is seen projecting from the cliff, containing nodules with very large
specimens of Arietites obtusus, Sow., Arictiles stellaris, Sow., and Arietites Brookii, Sow.
Most of the nodules have a septarian structure, the veins of spar intersecting and
distorting the fossil contents of the bed.

Below the ammonitiferous nodules (5 of the section) other bands of clay and marl
(6 to 14) succeed. In one of these (9) are thin, wide-spread layers of Crinoidal lime-
stone, on the surface of which magnificent specimens of Eztracrinus Briareus, Mill., are
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found, with their plant-like arms laid out in all directions, and generally coated with
ferric disulphide. ~The remarkable Liassic Dinosaurian Scelidosanrus Harrisonti, Ow.,
S0 full'y figured and ably described by my friend Professor Owen, F.R.S,, in the Palseon-
tographical Society’s volume for 1859, was discovered some years ago by Mr. Samuel
Clarke, of Charmouth, in the dark shales of bed No. 8, above the mudstones.

Fossils of the Zone of Arietites obtusus at Lyme Regis.

Ichthyosarus platyodon, Conbdy. Arietites stellaris, Sow.
Scelidosaurus Harrisonii, Owen. —  Sauzeanus, &'Orb.
Dapedius granulatus, Agass. Aegoceras planicosta, Sow.
Pachycormus heterurus, dgassiz. — Birchii, Sow.
ZEchmodus Leachi, Egerton. Naautilus striatus, Sow.
Lepidotus rugosus, dgassiz. Belemnites acutus, M:ll.
Condostreus crassior, Egerton. Pleurotomaria similis, Sow.
Arietites obtusus, Sow. Inoceramus pinnseformis, Dunk.
—  Brookii, Sow. Extracrinus Briareus, Mill.

Foreign  Correlations.—The zone of Arietites obtusus is developed in Germany,
althongh this Ammonite appears to be rare. Some of the specimens I saw in the collections
had been mistaken for Arietites Turneri and were labelied as such. In North Germany
argillaceous beds, with degoceras planicosta, Sow., and Aeg. ziphus, Hehl., representing
this zone, are found resting on Arietenschichten in several localities, as near Harzburg,
Liebenburg, Hildesheim, Jexheim, Goslar, the Markoldendorfer Mulde, near Steinberg,
Falkenhagen, and the Empelder Ziegelei, near Hanover.

In South Germany the zone is developed in Swabia, at the foot of the Alp
from Boll towards Randern.  Arietites obtusus, Sow., is found likewise near Betzingen,
Balingen, and Aselfingen.

Fossils from the planicosta-beds of North Germany = the obtusus-beds of England.

Arietites obtusus, Sow. Lucina problematica, Zerg.
—  Sauzeanus, @’ Orb. Modiola scalprum, Sow.
Aegoceras planicosta, Sow. Avicula ineequivalvis, Sow.

—  ziphus, Hehl. Gervillia olifex, Quenst.

—  tamariscinum, Scklon. Perna Pellati, Dumort.
Belemnites acutus, Mill, Cuculleea Miinsteri, Ziet.
Hydrobia cerithiiformis, Piette. Leda complanata, Sow.
Tarritella undulata, Benz. Lima gigantea, Sow.

Tarbo paludinaformis, Sckibl. — pectinoides, Sow.
Crypteenia expansa, Sow. Pecten textorius, Sckloth.
Dentalium Etalense, Terq. Plicatula spinosa, Sow.
Cylindrites fragilis, Dunk. Grypheea cymbium, Lamk.
Pleuromya liasina, Schibl. ‘Waldheimia cor, Lamk.
Goniomya heteropleura, dgass. Spiriferina rostrata, Sckloth.
Pholadomya corrugata, Dunk. Rhynchonella variabilis, Scklotk.
Protocardia oxynoti, Quenst. Lingula Voltzii, Terq.
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In France this zone is so closely connected with other Lower Lias beds resting upon it,
that it has not been accurately defined and separated from them. Its specific Ammonite
forms have, however, been collected in different Departments. Thus, Ariefites obfusus,
Arietites stellaris, Aegoceras Birchii, Aeg. planicosta, have been collected near Avallon,
Yonne; and at Semur, Céte d’Or; also at Couzon, near Lyons ; and at Nancy, Meurthe.
The same species were likewise collected, according to M. Dumortier,’ from St. Fortunat,
St. Cyr, Rhone; St. Christophe, Sadne-et-Loire ; St. Rambart, Ain ; affording evidence
of the existence of this zone of life through a considerable area of the Sinemurian Lias.
M. Marcou, in the Jura of Salins,’ described under the name “ Marnes de Balingen
ou & Gryphza cymbium ” three stages resting upon the Tuberculatus-beds; these
were—1st, beds with Ariefifes obtusus; 2nd, beds with Amaltheus oxynotus; and
3rd, beds with Arietites raricostatus ; and these resembled the formation near Balingen,

so that in the Jura the Obfusus-zone is developed, as it is likewise in other localities in
Switzerland.

6. Tar ZoNE oF AMALTHEUS OXYNOTUS.

Synonyms.—** Oxynoten-Schichte,” Fraas, ¢ Wiirttemb. naturw. Jahreshefte,” p. 206,
1847. “Die Schichten des dmmonites oxynotus,” Oppel, ¢ Die Juraformation,” p. 54,
1856.  “ Oxynotenlager,” Quenstedt, ‘Der Jura,” p. 293, 1858. < Oxynotus-bed,”
Wright, ¢ Quart, Journ. Geol. Soc.,” vol. xiv, p. 25, 1858. “Zone of Ammonites
ozxynotus,” Wright, < Quart. Journ. Geol. Soc.,” vol. xvi, p. 406, 1860. “La Zone de
«“ P dmmonites oxynotus,” Dumortier, ¢ Etudes Paléont.,’ t. ii, p. 238, 1867. * Zone
of Ammonites oxynotus,” Tate and Blake, ¢ Yorkshire Lias,” p. 7, 1876.

Gloucestershire.—This zone consists of beds of dark clays, which often contain much
ferrous sulphide and ferric oxide, and the fossils found in these clays are either highly
pyritic or charged with the peroxide of iron. This zone was exposed in cutting
the Bristol-and-Birmingham, and Great-Western Railways; at Lansdown, near Chelten-
ham ; and in excavating the new docks at Gloucester; I have collected its characteristic
fossils at Swindon and at some localities in the Valley of the Severn.

Dorsetshire.—Amaltheus Lymensis, the representative species, in the south, of dmaltheus
oxzynotus in the Midland Counties—is found in a thin bed of dark, pyritic marl between
Charmouth and Lyme Regis, near Black Venn. It is here collected with other species,

which properly belong to a higher bed ; the talus of the upper marl, from the decay of the
bank, making it difficult to separate the beds.

Yorkshire.—The Ozynotus-zone is well seen in Robin Hood’s Bay, and the following
detailed section by MM. Tate and Blake? including likewise the Obfusus-zone and

1 ¢ Btudes Paléont. Dépots Jurassiques du Bassin du Rhone,’ tome ii, p. 103, 1867.
2 ¢ Jura Salinois,” Mém. Soc. Géol. de France, 1846.
3 «Yorkshire Lias,” p. 73, 1876.
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raricosatus-zone, i3 most valuable for showing the stratigraphical distribution of the
Ammonites therein. The upper balf of the section, Nos. 1—R20, represents the rari-
costatus ; Nos. 21—26 the ozynofus ; and the lower portion, Nos. 27—45, the obtusus-
zone.

Section of the Oxynotus-beds, Robin Hood’s Bay.

Tuick-
No. LitrOLOGY. NE8s OraGANIC REMAINS.

ft. in.
1 | Indurated sandy band, with nodules

of broken fossils ........................ [ 1 6 | Belemnites.
2 | Blue shale..........ccevvevvevereeieeaernen.. [ 8 6
3 | Hardened band..........ccoooeunininninnenn. 0 3 | Pecten priscus, Cardinia hybrida, Gryphea obli-
quata, Belemnites.
4 | Blue shale..........c.ccocevvveeevreeneneee. | 7 0 | Homomya ventricosa.
5 | Hardened band...................eveveeeee. | O 3
6 | Blue shale............ovevueinnieniinnnennee. 4 0
7 | Blue shale, with variable indurated
bands, thick in places .................. | 7 0
8 |Hard band ..........cocovniiiiiinninninnen. 0 4
9 | Soft clayey band in places ............... 0 3
10 | Hard blue shales .............ccccccuevennnnn 2 6
11 | Rubbly variegated hard band ............ 0 4
12 | Blue breakable shales ..................... | 2 10 | Lima pectinoides.
13 | Rubbly variegated band‘ .................. 0 3 These three bands run close together, and make
14 | Blue shale................lceceeininn. 010 feature in the cliff ’
15 | Hard band ....eccvveerieneeinnieiiennene 0 2 & feature in the cuil.
16 | Shale.......ocoveerniiiiiiiirieeceiiiiceennees 1 0 | Nautilus striatus.
17 |Hard band  .......coooviinininenanees 0 3
18 | Blue shales ...........ceevvvneniininnenente. 3 7 | Pentacrinus tuberculatus.
19 | Line of fossiliferous nodules ............ 0 3| dr. raricostatus, Amal. densinodus, Lima pecti-
noides, Pecten priscus, Monotis inequivalvis.
20 | Blue shales ...............cccccevveee woeunn | 1 8 | Pecten calvus, Lima pectinoides, Rhynchonella.
- calcicosta.
21 | Hard limestone band, with erect an-
nelid (?) tubes .........coviininiinnnnnn, 0 8 | Amal. Simpsoni, Nautilus striatus.
Parting of shale.
22 | Hard limestone band ..................... g:‘é } Gryphea obliquata, Homomya ventricosa.
23 | Blue crumbly shale ............ceveeeeeees 1 3 | deg. gagateum, Lima pectinoides, Modiola levis,
: Cardinia hybrida.
24 | Hard rubbly stone ................c..oos. 0 4
25 | Blue crumbly shales, with bands of Amal. oxynotus, Aeg. gagateum, Belemnites acu-
scattered irregular doggers ............ 5 8 tus, Pecten calvus, Protocardium ozynoti.
26 | Marly stone, with Pentacrinus band Pentacrinus tuberculatus, Acteonina fragilis,
and cone-in-cone structure ............ H yjrobia solidula, Leda Heberti, Lima pecti-
- noides.
27 ! Shales with many scattered sandstone deg. planicosta, Lima pectinoides, Cardinia hy-
doggers, and shell layer towards the |- brida, Gryphea obliguata.
base .......c.oviiiiirrieieniie e, 510
28 | Hardened band ...............ceevnnnnen 0 5
29 | Soft shale ......ccccovevninneaniinieneennenns 1 7

30 | Whitened calcareous band ...............| 0 3
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No.

44
45

46

LiTHOLOGY.

PaL&oNTOLOGY.

Brought over ............ccoceiiiiininiil,
Variable blue-black shales, with scat-

tered doggers ; flat
Thin whitened band
Shales ....vviiiiiiiiiiie s
Whitened band
Shales

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

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

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

Thick whitened band .....................
Blue shale, unseen in the cliff with line
of crustacean nodules ..................
Hard brown limestone band, forming a
BCAT teeiiineeertereereeennaeaeranenaenns
Hard blue shale, with line of scattered
doggers three feet down ...............
Hard calcareous rubbly stone, forming
a very strong continuous scar.........
Blue shale with oyster beds

Indurated limestone band

Soft blue smooth shale, with round
nodules

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

Indurated calcareo-argillaceous rubbly
band, speckled brownish

Total thickness

TH10K
NESS.
ft. in
69 7
14 0
0 2
1 4

5 0
09
2 3
1 8
0 5
8 0
1 3
2 4
4 6
3 6
0 2
107 10

Pentacrinus tuberculatus.

Aeg. sagittarium, Bel, acutus,
Ostrea arcuata, Bel. acutus.
deg. sagittarium, Pent. tuberculatus.

Aeg. sagittarium, Bel. acutus, Ostrea arcuata.

deg. planicosta, Ar. obtusus, Ar. stellaris, deg.
sagittarium, Hippopodium ponderosum.

Pentaerinus tuberculatus, Bel. acutus, Pecten
priscus, Ostrea arcuata.

Pent. tuberculatus,
arcuata.

Ostrea arcuata, Cardinia hybrida, Hippopodium
ponderosum.

Pecten

riscus, Ostrea
bl

Aeg. planicosta.

The palacontology of the Ozynofus-zone is remarkable for the small number of species

it contains, when compared with the richness of the Bucklandi- and Angulatum-zones
which preceded and the fertility of the Jamesoni-zone which succeeded it.

Fossils of the Oxynotus-zone.

CEPHALOPODA.

Amaltheus oxynotus, Quenst.

Lymensis, Wright.

Oppeli, Schionbach.
denotatus, Simpson,
impendens, Young § Bird.
Simpsoni, Bean.
Guibalianus, d’ Orbig.
Aegoceras biferum, Quenst.

Aegoceras lacunatum, Buck.
gagateum, Young § Bird.
sagittarium, Blake.
Nautilus intermedius, Sow.
Belemnites acutus, Mill.

calcar, Phill,
penicillatus, Sow.

—

GASTEROPODA.

Pleurotomaria similis, Sow.
Acteonina fragilis, Dunk.
Cerithium gratum, Terq.

Turritella Dunkeri, Terq.
Zenkeni, Dunk.
Hydrobia solidula, Dunk.
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Grypheea obliquata, Lamk.
Ostrea Goldfussi, Bronn.
Pecten priscus, Sckloth.

— eequalis, Quenst,

— calvus, Goldf.
Lima gigantea, Sow.

— pectinoides, Sow.
Monotis insequivalvis, Sow.

Pinna folium, Foung § Bird.

— Hartmanni, Ziet.

LAMELLIBRANCHIATA.

Cuculleea Miinsteri, Ziet.
Modiola scalprum, Sow.
Protocardia oxynoti, Quenst.
Astarte obsoleta, Dunk.

Nucula navis, Piette.
Hippopodium ponderosum, Sow.
Cardinia hybrida, Sow.
Unicardium cardioide, Ph:ll.
Homomya ventricosa, dgass.
Arcomya vetusta, Phill.
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Leda Heberti, Mart. Gresslya Galathea, dgass.
— subovalis, Goldf. Rhynchonella calcicosta, Quenst.
— Galathea, d’Orb. Rhynchonella oxynoti, Quenst.
EcHINODERMATA.
Cidaris spines. Pentacrinus tuberculatus, Mill.
Acrosalenia minuta, Buck. —_ basaltiformis, M:ll.

7. THE ZONE OF ARIETITES RARICOSTATUS.

Synonyms —+ Hippopodium-bed ” (pars), Murchison’s ¢ Geology of Cheltenham,’
2nd ed,, by Buckman and Strickland, p. 44, 1845. “ Raricostatenschicht,” Fraas,
‘ Wiirttemb. naturw. Jahreshefte,’ pl. 3, 1847. ¢Die Schichten des dmmonites rari-
costafus,” Oppel, ‘ Die Juraformation,” p. 56, 1856. * Raricostatenbank,” Quenstedt,
‘Der Jura,” p. 293, 1858. ¢ Raricostatus-bed,” Wright, ‘Quart. Journ. Geol. Soc.,’
vol. xiv, p. 25, 1858. ¢ Zone of 4mmonites raricostatus,” Wright, ¢ Quart. Journ.
Geol. Soc.,” vol. xvi, p. 407, 1860. “ Die Schichten des Ammonites ziphus” (pars),
Brauns, ¢ Die Untere Jura,” p. 90, 1871.

The beds forming this zone are exposed in several brick-fields in the Vale of
Gloucester. They consist of dark-coloured clays, more or less impregnated with
ferric oxide. In an excavation made at Marle Hill, near Cheltenham, for brick-

earth, the following section was obtained. The beds are enumerated in descending
order.

No.

1, ft. in.

Grypheea-bed ; a hard, ferruginous clay, which broke into fragments, and contained
& great many specimens of Gryphea obliquata, Sow. ............... e 3ft. to 4 0
2. Coral-band; a thin seam of lightish-coloured unctuous clay, containing a great
many small, sessile Corals, Montlivaltia rugosa, Wrt., most of which appeared to
3 bave been attached to the curved valves of thie Gryphea.................. lin. to 0 1}
. H‘PI{@“"‘“m-bed ; & stiff dark-coloured clay, in some parts ferruginous; con-
taining Cardinia Listeri, Sow., and Hippopodium ponderosum, Sow., in consider-
able numbers ..o e from 8 ft. to 10 0
4. Ammonite-bed ; a dark, ferruginous clay, containing selenite, ferric oxide,
and ferrous sulphide, and great numbers of a highly pyritic brood of Not
A".Q"c?"as subplanicosta, Opp., Aegoceras densinodum, Arietites raricostatus, [ ascertained.
drietites Nodotiunus, and the other species of the list .............cocoeeiiiiiin
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At Cleeve, near Cheltenham, the same beds were formerly worked for brick-earth ; and
the finest specimens of Cardinia Listeri, Sow., Hippopodium ponderosum, Sow., Arietites
raricostatus, Ziet., and Pleurotomaria similis, Sow., were obtained here. At Bredon
these beds were laid open in the railway-cutting, and yielded a rich series of the
characteristic fossils. In Warwickshire the railway-cutting at Honeybourne exposed the
same zone ; and here also the Coral-band contained a considerable number of Mont/i-
valtia rugosa, Wrt., and the Ammonite-bed its leading species.

At Lyme Regis, in Dorsetshire, this zone is found near Black Venn, and some of
the beds contain a large quantity of pyrites, so much so that during the winter
months they are worked for that mineral, when their characteristic Ammonites are
collected in considerable numbers ; unfortunately most of the fossils are so much
charged with pyrites that they are preserved with difficulty.

At Robin Hood’s Bay, on the coast of Yorkshire, this zone is closely associated with
the Ozynotus-beds and cannot be separated from them ; it is seen resting on the under-
lying clays with 4maltheus ozynotus, and is overlain by thick clays containing Aegoceras
Jamesoni, Sow. In all these localities there appears to be an absence of limestone-
layers, the clay, more or less impregnated with iron in different stages of oxidation,
constitutes the entire beds.

My friend Mr. E. C. H. Day, F.G.S., collected for me at the small bay of Ballintoy,

in the north of Ireland, a number of fossils from this zone. The box he kindly sent me
from that locality contained the following species :

CEPHALOPODA.

Arietites raricostatus, Ziet. Aegoceras armatum densinodum, Quenst.
— Nodotianus, d’Orb. = Macdonnelli, —_— muticum, D’orb.

Portlock. Belemnites acutus, MMull.
Aegoceras subplanicosta, Oppel. — penicillatus, Sow.

GASTEROPODA.
Pleurotomaria similis, Sow. | Turritella Dunkeri, Terq.
LAMELLIBRANCHIATA.
Gryphea obliquata, Sow.
Plicatula spinosa, Sow.
Leda oxynoti, Quenst.
Pecten Hehlii, d’Orb,
— w&qualis, Quenst,

Hippopodium ponderosum, Sow.
Protocardia truncata, Sow.
Gouniomya rhombifera, Quenst.
Homomya ventricosa, dgass.

BraAcaIOPODA.

Waldheimia perforata, Piette. | Rhynchonella variabilis, Sckloth.
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Fossils of the Zone of Arietites raricostatus from near Cheltenkam.

CEPHALOPODA.
Aegoceras armatum densinodum, Quenst. Arietites Nodotianus, &’ Orb.
—  lacunatum, Buck. —  raricostatus, Ziet.
—  muticum, d’Orb. Belemnites acutus, Mill.
—  subplanicosta, Oppel. Nautilas striatus, Sow.
GASTEROPODA.
Chemnitzia parva, Wright. Pleurotomaria raricostee, Tate.
Pleurotomaria similis, Sow. Crypteenia expansa, Sow.
LAMELLIBRANCHIATA.
Limea acuticosta, Miinst.. Ostrea raricostee, Wright.
Cardinia hybrida, Sow. Pecten sequalis, Quenst.
Grypheea obliquata, Sow. Pleuromya oblonga, Wright.
Hippopodium ponderosum, Sow. Unicardium cardioide, Phill.
BracuioroDA.
Lingula Metensis, Zerg. Spiriferina Walcotii, Sow.
Rhynchonella variabilis, Sckloth. Waldheimia numismalis, Sckloth.
Povryzoa.
Berenicea striata, Haime. | Stromatopora antiqua, Haime.
EcBINODERMATA,
Acrosalenia minuta, Buck. | Pentacrinus scalaris, Goldf.
ANTHOZOA.
Montlivaltia mammiformis, Dune. Montlivaltia radiata, Dunc.
—  mucronata, Dunc. — rugosa, Wright.

Foreign correlations.—The Ozynotus-beds in Wiirttemberg so closely resemble those
near Cheltenham, both in their Petrology and Palzontology, that when examining the
fo.ssils from these rocks in the Stuttgart and Tiibingen Museums I failed to see any
difference between the German and the English specimens; so much alike were they
that, without marking the fossils before comparing them, I should have mistaken the one
for the other. This was especially the case with degoceras biferum, Aeg. lacunatum, and
Amaltheus ozynotus. 'This zone is feebly developed in some of the Departments of France.
M. Marcou has found its fossils in the Jura Department. Few of the Ammonites
3ppear to have passed into M. d’Orbigny’s hands, as neither of the three leading species
€numerated above is figured in the ¢ Paléontologie Francaise,’ unless it may turn out

8
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on closer study that Amalthens Lynx, d’Orb., and 4mal. Coynarti, d’Orb., from the
Middle Lias “du Bois-de-Trousse, prés de Saint Amand (Cher), ou elle est passée a
Uélat de fer sulfuré ou de fer hydraté,” be French forms of Amal. oxynotus. 1 failed to
find the type of dmal. Lynz and Amal. Coynarti in the d’Orbignyan Collection in the
Jardin des Plantes.

From the Bassin du Rhéne M. Dumortier has given a very full list of the fossils
in his collection which he refers to this zone, and observes,' when studying the fossils of
the zone de I’ 4mmonites oxynotus, the fact that strikes one most is the important place
which the Ammonites occupy. The number and variety of the species, the abundance of
certain types, and above all the invariable regularity of their stratigraphical position, well
deserve attention. In relation to their form, the Ammonites of the superior zone cannot
be attached by preference to any particular type, inasmuch as we recognise at the same
time shells with numerous and narrow whorls extremely evolute and provided relatively
with an enormous umbilicus, as well as species entirely convolute and without a
trace of umbilicus; certain forms having large, round backs, whilst others are provided
with sharp and prominent carine. The external ornamentation exhibits the same variety ;
sometimes the shell is simple and without ornament, whilst in others the surface is
provided with the richest decoration. )

The Gastropods, less rare than in the lower zone, are not, however, of much
importance. Among the Lamellibranchiata the Gryplea obligua occcupies an excep-
tional position by the immense number of its individuals. The Plexromye in this
division of the Lias attain their maximum development ; and the Cardinia philea, d’Orb.,
and ippopodium ponderosum, Sow., in consideration of their remarkable forms and the
certainty of their horizon, ought to be especially noted. The Brachiopods are here repre-
sented by Spiriferina and Rhynchonella, abounding in individuals, and above all by the
Waldkeimia cor, Lamk., a species of the highest importance. The Echinoderms are in
general few in number and species, but Penfacrinus tuberculatus is inferior to no other fossil
in the zone for its importance and the number of its individuals. The following list gives

- the characteristic fossils of the zone of Ammonites ozynotus as defined by M. Dumortier :

CEPHALOPODA.
Belemnites acutus, A/,
Nautilus pertextus, Dumort.
Ammonites resurgens, Dumort.

Ammonites (Eduensiz, Pharmasse.

—_ Landrioti, d’Orb.

— Locardi, Dumort.

— Birchii, Sow.

— Sauzeanus, d’Orb.

— Victoris, Dumort.

— Aballoensis, d’ Orb.
— oxynotus, Quenst.

— altus, Hauer.

— Hartmauni, Oppel.
—_ Berardi, Dumort.
— Patti, Dumort.

— lacunatus, Buck.
—_ obtusus, Sow.

—_ stellaris, Sow.

1 ¢« Etudes Paléontologiques sur les Dépots Jurassiques du Bassin du Rhone,’ tom. ii, p. 238, 1867.
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Ammonites Driani, Dumort.
—  Salisburgensis, Hauer.
—_ Semanni, Dumort.
—_ Bonnardi, d'Orb.
—  Nodotianus, @’Orb.
— Pellati, Dumort.
— armentalis, Dumort.
—  Edmondi, Dumort.

Ammonites Qosteri, Dumort.
— planicosta, Sow.
— subplanicosta, Oppel.
—_— tardecrescens, von Hauer.
— viticola, Dumort.
—_ raricostatus, Ziet.
- vellicatus, Dumort.
— ziphus, Hehl.

(GASTEROPODA.

Pleurotomaria gigas, Deslong.

Pleurotomaria Charmassei, Dumort.

CONCHIFERA.

Pleuromya Toucasi, Dumort.

—  cylindrica, Dumort.
Hippopodium ponderosum, Sow.
Grypheea obliqua, Goldf.

Myoconcha oxynoti, Quenst.
Harpax nitidus, Dumort.
Waldheimia cor, Lamk.
Terebratula Sinemuriensis, Opp.

M. Dumortier includes in his zone of Ammonites oxynofus many species already
enumerated in my description of the Olfusus- and Raricostatus-zones; it is well,
therefore, to understand this author’s definition of the group he has so well described
and so fully illustrated. He says, the superior part of the Lower Lias, which I
comprehend under the name of the ¢zone de I’ Ammonites oxynotus,’ offers an ensemble
of beds of a total inconsiderable thickness, but which may be represented by the
following theoretical section, taking the beds in descending order from above downwards.”

Zoxes. ‘ PETROLOGY. Tuick- PALZEONTOLOGY.
‘ NESS,
—-_—
. Coubers | . metres :
4 ouches a | Caleareous beds, consisting of Am. raricostatus, A. planicosta, 4. viticola, |
m.raricostatus., light-coloured limestones ... | 1 0 Cardinia philea. i
A’Sonches 4 | Suberystalline calcareous beds, Am. oxynotus, A. Aballoensis, A. Driani, 4.
- ozynotus. | reddish, _or brown-yellow Bonnardi, Nautilus pertextus, Avicula Sine- |
| compact limestone ............ | 1 50 muriensis.
A(’:nouihle[s 5_ H_ard sublamellated greyish Am. stellaris, 4. (Eduensis, 4. obtusus, Gry-
C. stellaris. | limestone....................... 3 0 phea obliqua, Waldheimia cor.
dm 01';211?;‘ 3 | Hard sublamellated bluish- Am. Davidsoni, A. lacunatus, A. Hartmanni,
- Davidsoni. | grey limestone.................. 1 50 Pentacrinus tuberculatus.
Total thickness| 7 0

Itis evident from the above table that Dumortier’s « zone de  Ammonites oxynotus”

COmprehef]ds. the Raricostatus-, Ozynotus-, and Obtusus-beds of this Monograph.
not;l(;h:’ydg:il:l;utti}(:n of the Ammonites in this zone has b?en very (.:arefully observed z?nd
g ll or, and he has therefore called the special attention of pal®ontologists
tudes Pnleontologiques sur les Dépots Jurassiques du Bassin du Rhone,’ tom. ii, p. 95, 1867.
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to the subject by remarking “ above all, the invariable regularity of the different horizons

they occupy.

He has further summarised his observations in the following table, which

shows how the species are distributed vertically, and how each of the four stages of
life is characterised by a certain number of species.

These observations on Ammonite-zones made by so careful and thoughtful a student

of Liassic palzontology as Dumortier proved himself to be, I commend to the considera-
tion of all those who doubt the value of such divisions of the Secondary rocks which I

have maintained and followed out in this and other memoirs during the last twenty
Yyears,

Distribution of Ammonites in the Zone of Ammonites oxynotus, after Dumortier.

Beds with Beds with Beds with Beds with \
AM. DAvIDSONT. AM. STELLARIS. AM. OXYNOTUS. AM_ RARICOSTATUS.
Am. Davidsoni Am. stellaris Am. oxynotus Am. planicosta \
— resurgens — obtusus — Victoris — raricostatus \
— Hartmanni — Eduensis — Adballoensis — Cluniacensis
— Berardi ~— Landrioti — Buvigneri — Jejunus
— Patti — Locard: — Greenought — Nodotianus
— lacunatus — Birchic — tamariscinus — Pellat:
— Sauzeanus — semicostatus — altus ~— Pauli
— Secipionianus — Boucaultianus — Driant — armentalis
— spiratissimus — Guibalianus — Salisburgensis — subplanicosta
— Semanni — tardecrescens
— Bonnardi — wviticola
— Dudressieri — vellicatus
— Ziphus — Edmundi
— Bodleyi — Qosteri

In this table the two lowest zones have nine, and the two uppermost fourteen, species
in each. In the Davidsoni-beds deg. Davidsoni and Aeg. Berardi have affinities with
deg. planorbis ; Arietites Sauzeanus, Ar. Scipionianus, Ar. resurgens, and Ar. Hartmann
with Arietites bisulcatus ; Ar. spiratissimus with Ar. Comybeari ; and Aeg. lacunatum
with deg. Charmasses, from which it is derived.

In the Stellaris-beds Aeg. (Eduensis has affinities with deg. Joknstoni ; Aeg. Locardi,
with Aeg. Birkii ; Aeg. Boucaultianum, with Adeg. Charmassei ; Amal. Guibalianus, with
Amal. Aballoensis ; whilst Ar. obtusus, Ar. stellaris, and Ar. semicostatus are the expiring
forms of the genus Arietites.

The Ozynotus-beds are characterised by new types of Ammonite life belonging to
the genus Amaltheus, which now appear for the first time as 4mal. ozynotus, Amal. Victoris,
Amal. Aballoensis, Amal. Greenougli, Amal. Buvigneri, and Aeg. planicosta = ziphus =
Dudressieri, which last are morphological conditions of one species Aeg. planicosta.

The Raricostatus-beds are characterised by forms which depart from the Arietites type;
they have a wide umbilicus, narrow whorls, and were slowly developed as 4r. Nodotianus,
Ar. viticola, Ar. vellicatus, Ar. Edmundi, which are all nearly allied to 4r. raricostatus.
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Tre Lias Fisaes rrom LymMe Rekcis.

I have stated (p. 48) that I have no authentic observations nor reliable notes on the
stratigraphical distribution of the Fossil Fishes obtained at Lyme Regis from the Lias
beds of the coast by the workmen, who have carefully kept their secret for their own
advantage. Still, as most of these Ichthyolites were collected from the Lower Lias,
and chiefly, I understand, from the Bucklandi- and Turneri-beds, I am unwilling to allow
such an important gap to remain a blank in my otherwise complete lists of the Fauna
of this classical region ; and so I applied to my friend Sir Philip de Malpas Grey-Egerton,
Bart., F.R.S,, the highest living authority on Fossil Ichthyology, to prepare a list of the
Fossil Fishes of the Lyme Lias beds. With his uniform courtesy and kindness Sir
Philip has complied with my request, and I have now the pleasure of adding to
my work his important addition, for which I return my very best thanks.

Alphabetical Catalogue of Fossil Fishes found in the Lias at Lyme Reyis, with references
fo the authorities for the mames and descriptions. By Sir PniLip pE MaLpas GrEy-
Eeerrton, Bart., M.P., F.R.S,, G.S., &c.

Acropus, Ayassiz.

—  Anningie, 4. Poissons Fossiles, vol. iii, p. 175.
—  gibberulus, 4y. Id., vol. iii, p. 144.
—  latus, 4y. Id., vol. iii, p. 144.
—  nobilis, 4. Id., vol. iii, p. 140.
—  undulatus, 4g. Id., vol. iii, p. 144.
Acnmonus, Eyerton (Tetragonolepis, Ayassiz).
— confluens, 4y. Id., vol. ii, p. 199.
— heteroderma, Ay. Id., vol. ii, p. 206.
— Leachii, 4g. Id., vol. ii, p. 203.
~—  leiosomus, A4y. Id., vol. ii, p. 202.
— pholidotus, 4y. Id., vol. ii, p. 207.
—  pustulatus, 4g. Id., vol. ii, p. 201.
- radiatus, Ajg. Id., vol. ii, p. 201.
—  speciosus, Ag. Id., vol. ii, p. 199.

AMBLYURUS, Agassiz.
— macrostomus, A4y. Id., vol. ii, p. 220.
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ARTHROPTERUS, Agassiz.

—_ Rileyi, 4. Poissons Fossiles, vol. iii, p. 379.
BeronosToMUS Agassiz (Belonorhynchus, Bronn).
— Anningie, 4g.  Id., vol. ii, part 2, p. 143.
— tencllus, Ag., doubtful, probably B. Anningiz.
Carurus, Ayassiz.
—  Bucklandi, Ag.

Id., vol. ii, part 2, p. 119.
CexTROLEPIS, Lyerton.

— asper, Ey. Mem. Geol. Surv., decade 9, pl. v.
CHONDROSTEUS, Ayassiz.

—_ acipensiroides, 4y. Poissons Fossiles, vol. ii, part 2, p. 280.

— crassior, Ey. Phil. Trans., 1858.

— pachyurus, Ey. 1d., 1858.
Conobus, Agassiz.

—  ferox, 4y.

CYCLARTHRUS, Ayassiz.

— macropterus, Ag. Id., vol. iii, p. 382.
Darebius, De la Beche.

Poissons Fossiles, vol. ii, part 2, p. 105.

— arenatus, Ag. 1d., vol. i, p. 304.
— Colei, Ay. 1d., vol. ii, p. 195.
—_ granulatus, Ag. Id., vol. 1, p. 190.

—  politus, De la Becle.

sons Fossiles, vol. ii, p. 185.

—  punctatus, Ay. Poissons Fossiles, vol. 11, p. 192.

Enpacris, dgassiz.
—  Agassizi, Ey.
EveNaTnus, dgassiz.
— chirotes (Conodus, 4y.).

Mem. Geol. Surv., decade 9, pl. iv.

Poissons Fossiles, vol. ii, part 2, p. 102.

— leptodus, Ag. 1d., vol. ii, part 2, p. 105.

— mandibularis, 4g. 1d., vol. 1, part 2, p. 105.

— minor, Ay. Id., vol. ii, part 2, p. 103.

— opercularis, 4g. 1d., vol. 1i, part 2, p. 104.

— ornatus, Ag. Id., vol. ii, part 2, p. 105.

— orthostomus, 4g. 1d., vol. ii, part 2, p. 98.

—  Philpote, 4y. 1d., vol. ii, part 2, p. 101.

— polyodon, 4g. (Platysiagum, Ey.) Id., vol. ii, part 2, p. 104.
— scabriusculus, 4g. Id., vol. ii, part 2, p. 103.

— speciosus, Ag.
Harracrira, Lyerfon.

— velox, £y. Geol. Mag., 1876, p. 441.

Id., vol. ii, part 2, p. 100.

Geol. Trans., ser. ii, vol. i, plate vi; Pois-
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HereroLepPIDOTUS, Eyerton (Lepidotus, Ay.).
— latus (Lepidotus fimbriatus, 4y.). Poissons Fossiles, vol. ii,
p-247; Mem. Geol. Surv.,
decade 13, pl. ii.
—_ sauroides, £g. Mem. Geol. Surv., decade 13, pl. iii.
Hovopracus, Egerton.

— gulo, Zj. 1d., dec. 10, p. 19, and dec. 13, pl. x.
Hysopus, Ayassiz.
—  carinatus, 4y. Poissons Fossiles, vol. iii, p. 52.
—_ crassispinus, 4. Id., vol. iii, p. 48.

—  curtus, 4y. (Hybodus reticulatus, 2nd spine). Id., vol. iii, p. 50.
—  De-la-Bechei, Ckarlesworth. Mag. Nat. Hist., 1839, p. 242.

—  ensatus, 4. Poissons Fossiles, vol. iii, p. 51.
—  formosus, 4y. Id., vol. iii, p. 51.

— medius, A4y. Id., vol. iii, p. 184.

—  pyramidalis, Ag. Id., vol. iii, p. 182.

—  reticulatus, A4y. Id., vol. iii, pp. 50 and 180.

Iscryopus, Eyerfon (Chimera, A4g.).
—  Johnsoni, 4g. (Prognathodus, £y.). Id., vol. iii, p. 344; Journ.
Geol. Soc., 1872, p. 233.

— orthorhinus, Ejy. Journ. Geol. Soc., 1871, pl. xiii.
Isocorum, Egerton.
— granulatum, £j. Id., 186S; Mem. Geol. Surv., decade 13,
pl. iv.

Leriorus, 4gassiz.
— rugosus, Ay. (Heterolepidotus, £y. ?). Poissons Fossiles, vol. ii,

p. 246.
— undatus, Ag. — Id., vol. ii, p. 245.
Leeracantnus, Agassiz.
— tenuispinus, 4y. Id., vol. iii, p. 27.
LeproLEr1s, 4gassiz.
— Bronni, 4. Id., vol. ii, part 2, p. 133.
— caudalis, 4y. Id., vol. ii, part 2, p. 133.
MryriscanTRUS, Agassiz.
— granulatus, 4  1d., vol. iii, p. 40.

— paradoxus, 4g. Id., vol. iii, p. 38.
— retrorsus, Ayg. Id., vol. iii, p. 39.
Notrosomvus, Agassiz.

— octostychius, 4g.  Id., vol. ii, part 2, p. 221; Mem. Geol.
Surv., dec. 9, p. 6.
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OsteorAcHls, Egerfon.

—  macrocephalus, 7. Mem. Geol. Surv., dec. 13, pl. v.
Oxyenaraus, Eyerfon.

— ornatus, . Id., dec. 8, pl. ix.
PacrycorMus, Agassiz.
— branchialis, 4y.  MS.

— heterurus, Ay. Poissons Fossiles, vol. ii, part 2, p. 113.

— latipennis, 4y. Mem. Geol. Surv., dec. 9, pl. iii.
— macrurus, 4g. Poissons Fossiles, vol. ii, part 2, p. 113.
PavzoseiNax, Eyerfon (Thyellina, Agassiz.)

— priscus, Ag. Mem. Geol. Surv., dec. 13, pl. vii.
PuorivorroORUS, Agassiz.
— Bechei, 49.  Poissons Fossiles, vol. ii, p. 272.
— crenulatus, £y. Mem. Geol. Surv., dec. 6, pl. v.
latiusculus, 4. Poissons Fossiles, vol. ii, p. 287.
— limbatus, 4g. Id., vol. ii, p. 282.
— onychius, Ag. Id., vol. ii, p. 274.
— pachysomus, Ey. Mem. Geol. Surv., dec. 6, pl. iv.
Prarysiacum, Egerton.

— sclerocephalum, Zy. Id., dec. 13, pl. vi.
ProcNarHODUS, Eyerton.

— Giintheri, Zy.  Journ. Geol. Soc., 1872, p. 233.
PrycuoLers, dyassiz.
— Bollensis, Ag. Poissons Fossiles, vol. ii, pt. 2, p. 108.
— curtus, Ey. Mem. Geol. Surv., dec. 8, pl. viii.
SEMIONOTUS, Agassiz.

— rhombifer, 4y. (Heterolepidotus? Ej.). Poissons Fossiles, vol.
i, p. 228.
SquavLorala, Riley (Spinacorhinus, Ayassiz).
—_ polyspondyla, Riley. Poissons Fossiles, vol. iii, p. 379.
Turissonorus, Agassiz. _
— Colei, Ay. Id., vol. ii, part 2, p. 128; Mem. Geol.
Surv., dec. 2, pl. ii.

After a comparison of my original notes on the Lyme sections with a stratigraphical
table in manuscript of the same beds, made by my friend Mr. Etheridge, F.R.S,,
which he has kindly allowed me to examine, I find we are in perfect accordance on the
position of the Ichthyolites. Few remains of this class are found in the Angulatum-
gone. The dark marls of the Bucklandi- and Turneri-beds appear to be the chief
repositories of the Lyme Lias Fishes, as already indicated in my sections at pp. 38, 48,



EUROPEAN LOWER LIAS ZONES.

and 50.

4 Table showing the extension of the Lower Lias in the British Islands, Belgium, Franée,
Switzerland, Germany, Austria, and Italy, with indications of lhe Sinemurian Am-

monite Zones, found in some lypical regions of the European area.

A few specimens of Zichimodus were found in the marls above the Belemnite-
beds at Golden Cap, but few remains are known in other beds of the Middle Lias.
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My learned friend, Professor Edward Suess, of Vienna, whose valuable and sug-
gestive memoir  Uber die Ammoniten ! formed the basis of the new generic classification
we have now discovered a number of Ammonite horizons
only a few inches in thickness, as for example the Aeg. planorbis 18 inches, Aeg.
k pon thousands of feet of Rheetic deposits in the midst of our
This contiguity of single horizons surely gives the Jurassic formation, or at least

8 part of it, a character rather different from other European deposits, and well worth the
exact analogies which you offer.”

of Ammonites, writes to me, “

angulatum 20—36 inches, u

Alps.

! “Sitzungsber. d. k. Akad. d, Wiesensch.,” Bd. lii, Sitzung vom 30 Juin, 1865.

9
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A Table showing the stratigraphical distributio
Lower Lias zones of the British Islands.

Families, Genera, and Species.

Planorbis-zone.

n of the Ammonoida in the

Angulatum-zone.

Family—AEGOCERATIDE.
Genus—AEGOCERAS.
Aegoceras planorbis, S0t. .........cooeeeeees

Johnstoni, Sow........cooiiareniens
Liassicum, d’Orbig. .......ccccevet
angulatum, Schloth. ...............
catenatum, De la Becke .........
tortile, & Orbig.........oceveeenicee
Charmassei, d’Orbdig.. ............
Boucaultianum, d’Orbig. .........
Birchii, Sow. .....coovieeen ceeennn
planicosta, Sow........cc.couuiennes
sagittarium, Blake ...............
gagateum, Young & Bird.........
subplanicosta, Opp. ...............

Genus—ARIETITES.

Arietites Bucklandi, Sow. .............oooeieen
bisulcatus, Brug............cocoeunree
multicostatus, Sow........cooeeveres
Conybeari, Sow. .......c..cooeveaenes
rotiformis, Sow. .........cooieeiennes

spiratissimus, Quenst................

obesulus, Blake = resurgens, Du-
mort.......iccc..o . ...
Scipionianus, &’ Orbig
Sauzeanus, d’ Orbig. creeens
Crossii, Wright. ..............cceone.
semicostatus, Foung & Bird.......
Turneri, Sow. ......ccoveevreneeenes
Bonnardii, &' Orbig........ccccc......
stellaris, Sow. .....c..ocoiiiiiiin
obtusus, Sow. ..........coceeeinnin.
raricostatus, Ziet. .......c..o.oeeeo
Nodotianus, d’ Orbig.

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

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

Family—ARCESTIDE.
Genus—AMALTHEUS.

Amaltheus oxynotus, Quenst. ..................
Lymensis, Wright..................
flenotatus, Simpson ...............
m_\pendens, Young & Bird
Simpsoni, Bean.

Oppeli, Schlonbd.

......

..................
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THE MIDDLE LIAS.

Tae Middle Lias is well developed in England, and fully exposed in the grand
natural sections of the Yorkshire and Dorsetshire coasts. In the Midland Counties some
of the zones are only partially shown. I have therefore selected a section of the cliffs east
of Charmouth, Dorset, which I made for this work many years ago, as one that affords
a good general view of the whole, and at the same time shows the relation of its
spinatus-bed to the Upper Lias which rests conformably upon it; the Middle Lias here
attains a thickness of about 450 feet, and is divisible into five stages, each characterised
by well-determined Ammonite forms. In ascending order these are—1st. The zone of
degoceras Jamesoni. 2nd. The zone of 4maltheus Ibex. 8rd. The zone of Aegoceras

Henleyi.  4th. The zone of Amaltheus margaritatus. B5th. The zone of Amaltheus
spinatus.

Section of Down Cliffs, at Toad’s Cove, near Bridport Harbour.

UppER Lias.
v o L Taick- 0 ¢ REMaINs
rope| NO ITHOLOGY. NESS. RGANI .
ft. ft. .
400| 1| ZoNe or HARPOCERAS OPALINUM. Harpoceras opalinum, Rein., at Burton Cliff,
and Chideock Hill.
ZoNE OF LYTOCERAS JURENSE.
2 Broyn sands, sometimes micaceous,
with large sandstone nodules in Harpoceras variabile, d’Orb.
layers ............ccoccoiviiiiieieiiennn, 70 | Harpoceras insigne, Schliib.
ZoNE oF HARPOCERAS BIFRONS.
300 3 Dark-greyish sandy marl, very mica-
CEOUB.......uiuiuunienieerrreesiesaeesesnns 72 | Harpoceras bifrons, Brug., Pleuromya uni-
oides, Roem.

Fossils rare, and often indeterminable.
ZoNe o HARPOCERAS SERPENTINUM.

4 | Brownish marly limestone, containing Harpoceras serpentinum, Schlot., Stephano-
great numbers of Harpoceras ser- ceras commune, Sow., S. Raquinianum,
pentinum and Upper Lias shells. d'Orb., Venus pumila, Miinst., Rhynch.
The Middle Lias comes up to the acuta, Sow., and Rhynch. Moorei, Dav.

lower part of this band of stone, with

Amaltheus spinatus embedded there-
...

CERTTRTY
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MipprLe Lias.

N Taick- :
x‘:;. No. LitHoLoGy. NESS. OrgANIC REMAINS.
e ft.
ZONE OF AMALTHEUS SPINATUS.
4 Dark-grey, sandy, micaceous marl ...... | 18 | Admaltheus spinatus, Brug.  Belemnites
, breviformis, Ziet.
5 Indurated sand, forming large sand-
stone blocks .....................oco L 8
6 | Light-brown sands, moré or less indu- No fossils found to enable us to determine
rated, and very micaceous ............ 56 whether the bed belongs to this, or the
lower zone.
200 ZONE OF AMALTHEUS MARGARITATUS.
7 | Bluish marl, which forms a well- .
defined band in the section ............ 6—8
8 | Greyish, sandy, laminated marls, with dmaltheus margaritatus, Mont., Lytoceras
irregular layers of nodules ............ 20 Sfimbriatum, Sow., Belemnites elongatus,
Mill,, Pleurotomaria similis, Sow., Cryp-
tenia expansa, Sow., Pleuromya unioides,
Roem., Pecten @quivalvis, Sow., Limea
acuticosta, Minst., Pinna Hartmanni,
Miinst.,, Rkynchonella acuta, Sow., R.
tetrahedra, Sow., R. calcicosta, Quenst.,
Gryphea gigantea, Sow.
9 | Foxy coloured sandstone, with from
12—16 irregular bands of stone
forming the ‘““rough bed” of the
workmen ... 40
10 | Band of Crinoidal limestone ............ Pentacrinus subangularis, Mill.
11 | Grey sandy clay, in parts micaceous ... | 20
100 Band of ferruginous septaria.

12 | Grey laminated sandy clay ...............| 17

13 | The *Starfish Bed,” hard, grey, mica- Ophioderma Egertoni, Brod., Lytoceras fim-
ceous san_dstone: large blocks from briatum, Sow., Amaltheus margaritatus,
this bed lie on the shore ............... 6 Mont., Belemnites elongatus, Mill.

Zoxt oF AEcocErAS HENLEYI.

14 | Grey marls, breaking up into cuboidal Aegoceras Henleyi, Sow., Aeg. Bechei, Sow.,
masses ; in the upper part are several Aeg. striatum, Rein., deg. planicosta,
rows of small, fossiliferous nodules ; Sow., deg. Davei, Sow.
this bed is much thicker, and better
seen at Golden Cap ....................| 76

Base of Down Cliffs.................... .
ZONE OF AEGOCERAS JAMESONI.

The grey or micaceous marls attain a great thickness at Golden Cap, where they rest
on the Belemnite-bed. These marls contain several stages of life, which have not been
worked out with sufficient accuracy to enable me to define the limits of the different
zoves.  Fragments of degoceras Jumesoni and Aeg. submuticum have been collected in the
lower part of this deposit, and degoceras Davei, Henleyi, and Beclei, in the upper.

In G'loucestershire, beneath the zone of degoceras  Henleyi
ch.aractfansed by dmaitheus Téex and Aegoceras Jamesoni ’
prised in the grey, micaceous marls at Golden Cap, :

two other zones are
and these are probably com-
which here attain so great a thickness.



ZONE OF AEGOCERAS JAMESONI. 69
8. THE ZONE or AEGOCERAS JAMESONI.

Synonyms.— Micaceous marl,” in part, De la Beche’s section.  Numismalismergel
oder Belemnitenmergel,” Quenstedt, ‘ das Flotzgebirge Wiirttembergs,” 1843. “Die
Schichten des 4dmmonites Jamesoni,” Oppel, ‘ Die Juraformation,’ p. 118, 1856.  Lias
Gamma,” pars, Quenst., ¢ Der Jura Uebersichtstafel,” p. 293, 1858.  * Jamesoni-bed,”
Wright, ¢ Quart. Jour. Geol. Soc.,” vol. xvi, p. 25, 1858. “Die Schichten des Amm.
Jamesons,” Brauns,  Untere Jura,” p. 100, 1871. “ Zone of Ammonites Jamesoni,” Tate
and Blake, < Yorkshire Lias,” p. 78, 1876.

Gloucestershire—Upwards of twenty years ago I collected several fragments of the
whorls of a large Adegoceras Jamesoni in some deep brick-pits near Leckhampton, which
was the first evidence we had that this zone existed near Cheltenham. Since that time
I have accumulated many of the leading fossils of the beds, and important additions

have from time to time been made by Professor Tate, all of which are now recorded
in the following list :

CEPHALOPODA.

Aegoceras armatum, Sow.
—  brevispina, Sow.
—  striatum, Reinecke.
—  Henleyi, Sow.
—  Loscombi, Sow.
—  Jamesoni, Sow.
—  Maugenesti, d’0rb.
—  Valdani, & Orb.
—  pettos, Quenst.

Cerithium armatum, Miinst.

Chemnitzia Blainvillei, Miinsz.

- liassica, Quenst.
Crypteenia expansa, Sow.

Astarte striato-sulcata, Rom,

Avicula novemcoste, Brown.
—  substriata, Ming¢.

Cardinia crassissima, Sow,

Cypricardia cucullata, Miins¢,

Cuculleea Munsteri, Goldf.

Isocardia cingulata, Goldf,

Inoceramus ventricosus, Sow,

—  substriatus, Goldf.
Leda acuminata, Goldf.
— Qalatea, 4 0rb,
Nucula cordata, Goldf.

Aegoceras Taylori, Sow.
Arietites Nodotianus, d’ Orb.
Lytoceras fimbriatum, Sow.
Belemnites acuarius, Schlotk.
—_ apicurvatus, Blainv.
—_ breviformis, Voltz.
—_— elongatus, Sow.
— Milleri, Pkill.
— clavatus, Schlotk.

(G ASTEROPODA.

Dentalium minimum, Sérick.
—  elongatum, Miinst.

Phasianella paludinaria, Minst.

Trochus Thetis, Miinst.

LAMELLIBRANCHIATA.

Opis Carusensis, @’ Orb.
Pecten liasinus, Nyst.
— acutiradiatus, Gold/.
— personatus, Miinst.
Pholadomya decorata, Hartm.
Plicatula spinosa, Sow.

— alternans, Deslong.
Mytilus scalprum, Sow.
Pinna folium, Y. § B.
Grypha obliquata, Sow.

—  cymbium, Lamk.
Limea acuticosta, Goldf.
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BracHIOPODA.

Discina Holdeni, Tate. Terebratula punctata, Sow.
Rhynchonella variabilis, Schloth. Waldheimia indentata, Sow.

— furcillata, Theod. — numismalis, Sckloth.

— rimosa, Theod. —_ Waterhousei, David.
Spiriferina verrucosa, von Buch. —_ subovoides, Rim.

ECHINODERMATA.
Plumaster ophiuroides, Wright. | Pentacrinus basaltiformis, Miller.
ANNELIDA.

Serpula plicatilis, Goldf. | Serpula tricristata, Goldf.

Yorkshire.—The Jamesoni-beds are found at the north side of Robin Hood’s Bay,
where the following important section was made by Messrs. Tate and Blake,' the thick-
ness of the beds there amounting to 225 feet : the position of the fossils so carefully
noted in each is of great value in reading correctly the Palaontology of this zone.

Jamesoni-beds, Robin Hood’s Bay.

Base of the Henleyi-beds : the section to be read in a descending order.

|
No. 1 Lituovrocy. TNHEI::' OrGanNic ReEmaINns,
ft. in
1 | Hard, crumbly, light shale ............... 5 0
2 | Dogger ........ccoviiiiiiiiiieeiiee e 0 6
3 | Shale..........oovvviiiiin 10 0
4 | Irregular dogger.
5 | Shale.........oeevniiuniiiinniiiiiiinen, 4 0
6 | Brown sandy layer ........................ 0 3
7 |Shale........ccooiiis i, 5 3
8 | Variable dogger ........................... 2 6 !
9 | Shale with indurated bands and no- Aeg. striatum, Lytoceras fimbriatum, Ophioderma
dules........o.ooooiiiiiiiiniii . 13 6 Gaveyi.
10 | Scattered dogger-band .................. 1 0
11 Shale.......ooovviiiiiniiniiieee 29
12 1 Dogger ......cooeiviiiiiiiiiinn i, 0 3
13 | Hard, crumbly shale ..................... 13 O | Belemnites elegans.
14 Dogger ..........cooviveiianieeeni e 0 6
15 | Bluer shale ................................ 20
16 | Dogger irregular.
17 | Bluer shale ................................. 7 0| deg. brevispina, Sow., Gryphea obliquata, Sow.,
Modiola scalprum, Sow., Pleuromya ovata,
18 | Well-marked dogeer Sow.'
19 | Herd o indgﬁ tdl ........ TECPPPPPON 0 3 | Belemnites elegans, Monotis ineequivalvis, Sow.
ind,ugatz(’i ) u(;'a_ ed shale, with more Pecten equivalvis, Sow., Limea acuticosta, Miinst.,
20 | Dogger anm the middle ...... I(l) g Pinna folium, Y. & B.
21 | Blue shale................ T 2 4
22 lgogger...‘................. ................. 0 4
23 | BLoSer ot
3 | Blueshale.......................00" 5 0 | Gryphea obliquata, Aeg. brevispina, Sow.

! *Yorkshire Lias,’ pp. 79—81,
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No. LitaoLoeY. ’I;T::' ORGANIC REMAINS.
ft. in.
24 [ DOGRET ....o.eeeeieieeveenncirnenaennn | 03
25 | Shale.........coovvnenenennnnnn et ersaneea 1 10 | Pecten priscus, Schl.,, Chemnitzia Blainvillei,
Miinst.
26 | Regular dogger...............coeeerrnnneenn. 0 6
27 | Shale.........cccvvuveeeiiiiiiiie i 3 10 | Gresslya striata, Agaes., Leda Galathea, d’Orb.,
Plicatula spinosa, Sow., Pinna folium,Y. & B.,
Belemnites araris, Dumort., Bel. virgatus,
Mayer.
28 | Irregular dogger 0 6
29 |Shale.......cooviiiieiiiiii 3 0 | deg. brevispina, Sow.,deg. polymorphum, Quenst.,
Ditrypa circinata, Tate.
30 [ Dogger.......cooeivviieriii i 0 5
31 | Shale....coooviiiiiiiiie 1 0
32 | DOZRET ....vvvveeeeieeiiieeieeeeeeeeaiaeen 0 5 | Modiola scalprum, Sow.
33 |Shale.......coooiviveiiii e 14 8 | Amaltheus lynx, Aeg. polymorphum, Pleuromya
ovata, Pholadomya decorata, Pecten priscus.
34 [ DOBZET ....vviiviiiniiiieeireirea e, 0 6 | Pholadomya decorata.
35 |Shale........cooviiiiiiiiiiiii 5 4 | Pkoladomya decorata.
36 | Dogger, irregular.
37 | Shale..........coueeeeviiniiieeiiiiieieeins 4 3 | Pecten priscus, Scloth., Lima Hermanni, Voltz.
38 | Dogger, irregular.
39 |Shale..........e. veueeeeneeeeeieee e 5 3 | Unicardium cardioide, Phill.
40 | Dogger, irregular.
41 | Shale.......cccovviiiiiiiii 3 0 | Arcomya elongata, Pinna folium.
42 | Dogger, irregular ...................c....... Ditrypa circinata, Rhyn. plicatissima.
43 | Shale........ccoooviiiiieiiiei 4 0 | Pecten priscus, Gryphea obliguata, Gresslya
ovata. Crustacean remains.
44 | Dogger, strong..................couuneen... 0 8 | Pinna folium.
This forms the base of the Jamesoni-beds proper.
45 | Blueshale.............ocevveveniininnnn.n. 10 O | Pinna folium, Cucullea Miinsteri, Limea acuti-
costa, Arcomya vetusta, Glyphea Terquemi,
Lima Hermanni.
46 | Ironstone dogger ................cc......... 0 8
47 | Blue s.hale, with pyritous nests full of | Lima Hermanni, Monotis tnequivalvis, Gryphea
fossils, about five feet down............ 15 8 obliquata, deg. armatum, deg. Taylori, Pecten
Is at the base of the cliff, making priscus, Protocardia oxynoti, Nucula con-
the south point of the north cheek torta, Gresslya ovata, G. striata, Pleuroto-
of the bay. maria procera, Spiriferina Walcotii, Rhyncho-
nella calcicosta.
48 | Dogger ......eoveeieeeeee e, 0 4
49 | Blue shale................... 12 0
50 | Band of rotted clay ...veniie, (1]
51 | Ironstone dogger, well marked in the Inoceramus ventricosus, Pecten calvus, Chem-
eiff L 0 3 nitzia Blainville:.
52 | Blue shale........................ccoo 5 0
23 Strong ironstone dogger .................. | 0 4 | Gryphea obliquata.
4 | Blue shale, with doggers and nests of Aeg. armatum, Pecten priscus, Belemnites clava-
f.osu.ls scattered ........................ 24 0 tus, Ditrypa circinata.
5 %hm live of broken fossils ............... 0 1 | Ammonites, Belemnites, Pecten, Cerithium.
lue shale field of Belemnites and Aeg. armatum, Aeg. planicosta, Belemnites, Gry-
Grypheeas................................. 5 6 pheea obliquata, Limea acuticosta, Pecten pris-
56 ) cus, Cucullea Minsteri, Pinna folium.
Ironstone dogger ......... .oveeevieeann, 0 3
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|
T .
No. LITHOLOGY. :;g:' ORGANIC REMAINS.
ft. in.l
57 |Blueshale.............coocvieiiiiiiiiint 3 0 Aegocerac armatum.
i lar d d blue " Ariet. tardecrescens, Pecten cal.vua, Pecten sub-
% Sc:l‘;tael;ed"reguarOggersan ......... 3 0! Bestriatus, Cucullea Minsteri.
59 | Argillaceous ironstone dogger with cone- o 4
in-cone structure at top.................. . )
i LN 8 6 | deg. armatum, Ar. Macdonnelli = Nodotianus,
0 | Blue shale, estimated o Belemnites elegans, Pentacrinus, L. acuticosta.
Base of the Armatum zone.
i
Total thickuess 225 8

Warwickshire.—The Jamesoni and Ibex beds are developed at Fenny Compton,
Warwickshire, where they have been carefully studied and well described by Mr. T.

Beesley, F.C.S., of Banbury.!

The rocks are about 100 feet in thickness, and the

following section affords an idea of their petrology, thickness, and organic remains.

No.

o N K- ) B0O N -

OrGaNIC REMAINS.

THICK-
PETROLOGY. NESS.
Tft. .
Rough shaly clay.......................... 20 0
Band of nodules, argillo-calcareous ... | 0 2
Shale.....cooiiii 10 0
Band of fossiliferous nodules ............ 0 3
Shale.......ccccooviiiiiiiiiiciieeee. | 80
Band of fossiliferous nodules ............ 0 2
Belemniteshale.............................. 2 0
Rough, shelly, argillaceous limestone,
with numerous fossils .................. 1 0
Belemnite shale ........................... 4 6
Rough, shelly, argillaceous limestone,
with many fossils........................
Shale.....o.ooooiiiiiiis e, 1 8
Nodular band .............................. 0 3
Shale.........oooiiiviii 3 0
Band of fossiliferous nodules ............ 0 3
Shale..............o 14 0
Band of nodules .......................... 0 2
Shale....ooooooi 5 0
Band of nodules ................... 0 2
Shale.................. 3 6
Band of nodules ... " 0 2
Shale........................... 22 0
96 3

Pecten calvus, Terebrat. punctata, var. Rad-

Aeg. striatum, Amal. Ibex, Aeg. Maugenesti, Aeg.
Valdans.

Aeg. Maugenesti, Fucoids.

Belemnites breviformis, and several others.

deg. Jamesoni, deg. Valdani, Belemnites clavatus,
Lima Iettangiensis, Spiriferina verrucosa,
Waldheimia numismalis, Rhynchonella rimosa.

Belemnites clavatus, B. apicicurvatus.

Aeg. armatum, Pecten priscus, Limea acuticostata,
Grypheea obliquata, Cardinia attenvata, Rhyn.
rimosa, Montlivaltia mucronata.

stockiensis, David.

Nat.

! “Lias of Fenny Compton, Warwickshire.”
and Archeeol. Field-Club,’ p. 14, 1877.

Reprinted from the ¢ Proceedings of the Warwicksbire
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j. Last of Fossils from the Jamesoni Zone, Fenny Complon.

Ichthyosaurus, bones and teeth.

Harpoceras arietiforme, Oppel.
Aegoceras armatum, Sow.

— biferum, Quenst.

- brevispina, Sow.

— Buvignieri, &' Orb.

— Centaurus, d’Orb.

- densinodum, Quenst.

— striatum, Reinecke.

—_ Ibex, Quenst.

- Maugenesti, d’Orb.

— Jamesoni, Sow.

—_ LoacomBi, Sow.

— Lynx, & Orb.

- pettos, Quenst.

- Valdani, @’Orb.
Lytoceras fimbriatum, Sow.
Belemnites acutus, Mill,

—  apicicurvatus, Blainy.
— araris, Dumort.
- breviformis, Volte.

Acteeonina Ilminsterensis, Moore.

—  marginata, Simp.

- numismalis, Quenst.
Tornatella capricornus, Tate.
Cerithium Camertonense, Moore.

—  Brodiei, Tate.

—  Ibex, Tate.

—  Slatteri, Tate.
Chemnitzia Blainvillei, Minst,

—  citharella, Tate.

—  crassicosta, Tate.

—  foviolata, Tute,
Dentalium angulatum, Buck.

=  minimum, Strick

VERTEBRATA.
| Fishes ; vertebree and other remains.

CEPHALOPODA.

Belemnites brevis, Dumort.
—_ Bucklandi PA:ll.
—_ calear, Phill.
— Charmouthensis, Mayer.
—_ clavatus, Blainv,
—_ compressus, Stahl.
—  cylindricus, Simp.
—_ elegans, Simp.
— elongatus, Sow.
—  junceus ! Phill.
—_ lageniformis, Ziet.
- longiformis, Blake.
—_ longissimus, Af:ll.
. — Milleri, Phill.
— oxynotus, Quenst.
— nitidus, Phi/l.
—_ palliatus, Dumort.
—_ penicillatus, Sow.
— ventroplanus, Polts.
— virgatus, Mayer.

GASTEROPODA.

Eucyclus Gaudryanus, d’Orb.

—  imbricatus, Sow.
Pitonellus conicus, &’Orb.

— lineatus, Moore.

-—_— turbinatus, Moore.
Pleurotomaria similis, Sow.
Crypteenia expansa, Sow.
Trochus limbatus, Sckloth.

—  Pandion, Dumort.

—  Pluto, d@’0~é.

—  Thetis, Goldf.
Turbo admirandus, Tate.

—  Lucilius, d’'Orb.
Turritella anomala, Moore.

10
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Anomia numismalis, Quenst.
Arcomya elongata, Rimer.
Astarte striato-sulcata, Goldf.

— Camertonensis, Moore.

—.  obsoleta, Dunk.
Avicula calva, Schlonb.

—  insequivalvis, Sow.

—  papyria, Quenst.
Cardinia attenuata, Stutch.
Cardita multicostata, PAill.
Protocardia bombax, Tate.

- oxynoti, Quenst.
— truncata, Sow.
Ceromya bombax, Quens¢.

—  rugata, Quenst.
Cypricardia cucullata, Miinst.
Cuculleea Miinsteri, Ziet.
Gervillia levis, Buck.
Goniomya hybrida, Manst.
Gresslya lunata, Tate.

—  punctata, Simp.

—  striata, dgass.
Gryphea obliquata, Sow.
Harpax Parkinsoni, Dumort.
Hinnites tumidus, Ziet.
Hippopodium ponderosum, Sow.
Leda complanata, Goldf.

— Galathea, d’Ord.
— graphica, Tate.
— minor, Simp.

— subovalis, Goldf.

Discina Holdeni, Tate.

Lingula sacculus, Ckap. § Dewal.

Rhynchonella calcicosta, Quenst.
- fureillata, Tkcod.

_— rimosa, Théod.
- subconcinna, David.
— tetraédra, Sow.
Spiriferina oxyptera, Bur.
Alecto dichotoma, Goldf,

LAMELLIBRANCHIATA.

Leda Zieteni, Brauns.

— acuminata, Ziet.
Lima eucharis, d’Orb.

— Hettangiensis, Terq.

— Hermanni, Polte.

— punetata, Sow.

— pectinoides, Sow.

— scabricula, Tate.
Limea acuticosta, Goldf.
Macrodon intermedium, Simp.
Modiola numismalis, Oppel.

—  scalprum, Sow.
Myoconcha decorata, Miinst.
Nucula cordata, Goldf.
Ostrea Goldfussi, Brauns.

— semiplicata, Romer.
Pecten acuticostatus, Lam.

— acutiradiatus, Goldf.

— calvus, Goldf.

— fortunatus, Dumort.

—  liasinus, Nyst.

—  priscus, Schloth.

—  substriatus, Rom.

—  textorius, Schlotk.
Pholadomya ambigua, Sow.

—_ decorata, Hartm.
Pinna folium, Foung § Bird.
Pleuromya ovata, Romer.
Plicatula sarcinula, Goldf.

—  spinosa, Sow.
Unicardium eardioides, PhAill.

BRACHIOPODA.

Spiriferina pinguis, Tiet.

—_ Walcotii, Sow.
Terebratula Radstockensis, Dav.
—_ punctata, Sow.

Waldheimia indentata, Sow.
— numismalis, Lamk.
— Sarthacencis, d’Orb.
—_— perforata, Piette.

Stromatopora antiqua, T'erq. § Piet.
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CRUSTACEA.
Bairdia dispersa, Blake. Cythere triangulata, Bl.
—  liassica, Bl. Glypheea, sp. e
‘Polycope cerasia, BI. Pseudoglyphzea, sp.
Cythere Redcarensis, B Eryma leevis, Bl
—  translucens, Bl
ANNELIDA.
Galeolaria socialis, Goldf. Serpula limax, Goldf.
Ditrypa circinata, Tate. + —  plicatilis, Goldf.
—  Etalensis, Piette. —  tricristata, Goldf.
—  globiceps, Quenst. —  mundula, Dumort.
—  quinquesulcata, Goldf.
EcHINODERMATA.
Cidaris Edwardsii, Wright. Pentacrinus basaltiformis, Mill.
Ophioderma Gaveyi, Wright — Milleri, Austin.
Extracrinus subangularis, Mill. - scalaris, Quenst.
Millericrinus Hausmanni, Rim. — puactiferus, Quenst.
ANTHOZOA.
Montlivaltia mucronata, Dunc. Montlivaltia nummiformis, Dune.
—  rugosa, Wright. — radiata, Dune.
ForAMINIFERA.
Cristellaria matutina, Tergq. Lagena, sp.

—  recta, &' Orb. Lingulina tenera, Born.

—  rustica, Terq. Marginulina 12-costata, Terq.
Dentalina irregularis, Terg. — interlineata, Terq.

—  nodosa, d’Orb. — prima, var. acuta, Terq.

—  pauperata, d’'Orb. Miliola, sp.

—  perlucida, Terq. Nodosaria uitida, &’Orb.

—  quadrilatera, Terq. —  raphanistrum, Linn.

—  striata, Terq. —  raphanus, Linn.

—  torta, Terq. —  Simoniana, Terq.
Flabellina rugosa, @ Orb. Orbulina universa, Terq.
Frondicularia sulcata, Born. Polymorphia nodosaria, Reuss,

- Terquemi, d’ Orb. Spiroloculina, sp.
Glandulina conica, Terg. Trochammina gordialis, P. § J.

This rich fauna of the Jamcsoni-beds at Fenny Compton has been collected by Mr.
Becsley, F.C.S., of Banbury, and forms part of his valuable collection of Lias fossils.

The Middle Lias Ims been shown by Professor Ralph Tate,' F.G.S., to be well
developed near Radstock, and he has ascertained the existence of the Jamesoni, Lbea,

1 ¢ Quart. Journ. Geol. Boc.,” vol. axxi, p. 500.
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and Henleyi beds in the Munger Quarry, near Paulton, Somersctshire. The Jamesoni-
bed here consists of a soft, yellow, ironshot limestone, indistinctly bedded, rather lampy,
and Jery fossiliferous, and from this and the upper beds the following fauna was

collected. In consequence of the thinning out of the Lias strata in this locality the
three zones are comprised within threc yards of rock.

Fossils from the Jamesoni-beds of the Radstock District.

CEPHALOPODA.

Aegoceras Henleyi, Sow.
—  Maugenesti, d’Orb.
— Jamesoni, Sow.
—_ armatum, Sow.
— striatum, Reinecke.
—  Buvignieri, d’0Orb.
— pettos, Quenst.

Aegoceras brevispina, Sow.

—_ polymorphum, Quenst.
Lytoceras fimbriatum, Sow.
Amaltheus Ibex, Quenst.
Nautilus intermedius, Sow.
Belemnites clavatus, Schloth.

— elongatus, Mill.

GASTEROPODA.

Dentalium elongatum, Miinst.
Crypteenia expansa, Sow.

—  heliciformis, Deslong.
Pleurotomaria granosa, Sckloth.
Turbo cyclostoma, Ziet.

— Socconensis, &’Orb.

— bullatus, Moore.
Pitonellus conicus, &’Orb.
Phasianella turbinata, Stoliczka.

Trochus acutus, Schloth.
—  mammillaris, Moore.
—  Thetis, Goldf.
—  limbatus, Sckloth.
~— ZEgion, &’0rb.
Eucyclus Guadryanus, d’Oré.
Chemnitzia undulata, Ziet.
—_— Blainvillei, Gold.
Acteeonina marginata, Simp.

LAMELLIBRANCHIATA.

Ostrea simplicata, Miinst.
Pecten lunularis, Romer,
— priscus, Schloth.
— substriatus, Rimer.
Hinnites tumidus, Ziet.
Lima Hermanni, Ziet.

Macrodon intermedium, Simp
Nucula cordata, Goldf.
Leda Galathea, d’Ord.
Cardita consimilis, Tate.
Astarte striato-sulcata, Goldf.
—  Camertonensis, Moore
Myoconcha decorata, Goldf.
Cypricardia cucullata, Goldf.
Cardinia attenuata, Stutck.
—  crassissima, Sow.

— Hettangiensis, Terq.

— eucharis, d’Orb.
Limea acuticosta, Goldf.
Plicatula spinosa, Sow.
Avicula longiaxis, Buck.
Inoceramus ventricosus, Sow.
Pinna folium, Young §& Bird.
Macrodon Buckmani, Rickard.

—  concinna, Sow.
Ceromya bombax, Quenst.
Pleuromya ovata, Rim.
Pholadomya ambigua, Sow.
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BracHiOPODA.
Waldheimia indentata, Sow. Spiriferina rostrata, Schloth.
—  numismalis, Lamk, Rhynchonells furcillata, von Buck.
+—  Waterhousei, David. — rimosa, vorn Buch.
— cornuta, Sow. — variabilis, Schloth.
Terebratula punctata, Sow. Thecidea Bouchardi, David.
—_ Edwardsi, David. Leptwena rostrata, David.
— subovoides, Rim. —  Bouchardi, David.

The Hebridean Jura.—More than twenty years ago my friend Professor A. Geikie,'
F.RS., made a collection of Lias fossils from the islands of Skye, Scalpa, Pabba,
Raasay, &c., which he sent to me to examine and determine. Most of the specimens
were collected from the dark brown micaceous shales of Pabba, beyond Corry, and
around the syenite of Beinn Bhindh, as far as the entrance to Scalpa Sound. These
specimens were carefully studied and compared with the same species obtained out of the
Middle Lias of Yorkshire, Dorsetshire, and Gloucestershire; and this comparative study
led me to determine the series to belong to the zone Aegoceras Jamesoni. This
collection formed the subject of the notes appended to Professor Geikie’s paper communi-
cated to the Geological Society,? and of which the following is a résumé revised :

Lias Fossils from Pabba, Scalpa, and Skye, Hebrides.

CEPHALOPODA.
Aegoceras armatum, Sow. Arietites tardecrescens, von Hauer.
—  Jamesoni, Sow. Belemnites elongatus, Sow.
—  Milleri, Wright, n. sp. E —_ paxillosus, Schloth.
—  polymorphum, Quenst. —  elegans, Simp.
—  brevispina, Sow. —  breviformis, Poltz.
—  Davei, Sow. —  clavatus, Blainv.
GASTEROPODA.
Chemnitzia Blainvillei, Miinst. Tectaria imbricata, Sow.
Cerithium Slatteri, Tate. Trochus limbatus, Schloth.

' Geikie, * Quart. Journ. Geol. Soc.,’ vol. xiv, p. 5, 1858.
* Wright, “ Notes on the Fossils collected by Mr. Geikie from the Lias of the Isles of Pabba, Scalpa,.
and Skye,” ¢ Quart. Journ.,’ vol. xiv, p. 24, 1858,
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Pholadomya decorata, Hartm.
—_ ambigua, Sow.
Pleuromya ovata, Rimer.

— Scotica, Wright.
Unicardium Ianthe, &’ Ord.
Pinna folium, Young § Bird.
Mytilus scalprum, Sow.

— numismalis, Oppel.
Leda Zieteni, Brauns.

AMMONITES.

LAMELLIBRANCHIATA.

Limea acuticosta, Goldf.
Inoceramus ventricosus, Sow.
Pecten wequivalvis, Sow.

— liasinus, Nyst.
Plicatula spinosa, Sow.
Gervillia Maccullochii, Wright.
Gryphoxea cymbium, Lamk.

—  obliquata, Sow.

Hippopodium ponderosum, Sow.
Astarte striatosulcata, Rimer.
Arcomya vetusta, Phill.
Cuculleea Miinsteri, Goldf.
Cardita multicosta, Phill.
Plicatula spinosa, Sow.

— Galathea, @’Orb.
Cardinia attenuata, Stutch.
Avicula novemcostee, Brown.
Lima Hermanni, Ziet.

— eucharis, d'Orb.

Bracuioroba.
Rhynchonella tetracdra, Sow.
— furcillata, Theod.
—_ variabilis, Schloth.

Waldheimia numismalis, Sckloth.
Spiriferina oxyptera, Buvig.
—  verrucosa, Buck.

CRUSTACEA.
Pseudoglypheea, sp. | Glypheea, sp.
ANNELIDA.
Ditrypa circinata, Tate. | Ditrypa quinquesulcata, Miinst.
ECHINODERMATA.
Pentacrinus robustus, Wright. | Peantacrinus lwevis, Miller.

Foreign Correlations.—In North Germany the Jamesoni-beds form the base of the
Middle Lias, and are, in part, the equivalent of the Numismalis-marl of Swabia.
According to the late Dr. U. Schlonbach, who made a special study of these beds, and
recorded the results in an exhaustive memoir,' the ironstones of the Middle Lias worked
near Marzburg, Lichenburg, Bodenstein, Kalefeld, and Markoldendorf, &c., are obtained
from this zone. Aegoceras armalum lies in the lowest stratum, Aeg. Jameson: and its
other associated Mollusca in higher strata, and the upper portion of the marls passcs into
beds containing Aeg. Loscombi, Acg. Valdani, Aeg. fimbriatum, and Amaltheus Ibea, so
that the * Schichten des Ammonites Jamesoni ” of Brauns include beds which form the
whole of the Thea-heds and part of the Ilenleyi-beds of this work. Last year I obtained
from 1lechingen three beautiful specimens of Aeg. Jamesoni, almost exact replicas of the
type of this Ammonite which I had from its original locality, the island of Pabba, and,

assoclated with it, from like beds, Aeg. Valdani from the ferruginous marls. Emerson®
1 ¢« Ueber den Eiscnstein des mittleren Lias im N.-W. Deutschland,’ p. 503, 1863 ; ¢ Zeitschr. d.
deutschen geol. Gesellschaft,” Jahrg. 1863.

a

2 ¢ Die Liasmulde von Markoldendorf,” p. 27, 1870.
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gives the following section in the lower half of the Middle Lias, ¢ ¢z dem ¢ Klef’ und am
Abkange des Berges,” in descending order : 1st, deg.-Cendaurus-beds ; 2nd, Aeg.-
brevispina-beds ; 3rd, Adeg.-armatum-beds. In the first are found Lyloceras fimbriatum
and Aegoceras striatum, in the second Adegy. Jamesoni and Aeg. brevispina, and in the
third deg. armatum and Terebratula subovoides = T. punctata.

In South-west Germany, at the foot of the Swabian Alps, the marls of the Middle
Lias are seen resting upon Lower Lias clays containing Ariefites raricostatus. In these,
the Numismalis-marls of Quenstedt, are found Grypleza obliqua and Belemnites elongatus,
which now appear for the first time, Belemnites acutfus, so common in the older beds,
being absent. Pecten priscus, Lima Hermanni, and other bivalved shells, as Pholadomya
decorata, are likewise found with Rlynchonella tetraidra, Rhyn. calcicosta, and Spiriferina
Minsteri.  Above these forerunners of the new Fauna are large Ammonites, embedded in
a calcareous matrix, representing varieties of Aegoceras armatum ; and in marls still
higher in the sections degoceras Jamesoni appears for the first time associated with
degoceras  brevispina, Aegoceras Taylori, Harpoceras Masseanum, and Harpoceras
arietiforme. Associated with the Cephalopods are Brachiopods, represented by Wald-
heimia  numismalis, Rhynckonella rimosa, Rhynchonella variabilis, also Pentacrinus
basaltiformis, with many Mollusca, which represent the zone of degoceras Jamesont in
Wiirttemberg. It is important to note the very great change that takes place in
the life of the Molluscan Fauna with the dawn of the Middle Lias, and to observe the
great contrast between the palzontology of the Jamesoni, Ibex, and Henleyi zones,
when compared with those we have studied in examining the various successive horizons
of life in the Lower Lias.

In France the Jamesoni-beds are well developed in several Departments. In
Normandy they would appear to be included by Prof. Deslongchamps® in the  Calcaires
et Marnes o Terebratula numismalis.”” Although not described as marking a distinct
zone, the 4eg. Jamesoni = Regnardi, @’ Orb., has been collected at Evrecy, Calvados. In
the Cote d’Or the Jamesoni-beds are described by M. Collenot,® who divides the
Middle Lias near Semur into four zones, designating each by a characteristic species of
Ammonite, and in descending order he gives the following :

Zone of deg. Henleyi, Sow.
» Aeg. Daveei, Sow.
»  Aeg. Venarense, Opp.
y» Aeg. Valdani, d’Orb.

In the Valdani-beds degoceras Jamesons is found.

1 Deslongchamps, ¢ Etudes Jurassique Inf. de la Normandie,” p. 42, 1864.
. % *Description Géologique de I’Auxois,’ p. 260, 1873.
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In the Department of the Cher, at Saint-Amand this zone is represented by Aeg.
Jamesoni = Regnardi, d’Orb., Phyll. Loscombi, Sow., Aeg. Valdani, d’'Orb., deg. Mauge-
nestt, A’Orb., 4mal. Tbex, Quenst., deg. Centaurus, d’Orb., deg. brevispina, d’Orb. Inthe
Department of the Aveyron there is a considerable thickness of Middle Lias composed of
limestones and marls. The limestones form the base, the *“ Zone a Lyt. fimbriatum,” and
the marls occupy the upper portion, the “ Zone & Amal. margaritatus.” Specimens of
Aeg. Jamesoni have been found in the region, so that the fossils of this zone have not
been separated from the fimbriatum-beds, as in other localities. Inthe Department of the
Rhone M. Dumortier has studied the fossils of the Middle Lias with great care, and has
shown that this division of the formation attains a considerable development in the
Basin of the Rhone. He observes, “ Considered in relation to its fossils the Middle
Lias may be regarded as the reign of Belemnites, for in no other division of the

Secondary strata do we recognise the remains of these Cephalopods accumulated in such

considerable numbers and appertaining to so many species. The Ammonites also

furnish always in lower portions of the stage a very remarkable contingent of large
species, and all characteristic of special horizons. The Acephala, Gastropods, and
Brachiopods also give a considerable number of species.”” This author divides the
Middle Lias of the Basin of the Rhone into two great zomes, very unequal otherwise in
their thickness.

The lower is much more developed vertically, and comprises an assemblage of marly
limestones and marls, having a total thickness often exceeding eighty meétres =260 feet,
and forming the zone of Belemnites clavatus. The upper zone is very clearly separated
from the lower by its mineralogical composition and by its fossils ; and is characterised
by the presence of Pecfen @quivalvis. The limestones which compose it are throughout
very hard, of various colours, very badly stratified, and form a thickness which, in the
centre of the basin, does not appear to exceed from six to eight métres =20 to 26 feet.

TaBLE oF THE MippvLE Lias IN THE BasiN oF THE RHONE.

Upper Lias.

Zone of Pecten equivalvis.

PeTROLOGY. THICKNESS, FossivLs,

Mtres.

Calcareous “ lumachelle,” yellowish or reddish | 2 to 3
Heavy limestone, sublamellar, very hard, yel-
lowish-brown, with large, ferruginous,

oolitic grains

Limea acuticosta, Goldfuss,

.................................... 2to 5 | Ostrea sportella, Dumort.
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Zone of Belemnites clavatus.

THICK-

PETROLOGY. NESS.

FossiLs.

Grey-bluish marls, tender, plastic, without Métres.

interposed calcareous layers .................. 5 to 10 | Tisoa siphonalis, Marcel de Serres.
A thin layer of bluish “lumachelle,” very hard,
charged with pyrites, forming very resist-

ing plaquettes..................cooiiianl Lingula Voltzii.
Greyish-blue marls, without hard beds......... 60 to 70 | Tisoa siphonalis, Marcel de Serres.
Marly limestones, alternating with yellowish .
marls and greyish ferruginous nodules...... 2to 3 | Belemnites paxillosus, Schloth.
Greyish marly limestone, coarse, hard, and
earthy, very often coloured bload-red ...... 2 to 3 | Aegoceras armatum, Sow.
73 to 94
Total thickness ............... in the
two zones.

Lower Lias.

It was not possible in this region to correlate the beds by the Ammonites as he had
done in other Departments of the Rhone basin, so M. Dumortier selected Pecten
equivalis and Belemnites clavatus as the organic forms that characterise the different
horizons into which he has divided his zone of Belemnites clavatus.

9. Tue ZoNE oF AMALTHEUS IBEX.

Synonyms.—< Upper Marls,” pars, De la Beche, *“ Lias of Lyme Regis,” < Geol. Trans.,’
20d series, vol. 1i, p. 22,1823. ¢ Ochraceous Lias,” Murchison, ‘ Geol. of Cheltenham,’
2 Ed, p. 42, 1845. “Die Schichten des dmmoniles Ibez,” Oppel, ‘ Die Juraformation,’
p-122,1856.  * Tbex-bed,” Wright, ¢ Quart. Jour. Geol. Soc.,’ vol. xiv, p. 25, 1858.
“Schicht. des Ammonites Centaurus,” Emerson, ‘ Die Liasmulde v. Markoldendorf,” p. 34,
1870. “Die Schichten des Ammonites Centaurus,’ Brauns, ‘Untere Jura,” p. 111, 1871.

This zone was originally exposed at Battledown Hill, near Cheltenham, where it was
worked for brick-earth : the bed consisted of an unctuous, tenacious, yellowish clay, con-
taining numerous hard ferruginous nodules, many of which enclosed fossil shells. The
same stratum was found in Leckhampton, Charlton Kings, and Churchdown to the south,
and at Dumbleton, north of Cheltenham ; everywhere the nodules yielded many well-
preserved Mollusca, and the following list is characteristic of this zone.

11
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Amaltheus Ibex, Quenst.
Aeggceras Valdani, d’'Orb.
—  Maugenesti, &’ Orb.
— Acteeon, d'Orb.
—_ Centaurus, d’Orb.

CrPIIALOPODA.

Lytoceras fimbriatum, Sow.
Phylloceras Loscombi, Sow.
Aegoceras striatum, Reinecke.
Belemnites clavatus, Sckloth.

— elongatus, Miller.

GASTEROPODA.

Trochus imbricatus, Sow. | Trochus leevis, Schloth.

LAMELLIBRANCHIATA.
Cardinia attenuata, Stufch.
Mytilus scalprani, Sow.
Piuna folium, Young and Bird.
Pecten priscus, Sciloth.
Lima pectinoides, Sow.
Avicula iniequivalvis, Sow.
Macrodon Buckmani, Rick.

Arca truncata, Burk.

— elongata, Buck.
Gryphaea cymbium, Lamk.
Inoceramus ventricosus, Sow.
Avicula longiaxis, Buck.
Gervillia lzvis, von Buch.

Hippopodium ponderosum, Sow.

BracH1OPODA.
Spiriferina rostrata, Lamk.

Waldlheimia numismalis, Lamk.
Rhynchonella furcillata, Théod.

Rhynchonella rimosa, Buck.

The fossils of this zone in other localitics are often catalogued with those from the
Jamesoni-beds, on which they rest, and it is rare that we are able to define so distinctly
the limits of the Thez-beds as formerly we were able to do near Cheltenham.

Mr. E. B. Tawney, F.G.8., has made a careful study of the Lias around Radstock,
and embodied his observations in an exhaustive memoir' on this subject. From this
we learn that the Zéez-beds were found by him at Munger, ncar Radstock, associated
with the Jamesoni-beds ; and that necar the top of an old quarry, formerly worked for
road-material, he collected Aegoceras Maugenesti, Aegoceras Valdant, Acgoceras striatum,
and Lyloceras fimbriatum. Acgoceras brevispina, Aegoceras Jamesoni, and Amaltheus

Ibex seem to occur throughout, and in the same locality Belemnites were abundant, but

not easily extracted.  Belemnites paxillosus and B. apicicurvatus, Littorine and other

minute Gastropods were found in fine preservation with Cryplenia expansa. Among
the bivalve shells Astarte striafo-sulcata, Inoceramus venlricosus, Pholadomya ambigna ;
and of Brachiopods, Rhynchonella rimosa and Rhyn. furcillata. We have here a very
good account of the Ibez-beds of Munger, with the distribution of some of the leading
fossils therein.

1 «Notes on the Lias in the Neighbourhood of Radstock,” ¢ Proc. Bristol Naturalists’ Soc.,” vol. i,
p- 178, 1875.
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This zone appears to extend into Northamptonshire, as the specimens of Amal. Ibez,
-and Aeg.Valdani in the British Museum, marked from Watford, testify.

In Dorsetshire I have collected at Lyme Regis fragments of the leading fossils of this
zone, as, for example, 4. Valdani, A. Maugenesti, in greyish coloured clay beneath a bed
with deg. Davei, so that the zone of Amaltheus Ibex appears to maintain an independent
position above the Jamesoni-beds in the localities I have cited wherever we are able to
ascertain the position of its fossils with sufficient accuracy to determine the limits of the
zone.

Foreign Correlations.—In South-West Germany this zone was first separated from
the Jamesoni-beds by Dr. Oppel,' as he found in beds of clay and marl a few feet thick,
resting upon the Jamesoni-beds, a group of Ammonites that were constantly associated
together, namely, 4mal. Tbex, Aeg. Maugenesti, Acy. Valdani, Aeg. Acteon, and Aeg. Cen-
taurus, whilst in the Jamesoni-beds the group of associates consisted of degoceras Jameson,
Aeg. Masseanum, deg. submuticum, Aeg. Taylort, and deg. petlos ; and a like distribution of
species is found in the two zones in Gloucestershire. The Ibez-beds are much more
easily discovered round Cheltenham than the Jamesoni-beds, which are only reached in
some deep brick-carth diggings.

In several of the exposures for obtaining ironstone out of the Middle Lias of North
Germany some good sections of the Jamesoni, Henleyi, and Margaritatus-zones have been
discovered. The following section, made by the late Dr. U. Schlénbach,? of a cutting near

Oldershausen shows the relation of the Ilew and Jamesoni zones to each other in that
region.

Section near Oldershausen, between Oldenrode and Echte ; the beds taken in
descending Order.

No. PETROLOGY. T:;:; ‘J ORrGANIC REMAINS.
ft. in.!

1 | A dark red-brown ironstone, with very ! Phyll. Loscombi, deg. hybridum, Aeg. brevispina,
fine oolitic granules, and containing . deg. Jamesoni, deg. Valdani, Aeg. Gumbrechtt,
many petrifactions ......... from4to!6 0 Amal.Oppeli,Belemnitesclavatus, B.breviformis,

" B. elongatus, Nautilus intermedius, Phola-
domya decorata, P. obliquata, P. amlbigua,
P. Hlausmanni, Avicula Sinemuriensis, Gryphea
. obliqua, Pentacrinus basaltiformis.

2 | A greenish-brown marly limestone, very Lyt. fimbriatum, dcg. Valdani, Plyll. Loscombi,
crumbly, and containing many petri- Belemnites elongatus, B. breviformis, B.
factions.........................00 1 8 clavatus, B. umbilicatus, Cryptenia expansa,

. Spiriferina rostrata.

3 | A hard greyish-yellow limestone, often Aeg. Capricornus, Belemaites elongatus, B.

oolitie .0 ... ... 010 breviformis, B. clavatus, B. umbilicatus,
Millericrinus Hausmanni, Pentacrinus nudus.

' ¢ Juraformation,’ p- 122, 1856.
? * Eisenstein des mittleren Lias im N.-W. Deutschland,’ p- 493, 1863.
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At Markoldendorf,' near Einbeck, in a similar exposure for ironstone, he found the above
strata with Adeg. armatum, Aeg. Centaurus, Adeg. brevispina, Aeg. Jamesoni, Trochus levis,
Pholadomya ambigua, Inoceramus ventricosus, Gryphea obligua, and many Brachiopods.

Dr. Emerson® states that the beds with deg. Cenfaurus in the Markoldendorf district
yield the richest ironstones in the Middle Lias, and that they alone afford that beautiful
granular oolitic structure which is absent from most of the other ironstone masses of that
region. In some parts the Cenfaurus-beds rest upon the Brevispina-beds, and contain a

great number of Gasteropods. The following Mollusca were obtained by this author
from these ironstones.

Fossils from the Aegoceras Cenlaurus-beds at Hullersen.

Lytoceras fimbriatum, Sow.

Aegoceras striatum, Rein.
—_ Centaurus, d’Orb.

Phylloceras Loscombi, Sow.

—  Herberti, Opp.
Nautilus intermedius, Sow.
Belemnites elongatus, Mill,

—_ clavatus, Schloth.
Trochus levis, Schloth.

—  Retbergi, Scklon.
—  Thetis, Goldf.
Pleurotomaria multicincta, Scaliib.
— tuberculato-costata, Miinst.
— granosa, Schloth.
—_ solarium, Koch.

Phasianella phasianoides, &’ Orb.
Cemoria costata, Emerson.

—  punctata, Emerson.
Opis Carusensis, d’Orb.
Isocardia cingulata, Goldf.
Unicardium Ianthe, &’ Orb.
Nucula cordata, Goldf.

Leda subovalis, Goldf.

— Galathea, d&’Orb.
Inoceramus ventricosus, Sow.
Limea acuticosta, Goldf.
Pecten velatus, Goldyf.
Spiriferina rostrata, Schloth.
Pentacrinus basaltiformis, Mill.

— nudus, Sckiin.

In Swabia the three zones of the lower half of the Middle Lias—the Jainesont,
Itez, and Davei beds—closely resemble each other, and are only distinguished by
the characteristic Ammonites they contain, most of their Gastropods and Lamelli-

branchs having a wider range in the beds than the Cephalopods, a stratigraphical
condition which we have secn to prevail in other zones of life.

According to Dr. Oppel®
the following section fairly represents the actual state of the lower half of the Middle
Lias of Swabia.

1 ¢Eisenstein des mittleren Liasim N,. W, Deutschland,” p. 496, 1863.
* ¢ Die Liasmulde v. Markoldendorf bei Einbeck,’ p. 34, 1870.
3 ¢Die Juraformation,’ p. 123, 1856.
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MippLE Lias or SwaBIa.

Upper part of Middle Lias. Amaltheus margaritatus begins.

TaICK-
NESS.

PeTrROLOGY. ORrGANIC REMAINS.

ft.
Henpgyp | Hard marly beds, alternating Belemnites umbilicatus begins here; Adeg. Daveei,
beds with bluish clay ; shells cal- Adeg. Henleyi, Lyt. fimbriatum ; Aeg. striatum ;
CATEOUS ............ceviiniennnnnn. 10, Inoceramus ventricosus, Pentacrinus subangu-
laris.
InEx Amal. Ibex, Aeg. Maugenesti, Aeg. Valdani, Aeg.
beds Centaurus, Aeg. Acteon, Waldheimia numis-
Light grey, hard, marly beds, malis, Rhyn. rimosa.

with alternate layers of clay ; [15-18
organic remains pyritic

JAMESONI

e Aeg.Jamesoni, Aeg. Masseanum, Aeg.Taylori, Aeg.
1]

pettos, Amal. Lynz, Pentacrinus basaltiformis.

ArMATUM | Grey marls

........................ 2 | Aegoceras armatum.
bed

So that the stratigraphical character of the lower half of the Swabian Middle Lias
very much resembles the section I have given of the same beds in North Germany at
P- 31 of this work, where the classification of Professor von Seebach, Dr. Schlénbach,
and Dr. Emerson are arranged for comparison in parallel columns.

In France this zone has been found in Normandy. Professor E. Deslongchamps! has
described the “ Nivean des Ammonites Valdani et des grosses A. fimbriatus,” which is
always well characterised at Bully, Maltot, Fresnay-le-Puceux, and in the environs of Caen,
Where the Ammonites Valdani strata have a thickness of 3 métres=10 feet. They
?onsist of granular limestones, sometimes sonorous and siliccous, which cleave sometimes
Into plates, and enclose a great number of fossils. Large and magnificent specimens of
Lytoceras fimbriatum, Amaltheus Engelhardti, Amaltheus Ibex, and Aegoceras Taylors, are
yere found. The most abundant, and most characteristic Cephalopod of this small horizon
18 the dmmonites Valdans, of which the rock, especially at Maltot, sometimes consists.
Afnong the Gastropods are Troclus, Chemnitzia, Pleurotomaria suturalis, and P. similis,
with a‘large number of Lamellibranchs,— Panropea elongata, Pholadomya Hausmanni,
Lyonsia unioides, Inoceramus venlricosus, I. substriatus, Hinnites velatus, Pecten orbicularis,
_P - @quivalvis, Harpaz Parkinsoni. Certain Brachiopods are very characteristic of this zone;
n the first line are varicties with a ventral groove, as Zercbratula subovoides, Spirviferina

! “Etudes sur les Ftages J urassiques Inférieurs de 1a Normandie,’ p. 48, 1864.
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Hartmanni, 8. oxyplera, and Rlynchonella furcillata. Other species are found which
pass up into higher beds, such as Terebratula cornuta, T. Waterhouse:i, T. subnumismalis,
Spiriferina rostrata, Rhynchonella tetraédra, and Waldheimia numismalis rarely.

In the Department of the Cher the late Professor Alcide d’Orbigny' well defined the
presence of this zone in giving the localities of Am. Boblayei — Ibex, Aeg. Maugenesti,
and deg. Valdani. These Cephalopods, so characteristic of the stage, were collected from
the Middle Lias at Coutards, and in the valley of Saint-Pierre, near Saint-Amand,
Cher; by MM. Boblaye, Valdan, Maugenest, and d’Orbigny, in beds a little above those
descending order, with Gryplea arcuata.

In the Department of Cote-d’Or the lower portion of the Middle Lias is divided by

M. Collenot * into four zoncs, each designated by a characteristic Ammonite, in descending
order as follow :

1. Zone of Axcocrras HENLEYI, Sow.
2. Zone of — Davai, &’ Orb.
3. Zone of — VENARENSE, Opp.
4. Zone of — VaLDANI, &’ Orb.

The “zone of Am. Valdani” is locally known as «“ Calcaire & ciment de Venarey,” where
it is extensively worked for hydraulic lime, and from whence many fossils are obtained.
Tt was at Venarey, near Semur, Cite-d’Or, and in the environs of Avallon and Yonne,
that M. d’Orbigny obtained the type specimens of Aey. Valdani. 1 found several other
species of Cephalopods in the Museum at Semur, which had been obtained from the
Calcaire & ciment, but they were found in higher beds than those which had yielded
Aeg. Valdani, deg. brevispina, Acy. Venarense, Phyll. Loscombi, Amaltheus Boblaye:,
and Amal. Alisiensis, all of which appear, from the character of their matrix, to have
been derived from the Valdani-zone. The leading Ammonite of this zone, degoceras
Henleyi, has been mistaken by d’Orbigny for Aeg. planicosta, Sow., from the Obtusus-
beds of the Lower Lias, and figured as such in the ‘Paléontologie Francaise,’ pl. 65.
The localities therein given for this Ammonite are important, and prove that this stage
of the Middle Lias exists in many other Departments, as Calvados, Meurthe, Moselle,
Cher, Ain, Ardennes, Meuse. M. Dumortier,® who has corrected the former error as to
the identity of A. Capricornus, Schloth., says, ‘L’ Ammonites Capricornus est avec
UAmm. Davei Vespece la plus caractéristique et la plus répandue dans les couches
inféricures de la zone & Bel. clavatus; on la rencontre partout ou ces couches sont

abordables.”  Saint-Fortunat, Rhéne, is one of his type localities for this and its other
Ammonite associates.

1 ¢ Paléontologie Francaise, Terrains Jurassiques, tom. i, p. 253, 255, 257, 1842.
2 ¢ Description Géologique de I’ Auxois,” p. 260, 1873.
3 ¢« Etudes Paléontologiques,’ tom. 3, p. 82, 1869.



ZONE OF AEGOCERAS HENLEYI. 87

10. Tre ZoNe or AEGOCERAS HENLEYI.

Synonyms.—* Upper Marls ” (pars med.), De la Beche, ¢ Geol. Trans.,” 2nd ser., vol i,
p- 28, pl. iii, 1823. “Der mittlere schwarze Jura,” Quenstedt, pars, Flotzgebirge
Wirtt.,” p. 172, 1843.  “« Die Schichten des Amm. Davei,” Oppel, ¢ Juraformation,’
p- 126, 1856. “Schiste d’Ethe,” Dewalque, ‘Lias de Luxembourg,’ p. 55, 1857.
¢ Lias Gamma” (pars Davceikalk), Quenstedt, “ Der Jura Uebersichstafel,” p. 293,1858.
“ Daveei-bed,” Wright, ¢ Quart. Journ. Geol. Soc.,” vol. xiv, p. 25, 1858. < Zone of
Am. Capricornus” Wright, ¢ Oolitic Asteroidea,’” Pal. Soc., vol. for 1861, p. 79, 1863.
“Zone de la Belemnites clavatus,” pars Dumortier, ¢ Etudes Paléontologiques sur les
Dépdts Jurassiques du Bassin du Rhone,” 3me partie, Lias Moyen, p. 16, 1869. “Die
Schichten des Ammoniles Daveet,” Brauns, ¢ Der untere Jura,” p. 124, 1871. ¢ Zone
of Ammonites Capricornus ” Tate and Blake, ¢ Yorkshire Lias,” p. 89, 1876.

This zone is very well developed in England ; and wherever the Middle Lias is
complete it is found beneath the rock-bed forming the ¢ Marlstone ” of British Geologists.
The beds consist of laminated clays, sometimes containing micaceous particles, or they are
largely charged with ferric oxide, whilst in other localities the zone is- represented by
irregular beds of brown micaceous sandstone. The inconstant stony bands found in the
clay contain sometimes an assemblage of fossils, and in a few of the beds several interesting
forms of Asteriade and Ophiuride have been found. At Mickelton,! Worcestershire,
where the shales of this zonc were perforated for a railway tunnel, a considerable number of
fossils in fine preservation were obtained; the shales, partly arenaceous and partly micaceous,
formed thin slabs of fine bluish sandstone, on which many of the Pentacrinites, Brittle-stars,
and Starfishes, lay in high relief. There were also large slabs of ironstone, many inches
in thickness, composed almost entirely of shells, with many immature specimens of
degoceras Henleyi.  All the specimens of Uraster Gaveyi, Forb., Tropidaster pectinatus,
Forb., Opkioderma Gaveyi, with Cidaris Edwardsii, Wrt., and Pentacrinus robustus,
Wrt., were found adherent to the under side of a thick slab of ironstone which lay twenty
feet below the surface. The Cidaris, and its spines attached to the tubercles of the
plates and the ossicles, and species of Uraster, Tropidaster,and Ophioderma werc as well
preserved for anatomical description as if they had been prepared by a taxidermatist for
the purpose.

Beds of laminated shales and ferruginous clays, the cquivalent in age of those at
Mickelton, were exposed in making excavations at Hewlett’s Hill for the reservoirs of
the Cheltenham water-works ; many of the ironstone bands were full of fossils iu various
stages of decay, from the decomposition of the calcareous matter of the shell.  Another
exposure on the same contour line was made at Witcombe, and several of the Ammonites

1 “On the Railway Cuttings at Mickelton Tunnel, &c.,” by G. E. Gavey, F.G.S., ‘Quart. Journ.
Geol. Soc.,’ vol. ix, p- 29, 1853,
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and Nautili from that locality, now in my collection, were obtained in fine preservation ;
the Witcombe shells rivalling those from Mickelton ; but no Echinoderms were found with
the Mollusca. The following list represents the leading species collected from these beds.

Fossils collected from the Zone of Aegoceras Henleyi, Gloucestershire.

CEPHALOPODA.
Belemnites umbilicatus, Blainv.
— elongatus, Mill.

— paxillosus, Sckloth. — Daveei, Sow.
Nautilus striatus, Sow. Lytoceras fimbriatum, Sow.

Aegoceras Henleyi, Sow.

— striatum, Reinecke.

GASTEROPODA.
Chemnitzia capricorni, #r¢.
Cylindrites capricorni, W¥rt.
Trochus imbricatus, Sow.

Pleurotomaria similis, Sow.
Cryptenia expansa, Sow.
—  undosa, Schlib.

LAMELLIBRANCHIATA.
Pholadomya ambigua, Sow. Arca elongata, Quenst.

— decorata, Hartm. — truncata, Buck.
Pleuromya unioides, Rim. Modiola scalprum, Sow.
Leda rostralis, Lamk. Limea acuticosta, Goldf.

— complanata, Rom. Avicula longiaxis, Buck.
— acuminata, Goldf. Monotis ineequivalvis, Sow.
— cordata, Guldf.

Inoceramus ventricosus, Sow.
— inflexa, Rom.

— substriatus, Goldf.
Astarte capricorni, Wrt. Pecten sequivalvis, Sow.
Mytilus hippocampus, Young § Bird. —  priscus, Sckloth.
Cypricardia cucullata, Goldf. — diversus, Buck.
Cardinia attenuata, Stutch. — liasinus, Nyst.
Goniomya capricorni, I/rt. Gervillia leevis, Buck.
Protocardia truncata, Phil. Plicatula spinosa, Sow.
Unicardium Ianthe, &’ Ord.

Gryphma cymbium, Lamk.
Cuculleea Miinsteri, Ziet. Ostrea Goldfussi, Bronn.

Bracnioropa.
Terebratula punctata, Sow.
Spiriferina rostrata, Schloth.
Rhynchonella rimosa, von Buch.

Rhynchonella variabilis, Sckloth.
Orbicula scaliformis, Wrt.
Lingula Beanii, Phil,
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EcriNODERMATA.
Cidaris Edwardsii, Wright. Ophioderma Gaveyi, #rt.
Rabdocidaris Moraldina, Cott. — Brodiei, Wrt.
Hemipedina Jardinii, Wright. Pentacrinus robustus, #rt.
Uraster Gaveyi, Forb. — punctiferus, Quenst.
Tropidaster pectinatus, Ford. — subangularis, Mill.

In Dorsetshire this zone occupies a conspicuous position in the cliff sections, as at
Black Ven, Stonebarrow Hill, Westhay Cliff, and at the Golden Cap, all of which
exhibit profiles of the beds. Mr. E. C. H. Day, F.G.S.)' has given an exhaustive
description of these in his excellent memoir; and, as I had the pleasure of working over
some of the sections with my friend, I select that at the Golden Cap as the most typical
for a general view of the whole. The lower portion of this headland consists of—

L. The Upper Marls, without mica, of De la Beche’s section, in which a greater
number of Belemnites are found than in any other division of the Lias; seams of grey
marls full of these fossils are seen along the shore at low tide. Belemnites longissimus,
Mill., B. elongatus, Mill., and B. clavatus, Schloth., appear to be the prevailing forms.
Here, likewise, are found Zgtoceras fimbriatum, Aeg. Bechei, Aeg. Henleyi, Aey.
striatum, Phylloceras Loscombi, Nautilus semistriatus, d’Orb., Nautilus inornatus, Trochus
imbricatus, Eucyclus Gaudryanus, Chemnitzia Periniana, Pleurotomaria similis, Cryptenia
expansa, Inoceramus ventricosus, Hinnites tumidus, Plicatula spinosa, Pecten sp.

II. The next strata in ascending order are known to local collectors as the “ Green
Ammonite-beds,” as they afford a rich harvest of fossils, which are well preserved in the
greenish non-micaceous marls that constitute this stage. It was in these I found
the specimens of Aegoceras Henleyi, which have enabled me to demonstrate the remarkable
history of this species, so long misunderstood by paleontologists, and Aegoceras Dave,
the rarest Cephalopod in the locality, associated with Aeg. Beckei and Monotis
inequivalyis in the same small slab.

Fossils of the Green Ammonite-beds, near Charmouth.

Ichthyosaurus. Nautilue semistriatus, d’Orb.
Plesiosaurus. Belemnites longissimue, Mill.
Aegoceras Henleyi, Sow. — compressus, Stakl,
~—  Bechei, Sow. Cryptzenia expanea, Sow.
—  striatum, Reinecke. Chemnitzia Carucensis, &’ Orb.
—  Daveei, Sow. Pterocera liasina, d’Orb.
Lytoceras fimbriatum, Sow. Inoceramus ventricosus, Sow.
Pbylloceras Loscombi, Sow. Monotis ingequivalvis, Sow.

! “The Middle and Upper Lias of the Dorsetshire Coast,” ‘Quart. Journ. Geol. Soc.,” vol. xix,
p. 278, 1863.
? lbid., p. 283.
12
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II1. Grey marls with the green Ammonite nodules are estimated ‘at one hundred
feet in thickness,and are overlain by what is locally called ¢ The Three Tiers,” con-
sisting of three beds of hard micaceous sandstone, interstratified with sandy micaceous
shale and greyish marls. These beds contain few fossils. The hones of Saurians are

sometimes found in the rock beds, together with impressions of Phylloceras Loscombi
and Lytoceras fimbriatum.

Over “The Three Tiers” are about 160 feet of grey
micaceous marls.

Two or three thin bands of mudstone and occasional nodules
occur in the lower part of the mass, and at rather more than 100 feet above ““The Three
Tiers” a thicker band, containing shells and calcareous concretions, stands out from

the face of the cliff. Underneath this thick band is a curious and persistent layer of
small nodules containing chiefly fragments of Ammonites.

The mass of grey marls terminates with a layer made up of shells and fragments of

Pentacrinites, and this is immediately overlain by a bed of large sandstones, from
4 to 6 feet in thickness, belonging to the zone of dmaltheus margaritatus.

Robin Hood's Bay.—The north check of this bay presents a fine exposure of the
Henleyi-beds, consisting of hard marly shales interstratified with oyster-bands, forming
strong rock beds, having a thickness of 60 feet, with blue sandy shales, becoming more
argillaceous towards the base with fossiliferous nodules containing deg. Henleyi and

Lytoceras fimbriatum. Messrs. Tate and Blake' have carcfully measured these beds and
drawn up the following section :

IleNveY1-beds, North Check, Robin Ilood’s Bay.

Base of the Margaritalus-beds.

No. PETROLOGY. T:;;:: OreaNic REmalNs.
ft. in.
1 | Series of thin oyster bands with ripple-
marked sandstone between ............ 4 5 | Gryphea cymbium, var. depressa.
2 | Hard speckled shales ..................... | 4 8
3 | White hardened band, conspicuous at
Castle Chamber ........ 0 6
4 | Brown speckly shales ..................... 8 6 | Wood.
5 | Sandy laminated rock oysters, at base
10—1210n.  oovennn, 0 10 | Gryphea cymbium, var. depressa. '
6 | Brown speckly shales ...... .............. 1 4
7 | Line of ironstone doggers ............... 0 4 | deg. Henleyi. ‘ "
8 | Brown speckly shales ..................... 7 4| deg. Henleyi, 1
9 | Sandy variable bands, occasional patches i
Of OYSLET8 ......oevuiiriiirianianininenn, 010 |
10 Brgwn speckly ehales with large ‘
oggers irregularly scattered ......... 3 6 | Gryphea cymbium, var. de .
11 | Thin lnminoted shele .......oo.rrrro | 1 8| o . depressa

l
1 «The Yorkshire Lias,” p. 91.



ZONE OF AEGOCERAS HENLEYL 91

THiCk-
No. PzTRoLOGY. NESS. ORrGAaNIC REMAINS.
ft. in.
12 | Oyster bed (the lowest) - 0 5 | Gryphea cymbium, var. depressa.
13 | Hard, whitish, slippery ahales, xrregular
doggers .................................... 4 9 | deg. Henleyi, Pholadomya Beyrichii.
14 | Similar shales, irregular doggers ...... 4 6
15 | Similar shales, irregular bands of
dOZREr8.......cveeveiianieeiiiiiieeen, 5 0
16 | Similar shales ............coecvvvinenen.n. (11 0 | deg. Henleyi.
17 | Small round nodules ..................... | 0 2
18 | Darker shales, still hard .................. 210
19 | Strong ironstone dogger .................. 0 8
20 | Bluish, hard, sandy shale.................. |15 6
21 | Ironstone dogger, 6—8 in. ............... 0 6
22 | Similar shale .............................. | 8 4
23 | Ironstone dOGger ............ceveerereenn... 4 6 | deg. Henloys, Modiola scalprum.
24 | Similar shale ...............ccooeoinnen. 5 0
25 | Thin lenticular dogger .................. 0 3 | Monotis inequivalvis,
26 | Similar shale ..........cc.cocoveeinniniie. 4 5 | deg. Henleyi, Inoceramus ventricosus, Modiola
numismalis.
27 | Ironstone dogger, 5—10 in. ............| O 5 | deg. Henleyi.
28 | Whitish crumbly shale .................. 5 0
29 | Dogger ......ooovviiiiieiii e 0 6
30 | Shale and irregular dogger ............... [I1 0 | Lytoceras fimbriatum.
31 | Shale.......coooiviniiiiiiiiiiiirian 4 0 | Lytoceras fimbriatum.
32 | Brown shale, hard band of ............... 0 3
33 |8hale....c.veeeeieiiiiiieiiiiir e 5 3
128.2

The base of the Henleyi-beds.

———

Foreign Correlations.—The Henleyi = Capricornus-beds are found in different regions
of North Germany, where they have been discovered in cuttings for railroads and in
mining for ironstone, which appears to abound in the lower portion of the Middle Lias
of that country ; in proof, I may state that Ammonites Capricornus has been found in
forty different localities in North Germany.

In Brunswick this zone has been described by H. von Strombeck ;' in the province of
Saxony, by Ewald;* near Géttingen, by Bornemann;® at Harzburg, Oldershausen,
Markoldendorf, and in other ironstone districts, by Dr. U. Schiénbach ;* and from these
and other localities Dr. Brauns® has been able to make out the following list of species
forming the Molluscan Fauna of the Davei-beds = Henleyi-beds of North Germany.

1 «Zeitschrift der Deutschen geol. Gesellsch.,” vol. iv., p. 65, 1852 ; ¢Sitzungber. der Berliner
Akademie,’ 1859, p. 354.

2 ¢ Uber 'die Jurassischen Bildungen der Provinz Sachsen; ‘Verh. d. Ron Akad. d. Wissench.
Berlin,’ p. 347, 1859.

3 ¢ Liasformation in der Umgegend von Géttingen,’ p. 23, 1854.

4 “Den Eisenstein des mittleren Lias im N.-W. Deutschland,’ p. 487—496, 1863.

® ¢Der untere Jura im N.-W. Deutschland,’ p. 133, 1871.
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Palzontology of the Davei-beds of North-West Germany.

Aegoceras striatum, Reinecke.

—  Henleyi, Sow.

—  Davcei, Sow.
Lytoceras fimbriatum, Sow.
Phylloceras Loscombi, Sow.
Amaltheus margaritatus, Mont.

Actseonina variabilis, Brauns.
Cryptenia expansa, Sow.
—  helicinoides, Rom.
Pleurotomaria similis, Sow.
—_ granosa, Schloth.
Discohelix calculiformis, Dunkr.
Trochus leevis, Schloth.

— turriformis, Kock and Dunk.

Gryphea cymbium, Lamk.
Ostrea semiplicata, Miinst.
Anomia numismalis, Quenst.
Plicatula spinosa, Sow.
Hinnites tumidus Ziet.
Pecten priscus, Schloth.
— #equivalvis, Sow.
— substriatus, Rom.
— lunularis, Rim.
Lima Hermanni, Ziet.
Limea acuticosta, Goldf.
Leda complanata, Goldf.
— Galathea, d'Orb.
— subovalis, Goldf.
Nucula cordata, Goldf.

Rhynchonella variabilis, Sckloth.

— tetraédra, Sow.

— rimosa, Buch.

— furcillata, Théod.
Spiriferina rostrata, Schloth.
Waldheimia numismalis, Lamk.

CEPHALAPODA.

Amaltheus Normanianus, d’Orb.
Nautilus intermedius, Sow.
Belemnites umbilicatus, Blainv.
— compressus, Stahl.
— clavatus, Sckloth.
—  paxillosus, Schloth.

(GASTEROPODA.

Trochus limbatus, Schloth.
— imbricatus, Sow.
— umbilicatus, Kock and Dunk,

Rotella turbilina, Scklotk.

Turbo paludineformis, Schlib.
— Niacias, &' Orbig.

— marginatus, Ziet.

Turritella undulata, Ziet.

LAMELLIBRANCHIATA.

Cuculleea Miinsteri, Ziet,
Macrodon Buckmani, Rick.
Inoceramus ventricosus, Sow.
Avicula insequivalvis, Sow.

—  calva, Schlub.

~—  cygnipes, Young and Bird.
Pinna folium, Young and Bird.
Modiola elongata, Kock and Dunk.
Astarte striatosulcata, Rom.
Myoconcha decorata, Munst.
Cardium cingulatum, Goldf.
Protocardia truncata, Sow.
Thracia Grotriani, Brauns.
Pholadomya decorata, Ziet.

BRACHIOPODA.

Waldheimia cornuta, Sow.
— Waterhousei, Dav.
— Heyseana, Dunk.
— puuctata, Sow.
—_ subovoides, Rom.

Terebratella subpentagona, Kock and Dunk.
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EcHINODERMATA.
Cidaris octoceps, Quenst. Pentacrinus basaltiformis, Mi!l.
— sp. (from Gottingen). Millericrinus’ Hausmanni, ZRom.
Pentacrinus subangularis, Msil.
ForaMINIFERA.
Glandulina vulgata, Bora., Lingulina tenera, Born.
and nine other species. -Vaginulina Hansmanni, Born,
Nodosaria novemcostata, Born. Marginulina rugosa, Born.
Orthocerina multicostata, Born. Cristellaria protracta, Born.,
—  pupoides, Born. and nine other species.
Frondicularia bizeformis, Born., Robulina Gottingensis, Born.
and four other species. — nautiloides, Born.

All the above thirty-three species of Foraminifera were obtained from the Belem-
nite-beds of Gottingen, and figured and described by Dr. Bornemann, in his memoir,
“ Ueber die Liasformation in der Umgegend von Gottingen.”

11. Tee ZoNE or AMALTHEUS MARGARITATUS.

Synonyms.—* Blue Lias Marl,” pars sup., William Smith, ¢ Mem. of Map.,” 1815.
“ Micaceous Marl,” De la Beche, ¢ Geol. Trans.’ 2nd series, vol. ii, pl. 3, 1823.
“Marlstone,” Williamson, * Fossil Remains on the Yorkshire Coast,” ¢ Geol. Trans.,
2nd ser., vol. v, p. 224, 1836. * Lias Delta, Amaltheenthon,” Quenstedt, ¢ Flozgeb.,’
p- 540, 1843. *“ The Marlstone,” Murchison, ¢ Geol. of Cheltenham,’ 2nd edit., p. 37,
1845, “ Marnes & Ammonites amallheus on margaritatus,” Marcou, ¢ Jura Salinois,’ p. 50,
1846. “ Amaltheenschichten,” v. Strombeck, ¢ Zeitschrift d. Deutsch. Gessell.,” p. 88,
vol. v, 1853.  * Macigno d’Aubange,” Dumont, Dewalque et Chapuis,  Luxembourg,’
p. 273, 1833. “Die oberen Schichten des Ammonites margaritates,” Oppel, ¢ Jura-
formation,” p. 133, 1856. “ Marlstone,” Hull, ¢ Memoirs of the Geol. Survey,” descrip.
of sheet 44, p. 18, 1857. “Oberer Theil des mittleren Lias,” Ewald, Sitzung.
Berlin Akad, 1859. ¢ Margaritatus-bed,” Wright, ‘Quart. Journ. Geol. Soc.’
vol. xv, p. 25, 1860. “Obere Zone des Am. margaritatus, Zone des di. spinatus,”
U. Schlénbach, ‘Eisenstein des mittleren Lias,” p. 507, 1863. ¢ Amaltheenthone,”
von Seebach, ¢ Hannoversche Jura,’ p. 25, 1864. ¢ Lias Moyen, Partie Supér., Zone of
Pecten equivalvis,” Dumortier, ¢ Etude Pal.,’ vol. iii, p. 206, 1869.* Amaltheenthone,”
Brauus, ‘ Untere Jura,” p. 141, 1871. * Marlstone and ironstone series,” Phillips,
‘Geol. of York,” 3rd edit., p. 156, 1875. « The Marlstone of the Middle Lias,”
Judd, ¢ Geology of Rutland,’ p. 64, in ‘ Mem. of the Geol. Surv.,” 1875. “ Zone of
Am, margaritatus,” Tate and Blake, ¢ Yorkshire Lias,’ p. 103, 1876.
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The  Marlstone ” of English Geologists forms a marked division of the Middle Lias.
In the Midland Counties it consists of a lower portion, composed of yellowish-brown
sandy beds, with thin bands of limestone and ferruginous nodules, and of an upper
portion or rock-bed, formed of impure limestone containing many fossil shells in good
preservation ; it weathers brown externally from the oxidation of the iron it contains,
whilst it is blue internally when broken with the hammer. This rock-bed forms a solid
capping to the lower arenaceous beds, the more rapid erosion of which along their out-
crop in Marlstone districts produces those terraces and tabulated promontories, as at
Gretton, Alderton, Dumbleton, Churchdown, and Stinchcombe Hills, which impart such
a picturesque effect to the physiographic features of the western escarpment of the Cottes-
wolds ; whilst the steep slopes descending from the edges of the platforms to the Lower
Lias plain below are composed of softer beds of Liassic sands and clay that have under-
gone a greater amount of atmospheric erosion. ‘

North of Cheltenham the Marlstone is exposed in large quarrics at Bredon, Alderton,
Dumbleton, and Gretton Hills, where it was formerly worked for road-material. From
Gretton I collected a large number of fossil shells, many of which had their tests in
good preservation. In these localities, however, it is difficult to separate the Alargaritatus-
from the Spinatus-bed. South of Cheltcnham the Marlstone is found at the summit of
Churchdown Hill, a remarkable circumdenuded outlier of the Cotteswolds, and on the
western slope of Robin’s Wood Hill, another outlier of the same ; at Frocester Hill it forms
a terrace of hard calcareo-siliceous limestone, which rests upon brown and greyish sands,
containing bands and nodules of ferruginous ironstone ; the whole of the Middle Lias
here measuring about 150 feet in thickness, and divisible into Jamesoni, Ibex, Henleyt,
and Margaritatus beds very similar in their petrological characters to those already
described. The fine mass of Stinchcombe Ilill, which projects like a bold headland into
the valley, exhibits a greater thickness of Marlstone than any other section in the Cottes-
wolds; the Newent quarry near the village of Stinchcombe has twenty feet of Marlstone,
covered by five feet of Upper Lias clay. At Wotton-under-Edge the Middle Lias is

186 feet thick, as measured by my old esteemed friend Professor A. Ramsay, F.R.S,,
Director-General of the Geological Survey, who many years ago surveyed this district,

and was kind enough to draw for me the following profile of this interesting bit of the
Cotteswold range.

Turnpike Road.

i,

AN R

e T SRR 1 T

Diagram showing the Strata between Symond’s Hall Hill and Wotton-under-Edge (‘ Journ. Geol.
Soc.,’ vol. xvi, p. 307.

This section shows the succession of Jurassic strata from Symond’s Hall ITill to the
Vale of Gloucester, and which, read in ascending order, includes—
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1. The Lower Lias shale and limestone of the Valley of the Severn; thickness unknown.

2. The sands, shales, and clays of the Middle Lias; 186 feet in thickness.

2. The hard, brown, fossiliferous Rock-bed, or Marlstone capping the terrace ;
12 feet.

8. The Upper Lias shales in thin beds, with nodules of limestone at the top; 10 feet

thick. ‘
4. The Upper Lias sands, containing hard sandy nodules and lenticular concretion

in the upper part, and brown, ferruginous, loose sand in the lower portion; 123 feet
thick.

4'. Hard, brown, calcareous, sandy bands, freely speckled with granules of ferri-
silicate, and interstratified with layers of softer sand containing Ammonites, Belemnites,
Nautili, &c., in considerable numbers, and forming a Cephalopoda-bed, sixteen feet thick ;
this is correlative with the one to be described at Frocester IHill.

5. The Inferior Oolite Limestone, similar to the Frocester and Painswick rocks,
forming the freestone or building-stone of the district. Eighty feet thick.

6. The Fullers Earth ; 128 feet thick.

7. The Great Oolite, forming the summit of Symond’s Hall IIill and the plateaux
of the Cotteswolds in this region.

At South Petherton in Somersetshire the Marlstone was formerly extensively worked
for road-material; the beds are thin but very fossiliferous, and many fine specimens
were obtained therefrom. All my finest dmaltheus maryaritatus and Amal. Engelhardli,
and several Lamellibranchiata and Brackiopoda, with their tests in a beautiful state
of preservation, came from this locality.

Fossils from the Marlstone or Margaritatus-zone in Gloucestershire.

VERTEBRATA.

Vertebre of Ichthyosaurus. | Teeth and scales of Fishes.

CEPHALOPODA.

Belemnites clavatus, Blainv.
—  Milleri, Phill.
Nautilus striatus, Sow.
—  truncatus, Sow.
Amaltheus margaritatus, Montf.

Pleurotomaria similis, Sow.
—_ undosa, Deslong.
— Sabrina, Tate.
Crypteenia expansa, Sow.

Amaltheus Englehardti, &’ Orb.

Harpoceras Normanianum, d" Oré.

Phylloceras heterophyllus amalthei,
Quenst. = zetes, d’ Orb.

GASTEROPODA.

Chemnitzia Blainvillei, Miinst.
Discohelix aratus, Tate.
Eucyclus imbricatus, Sow.
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LAMELLIBRANCHIATA. |

Ceromya lineata, Will
Arcomya elongata, Rom.
Unicardium cardioides, Pkil.
Protocardium truncatum, Phil.
Cardinia crassiuscula, Sow.
Lima Hermanni, Poltz.
— duplicata, Sow.
— pectinoides, Sow.
Pecten calvus, Goldf.
— #quivalvis, Sow.
— lunularis, Rom.
Grypheea cymbium, Lamk.
Ostrea margaritacea, Vrt.

Pholadomya ambigua, Sow.
Pleuromya granata, Simp.
— concinpa, Goldf.
—_ costata, FYoung and Bird.
— ovala, Rim.

v Cardinia crassissima, Sow.
Goniomya capricorni, Wrt.
Cuculleea Munsteri, Ziet.
Gresslya intermedia, Simp.
Cypricardia cucullata, Miinst.
Modiola scalprum, Sow.
Limea acuticosta, Goldf.
Monotis insequivalvis, Sow.

Bracuioropa.
Terebratula punctata, Sow.

Rhynchonella tetraedra, Sow.
‘Waldheimia resupinata, Sow.

—_ variabilis, Schloth.
—_ acuta, Sow.
Lingula Beanii, Phil.

— cornuta, Sow,
— Edwardsii, David.

EcHINODERMATA.
Cidaris Edwardsii, Wrt.

Hemipedina Jardinii, /7'r¢
Ophioderma Milleri.

Ophiolepis Murravi, Wright.
Extracrinus subangularis, Mill.
Pentacrinus gracilis, Charlesworth.

The Marlstone attains a great development in Yorkshire, and is fully exposed in
the coast sections near Staithes, Colborn Nab, and Boulby. * The sandy, conchiferous
marlstone beds,” says Prof. Phillips,! ““ which in Colborn Nab cover the Lower Lias
shale, are seen rising with it and contributing to swell the altitude of Boulby and Rock-
cliff. The lower part of this series is generally the most solid, and projects in broad,
compact floors above the Lias. On the surfaces of such beds lie innumerable multitudes
of Oysters, Dentalia, Pectens, Profocardium truncatum, Monotis inequivalvis, and more
rarely, about Staithes, beautiful fossil Star-fishes of the genus Op/uoderma In Boulby
Cliffs® the ironstone and Marlstone series consist of—

a. The ironstone bands, which are numerous layers of firmly connected nodules
of ironstone, often septariate, and enclosing coniferous wood, Pectines, Avicule,
Terebratule, and from twenty to forty feet thick.

b. The Marlstone series, consisting of alternations of sandy Lias shale and sandstones,
which are frequently calcareous, and generally full of shells. The lower beds are usually
more solid, and project from the cliffs in broad floors, covered with Pectens, Cardia,
Dentalia, Avicule, Gryphae, &c. The thickness variable from forty to 120 feet.

The molluscan fauna of these beds closely resembles the list already given from the
Marlstone of Gloucestershire. Among the Echinodermata, however, are found species

! *Geology of Yorkshire,’ p. 101. 3 Tbhid., p. 102.
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which are limited to the Yorkshire series, as Uraster carinatus, Wr., Astropecten
Hastingsie, Forb., Oplioderma Milleri, Phil., Aspidura loricata, Will., and Opkiura
Murravii, Forb., all collected from the Marlstone series near Staithes, where one of the
most instructive sections of the Margaritatus-beds is exposed in the cliff. The following
section, by Messrs. Tate and Blake,! has more detail than mine, so I have selected it.

Section of the Margaritﬁtus-beals at Staithes.

|
iNo. PeTROLOGY. 1::::' OrGaNic ReEMalns.
Zone of Amaltheus spinalus.
ft. in.
1 | Bottom seam of impure ironstone : shells Amal. margaritatus, Belemnites, Pecten equivalvis,
enveloped in a calcareous matrix ... [ 2 Gryphea cymbivm, Cypricardia cucullata.
2 | Blue marly shale; top surface Amal. margaritatus, Belemnites, Pecten equivalvis,
crowded with Belemnites............ } 4 3 fossil Wood.
Blue shale............cccoeeneiieneennnnn.
3 | Fine-grained argillaceous limestone ... { 0 1
4 (Blueshale ...............cc..c.cil 5 b
5 | Band of clay-ironstone, slightly spec- Amal. margaritatus, Protocardium truncufum,
kled with white grains ; forms a scar Monotis cygnipes.
on the flat shore ........................ 010
6 | Black splintering shale .................| 9 8
7 | Oval argillaceous limestone doggers 5 4
Black splintery shale ..................
8 | Clay-ironstone in two blocks, weather-
ing brick-red ......................lll 2 0| dmal. margaritatus, Gryphea cymbium, Protocar-
9 |Shale........c.iererereeeeeeree e 1 0 cardwm truncatum.
10 | Argillaceous limestone dogger-............ 0 8
11 I Shale.........ocoviiiiiiicereeeeiiiie e 0 2| Gryphea cymbium.
121 Small doggers ..........cccevveerriieennnnns 0 1
13 | Shell-bed ..........ccovviverniiieiiinnnnn, 0 1}' Belemnites and oysters.
14 | Sandy shale with scattered doggers ... | 2 11 | Gresslya Seebachii.
15 | Blue, with doggers and shell masses ... | 6 0 | Gresslya Seebachii, Protocard. truncatum, Pecten
equivalvis, Macrodon intermedius.
16 | Shale, with doggers and shell-masses... {10 6
17 | Dogger band ..................cevnnvnnnne. 0 4 | Amal. margaritatus, A. Cupricornus, and many
18 | Marly shale ... .............coeviiinnnn.e, 8 0 | other fossils. :
19 | Sandy shale and doggers.................. 7 0
20 | Calciferous sandstone ..................... 0 3
21 | Sandy marls....................oooeeeennnn, 2 91| Gresslyee.
22 |Doggerband...............ccoeeveiieiinnl, 0 3
23 | Sandymarls ..............oooeiieraan, 2 0
24 | Blue limestone .............................. 10
25 | Striped sandy shales, with fossiliferous Amal. margaritatus, Chemnitzia Blainvillei, Proto-
doggers and their sandstones ......... 17 2 cardium truncatum.
26 | Reddish sandstone with bands of fossils | 2 6 | Dentalium giganteum, Protocardium truncatum,
27 | Grey sandstone and flags, false bedded | 6 6 Lima Hermanni, Monotis cygnipes, &c.
28 | Calciferous sandstones..................... 6 2 |
29 | Soft marly sandstone and ealciferous '
sandstone bands ........................ 4 0 l

At the basc of the cliff, on the sonth

beds are exposed at low tide.
1 ¢ Yorkshire

side of the harbour, the following lower

Lias,” p. 107.
13
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Sandy shales, impure limestone bands, grey marly sandstone, blue micaceous

sandstone; about ten feet thick, containing Profocardium truncatum, Pecten equivalvis,
Belemnites virgatus.

My friend Professor Judd, in his able and exhaustive ¢ Memoir on the Geology of
Rutland,” gives the following account of the Marlstone or Middle Lias in that county
¢ The upper part is a mass of ferruginous limestone, known as the Rock-bed ; the lower, a
series of sandy and micaceous clays and iron-stone with some beds of sand. The succession
of beds in the Marlstone is as follows in ascending order, beginning at the base:

“a. Soft, yellowish-brown, sandy, and micaceous ironstone, crowded with casts of shells
and alternating with light blue clays. These ferruginous bands vary very greatly in
number and thickness, and are sometimes nodular. They are especially characterised
by the abundance of several small varieties of Amionites margaritatus, Montf., and
Protocardium truncatum, Sow.

“5. Beds of blue, highly micaceous clay, with large scptaria crowded with fossils.”
Only in two brick-yards. ¢ The most abundant species in these beds are Ammonites
margaritatus, Mont. (the large typical form), Belemnites elongatus Mill., Cryptenia
expansa, Sow., Avicula inequivalvis, Sow ., Mytilus hippocampus, Young and Bird, Hodiola
scalprum, Sow. (very abundant), Profocardium truncatum, Sow., Pleuromya unioides
Rom., and Pentacrinus subangularis, Mill.

“c. Beds of blue clay, with septaria, the latter not unfrequently containing Specular
Iron, and weathering to a red colour. They contain many of the fossils recorded from
the preceding beds, but less abundantly .

‘“d. Light blue clays, with bands of ir onstone balls of concentric structure, and usually
very unfossiliferous. These beds are exposed in some brick-yards.”

they contain beds of green and brown sands, as near Horninghold

¢e. ‘The Rock-bed.” This is a mass of limestone, more or less ferruginous, and
occasionally passing into a good ironstone. When unweathered it is a hard crystallinc
rock, of a blue or green colour, but as usually seen it is brown and moderately soft. It
is usually crowded with fossils, its mass being often made up of fragments of crinoids,
spines of Echinoderms, Serpulic, and fragments of shells, whilst certain beds in it consist
of an agglomeration of shells of Riynchon ella tetrakedra, Sow., and Tercbratula punclata,
Sow., often filled with fincly crystallized cale-spar. Belemnites paaillosus, Schloth.,
and B. elongatus, Mill., arc extremely abundant in the Marlstone Rock-bed, and serve to

distinguish it from the Northampton Sand, which often resembles it in mineralogical
characters, but in which Belemnifes are exceedingly rare

At some places

Ammonites are not abundant
in the Rock-bed in this district, but at -some points, as Edmondthorpe, Loddington

D )
and 1Torninghold, dmmoniles communis, Sow.,and Am. annulatus, Sow., occur in consider-

ble numbers ; Am. spinatus, Brug., and some varicties of Am. margarilatus, Montf., arc

also found in it, but much more rarely, in this district. Large specimens of LPeclen
1 “The Geology of Rutland,” * Memoirs of the Geological Survey,” p. 64, 1875.
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equivalvis, Sow., with the highly characteristic P. dentatus, Sow., also P. sublevis, Phil.,
Hinnites abjectus, Phil., and Avicula inequivalvis, Sow., are among the most abundant
forms in the Rock-bed.

“The Marlstone Rock-bed is very variable, both in thickness and mineralogical

character; it is finely developed in the neighbourhoods of Tilton-on-the-Hill and
Somerby, near the former of which places it is seen to measure 18 feet 6 inches in
thickness ; towards the east and south, however, it attenuates very rapidly.
Besides being greatly diminished in thickness, the Rock-bed sometimes loses its cal-
careous character and becomes sandy. . . . . When the junction of the Upper
Lias clay and the Marlstone Rock-bed is seen, the latter often presents the appearance
of having suffered erosion before the deposition of the former.”

I have given my learned friend’s description iz ezfenso, as it is a very clear and
concise account of the Marlstone Rock-bed of the Middle Lias as it exists throughout the
midland district of England. The Lias «, 4, ¢, d, according to the classification I have
followed in this work, would belong to the zone of Amaltheus margaritatus, and e, the
Rock-bed, would fairly represent the zone of Amallhcus spinatus. Tt is noteworthy in
passing that both in this section, and in another which I shall give of Down Cliff when
describing the spinafus-beds in Dorsetshire, we shall find that the Ammonites of the upper
Lias, Stephanoceras commune and Stepk. annulatum, are sometimes found side by side with
Amaltheus spinatus, which dies out in the upper part of this zone.

I must refer the student for ample details about these two zones to Professor Judd’s
memoir, as it is replete with instructive sections of the Maryaritatus-beds and their fossils
from the different brick-yards examined, and of the Spinatus-bed or Marlstone Rock-
bed at Robin-a-Tiptoes.

In Warwickshire this zone is very well developed near Banbury, where it has been
long and carefully studied by Mr. Beesley, F.C.S., who has given a very good account of
the formation.! According to this author the Margaritatus-beds form the base of the
Upper Middle Lias, and consist of blue micaceous marly clay, with nodules of hard marl
or claystone ; above this are hard bluish calcareous sandstone embedded in sand, and
overlsin by sandy marl or clay, containing the usual fauna of the Margaritatus-beds of
Rutland, with many additional specics collected through several years by local geologists.

The Marlstone Rock-bed, or dmmoniles spinatus zone forms the top of the Upper
Middle Lias, and is its most characteristic feature, being largely spread over the district,
and forming a broad table-land. On the west and south, and a terrace on the east side
of the valley, the disintegration of its friable stone has produced the rich red land so well
adapted for wheat-growing.? The Rock-bed is a ferruginous often sandy limestone,
externally brown, but of a greenish-blue colour in the interior of the blocks, and is
usually separated by thin partings of sandy loam or clay into two or three beds,

1 < Sketch of the Geology of the Neighbourhood of Banbury,” p. 5, 1872.
2 Ibid,, p. 6.



100 THE LIAS AMMONITES.

containing flattened concretionary nodules, which are rich in phosphates, the decomposi-
tion of which contributes to the fertility of the soil. Silicate of iron in small, rounded,
highly polished, often hollow grains, is sometimes so abundant as to give almost an
oolitic structure to the rock.

At Adderbury and at King’s Sutton extensive workings for ironstone are now
carried on in these beds, which are the correlative series in the midland districts of the
great ironstone beds of Yorkshire, and are estimated to yield from 18 to 24 per cent. of
iron.

Mr. Beesley has collected eighty species of Mollusca from the Spiznafus-beds; and in
this list are included, with Amaltheus spinatus and Amal. margaritatus, two Ammonites
which belong to the Upper Lias. It would appear that here, as in other localities, it is
extremely difficult to separate certain forms from each other along the confine lines of
these zones, and hence we learn how the Spinafus- and Margaritatus-beds have been
united and considered as one by most British geologists.

The Middle Lias zones above the Jamesoni-beds are exposed in the Island of Raasay,
along the stream-courses on the Hallaig Mocz ; and, according to Professor Tate,! form a
grand section on the east side of the island, displaying a gradual passage from argillaceous
sediments into the calcareo-arenaceous rocks which constitute so striking a feature in the
lithology of the Middle Lias of this area. A section of 150 feet shows the following beds :

1. Spinatus-beds: 1, yellow calciferous sandstone with ferruginous nodules.

II. Margaritatus-beds consisting of, 2, fissile sandstone; 3, shelly, ferruginous
sandstone ; 4, marly sandstone ; 5, grey marls; 6, grecnish-yellow sandstone, with shaly
partings ; 7, yellow sandstone; 8, greenish marly sand beds.

II1. Henleyi-beds : 9, greenish-yellow calcareous sandstone ; 10, greenish calcareous
sandstone, with indurated tops.

In the cliff section on the east coast of Skye these three zones are repeated with
similar petrological conditions; and from the Henleyi-beds the following fossils were
collected by Messrs. Tate and Bryce, near Portree, Isle of Skye.

Fossils from the Henleyi-zone, Skye.

Aegoceras Henleyi, Sow. Mytilus scalprum, Sow.

— Daveei, Sow. Arca Stricklandi, Tate.

—  striatum, Reinecke. Cypricardia cucullata, Goldf.
Pecten squivalvis, Sow. Inoceramus ventricosus, Sow.

— liasinus, Nyst. Gryphza cymbium, Lamk.
Avicula novemcost®, Brown. — obliqua, Sow.
Limea acuticosta, Miinst. Hippopodiem ponderosum, Sow.
Ubpicardium Janthe, d’Orb. Pinna folium, Young § Bird.
Protocardium truncatum, Phil. Cuculleea Miinsteri, Ziet.
Pholadomya ambigua, Sow. Rhynchonella tetraedra, Sow.

— decorata, Ziet. —_ variabilis, Sow.
Pleuromya ovata, Rim.

' “Quart. Journ. Geol. Soc.,” p. 343, vol. xxix, 1873.
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On the south side of Portree harbour thin-bedded, bluish, micaceous sandstones,

forming the Margaritatus-beds, are exposed, and

chiefly collected in Raasay :

yielded the following shells, which were

Fossils from the Margaritatus-zone, Island of Raasay.

Amaltheus margaritatus, Montf.
Belemnites paxillosus, Schloth.
—  breviformis, Poltz.
—  longissimus, Mill.
Tectaria Gaudryana, d” Oré.
Chemnitzia Blainvillei, Miinst.
Pecten eequivalvis, Sow.
— liasinus, Nyst.
— strionates, Tate.
Avicula novemcostee, Brown.
— cygnipes, Young and Bird.
Lima Hermanni, Poltz.
Limea acuticosta, Miinst,
Pleuromya ovata, Rim.
Pholadomya ambigua, Sow.
Mytilus scalprum, Souw.

Leda graphica, Zate.
Ostrea cymbium, Lamk.
Plicatula spinosa, Sow.
Cypricardia cucullata, Goldf.
Macrodon intermedius, Simp.
Arcomya arcacea, Secback.
Ceromya liassica, Tate.
Lingula Voltzii, David.
Rhynchonella acuta, Sow.

— subconica, David.

— tetraedra, Sow.
Terebratula punctata, Sow.
Spiriferina Miinsteri, David.

— rostrata, Schloth.

Eryma propinqua, Blake.
Pentacrinus amalthei, Quenst.

Foreign Correlations.—The Margaritatus and Spinatus zones are widely distributed
in North Germany, and, although thesc two horizons may sometimes be separated, they
often are so closely united that they must be studied together. Von Strombeck! has
made careful studies of the Amaltheenschichten in different regions of that country,
and found them in the Helmsted, Schoppensted, and Harzburg Jura, containing Amal.
margaritatus, Amal. spinatus, Cryptania expansa, Turbo cyclostoma, Gresslya ventricosa,
Aslarte striato-sulcata, Leda elliptica, Inoceramus substriatus. Ewald® found the same
species near Halberstadt; H. Romer, near Hildesheim ; Bornemann, near Gottingen ;
Credner,’ in Hilsmulde, near Stroit ; and Schlonbach,* near Liebenburg and near
Salzgitter, with a similar assemblage of Moilusca; so that the upper zones of the
Middle Lias are well represented in the north. In South Germany the Margaritatus -
beds are found in Swabia, and were long ago described by Professor Quenstedt in his
‘ Flotagebirge Wiirttembergs,” and afterwards by Dr. Oppel in ‘Der mittlere Lias
Schwabens,” whilst in his  Juraformation’ he divided the Margaritatus-beds into a
lower and upper zone.

In the lower zone Amal. margaritatus is often associated with Lytoceras fimbriatum

! ¢Zeitschrift d. D. geol. Gesellschaft,” vol. v, Jahrg., 1853,
* Ibid., 1859.

3 < Jabrbuch f. Min.,” 1860.

4 Zeitschrift d. D. geol. Gesellschaft,’ vol. xv, Jahrg., 1863.
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and Lyt. lineatum, and in the upper zone Amal. margarilalus is associated with Amal.
spinatus. 1t would appear that Amal. magaritatus has a considerable vertical range,
both in Germany and France, and thereby links together the Ienleyi and Spinatus
horizons in these countries by a persistent Cephalopodous type..  Awaltheus margaritatus
is thus remarkable alike for its zoological characters, and its wide distribution in time
and space.

In France the Margaritatus-beds are exposed at Vieux-Pont, Calvados. Professor
Deslongchamps® has given a section of this, which evidently represents the English
Marlstone ; it consists of a Rock-bed about five feet in thickness, enclosing a large
assemblage of fossils, of which the most characteristic arc Amal. margaritatus, Amal.
spinalus, Belemniles niger, Peclen @quivalvis, Pecten disciformis, Lima punclata,
Terebratula quadrifida, Ter. cornula, Ter. punctata, Ter. Edwardsii, Rhynchonella acuta,
Rlyn. tetracdra, Spiriferina rostrata. Its upper portion is characterised by a particular
stratum charged with small Gastropods of the genera Zwrbo, Cerithium, Tornatella,
Acteonina, and sometimes Pleurolomaria precaforia. In the adjoining region, as at
Evrccy, Landes, Curcy, and Croisilles, the same bed is found maintaining its lithological
and palxontological characters with a remarkable constancy. This zone has an extensive
distribution in other Departments of France, and the characteristic Ammonites are found
near Nancy, Meurthe; Saint-Rambert, Ain; Venarey, ncar Semur, and Pouilly in
Auxois Céte d’Or; St. Amand, Cher; Metz, Mosclle ; Avallon, Yonne; ncar Lyons,
Rhone; Clapier and Bosc, Aveyron; where it is associated with a number of new
Ammonite forms that appear to be special to the Mediterrancan area.

The late Dr. Reynes, of Marseilles, collected, figured, and described these Cephalopods,
which were chiefly obtained from the Margaritatus-beds at Clapier, Bosc, Rivicre,

Tournemire ; and has given the following remarkable list® from this portion of the Depart-
ment of the Aveyron :

CEPHALOPODA.
Belemnites el ongatus, Mill.
— niger, Mill.
—  breviformis, Foltz.
Nautilus, sp.

Ammonites Algovianus, Oppel.
— Alberti, Rey.
— Herbeti, Rey.
— ruthenensis, Rey.,
—_ Partschi, Stur.
— Boscensis, Rey.
—_ Loscombi, Sow.
— Kurrianus, Oppel.
—_ instabilis, Rey.
— Fieldingi, Rey.
— plainspira, Rey.
— disciformis, Rey.

Ammonites spinatus, Brug.
— margaritatus, Montf.
— mimatensis, d’Ord.
— Xgion, &' Orb.
—  Ragazzonii, Hauer.
—_ acanthoides, Reynés.
— pseudoradians, Rey.
— Nilssoni, Hébert.

1 ¢ Btudes sur les Ltages Jurass. infér. de la Normandie,” p. 51, 1864.
% ¢ Geologic et de Palcontologie Aveyronnaiges,’ p. 50, 1868.
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Ammonites frondosus, Rey. Ammonites Spinelli, Hauer.
—  Coquandi, Rey. — lineatus, Quenst.
—  Maresi, Rey. —  globosus, Ziet.
—  Woodwardi, Rey. —  Phillipsi, Hauer.
GASTEROPODA.
Turritella Zieteni, Quenst. , Pleurotomaria Amalthei, Quenst.
Chemnitzia undulata, Benz. Turbo D unkeri, Goldf.
Crypteenia expansa, Sow. | Trochus imbricatus, Sow.
LAMELLIBRANCHIATA.
Pholadomya Heberti, Rey. Cuculleea Miinsteri, Goldf.
Nucula Palme, Svw. Avicula cygnipes, Phill.
— Bruni, Rey. Cardium cucullatum, Goldf.
— complanata, Ph:l. Plicatula Parkinsoni, Deslong.
—  variabilis, Ziet. — pectinoides, Lamk.
— acuminata, v. Buch. Pecten sequivalvis, Sow.
Venus bombax, Quenst. " Lima Hermanni, Goldf.
Arca strigillata, Miinst. Ostrea Maccullochii, Sow.
— Sauvairei, Rey.
BracHIOPODA.
Terebratula Ruthenensis, Rey. Rhynchonella liasica, Rey.
— perforata, Pictte. — rimosa, von Buch.
- Heyseana, Deslong. Spiriferina verrucosa, von Buchk.
Rhynchonella Boscensis, Rey. —  rostrata, Schloth.
EcHINODERMATA.
Diademopsis Cotteaui, Rey. Pentacrinus basaltiformis, Mill.

Eugeniocrinus, 8p.

12. Tue ZoNE OF AMALTHEUS SPINATUS.

Synonyms.— Upper portion of the Micaccous Marls,” De la Beche, ¢ Geol. Trans.,’
2nd ser., vol. ii, 1829. ¢ Amaltheenthone (pars sup.), Quenstedt, Flozgebirge,’
p- 540, 1843.  «Marnes & Plicatules,” Marcou, ¢ Jura Salinois,’ p- 51, 1846. ““ Region
des dum. costatus,” Oppel, < Mittl. Lias Schwabens,” p. 23, 1853. “ Dic Schichten des
Amm. spinatus,” Oppel, ¢ Juraformation,’ p. 138,1856. “ Spinatus-bed,” Wright, ¢ Quart.
Jourr:. Geol. Soe.,” vol. xiv, p- 25, 1858.  “Thone mit Amm. spinatus,” Ewald, ¢ Sitz. d.
Berl. Akad,, p. 849, 1859.  « Iorizont von . spinalus,” Wagener, ¢ Lias von Falken-
hagen,” 1860.  «Zone of Aum. spinatus,” Wright,  Fossil Asteroidea, Palxont, Soc.,’
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vol. 1862.

“ Zone des Am. spinatus,” Schlonbach, ¢ Eisenstein des mittl. Lias.,” p. 489,
1863.

“Schichten des 4m. spinafus,” Emerson, ¢ Die Liasmulde von Markoldendorf,
p. 35, 1870. “Zone iPecten wquivalvis” (pars sup.), Dumortier, ¢ Etudes Pal. Bassin
du Rhone,” tom. iii, p. 213,1869. ‘- Marlstone Rock-bed ” (pars), Judd, “ Mem. on the
Geol. of Rutland,” < Mem. of Geol. Survey,” 1875. ¢ Zone of 4m. spinatus,” Tate and
Blake, ‘ Yorkshire Lias,’ p. 118, 1876. ¢ Thke spinatus zone,” Rev. Dr. Fred. Smithe,
¢ Trans. Cotteswold Nat. Club for 1876,” p. 349.

The bed with Awmaltheus spinatus is so closely united with the zone of Amal. margaritatus
that it appears to form the upper part of the Marlstone Rock-bed in the Midland Counties.
It in general consists of a light-coloured, friable, sandy marlstone, containing many
nodules, rock fragments, and fossiliferous concretions which form inconstant bands in the

mass of the strata, and yield a considerable number of organic remains at Grettan,

Alderton, and Churchdown Hills. T have collected dmaltheus spinatus, Belewnites brevi-

Jormis, Lima Hermanni, Terebratula punctala, and Spiriferina rostrala from these nodules,

At Down CIiff, on the coast of Dorset, the Spinafus-beds form the uppermost portion of

the Micaceous Marls of De la Beche. They consist of brown sands and sandstones in

which Awmaltheus spinatus is the characteristic Cephalopod, and with it many Gastropods
and other fossils ; the light-brown sands are overlain by non-fossiliferous clay, on which
rests a remarkable bed of Marlstone containing a great number of Gastropods, with their
shells in a fine state of preservation; as the rock is very hard and ferruginous these
beautiful fossils are extracted with difficulty. I have collected from this bed Amaltheus
spinatus, Brug., Belemnites breviformis, Voltz., Pleurotomaria precaforia, Deslong.
P. bitorquata, Deslong., P. rustica, Deslong., P. wmirabilis, Deslong., P. procera, d’Orb.,
Cryptenia cxpansa, Sow., Straparollus sinister, d’Orb.; and resting on this remarkable
conglomerate of well-preserved shells are beds of Upper Lias Limestone, with Harpoceras
serpentinum, Rein., Ilarp. radians, Rein., and Harp. IHolandrei, Orb.  So closely do
these strata repose upon the Middle Lias fauna of the Spinafus-zone that they all appear
to belong to the same bed.

In Yorkshire the upper portion of the Middle Lias consists of argillaccous shales with
bands of ironstone, some of these belong to the Margaritatus, others to the Spinatus-beds ;
the workable beds of liassic ironstonc are now ascertained to be found only in these
two horizons. The Spinatus-beds are well seen at Hawsker bottoms, where Aw. spinatus =
Hawskerensis, Simp., is found in beds of red ironstonc doggers, the probable equivalent
of the Cleveland main seam, as well as in shale interstratificd therewith. Another section
of the zone is found at Kettleness, where the beds form the base of the cliff, and at Old
Nab, where the strata are very fossiliferous, and exhibit a fine profile of the whole.

The following section was carefully measured by MM. Tate and Blake,! as it affords
a good type of the ironstone series of the Yorkshire coast.

! “Yorkshire Lias,’ p. 130.
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Section of the Ironstone series at old Nab, ncar Staithes.

Bottom seam of ironstone.

No. PrrroLoay. T:":: - ORrGANIC CONTENTS.
1 | Black, micaceous, marly shales, with |ft. in.| Pleuromya costata, Pecten equivalvis, Pholadomya
a row of limestone balls ............... 1 5 costata, Pinna spathulata.
2 | Laminated shales ........................... 09
3 | Frisble sandy shales, with limestone Pleuromya costata, Rhynehonella lineata.
nodules at the bottom .................. 1 6
4 | Greyish-brown marly sandstone ......... 0 6 | Amal. spinatus, Pleuromya costata, Pholadomya
costata, Pecten e@quivalvis, Unicardium sub-
globosum, Modiola scalprum, Limea acuti-
costa, Protocardium truncatum, Rhynchonella
tetraédra.
5|Sandymarl ................................. 3 6
6 | Top block of main seam surface, covered Amal. spinatus, Pecten @quivalvis, P. lunularis,
with small branching fucoids ......... [ 3 0 P. substriatus, Unicardium janthe, Pleuromya
rostrata, R. lineata.
7|8hale ......cococeiviiiiiiiiiieieeeee |10
8 | Bottom block of main seam, surface
covered with long tortuous fucoids... | 2 2
9 |Shale......cooovunniieiiiiiii e, 0 8 | Pholadomya ambigua, Plicatula spinosa, Ostreu
submargaritacea, Rhynchonella lineata.
10 | Ironstone .....................covvvnnnnnn ... 0 4
11 Shale.......cooovrireriieieieiea e, 0 6
12 | Ironstone .....................cevoeuennnnn.. 0 4
13 | 8hale..........coooevet crveiiveeeeee | 0 6
14 | Tronstone ......................ccovvee.... 0 7 | Belemnites breviformis.
15 | Shale................... 0 10 | Belem. breviformis, Pecten aquivalvis, Monotis
eygnipes.
16 | Ironstone ........................cocevee... 0 6 | Monotis cygnipes, drcomya arcacea, Ostrea sub-
margaritacea, Rhynchonella tetraedra.
17 | Shale with a ferruginous parting or Pecten @quivalvis, P. lunularis, Monotis cygnipes,
narrow ironstone band.................. 0 8 Plicatula spinosa, Rhynchonella calcicosta,
18 Waldheimia punctata.
" Tronstone ........................cooooii 0 5 | Lima Hermanni, Rhynchonella tetraedra.
9| Marly shale 2 6 | Pecten aquivalvis.
Total 21 8
. Zone of Amaltheus margaritatus.
20

My much esteemed friend, the late Professor John Phillips, F.R.S.,! who had often
examined the Yorkshire Coast with great care, observed that ¢ the Ironstone courses, which
have been worked to some extent, may be examined with the greatest advantage in the cliffs
and on the shore to the eastward of Staithes, for a space of three fourths of a mile, with

septaria and

be

the superincumbent shales

in natural position. “ These present hard shales, with
. petroleum, jet rock and hard shale below it, and softer shales enclosing one hard
» Which elsewhere is ironstone. Then the ordinary ironstone bands appear. These,

! ¢ Geology of Yorkshire; the Yorkshire Coast,’ 3rd edition, p. 156, 1875.

11
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examined on five different occasions, have presented some local differences, partly laid
bare in the working, partly by waste of the coast.” The alternations of shale and iron-
stone, with sandy shale forming the Ironstone series or Spinafus-beds, and the laminated
sandstone shale, with occasional ironstone balls, forming the Marlstone series or

Margaritatus-beds, are well seen in this section, which is intended to give a fair average
idea of the whole when made in 1867.

F16. 4. —Section east of Staithes Harbour, Yorkshire Coast.

Ft. In.
Hard-bed shale ... | .\’ 2 3
Ironstone ... e : 1 6"
Shale .. .. [A I v 6
Ironstone, with shale Pecten equivalvis.
partingsandfiveiron- 5 6"
stone beds in shale . | == 2 0’ Belemnite-beds.
Ironstone ... v TR L WS 1’ 3" Pecten calous.
e
Shale ... = = 7’ 0"1
Ironstone Series | Ironstone ... . e 2 o
L or Few Belemnites,
Spinatus-beds Sandy shale 0’ i
Ironstone ...

v)

Sandy shale, with five -

bands of scattered | ——— ~ ——— 25 0" Protocardium truncalum.
ironstone nodul

veo

— o= Belemnites near the base.
/ 7

_ = qb o
Laminated sandstone ‘7
and shale, with occa- - ~—| 200 0"
sional ironstone balls

Marlstone Series — -y
or

Margaritatus- - . /_: .,.4'
Sandstone more solid, ; —~ = '7L' Gryphea cymbium.
and forming scar and N,
part of cliff east of| — - 20’ 0" Protocardium truncalum.
Staithes Harbour ...

“In the above section the Ironstone courses above the Marlstone are in all 16 feet
6 inches thick, and the shales above and below them (including the sandy portions
below) are 45 feet 6 inches (including the hard-bed shale above the thicker Ironstones,

50 feet 6 inches). Total from 62 to 67 feet. The shales are in some places 8 to 10
feet thicker.”?

1 ¢Yorkshire Coast,’ p. 156.
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On the south side of Portree Harbour, Isle of Skye, Professor Tate found the Spinatus-
beds to consist of a hard, calcareous, yellowish-grey, thick-bedded sandstone, about
40 feet in thickness ; the uppermost 5 feet of the Rock-bed is more bluish and calcareous,
and appears to form the basement-bed of the Upper Lias; from these strata he collected

the following Molluscan fauna.

Fossils from the Spinatus-zone at Portree, Skye.

Amaltheus spinatus, Brug.

—  margaritatus, Montf.
Belemnites paxillosus, Scklotk.
— elongatus, Sow.

—_ clavatus, Blainv.

—  micrastylus, Pkil.
Cryptenia expansa, Sow.
Pecten sequivalvis, Sow.
Lima Hermanni, Poltz.
Plicatula spinosa, Sow.
Avicula novemcoste, Brown.
Gresslya Seebachii, Brauns.

Astarte Amalthei, Quenst.
Terebratula punctata, Sow.
Rhynchonella acuta, Sow.
Pecten liassinus, T'ate.

Ostrea cymbium, Lamk.
Mytilus scalprum, Sow.
Cypricardia cucullata, Munst.
Waldheimia resupinata, Sow.
Rhynchonella tetraedra, Sow.
Pentacrinus Amalthei, Quenst.
Ditrypa quinquesulcata, Miinst.

Paleontology of the Zone of Amaltheus spinatus.

Plesiosaurus, sp.

Amaltheus spinatus, Brug.

—  Engelhardti, & Orbig.

—  margaritatus, Mont.
Phylloceras zetes, &’ Oréig.
Stephanoceras Holandrei, &’ Orbig.
Belemnites clavatus, Blainy.

~—  apicicurvatus, Blainv.
~—  vulgaris, Young & Bird.

Cerithium acriculum, Tate.

—  liassicum, Moore.
Chemnitzia Blainvillei, Miins¢.
- semitecta, Tate.
—_ nuda, Miinst.
Crypteenia consobrina, Zute.
~—  expansa, Sow.

VERTEBRATA.

Ichthyosaurus, sp.

CEPHALOPODA.

Belemnites cylindricus, Simp.
—  paxillosus, Schlot.
— longiformis, Blake.
— compressus, Stahl.
— breviformis, Polte.
— rudis, Phil.
— microstylus, Phil.

G ASTEROPODA.

Dentalium elongatum, Miinst.
Eucyclus conspersus, Tate.

— undulatus, Pk:l.

—  cingendus, Tate.

— nireus, &’ Orbig.
Nerita alternans, Tate.
Pitonnillus turbinatus, Zate.
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Pleurotomaria helicinoides, Riomer.
—_ rustica, Deslong.
— undosa, Deslong.
—_ similis, Sow.

Turbo latilabrus, Stoliczka.

Ostrea sportella, Dumort.

— submargaritacea, Brauns.
Anomia numismalis, Quenst.
Pecten zquivalvis, Sow.

— lunularis, Romer.

—  verticillus, Stoliczka.

—  substriatus, Romer.
Hinnites tumidus, Ziet.

Lima eucharis, &’ Orbig.

— Hermanni, Poltz.
Limea acuticosta, Miinst.

— Juliana, Dumort.
Plicatula spinosa, Sow.

—  calva, Deslong.
Monotis ineequivalvis, Sow. -
—  cygnipes, Young § Bird.
—  substriatus, Miinst.
—  calva, Scklinbd.

" ~—  papyria, Quenst.
Inoceramus substriatus, Miinst.
Perna Lugdunensis, Dumort.
Pinna spathulata, Tafe.
Modiola scalprum, Sow.

—  Thiollieri, Dumort.

—  numismalis, Oppel.
Mytilus Aviothensis, Buvig.
Nucula cordata, Goldf.
Macrodon Clevelandicus, Tate.

—  intermedius, Simp.

—  Buckmani, Rick.
Leda subovalis, Goldf.

Lingula sacculus, Chapius.
Spiriferina Walcotti, Sow.
—  Nigniensis, Buvig.
Waldheimia punctata, Sow.
— resupinata, Sow.
Rhynchonella tetraedra, Sow.

Tuarbo lineatus, Moore.
— cyclostoma, Benz.
— acicalus, Stolicza.
Acteeonina Ilminsterensis, Moore.
—  chrysalis, Tate.

LAMELLIBRANCHIATA.

Leda Galathea, &’ Orbd.
— graphica, Tate.

Astarte striato-sulcata, Romer.

— rugata, Quenst.
Lucina pumila, Miinst.
Cardita multicosta, Phil.
Protocardium truncatum, Sow.
Cardinia levis, Young § Bird.
Cypricardia cucullata, Miinst.
Myoconcha decorata, Miinst.
Hippopodium gigas, Tate.
Trigonia Lingonensis, Dumort,
Tancredia Broliensis, Buvig.

—  lucida, Terq.
—  longicostata, Buvig.

Tellina Lingonensis, Dumort.

—  fabulis, Simp.
Unicardium subglobosum, Tate.
Pholadomya ambigua, Sow.

— Simpsoni, Tate.
— lunata, Simp.

Goniomya hybrida, Miinst.
Pleuromya costata, Xoung & Bird.
Gresslya intermedia, Sinp.
Arcomya areacea, Seebach.

—  concinna, Zate.

—  longa, Buvig.
Ceromya bombax, Quenst.

—  petricosa, Simp,

—  subleevis, Tate.
Thoracia Grotiana, Brauns.

BrACHIOPODA.

Rhynchonella lineata, Foung & Bird.
— acuta, Sow.
— capitula, Tate.
— fodinalis, Tate.
—_ calcicosta, Quenst,
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ANNELIDA.
Ditrypa circinata, Tate. l Ditrypa quinquesulcata, Miinst.
—  capitata, Phil. Serpula limax, Goldf.
EcCHINODERMATA.
Pentacrinus, sp. l Rhabdocidaris, spine.
Cidaris amalthei, Quenst.

Foreign Correlations.—Dr. Oppel® has shown that the upper half of the Swabian
Middle Lias admits of the following division :

Upper Lias— Posidonomya-beds."

Horizoxs. PerrOLOGY. 1;:;';: OrcaNIc REMAINS.
) feet.
Auarrneus | Light argillaceous marly Amal. spinatus, Belemnites breviformis, B. crassus,
SPINATUS strata, alternating with Lima Hermanni, Spiriferina rostrata, Rhyn-
beds clays .....ccoiuneiniinnns 6—8 chonella quinqueplicata, Wald. punctata, Wald.
subovoides.
Upper Blue clay with geodes, pyri- Amal. margaritatus, Phylloceras zetes, Belemnites
MarcariTaTus | tic nodules, and separate pazillosus, Bel. compressus, Chemnitzia undu-
beds argillaceous marly strata | 45 lata, Turbo paludineformis, Leda acuminata,
Pentacrinus levis.
Under Bluish clay, with argilla- Lyt. fimbriatus, Aeg. globosus, Harpoceras Nor-
MARGARITATUS | ceous marls ............... 10 mannianum, Belemnites umbilicatus, B. elon-
beds gatus, B. longissimus.
Amaltheus margaritatus begins here.
Henleyi-bed. Adegoceras Henleyi. Inoceramus ventricosus.

The Petrology of the Spinafus-bed in Swabia differs from the blue clays of the
Margaritatus-bed on which the lighter argillaceous Marls rest, and the organic remains
have enabled Dr. Oppel to define their limits, as he has done in the above profile.

In North Germany, Dr. U. Schlénbach® adopted a division of the upper portion of
the Middle Lias, which closely resembles the preceding section of the South German
series, and this careful obscrver has given a very instructive profile of an Ironstone
exposure near Liebenburg, where the spinafus were found to be very distinct from the
margaritatus beds.

! “Jura Formation,’ p. 139, 1856.

? “Den Eisenstein des mittleren Lias N.W. Deutschland,” ¢ Zeitsch d. Deutschen geol, Gessellsch.
Jahrg.,’ vol. xv, p. 489, 1863.
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Hivs-Ersenstein, MippLe Lias, NEAR LIEBENBERG.

Horizons,

PerroOLOGY.

ORrGaNIC RRMAINS.

SpiNaTus
bed.

Thick grey and brownish
clay, with ironstone no-
dules and “ Nagelkalk
Schichten.”

Greyish-blue clay

Appears to be non-fossiliferous.

Amaltheus spinatus only, and very abundant in
upper half.

Upper
MARGARITATUS

Greyish-blue clay

Amal. margaritatus abundant; Belemnites com-
pressus in the lower part.

Lower
MARGARITATUS
and
HENLEYI beds

Grey, somewhat oolitic
limestone, not very hard,
half a metre thick

dmal. margaritatus, Phylloceras Loscombi, Lyt.
fimbriatum, deg. Henleyi, Belemnites paxillosus,
Bel. clavatus, Pleurotomaria granosa, Rhyn-
chonella triplicata, Terebratula numismalis.

RARICOSTATUS
and
OBTUSUS beds

Thick blue clay, with sepa-
rate rockybands laid close
on one another

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

SEMICOSTATUS
beds

Marly limestone band

degoceras planicosta, Aeg. Ziphus, Aeg. lacu-

natum, Arietites raricostatus, Belemnites
acutus,

Thick blue clay, in parts
speckled with reddish
points

Bucxranp:
beds

Thick bluish-grey clay with
geodes, above alternating
with reddish-brown clay

Arietites semicostatus, = geometricus, Led. Ro-
mani.

ANGULATUM
beds

Small compact limestone
bed with Cardinias and
other Mollusca

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

Aegoceras angulatum, Cardinia concinna.

ANGULATUM
beds

Sandy clays and shales,

passing downwards into
blue clay ..................

Aegoceras angulatum.

PLANORBIS
beds

Greyish-blue sandy lime-
stone ...

Aegoceras Johnstoni, Pecten Hehli, Lima suc-
cincta, Pinna Hartmanni.

The entire thickness of the Lias in this section attains at least from 110 to 120 métres.
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Dr. Emerson found the Spinafus-Schichten well exposed at Liithorst, near Markol-
dendorf, and in a soft, greyish, shaley clay he collected Amaltheus spina¥us, Brug.,
Belemnites clavatus, Mill., Turbo paludineformis, Schiib. The rich Ammonite-ironstone,
which was formerly worked between Liithorst and Hiinnesriick, probably belonged to
this zone.

A. von Strombeck® described the upper beds of the Amaltheenthone with Amal.
spinafus in the Helmsted Jura; and Senator H. Romer found the same in his
garden near Hildesheim with Awmal. spinatus, Gresslya ventricosa, Limea acuticosta,
and Pecten equivalvis. Other localities described in the works of Ewald, Bornemann,
and Wagener, might be enumerated to show that this upper portion of the Amaltheen-
thone is widely distributed in North Germany.

In France Professor E. Deslongchamps® gives a good profile of the Lias & Belemnites
near Caen, in which we find (No. 4) the thick limestone separated by thin argilo-
calcareous layers with Aegoceras Bechei, Lytoceras fimbriatum, Belemnites clavatus,
Gryphea cymbium, Terebratula subovoides, Wald. punctata, Rhyn. tetraedra, Rlyn. rimosa,
and Spiriferina rostrata. 'This bed is overlain by (No. 5) a bank of sandy limestone, in
part finely oolitic, containing Awal. spinatus, Amal. margaritatus, Belemnites niger,
B. arcuarius, Pleurotomaria suturalis, Pecten wquivalvis, P. disciformis, Gryphea
cymbium, Terebratula quadrifida, T. punctata, T. Edwardsii, Rlyn. tefraedra, and
Spiriferina rostrata. 'This appears to be the equivalent of the Marlstone rock-bed of
English authors, as it is overlain by (No. 6) the Couche a Lepteena, which, as we shall
presently learn, forms the lower bed of the Upper Lias. Amaltheus spinatus is collected
in other localities in Calvados; and is found likewise at Avesnes, Doubs, at Saint-Amand
Cher; at Grundershofen and Selzbrunnen, Bas Rhin ; in the Departments of Meurthe,
Moselle, Lozere, Haute-Sadne, and Aveyron. In the Jura Department Marcou
separated his “ Marnes a Plicatules,” with Amal. spinatus, Belemnites Bruguerianus,
Lima Hermanni, Plicatula spinosa, Gryphea cymbium, from the underlying beds
containing dmal. margaritatus, and was the first to point out the important differences
which exist between these two zones.

In Luxembourg Amal. spinatus has been collected from the “ Macigno d’ Aubange,”
near Athus, which is considered by Chapuis and Dewalque* as the equivalent of the
Marlstone and ironstone of English authors.

Dumortier® says that 4mal. spinatus is found only in the uppermost portion of the
Middle Lias, in the horizon of Limea acuticosta, where it is accompanied by Avicula

! “Die Liasmulde von Markoldendorf ;’ ¢ Zeitsch. d. Deutsclien geol. Gessellsch.’ Jahrg., 1870, p. 303,
vol, xxii.

? ¢Geognost. Karte des Herzog. Braunschweig,” 1856.

¥ “Etudes Jurassiques Infér. de Normandie,’ pp. 59—00, 1864.

* “Fossiles des Terr, second. de Luxembourg,” p. 12, 1853.

5 ¢Eitudes Paléont, du Bassin du Rbdne,’ tom. iii, p. 213, 1869.
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cygnipes and Cardinia crassissima ; and he observes that the appearance of this beautiful
species has only an instant of duration in time, for in all the Basin of the Rhone it

occupies only a very limited vertical space, whilst the remains of dmaltheus margaritatus
fills nearly all the enormous thickness of the Middle Lias.

Table showing the extension of the Middle Lias in the Brilish Islands, Belyium, France,
Switzerland, Germany, Austria, and Italy, with indications of the Liasian Ammonite-
zones found in some fypical regions of the European area.!

. s |
: ; :
. = rance, = o
' British Islands. % Departments of. E Germany. ‘£ -
Ammonite-zones = 'z 304
(7] < =
of the .
. to
Middle Lias. R 214
sl g2l 21 %S g s |8 |5 |8
Sl 28l el e, Elz g 8|2 (5|2
w | S 2 2! B = ] ] £ @ S 1) = =] =
a2 v o = l O <© o = = P> = b < > N E
- Rl=|lw|A|lZ[Oo| W |OT|rmr |4 |R|< |5 |& & |3
SPINATUS ........ * * * * | *» * * * eee | % * *
MARGARITATUS ...... * * N I x| x| x|
HENLEYI * » * | % | % | x| % | % | x| x| x| x| % | *
IBEX tiivitvenninnn s * * * * * * L * * * *
JAMESONI ........... * * » * * * * * * * * | * | *
ARMATUM .....ooooviil 2 | % P e I R O T e

In the above table I have separated the Armafum from the Jamesoni zone, although
united with it in the text, because the stratum with Adegoceras armatum forms a good
Ammonite-zone, although most of its other Molluscan Fauna ascend into higher beds.
When the Armatum-group is described and figured it will be shown that a most
interesting series of forms range themselves around the original Sowerbyan type, although
differing in many specific characters from that Ammonite ; the whole forming a remark-
able assemblage of the ArGoceraTIDZE, which appeared with the dawn of the Middle
Lias, and had, it would seem, a very limited life in time.

! In addition to the works already cited in the description of the different zones of the Middle Lias on
the European Continent I have to add ¢ Géologie der Schweiz,” by Professor B. Studer, Zurich, 1851;
¢Die Cephalopoden aus dem Lias der Nordostlichen Alpen,” by Franz Ritter von Hauer, Wien, 1856 ;

¢Studii geologici et paleontologici sulla Lombardia,” by Stoppani, Milan, 1857 ; ¢ Der Jura in Franken,

Schwaben, und der Schweiz, verglichen nach seinen paleeontologischen Horizonten,’ by Dr. W. Waagen,
Munich, 1864.
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A Table showing the stratigraphical distribution of the Ammonoidu in the Middle Lias of

the British Islands.
FAMILIES, - . g
g | s | & o
3 = =4
GENERA, AND SPEOIES. ] g u 2 a, ‘é
1] -t
ElE|& |2 5|5
Family—AEGOCERATID &,
Genus— AXGOCERAS.
Aegoceras armatum, Sow. .......coocoieiiiiiiiiiin | o '
—_ densinodum, Quenst... S B
—  submuticum, Oppel ................c... |«
—  Jamesoni, Sow. .......cooeviiiiiiiiaieen | ven | 2 !
— brevispinum, Sow...... *
— Taylon, Sow..... *
— pettos, Quenst. ..........coceeviiiiiin | i | !
—  Valdani, &’Orbig. ........oooooiii | oo | |
—  Maugenesti, @’ Orbig..................... | oo | oo | »
— Henleyi, Sow. USRI IR *
— striatum, Reinecke... *
— Bechei, Sow. . et aeeeeaeae, »
— curvicornum, Sc/elo:zb T *
—_ Daveel, Sow. o.o..ooovvviiniiiiiiiii | e *
Family—ARCESTIDE.
Genus—AMALTHEUS.
Amaltheus Ibex, Quenst. ..........cccoovevveeeveve | v | i |
—  margaritatus, Mon{f N T O T B
—_ Engelbardti, @’ Orbig. ....cocoooevven | oo | oo | een | i | :
—  spinatus, Brug. .....oeeoeviiiiiieiinnn | e | | e | e | ow
Family—LYTOCERATIDE.
Genus—PHAYLLOCERAS.
Phylloceras Loscombi, Sow. ..........c.ccveneenen v | | w | e
—  Zetes, ' Orbig......cocovveeveeiiiiii | i [ en | e | e | e | o
Genus—LYTOCERAS,
Lytoceras fimbriatum, Sow. ..ol e | x| a
—  lineatum, Schloth. .............ccvoeeeeee | oo | i | i |

! In this table I have separated the drmatum from the Jamesoni zone, because Aeg. armatum and its
allied forms are limited in their range to the lowest portion of the latter, and are the most characteristic
fossils of the basement bed of the Middle Lias.

15
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THE UPPER LIAS.

I include in the Upper Lias all the argillaceous, shaley, laminated, marly, and
arenaceous deposits interposed between the Spinafus-beds of the Middle Lias, and the
basement-beds of the Inferior Oolite, containing Harpoceras Murchisone. This group
of strata nearly corresponds to the *“ Posidonienschiefer mit Stinksteinen” and * Licklgraue
Kalkmergel mit Ammonites jurensis” of Professor Quenstedt,! and the “ Neuvieme Etage ;
Toarcien” of the late Professor Alcide d’Orbigny.?

The Upper Lias exhibits great differences in thickness as we follow the beds north-
wards through the midland districts of England, in some parts of which it measures 300
feet, but rapidly diminishes in North Oxfordshire to 30, and disappears entirely in the
south of that county. 1In South Lincolnshire it attains 200 feet, and thins away entirely
in South Yorkshire, whilst in North-East Yorkshire it thickens out again, and forms
some fine bold instructive sections on the Yorkshire coast.

The Petrology of this group, which in some parts of Gloucestershire is upwards of
300 feet in thickness, enables us to subdivide it into a lower portion, consisting of
dark argillaceous, shaley, or thinly laminated beds, and an upper portion composed of
marly, ferruginous strata, or fine yetlowish and brownish sands.

By a careful study of the Paleontology of the Upper Lias I have been able to

distinguish among the numerous organisms contained therein four faunas, having several
well-defined species characteristic of each.

The details of each of these zones will be
given in the sequel.

It is very difficult to find a section in which all the zones are present and exposed
in their natural sequence, so I select that of Frocester Hill, near Stonehouse, between
Gloucester and Bristol, on the Midland Railway, as the best I know.

All the divisions of the Upper Lias are here seen iz sifé, and may be satisfactorily
studied in one day’s work ; and this instructive section may be afterwards advantageously
compared with other exposures of the Liassic sands forming the Jurense-zone at Hares-
field Beacon, a mile and a half from the railway-station, and at an elevation of 700 feet
above the sea; in lane cuttings near Nailsworth; in sections at Uley Bury ; Stinchcombe
Hill; Wotton-under-Edge; and along Ozleworth Bottom; all localities of easy access, in

which are well displayed the Liassic sands, and at the same time affording magnificent
pictures of the vale scenery of Gloucestershire.

! ‘Flotzgebirge Wiirtembergs,’ pp. 213 and 267, 1843,

[

-

¢Cours Elément. de Paléontologie et de Géologie stratigraphiques,’ tom. ii, p. 463, 1852.
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Fig. 5.—8ection of Frocester Hill, near Stonehouse, between Gloucester and Bristol,
Midland Railway.

Harpoceras Murchisone.

Harpoceras opalinum.
' Lytoceras jurense.
Harpoceras bifrons.

a, b, c. Inferior Oolite; 70 feet =zone of Harpoceras Murchisone.

zones of Harpoceras apali-

X - i bed) :
D, B. Calcareo-ferruginous sandstone (Cephalopoda hed) ; 6 feet {num and Lyfoceras jurense.

¥. Grey, yellow and brown sands, with inconstant and concretionary bands of calcareous
sandstone ; 150 feet?=zone of Harpoceras bifrons.
6. Upper Lias shale; 80 feet =zone of Harpoceras serpentinum.
H. Marlstone ; hard calcareous sandstone, resting on brown and grey sands, with bands and
nodules of ferruginous sandstone ; 150 feet =zone of Amaltheus margaritatus.
1. Middle Lias shale =zone of Adegoceras Henleyi.

Inferior Oolite.

Ft. in.
a. A fine-grained oolitic limestone, similar to the freestones of Birdlip, Painswick, and
Leckhampton Hills; the upper beds exhibit a most remarkable example of oblique
bedding, the flaggy layers of which rest horizontally on inclined beds of freestoue ;

thickness about ..............cccoiiiiiiiiiii i e 50 0
& A coaree, light, cream-coloured, gritty, crystalline oolite, traversed at intervals by
extremely crystalline shelly layers ; a great part of the rock appears to be com-
posed of fragments and plates of Crinoidal plates and spines of Echinidee, and
comminuted fragments of the shells of Mollusca. This white rock has a most
remarkable lithological character, and glistens brilliantly when lit up by the sun’s
rays. The shelly and pisolitic seams which traverse this bed resemble those in the
Pea-grit. The surface of weathered slabs exposes numerous microscopic objects ;

the rock, in fact, is almost entirely composed of organic diéris, and measures about 10 0
¢. A hard, fine-grained, oolitic, sandy limestone, of a light brown colour, lithologically
different from 8. It contains many fossil shells, which are extracted with diffi-
culty, and passes into a hard yellow oolite with few fossils, attaining a thickness

OF POIM L...eoiiiiie ittt e e et e re e e et e e 8tol0 0
[The lithological character of this rock is very different to that of d, on which it rests.]
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The Cephalopoda Bed— Upper Lias.

ZoNES OF HARPOCERAS OPALINUM AND LYTOCERAS JURENSE.

Ft. in.
p. A coarse, dark-brown, calcareo-siliceous rock, full of small, dark, flattened grains of

hydrate of iron. It contains an immenee quantity of fossils, but Admmonites and
Belemnites are the dominant forms ; some of the bivalve shells are well preserved ;
the matrix adheres to their surfaces with such tenacity that they can seldom be
cleaned without injury. The dmmonites and Nautili, for the most part, want the
shell. Harpoceras opalinum and Rhynchonella cynocephala lie in the upper part
of the bed, and Lytoceras jurense, Harpoceras insigne, Harp. variabile, Harp.

striatulum, Belemnites, Nautili, and other Mollusca in the middle part ; the lower
part is not so fossiliferous ; this bed measures

ZoNE oF HARPOCERAS BIFRONS.

A hard, coarse, brown mudstone, with hard irregular nodules of a calcareo-siliceous

sandstone, highly micaceous and ferruginous, and passing downwards into the
sands

E.

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

Fine, brown and yellowish, micaceous sands, passing into greyish coloured micaceous
sands, with inconstant and concretionary bands of highly calcareous sandstone;

nodules of various sizes occur in these bands, which are sometimes fossiliferous,

containing chiefly Harpoceras bifrons in nodules with Belemnites ... .................. 150

ZoNE oF HARPOCERAS SERPENTINUM.

Blue clay and shale, marked by the outburst of springs and by pools of water on the
terrace formed by the Upper Lias Clay...............cooviiiiiiiiii e, 80 0

Middle Lias.
ZONE OF AMALTHEUS MARGARITATUS.

Marlstone ; a hard calcareous sandstone, resting on brown and grey sands, with
bands and nodules of ferruginous sandstone

ZoNE OoF AEGOCERAS HENLEYI.

The shales of the Middle and Lower Lias, sloping down into the valley.

13} Tuak ZoNk oF HARPOCERAS SERPENTINUM.

Synonyms.—* Alum shale,” Young and Bird, ¢ Geol. of York.,’ p. 133, 1822. “ Upper
Lias,” part, of English authors. ¢ Posidonien-Schiefer,” Romer, ¢ Oolit. Geb.,” p. 5, 1836.
« Lias-Schiefer,” von Buch, ¢ Jura Deutsch.,” * Berl. Akadem,” 1837. ¢ Posidonien-
Schiefer,” Quenst., * Flotzgebirge,” p. 538, 1843. «9° Ktage, Toarcien (pars infér.),”
d’Orbigny, *Cours. Elément. de Paléontol.’ p. 463, 1852. “Die Schichten der
Posidonomya Bronni,” pars, Oppel, ‘Juraformation,” p. 197, 1856.
bed,” Wright, ¢ Quart. Journ. Geol. Soc.,” vol xiv, p. 25, 1858.
Rev. Dr. Smithe, ¢ Cots. Club Trans.,” Aug., 1861.

¢« Communis-
¢ Communis Zone,”
¢ Serpentinus-bed,” Judd, ° Geology

1 The zone of Stephanoceras commune, named in p. 3, may be advantageously divided into the zoues of
Harpoceras serpentinum, and Harpoceras bifrons.
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of Rutland,’ p. 79, 1875. *Jet Rock series=Zone of Ammonites serpentinus,” Tate
and Blake, ¢ Yorkshire Lias,’ p. 73, 1876.

The argillaceous beds of this zone in Gloucestershire consist of bluish clay, containing
occasional and irregular bands of nodular argillaceous limestone resembling “ cement-
stones.” In the escarpments of the Cotteswold Hills the Serpentinum-zone of the Upper
Lias attains in some places a thickness of 80 feet, interposed between the Marlstone or
rock-bed of the Margaritatus-zone and the beds with Harpoceras bifrons. The Upper
Lias clay is generally concealed by dééris derived from the Oolitic strata, and its position
is therefore most readily ascertained by surface indications, such as springs and marshes.
This clay-bed forms the retentive water-bearing stratum at the base of the superincumbent
porous strata, so that the rain, which falls upon the table-land of the Cotteswold Hills,
after saturating the Oolitic rocks and subjacent sands, bursts forth as springs along their
slopes and escarpments, at the junction of these beds with the impervious clay. All the
springs in this district arising from the drainage of the Inferior Oolite have their origin
in this arrangement of the strata, and break out as sources at an elevation of about
700 feet above the level of the sea.

On the summits of Bredon, Alderton, Gretton, and Churchdown Hills, all outliers of
the Cotteswolds, we find sections of the Serpentinum beds, which consist in general of the
following subdivisions :

Ist. Brown marly clays of variable thickness, according to the extent of denudation
of the upper beds; they contain many of the fossils of our list.

2nd. A band of nodular argillaceous limestone, from six to eight inches in thickness,
called the “ Fish-bed ;”” this stratum has yielded many interesting remains. I obtained
from a nodule at Gretton a large and nearly perfect specimen of Packycormus latirostris,
Ag, and from nodules at Alderton, Dumbleton, and Gretton have been extracted
Leptolepis concentricus, Egert., Tetragonolepis discus, Egert. "Wings and elytra of Insects
have been found in nodules at Dumbleton and Gretton, of which the most remarkable is
8 fine Neuropterous wing belonging to Libellula Brodiei, Buck.

3rd. Is a thick bed of bluish mottled clay, several feet in thickness, and more or less
laminated, at Alderton, where I saw it many years ago well exposed ; it contained a great
many small Gastropods, among them were Cerilhium, Rostellaria, Trochus, and Natica ;
of Lamellibranchs, I found 4rca, Zeda, and Posidonomya ; of Echinoderms I observed
derosalenia crinifera, Quenst., Pseudodiadema Moorei, Wrt., Oplioderma, n. sp., and
fragments of Pentacrinus. The shells were compressed moulds, which looked beautiful
when the clay was first split open, but as it dried, the fossils unfortunately broke into
fragments and could not be preserved for specific determination.

4th, The Leptzna-bed, composed of a brown friable marl, one to two inches thick,
contains many species of small Brachiopods, belonging to the genera Leptena, Spiriferina,
Tercbratula, Rkynchonella, and is separated from the upper beds of the Marlstone by—
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6th. A thin band of blue and yellow clay, containing many Harpoceras falciferum,
Sow., Belemnites acuarius, Schloth., and Rhynchonella pygmea, Moore. This bed rests
upon the light-coloured marls of the Spinatus-stage.

From a railway cutting near Stroud, I obtained many fine specimens of Harpoceras
serpentinum, Rein., and during the execution of works for drainage, and the formation of
a new road near Nailsworth, good sections of the Upper Lias were exposed; from the
bands of limestone numerous fossils were obtained, as Steplanoceras commune, Sow.,
Harpoceras bifrons, Brug., Harp. falciferum, Sow., Phylloceras heterophyllum, Sow.,
Lytoceras cornucopie, Young., Harp. Lythense, Young., Belemnites compressus, Voltz.,
Nautilus latidorsatus, d’Orbig., Turbo capitaneus, Minst., Pleurofomaria sub-decorata,
Miinst., dstarte lurida, Sow., Posidonomya Bronni, Voltz., Nucula Hausmanni, Roem.,
Gresslya gregaria, Roew., Lima bellula, Mor. and Lyc., Lima gigantea, Sow., Tancredia
leviuscula, Lyc., and several undescribed forms.

The Rev. Dr. Smithe,! F.G.S., has given an interesting account of two quarries of
Upper Lias, on the top of Churchdown Hill, and known as north and south, the latter

being the larger and better of the two for its section. The beds are nearly horizontal,
and exhibit only slight traces of disturbance.

Stephanoceras commune Zone at Churchdown.

No. PetroLoGY. T:l:::' OreaNic REMAINS.
ft. in.
1 | Alluvial soil ..o, 1 6
2 | Brown marly soil........e.....c..oeall 2 0 | Fish, Crustacea, and all the fossils of list.
3 | Concretionary argillaceous limestone... | 04-6 | “ Fish bed,” Leptolepis concentricus, Thrissops,

sp., Stephanoceras commune, Posidonomya

Bronni, Mytilus gryphoides.

............... 6 0 | “Alga bed,” fossils of No. 2, with dlge, Aptycki,

&e.

........................ 1 0 |“Leptena bed,” Spiriferina, Leptena, Terebra-
tula, and Rhynchonella, with Nucula and

other Lamellibranchs.

..................... 1 0| Stephan. commune, Bel. acuarius, Rhyn. pygmea,

Terebrat. globulina.

4 | Blue and drab mottled clay

5 | Brown marly shale

6 | Blue and yellow clay

Light-coloured * nodular bed,” Spinatus-zone, containing Belemnites.

We have in the above a replica of the Upper-Lias section so well shown at Ilminster,
Somerset, and of that at Curcy, la Caine, Calvados, described by Professor Deslong-
champs.?

t “The Geology of Churchdown Hill,” ¢ Cotteswold Club,” August, 1861.
2 ‘Etudes sur les Etages Jurassiques Infer. de Normandie,’ p. 75, 1864
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The Upper Lias at Ilminster, Somerset, has become famous for the large number of
species it has yielded to the long, patient, and careful investigations of Mr. Charles
Moore, F.G.S., now of Bath, but formerly a resident in Ilminster, where he availed himself
of exceptional advantages for making his collection. The following is the succession of
the beds at Strawberry Bank, near Ilminster, described in descending order.!

Section of the Upper Lias at Strawberry Bank, Ilninster.

a. Yellow micaceous sands of the Inferior Oolite, unfossiliferous.

6. Eight bands ‘of clay and stone, containing Harpoceras Moorei = opalinum,
Harp. variabile, Lytoceras insigne = Zone of Lytoceras jurense.

c. Light blue clay, 4’ 6”, with Crania Moore:.

d. Three layers of drab-coloured clay and stone, Belemnites Ilminsterensis.

e. Alternate layers of light-grey clay and rubbly stone, containing Harpoceras bifrons,
Harp. radians, Harp. falciferum = Zone of Harpoceras bifrons.

/. Blue mottled clay, with many Foraminifera.

g- Beds of rubbly stone and light-coloured clays, with Harpoceras serpentinum,
Stephanoceras commune, Stephan. fibulatum = Zone of Harp. serpentinum.

k. Concretionary blue clay, with Foraminifera, and a layer of sandy stone, with
Rhynchonella Bouchardii. These form the upper Cephalopoda-beds which
overlie—

¢. “The Saurian ” and “Fish Beds” about twelve inches thick, which consist of
a yellow septarian limestone, including Fishes in fine preservation, as Packy-
ckormus, Eugnathus, Lepidotus, Pholidophorus, Leptolepis, Dapedium, and
Hybodus. The Saurian remains are, JIchthyosaurus acutirostris, Owen,
Teleosaurus temporalis, Blainville, Teleosaurus Moorei, Deslongchamps.

J- “The Leptana-beds ” consist of thin layers of yellowish clay, resting immediately
on the Middle Lias, and forming the basement bed of the Upper Lias. They
measure about eighteen inches in thickness, and contain Leplena Bouchardii,
L. Moorei, Thecidium rusticum, Spirferina Ilminsterensis, Zellania liassica,
Leptena granulosa, Alaria unispinosa, and other Gastropods.

Mr. Moore’s museum in the Philosophical Institution, Bath, contains ZTeleosaurus,

Ichthyosaurus, and other Reptiles, and a magnificent collection of Fishes, representing
many new species of Pachycormus, Lepidofus, and other Upper-Lias forms, in the finest
possible preservation ; the brown, enamelled scales of the fish beautifully contrasting with

the pale yellow rock in which they are entombed. It was here likewise that the Leptana-

bed was first discovered in England, which contained so many interesting ancient forms of

p. 16, vol. xiii, 1865-6.

1 “Middle and Upper Lias of the South-west of England,” ¢ Proc. of the Somerset Archeeol. Soc.,’
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small Brachiopods belonging to the genera Leptena, Spiriferina, Thecidium, Rhynchonella,
and Terebratula, together with a number of Gastropods and Lamellibranchs, amounting to
upwards of 150 species. The Lepfena-bed forms a remarkable stratum, and was found
by Professor E. Deslongchamps to occupy the same stratigraphical position at Curcy,
la Caine, and other localities in Normandy, as it does in Somersetshire and Gloucester-
shire. The following note, January, 1862, from my learned friend Thomas Davidson, Esq.,
F.R.S., explains the discovery of the Lias Leplene: “ When at Boulogne, in 1847,
M. Bouchard received a parcel of fossils from the Lias of Pic de St. Loup, among which
were several specimens of a small Lepfena, and about the same time I received a small
parcel from Mr. C. Moore, among which I recognised two or three species of Lias Leptena,
which M. Bouchard and myself described, for the first time, in the ¢ Annals and Mag. of
Natural History ’ for October, 1847. The discovery of the Lias Leptene is therefore
due to M. Bouchard and Mr. Moore. It was my description and publication of these
species which first directed public attention to the subject.”

In Yorkshire the lower zones of the Upper Lias attain a remarkable development,
and have long been found to contain jet-rock and alum-shale, and an immense number
of organic remains in a fine state of preservation. I shall select two from among the coast
sections which afford the most instructive exposures of these beds. The firstis the cliffs
and scars at Saltwick, south of Whitby. My old and esteemed friend, the late Professor
John Phillips,' made a sketch of this locality, which I introduce with a few additions, as
a faithful outline of this instructive bay, whose bold promontory and conspicuous island,

formed of dark Lias, offer uncommon facilities for examining the whole section, and collect-

ing from each bed its characteristic fossils. In descending from the encircling cliffs to the

great hollow below, in which the alum-works were situated, we pass over—(1 and 2) the
thick capping of the lower shales and sandstones, with remains of plants ; (3) the dogger, a
rough, uneven rock, with much ferruginous material in the mass, overlying (4) the Leda
ovum-bed, which characterises the top of the alum-shale, and in which Harpoceras
bifrons, Harp. Lythense, Phylloceras heterophyllum, Phyll. subcarinatum, Stephanoceras
commune, Stephan. fibulatum, Stephan. subarmatum, and several other species of our list
are found. This bed is about 34 feet thick, and overlies (5) a lumpy irregular band of
nodules ; beneath this (6) another bed of dark-grey alum-shale, containing an irregular
band of nodules, but not many fossils, about 34 feet thick, and forming the lowest
stratum worked for alum. It rests upon (7) a flat bed of ironestone, 4 inches thick, and
very persistent in its character. Beneath the ironstone is (8) a bed of hard, dark alum-
shale, 16 to 18 feet in thickness, which contains a great number of Belemnites
entombed in two seams of shale, the one three feet below the ironstone, the second a
foot from the bottom of the bed. Belemnites vulgaris, Bel. subtenuis, Bel. tubularis,
Bel. levis. 'Then follows (9) an irregular band of calcareous nodules, lumpy,
spheroidal, or flattened, one foot thick. Beneath is (10) a dark, firm shale, with some
1 “Yorkshire Coast,’ 3rd edit., p. 144, 1875.
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Inferior

Oolite Shales and Sandstones.

z Sandstone rock.
Dogger Inf. Oolite.

Upper [ Harp. bifrons.
Lias | Harp. falciferum.

Middle { Amal. spinatus.
Lias | Amal. margaritatus.

F16. 6.—SALTWICK FROM THE SOUTH.

Belemnites and few fossils, about 18 feet thick, and resting upon (11) a dark, hard,
reddish, shale bed, changing into a ferruginous band, from 3 to 6 inches thick, and
underlain by (12) hard, dark shales, 12 feet thick, containing Belemnites sublenuis, and
Inoceramus dubius; a band of remarkable, flattened spheroidal balls (13) separates the
sbove from the hard, dark shales of (14) the Serpentinum-zone, 20 feet thick, which
underlie the above. There are many fossils in this lower zone, as Harpoceras serpen-
tinum, Harp. ezaratum, Harp. ovatum, Harp. Levisoni, Belemniles tubularis, Inoceramus
dubius, and Extracrinus Phillipsii. Then (15) a band of pyritized, irregular balls,
covering 20 feet of hard grey shales (16). Beneath is another bed of dark shale (17),
with calcareous concretions and considerable portions of Jet; this rock stands firm
against the sea, and is broken up by the workmen who mine it for Jet, which is here of
good quality, and used in manufacture. Below the Jet-rock are 20 feet of hard shales
with large nodules, which overlie 30 feet of soft shales, containing Belem. cylindricus.

1] have to thank Mr. William Smith, of Cheltenham, cousin and executor of the late Professor

Phillips, F.R.S., for his kind permission to use the above, and two other woodcuts, from the Professor’s
last work on the ¢ Yorkshire Coast,’ p- 145, 1875.

16



122 THE LIAS AMMONITES.

Fie. 7.—Profile of Saltwick Nab, south of Whitdy.

No.
1. Cap grit. Irregularly stratified.

2. Alternations of sandstone and

Occasional coal-bands, with Zamiacee.
shale.

3. Dogger, Inferior Oolite.

Perruginous.

. oy e .
+ Ci?:&t.nmu‘es in the alam- \ Harpoceras bifrons, Stephanoceras commune, Belemnites
: Voltzii, Leda ovum.

5. Lumpy bed.

TICSC AW DIC DNE AL 34 0

6. Dark alum-shale, with irregular
band of nodules. Lowest |_ ., _, _ . ..l 34 0 Contains fossils.
bed worked for alum.

7. Thin, flat ironstone band.

8. Dark alum-shale, somewhat N
harder than the upper strata.

0 4 Non-fossiliferous.

9. Double band of nodules. - Harpoceras ovatum, Belemnites vulgaris.
10. Dark shale, with Belemnites.
11. Red shale bed.

12. Hard dark shale: fossils.

13. Flattened spheroidal nodules.

14. Hard dark shales.

Fossils rare, Belemnites top and hottom.
Belemnites subtenuis, Inoceramus dubius.

Harpoceras serpentinum, Belemnites tubularis, Inocera-

mus dubius, Extracrinus Phillipsi, Wright.
15. Band of pyritic nodules.

16. Hard grey shales.

17. Jet-rock, hard shale. Belemnites tripartitus, Aptychus.

18. Hard shales.
19. Annulatus-bed of nodules. Stephanoceras annulatum.

20. Soft shales. Belemnites cylindricus.

IRONSTONE SERIES OF THE MIDDLE LIAS.



No. 1.

10.
11.

12.
13.
14.
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Delailed description of the Sallwick Seclion.

Sandstone rock belonging to the Lower Sandstone series. } 60 feet,

. Alternating beds of sandstone and shales, with remains of plants, chiefly Zamiacee. ‘
. Rough ferruginous Dogger in Inferior Oolite, with inconstant bands formed of harder, more

ferruginous, irregular, spheroidal masses of rock, 4 feet thick.

. Grey alum-shale, the upper part a little sandy, with few or no fossils. At about 5 feet in depth

layers of small limestone nodules appear, and continue for about that space in sufficient plenty
to be worked for the making of *“cement.” Lower down the nodules are fewer, and admit of
a larger proportion of carbonate of iron, alumina, and silica. The shale is pyritous, and
abounds with fossils, as Harpoceras bifrons, Stephanoceras commune, Belemnites Voltzii, Leda
ovum, Gresslya donaciformis. Thickness 31 feet.

. A conspicuous, irregular band, occasionally swelling out into lumpy masses, more calcareous than

most of the hard layers that occur below.

. Dark alum-shale, 34 feet thick, with an irregular band of nodules. This bed is not rich in

fossils, and appears to be the lowest bed worked for alum.

. Is a thin flat bed of ironstone, somewhat remarkable for its continuity, 4 inches thick.
. Dark alum-shale, 16 to 18 feet thick, somewhat harder than the strata above. The fossils are

chiefly Belemnites, of which a kind of bed is formed 3 feet below No. 7. There is also
another bed of Belemnites 1 foot from the bottom ; both are of limited extent. AMonotis sub-

striatus.

. An irregular, frequently double band of subcalcareous nodules, large and small, lumpy,

spheroidal, or flattened, % to 1 foot.
Dark firm shale, 16 to 18 feet thick, poor in fossils ; Belemuites occur near the top and bottom.

Hard, dark, reddened shale bed, occasionally changing to a ferruginous band, 3 to 6 inches
thick.

Hard dark shales, 12 feet thick, containing Belemnites subtenuis, Inoceramus dubius.

Band of remarkable flattened spheroidal balls.

Hard dark shales, 20 feet thick, with numerous fossils, often pyritized, Harpoceras Mulgravium,
Belemnites tubularis, Inoceramus dubius, Extracrinus Phillipsii, Wright.

. Band of irregular balls, pyritized.

. Hard grey shales, 20 feet.
. Jet-rock, hard shale, 10 feet thick, with calcareous concretions and considerable portions of Jet.

Belemnites tripartitus, dptychus, &e.

. Hard shales, with large nodules in the upper part, 20 feet.
. Stephanoceras annulatum bed of nodules.
. Soft shales, 20 to 30 feet thick, and containing Belemnites cylindricus.
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Section of the Upper Lias at Rockliff, Eusington Heights, north of Whithy,
altitude 681 feet above the level of the seal

]
. CK-
No. ETROLOGY. Tue

P | NESs.

ORrGANIC ReMAINS,

i ft. in.
...... l Zamiacee.

1 | Sandstone beds with plant-seams
2 | Inferior Oolite, the Dogger . T'rigonia costata and other Inferior-Oolite fossils,

|
1 \1

ALuM-suaLE, Zone of Ilarpoceras bifrons.

- |

10 0 \‘ Harpoceras bifrons, Harp. Lythense.

3  Dark grey shale ........

i
4 | Harp or CEMENT-STON

E SEAM, nume-

Stephanoceras commune, Steph. fibulatum, Steph. ‘
rous calcareous nodules, exclusively subarmatum, Lytoceras cornucopie, Phyllo.
manufactured into Roman cement ... | 25 0 ceras heterophyllum, Leda ovum, Trigonia lite-

rata, Gresslya donaciformis, Discina reflexa.
5 | Nodules in these and succeeding beds,

highly ferruginous ..................

6 | Lowest level worked for alum, 90 feet 150 0 | Belemnites subtenuis, Bel. vulgaris, Leda ovum.
from the surface

JET-ROCK. Zone of Ilarpoceras serpentinum.

1
1 |
7 | Many pyritous nodules, very much Harpocerasserpentinum, Harpo. exaratwn, Harpo. |
flattened ... 20 0 ovatum. l
8 | Hard compact shale, very sandy, a few Lepidotus, Pachychormus, Ptycholepis, Lepto-
small nodules mostly barren in fossils | 30 0 \ lepis, Gyrosteus mirabilis. :

| MibvLE Lias, ‘
: ‘
‘i Zone of Amaltheus margaritatus.

1

Professor Judd® describes the Upper Lias of Rutland as occupying a large area in
Sheet 64 of the ¢ Geological Survey.” This division of the Lias is usually concealed by
Drift excepﬁ on the steep slopes of the Oolitic escarpments, where it attains a thickness of
about 200 fect, and consists almost entirely of clays, which Prof. Judd divides into the
following beds. The section is in a descending order.

1. The Leda-ovum Beds form the highest beds of the Upper Lias, and consist of
clays, with numerous layers of septaria, everywhere distinguished by the abundance of
Leda ovum, Sow. 'The prevailing Ammonite is Harpoceras bifrons, which occurs in great
numbers. 1lere are also Stephanoceras commune, Steph. annulatum, Steph. crassum, Steph.
fibulatum, Steph. Holandrei.  Phylloceras heterophyllum, is tolerably abundant, but

1 Louis Hunton, ¢ Trans. Geol. Soc.,” vol. v, second series, p. 215, 1836.
2 “ Geology of Rutland,” ¢ Memoirs of the Geological Survey,’ p. 79, 1875.
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species of the Harpoceras genus are comparatively rare.  Belemnifes compressus,
Gresslya donaciformis, Arca truncata, and Discina reflexa, are also abundant.

2. The Commune-Beds are found at a little distance above the Serpentinum-beds ; they
are crowded with small specimens of Steph. commune, Steph. annulatum, Belemnites
irreqularis, Astarte striatosulcata.

3. The Serpentinum-Beds lie below the preceding, and consist of clays and layers of
nodules of limestone, of much coarser texture than those of the * Fish and Insect Beds.”
Harpoceras serpentinum, Harp. falciferum, Harp. Lythense, Harp. elegans, and Harp.
radians, are found in abundance with some Belemnites and other shells.

Professor Judd gives several sections of the Upper Lias, two of which I will quote as
examples of the petrology of the series. On the left bank of the stream at Hallaton
Ferns the junction of the Middle with the Upper Lias is well seen in a number of drain-
fields. The succession of the beds here is as follows :

1. Dark blue clays.

Ureer L1as { 2. Ferruginous beds, with Harpoceras serpentinum (abundant)and Harpoceras bifrons.
3. Paper-shales, with fish and insect limestone and usual fossils.

4. Sandy, ferruginous band, with moulds of shells. Marlstone rock-bed.

MivpLE L .
DLE LIS { 5. Light-coloured clays, with ironstone balls.

From a railway cutting near Market Harborough we have the following section :

L. Soil. 1 foot.
2. Boulder clay. 2 to 3 feet.
3. Upper Lias clay, with Stephanoceras commune and Belemnites compressus.
It consists of laminated blue clay, weathering to a yellow colour. 1 to
4 feet seen in the pit.
( 4. Hard, brown, ferruginous band of impure ironstone. 9 in.
UrpER Lias: 5. Softer and more sandy bed, completely full of Harpoceras serpentinum,
SERPENTINUJ;[ Harp. bifrons, Stephanoceras commune, Steph. Holfgdrei, Belemniter
BED compressus, and other shells. 9 in, -
\. 6. Hard, very ferruginous bed. 3 ft. 6 in.
(" 7. Light-blue, laminated clays. 3 ft. 4 in.
8. A thin vein of sandstone, very inconstant. 1 ft.
9. Light-blue laminated clays. 5 ft.
10. Marlstone rock-bed of the Middle Lias. Amaltheus margaritatus, Bel. pazxillosus,
Cardium truncatum, Avicula novemcostce.

11. Brown clay. 2 to 3 feet.

MipDLE Lias: . .. . . )
MARGARITATUS {12, « Slferry," with nodules containing Cardium truncatum, Avicula cygnipes,
BED Lima sp.

13. Brown clay. 2 to 6 feet.

14. Blue clay. 7 to 9 feet.

15, “Skerry’’ (brown sandstone). 1 to 6 feet.

16. Brown clay. 2 to 3 feet.

[ 17. Rock, water-bearing stratum, further sinking prevented.
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The fossils collected here show

that the Serpentinum- and Bifrons-beds are those divi-

sions of the Upper Lias which are best developed in Rutland, as the following list

demonstrates :

Harpoceras serpentinum, Rein.
— bifrons, Brug.
— elegans, Sow.
— falciferum, Sow.
— radians, Rein.
Stephanoceras commune, Sow.

CEPHALOPODA.

l Stephanoceras crassum, Phil.
‘ —_ Holandrei, @' Orbd.
| — annulatum, Sow.
Phylloceras heterophyllum, Sow.
Belemnites compressus, Voltz.
— tenuis, Phill.

LAMELLIBRANCHIATA.

Leda ovum, Sow.
Inocramus dubius, Sow.
Ostrea subauricularis, d’ Ord.

| Posidonomya Bronni, Foltz.
Nucula cordata, Goldf.
J Astarte striatosulcata, Rom.

From the above list it appears that the Serpentinuin- and Bifrons-beds are so blended
together in the Upper Lias of Rutlandshire that they have not yet been separated from
cach other, and that these two lower zones of the Upper Lias are the most persistent
and widely developed of the upper division of the Lias formation in this County.

List of Fossils from the Zone of Iarpaceras serpenlinum (Gloucestershire).

Teleosaurus temporalis, Blainv.
Ichthyosaurus acutirostris, Owen.

Pachycormus latirostris, Agass.
Leptolepis conceutrigs, Eyert.

Coleia, sp.

Libellula Brodiei, Buck.

Belemnites tripartitus, Sow.
— Voltazii.
— subtenuis, Phil.

Nautilus astacoides, Young and Bird.

Stephanoceras commune, Sow.

annulatum, Sow.
Harpoceras serpentinum, Reinecke.

RepP1ILIA.

| Plesiosaurus (vertebre).
Pterodactylus (coracoid of).

Fisnks.

Tetragonolepis discus, Egert.
I Dapedius, sp.

CRUSTACEA.

I

INsEcCTA.

| Agrion Buckmanni, Brod.

CEPHALOPODA.

Harpoceras bifrons, Brug.

—_ falciferum, Sow.

— Lythense, Young and Bird.

— Raquinianum, d’ Orbig.
Lyteceras cornucopise, Young and Bird.
Phylloceras heterophyllum, Sow.
Belemnosepia (ink-bag and osselets).




ZONE OF HARPOCERAS BIFRONS. , 127

GASTEROFODA.
Eucyclus capitaneus, Miinst. Pleurotomaria subdecorata, Miinst.
Trochus bisertus, Phil, Rostellaria, sp.
Cerithium, sp. Natica, sp.

14. ZoNE oF HARPOCERAS BIFRONS.

Synonyms.—“A. communis-bed,” part, Wright, ¢ Quart. Journ. Geol. Soc.,” vol. xiv,
p. 25,1858. “Zone of Am. communis,” part, Wright, ¢ Oolitic Asteroidea,” Paleont.
Soc., p. 38, 1862. “ Zone & Am. bifrons,” Reynes, * Géol. et Paléont. Aveyron,” p. 65,
1868. ¢ Leda-ovum-beds,” Judd, *“ Geol. of Rutland,” < Mem. Geol. Surv.,” p. 80, 1876.
“Zone of Am. communis or Alum-shale,” Tate and Blake, ¢ Yorkshire Lias,” p. 181,
1876.

This zone at Frocester Hill consists of fine sandy marls, with inconstant bands of a
harder sand rock, which form several layers of modules in the bank, and many of these
contain fossils. I have found sometimes clusters of Harpoceras bifrons in some of these
masses when broken up—a fact which first taught me the true stratigraphical position of
Harp. bifrons. Along other escarpments of the Cotteswolds I have collected Harp.
bifrons in brownish marl at the southern base of Crickley Hill, and in soft grey clays
above the Serpentinum-bed at Stinchcombe ITill.

In the Saltwick profile near Whitby, and at Rock CIliff, near Staithes, on the York-
shire coast, we have already seen that Harp. &ifrons belongs to the alum-shale, and has
for its associates Stephan. commune, Belemnites Vollzii, Leda ovum, and Gresslya donaci-
Jormis, and that it there forms a well-marked horizon of life resting upon the Jet-rock,
with Harpoceras serpentinum, and Harp. falciferum.

On cutting the eastern portion of the Banbury and Cheltenham Direct Railway some
instructive sections of the Upper Lias have been exposed on nearing Bloxam, Oxfordshire.
Mr. Beesley' notes, “ about 300 yards before reaching the Barford-road Bridge, a small fault
brings down the Upper Lias about four feet against the Spinafus-beds. For 100 yards
further the banks are all Marlstone of this zone ; then comes another fault, dipping to the
east, which throws down the Upper Lias to the base of the section, a depth of fifteen feet ;
the white marly limestone of the Serpentinum-beds, crowded with Harpoceras bifrons,
Stephanoceras commune, Lytoceras cornucopie, Phylloceras heterophyllum, Phyll. subcarina-
tum, and species of the Serpentinum group, with Belemnites Liminsterensis and B. regularis
and Nautili, now forming the floor of the line, and over it blue or green shale fifteen feet
thick. The faults pass obliquely across the line from north-west to south-east.”

! “Geology of the Banbury and Cheltenham Railway,” ¢ Proc. Geol. Assoc.,” vol. v, 1877.
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Possils fron Blozam Railway- Cutting.!

Harpoceras bifrons, Brug.
— latescens, Simp.
—  subplanatum, Oppel.
— Levisoni, Simp.
Stephanoceras commune, Sow.
—_ crassum, Young.
.- Holandrei, d’ Orb.
— fonticulum, Simp.
— gracile, Simp.
Lytoceras cornucopiz, Young & Bird.
Phylloceras heterophyllum, Sow.

Alaria angulata, Moore.
Cerithium, sp.

Chemnitzia Blainvillei, Miinst.
Eucyclus capitaneus, Miinst.
Natica Pelops, d’Orb.

Neritopsis transversa, Moore.

CEPHALOPODA.

Phylloceras subcarinatum, Young & Bird.
Nautilus astacoides, Young & Bird.
—  Jourdani, Dumort.

Belemnites Ilminsterensis.

— striolatus, Phil.

— pyramidalis, Zzef.

— quadricanaliculatus, Quenst.

— regularis, Phil.

—_ subaduncatus, Voltz.

— subtenuis, Simp.

—_ tripartitus, Sehloth.

G ASTEROPODA.

Pleurotomaria Joannis, Dumort.
—_ Theresee, Dumort.

Purpurina armata, Tate.

Solarium, sp.

Acteeonina, sp.

Trochus, sp.

LAMELLIBRANCHIATA.

Astarte subtetragona, Goldf.
Monotis ineequivalvis, Sow.
—  Miinsteri, Goldf.
— substriatus, Minst.
Cucullzes, sp.
Cypricardia Dumortieri, Jaubert.
Exogyra Berthandi, Dumort.
Hinnites tumidus, Ziet.
Inoceramus cinctus, Goldfuss.
—_ dubius, Sow.
—_ undulatus, Ziet.
Leda, sp.
Limea acuticosta, Goldf.

Discina reflexa, Sow.
Rhynchonella amalthei, Quenst.

— jurensis, Quenst.
- Moorei, Dav.

Lima Elea, d'Orbig.
— eucharis, d’'Orbig.
— Galathea, d’Orbig.
— punctata, Sow.
Nucula cordata, Goldf.

—  subglobosa, Rim.
Pecten pumilus, Lamk.

— textorius, Schloth.
Pholadomya Zieteni, Agas.
Pleuromya, sp.
Posidonomya Bronni, Poltz.
Plicatula catinus, Deslong.
Unicardium subglobosum, Zate.

BRACHIOPODA.

Waldheimia punctata, Sow.
—_ Lycetti, Dav.
Thecidium, sp.

1 Thia 1t .
This list has been prepared and most kindly communicated to me at my request by Mr. Beeslev,

F.CS,, i i . .
Cutti fg’"; his ‘f“P“bllShed notes on the interesting and instructive section at the Bloxam Railway-
ng, Oxfordshire ; and for his courtesy I beg to record my best thanks.
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ANNELIDA,

Serpula ramentum, Dumort.
—  segmentata, Dumort.
—  lumbricalis, Schloth.

Serpula gordialis, Schli¢h.
= limax, Goldf.
— tricristata, Goldf.

EcHINODERMATA.
Rhabdocidaris impar, Dumort. Pentacrinus jurensis, Quenst.
Cidaris Damortieri, Wright. Millericrinus Hausmanni, Rom.

Chondrites Bollensis, Kurr.
The fragments obtained from washing the bottom clay at Bloxam contained the remains of Ophiuride
with the plates and spines of several species of Echinidee.

CRUSTACEA.
~ Bairdia, sp. |  Cythere, sp.
ForAMINIFERA.
Cristellaria Bronni, Rim. Dentalina obscura, Terg.
—  cultrata, Montf. — ornata, Terg.
=  antiquata, &’Oré. —  pauperata, &’Orb.
—  matutina, @ Orb. — quadricostata, Terg.
—  rhomboidea, Czjek. Flabellina rugosa, &’ Oré.
—  rotulata, Zam. Nodosaria raphanistrum, Terq.
—  recta, &'Orb. —  Badenensis, @ 0rb.
—  varians, Born. Planularia harpula, & Oré.
Dentalina Burgundize, Terq. —  pauperata, J. & P.
—  communis, &’ Orb. — reticulata, Corneil.
— filiformis, d’ Oré. Lingulina tenera, Born. -
—  nummulina, Giimb. Vaginulina striata, d’ Orb.

In Rutland the Serpentinum and Bifrons zones approach so close together that their
fossils in many cases cannot be separated. The Serpentinum-zone, with its « Fish-bed and
Insect limestone,” appears to be the one most fully developed in this county. -

In North-West Lincolnshire the Rev. J. E. Cross, F.G.S., has noted the Upper
Liss in the Santon Railway-cutting, and collected therefrom Harpoceras serpentinum,
Stephanoceras commune, Lytoceras cornucopie, and Amaltheus spinatus.

Foreign Correlations.—The Upper Lias in South-west Germany was divided by
Professor Quenstedt® into Posidonienschicfer and Jurensis-Mergel; the former corre-
sponding to the Serpentinum and Bifrons zones, and the latter to the Jurense and Opdlinum
“oues of this work. The * Poisidonienschiefer” are characterised by the presence of
Figh, as Plycholepis Bollensis, Fugnathus, Tetragonolepis, Pholidotus semicinctus, Lepi-
dotus Elvensis, semiserratus, dentatus, Semionotus leptocephalus, Aspidorynchus, Pachy-

1 ¢Quart. Journ. Geol. Soc.,’ vol. xxi, p- 124, 1875.
# ‘Flozgebirge Wiirtembergs,’ p. 539, 1843.

17
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cormus, Thrissops, Leplolcpis. Saurians, as Ickthyosaurus, Plesiosaurus, and Teleosaurus.
Cephalopods, as Zlarpoceras serpentinum, bifrons, Lythense, Plylloceras heterophyllum,
Lytoceras cornucopie, DBelemniles /acuarz'us. Lamellibranchs, as JInoceramus dubius,
Posidonia Bronni, Minotis substriatus, Leda ovum ; and Brachiopods, as Discina refleza,
and others. The “ Jurensis-Mergel” is characterised by the absence of Fish remains
and the appearance of a new suite of Cephalopods, as Lyfoceras jurense, Harpoceras
insigne, variabile, strialulum, radians, Aatense, and many others.

At Plicnsbach, north-west of Boll, and Ilolzmaden, south-west of Klrchhelm, the

following scction by Dr. Oppel may be considered as typical of the Wiirttemberg Upper
Lias,

Upper Lias near Boll, Wiirtlembery.

Torulosus-bed.

Taick-
PETROLOGY. NESS. OrGANIC REMAINS,
ft. in.
Zone of Two or three light grey, Am. jurensis, discoides, insignis, radians, hir-
LyYToCERAS i hard, marl beds, with cinus, Belemnites tricanaliculatus, erilis,
JURENSE clays ......... between 8 to |10 0 longcsulcatus, irreqularis.

(" Efflorescent slaty shales, re- Am. Ulifrons, fibulatus, serpentmua, Sfalcifer,
placed in many places by heterophyllus, cornucopie, communis, crassus,
the so-called “Leberboden’ | 8 0 Holandrei, subarmatus, Bel. irreqularis, Bel.

tripartitus,
‘Monotis bed . 0 2 | Monotis substriatus, Miinst.
Slaty beds, aboundmg ‘with Belemnites acuarius.
saurian tmd fishes’ remains | 0 2
Slaty beds with Teleosaurus, Teleosaurus Chapmani, Pterodactylus Ban-
Pterodactyle, and fishes’ thensis, Ptycholepis Bollensis.
TEMAINS ...ooeeiinrnanen.. 0 5
Light-grey slaty clay......... 1 0 | Posidonomya, Bronni, Monotis substriatus.
Zone of Upper * Stinkstein™ ......... 0 8
PosipoxoMya < Slateswithfishesandsaurians|{ 1 0
Bronn1 Hard laminated clay... 2to | 0 4
Light eftlorescent laminated
slates ...........occiiiinnn. 2 0
Lower ¢ Stinkstein,”’ with
fishes’ remains ............ 0 8
Laminated  slates, with
Geodes .........ceeiineenen. 5 0 | Leptolepis Elvensis.
“Fleing™ ........cceveniunennn 0 8 | Saurians, Pentacrinus Bollensis.
Hainzen pyritic nests ... 0 2 .
Muish-grey clay, with Algse Spiriferina villosus, Belemnites papillatus.
Blackish Tafelfeins ......... 0 3-5| Saurians and Sepice,
\ “Adlgeschicht” ............... 1 6 | Acrosalenia crinifera, Quenst.

The Middle Lias.—Zone of 4m, spinatus.

1 ¢ Juraformation,’ p. 201, 1856.
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Dr. Waggen states that the Upper Lias in Franconia closely resembles that of
Swabia,' and that the zone of Posidonomya Bronni is very well developed there.

Professor Quenstedt® has given a good account of the palxontology of the Lias Epsilon
at Boll, and has described in detail Zeleosaurus Chapmani, Kénig, 1. Bollensis, Quenst.,
Pclagosaurus, sp. Plesiosaurus Suevicus, Ichthyosaurus longirostris, Ichthyo. triscissus,
Ickikyo. quadriscissi, Ichthyo. trigonodon, and added the following list of fossils :

Paleontology of the Lias Upper < Epsilon” at Boll, Wiirtlemberg.

Hybodus pyramidalis, Agass.

— reticulatus, 4g.
Acrodus nobilis, Ag.
Lepidotus Elvensis, Blainv.
Dapedius celatus, Quenst.

— punctatus, 4g.

—  Leachii, 4y.

—  pholidotus, 4g.
Tetragonolepis semicinctus, Bronn.

- cinctus, Quenst.

Loliginites Schubleri, Quenst.
—  Bollensis, Ziet.
—  simplex, Voltz,
—  coriaceous, Quenst.
- sagittatus, Miinst.
Onychoteuthis conocauda, Quenst.
Onychites uncus, Quenst.
—  runcinatus, Quenst.
Belemnites acuarius, Schlith.
- digitalis, Quenst.
- tripartitus, Schli¢h.

Chemnitzia repeliana, d’Orb.
Natica Pelops, ¢’ Orb.
Turbo Sedgwicki, @’Orb.

Fisues,

Ptycholepis Bollensis, dgass.
Pholidophorus Germanicus, Quenst.
Belonostomus acutus, Agass.
Pachycormus curtus, 4g.

—_ macropterus, Ag.

— Bollensis, Quenst.
Thrissops micropodius, 4g.
Leptolepis Bronnii, Ag.

Lycodus gigas, Quenst.
Pachylepis, sp.

CEPHALOPODA.

Belemnites incurvatus, Zie?.
Ammonites Lythensis, Young & Bird.
—  capellinus, Quenst.
—  serpentinus, Reinecke.
—_ bifrons, Brug. = Walcotti, Sow.
— communis, Sow,
— crassus, Phill.
—_ Bollensis, Quenst.
—  heterophyllus, Sow.
— cornucopise, Sow.
—  anguinus, Reinecke.

GASTEROPODA.

Pleurotomaria subdccorata, Miinst.
— intermedia, Minst.

1 ¢ Der Jura in Franken, Schwaben und der Schweiz,” p. 47, 1864.
% <Der Jura,’ p. 210, 1858.
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LAMELLIBRANCHIATA.

Ostrea subauricularis, &’ Orb.
Pecten incrustatus, Defrance.
Gervillia Eseri, Oppel.
Avicula striata, Z:et.

Lima galatea, d’Oré.
Trigonia literata, Phill,

Leda ovum, Sow.

Goniomya rhombifera, Goldf.

Posidonomya Bronni, Voltz.

— radiata, Goldf.

- orbicularis, Minast.
Inoceramus undulatus, Ziet.

—_ cinctus, Goldf.

—_ dubius, Sow.
Solemya Voltzi, Rimer.

BracHIOPODA.
Discina papyracea, Miinst, | Spiriferina villosa, Quenst.
EcHINODERMATA
Acrosalenia crinifera, Quenst. Pentacrinus fasciculosus, Schlith.
Pentacrinus Bollensis, Schli¢h.

— Quenstedi, Oppel.

In France the Posidonomya-beds attain a considerable development and are found
in many Departments ; they have been described in the Moselle by M. Terquem,! where
they consist of (a) ¢ Marnes bitumineuses,” (b) * Calcaire noduleuz,” and (c) « Calcaire
gréseux.”’  The petrology of these divisions is certainly distinct, but several of the species
of organic remains are common to the three, and all are characteristic of the lower
portion of the Upper Lias.

In Luxembourg these beds have been described by Drs. Chapuis and Dewalque® as
“ Marne de Grand-Cour,” which consists of a bituminous schist at the base and bluish
marls with calcareous nodules in the upper part. The Marne de Grand-Cour has been
worked at Aubange for the preparation of bitumen, and from these exposures the
remains of Reptiles, Fishes, Crustacea, and Cephalopods have been collected. The
following Ammonites from the lower zone have been figured by these authors:—
Harpoceras serpentinum, Ilarp. Lythense, Harp. complanatum, Phylloceras keteroplyllum,
Lytoceras cornucopie, Stephanoceras Raquinianum, Steph. Holandrei, Steph. mucronatum,
Steph. Braunianum. And from the upper zone : Ilarv. radians, Iarp. Levesquet, Harp.
variabile, Harp. Comense.

In the Department of the Ardennes it has been described by Buvignier as the

upper marls of the Upper Lias; here, likewise, a bituminous schist forms the base, and
marls the upper portion, of the series.

In the Meurthe M. Lavallois describes these strata as

“ Marnes schisto-
bitunincuses.”

-

1 ¢ Paléontologie du Départ. de 1a Moselle, Ext. de Satist. de la Moselle,” p. 20, 1855.
? ¢Lias de la Province de Luxembourg,’ p. 60, 1857.
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In the Yonne M. Cotteau' calls this series * Lias supérieur masse argilo-
bitumineuse.”  The following section, made at Vassy, from the summit of the hill to
the plain which surrounds the town of Avallon, exhibits the sequence and relation of
the Upper, Middle, and Lower Lias as developed in Yonne and described by M. Moreau,
“ Réunion extraordinaire & Avallon (Yonne) Soc. Géol. de France,” 1845 3

1. Alternations of calcareous and marly beds with Harpoceras bifrons, Brug., H. falciferum,
Sow., Lytoceras cornucopie, Sow., Turbo ornatus, Sow., Posidonomya Bronni, Voltz.,
Nucula Hammeri, Defr., Thecocyathus mactra, Edw.

2. Argillaceous schist and beds of argillaceous limestone from 0:01m. to 002 m. thick
alternate throughout this bed; the lower bed, of 0'40m. to 0'80 m., is worked

First Stage : especially for the manufacture of the Ciment de Passy. Veins of the carbonate of

UpPER 4 lime traverse all the mass of the hill, parallel with each other, and directed #®

Las E. 40° N,, like the soulévement of the Cote-d’Or, inclining to the W., where they
rise towards the ancient mass of Morvan. The fossils in these beds are common to
No. 1 and 2.

Harpoceras serpentinum, Rein., Phyll. heterophyllum, Sow., Stephanoceras annulatum,
Stephan. commune, Stephan. Desplacei, d’Orb., Aptychus, Posidonomya Bronni,
| Voltz.,, and the skull and jaws of Ichthyosaurus.
3. Beds of limestone with Gryphea cymbium, separated by thin beds of calcariferous clay.
Belemnites are very abundant, with Amaltheus margaritatus, Mont., Lytoceras
Sfimbriatum, Sow., Pecten equivalvis, Sow., Terebratula quadrifida, Sow., T, ringens,
Seﬁ’::g::-ge" 3 Sow., Riyn. tetraedra, Sow., Rhyn. variabilis, Schloth., Spiriferina Walcotts.
Lias 4, Argillaceous marls, without fossils, with Septaria.
5. Limestone very argillaceous, with Belemnites clavatus, Blain., Bel. umbilicatus, Blain.,
Bel. Bruguierianus, d'Orb., Terebratula numismalis, Lam., Rhyn. rimosa, Spiriferina
L Walcotti, Sow.; Aegoceras Davet, Sow., deg. Henleyi, Sow., deg. hybrida, d’Orb.
6. Limestones with Gryphea arcuata, Lam., divisible into two beds.
' a. Upper bed with Gryphea arcuata, Lam., Arietites Bucklandi, Sow. = bisulcatus,
Third stage : | Brug., Rhyn. variabilis, Schloth.
LE;? 3 b. Lower bed with Gryphea arcuata, Lam., Gryph. Maccullochii, Sow., Arietites
, bisulcatus, Arietites Coneybeari, Sow., Spiriferina Walcotti, and Pentacrinus

lL ' basaltiformis, Mill.

In the Cote d’Or a similar condition of the Posidonomya-beds prevails at Flavigny,
where M. Collenot says® an exposure by erosion shows—First, the zone with Z/arp.
serpentinum resting upon schists containing Gryphea cymbium, and consisting of their
paper-like shales without bitumen. Here are found, also, Stephanoceras Holundrei,
Plylloceras keterophyllum, rarely Harpoceras bifrons.  Second zone with Zarpoceras
complanatum. The rock is less bituminous and more aluminous than the preceding, and
the fossils are large and widely distributed throughout the beds. The third zone is
characterised by Pecten pumilus and Turbo subduplicatus, which is limited to this one

1 ¢ Ftudes sur les Echinides Foss. de Départ. de I'Yonne,’ p. 32, 1849.
2 < Bulletin de la Soc. Géol. de France,” 2e série, tom. ii, p. 664, 1843.
3 ¢ Description Géologique de I’Auxois,’ p. 288, 1873.
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horizon with Hellispongia fasciculafa. The fourth zone, composed of compact marls
with few fossils; is characterised by the presence of Stepk. mucronatum.

In the Istre at Verpillicre and St. Quentin the Posidonomya-beds are formed of
ferruginous layers with very fine fossil shells in a high state of preservation; and the
relation of the Posidonomya to the Jurcnse-zone is likewise very well displayed.
The following species are characteristic of the Posidonomya-beds at Verpillicre :

Belemnites acuarius, Schlith.

Stephanoceras Holandrei, d’ Orb.
Harpoceras bifrons, Brug. — crassum, Phil.
Lytoceras cornucopiee, Young § Bird. — fibulatum, Sow.
Stephanoceras annulatum, Sow.

— ~ subarmatum, Sow.
— commune, Sow. anguinum, Rein.

In the Lotre and the Aveyron the Upper Lias is well developed, and both the
Posidonomya- and Jurense-beds are here found in mnatural superposition. The late
Dr. Reyncs,' after carefully studying these beds in the Aveyronnaise, divided them into
four zoncs, and observed that the faunas have very little affinity with each other,—*“ we
only ascertain but very rarely the appearance of a species beyond the zone in which it
has taken its entire development, and it is still more rare that we sce isolated examples
ever appearing in beds of a later horizon.” To facilitate the stratigraphical and
paleontological study of the Upper Lias this author divided the Upper Lias into four
parts :—1. The zone of Harp. serpentinum ; 2, the zone of Harp. bifrons; 3, the zone
of Lylo. jurense ; and 4, the zone of Harp. opalinum.

1. The schists with Posidonia Bronni are from 3 to 30 metres in thickness; they
split into thin lamine, on which are impressed the marks of fossils, as Apfychus
Lythensis, Harp. serpentinum, Posidonia Bronni, and others. The shells are so much
compressed that it is difficult to restore their former character ; fortunately, however,

these laminated shales contain many large, hard, calcareous, fossilifcrous nodules, which
contain uncrushed shells in good preservation.

On breaking up the nodules the
following species were collected :

Harpoceras serpentinum, Rein.
—  Levisoni, Simp.
Stephanoceras commune, Sow.

Aptychus Lythensis,
Posidonia Bronni, Poltz.
Anodonta Bollensis, Quenst.

“The fauna is not numerous, and none of the species of this list ascend into the zone
of Harp. bifrons. It is true that some paleontologists have considered Jlarp. Levisoni

as the prototype of Iflarp. bifrons. 1In this case they arc under the necessity of
recognising two distinct varietics, the one having a lateral groove, and the other deprived
of that canal; they arc also forced to admit that these two varietics have lived at two
distinct epochs and without any intermixture, and that this modification is made in a

sudden manner with the appearance of the fauna of Ilarp. bifrons. These diverse

1 ¢Essai de Géologie et de Paléontologie Aveyronnaises,’ p. 63, 1868.
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considerations have led me to regard the supposed varicties as distinct species, whatever
may be the affinities or the minglings they have had in common in other countries.”

2. The zone of I/arp. bifrons. *“ This zone is marly, and the change which has taken
place permits us to assign to it a precise lower limit. But it is not so easy to find the
upper boundary, and it is even necessary to make the palaontological characters
intervene ; but we often meet at the base of the zone following with Zyfo. jurense, a
bed of Zissoa—the compressed condition of which gives it the aspect of a true limestone.
It is this bed, the thickness of which is 10—15 centimctres, entirely enclosed in the
marls of the two zones, which appears to form the upper limit of the zone of Zlarp.
bifrons ; it is, in fact, above and below this bed that we observe a considerable change
in the two faunas. The marls are black and entirely argillaceous; and enclose a large
number of species, of which the representatives are distributed according to fixed laws in
different levels of that zone.”

“a. At the base we find S/ephar. Braunianum. 1t is in this horizon that we discover
that fauna so curious and so new, and which is enclosed in a marly bed immediately in
contact with the Posidonia-shales. The marls in which this fauna is enclosed do not
exceed a metre and a half in thickness, and the principal species found here are :

Stephanoceras Braunianum, d’Oré. Lytoceras Argelliezi, Rey.
— crassum, Phill. Aegoceras acanthopse, & Orb.
- Zitteli, Oppel. Harpoceras falciferum, Sow.
Phylloceras subcarinatum, Sow. Nucula Paule.
Lytoceras Nilssoni, Hebert. Cerithium hexagonum,
—  cornucopiz, Sow. Rhynchonella Julii.

“%. In the middle zone we recognise the true station of Zarp. Lifrons, and the fossils
are very numerous.

Belemnites irregularis, Schlith. Aegoceras Gervaisi, Rey.
—  acuarius, Scklith, Harpoceras Erbaense, Hauer.
— tripartitus, Schlith. Plicatula Neptuni.
Nautilus semistriatus, & Orb. Lima gigantea.
Harpoceras falciferum, Sow. — pectinoides.
— bicarinatum, Miinst. Pecten incrustatus.
— bifrons, Brug. Arca Bixa.
Lytoceras Nilssoni, Hebert. Nucula ovum.
Stephanoceras crassum, Phil. — Delila.
- subarmatum, Xoung, Avicula Delia,

— Emilianum, Rey.

“c. The upper part of this zone no longer includes ZJarpoceras bifrons, and we only
meet in this horizon with Zytoceras Nilssoni, Harp. bicarinatum, Harpoceras falciferum,
Harp. Erbaense, Stephanoceras subarmatum, and Phylloceras heterophyllum.

“This remarkable distribution of the species, according to distinct horizons, is almost
general, with rare exceptions, and we are able to assign beforehand to each species the
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position which it ought to occupy in the extent of the marls of the Lias. The same
species are not equally abundant in all localities; and this proves to us that the species
of former times, like those of the present day, did not frequent indiscriminately such and
such regions.”?

In Normandy the lower zones of the Upper Lias have been studied with great care by
Professor Deslongchamps, and many of the remarkable fossils they contain have been
figured and described in his interesting ¢ Mémoire sur la Couche @ Leptena du Lias,
already referred to, p. 119, in correlation with similar beds in the Upper Lias of Glouces-
tershire and Somersetshire. The quarries of Curcy, d’Evrecy, May, &c., near Caen, are
good localities for the study of this zone, and the following section at Curcy affords a
clear exposure of the Upper and Middle Lias in natural position there.

SecrioNn AT Curcy, CALVADOS.

UrpER Lias.

No.

of variable thickness, and containing
many fossils

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

Tuick-
PerrovLogY. NESS. OroAaNIC REMAINS.
meétres.

1 | A very ferruginous, yellowish or red- The fossils belong to the Oolitic beds, and
dish clay, containing rolled Oolitic resemble a like deposit of Drift at Moutiers.
blocks and fossils........................ ?

2 | Alternate beds of limestone and thin Harp. serpentinum, Harp. bifrons, Stephan.
bands of clay, containing many Holandrei.
fossils . ......cooiiiiiiiii ?

3 | Thick masses of very tenacious, greyish, Posidonomya Bronni, Geotheutis Agassizii, Apty-
yellowish or blackish clay, with a chus.
band of calcareous nodules contain-
ing Fishes.................cocooinil, 7to8

4 | «“Couche & Leptena,” a very thin bed of Ter. globulina, Rhyn, pygmeea, Leptena Moorei,
reddish warl, formed of the frag- Lep. liasiana, Lep. Davidsoni, Lep. Bouchurdi,
ments of various fossils, and a singu- |1 to 2| Thecidea Mayalis, sinuata, rustice, Eugenia-
lar assemblage of organic remains ... | deci- crinus, Plicatocrinus, Cotylederma, spines and

metres| plates of Echinide.
MippLe Liss.

5 | “ The Roe,” a sandy saccharoid lime- {métres.| Am. spinatus, Am. margaritatus, Lyt. fimbriatum,
stone, containing many fossils, and Belem. niger, Grypkea cymbium, Spirifering
forming a good horizon ............... 1to 2| rostrata, Tevebratula quadrifida.

6 | Alternate beds of marl and limestone,

Rhyn. tetraedra, Rhyn. acuta, Gryphea cymbium,
Harpax Parkinsoni, Terebratula numismalis,

Rhyn. variabilis, Spiriferina verrucosa, Spirif.
rostrata.

1 Tbid., p. 66.

% *Bulletin de la Société Linnéene de Normandie,’ vol. iii, 1859.




ZONE OF LYTOCERAS JURENSE. 137

The following typical section of the Upper Lias, “/’¢fage Toarcien,” was made by
Professor Alcide d’Orbigny at Thouars, Deux-Sévres, where the daily working of the
beds exposes beautiful natural profiles. The relation of the Jurense and Serpentinum

zones are here likewise well seen @ sifu.

SkctioN ofF THE “ ToarciaN” AT ThHovuars, DEux-SEVRES.
?

| No. PeTROLOGY. T;:L'::' ORGANIC ReMAINS,
—
1 | Thick bed of very white argillaceous lBelemnile.r tripartitus.
. limestone, containing flint ............
* 2 | Limestone and argillaceous clay......... ? | Lytoceras jurense.
i 3 | Alterpate beds of bluish clay and lime- Harpocgras insigne, Harpoceras radians, Belem-
stones, passing at the upper part into nites irregularis.
a ferruginous clay .........c.cceee... | 7
4 (Blueelay ..........oceeiiiiiniiiiiiiens ? | Harpoceras variabile, Belemnites tripartitus.
© 5 | Grey granular limestone... .............. ? Harpoceras Thouarsene.
i 6 | Compact limestone ........................ ? ' Non-fossiliferous.
7 | Thin beds of ferruginous clay ......... Harpoceras serpentinum.
8 | Thick bed of sandy limestone, raised
‘ for building-material..................... ?
| 9 | Bed of foliated saccharoid limestone ... | ?
{10 [ Thick bed of yellow limestone, with
‘ some grains of quartz, the lowest bed
‘ of I'étage Toarcien ..................... ?

15. Tag ZoNE oF Lyroceras JURENSE.

Synonyms.—* Sands of the Inferior Oolite,” Smith, De la Beche, Conybeare, and other
English authors. ‘¢ Jurensismergel.,” Quenst., ¢ Flézgeb. Wiirtemberg,’ p. 599, 1843.
“9° étage Toarcien (pars sup.),” d’Orbigny, ‘Cours élément. de Paléontologie,’ p. 469,
1852 (sect. at Thouars Ato/Z). *“ Zone des dmm. torulosus und Zone des Amm. Jurensis,”
Oppel, ¢ Juraformation,” p. 296, 1856. < Cephalopoda-bed and Upper-Lias Sands,”
Wright, ¢ Quart. Jour. Geol. Soc.,” vol. xii, p. 292, 1856. ‘ Marnes d’Aresche, et
Marnes de Pinperdu, Jura franc-comtois,” Marcou, °Les Roches du Jura,’ p. 119, 1857.
“ Ammonite Sands,” Hull, ¢ Mem. of the Geol. Surv., Country around Cheltenham,’ p,
2, 1857. * Cynocephala stage,” Lycett,  Cotteswold Hills,” p. 16, 1857, * Jurensis
bed,” Wright, ¢ Quart. Jour. Geol. Soc.,” vol. xiv, p. 25, 1857. * Lias Zeta,” Quenstedt,
‘Der Jura Uebersichtafel,” p. 293, 1858. “Zone of Am. Jurensis,” Wright, ¢ Oolitic
Asteroida, Pal. Soc.” Vol. 1862. “Midford Sands,” Phillips, ¢ Geol. of Oxford and the

Valley of the Thames,” p. 118, 1871.
This younger member of the great Lias formation is well developed in the counties

1 ¢« Cours Elément. Paléontologie,’ tom. ii, p. 469.

18
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of Gl’oucester, Somerset, Dorset, and at Blue Wick, or Blea-Wyke, near Robin Hood’s

Bay, on the Yorkshire coast. It may be most advantageously studied in the fine section

at Frocester Hill, and in other smaller exposures in the Nailsworth and Brimscombe
Valleys in Gloucestershire. The following section of Frocester Hill, near Stonehouse,

affords one of the best types of the zone of Zyfoceras Jurense in the county of Gloucester.

Fi6. 8.—S8ection of Frocester Hill, near Stonchouse.

Harpoceras Murchisona.
Harpoceras opalinum.
Lytoceras jurense.

Harpoceras bifrons.

a, b, c. Inferior Oolite; 70 feet.

Zone of Harpoceras Murchisone.

. Zones of Harpoceras opali-
p, k. Calcareo-ferruginous sandstone (Cephalopoda hed) ; 6 feet.

num and Lytoceras jurense,
?. Grey, vellow, and brown sands, with inconstant, concretionary bands of calcareous sand-

stone; 150 feet? Zone of Harpoceras bifrons.

6. Upper Lias shale; 80 feet. Zone of Harpoceras serpentinum.

H. Marlstone ; hard calcareous sandstone, resting on brown and grey sands, with bands and
nodules of ferruginous sandstone ; 150 feet.

Zone of Amaltheus margaritatus.
1. Middle Lias shale,

Zone of Aegoceras Henleyi.

In very few localities, where the sands are exposed along the escarpments of the
Cotteswolds or in the beautiful valleys intersecting these hills, are they found to contain
organic remains; but fossiliferous seams have, however, been discovered at Frocester,
Brimscombe, Nailsworth, Uley Bury, North Nibley, and Ozleworth, and doubtless will
be detected in other localities in this neighbourhood when the strata are exposed.

The fossiliferous bed at Nailsworth lies near the base of the sands 4 or 5 feet above
the Upper Lias clay, and consists of a fine soft ferruginous marly sandstone, of a rich
brown colour, containing much peroxide of iron, with many shells, mostly of the same -
species found in the Cephalopoda-bed at Frocester. The difference between these
two beds is important, and deserves to be noted, as the Cephalopoda-bed at Frocester
overlies the sands, whilst the fossiliferous bed at Nailsworth underlies them near their
base, clearly proving that the sands and Cephalopoda-bed form one stage.

In Somersetshire the Juremse-zone is met with in several sections south of the
Mendips, resting upon the Crania-clays of the Upper Lias, as in the section at Straw-
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berry Bank, Ilminster, alrcady described at p. 119; where the rock consists of alternate
strata of clay and stone, in which are found Zwrpoceras insigne, Harpoceras variabile,
and f. opalinum, var. Moorei. These Ammonites have not migrated, as some geologists
state, from the Upper Lias sea into the Cephalopoda-bed of the sands above, inasmuch
as neither of the species are ever found in the Serpentinum and Bifrons zones, but are
truly characteristic forms of the Jurense-zone, of which they form the leading species.

South of the Mendips the sands attain a thickness of 160 feet, whilst north of that
range they diminish much, are extremely variable, and are absent in several localities.
Near Bath they are about 40 feet thick, and are well exposed in the railway tunnel under
Combe Down; also at Midford, near the late Dr. William Smith’s house, hence the
origin of the name, “ Midford Sands.” S

In Dorsetshire this zone is found in several localitics. I have carefully examined
it in the following; at Chideock IIill, between Bridport and Charmouth, it is exposed
near the summit, and consists of a very fine sandy rock of a light yellow colour, some-
times micaceous, in which I found good specimens of the following Ammonites,
Harpoceras insigne, Ilarp. variabile, and Ilarp. opalinwm, all characteristic species in
good preservation. From Burton Bradstock I have obtained some large Harp. opalinum
and Harp. variabile in a fine yellow sandy matrix ; the sands here attain a considerable
thickness, and have several inconstant bands of sandstone intersecting the deposit.
At the east side of Bridport ITarbour there is a magnificent coast section of the sands,
estimated at upwards of 200 feet in thickness; and betwcen Bridport Harbour and
Burton Bradstock there are several good quarry sections, which show the upper rag-
stones of the Inferior Oolite resting upon the Cephalopoda-bed. These two rocks so
closely resemble each other in their petrology, that, but for the organic remaius they
contain, it would be impossible to separate them. Fortunately, however, the Inferior
Qolite contains many Ammonites, Bivalve shells, Echinides, and Corals, which are
typical of the Lower Oolitic beds, so that the divisional line between them can be surely
drawn by palontological evidence where lithology fails to do so. At the west side a
fault has depressed the sands, which are here overlain by thin beds of Inferior Oolite and
Fuller’s Earth. Near Yeovil several instructive sections of the sands are exposed in the
railway-cuttings around that town, and in the neighbourhood of Sherborne the sands are
about 140 feet thick.

My friend Dr. Lycett, in his notes on the Ammonites of the sands intermediate to the
Upper Lias and Inferior Qolite, intending to afford a concise analytic examination of tleir
natural-history, characters, and geological distribution, assumed that it had been generally
considered that all the species belonged to the lower horizons of the Upper Lias, but
this was not the teaching of my Memoir, in which, by many scctions and carefully
prepared lists of the palezontology of the Upper-Lias sands' in the counties of

! “Notes on the Ammonites of the Sands intermediate to the Upper Lias and Inferior Oolite,”
“Traus. Cotteswold Naturalists’ Club,’ p. 3, 1862.
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Gloucester, Somerset, Dorset, and York, the Cephalopoda-bed and its underlying
sands were shown to represent a well-marked horizon with specific forms of Ammonoida
that were found peither in the Alum-shale or Bifrons-bed below, nor in the Inferior Qolite
or Murchisone-zone above, and certainly represented a horizon of life, the correlative of
the Jurensis- Mergel of Quenstedt.

The late Professor John Phillips' proposed the name “ Midford Sands’ for “ the last of
the Liassic strata to which the Inferior Oolite had not quite relinquished its ancient claim.
.« «« They are covered in many districts of the south of England by calcareous and
shelly beds, which on first view appear naturally associated with the Oolitic rocks above ;

but they contain many fossils which are frequent in the Sands and not common in the
Oolites

If we wish to draw a hard limit of mineral deposits it should probably
be between the sand and its calcareous cover (which is often absent), but if we desire to

study organic sequence we shall unite the sands and their shelly cap into a transition
group. In this point of view the facts which have come out by inquiry are very
instructive. Taking first the group Cephalopoda, we find some of the well-known
species of the Upper Lias to be continued through the sands into the shelly bed above,
as Ammonites bifrons, A. opalinus, A. striatulus, A. comcavus, Belemnites compressus,
B. irregularis, B. lripartifus. On the other hand several Conchiferous Molluscs, which
occur with these Cephalopoda, have decided Oolitic and not Liassic affinity. Such are
Hinnites abjectus, Trigonia striata, Modiola Sowerdii, Pholadomya fidicula. Before the
Liassic life has come to an end the Oolitic life has begun; a point of great importance
in the reasoning on the causes of successive variation in the oceanic population, and one

which will come before us again on several occasions while following the course of Oolitic
time. The Cephalopoda-bed . . . . is not known in the valleys of the Cherwell or
Evenlode, and very partially in any of the branches of the Windrush, Coln, or Churn.

But on the western front of the Cotteswold cliffs it extends from Cleeve-Cloud to
Wotton-under-Edge, appears on the Dorsetshire coast, near Bridport, and is recognised
in France.” ‘

In the paleeontological table which accompanies this section it will be shown that
Harp. striatulum and Harp. opalinum are not found in the Upper Lias properly so called,
but appertain to the Jurense-bed, and that Iarp. difrons is a leading fossil of the clay
bed of the Upper Lias, but is not found in the Jurense-zone unless as a fossil washed out
of an older bed and redeposited in a newer formation.

Dundry Hill, near Bristol, 769 feet in altitude above sea-level, is the most westerly
outlier of the Cotteswold range, from which it is nine miles distant ; this is a locality of
great interest to the naturalist, as it affords capital sections of the Jurassic strata,
admirable examples of rock-sculpture by denudation, and a commanding point for
surveying the grand panorama in the midst of which it stands. The following profiles
of this hill show its structure very clearly.

! * Geology of Oxford and the Valley of the Thames,” p. 118, 1871.
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Fra. 9.—Section across Dundry Hill, showing its cap of Inferior Dolite.

a. Inferior Qolite. d. New Red Sandstone.
5. Upper Lias. g. Quarries of Oolitic Limestones.
¢. Middle and Lower Lias. s. Origin of the springs of water.

Fic. 10.— Lateral profile of Dundry Hill.

7. Preestone Building Oolite, 12 feet. 1. Ironshot Pleurotomaria Bed, 2 feet.
6. Fine-grained Oolite 4 , a. Upper Lias Sands 2-3 ,,
5. Shelly Ragstones 8 , b. Upper Lias Clay 4 ,
4 & 3. Rubbly Shelly Limestones, 12 ,, ¢. Middle Lias 1,
2. Zone of Harp. Sowerbii 3 d. Lower Lias 369 ,,

The Oolitic rocks exposed at the summit of the hill belong to the Inferior Oolite,
which, in the south of England, admits of a division into three zones of life. The lower
resting upon the Upper-Lias Sands has Harpoceras Murchisone as its leading fossil ;
the middle contains a large assemblage of Mollusca, among which the Ammonoida
predominate, and these chiefly belong to Stephanoceras Humphriesianum, Stepk.
Brongniarti, and Steph. Brocchii ; the upper zone is characterised by Cosmoceras
Parkinsoni, Perisplinctes Martinsii, and Oppelia subradiata, with many Echinidee and a
large series of reef-building Corals. These three subdivisions are rarely all found
together in the same locality, but the order of their sequence in nature is, as stated, in
Dundry.

1. In the ironshot shelly beds are many Lamellibranch Molluscs and a rich assem-
blage of Pleurotomarias. These are covered by the second Ammonite-zone with
Stephanoceras Humphriesianum. Many of these are beautifully preserved Ammonoida
with the shell entire, the mouth-processes developed, and the Aplychi in siti, as Steplan.
Humphriesianum, Steph. Brocckii, Steph. Brongniarti, Steph. Blagdeni, Steph. Gervillez,
and others. The Conchifers beds 3 and 4 contain Harpoceras Sowerbii and a large
sssemblage of Lamellibranchs with Echinide and Anthozoa belonging to the middle
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beds of the Inferior Oolite. The Ragstones rest on them, and here appear for the first
time small Cosmoceras Parkinsoni, Pleurotomaria proteus, Pholadomya Ieraulti,
P. ovulum, Ceromya Bajociana, Terchratula perovalis, Ter. spheroidalis, Ter. globata,
Rlyuchonella spinosa, Rhyn. plicatella, with Tchinoderms, as Magnotia Forbesii,
Stomechinus tntermedius, Echinobrissus clunicularis, and IHolectypus depressus, all forms
of Echinida found for the first time in the Parkinsoni-beds.

The fine-grained oolite or building-stone, No. 6, resting upon the preceding, which
much resembles Portland stone, is extensively raised as a valuable building material.

The coarse oolite or Freestone beds are the highest sct of strata observable at Dundry
Hill.  Shells are not common in these rocks, but several Corals are here located, as
Isastrea explanata, Stylina solida, Thamnastrea Defranciana, Latomeandra Flemingii,
Isastrea tenuistriala, with Crinoids as Penfaucrinus Miller:.

The Oolitic rocks rest upon the Upper-Lias Sands, «, or zone of Lyfoceras jurense,

which is seen at the western side of the hill. The sands are only from 2 to 3 feet in

thickness, and contain dwarfed specimens of Modiola plicata, Pholadomya fidicula, Lima
bellula, Belemniles irregularis, Bel. compressus, and small Harp. insigne, so that this

arenaccous deposit, which attained 80 fect in thickness at I'rocester and 125 feet at
Wootton-under-Edge, has almost disappeared at Dundry.

The zone of Ilarpoceras bifrons is fecbly developed at Dundry, only a few small,
dwarfed specimens of Harp. bifrons, Stephan. commune, Belemnites triparfifus, with a
Pholadomya, and a Modiola, have been found in these Upper Lias clays.!

The Middle Lias is here fecbly represented, and in this respect presents a remarkable
contrast to the great development this division attains in the escarpments of the Cotteswold
Hills, and iff the country around Bath.

The Lower Lias in the Dundry district is wcll seen at Bedminster Down, Keynsham,
Whitchurch, Queen Charlton, Norton Malreward, Winford, and Barrow ; in ascending
from all these localities to the summit of the Hill we pass in succession from the Red
Marl at Bedminster, over the Avicula contorta, Planorbis, Bucklandi, Turneri, and
Obtusus-beds, which have a collective thickness of 450 feet.

I beg to refer the student to the section of the Bucklandi-beds at Saltford, near Bath,
pp- 36 and 37, and of the Planorbis, and Avicula-conforta-beds in the same cutting, as
affording all the details of these strata yet known on the subject in this district.

Those readers who may be interested in the Palontology of the Dundry district will find in the
¢ Proceedings of the Bristol Naturalists’ Society,” vol. i, p. 9, new scries, 1874, a most valuable memoir by
Mr. E. B. Tawney, F.G.S,, entitled “ Museum Notes—Dundry Gasteropoda.” This paper contains a list

of sixty-four species, many of which are beautifully figured for the first time, and the whole are most

minutely and accurately described. It is an important addition to British Jurassic paleeontology.

1 For full details on the Dundry Hill section, I beg to refer to my friend Mr, R. Etheridge, F.R.S.,

notes on Dundry Hill, in my Memoir on the ““Subdivisions of the Inferior Oolite,” ¢ Quart. Journ, Geol.
Soe.,’ p- 21, vol. xvi, 1860,
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Whilst this sheet was passing through the press my esteemed friend Mr. W. W.
Stoddart, F.G.S., of Bristol, kindly sent me a detailed section of Dundry Hill, measured
by himself, with the vertical thickness and barometrical height of the chief beds in the
section in feet. This I have endeavoured to embody in the form adopted in this work ;
and I thank my friend for the same.

Section of Dundry Hill. Dip 20° N.N.E.

Periop. Zone. No. STRATA. T‘;li:::::s];. f A‘\Lm;{":lz:;_
ft. in. ft.
r PARKINSONI { 1 | Freestone ...................ec.eeo. 16 9 769
about 23 feet 2 | Ragstone ........ccc....ccoeernnnnn. 6 0 i
(1 3 |Coral.c.ccueviniiiiiiiniiiinnan, 1 0 '
| [NFERIOR O 4 | Echinus.............c.ooooiiiininnn 1 6
| INFERIOR TOLITE 3 | HympurigstaNuM | | 5 | Brachiopoda ....................... 4 8
about 20 feet 6 | Conchifera ........................ 8 0
7 | Cephalopoda................ ... 3 0
8 | Ironshot ..............cc.oceennnien 2 0 614
JUREXNSE . |
about 2 feet } 9 | Midford Sands ..................... 2 0 |
| Brrrons 10 | Upper Lias ...............coeeeeee | 4.0
4 feet ”
Hexievi 11 | Middle Liss .........oooooorrrecens 10| 528
1 foot
Las ... OBTUSUS . 0
J about 80 feet } 12 | Limestone and Marls ............ 80 0
TuRNERI 13 | Limestones and Marls ............ 24 0
about 26 feet { 14 | Limestone................ccceeeeeen | 23 367
BucKLANDI P 120 0
about 120 feet } 15 | Limestones and Marls ............
PLANORBIS . 1 1143 0
| about 143 feet } 16 | Limestones and Marls...........
AVICULA CONTORTA - | Argillaceous Limestones and
BRATIC o { about 65 feet } 17 Clays.......coovviiiiineiinne 65 o0 150
|
' Kevese - l
TRIAS ..o { about 78 feet } 18 | Variegated Marls ... ........
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It is now twenty years ago since I discovered the Jurense-zone at Blue Wick, near
Robin Hood’s Bay, on the Yorkshire coast,! beneath a rock which I considered the
equivalent of the basement bed of the Dogger or Inferior Oolite. It was a yellowish sand-
stone, containing several seams of small round pebbles, which lie near the bottom. The
pebbly conglomerate is about 4 inches in thickness, and occurs at intervals. The
sandstone contains fragments of Belemnites, Cerithia, and Monotis nitescens, Simp. The
bed is about 5 feet thick, and lies on No. 1, a band of dark friable shale, resting
on a hard ironstone band full of fossils. This bed is very micaceous in parts, and many
of the shells are stained with ferric oxide. I found Zerebrafula trilineata, Young and
Bird, in clusters in the sandstone, with Belemnites compressus, Voltz, Bel. irreqularis,
Schloth., Trigonia Ramsayi, Wright, and Rhynchonella cynocephala, Rich. These species
occur also in a ferruginous secam of sandstone at Glaizedale. 'This bed is 18 inches
thick, and rests on No. 2, the Yellow Sandstone, which is well exposed at Blue Wick.
It consists of irregular layers of soft yellow sandstone, unequally indurated; some
portions weather out and leave hollows in the cliff, whilst others are fine-grained,
yellowish, highly micaceous, thick-bedded, and variously jointed. The upper part of this
rock is ochraceous, and contains fossiliferous seams. Here I found in one large block
Harpoceras Comense, von Buch, Harp. insigne, Schiibl., Goniomya angulifera, Sow.,
DMonotis inequivalvis, Sow., Trigonia Ramsayi, Cerithium sp., Turritella sp., Astarte
sp., Gresslya piyguis, Glyphea Birdii, Bean. This bed is about 20 feet in thickness.

No 3, the Serpula-bed, a fine-grained greyish-yellow sandstone, which forms a
reef, dips gently to the south-east, and presents a low escarpment to the north; it is
regularly jointed, and the exposed upper surface contains masses of Serpula dipleza,
Bean, Vermetus compressus, Will., Pecten intercostatus, Wright, Harpoceras Aalense, Ziet.
(var. Moorei, Lyc.), and Heterocidaris Wickensis, Wright. ~ This bed is 10 feet in
thickness ; the upper 4 feet are most fossiliferous ; in the lower six feet the same species
of shells are sparsely distributed.

No. 4, the Lingula-bed or grey sandstone is a soft argillo-micaceous sandstone of
a bluish-grey colour, and partly fissile. This rock is divided by long joints, and forms
“scars” at Blue Wick. Its upper, fissile portion is fossiliferous, and contains Lingula
Beanii, Phil., Discina refleza, Sow., and Monotis nitescens, Simp. About the middle of
the bed a layer of small nodules occurs, fragments of Crustacea, Glypkea Birdii, Bean,
and Glyphea, n. sp., allied to rostrata, are found in these nodules. The lower portion is
rough and sandy, and passes into hard, argillaceous, nodular layers: I collected
the following species from the sand : ’

Harpoceras Aalense, Ziet.
- variabile, &’ Orb. Cerithium quinque-puunctatum, Deslong.

Belemnites compressus, Voltz. — vetustum, Phil.

Mytilus Wickensis, Wright.

! “Quart. Journ. Geol. Soc.,” vol. xvi, pp. 3 and 4.

Alaria Leckenbi, n. sp., Wright.

_ irregularis, Schloth.
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Pecten Wickensis, Wright.
Goniomya angulifera, Sow.
Pholadomya fidicula, Sow.

— obliquata, PAil.
Monotis substriata, Miinst.
Gresslya peregrina, Phil.
Gervillia Hartmanni, Goldyf.
Pinna cuneata, Bean.

Cucullea cancellata, Ph:l.
Lingula Beanii, PhAil.
Rhynchonella cynocephala, Rich.
Discina reflexa, Sow.
Terebratula trilineata, Foung § Bird.
Glyphza Birdii, Bean.

—  n. sp. allied to G. rostrata.
Heterocidaris Wickensis, Wright.

No. 5, hard argillaceous shales with layers of nodules, which lie at the base of the

sand, and rest upon the Alum-shale.

In this band, however, are found certain species

of Ammonoida not met with in any other rock on the Yorkshire Coast, and they are all
leading fossils of the zone of Lytoceras jurense, Zict., as

Lytoceras jurense, Zzet.
Harpoceras insigne, Schdbl.
—  variabile, &’Orbig.
—  Aalense, Ziet.
—  striatulum, Sow. »

Monotis substriata, Miinst.
Goniomya angulifera, Sow.
Discina reflexa, Sow.

Lingula Beanii, Pkil.
Rhynchonella Jurensis, Quenst.

The dark-grey calcareo-argillaceous nodules rest on the clays of the Upper Lias,
or the true Alum-shale containing Stephanoceras crassum, Steph. comumune, Steph.

Jbulatum, Leda ovum, and Trigonia literata.

Fossils of the Zone of Lytoceras Jurense.

Vertebree of Ichthyosaurus.

‘ Lytoceras Jurense, Ziet.

—  hircinum, Scilith.
Harpoceras insigne, Schibler,

- Comense, von Buck.
- Aalense, Ziet.
— discoides, Ziet.
— Thouarsense, d'Orb.
—_ striatulum, Sow.
- radians, Reinecke.
- Raquinianum, &’ 0rb.
- Levesquei, d’Orb.

Teeth of Hybodus.

CEPHALOFPODA.

Harpoceras Leckenbyi, Lye.
— variabile, &’ Orb., var. Beanii, Simp.
— variabile, d’Ori., var. dispansum,
Lye.
— obliquatum, Yowny & Bird, the
aged form of variabile,
Nautilus latidorsatus, &’ Ord.
Belemnites compressus, Fol¢:.
— tripartitus, Sc/loth.
—  irregularis, Sclloth.
— Nodotianue, d’'Ord.

19



146 THE LIAS AMMONITES.

Pleurotomaria subdecorata, @’ Orb,

Chemnitzia lincata, Sow.
*Turbo capitaneus, Miinst.

*Lima bellula, var., Lyec. §& Mor.

*Modiola plicata, Sow.

*Perna rugosa, Miinst.

*Hinnites abjectus, Phil.

*Pecten articulatus, Goldf.

*Gresslya abducta, Phil.

* —  conformis, dgass.
Myacites arenacea, Lye.

*Homomya crassiuscula, Lyec.
Goniomya angulifera, Sow.

*Myoconcha crassa, Sow.

*Cypricardia cordiformis, Desh.

*Pecten comatus, Miinst.

Opis carinatus, Wright.

* — lunulatus, Sow.
Cypricardia brevis, Wright.
Cardium Hullii, Wright.

—  Oppelii, Wright.
Cucullaca ferruginea, Lye.

Terebratula subpunctata, Dav.

— trilineata, Youny.

In the above list the species marked with an asterisk are found likewise in the
Inferior Oolite ; but the specimens from the sands are nearly all dwarfed forms, showing
that the physical conditions under which they lived were unfavorable to their development.
The stunted growth of the stationary Lamellibranchs forms a striking contrast to the
size, number, and variety of the locomotive Cephalopods interred with them in the same
bed ; the dawning existence of the former appears to have been a struggle for life, whilst
the conditions under which the Cephalopods existed were favorable to their continuance
in time, as shown by the number of species and individuals found in the Frocester beds ;

. their life, however, was abruptly brought to a termination by some great physical change
which took place about the commencement of the deposition of the Oolitic formations.

Forcign correlations. — The Jurensis-mergel was first pointed out by Professor
Quenstedt* as the uppermost member of the ‘Shwarzer Jura,” its importance In

GASTEROPODA.

Trochus duplicatus, Sow.
*Natica adducta, Phil.
—  Oppelensis, Lyc.

LAMELLIBRANCHIATA.

Cuculleea oliveeformis, Lyec.
*Lima electra, d’Orb.
Unicardium, nov. sp.
Tancredia, nov. sp.
Trigonia Ramsayii, Wright.
* —  atriata, Sow.
—  costata, Sow.
Pecten textorius, Goldf.
*Pholadomya fidicula, Sow.
—_ arenacea, Lyc.
Lima oroata, Lyec. MS., nov. sp.
Astarte lurida, Sow.
—  excavata, Sow.
— detrita, Goldf.
—  complanata, Roemer.
—  rugulosa, Lye.
Gervillia fornicata, Lye., MS.
* — Hartmanni, Goldf.
Nucula Jurensis, Quenst.

*

BracuIOPODA.

Rhynchonella cynocephala, Rich.
— Jurensis, Quenst.

1 ¢ Flozgebirge Wiirtembergs,” pp. 267 and 539, 1843.
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Wiirttemberg as a distinct horizon demonstrated, and its leading fossils, Lyt. Jurense,
Harp. insigne, Harp. radians, Bel. digitalis, and many others special to this zone, found
at Balingen, Heiningen, Wasseralfingen, and other localities, were described. Upon the
hard grey marls with Zyt. Jurense follow in Swabia beds of dark clay with Lyt. foru-
losum, as at Laufen and Metzingen. In Baden,' as at Langenbriicken and Mingolsheim,
light grey calcareous marls with Zyt. Jurense, Harp. radians, Bel. irregularis, Bel.
tripartitus, and Bel. acuarius, rest upon the Posidonomya-clays and form the uppermost
beds of the Lias in this region.

In North Germany the Jurense-zone has been described by von Strombeck, Ewald,
and Credner as found in the Helmstedt, Halberstadt, and Harzburg Jura, and in all

these yielding its leading fossils as Lyt. Jurense, Harp. insigne, Lyt. hircinum, Harp.
variabile, Harp. striatulum, and Bel. irregularis.

M. Terquem® has described a “ Grés supra-liassique ou marly sandstone,” ncar
Metz, Moselle, which appears to represent this zone, as he has collected therefrom, in the
environs of Thionville and at Longwy, several of the characteristic fossils of the Jurense-
bed, as Harp. insigne, Harp. radians, Bel. tripartitus, together with Gastropods and
Lamellibranchs belonging to this horizon.

At Silzbrunnen, Lower Elsace, my friend Professor R. Lepsius® has described the
Jurensis-Mergel. The fossils he found were in very good condition, and the Ammonites
had their shells well preserved. In the marl the group of Harpoceras radians was the
most abundant. Here he collected likewise ZLyf. Jurense, Lyt. hircinum, Harp.
wnsigne, Harp. Aalense, Harp. subplanatum, Harp. discoides, with Nucula Hammeri, Lima
Galatea, Lima duplicata, Pecten textorius, Pentacrinus Jurensis, and Diaslopora
liasica. ‘

On the right bank of the Drome, in the quarries of Suble, ncar Baycux, above the
calcareous and argillaceous strata, with Harp. bifrons and Steplan. commune, M. H. Harlé?
discovered marly beds, two métres thick, containing Harp. opalinum, llarp. radians, Ilarp.
Comense, Harp. variabile, Bel. tripartitus, Bel. abbreviatus, Bel. longisulcatus, and Riyn.
ringens, which evidently represent the Opalinum- and Jurense-zones in Calvados.

At Thouars, Deux Stvres, it will be scen (p. 137) that the strata Nos. 1—6
represent the Jurense-zone, which here rests conformably on the Serpentinum-beds. At
Verpilliere and St. Quentin (Istre) Dr. Oppel® collected Ilarp. radians, larp. costula,
Harp. Thouarsense, Harp. Comense, Harp. insigne, Harp. Aalense, Ilarp. comptum,
Harp. variabile, Lyt. Jurense, and Lyt. hircinum.

1 Leonhard, ¢ Geognost. Skizze des Grossherzog Baden,” p. 98, 1861.

2 ¢ Paléontol. du Départ. de la Moselle,” p. 23, 1855.

3 Beitrige zur Kenntniss der Juraformation in Unter-Elsass,’ p. 13, 1875.

3 ¢ Apercu de la const. géologique du Dép. Calvados,” Annuaire, 1853.

5 < Juraformation Englands, Frankreichs, und des S.-W. Deutschlands,’ p. 233, 1856.
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M. Marcou,! in his ¢ Jura Salinois,” has described some beds as ¢ Marnes a Trochus
ou de Pinperdu,” which contain the leading fossils of the « Jurensis- Mergel.”” Tn other
Departments of France the same species of Ammonites have been collected, as, for
example, near Fontenay (Vendde) ; Charolles, Saone-et-Loire ; Mont d’Or, near Lyons,

Rhone ; Semur, Cote d’Or; &c., so that the Jurense-zone forms a well-defined horizon of
life in the uppermost portion of the Upper Lias of France.

16. ZoNE oF HARPOCERAS OPALINUM.

“ Opalinus-Thone,”  Quenstedt, ¢Flozgeb. Wirtemb.,” pp. 281, 539, 1843.

“Schict. des Am. torulosus,” pars, Oppel, ‘Jura-Formation,” p. 306, 1555.
Am. opalinus,” Reynés, ¢ Géol. et Pal. Aveyron,” p. 63, 1868.
pars, Dumortier, ‘Bassin du Rhone,” tom. iv, p. 278, 1874.

“Zone a
“Zone a Am. opalinus,”

“Thone der Trigonia
navis,” pars; “Zone des “Am. torulosus” Lepsius, ¢ Jura-Formation Unter-Elsass,

pp- 3, 14, 1875.

This zone was formerly grouped with the Cephalopoda-bed at Frocester; but, as it
contains some species which are limited to this horizon and are associates of Ilarpoceras
opalinum, 1t is best to treat it as the highest zone of the Lias. At Haresfield it forms a
thin band of hard, ferruginous marl, which lics at the base of the Inferior Oolite in
conformable position thercto.  From this 1 have collected /larpoceras opalinum, Rein.,

Macrodon Ilirsonensis, d’Arch., Terebratula punctata, David., var. Rhynchonellu cyno-
cephala, Rich., Rhyn. furcillata, Théod.

I have had few Ammonites from this bed, and
the other shells are not abundant.

At Frocester Hill the upper portion of the Cephalo-
poda-bed contains several Ammonites, which have been described and figured by my old

and estecmed friend Dr. Lycett.” One of these, /Jarp. Moorei, appears to rescmble so much
several specimens of Ilarp. opalinum from Gmiind, Boll, and Gundcrshofen, that I have
no hesitation in regarding Harp. Moorei as a variety of Harp. opalinum, the form of
the keel and the fine lines on the shell clearly showing the affinitics. These localities are

the only two I know in Gloucestershire, where this Ammonite is found. In Dorsetshire

I have collected large beautiful specimens at Burton Bradstock, and at Chidcock Hill,
ncar Bridport, and have always found this species immediatcly beneath the Inferior
Oolite. Yrom the Iaresficld bed I have taken a piece of rock having the impression of

Ilarp. opalinum on its underside, whilst the block itself contained Inferior Oolite
fossils; a fact which may afford an explanation how this Ammonite is considercd by
some to be an Oolitic specics, and the progenitor of Iarp. Murchisone. The Opalinum-

1 ¢ Jura Salinois,” pp. 54 and 66, 1846,
? ¢ The Cotteswold Hills Handbook,’ p. 122, pl. i, fig. 2, 1857.
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bed at Haresfield and Frocester appears to be the boundary-line between the Lias and
Inferior Oolite. In some lists of fossils I observe Am. forulosus entered as a species
found at Frocester Hill ; this, in my judgment, is a mistake. LyZ. kircinum occurs there,
and may have been mistaken for it : I have not yet seen Lyt. forulosum in any English
stratum or collection.

At Blue Wick, near Robin Hood’s Bay, Yorkshire, this zone is represented by a
band of dark friable shale, in parts micaceous and stained with ferric oxide, and
containing ZTerebratula trilincata, Rhynchonella cynocephala, Trigonia Ramsayi, Belem-
nites compressus, and Bel. irregularis. 'The same species occur in a ferruginous seam of
sandstone at Glaizedale, measuring eighteen inches in thickness, so that this bed in the
north, as in the midland counties, is only feebly developed.

Foreign correlations.—The * Opalinus-Thone *’ was well described by Prof. Quenstedt,!
as it occurs in Swabia, and Am. opalinus, Am. torulosus, Bel. tripartitus, Trigonia navis,
Gervillia pernoides, Cardium striatulum, Mya angulifera, Nucula Hammeri, and Astarte
lurida were enumerated as its leading fossils.

Dr. Oppel® found the beds in Wiirttcmberg in the Swabian Alps ; and near Gmiind,
Boll, Metzingen, Gomaringen, and Miissingen, in Bavaria, in the neighbourhood of Altdorf,
and Neumarkt, and in Baden, néar Kander. Many of the leading shells figured by Gold-
fuss in his ¢ Petrefacta Germania’ were collected from this bed at Banz, and near Boll.

In North Germany this zone has been detected in many localities.  Reinecke® first
figured Hurp. opalinum from a specimen collected near Alten-Banz, Coburg. Rollet
recognised the stratum near ITildeshcim, Goslar, and Quedlinburg, and first compared
the fossils he collected from these beds with those he had found in strata of the same
age in Swabia. Von Strombeck® discovered the zone near Schoppensted, and Ewald®
found the same near Hoym in Saxony. Von Seebach’ met with this horizon ncar
Wentzen, at the southern margin of Ilils, and likewise in a railway-cutting south-cast of
Greene, from which he obtained a collection of its leading fossils, including Zyt.
kircinum and Harp. opalinuim.  Dr. Lepsius® carefully studied this zone in TLower
Elsace, and has given an exhaustive account of the beds in his interesting memoir. I
had the pleasure of showing my friend the Frocester Iill section of the Cephalopoda-
bed and Jurense-sands, and he at once recognised the marked lithological resemblance
they had to their corrclative zone in Lower Elsace, upon the study of which he was then
<£ngaged.

1 «Flozgebirge Wiirtembergs,” pp. 243 and 539, 1843.

% ¢ Juraformation,” p. 308, 1856.

3 ¢ Maris protogaei Cornu Amm. in Agro Coburgico,’ pl. i, fig. 1, 1818.

# <Versuch einer Vergl. des Norddeutschen Lias mit dem Schabischen,’ 1853.

8 “Thon mit Am. opalinus,’ Zcitschr. d. Deut. geol. Gessell., vol. v, p. 102, 1853.
8 ¢Schict. des Am. opalinus,’ Sitzber. d. Berlin Akad., April, p. 350, 1359.

7 ¢Der Hannoversche Jura,” p. 3, 1864.
8 < Der Juraformation in Unter-Elsass,” p. 4, 1875.
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In France Harp. opalinum and Lyt. torulosum, which may be regarded as the
leading fossils of this zone, have been collected at Vassy, Yonne; at Villenote, near
Sémur, Cite d’Or; at Salins, Jura; and Besangon, Doubs; at Amende, Lozere; at
Fontenay, Vendée; and at Charolles, Sadne-et-Loire; and I obtained a number of
Ammonites from Milhau, Aveyron; which all belong to the same zone. Dumortier! has
given a list of several localities in which he has found this zone in the Rhone Valley, and
has especially noted la Verpillicre, Isere; where the workings for iron-ore in this region
bring the many beautiful fossils of this zone into collectors’ hands, as Belemaites eailis,
Bel. tricanaliculatus, Bel. Dorselensis, Bel. pyramidalis, Nautilus lincatus, Harp.
opalinum, Harp. Aalense, Harp. mactra, Harp. costula, Harp. fluitans, Ilarp. sub-
wnsigne, Harp. crassifulcatum, Harp. Briordense, llarp. Allconi, Harp. Lorieti, Harp.

Jallaz, Lyt. hircinum, and Lyt. torulosum, all of which Dumortier refers to the Opalinum-
zone.

Tae INrERIOR OOLITE AND ITS AMMONITE-ZONES.

The zone of Harpoceras opalinum is so closely related to that of Jlerpoceras

Murchisone that 1 consider a short account of the latter a proper complement to my
sketch of the Upper Lias. The affinities and differences between these two formations

will then be placed fairly before the student, and the reasons be made evident for my
definition of the limits of the Lias formation.

. Leckhampton Iill, near Cheltenham, exhibits one of the most typical sections in
Gloucestershire of the three sub-divisions of the Inferior Oolite, where the following beds
are admirably exposed :—Fig. 11, Nos. 1, 2, and 3 represent the zone of Cosimoceras Par-
kinsoni ; No. 4 the zone of Stephanoceras Iumphriesianum ; Nos. 5, 6, and a, B, ¢, the zone
of Harpoceras Murchisone ; those rest comformably on b, the Cephalopoda- or Jurense-
bed, which is here very thin; E, ¥, 6, is the Upper Lias resting on 1, the Marlstone.

No. 1. The Upper Trigonia-bed is a coarse brown ragstone, containing many fossils,
chiefly as moulds and impressions of Zrigonia costata, Sow., 7. decorata Lyc., Lima
cardiiformis, Sow., Rlynchonella concinna, Sow., Terebratula spinosa, Schl., Cosmoceras
Parkinsoni, Sow., Echinobrissus clunicularis, Lhywdd, Iloleclypus depressus, Leske, and™ 7
Clypeus Plotii, Klein ; in thickness it is about scven feet.

No. 2. The Gryphea-bed, an ancient oyster-bank, is almost entirely composed gf
Gryphea sublobata, Desh., accompanied with Pholudomya Ileraulli, Agass., Tcrebram&{
Meriani, Opp., Tancredia donaciformis, Lyc., Gervillia tortuosa, Phil.,, and many other
species ; but the dominant shell is the Gryplhea ; this bed is about eight feet in thickness.

1 “Depdts Jurass. du Bassin du Rhone,’ t. iv, p. 237, 1874.
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Fi6. 11.—S8ection of Leckhampton Hill, near Cheltenkam.

Leckhampton Hill,

1. Trigonia-bed. A, B, C. Pea-grit and ferruginous oolite.

2. Gryphza-bed. p. Cephalopoda- or Jurense-zone.

3. Brown rubbly oolite. E, ¥, 6. Upper Liassand and Upper Lias clay.
4. Flaggy freestone. H. Marlstone.

5. Fimbria-bed or Oolite-marl. 1. Middle Lias clay ; zone of degoceras
6. Freestone. Capricornus.

No. 3. The Lower Trigonia-bed, a light-coloured, thin-bedded oolitic ragstone, con-
taining a large assemblage of Lamellibranchiata, which in general have their shells
preserved, with several species of Eckinodermata and Anthozoa.

No. 4. Upper flaggy bastard-freestone, well seen above the Oolite-marl: twenty-six
feet thick. It represents the zone of Slephanoceras Ilumphriesianum ; this rock is here
almost non-fossiliferous, although the equivalent bed at Cleeve Hill contains a rich fauna.

No. 5. The Fimbria-bed or Oolite-marl, is a cream-colourcd mud-stone, not unlike
chalk-marl; the dominant shells are Zercdratula finbria, Sow., Tereb. carinata, Lamk. ;
it contains likewise Lucina Wrighti, Oppel., Lima punctata, Phil., L. Ponfonss, Lyc.,
Natica Leckhamptonensis, Lyc., Natica adducta, Phil., Mylilus peclinatus, Sow., Astarte
elegans, Sow., Nerinea, sp., Chemnilzia, sp., and masses of Coral, chicfly Zhamnastrea
Metfensis, Edw. This bed was deposited under conditions very different to that of the
freestone on which it rests; its lower portion is slightly brecciated, and the surface of
the freestone on which that breccia was deposited had been for some time exposed to
aqueous action and made smooth thereby. 'The marl mcasures about seven feet in
thickness, and passes upwards into a marly limestone, becoming oolitic in the uppermost
layers. 'This division of the bed is about ten feet thick. The Fimbria-bed is a constant
feature in the Lower OQolite of the Chcltenham district, and in the northern and middle
Cotteswolds, but is absent in the southern parts of the range. It forms the upper
part of the zone of Harpoceras Murchisone.

No. 6. The Freestone is a compact light-coloured oolitic limestone ; the uppermost.
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beds are the best for building-purposes ; the middle beds are of an inferior quality, and

are stained in part with ferric oxide ; the lower beds, called * Roestone,” contain large
oolitic grains ; the freestone in all is about 110 feet in thickness.

The Pea-grit (Zone of Harpoceras Murchisona), Inferior Oolile.

Ft. in.
A brown, coarse, rubbly oolite, full of flattened concretions cemented together by a cal-
careous matrix. When the blocks weather, the concretions, which resemble flattened
peas, form a very uneven surface. It contains many fossils in good preservation ......... 12 0
B.

A hard, cream-coloured, pisolitic rock, made up of flattened concretions, with a thickness
about similar to those in A

A coarse, brown, ferruginous rock, composed of large oolitic grains ; it is readily disin-
tegrated by the frost, and is of little economical value.

About.................. Cerenineniaae, 20 0
The Cephalopoda-bed (Zone of Lyloceras Jurense), Upper Lias.
p. A brown marly rock, full of small dark oolitic grains of the hydrate of iron, which are
strewed in profusion in a calcareous paste. About ... 2 0
v'. A thin seam of yellowish sand .............c.ccciiiiiiiiiiiiiii e e 0 1}
Upper Lias Sand and Clay.
E. A dark-grey crystalline limestone, extremely hard, and resembling some beds of the
Carboniferous Limestone ; it is bored in different places by Fistulana? the shells
of which remain in the excavations. Thickness not exposed...............cocos voienieninninn !
¥.

A brown, argillaccous, sandy bed, full of micaceous particles ; passing downwards into fine
brown and yellow sands. Thickness unknown

Upper Lias clay, of a dark blue colour. Thickness probably...........

Fossils of the Pea-grit and Freestones.

CrPHALOPODA.
HNarpoceras Murchisonze, Sow. ‘ Belemnites spinatus, Quenst.
Nautilus truncatus, Sow. ! —  abbreviatus, Mill.

GASTEROPODA.
Patella rugosa, Sow. | Cirrus nodosus, Sow.

— inornata, Lyc. \ Trochotoma carinata, Lyc.
Pileolus leevis, Sow. ' Turbo elaboratus, Lye.
Nerita costata, Sow. Il "I'rochus monilitectus, Phil.

— minuta, Sow. | Solarium Cotswoldiee, Lyec.

Monodonta Lyelli, &’ drch. i Nerineea cingenda, Bronn,

— sulcosa, d’ Arch. Acteonina Sedgvici, Phil.
Natica adducta, Phil, Alaria spinifera, Lyc.
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LAMELLIBRANCHIATA.

Ostrea costata, Sow.
Placunopsis Jurensis, Roem.
Hinnites velatus, Goldf.
Limea duplicata, Goldf.
Lima sulcata, Miinst,
— lyrata, Miinst.
— Lycetti, Wright.
— bellula, Mor. § Lye.
Pecten comatus, Miinst.
— Dewalquei, Oppel.
Mytilus furcatus, Miinst.
— striatulus, Goldf.
Modiola Sowerbyana, d’Orb.
Avicula complicata, Buck.
Corbula involuta, Goldf.
Tancredia axiniformis, Phil.
Arca Prattii, Mor. & Lyec.

Terebratula simplex, Buck.
- plicata, Buck.
— submaxillata, Dav.
— carinata, Lamk.

Serpula grandis, Goldf.
—  convoluta, Goldf.
—  plicatilis, Miinst.

Cidaris Fowleri, Wright.

—  Bouchardii, Wright.

—  Wrighti, Desor.
Rhabdocidaris Wrightii, Desor.
Acrosalenia Lycettii, Wright.
Pseudodiadema depressum, Agass.
Stomechinus germinans, Phil.

Polycyphus Deslongchampsii, Fright.

Pedina Bukeriee, Wright.

Stromatopora dichotomoides, d' Orb.
Diastopora Waltonii, Haime.

— Mitchelini, Haime.

—  Mettensis, Haime.

—  Wrightii, Haime.
Spiropora straminea, Phil.

Arca pulchra, Sow.
— cancellata, Phil.
— lata, Dunk.
Trigonia costata (var. pulla), Sow.
— exigua, Lye.
Astarte interlineata, Lyec.

—  rhomboidalis, Pkil.
Spheera Madridi, d’ 4rck.
Cyprina trapeziformis, Roem.
Unicardium, nov. sp.
Myoconcha crassa, Sow.
Ceromya Bajociana, d" Orb.
Myopsis rotundata, Buck.
Cardium striatulum, Phil.

—  leevigatum, Lye.
Goniomya angulifera, Sow.
Pinna cuneata, Bean.

BracHIOPODA.

ANNELIDA

Rhynchonella Wrightii, Dav.
— decorata, Dav.
— angulata, Sow.
— oolitica, Dav.

Serpula quadrilatera, Goldf.
—  flaccida, Goldf.

ECHINODERMATA.

Poryzoa.

Hemipedina tetragramma, Wright.
—_ perforata, Wright.
— Bonei, Mright.
Pygaster semisulcatus, Phil.

— conoideus, Wright.
Galeropygus agariciformis, Forb.
Stellaster obtusus, W right.
Pentacrinus Desori, right.

— Loriolii, Hright.

Lichenopora Phillipsii, Haime.
Neuroptera demicornis, Lamour.
Heteropora conifera, Lamour,
— pustulosa, Mechelini.
Theona Bowerbankii, Haime,
Berenicea diluviana, Lamour.

158
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ANTHOZOA.
Montlivaltia Delabechei, Edw. § Haime.
— Waterhousei, Edw. § Haime.
— cupuliformis, Edw. & Haime.
Axosmilia Wrightii, Edw. & Haime.
Latomeandra Flemingii, Edw. § Haime.

Isastreea tenuistriata, Edw. § Haime.
—  limitata, Edw. & Haime.
Thamnastreea Mettensis, Edw. § Haime.

— Defranciana, Edw. & Haime.
—_ fungiformis, Edw. § Haime.

The annexed generalised section of Cleeve Hill, Gloucestershire, gives all the Inferior
Oolite beds in their relative position, and at the same time shows how they rest
conformably on the Lyfoceras Juremse zone bencath. The beds are described in
descending order, commencing with those exposed at the summit of the hill.

I divide the Inferior Oolite in this county into three zones :—

A. Zone of Cosmoceras Parkinsoni.
B. Zone of Stephanoceras Humphriesianum.
c. Zone of Harpoceras Murchisone.

DescriprioNn or THE CLEEvE HiLn Section.

A. THE ZoNE or Cosmoceras Parkinsont.

No. 1in fig. 12, consists of a, rubbly oolite above, hard slabs of ragstone in the middle,
and a clayey bed below, passing into 3, a sandy oolite of a rich brownish colour, freely

specked with ferruginous grains of silicate of iron. 1 have obtained the following fossils
therefrom :—

CEPRALOPODA.
Cosmoceras Parkinsoni, Sow. ‘ Nautilus lineatus, Sow.
Perisphinctes Martinsii, d’ Orb. Belemnites canaliculatus, SchlotA.
GASTEROPODA,
Pleurotomaria fasciata, Sow. \ Natica adducta, Phil,
Trochotoma carinata, Lye.

Monodonta levigata, Sow.

LAMELLIBRANCHIATA.
Trigonia costata, Sow. Lima compressa, Wright.
Pholadomya ovulum, Agass. Grypheea sublobata, Desk.

— fidicula, Sow. Trichites undulatus, Lye.

- Heraulti, 4gass.

Gervillia Hartmanni, Goldf.
Mpyopsis dilatata, Phil, Opis cordiformis, Zyc.
Goniomya angulifera, Sow. Modiola Sowerbii, &’ Orb.
Lima proboscidea, Sow. —  Dbipartita, Sow.
— gibbosa, Sow.

—  imbricata, Sow.



INFERIOR OOLITE.

Summit.

A

Rolling Bank.

Upper Freestone Quarry. North Quarry.
A —r— <=

—r—

.

Western Slope of the Hill.

——

Fic. 1
No. | ft.
1{ 6
20 1
3| 2
4| 2
510
6| 3
71 5
8| 3
9
10 | 12
11| 4
12| 8
13 1
14| 4
15| 5
16 | 26
17 | 40
18| 2
19| 4
201 1
21 | 302
22| 6
23 2
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9.—Section of the Inferior Oolite at Cleeve Hill, Gloucestershire.

in.

TRIGONIA-GRIT. Cosmoceras Parkinsoni and Corals.

Thecosmilia gregaria, Thamnastrea, Isastraa, &e.
Gryphea sublobata, Lima proboscidea, Trigonia costata.
CHEMNITZIA-GRIT. Chemnitzia procera.

Rubbly Oolite.

BRACHIOPODA-BED. Terebratula Phillipsii, in clus-
ters.

ROAD-STONE. Steph as Humphriesianum, Chem-
nitzia Semanni.

OYSTER-BED. Ostrea flabelioides, Lima Etheridyii.

Not known.

Yellow and brown Sands, with lenticular nodules of Sand-
stone.

Hard wavy Sandstone. Serpula socialis, abundant.

Marly Oolite.

UPPER FREESTONE, with old Terebratula fimbria.

Thin flaggy Oolite.
OOLITE-MARL. Lucina Wrightii, Terebratula fimbria.

Thin hard bands of Limestone.

Thin heds of fine-grained oolitic Limestone.

Hard rubbly oolitic Marl, in broken masses.

LOWER FREESTONE: the Upper Terrace.

LOWER FREESTONE: the Lower Terrace.

Hard beds of pisolitic Oolite.

Buff-coloured pisolitic Limestone.

ROE-STONE. Pseudodiadema  depressum, Acrosalenia
Lycetti, Trochotoma carinata.

PEA-GRIT. Pygaster semisulcatus, Harpoceras Murchi-
sone, Patella ruyosa, Hinnites velatus, Avicula compli-
cata, Terebratula sunplex, Terebralula plicala.

Coarse ferruginous Oolite.

LIASSIC SANDS or JURENSE.ZONE. Highly ferru-

ginous.
UPPER LIAS. Harpoceras bifrons Zone.
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ANTHOZOA.
Thecosmilia gregaria, Edw. § Haime.
Isastreea tenuistriata, Edw. §& Haime.
Thamnastreea Defranciana, Michelin.

Latoma:andra Davidsonii, Edw. & Haime.
Moutlivaltia Wrightii, Edw. & Haime.
—_ Delabechei, Edw. & Haime.

No. 2. Clemnilzia-grit is a thin band of brownish marl and clay, in which are
sometimes found specimens of Clhemnilzia procera, DesLoxe., and moulds of Nerinea.
Fishes’ teeth are occasionally collected in this band.

No. 3. Rublly Oolite—Consisting of oolitic ragstones, in a fragmentary state, with
few fossils. This bed caps the next division.

B. Tue ZoxE or Slephanoceras IHumphriesianum.

No. 4. The Brachiopoda-bed is a compact crystalline buff-coloured limestone ;
many blocks of great hardness are almost entirely composed of the shells of Terebratula
Phillipsii.

It measures two feet six inches, and contains the following species of
fossils

Lima proboscidea, Sow. Terebratula Buckmani, Davids.
Terebratula Phillipsii, Mor. Rhynchonella spinosa, Schloth.
—_ subtetrahedra, Davids.
— angulata, Sow.

perovalis, Sow.
— carinata, Lamk.

On one occasion, by digging into the floor of the quarry, I found a bed of marly

oolite, or mudstone; it contained many fossils, the shells of which were in such a
perished condition that I could not determine all the species.

I noted, however, the
following :—
Chemnitzia, ‘ Cypricardia cordiformis, Desh.
Nerinea, Terebratula Etheridgii, Davids.
Modiola plicata, Sow.

Montlivaltia, species.
Pecten comatus, Miinst.

No. 5. The Road-stone consists of a coarse, brown, ferruginous, oolitic limestone,
hard and erystalline in some parts, and in others traversed by sandy layers, containing

concretionary masses of calcareo-siliceous rock, having an unequal fracture and crystalline
structure. It contains a small assemblage of Mollusca, many of which are specifically

distinct from those of the upper beds, as Chemnitzia Semanni, Oppel, nearly identical

with the Coralline-oolite species, C. striata, Sow., gigantic forws of Pholadomya Ileraulti,

Ag., and very large shells of Trichites undulalus, Lyc. This bed varies in thickness
from ten to fiftcen fect.



INFERIOR OOLITE AMMONITE-ZONES.

CEPHALOPODA.

Stephanoceras Orbignianum, Wright.
— Humphriesianum, Sow.
— Sowerbii, Mill,

Stephanoceras Brocchi, Sow.

Nautilus lineatus, Sow.

GASTEROPODA.

Chemnitzia Seemanni, Oppel.
— lineata, Sow.
Turbo levigata, Sow.

Pleurotomaria fasciata, Sow.
— elongata, Sow.

LAMELLIBRANCHIATA.

Ostrea flabelloides, Lamk.

— large flat, new species.
Hinnites tuberculosus, Gildf.
Lima proboscidea, Sow.

~— Etheridgii, Wright.

— dauplicata, Sow.
Trichites undulatus, Lye.
Astarte excavata, Sow.
Cyprina (mould).

Cypricardia cordiformis, Desk.
Myacites calceiformis, Sow.

Gervillia consobrina, d’Orb.
Mytilus explanatus, Mor.
Pholadomya Heraulti, Agass.
Homomya crassiuscula, Lyc.
Myoconcha crassa, Sow,
Pteroperna plana, Lyec.
Trigonia costata, Sow.

— striata, Sow.

— décorata, Agass.
Modiola imbricata, Sow.
Pinna fissa, PAil,

— Braikenridgii, Sow.

— constricta, Deslong.

167

No. 6. The Oysfer-bed consists of a coarse, brown, ferruginous, sandy marl, with

inconstant layers of hard rock, which breaks up unequally.
seams that the fossils are found. The bed is about a yard in thickness.
is seldom exposed, as it is mainly for the roadstone that the working is carried on.

contains :

CONCHIFERA.

Ostrea flabelloides, Lamk., and several well-
marked varicties of the species,
—  pyxiformis, Wright.
Pecten demissus, Goldf.
Lima proboscidea, Sow.
— Etheridgii, Wright.
Monotis tenuicostata, Fright.

Gresslya abducta, Phil.

Pleuromya tenuistriata, dgass.

Pholadomya Heraulti, dgass.
— ovulum, 4gass.
— media, dgass.
— Dewalquei, Lyc.

ANNULOSA.

Serpula grandis, Goldf.

| Serpula limax, Goldf.

ECHINODERMATA

Clypeus Michelini, Wright.
Stomechinus germinans, Phil.

Pseudodiadema depressum, dgass.

Acrosalenia Lycetti, Wright.

It is chiefly in the sandy
The bottom

It
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No. 7. Calcareo-siliceous Sand.—Of a brown, grey, or yellow colour. It forms the
uppermost bed in the North Quarry, and constitutes the subsoil over a considerable area
of this part of the hill. It has been much denuded in parts ; measures in some places
five feet in thickuess, and is unfossiliferous. I know of no other bed in our district
which presents lithological characters similar to those of this sandy stratum.

No. 8. Wavy Sandstone.—This is a hard, brown, thin-bedded rock, with a wavy
stratification ; it is siliceous in some parts, and calcarcous in others. The siliceous

portions are unfossiliferous ; the calcareous are represented by slabs of thin ragstones,
containing many fossils.

On some of these I found Serpula socialis, Goldf., in great
abundance.

This bed has a thickness of three feet, and rests on

No. 9. Marly Oolite.—Broken up into fragmentary portions. It appcars to be the
upper portion of the Upper Freestone.

No. 10. Upper Freestone.—A thick-bedded, coarse-grained oolitic limestone, used
for rough work. This rock was long thought to be unfossiliferous; and considerable
doubts were entertained as to the precise position of these beds in the series. During
my last visit, however, I succeeded in obtaining from the lower and middle beds a few
specimens of large, old, deformed Zerebratula fimbria, Sow., which enabled me to

determine its position as superior to the Oolite-marl, and to identify the rock as the
Upper Freestone. It has a thickness of twelve feet.

c. Tur Zoxe or Harpoceras Murchisone.

No. 11. Thin flaggy Oolite.—This rock splits into thin layers. Numerous shelly
fragments are found in some slabs, but fossils are rare; thickness, four feet.

No. 12. Fimbria-bed or Qolite-marl.—This bed is well exposed on the western side
of the hill, and consists of a cream-coloured marl, like indurated Chalk, interstratified
hetween two beds of oolitic limestone, resting upon the uppermost bed of the Lower,
and overlain by the thin flaggy beds of the Upper Freestone. It forms a very persistent
stratum in the Northern and Middle Cotteswolds, extending across this portion of the
plateau, from the vales of Morton and Bourton on the east, to the mural escarpments of
the Inferior Oolite on the west, but thinning out and disappearing in the southern part
of the range. In some localities, as at Leckhampton, Sheepscombe, and Swift’s Hill,
near Stroud, it contains masses of Corals, of the genera Tlamnastrea and Isastrea; in
others, as near Nailsworth, it abounds with numerous shells of the genus Nerinea,
forming there a ¢ Neringan Limestone;” in others, as at Cleeve and Cubberley, the
marl is charged with Brackiopoda, chiefly Terebratula fimbria, Sow., associated with a
few Terebratula carinata, 1. submazilluta, and Rhynchonella Lycetli. The fauna of the
Qolite-marl induced me, in a former paper thereon, to consider this bed as the product
of an ancient Coral-bank. ¢ The direct evidence of the existence of Aufhozoa in
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considerable numbers, added to the abundance of”’ long spiral univalves belonging to the
genera Chemnitzia and Nerinea, which are known to “ nestle in Coral-formations, together
with the indirect evidence of a superabundance of Brachiopoda, added to the litho-
logical character of the marl itself, which appears to be the product of Coral-mud and
other reef débris, leads to the conclusion that the Oolite-marl is a portion of a Jurassic

Coral-bank.” !

MoLrusca.
Chemnitzia procera, Deslong. Mytilus imbricatus, Sow.
Nerineea gracilis, Lye. Lima punctata, Phil,
Natica adducta, Pkil. — Pontonis, Lye.
Trochotomia calyx, Lye. Arca cancellata, Phil.
Trochus monilitectus, Pk:l. Lucina Wrightii, Oppel.
Monodonta leevigata, Sow. Mpyopsis punctata, Buck.
Natica macrostoma, Roem. Ceromya concentrica, Sow.
BracHIOPODA.
Terebratula submaxillata, Davids. Rhynchonella Lycetti, Davids.
—  fimbria, Sow. — concinna, Sow.
—  carinata, Lamk. — angulata, Sow.
ECHINODERMATA.
Stomechinus germinans, Pkil. Pseudodiadema depressum, dgass.
Pedina Smithii, Forb. Acrosalenia Lyecetti, Wright.

No. 13. Thin kard bands of Oolitic Limestone, without fossils, eighteen inches.

No. 14. Thin beds of fine-grained Qolitic Limestone, four feet six inches.

No. 15. Hard Rubbly Oolite-marl.—This occurs in broken masses five feet thick.

These three beds are well exposed in a small escarpment on the western slope of
the hill, near the large Freestone Quarry. They contain few fossils, and the rock is much

shaken.
No. 16. The Lower Freestone attains a considerable thickness in Cleeve Hill, and

has long been extensively raised there for building-purposes. It is divisible into two
terraces, the upper of which contains the best beds of stone. The rock is a fine-grained
thick-bedded oolitic limestone, remarkably free from organic remains and ferruginous
stains, 'The upper terrace is twenty-six feet in thickness.

No. 17. The Lower Freestone.—The lower terrace is exposed on the western
escarpment of the hill. The rock is not equal in quality to the beds in the upper
terrace, and it is therefore mot now worked for building-stone. Its exact thickness I
have not ascertained, but I estimate it at forty feet.

1 Wright, “ On the Sub-divisions of the Inferior Oolite,” ¢ Quart. Journ. of the Geol. Soc.,’ vol. xvi,
p. 13, 1860,
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No. 18. Hard beds of Pisolitic Oolite, and

No. 19. Buff-coloured Pisolitic Limestone, forming a kind of transitional lithological

condition from the oolitic limestones of the Freestone to the beds of Roestone and Pea-
grit.

No. 20. The Roestone forms the base of the Freestone series. It consists of a

whitish limestone, composed of large oolitic grains, and containing a great variety of small
hells, Corals, and Echinoderms, in very fine preservation.

In some respects the general
Jacies of the fauna of the Roestone resembles that of the Great Oolite of Minchinhampton.

Many of the Mollusca are specifically distinct, and others are identical with those of that
formation. The shells are nearly all small, and well preserved. In some the colouring
matter of the shell is present, and there are many undescribed species in the series ; many

beautiful A/arie, with their long spines, were obtained from this bed at Leckhampton ;
and my old friends, the Rev. P. B. Bropig and Dr. Lycerr, collected, determined, and
published, in 1850, a full list of these remains. T have not worked this bed at Cleeve

Hill with much attention, but in a short time I collected many of the species of my
friends’ list.

ANTHOZOA.
Caryophyllia. Thecosmilia. | Montlivaltia. Isastreen.
EcCHINODERMATA.
Pseudodiadema depressum, Ay. Stomechinus germinans, Phil.
Acrosalenia Lycetti, Wright. Polycyphus Deslongchampsii, /7r.

LAMELLIBRANCHIATA.
Astarte orbicularis, Sow. Gervillia costatula, Deslong.
—  depressa, Miinst.

Cypricardia cordiformis, Desh.
Arca pulchra, Sow. Limea duplicata, Sow.

Lucina despecta, Phil.
Mytilus asper, Sow.
Nucula variabilis, Sow.

Avicula complicata, Buck.
Cardium cognatum, Phil.
Cuculleea elongata, Sow.

—  oblonga, Phil. ‘ Ostrea costata, Sow.
Corbula curtansata, Phil. | Pecten comatus, Miinst.

Hinnites velatus, Goldf. l

— Dewalquei, Oppel.
Psammobia levigata, Phil. \ Trigonia striata, Sow.

BRACH10PODA.
Terebratula simplex, Buck. | Terebratula plicata, Buck.
GASTEROPODA.
Patella rugosa, Souw. | Natica adducta, Phil.
— npitida, Deslong. ‘ Nerita costata, Sow.
Pileolus laevis, Sow.

Alaria (three new species).
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Rimula clathrata, Sow. Emarginula tricarinata, Sow.
Solarium (two new species). Fissurella acuta, Deslong.

No. 21. The Pea-grit is one of the most remarkable beds of the Inferior Oolite in
the district. It invariably claims the most marked attention from all the continental
Oolitic Geologists to whom T have shown our local sections, as it is unlike any bed they
are acquainted with in France or Germany. Its upper part consists of—a. A hard,
coarse, brown, rubbly Oolite, full of flattened concretions, cemented together by a
calcareous matrix. ~When the blocks weather, the concretions resemble flattened peas,
apd form an uneven surface. In the cavities of the Pisolite beautiful Echinide are often
found in great perfection, and many other fossils are very well preserved therein.
B. A hard, cream-coloured, pisolitic rock, made up of compressed, flattcned concretions
like those of a; the bed is more compact in parts. . A coarse, brown, ferruginous
Ragstone, full of large oolitic grains and much ferric oxide; it is readily disinteg-
rated by frost. The three beds measure from thirty to forty feet in thickness. The
Pea-grit varies considerably in development in different localities. Crickley, Leck-
bampton, Birdlip, and Cleeve Hills afford the best types of this bed.

CEPHALOPODA.
Harpoceras Murchisonee, Sow. Belemnites spinatus, Quenst.
Nautilus truncatus, Sow. — abbreviatus, Mill,
(rASTEROPODA.
Patella rugosa, Sow. Natica adducta, Phil.

— inornata, Lye. Cirrus nodosus, Sow.
Pileolus leevis, Sow. . Turbo capitaneus, Minst,
Nerita costata, Sow. Trochotoma carinata, Lyc.

LAMELLIBRANCHIATA.

Ostrea gregaria, Sow. Astarte excavata, var., Sow.
Placunopsis, sp. Myopsis rotundata, Buck.
Hinnites abjectus, Phil, Goniomya angulifera, Sow.
Mytilus imbricatus, Sow. Avicula complicata, Buck.
Lima sulcata, Miinst. Ceromya Bajociana, d’Ord.

— pectiniformis, Schloth. Cardium striatulum, PAhil.
— duplicata, Goldf. —  leevigatum, Lye.

— lyrata, Miinst. Pinna cuneata, Bean.

— Lycetti, Wright. Pecten comatus, Miinst.

BRracHIOPODA.
Terebratula simplex, Buck. Rhynchonella Lycetti, David.
- plicata, Buck. — subtetrahedra, David.
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EcHINODERMATA.
Pseudodiadema depressum, Agass. Hemipedina perforata, Wright.
Cidaris Fowleri, Wright.

—_ tetragramma, Wright.
—  Bouchardii, Wright.

— Waterhousei, Wright.
—  Wrightii, Desor. Polycyphus Deslongchampsii, H'right.
Diplocidaris D sori, Wright. Pygaster semisulcatus, Phillips.

- ‘Wrightii, Desor. —  conoideus, Wright.
Stomechinus germinans, Phillips. Galeropygus agariciformis, Forbes.
Acrosalenia Lycetti, Wright. Goniaster obtusus, Wright.
Hemipedina Bakeriee, Wright. S

Pentacrinus Austenii, Wright.

ANTHOZOA.
Latomeeandra Flemingii, Edw. & Haime.

Davidsonii, Edw. & Haime.
Axosmilia Wrightii, Edw. & Haime.

Thamnastrea Terquemi, Edw. & Haime.

Thamnastreea Mettensis, Edw. & Haime.
— Defranciana, Edw. & Haime.

fungiformis, Edw. § Haime.
Isastreea tenuistriata, Edw. & Haime.

No. 22. The Coarse Ferruginous Oolite is composed of large oolitic grains of
calcic carbonate, having incorporated therewith a considerable percentage of the
ferric oxide. This rock has a fine rich brown colour, and when exposed in the

escarpment, and lit by the sun’s rays, it imparts a warm colouring to the surrounding

landscape, varying in its tones from one hour to another. I know of no part of the
Cotteswold range which exhibits more picturesque effects and play of colour than the

bold naked escarpment of Cleeve Hill, and to which the beds forming this portion of the
section so largely contribute by their deep rich tints. The rock is of little value as a
road-stone, because it is readily disintegrated by rain and frost; it might have some
economic value for the Iron it contains, if the percentage of that mineral were sufficiently

large to be remunerative, but no quantitative analysis has yet been made to ascertain its

proportions. I have found few fossils in this bed at Cleeve. Belemnites and Pholo-
domyze are occasionally met with.

No. 23. The Upper Liassic Sands or zone of Lyfoceras Jurense so well developed at
Cooper’s IMill, Haresfield Beacon, Nailsworth, the Long Wood near Frocester, Uley
Bury, Stinchcombe, the hills around Dursley, and at Nibley, Wotton-under-Edge,
Ozleworth, and all along the chain of the southern Cotteswolds as far as Bath, are only
feebly represented at Cleeve. These Sands afford an example of that thinning-out
process which is seen to a greater or less extent in all the other beds in our section, if
traced in certain directions from the point where they attain their maximum develop-
ment. As a general rule it may be stated that all the Inferior-Oolitic rocks thin out
from their western escarpment in the Cotteswolds when traced eastwards, and that the

Liassic Sand or Jurense zone gradually thickens when traced from the northern to the
southern part of the chain.
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A Table showing the Stratigraphical Distribution of the Ammonoida in the Upper Lias
of the Britisk Islands.

subarmatum, Young & Bird......

g
g . g
Families, Genera, and Species. | ] g E
& 2 B el
& A 2 S
Family—LYTOCRRATIDE.
Genus—LYTOCERAS.
Lytoceras cornucopiee, Young § Bird. ............ -
hircinum, Seklibler. ..................... .
Jurense, Zieten. ...............evvnen... . -
torulosum, Schlibler..................... .
Genus—PHYLLOCERAS.
Phylloceras heterophyllum, Sow. ................. »
. subcarinatum, Young & Bird......... *
Family—AEGOCERATID £,
Genus—HARPOCERAS.

Harpoceras serpentinum, Reinecke. ............... .
elegans, Sow. ...l .
falciferum, Sow. ........................ .
exaratum, Foung & Bird. ............ .
Lythense, Young & Bird. ............ .
latescens, Simpson. ..................... .
ovatum, Foung & Bird. ............... .
subplanatum, Oppel. ................. .
primordiale, Schlotheim................ *
bifrons, Bruguiére=Walcotti, Sow... *
Levisoni, Simpson. ..................... *
insigne, Schiibler. . .................. -
Comense, Pon Buch. .................. .
discoides, Zieten......................... -
Thouarsense, & Orbig. ............... -
striatulum, Sow. ........................ *
radians, Reinecke. ..................... »
Raquinianum, &'Orbdig..... ............ »
undulatum, Stakl ..................... -
variabile, d'Orbig.=var. Beanii...... »
Aslense, Zieten. ..........cocuvv.nn.. ™ »
opalinum, Reinecke. .................. *
Moorei, Lycelt. ...............ceoe..... *
subinsigne, Oppel. ..................... *
Genus—STEPHANOCERAS.

Stephanoceras annulatum, Sow. .................. .

crassum, Foung & Bird............ . *
Holandrei, d'Orbig. ............... * »
commune, Sow. ..................... -
fibulatum, Sow. ..................... ™

*
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Table showing the extension of the Upper Lias in the British Islands, Belgium, Irance,
Switzerlund, Germany, Austria, and Italy, with indications of the Toarcian Ammonile-
Zones found in some typical regions of the European area.
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This table concludes our sketch of the Lias formation, so rich in new and varied forms
of animal life, which all became extinct with its close. In taking a retrospective glance
at this chapter of the Geological Record, probably the most complete of all the Mesozoic
formations, one 1s forcibly struck with the number of new, remarkable, and varied animal
forms it contains, of which we find neither traces of ancestry nor natural affinities in any
of the older strata. In its bascinent-bed the teeth of the oldest known Mammal,
Microlestes, were discovered, and in its different horizons the remains of Reptiles of the
most singular structure are found. The Eraliosaurians comprise in a single organism the
most diverse anatomical characters; the vertebral column of a fish united to the body

of a lizard, having the skull, jaws, and tceth of a crocodile, with the paddles of Cefacea

articulated to the scapular arch of a Platypus. The Pterodactylians have affinities with

birds and bats through the mechanism of their anterior extremities, the phalanges of the
fifth finger being enlarged and elongated to form a rod for supporting a wide-spreading
membranous wing, whilst the rest of the hand retained the reptilian type. ~ The Ganoid
TFishes belong to genera that are nearly all special to the Lias, and they are as remarkable
for the beauty and novelty of their forms as for the fine state of preservation in which
they are found. The Molluscan Faunas are singularly characteristic of the different
zones ; and the Cephalopods, above all others, are the most important class, from the cer-
tainty with which these divisions of time are characterised by them, each new group

making its appearance in succession, and passing away to give place to other generic
forms destined to succeed it in time and space.
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ZONE OF AVICULA CONTORTA.

Fie. 18.—4 Vertical Profile of the Penarth Cliffs.

Aegoceras planorbis, Cidaris Edwardsii.

Arg. planorbis, Lima pectinoides, Modiola Hillana, Pecten textorius.
tata, L. pectinoides, Modiola minima.

Lima precursor, L. p

Ostrea liassica, Plicatula spinosa.

e. OsTREA BEp. Osirea liassica, Modiola minima.

f. Lima punctata.

g. Anatina Suessii, Modiol, Lima precursor.

h. Axinus concenlricus, Leda Titei, Ostrea liassica, Plicatula intusstriala.
i

k. Brown sandy Shales.

. Varoniensis Bep. Cardium Rhaeticum, Gervillia preecursor.
Ureer SHELL-BeD. Pleurophorus angulatus.

0. [Pecten Valoniensis, Anatina Suessii, Arinus cloacinus, A. depressus,

Pleurophorus elongatus, Myophoria postera.

Lowzr PecTEN BED. Avicula contorta, P. Valoniensis, C. Rheticum.

y. Cardium Rhaeticum, Avicula contorta.

s. Pullastra arenicola, Axinus elongatus, Pecten Taloniensis.

t. Possiliferous shelly Limestone.

Bone Bep. Saurichthys, Gyrolepis, Hybodus, Acrodus, Nemacan!hus.

v. Fisu BeD.

Cream-coloured, greyish-green, and pale-red marly limestones, breaking

into conchoidal masses and destitute of fossils.

T

Alternations of greenish-grey, conchoidal marls, breaking up into

cubical fragments, and having thin veins of gypsum filling the

joints.

Red Marls of the Keuper Beds.
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The profile on the preceding page was drawn by my friend, Mr. R. Etheridge, FRS,
to illustrate his lecture on the Rheatic beds of Penarth and Lavernock, delivered at a
meeting of the Cardiff Naturalists’ Society in July, 1871. Mr. W. Adams, F.G.S., to
whom the woodcut belongs, kindly offered the use of the block to illustrate my remarks
on this section, and for this courteous act I beg to return him my best thanks.

The zone of Aegoceras planorbis (a, b) occupies the summit of the cliff, and the
Ammonite beds consist of dark grey shales, with hard compact limestones ; they are well
seen at Lavernock, where they occupy the foreshore. The lowest beds consist of fine-
grained argillaceous limestones and shales, with a few Ammonites and remains of Cidaris
Bdwardsii ; above these are beds with Aegoceras planorbis, Lima pectinoides, Modiola
Hillana, Pecten textorius. Then follow two beds of limestone, each six inches, without
fossils, which are capped by two feet of shales crowded with 4. planoréis, and inter-
stratified with a concretionary limestone. The Ammonite beds are about eight feet thick.

The Lima Shales (c) form the middle portion of the Planorbis zone. They consist of a
grey-brownish argillaceous limestone with brown shales ; the limestones are concretionary,
and inconstant bands of the rock run through the shales, which measure about ten feet.
Lima precursor, Quenst., Lima punctata, Sow., Lima pectinoides, Sow., are found in the
Upper beds.

The Ostrea Beds (d, ¢) consist of alternate layers of clays and limestones. Many of
the beds are very fossiliferous, and contain Ostrea liassica, Sow., Modiola minima, Sow.,
Pleuromya Dunkeri, Terq., Plicatula spinosa, Sow., Hemipedina Bowerbankii, Wr.

The White Lias series (f—I) measures about eighteen feet, and forms the upper portion
of the zone of Avicula cortorta; the strata consist of pale brown, arenaceous shales,
with inconstant bands of hard limestone containing a few fossils. The true White Lias
limestone of Somersetshire is not found in this locality, but the shells it yields serve to
identify the beds with that series. Monofis decussata, Awinus concentricus, Moore,
Anatina Suessii, Stopp., Lima precursor, Quenst., Pecten polluz, d’Orb., Modiola minima
Sow., Leda Titei, Moore, Plicatula intusstriata, Emmr., may fairly be correlated with
the contents of the beds in the Garden CLff profile (fig. 1, p. 7), which contain Estieria
Brodieana, Jones, and other fossils.

The Black Shales (n—u) form the lower portion of the Conforfa-zone, which measures
twenty-four feet in thickness. These shales contain a fauna special to the beds, remark-
able for the number of small Mollusca abounding in them. There are two shell beds in
these shales, both characterised by the presence of innumerable fine large specimens of
Pecten Valoniensis, Defrance., dvicula contorta, Port., Cardium Rheticum, Mer., Axinus
cloacinus, Quenst., Gervillia precursor, Quenst., Pullastra arenicola, Strick., Pleuro-
phorus angulatus, Moore, Myophoria postera, Quenst.

The Bone Bed (u), a dark grey grit, or pyritic limestone, containing many small fragments
of fishes’ teeth, bones, and scales, forms the Bone-breccia. I have collected Sawriliiys
apicalis, Ag., Gyrolepis Alberti, Ag., Hybodus reticulatus, Ag., Acrodus minimus, Ag.,
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and Nemacanthus filifer, Ag. The Bone-bed rests upon four feet of black unfossiliferous
shales, very fissile and papery ; and this bed, parted by a ferruginous band in the
middle, rests upon a very irregular bed of grey, earthy, fine-grained sandstone, graduating
downwards into a grey earthy limestone, containing lignite and some fishes’ scales, marked
(v) in the section ; this is the last trace of life observed in the Marls which lie beneath,
consisting of eighteen feet of cream-coloured, grey-green, and pale-red marly limestones,
bresking up into unfossiliferous cuboidal masses; which overlie two feet of greenish-
grey marls, breaking up like the preceding beds, and having thin seams of gypsum
filling some oblique and vertical joints. These rest upon the deep-red marls of the
Keuper beds.

This detailed section of the Penarth cliffs' may be considered as the complement to
my notes on the same at p. 10, and the vertical profile now introduced will enable the
reader to make an interesting and instructive comparison between the Avicula contorta
zone at Garden Cliff (fig. 1, p. 7), Aust Cliff (fig. 2, p. 8), and the fine coast section at
St. Andrey’s Slip, near Watchett (p. 12). It will be observed that a certain amount of
uniformity prevails throughout the series exposed on both banks of the Severn and on
the opposite shores of the British Channel, whilst in the Palzontology of the different
beds certain differences are noted which deserve study. Thus, the Estheria-bed and
underlying shales, so characteristic of Garden Cliff, are not found at Penarth, but appear
to be represented by a set of strata which occupy the position of the Lower White Lias
series of Dorset and Somerset.

The Pallastra-sandstone, with its large slabs of ripple-marked ledges, the ripples being
parallel to the strike of the bed, and which sandstone is interposed between upper and
lower bone beds at Garden Cliff, is absent at Penarth and the other localities.

The Bone-bed at Aust, with its large Cerafodus teeth, representing several species of
fossil fishes, and numbering many hundreds of individuals is unique. I am not aware
that the teeth of this genus of fishes are found in any other Rhetic Bone-bed in the
British islands. The assemblage in the Bristol Museum was collected through several
years by Mr. Higgins, and purchased from him by subscription for the Institution.
Professor Miall* has lately figured and described several of these fossils, to which I beg
to refer.

1 See Mr. Etheridge’s description and woodcut in the ¢ Transact. Cardiff Nat. Soc.,’ vol. iii, part 2,
pp. 48, &c., 1872.

? Paleontographical Society’s vol. for 1878, On Sirenoid and Crossopterygian Ganoids,” pp. 27—32,
Pl 11—V, 1878.
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SYSTEMATIC PART.
THE STRUCTURE AND CLASSIFICATION OF THE CEPHALOPODA.

Tre CepHALOPODA form the highest class of the MorLusca, in which the head is
situated between the trunk and the arms, hence the name (xepadn, head, wovg, foot). The
existing forms are nearly all naked animals without shells, whilst the extinct groups were
with a few exceptions the inhabitants of polythalamous shells, fashioned after the structure
of the many-chambered shell possessed by the Pearly Nautilus.

The trunk or body is symmetrical, thick, and soft, and has a spherical, oblong,
elongated, or cylindrical form, enclosed in a fleshy muscular sheath or mantle, which
envelopes all the viscera, furnishes a pair of lateral fins or appendages for locomotion, and
in the naked species lodges in its substance the rudiments of an internal skeleton.

The head, more or less distinct from the trunk by a contraction or neck, is large and
round ; it contains the organs of sense, mastication, and deglutition, and gives off from
its anterior circumference a number of long fleshy processes or arms, which are either
short hollow sheaths with retractile tentacles, as in the Pearly Nautilus, forming the
order TentacuLiFeraA (fig. 24), or form eight or ten solid arms, more or less elongated
and flexible in all directions, supporting on their internal surface numerous suckers, by
which the arms become powerful instruments for adhesion, prehension, and locomotion,
hence the name AceraBurnirErA for this order (fig. 14).

The mouth, situated at the bottom of a conical cavity formed at the base of the
arms, is provided with two horny or calcareous mandibles, resembling in form those
of a parrot, and like them playing vertically upon each other, and enclosing a large fleshy
tongue, partly covered with short, recurved, horny spines.

The two eyes are very large and placed on each side of the head ; they are comparable
in their structure with those of the Vertebrata ; and are sessile in the ACETABULIFERA
pedunculated in the TeNTACULIFERA.

‘A fleshy tube, the infundibulum or locomotive pipe, forms the passage through which
the respiratory currents of water to and from the branchial chamber, and the excrement
from the intestine, are discharged; it is a musculo-mucous organ situated at the anterior

part of the neck, like an inverted funnel, with a pipe projecting from the visceral cavity
and directed forwards and outwards.
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The branchiz are lodged in a chamber formed by the mantle ; they are symmetrical
in size, form, and position. In the Acetabulifera there are two branchiz, in the Tentacu-
lifera four branchiz ; hence the former are called Dibranchiate, the latter Tetrabranchiate
Cephalopods. The systemic circulation in all is aided by a muscular ventricular heart.

The brain and nervous system are more highly developed and the ganglia more con-
centrated than in other Mollusca, and they have special organs for all the senses, and the
brain is protected in the naked species by a cephalic cartilage.

The sexual organs are separate and exist in distinct individuals, the males are much
less numerous than the females, and in many species are at present unknown.

All Cephalopods are aquatic and marine, and natation is retrograde by the forcible
ejection of sea water from the branchial chamber through the funnel.

The shell is internal or external; when internal it consists of one or more horny or
calcareous osselets embedded in the layers of the mantle, which serve for the protection of
the brain and other internal organs. The external shells are univalve, and are either
unilocular, as in the Argonaut (fig. 16) or multilocular, as in the Pearly Nautilus (fig. 24),
in which the air-chambers form so many floats for lightening the specific gravity of the
animal. The last chamber alone is the dwelling chamber, to which the body of the animal
is attached by two powerful adductor muscles and 8 membranous tube, which passes back-
wards from the body of the Nautilus to traverse all air-chambers of the shell (fig. 24).

The Cephalopoda admit, therefore, of a natural division into two orders, characterised
by organic characters which do not admit of a doubt.

In one order the head is surrounded by numerous retractile tentacula; they have
four branchiz, and the Mollusc lives in the last chamber of a polythalamous shell;
these form the order TeTrRABRANCHIATA or TENTACULIFERA. The second order have a
naked body (with two exceptions, the Argonauta and Spirula) : the arms are solid, fleshy,
flexible, and acetabuliferous, and the respiratory chamber contains two branchiz ; these
form the order DiBraNcHIATA of Owen, or the AcETABULIFERA of d’Orbigny. All the
Naked Cephalopods have the power of secreting a dark-coloured fluid, very miscible in
water, and contained in an ink-bag formed of a tough fibrous membrane covered with a
thin silvery outer lamina ; this bag discharges its contents, at the will of the animal,
through a duct which opens near the base of the funnel. The ink, as it is called, was
formerly used for writing (Cicero) and in the preparation of sepia, and from its inde-

structible nature is often found in a fossil state; and so well is the colour of the
contents of the fossil ink-bags preserved in some fossils from the Upper Lias that I have
frequently coloured diagrams with fossil sepia collected from these Lias beds.

! In the Museum of the Geological Society of London is a print of an Ichthyosaurus, drawn by De la
Beche with fossil sepia on a lithographic stone of English Lias.
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Order 1.—DIBRANCHIATA, Owen, 1832.

ACETABULIFERA, d’Orbigny, 1840.

Body naked, built for swimming. Head distinct, eyes large, sessile, prominent.
Mandibles horny, moving in a vertical direction, arms eight to ten, provided with
acetabula. Branchie two. Heart with three chambers, one systemic and two branchial.
Ink-bag always present. Funnel parietes entire. Shell in one family monothalamous
external, and not adherent to the body of the animal. Other families have an internal
siphoniferous polythalamous shell, or the rudiments of an internal skeleton in various
stages of development are found in the substance of the mantle.

With the exception of the Nautilus all the living Cephalopods belong to this order;

they appeared, as far as we at present know, for the first time in the Trias. One family
ouly, the Belemnitide, is entirely extinct.

Section A.—OQcroropa, Leack, 1817.

Arms eight, suckers sessile. Eyes fixed, inca-
pable of rotation. Nuchal band between the head
and mantle broad. Funnel without a valve. No
distinct nidamental gland. Shell external, one-celled,
and non-adherent. Internal shell, when present, con-
sisting of rudimentary pieces.

1. Family OcroropiDE, Gray, 1847. — Arms
similar, elongated, and united at their base by a
membrane ; the eight arms are each provided with a
double series of sessile acetabula, without bony circles.
, Shell represented by two short styles, according to
Fie. 14.—Octopus vulgaris, Lamarck.

Owen, embedded in the substance of the mantle.
The Octopus vulgaris, Lam. (fig. 14), is the type of this family.

2. Family ARGONAUTIDE, Reeve, 1841.—The two dorsal arms of the female Argonaut

Fig. 15.—Argonauta argo, Linn.

F1e. 16.—~Argonauta argo, Linn.

are expanded at their extremities, and secrete a symmetrical involuted shell, which is thin
and translucent, and not moulded on the body of the animal, nor attached to it either by
muscles or a siphonal tube. The coil of the spire is occupied by clusters of ova (fig. 16).
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According to Madame Power and M. Rang, the Argonaut sits in its boat with its siphon
towards the keel, as in figs. 15 and 16, swimming by the aid of its funnel action only,
its dorsal arms being closely applied to the sides of the shell. It swims backwards
by ejecting water from its funnel, and crawls at the bed of the sea in a reversed position,
carrying its shell over its back. The Argonaut, like other testaceous Mollusca, secretes
and forms the shell which it inhabits, although it does not adhere at any point to the
shell, an observation long ago made and recorded by Aristotle.

Section B.—DEcaropa, Leack, 1817.

Naked Cephalopods, with an ovoid, cylindrical, or elongated body, having eight
symmetrical arms provided with pedunculated suckers, surrounded with horny rings, and
two long tentacular arms, proceeding from near the third and fourth
pair of arms, and expanded at their extremity, as in Sepia. elegans,
d'Orb. (fig. 17). The body has a pair of lateral fins, and the funnel is
usually provided with an internal valve. The eyes are large, movable
in their orbits, and without lids. The nidamental gland is largely
developed. The shell is calcareous and internal, and loosely lodged
in the dorsal portion of the mantle in the Sepias. The style is formed
of a cartilaginous blade or horny pen in the Calamaries. It is an
internal siphoniferous polythalamous shell in the SpIrvLIDE, (fig. 23);
and a phragmacone divided by numerous concave septa fitted upon a
style or pen, in the extinct BeLEMNITIDZ ; and in other fossil genera it Fre. 17,
varies from these types. Sepia elegans, ' Orbiy.

1. Famiy LoLicoPsID®, Gray, 1840.—Body elongated and tapering posteriorly ; fins
large, broad, and mostly terminal. Shell an internal pen or gladius of horny structure, and
consisting of a shaft and two lateral expansions. The Calamaries swim well, and crawl
head downwards on their oval disc.

2. Family CHIROTEUTHIDE, Gray, 1849.—Body resembles preceding, but differs in
the unequal length of the arms, which are six times as long as the animal itself. The
subjoined (fig. 18) Cliroteuthis Veranyi, Ferussac, shows the external development of the
acetabular and tentacular arms. The gladius is elongated, enlarged at each end and
tapers in the middle.

3. Family Ser1aDE, d’ Orbigny, 1835.—Body oval, fins lateral, as long as the mantle.
Head large, united to the body by a broad nuchal band. Tentacular arms long, wholly
retractile, Sessile arms having four rows of acetabula, with horny circles. Funnel with
an internal valve. Shell long and wide, thick in front, concave internally behind, and
terminating in a prominent mucro, composed of calcareous laminz, with intervening spaces
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F1a. 18.—Chiroteuthis Veranyi, Ferussac.
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F16. 19.—Sepia vermiculata, &’ Ord.

filled with air and supported by columns, but not perforated by a siphon (figs. 17

and 19).

4. Family BeLemn1TIDE, Owen, 1836.—An extinct family. Shell consisting of a pen,
terminating posteriorly in a chambered cone, sometimes inclosed in a sheath or guard.

Fre. 20. Fi6. 21. Fic. 22.

Figs. 20—22.—Belemnites restored by d’Orbigny.

The air-cells of the phragmacone are connected
by a siphuncle close to the ventral side. The
animal possessed an ink-bag, which is often
found fossil in siti. The arms were provided
with recurved hooklets, seen ¢ 8ité in speci-
mens found in the Oxford Clay. The figures
20, 21, 22, on the margin are ideal restora-
tions of the animal of the Belemnites, and
drawn by the late Professor Alcide d’Orbigny,
who considered that the complete test of
Belemnites was composed of four parts inti-
mately united together. These parts are—1st.
Anteriorly a horny spatuliform blade, enlarged
before and contracted behind. 2nd. A deep
cup or conical alveolus containing a series of
air-chambers. 3rd. An inferior siphon tra-
versing the whole series of chambers. 4th. A
calcareous sheath, more or less elongated,
covering and protecting the alveolus, and con-

stituting a true terminal rostrum, all which parts are shown in sitd in the above figures

of the restored forms.

5. Family SeIRULIDE, d’Orbigny, 1837.—Body oblong, with small terminal fins;
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rows of sessile suckers. Tentacular arms elongated,
funnel-valved. The shell, placed vertically in the posterior
part of the body, with the involute spire towards the
ventral side (fig. 23 a), is delicate, polythalamous, sub-
internal, entirely nacreous, discoidal with separate whorls,
and has a marginal or ventral siphon, ¢, concave septa,
and round opening. The animal is retained in place by
the tendinous filament which penetrates the siphon as
shown in the subjoined figures, and by the retractor
muscular masses surrounding the last chamber (fig. 23
4,c). The dead shells are scattered profusely on the beach L s
throughout the tropics. The animal is as yet imperfectly s

known, only one specimen was taken in the trawl by the Fio. 23.—Spirula australis, Lamarck.

a. Animal and shell in sit{.
Scientific Staff of H.M.S. (?hallenger, during her .explormg 3. Shell entire ;\i!:;l:esp f:":g)::l;er, and
voyage round the world in 1878—76.! An important  siphuncle.
addition to our knowledge of this form, however, has been recently made in the valuable

memoir by Professor Owen, F.R.S.?

Order 11.—TETRABRANCHIATA, Owen, 1832.
TentacuLirera, d’Orbigny, 1840 ; Céphalopodes polythalames, Zamarck, 1812,

With the exception of one genus of which the Pearly Nautilus (fig. 24) may be
regarded as a type, the whole of the Cephalopods of this order belong to fossil forms.
They were all provided with an external polythala-
mous or many-chambered shell, symmetrical in
form, like the body of the animal which is lodged in
its last or outer chamber. As we only know the
anatomy of the living representative of this extensive
extinct order, all our observations on the structure
of the animal refer to the Nautilus pompilius, so
carefully dissected and admirably figured and de-
scribed by my old esteemed friend, Professor Owen.® Fo. 24 He e o e i ot
The head, which is closely approximated to the tion of the animalin the last chamber.
body, is provided with a great number of cylindrical, annulated, retractile tentacles without
acetabula, which surround the mouth, and are grouped as brachial, digital, ophthalmic,
and labial, according to their position. The érackial, forty in number, are supported on

1 8ir C. Wyville Thomson, ¢ The Voyage of the Challenger,” vol. ii, p. 350, 1877.

! “Supplementary Observations on the Anatomy of Spirula Australis”” ‘ Ann. and Mag. of Nat.
Hist. for January, 1879.

$ *Memoir on the Pearly Nautilus’ (* Nautilus pompilius, Linn.), 8 plates, 4to, 1832.
23
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short conical processes, and the two superior or dorsal pair are conjoined and dilated

into a muscular disk covering the whole upper part of the head; the remaining thirty-

eight are disposed nineteen on either side, closely overlapping one another, and all are

directed forwards towards the mandibles. The labial tentacles, forty-eight in number,

extend from orifices situated on the anterior margins of four broad flattened processes
arising opposite the base of the mandibles. The oplthalmic tentacles, four in number,
project laterally, one before and one bebind each eye ; they appear to be sensory instruments,
and resemble the cephalic tentacles in Doris and Aphysia. The eyes are pedunculated,
and of a simple structure: the organ of hearing was not detected.

The branchie, four in number (fig. 25 &, &), are inclosed in the respiratory sac,
without branchial hearts.

The circulating system is provided with one ventricle which is systemic, and propels
arterial blood throughout the body (fig. 25 d). There is no ink-bag in the animals
inhabiting these camerated shells. The funnel, which occupies the floor of the body-
chamber, is divided by a longitudinal slit, and inside there is a valve-like fold (fig. 25 s).

A large dilatable and contractile tube is continued from the posterior part of the
animal through all the partitions and chambers of the shell, as shown in fig. 24 ; thisis
the siphuncle, which is a vascular tube that opens into the cavity of the pericardium
containing the heart, and is probably filled with sea water from the branchial (fig. 25 c)
chamber. '

Soon after the appearance of Dr. Buckland’s ¢ Bridgwater Treatise,” I published, in the
¢ Philosophical Magazine,’* a paper on the action of the siphuncle in the Pearly Nautilus,
in which I pointed out what appeared to me, as an anatomist, the discrepancy between
the structure of the animal and the explanation given by the author, who observed,
“ The last contrivance, which I shall here notice, is that which regulates the ascent and
descent of the animal [the Nautilus] by the mechanism of the Siphuncle. The use of this
organ has never yet been satisfactorily made out; even Mr. Owen’s most important
Memoir leaves its manner of operation uncertain; but the appearances which it occa-
sionally presents in a fossil state, supply evidence, which taken in conjunction with
Mr. Owen’s representation of its termination in a large sac surrounding the heart of the
animal, appears sufficient to decide this long disputed question. If we suppose this sac
to contain a pericardial fluid, the place of which is alternately changed from the pericar-
dium to the siphuncle, we shall find in this shifting fluid an hydraulic balance, or
adjusting power, causing the shell to sink when the pericardial fluid is forced into the
siphuncle, and to become buoyant whenever this fluid returns to the pericardium. On
this hypothesis also the chambers would be continually filled with air alone, the elas-
ticity of which would readily admit of the alternate expansion and contraction of the
siphuncle in the act of admitting or rejecting the pericardial fluid.””

! ¢The London and Edinburgh Philosophical Magazine,’ vol. xii, p. 503, 1838,
? Bridgwater Treatise, ¢ Geology and Mineralogy,’ vol. i, p. 325, 1836.
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The Nautilus passes the greatest portion of its life at the bed of the sea, but it has
been seen occasionally at the surface, and the question naturally arises, What are the
conditions necessary to accomplish its ascent and descent, so that the animal should
possess the will and power of rendering itself specifically lighter and heavier than the
ambient element? Dr. Buckland’s theory allows only of a change of place in the
adjusting fluid from the pericardial cavity into the siphuncle, and vice versé. The
accompanying outline, fig. 25, from Prof.
Owen’s dissections, shows the relative
position of the internal organs :—a a is
the enveloping fleshy mantle, dissected
off to expose & , the branchie, floating
in ¢, the branchial chamber for the re-
ception of the water; dJ is the heart,
with its large vascular canals surrounded
by clusters of glandular follicles, e e
the capacious pericardium, £/, is laid
open to show its boundary and relation
to the central organs of the circulation ;
it is partially divided internally by
thin muscular septa, g g. From the
posterior wall of the musculo-membra-
nous bag there proceeds the siphuncle,

8 8, destined to traverse all the cham- .
bers of the shell, and the arrow shows \

he dirstion of this aquifrous tube, s, Tt f e Nl et st b Pt
Antcriorly the pericardium communicates in the pericardium, and how the pericardium opens by two
with the branchial chamber, ¢, by two orifices into the branchial chamber.

apertures, / 4, through each of which a bristle is passed to indicate the channels of com-
munication. - From this arrangement it is evident that the pericardial bag has three
openings, one behind, which conducts the water into the siphon, and two before, which
open into the branchial chamber, into which sea water is constantly flowing to bathe the
respiratory organs, so that water alone is the ballast by which the Nautilus is retained at
the bottom, and its ejection the means by which it lightens its shell and is enabled to
rise to the surface at pleasure. Thus, by relaxing the anterior orifices, 4 4, that com-
municate with the branchial chamber, the water will flow into the pericardial sac, and
thence into the siphuncle, s. During this distension the animal and shell will be specifi-
cally heavier, and the Nautilus, without any other muscular effort, remains at the bottom,
whilst by emptying the tube it becomes specifically lighter and floats up to the surface.

The body of the Nautilus is firmly attached to the shell by two lateral muscles which
are inserted into the walls of the last or dwelling chamber.
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The head is provided with a large ligamento-muscular plate, or flattened disk, formed
by the junction and dilatation of a pair of dorsal tentacles, which, besides acting asa
defence to the opening of the shell, serves probably for creeping along the bed of the sea,
like the foot of a Gasteropod, as the Nautilus has neither fins nor natatory organs, and
moves through the ocean by the ejection of the sea water out of its locomotory funnel.

The mandibles are strengthened by a dense external calcareous coating, which forms a
dentated margin on the jaws.

The shell is involute or discoidal, few-whorled, and many-chambered, as seen in the
shell of Nautilus umbilicatus, Lam. (fig. 26), and in the section of Nuutilus pompilius
(fig. 27), as well as in the section of the fossil species Nautilus striatus (fig. 28) from

F16. 26.— Nautilus umbilicatus, Lam. Fi6. 27.—Section of the shell of Nautilus F1a. 28.— Nautilus striatus, Sow.

pompilius, Linn, Section of a fossil Nautilus, showing the
' position of the siphuncle.

the Lias Formation. The septa are here seer’; to be concave towards the aperture, and
convex towards the spire; near the centre of each septum a short funnel-shaped process
projects backwards (fig. 27) ; around this the membranous siphuncular tube is firmly
attached, by which a continuous pipe extends from the pericardium to the first chamber
of this polythalamous shell (fig. 24). The outer laminz of the shell are porcellaneous,
and the inner nacreous; and the Chinese and others carve a variety of patterns out
of the opaque porcellaneous portion of the Nautilus shell, which are relieved by the
pearly layer beneath, which forms the background of the object. The living Nautili have
the external surface of the shell smooth, but among the fossil forms many of the species
are variously sculptured. The aperture of the shell in the Pearly Nautilus is closed by a
disc or hood formed by the union of the two dorsal arms which are homologous to the
shell-secreting “sails” of the Argonaut (figs. 15,16). In the AmmoNITIDZ We shall
sometimes find the dwelling-chamber provided with a singular body, the Trigonellites,
Park., or Aptychus, Von Meyer, which played an important part in the organic func-
tions of this large extinct group of tetrabranchiate Cephalopods.

This order is divided into two sub-orders, the NavriLoipa and the AmMoNoIDA.
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The characters are entirely derived from the structure of the shell. With the exception
of the two living species of the genus Nautilus all the others are extinct. It will, there-
fore, be necessary to review these genera in detail in order to understand their natural
relations and true affinities with the other members of the sub-order to which they belong.

Sub-order A—NAUTILOIDA, Wright, 1880.

Shell with a large body-chamber, simple aperture. The siphuncle for the most part
central or columellar, with the tube directed backwards. Septa simple and concave
towards the aperture; on the removal of the shell the margin of the septa shows simple -
curved lines, corresponding with the curve of the septum (fig. 27).

The following groups belonging to this order have been described :

1. Family NavTiLiD£E, Owen, 1836.—Shell always convolute and discoidal.

Genus.—NavtiLus, Breynius, 1732. Shell camerated, spiral, discoidal; whorls
regularly convoluted on same plane, chambers separated by concave septa; siphuncle
central or subcentral ; Silurian to present period.

2. Family Litvitivz, Wright, 1880.—Shell convolute and discoidal in youth, and in-
old age projecting forwards in a straight line.

Genus.—LiruiTEs, Breynius, 1732. Shell camerated, spiral, discoidal ; early whorls
distinet and contiguous, but the last ceases to be contiguous, and projects forward in a
straight line, so as to form, with the first, a kind of crooked staff. The last chamber very
large, with & simple circular opening, destined to contain the animal. ~ Siphuncle central or
sub-central. Silurian.

Genus.—Horrorus, Montfort, 1808. Shell camerated, spiral, discoidal, with whorls
non-contiguous. The last projects in a straight line; and the whole forms an elongated
crooked staff, Silurian.

8. Family APLOCERATIDZE, Wright, 1880.—Shells more or less bent.
Genus.—ApLOCERAS, d’ Orbig., 1847 ; CORNICULINA, Miinster, 1643. Shell resembles

a bent horn, regularly arched. Siphuncle subcentral. Carboniferous Limestone.

4. Family ORTHOCERATIDZE, Woodward, 1851.—Shells straight.

Genus.—ORTHOCERAS, Breynius, 1732. OrTHOCERATITES, Auct.; CoNILITES,
Lamarck, 1822; HYOLITHES, Eichwald, 1840; Crcrockras, M'Coy, 1844. Shell
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straight, elongated, conical, camerated in the greatest portion of its length. Septa trans-
verse, simple, concave forwards. Siphuncle complicated, central or subcentral. Aperture
simple, circular, sometimes banded. A very extensive genus; some of the species
attained large dimensions; and, from fragments, it is estimated that O. giganfeum
might have been six feet long and above a foot in diameter. From Silurian to Triassic
strata. The Orthoceratide now form a family composed of many genera that have been
dismembered from Breynius’ group.

Genus.—CAMEROCERAS, Conrad, 1842 ; Mevria, Fischer, 1829. Shell straight,
elongated, conical ; siphuncle lateral, sometimes large. Moulds of these large siphuncles
were called Hyolites by Eichwald. L. Silurian to Trias.

Genus.—AcCTINOCERAS, Bronn, 1835. Siphuncle very large, inflated between the
chambers, and connected with a central tube by numerous radiating plates. Silurian,
Devonian, Carboniferous ; North America, Baltic, and British Islands.

Genus —ORrMoCERAS, Sfokes, 1838. Siphuncular beads constricted in the middle,
making the septa appear as if united to the centre of each. They are essentially the
same as Acfinoceras. Lower Silurian ; North America. '

Genus.—HuroN1a, Bigsby, 1824. Shell very thin. Siphuncle very large and
central, the upper part of each joint inflated, connected with a small central tube by
radiating plates. Lower Silurian; Drummond Island, Lake Huron. Dr. Bigsby saw .
some specimens in the Limestone of Drummond Island six feet in length.

Genus.—ENpoceras, Hall, 1847. Shell straight, elongated, conical. Siphuncle large
and marginal, thickened internally by repeated layers of shell, or partitioned off by a series
of funnel-shaped diaphragms. Lower Silurian; North America.

5. Family TrocHOCERATIDE, Wright, 1880.—Shells bent into a turbinated form.

Genus.—TRrocHOCERAS, Barrande, 1847. Shell spiral, helicoidal. Position of
siphuncle unknown. Lower Silurian, Bohemia.

6. Family GOMPHOCERATIDE, Pictet, 1853.—Shell fusiform, narrower before than in
the middle, and with a contracted aperture.

Genus.—GoMPHOCERAS, Sowerby, 1839. Apioceras, Fischer, 1844, POTERIOCERAS,
1844, M*Coy. Shell fusiform or globular, with a tapering apex. Aperture contracted
in the middle. Siphuncle moniliform, subcentral. Silurian, Devonian, Carboniferous ;
North America and Europe.

Genus.—ONcoceras, Hall, 1847. Shell like Gomphoceras, but curved. Siphuncle
external. Silurian; North America.



THE CEPHALOPODA. 179

Genus.—Sycoceras, Pictef, 1844 Shell short, straight, oviform. Septa trans-
verse, numerous, simple. Silurian to Devonian.

Genus.—PHRAGMOCERAS, Brodertp, 1834 ; CampuLriTEs, in part, Deskayes, 1830 ;
PuracyMovriTHES, Conrad, 1838. Shell compressed laterally, conical, regularly bent
in its length, but not spiral. ~Septa simple, transverse. Siphuncle very large, subcentral,
near the internal margin. The outer chamber large, expanded, terminated by a longi-
tudinal aperture contracted into a fissure, the posterior extremity of which is dilated
into a large transverse sinus; and the anterior extremity is prolonged into a smaller
subcircular sinus, forming a tube. Upper Silurian and Devonian.

1. Family GYROCERATIDE, Pictet, 1854.—Shell spiral; septa simple; siphuncle
external ; aperture large.

Genus.—CRYPTOCERAS, d’ Orbigny, 1847. Shell spiral, discoidal ; whorls contiguous,
embracing. Septa simple, arched, without lobes and sinuosities. Siphuncle dorsal.
The species are found in the Devonian and Carboniferous formations.

Ex. C. subtuberculatum, d’Orb. (fig. 29).

.
F16. 29.—Cryptoceras subtuberculatum, Orb. Fie. 30.—Gyroceras Ejfeilense, d'Orb. Fi16. 31.— Gyroceras ornatum, d'Orb,

Genus.—GYROCERAS, von Meyer, 1829. INacHus, Hisinger, 1837. Shell multilocular,
discoidal, with a regular spire, composed of non.contiguous whorls, rolled on the same
plane. Septa regular, with simple and symmetrical wargins; the last chamber very
large, occupying a third of the last whorl. Siphuncle thin, subdorsal. ~Aperture oval or
angular. Gyroceras is to the Nautilus what Crioceras is to the Ammonite. Upper
Silurian and Devonian. Ex. G. orzatum, d’Orb. (fig. 31).

Genus. — CYRTOCERAS, Goldfuss, 1833. Campyroceras and TRIGONOCERAS,
MCoy, 1844. Shell multilocular, not spiral, representing an oblique horn more
or less bent. Septa transverse, oblique, with simple borders. Aperture in general
oval and compressed. Siphuncle continuous, often dorsal; the last chamber much
larger than the others. Found in Silurian, Devonian, and Carboniferous formations.
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8. Family CLyMeNIDE, Edwards, 1849.—Shell discoidal, more or less involute ; septa »
simple or slightly lobed ; siphuncle internal or columellar.

Genus.—CLYMEN1A, Miinster, 1832. ExposiprONITES, Ansfed, 1840. Shell spiral,
discoidal, with contiguous whorls, more or less involute ; septa form a distinct lobe on
the sides, with angles more or less acute; siphon small, internal, situated against the
turns of the spire. Species numerous in the Devonian of Europe and N. America.
Ex. Clymenia Sedywickii, Miinster (fig. 32) ; C. striata, Miinst. (fig. 33).

F16. 32.—Clymenia Sedgwickii, Munst. F16. 33.— Clymenia striata, Miinst.

Sub-order B.—AMMONOIDA, #right, 1880.

Shell spiral, bent, or straight, with a capacious dwelling-chamber. Margins of the
septa angular, digitate, or much ramified, forming large lobes. Siphuncle marginal,
external with regard to the shell, or anti-columellar. This section is divided into three
Families, the Gonziatites, the Ceratites, and the dmmonites.

1. Family GoNiamitipz, Wright, 1880.—Shell rolled into a close spiral ; septa with
angular margins.

Genus.—GoniaTiTes, De Haan, 1825. Acanipes, Montfort, 1808. Shell spiral, regu-
larly rolled on the same plane, with convolute contiguous whorls. Septa transverse,

Fi16. 34.— Goniatites Hoeninghausi, P16. 35.—Goniatites Orbignyanus, P16. 36.—Goniatites rotalorius,
Bronn. d’Archiac. de Keninek.
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forming deep angular sinuses without denticulations, with a prominent siphonal lobe
(figs. 34, 35, 36). An extensive genus, containing many species, distributed from the
Silurian to Triassic strata. Ex. Goniatites Orbignyanus, d’Archiac (fig. 35).

2. Family Ceratitip®, Mojsisovics, 1879.—Shell spiral, discoidal ; septa undulate,
with denticulate borders.

Genus.—CerariTes, De Haan, 1825. Shell spiral, discoidal ; whorls contiguous,
convolute. ~ Septa undulating, but not ramified, with denticulate borders. Siphonal

Fi6. 37.—Side view. Fi6. 38 —Back view. F1G6. 39.—Ceratites Robini, F16. 40.—Ceraliles semipartilus,
Ceratites nodosus, De Haan. Thiolliére. von Buch.

lobe deep, separated on the median line by a small saddle (fig. 35). The Ceratites range
from the Triassic to the Cretaceous. Ex. C. nodosus, De Haan (fig. 37); C. Robini,
Thiolliere (fig. 39). C. semipartitus, von Buch (fig. 40).

3. Family AMMoONITIDA, Owenr, 15836.

Shell external, spiral, bent or straight, the last chamber large for a dwelling-place.
Siphuncle central on the external or ventral side of shell. The margins of the septa
ramified, with deeply lobated borders, divided into six lobes. * 1st. The siphonal (p,
figs. 41 and 43), embraces the siphon, and divides into two arms, which are attached
by a shelly layer to the siphuncular tube. 2nd. The two that adjoin are called
the superior lateral lobes (). 8rd. The two that lie beneath them are the inferior
lateral (1), which often are much developed and very complicated in the ramifications of
their lobes (figs. 41 and 43). 4th. The lobe which rests upon the side opposite the
siphonal lobe and siphon is the columellar lobe (v, fig. 46). Between this and the
inferior lateral are several auxiliary lobes (a, @, a, @, fig. 43). Thus there are in
each septum six primary, viz. one siphonal, one columellar, and four lateral lobes, also a
variable number of auxiliaries. 'When we examine an Ammonite in which the

24
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marginal septal foliations are well shown, we observe that all their points are

directed away from the aperture (figs. 41 and 43), and the coucavities or rounded

parts are directed towards the aperture (fig. 45). The outlines of the septa are termed

Fie 41.—Disposition of the lobes in

Fra. 42.—Mould of the lobes in
Amaltheus margaritatus, Montf.

F16. 43.—Disposition of the lobes in
Amaltheus pustulatus, Miinst.

Phylloceras heterophyllum, Sow.

sutures; when they are folded, the elevations are called saddles, and the inter-
vening depressions Jobes. In the Ceratites (figs. 37—40, and 44) these parts are very

F1a. 44.—Disposition of the lobes in Fic. 45.—Form of the subdivisions of F16. 46.—Mould of the disposition
Ceratites nodosus, De Haan. the lobes in Ammonitidee. of the lobes of Phylloceras.

simple, and here we see the rounded saddles directed forwards and the dentated lobes
turned backwards; the same is the case in Amaltheus margaritatus (fig. 41), and
Phylloceras heterophyllum (fig. 43), with this difference, that in all the Ammonitidz the
sutures are very long, and the lobes and saddles highly complicated accordingly.

In the dwelling-chamber of Ammonitide we sometimes find a remarkable body,
having some resemblance to a bivalve shell widely opened ; this is called the 4pfychus,
which has been the subject of much speculation and difference of opinion as to what it is and
what it did in the economy of the Ammonite. Its form and structure differ materially
in the different species, so that whenever the Aptychus of an Ammonite is found in position
it ought to be correctly drawn and accurately described. In the plates of this work
several authenticated forms in connection with their shells are figured, and will be
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described in the sequel. My late friend, Dr. Oppel, in his  Mittheilungen,’! figured and
described many species of Ainmonites from the ‘“ Malm ”’ or upper Jurassic of Germany

F1a. 48.
Fic. 47. Fic. 49.

and Switzerland, in the outer chamber of which the Apfychi are preserved. These fossils
are very instructive, and teach us that each species had its own special form of Apfychus
just as it had its own form of aperture and ornamentation (figs. 47, 48, and 49).

It is interesting and curious to note the various ideas that have prevailed about these
bodies. Dr. Scheuchzer? first noticed the Apfychus, and described it as Concha fossilis telli-
noides porosa levis. Dr. Knorr® considered the 4pfychus as the valves of Lepas anatifera,
with which it has some resemblance in form, but differs in structure. Parkinson* called
it Trigonellites, and described it ““as a slightly rounded, trigonal, thick shell, gaping on
each side. The anterior margin nearly on a straight line, the posterior in a gently waving,
and the upper side in nearly a circular direction. The outer surface of each valve thickly
pierced by foramina, which passing nearly through its substance gives it the cancellous
appearance of bone, the inner surface smooth, but marked with strice, concentric with the
upper margin. The hinge completely linear without teeth, there being only an appro-
priate surface on the anterior margin of each valve for the attachment of the cartilage
externally, No appearance of muscular attachment.” Bourdet,’ of Niévre, considered
Aptychi to be the palatine teeth of fishes, and proposed the name Icktiyosagones for these
fossils. H. von Meyer,® in his ¢ Memoir on the Apfychus,’ described the form struc-
ture of Aptychus levis as essentially cellular and entirely different from that of the
ordinary bivalve shells of Mollusca, inasmuch as the lines of growth are never visible on

! “Palacontologische Mittheilungen aus dem Museum des Koenigl., Bayer Staates, 1862, see
plates lxviii to Ixxiv.

® ‘Specimen Lithogr. Helvet.,” p. 21, 1718.

8 ¢ Lapides diluvii universalis testes,’ 1755.

* ‘Organic Remains,’ vol. iii, p. 184, pl. xiii, figs. 9—12, 1811.

5 < Notice sur des Fossiles inconnus,” Paris, 1822,

¢ ‘Nov. Act. Acad. Coes. Leop.-Car. Nat. Cur.,’ xv, 2, p. 125, 1831.
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the internal surface of the valve, that surface being covered with a nacreous layer, which
retains the muscular and pallial impressions of the animal. In the Aptychus we never
see these impressions on the inner, whilst the lines of growth are visible on the external
surface. M. Voltz' attempted to prove that the 4piyclus was the operculum of an
Ammonite, because it resembled the opercula of Gastropods in the structure of its
shelly laminz, and the style of its lines of growth, and likewise because it was frequently
found in the last chamber of the shell; and this opinion was held by Professors
Riippel, Quenstedt, and Deslongchamps, on the Continent, and by Professors Owen,
Morris,* and Dr. Woodward,® in England. M. Deshayes* contended that the .4yfychus
was not the operculum of an Ammonite, but belonged to some of the internal organs
of the animal, probably the inner walls of the stomach. M. Coquand® regarded the
Aptychus as the analogue of the internal osselets of some Dibranchiate Cephalopods,
as the Zeudopsis, and thought the two genera ought to be grouped in the same family.
This author had found specimens where the two halves of the 4ptychus were united and
formed a single bilobed body, traversed in the middle by a carina, and this he
compared to the stem of the osselets or pen of the Teudopsis (figs. 47 and 49). The lines
of growth and absence of muscular impressions M. Coquand considered to be important
analogies in support of his views.

Professor Pictet,® after reviewing the opinions expressed in the different works already
cited, and giving the results of his own studies on the 4pfychus, avowed that amidst all
these diverse opinions it was difficult to pronounce upon the true affinities of these singular
fossils, which he grouped into three sections :

Ist. The CornEer, with a thin, smooth, horny shell; all from the Lias and Inferior
Oolite.

2nd. The Inisricatr having the same horny plate, but covered by a calcareous test,
with large folds representing an imbrication ; these are found from the Lias up to the
Craie marneuse (€élage turonien) of the Cretaceous Formation.

3rd. The Crrrurosi the thickest of all. The horny lamina is covered by a
cellular layer, which resembles the structure of certain Madrepores, and this cellular
portion is again covered by a smooth compact deposit. This group is found in the
Oxfordian stages of the Jurassic Rocks, and extends upwards into the Upper Greensand
of the Cretaceous Formation.

Keferstein? thought these bodies were sexual characters, and suggested that the
Aptychus formed the protector to the nidamentary gland in the female Ammonite; and

1 <}Meém. de la Soc. d’Ilist. Nat. de Strasbourg,’ t. 1, 1836.

2 Note on Aptychus in  Ann. and Mag. Nat. Hist.,” vol. x (2nd series), p. 356, pl. v D, fig. 1, 1852.
3 ¢Manual of Mollusca,’ p. 8¢, 1851.

% ‘Mem. Soc. Géol. de France,’ t. iii, p. 31, 1838.

5 ¢Bull. de la Soc. Géol. de France,’ t. xii, p. 376, 1841.

& ¢ Traité Elcment. de Paléontologie,’ t. ii, p. 385, 1845.

7 ¢ Bronn’s Klassen und Ordnungen des Thier.,” III , tab. 113, 1860.
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Dr. Waagen,' in view of clearing away the difficulties that surrounded the question,
dissected a female Nautilus pompilivs, and has given beautiful drawings of the
nidamental gland in that Mollusc, showing the abdominal surface of the Nautilus,
the position of these glands, and their relation to the other viscera. After a careful
and exhaustive examination of all the anatomical facts disclosed by his dissection, he
concluded that the Apfychus appears to have belonged to the nidamentary gland of the
female Ammonite.

In his recent memoir on the chambered shells of Cephalopods, Professor Owen?
reviewed in detail the various opinions expressed on the functions of the Apfyclkus, and
remarked ““ in respect to the nidamental glands, that they are subject to seasonal changes
and gain the relative bulk with which the size of the aptychal plates accord only at the
period of discharge of the impregnated ova, for which they have to furnish the protective
coat or nidus. Such seasonal change is exemplified in the figure of these glands given
in the ¢ Memoir on the Naatilus,’ of 1832, and in that which is shown in taf. xix of
Waagen’s treatise in 1871. Moreover, in not one of the existing genera or species of
Cephalopoda, Nawfilus included, in which these glands are superadded to the more
essential organs of generation, are they encumbered .in any way or degree with such
calcareous plates, as Keferstein’s hypothesis applies to them in the Ammonite.

“In the application of the anatomy of the constructor of the Pearly Nautilus to the
solution of the problem of the nature and function of the Trigonellites I was led to regard
them as the homologue of the organ, or a portion of the organ in Naufilus, which is of
a fibrous texture resembling dense corium, called, from its shape and position, the hood
(fig. 24), and which, when the animal had withdrawn into its dwelling, would serve as a
rigid defence at the outlet of the shell.® It needed only that this part should be more
or less calcified to form the preserved portions of an operculum like that ascribed to the
Ammonite. The relative size of the 4plychus agrees with that of the shell. It has been
found to measure seven inches six lines in length, and six inches in breadth, in gigantic
Ammonites.” [I myself have a specimen collected from the Middle Zone of the Lower
Oolite which measures five inches in length and four in breadth, and probably belonged
to a large Harpoceras Sowerbyi, which is the only Ammonite with a whorl of that size
and shape found in the bed from whence it was collected.)

“It may be doubted whether the nidamental glands ever increased in the same
ratio ; and it is still less likely that they needed such defensive plates in their season of
rest and attenuation. If, therefore, my homology of the symmetrical halves of the
Nautilus hood with the parial Trigonellites (Apfychus, v. M.) be preferably accepted the
supposition that these parts are calcifications of an Ammonite’s hood may be deemed

! “Ueber die Ansatzstelle der Haftmuskeln beim Nautilus und dem Ammoniden,’’ ¢ Pnlaeontographica,’

Band xvii, p. 185, pl. xxxix, Cassel, 1867—1870.
? “On the Relative Positions to their Constructors of the Chambered Shells of Cephalopods,” ¢ Pro.

of the Zool. Soc. of London,” p. 955, 1878.
? *Memoir on the Pearly Nautilus,” p. 12, pl. iii, fig. 1, 1832.



186 THE LIAS AMMONITES.

reasonable, That the fibrous basis of the hood was retained in different degrees in the
Ammonites is indicated by the simply corneous or chitinous condition of the Aptychus
which has been preserved in some examples of * Harpoceras Levisoni, Aegoceras planoréis,
Sow., PL. XIV, fig. 3, and many other forms from the Lias, and Oppelia subradiata,
Sow., from the Inferior Oolite of which a beautiful specimen with its Aptychus in siti
1s to be seen in the British Museum.!

““The conjoined plates of the Apfyclus (figs. 47, 48, 49) form a triangular disc, of which
the base is backward, excavated to receive the involute part of the shell, with the sides of
the base, like the corresponding lobes of the hood, bent down to cover the laterally
extended parts of the wider terminal coil of the shell. Even in the contrast between the
papillose wrinkled outer surface and the smooth inner surface of the ‘hood’ of Nautilus
the resemblance to the  Aptychus * of the Ammonite is carried out.”

Leopold von Buch,?® in 1830, introduced an important reform in the grouping of
Awmonites by showing how the foliations of the septa retained certain fixed forws in the
species, and considerable differences in each of the twelve groups into which he classified
these fossils, and which he thus defined :

I. Arieres.—Upon the sides of the whorls a large number of thick simple ribs
or radii are developed, which all bend forward near the back. The siphuncle projects
outwards from a channel which extends on each side of it, and this bisulcation of the
siphonal area separates the ribs on the sides from each other (fig. 52). The lobes of the
division wall of the chambers have the following form :—The siphonal is almost as deep

F16. 50.—Arietites roliforms, F16. 51.—Arietites obtusus, Fie. 52. Fi6. 53.—Section of Arietites

. Side view. Sow. Side view. Back view. ohtusus, Sow. Showing
Sow. Side view ! the size of the dwelling
chamber.

as it is broad. The point of adhesion to the sheath of the siphuncle is exactly in the
middle of its depth. The upper lateral does not extend to half its depth, and is sometimes

! Described by Dr. 8. P. Woodward in a short memoir on “ An Ammonite from the Inferior Oolite
with its operculum in sit4,” ¢ Geologist,” vol. iii, p. 328, 1860.

3 *Ueber die Ammoniten in den dlteren Gebirgs-Schichten,’ p. 135; Akademie der Wissenschaften
z2u Berlin, ausdem Jahre 1830.
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even as broad as it is deep. The laferal saddle rises far above all the others, and stands
upon the ground of the upper lateral, in general twice the height of the siplonal saddle.
The /ower lateral is likewise much broader than deep ; and the columellar saddle is so small
that it does not reach to half the height or breadth of the lateral saddle. This remarkable
disposition of the lobes is constant in all the species, and occurs in no other group.

The Ammonites of this family are in general found in great numbers together.
Whole strata are sometimes composed of them ; and they often grow to a very large size,
from one to two feet in diameter. They are exclusively and only special to the Lias
formation, and particularly in the lower beds thereof, where we find many different
species. Tt is still remarkable that this group stands wholly isolated from all the others.
The following are typical forms, and for the structure of the foliations of the septa see
Pl 111 and IV.

Arietites Bucklandi, Sow. Arietites rotiformis, Sow (fig. 50).
—  Conybeari, Sow. —  stellaris, Sow.
—  bisulcatus, Brug. —  semicostatus, Foung.

II. Farcirert.—In this group it appears that the mantle which formed the
lobes and radii had been capable of a certain amount of pliability,
for all rigidity among these forms vanishes. The extremely rami-
fied lobes surprise us through their digitations, always more or less
dependent, by which the lobes in their deepest part appear
not only pointed, but of considerable breadth, scarcely narrower
than at their mouth. The less incised are especially flat and lie
almost all at the side of the lateral saddle, in a line behind one
another, which is almost also the radius of the whorl. The siphonal Fio. 54— Harpoceras serpenti.
lobe, much shorter than the upper lateral, pushes the pointed ends " um, Schloth,
of both its arms obliquely against the lateral, so that both arms diverge considerably, and
its walls do not ascend vertically, but obliquely towards the siphonal saddle. (Fig. 54.)
When the shell is complete the radii and folds upon the sides are in the highest
degree fine and delicate. It is the external layer of the shell, which fills in all uneveness
between the thickness and divisions of the folds of the under layer. All these folds and
radii first bend forward, then turn backward, and near the back again turn towards the
mouth opening, so that a well-marked, strongly-bent sickle is formed thereby. The inner
border of the whorl is always blunted by an especial sharp plane surface. The siphonal
area in most cases runs out into a sharp ridge, which consists of the siphuncle. This
family is extremely rich in species, most of which are special to the Upper Lias, some
» are found in the Middle Lias and others in the Lower Oolite. The Falcifers never occur
in the upper members of the Oolitic series. The following are good types of the genus
Harpoceras, which comprehends the FavLcireri, von Buck.
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Harpoceras serpentinum, Scilotheim (fig. 54). Harpoceras inzigne, Sckiibler.
~—  radians, Reinecke. - thouarsense, d’Orbigry.
— bifrons, Bruguiére, — opalinum, Reinecke.

III. Amavrraer.—The sickle vanishes, the radii have a very long stem, which bends
only near the siphonal area, becoming here very prominent. The
margin is sharp, the keel often divided by the folds as if into scales.
The siphonal lobe is here also much shorter than the upper lateral,
and its wall ascends obliquely up to the siphonal saddle, but not
by any means so obliquely as in the Falcifers. The upper lateral
is very broad, almost as broad as it is deep, so also is the under
lateral. The saddles, as well as the lobes, are extensively foliated,
so that in these lobes large and wide outstretched processes are

Fi6. 55.— dmaltheus cordatus, f0YMEd in the middle of the saddles, with very deep secondary

Sow. lobes. The points of the dentations do not hang down, but in
general stand perpendicularly upon the axis of the lobes. By this means the sides of
Amaltheus in all the species, even when the shell is wanting, have an especially foliated,
incised appearance, in which great intricacy appears to prevail. Notwithstanding, with
some attention we easily, even to the least detail, find the ever-repeated symmetry as well
in the individual points as in both sides of the whorls. These Ammonites are much
inclined to become involute. The family ascends from the Lias up to the Coralline
Limestone of the Middle Oolite, and each intermediate formation possesses its own
special forms. The following are typical species from the Lias and Coral rag.

Amaltheus margaritatus, Montfort. Amaltheus oxynotus, Quenstedt.
— Guibalianue, d'Orbigny. — spinatus, Brugutére.
—  Greenhoughi, Sowerby. —  cordatus, Sowerby (fig. 55).

IV. CapricorNr.—This group connects itself very closely with the AmarrtnEI
From _maltheus margaritatus, through Amal. cordatus, Amal. Lamberti, and Awmal.
omphaloides, we arrive at Aeg. capricornum. The scales upon the keel of these

Ammonites have even raised themselves higher, and are first bent

forward, then become broad folds with a point before. 'Lhe siphonal

area of the CaprICORNI is broad, often broader than the sides. The

siphuncle is not specially prominent, the ribbing of the folds

on the sides is in general unusually strong, always single, even on

the back ; without much flexion, and rarely with knobs or spines

upon the sides. The siphonal lobe in general goes out perpen-

dicular with vertical walls. The lateral lobes are, as in the

Fic. 36.—degoceras capri- AMALTHEI, less deep than broad, and often at their bases are

cormu, Sehlorh. broader than at the mouth, they are all very slightly or almost not
at all involute. The following species are typical forms.
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Aegoceras capricornum, Schloth (fig. 56). ~ Aegoceras Henleyi, Sow.
— ' catenatum, Sow. —  planicosta, Sow.
—  Charmassii, d’ Orbig. —  planorbis, Sow.

V. Pranuvnat.—The siphonal area is always perfectly round, and is joined to
the sides without a border. The whorls lie almost on the same plane, whereby all

Fi16. 57.—Stephancceras annulatum Sow. F16. 58.—Stephanoceras commune, Sow.

the species receive a more or less strikingly discoidal form. The numerous close-set
ribs divide near the half or two thirds of their height into two, three, or many small folds,
without any tubercle at the point of bifurcation. The lower portion of the rib is
thicker and directed backwards, as in the modern genus Stephanoceras, which is the type
of this group. The disposition of the lobes is very peculiar and complicated in the
Pravatorr. The upper lateral is large and very deeply sunk, and occupies the middle
of the side; the lower lateral is smaller, and there proceeds from it two or three
auxiliary lobes with branches directed obliquely backwards or sometimes even horizontal,
and these form together a compound lobe larger than the lower lateral, under which it
retires, the whole constituting a most intricate arrangement which is very difficult to trace
out. .

The Pranuratt are abundant in the Middle Oolites and in the Upper White
Jurassic Limestone of Germany. They are also found in some of the beds of the Upper

Lias. They are entirely absent from the Chalk. The following forms are characteristic
of this group. ’

Perisphinctes biplex, Sow. Perisphinctes polyplocus, Rein.
- giganteus, Sow. Stephanoceras commune, Sow. (fig. 58).
- plicatilis, Sow. - annulatum, Sow. (fig. 57).
- polygyratus, Schloth. — crassum, Young and Bird.

R5
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VI. Dorsarr.—The broad siphonal area is united with the
sides almost at aright angle. A series of simple tubercles extend
round near the margin, through which the simple lateral folds
become divided into double ones, before crossing the area. The
siphonal area is always smaller than the sides, whereby most of
the species preserve a tolerably discoidal form. The auxiliary
lobes often extend obliquely against the upper lateral, although
not in all the species. The DorsaTi unite the Pranuram

Fr6. 59— degoceras Davas, Sow. with the Coronarir. The following are typical species.

Aegoceras Daveei, Sow. (fig. 59).

Stephanoceras fibulatum, Sow.
—_ armatum, Sow.

— Brocchii, Sow.

VIL. Coronarii.—A well-marked series of tubercles so widens the siphonal area
that it becomes wholly flat, and a good deal broader than the sides. The sharp, wide,
forward-directed folds become divided by the tubercles, the whorls are much involuted and

Fic. 60. Fia. 61.

Fia. 62. Fie. 63.
) Stephanoceras Blagdeni, Sow. Stephanoceras Braikenridgii, showing labial prolongation.
Side view, Front view. Side view. Pront view.

proportionally short, and form a deep umbilicus. The upper lateral lobe stands always
above the tubercles, the under lateral beneath. By this character they are readily, and
with greater certainty, distinguished from other forms. The siphonal lobe is longer than
the upper lateral ; and there are several auxiliary lobes, which in their form and position
entirely resemble those of the Pranurat. This group is very characteristic of the
middle division of the Inferior Oolite as the following species demonstrates.

Stephanoceras Humphriesianum, Sow.
—_ Brongniartii, Sow.
— Brocchii, Sow.

Stephanoceras Gervillii, Sow. .
— Blagdeni, Sow. (fig. 60).
— Braikenridgii, Sow. (fig. 62).

VIIL. MacrocepraL.—The increase of the whorls is unusually rapid, especially in
the breadth of the mouth. The siphonal area and sides are joined imperceptibly together
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in a complete half circle; and the sides fall off towards the suture, which have often a
sharper border, and sometimes a perpendicular surface.

Fie. 64.—Stephanoceras coronatum, Brug. F16. 65.—Steph. coronatum, Brug.  Fic. 66.—S/ephanoceras tumidum, Ziet.
Side view, Front view. Front view.

The lower lateral stands always above the inner border, not under it, as in the Coro-
NariL  The very large ventral lobe is accompanied by two extended arms, and besides
by two auxiliary lobes. The upper lateral stands always directly opposite the arms of the
columellar, the under lateral directly opposite the lower auxiliary.

Stephanoceras coronatum, Brugiére (fig. 64). Stephanoceras macrocephalum, Schlotk.
- modiolare, Lhwyd. — tumidum, Zieten (fig. 66).

IX. Armarr.—Two or more rows of tubercles form a longitudinal parallel series upon
the sides, but rarely on the siphonal area, which is flat, often broader
than the sides, and joined to them by an almost right-angled border.
The upper row of tubercles stand upon the border ; then follows a
vacant space between them and the lower series, in which the
upper lateral lobe comes in; then follows either one or more rows
of tubercles. The siphonal lobe is somewhat deeper than the upper
lateral, which is sometimes almost three times as deep as it is
broad. The siphonal saddle is always of a remarkable breadth,
more than double that of the upper lateral, with a deep Fic. 67.—dspidoceras longi-
secondary lobe in the middle and quite even above. The wpinm, Som.
lower lateral, on the other hand, is not larger than the secondary lobes of the siphonal
saddle. This is a remarkable group, and very rich in species, found chiefly in the
uppermost strata of the QOolitic series and the Cretaceous formation. Aegoceras Birchit
and Aeg. Henleyi occur in the Middle Lias, and Aspidoceras longispinum (fig.” 67) in
the Oxford clay. Hoplites mammillaris (fig. 69, 70), H. Rhotomagensis, H. Mantelli, and
H. Woolgari represent Cretaceous forms. The following are typical species :

Aegoceras Birchii, Sow. Hoplites Deverianus, &’ Orbig. (fig. 79).
Aspidoceras perarmatum, Sow. —  Rhotomagensis, Sow.
— longispinum, Sow. (fig. 67). —  Mantelli, Sow.

Hoplites mammillaris, Schloth (fig. 69). —  Woolgari, Mant.
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X. Dentatr.—In the Argonauts the tubercles which border the narrow margin of
their shell are probably formed by the rising of the mantle in the shape of folds, due to the
sucking discs of the dorsal or back-folding arms of the female (fig. 68). So probably in the

Fie. 68. Fie. 69. Fie. 70. Fie. 71.
Argonauta argo, Linn. Hoplites mammillaris, Schloth. Cosmoceras Jason, Reinecke.

same manner might the decoration of the shell of the DExTaTI have been formed. The
tubercles grow on both sides of a flat, narrow siphonal area like a double projecting
wreath. They do not always stand in the direction of the radii, whereby they are especially
distinguished from other prominences and tubercles showing the back folding, which are
only strongly elevated folds or arms stretched over the shell. The lateral surfaces are
moderately parallel and very large, because the whorls increase, in general, very rapidly
in height; at other times they are, in general, without any wider elevation or important
processes and points. From the lower part many folds ascend, which, upon half of the .
sides, are divided, and then, sometimes, a pearl-like series of small tubercles rise up.
They are very €legant forms, which are peculiar to the Upper Oolitic formations. The
siphonal lobe is much less deep than the upper lateral one. This less depth distinguishes |
the DextaTI from the Armari. The following species are typical forms of the group:

Cosmoceras dentatus, Sow. Cosmoceras Duncani, Sow. (fig. 72).
—  Jason, Reinecke (fig. 71). — Calloviense, Sow.

XI. OrNaTI.—Spines or tubercles bound the narrow siphonal area, as in the DENTATI.
Another series of tubercles are developed upon the middle of the sides. In the flat
interspace between these two rows of tubercles the upper lateral lobe is sunk, as in the
Armati. This plain surface is not, as in the latter, the side itself, but only a truncation
of the border between the margin of the area and sides. The lower lateral lobe is also
separated by a series of tubercles from the suture, and by a surface which converges
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